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Abstract

Background The present study was designed to investi-
gate the prognostic factors of stage IIA (pT3NOMO) colon
cancer.

Methods We retrospectively reviewed consecutive
patients with stage IIA colon cancer treated with curative
surgery alone from January 2004 to June 2008 in Peking
University Cancer Hospital. Patient demographics, and
clinical, histopathologic, and laboratory data were ana-
lyzed. Univariate and multivariate analyses were carried
out to identify prognostic factors associated with 3-year
disease-free survival (DFS).

Results  For the 84 valid cases reviewed in this study, the
3-year DFS was 88.1 %. That for a group with elevated
CEA was 77.1 % and for a group with a normal CEA level,
it was 95.9 %, with statistical difference (p = 0.007).
Multivariate analysis demonstrated that CEA level
(p = 0.012, OR = 8.013, 1.573-40.817), expression of
Ki67 (p = 0.099, OR = 3.298, 0.799-3.610), male gender
(p = 0.024, OR = 7.212, 1.293-40.237), and anemia
(p = 0.011, OR = 6.461, 1.537-27.151) were the inde-
pendent prognostic factors for 3-year DFS. Stratified
analysis revealed that an elevated CEA level combined
with high expression of Ki67 was associated with poorer
prognosis (3-year DES 70 %).
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Conclusions An elevated preoperative serum level of
CEA and high expression of Ki67 in tumor tissue were
predictors of poor prognosis for patients with stage ITA
colon cancer. These patients should therefore be considered
candidates for receiving intensive surveillance. Future
clinical trials using multicenter patient cohorts should be
prospectively performed to evaluate whether these high-
risk patients could benefit from adjuvant chemotherapy to
improve prognosis.

Introduction

Colon cancer is one of the most common malignant tumors
of the gastrointestinal tract. The American Joint Cancer
Commission/tumor-node-metastasis (AJCC TNM) staging
system [1] is an internationally recognized system for
staging of colon cancer. Some 30 % to 40 % of colon
cancers are diagnosed as TNM stage Il disease following
radical resection [2, 3]. According to the recommendations
from current guidelines, the indications for adjuvant
treatment for stage II colon cancer remain controversial [4—
7], particularly in view of the consensus that TNM stage III
colon cancer should routinely receive adjuvant chemo-
therapy. Adjuvant chemotherapy is only considered for
patients with stage II colon cancer characterized by poor
prognostic features, including obstruction, perforation,
emergent admission, T4 stage, resection of fewer than 12
lymph nodes, and poor histology [8, 9].

Stage IIA colon cancer has a relatively good prognosis
after surgery alone, with 5-year survival rates of approxi-
mately 80 % [1]; however, eventually 20 % to 25 % of
patients will die of recurrence or distant metastasis [10].
Thus, the current consensus supports the use of adjuvant
chemotherapy for those stage II patients with adverse
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characteristics but leaves an open question about the opti-
mal management of those patients with the risk factors that
can further stratify stage ITA (T3NOMO) tumors and predict
the outcome without adverse characteristics [11] .

In the present study we performed a retrospective
analysis of demographics, clinical, histopathologic, and
laboratory data of stage IIA colon cancer patients to
identify the prognostic factors associated with disease-free
survival (DFS). The results of these analyses are reported
herein.

Patients and methods
Patients

From January 2004 to June 2008 a total of 161 patients
who were diagnosed with colon cancer and underwent
radical colectomy were pathologically confirmed as having
stage II colon cancer at Peking University Cancer Hospital.
The clinical, pathological, and immunohistochemical data
of these patients were collected and analyzed in this ret-
rospective study.

Surgery

All operations were open surgeries performed by two
senior colorectal surgeons. Radical colectomy was defined
as colectomy with high ligation of the central vessels fol-
lowing the principle of complete mesocolic excision
(CME) [12]. Tumor-specific excision included a more than
15 cm proximal/distal margin in right/transverse/left colon
cancer and a 5-10 cm proximal/distal margin in sigmoid
cancer. Mesocolic excision (or ileum mesentery for cecum
cancer) was also performed. All stapling anastomoses were
constructed by the end-to-side method with hand-sewn
enhancement. Drainage without vacuum was placed in all
cases.

Exclusion criteria included previous malignant disease
history, hereditary colon cancer, synchronous distant
metastasis, and inflammatory bowel disease (IBD).

Immunohistochemical assay of P53 and Ki67

Paraffin-embedded blocks of resected specimens were cut
into 5 pm sections. P53 and Ki67 expression were ana-
lyzed using a standard avidin—biotin technique. Sections of
the tissue blocks were de-paraffinized with xylene and then
rehydrated in a graded ethanol series. Tissue sections were
washed three times in 0.05 mol/LL phosphate-buffered sal-
ine (PBS), and were later incubated in endogenous perox-
idase blocking solution (3 %) for 8 min. Nonspecific
antibody binding was blocked by pretreatment with

phosphate-buffered saline containing 5 g/LL bovine serum
albumin for 10 min.

Sections were then rinsed in PBS and incubated at 4 °C
overnight with primary MIBlmonoclonal antibody
(DAKO, USA) at a 1:60 dilution and the primary p53 D07
monoclonal antibody (Vector Laboratories, Burlingame,
CA) at a 1:50 dilution, respectively. As a negative control,
the primary antibody was discarded and replaced with PBS.
The sections were washed with PBS, covered with a 1:100
dilution of streptavidin—biotin-peroxidase complex at room
temperature for 20 min. Color development was achieved
by applying a 3-3'-diaminobenzine-tetrahydrochloride
(DAB) reagent (Sigma, Oakville, Ontario) for 5 min. Tis-
sues were counterstained with hematoxylin (Sigma),
dehydrated in a graded ethanol series, and mounted with
coverslips. All the above procedures were performed
according to the manufacturer’s instructions.

Evaluation of immunohistochemical staining

Quantification was carried out by two trained pathologists
who were blinded with respect to the patients’ identity and
had no previous knowledge of any of the cases. Slides were
examined under a light microscope and scored indepen-
dently. For the tissue evaluation of Ki67, each slide was
scored based on the percentage of positively stained
malignant nuclei. The following ranges were used: 0-20 %,
>20-40 %, >40-60 %, >60-80 %, and >80-100 %.
Samples with Ki67 nuclear staining equal to or above 40 %
were considered to have a high proliferative index, whereas
nuclear positivity below 40 % was considered a low pro-
liferative index (Fig. 1).

The p53 antigen was considered overexpressed when
>10 % of the malignant nuclei were positive. If fewer than
10 % of the nuclei were stained, the slide was scored as
having normal p53 expression [13].

Fig. 1 Positive staining of Ki67 by immunohistochemistry in paraf-
fin-fixed tissue of colon cancer. Magnification x 100
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Follow-up

Patients were followed at three-month intervals for the first
two years and then at six-month intervals for the next three
years. Evaluations consisted of physical examination, serum
carcinoembryonic antigen (CEA), a complete blood count,
and blood chemical analysis. Proctoscopy, abdominal ultra-
sonography, CT of the abdomen and pelvis, and chest radi-
ography were also routinely performed every 612 months.

Variables and statistical analysis

Nine variables were recorded and analyzed statistically.
Preoperative variables included age, gender, and preopera-
tive hemoglobin level (Hgb). Tumor-related variables
recorded included TNM staging by the seventh AJCC cancer
staging system, lymph node number, and lymph vessel
invasion. Immunohistochemical variables included expres-
sion of the Ki67 and p53 antigens in paraffin-fixed tumor
specimens. The categorical variables were analyzed with the
Pearson Chi-square or Fisher’s exact test, when appropriate.
The logistic regression model (Backward, LR) was used in
multivariate analysis, variables would retain in the regres-
sion equation when p value< 0.1, the risk ratio was also
calculated (odds ratio; OR). Disease-free survival (DFS)
curves were compared among groups using the log-rank test
for time-to-event parameters. The Kaplan—Meier survival
curve was used to estimate the proportion of patients sur-
viving or remaining disease-free at each time interval.
Multivariate Cox proportional hazards regression was used
to analyze the major factors affecting DFS, with the level of
significance set at 0.1. The software SPSS version 13.0 for
Windows (SPSS Inc., Chicago, IL) was used for the analysis.

Results
Patient demographics

The records of 161 patients were reviewed. The disease of
84 of those patients who were eligible for analysis was
pathologically staged as ITA. The median follow-up period
was 45 months (2-77 months). The follow-up rate was
88.1 %, with 10 patients lost. The median patient age was
67 years (range: 34-89 years), with 59.5 % (50/84) male
patients. Thirty-two patients had preoperative anemia (Hgb
<110 g/L). There were 43 right colon cancers and 41 left
colon cancers (including sigmoid cancer) according to
tumor site. Some 70.2 % of patients had more than 12
retrieved lymph nodes (LN), and the median number of LN
number was 14.5 (range: 4-48). Poor tumor differentiation
(G3-4) was identified in 21.4 % (18/84) of all cases.
Lymphovascular invasion was rarely represented in this
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group (2.4 %; 2/84) and was not considered a variable in
the statistical analysis. A preoperative elevated serum CEA
level was observed in 41.7 % of patients (35/84).

Survival

The 3-year DFS was 88.1 % in all cases. Eight patients had
liver metastases, and two patients had lung metastases. No
local recurrences were recorded.

Univariate survival analysis

By univariate analysis, possible factors associated with
disease-free survival were tested (log-rank test). Patients
with an elevated CEA level had poorer DFS than those
with a normal CEA level, and the difference was statisti-
cally significant (95.9 % versus 77.1 %; p = 0.007). Age
>65 (p = 0.054), preoperative anemia (p = 0.108), and
high expression of Ki67 (p = 0.104) showed a tendency to
decrease 3-year DFS; however, the difference was not
statistically significant on univariate analysis. Expression
of p53 and the other factors had no significance in survival
analysis (Table 1).

Multivariate survival analysis

All variables in the univariate analysis were entered into the
Cox regression. Four of those variables were identified as

Table 1 Univariate analysis of factors related to 3-year disease-free
survival (DFS)

Variables Sub Case 3-year DFS p Value
variables No. (%)
Gender Male 50 83.4 0.144
Female 34 94.1
Age <65 42 95.1 0.054
>65 42 80.7
Serum CEA <5 ng/ml 49 95.9 0.007
level >5ng/ml 35 77.1
Hemoglobin <110 g/L 32 80.5 0.108
>110 g/l 52 922
Tumor site Right colon 43 85.6 0.521
Left colon 41 90.2
Lymph node <12 25 88 0.917
no. =12 59 88.1
Differentiation =~ G1-2 66 86.0 0.335
G3-4 18 94.4
Ki67 expression Low 46 93.3 0.104
High 38 81.3
P53 expression  Negative 13 75.5 0.189
Positive 71 90.0
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independent risk factors for 3-year DFS: male gender
(p = 0.024, OR = 7.212, 1.293-40.237), CEA level (p =
0.012, OR = 8.013, 1.573-40.817), anemia (p = 0.011,
OR = 6.461, 1.537-27.151), and expression of Ki67
(p = 0.099, OR = 3.298, 0.799 —13.610). Further subgroup
analysis revealed that patients with an elevated CEA level
and high expression of Ki67 had poorer DFS when compared
with those who had a normal CEA level (p = 0.002).

Discussion

About 40 % of patients with colon cancer were classified as
pathological stage II. Although the prognosis of patient-
s with stage II colon cancer after radical resection is qui-
te good, stage IIA (T3NOMO) and IIB (T4NOMO) patients
with 5-year survival rates were 88 % and 75 %. The
available randomized controlled trials (RCT), reviews,
pooled analyses, and meta-analyses have demonstrated that
adjuvant chemotherapy can bring about a 2 % to 4 %
increase in absolute survival, a statistically nonsignificant
improvement for the entire patient group [8, 14, 15].
Therefore, a number of studies and meta-analyses were
designed to find some useful factors to stratify stage II colon
cancer patients into subgroups with poor prognosis and good
prognosis. Among the clinical and histopathologic factors
for poor prognostic features were (1) elevated preoperative
CEA (>5 ng/mL), (2) diagnosis in the setting of bowel
obstruction or perforation, (3) need for emergent operation,
(4) T4 stage (extension to adjacent organs), (5) inadequate
nodal resection (<12 nodes), or (6) peritumoral lymphatic/
venous invasion [8, 16—18]. Molecular and biological factors
for poor prognostic features include (1) tumor budding, (2)
abnormal expression of vascular endothelial growth factor
(VEGF) and integrin, (3) microRNA expression pro-
files, and (4) loss of Bcl-2 expression [19-23].

Because the prognosis of stage I[IB & IIC (T4a/b NOMO)
disease approaches that of stage III [8, 24], most of the
studies recommend adjuvant chemotherapy for these
patients [8]. However, there were no reliable prognostic
factors for stage IIA (T3NOMO) colon cancer that might
help to identify patients at high risk of recurrence who
might benefit from adjuvant chemotherapy. The present
study therefore focused exclusively on patients classified as
stage IIA to identify patients at high risk of tumor relapse
by analyzing the actual prognostic impact of a wide spec-
trum of pathologic parameters.

Carcinoembryonic antigen defines a class of complex
glycoproteins among approximately 20 related molecules
in the immunoglobulin gene superfamily [25]. Serum CEA
is the most widely accepted tumor marker for colorectal
cancer. Its measurement is standardized, quantitative, and
readily available in clinical practice. In the College of

American Pathologists Consensus Statement, preoperative
CEA elevation is classified into category I according to its
strength and reliability from published evidence in the
literature [18, 26]. The American Society of Clinical
Oncology Tumor Marker Expert Panel has recommended
preoperative and postoperative measurement of CEA levels
for at least 3 years [27].

However, there were still controversies surrounding the
indication for adopting adjuvant chemotherapy in stage Il
colon cancer when the patient has an elevated preoperative
serum CEA level. In large-scale clinical trials that focused
on adjuvant chemotherapy in the treatment of colon cancer,
preoperative serum CEA level was not recorded in the
analysis [14, 15, 28-30]. In the MOSAIC trail, postopera-
tive serum CEA level was identified as a risk factor asso-
ciated with the effect of adjuvant chemotherapy [29]. In
contrast, the American Society of Clinical Oncology
(ASCO) suggested there were insufficient data to support
the use of preoperative CEA levels to determine whether
colon cancer patients were candidates for adjuvant therapy,
especially in stage II [8].

Actually, elevated serum CEA level has been associated
with poorer survival rates and a higher incidence of sys-
temic recurrence in colorectal cancer, and has definitely
proved to be of prognostic value in various published
studies and is generally used in preoperative patient eval-
uations [31-38], particularly in patients classified as having
early stage (stage I and II) disease [33, 35]. However,
although 90 % of colorectal cancers produce CEA, elevated
serum levels were found in only 30 % to 40 % of patients at
the time of diagnosis, because CEA enters the portal cir-
culation and is metabolized on first pass through the liver
[39]. The limited proportion of positive serum CEA tests
might mitigate its weight in predicting patient outcomes.

Ki67 antigen expression is one of the most widely
used markers to evaluate the proliferation of tumor cells,
except during the GO and early G1 phases of tumor growth
[13]. Some investigators have demonstrated that Ki67, like
p53, had significant prognostic value for colon cancer but
could not be used alone to clearly discern among groups of
patients with different prognosis [40, 41].

Some authors have tried to use a combined model
including CEA and other pathological parameters to improve
the accuracy in predicting prognosis in stage II colon cancer
[42-45]. Ishida et al. reported that immunohistochemical
analysis of the expression of Ki67 or CEA in metastatic
lymph nodes may provide useful indicators of patient sur-
vival in Dukes’ C colorectal cancer. Maksimovic reported
that patients with positive immunohistochemical CEA,
PCNA, and p53 values had statistically shorter life expec-
tancy in comparison with the patients with negative CEA,
PCNA, and p53 values [45]. Graziano and Cascinu reviewed
the studies that had investigated cell proliferation markers,
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angiogenesis markers, and biochemical markers that may
play prognostic roles in Dukes’ B colorectal cancer patients,
but the data did not provide sufficient evidence for the
incorporation of available prognostic biomarkers into clini-
cal practice. The limitation of these previous studies was that
the CEA level was assessed through immunohistochemical
but not serological methods, which could reflect secreting
and proliferating functions of tumor.

In our results, multivariate analysis found that preoper-
ative serum CEA level and expression of Ki67 in tumor
tissue were independent prognostic factors for 3-year DFS.
From a methodological point of view, immunohistochem-
ical staining of Ki67 could detect the proliferative function
of tumor cells in situ, whereas serological examination of
CEA could directly detect the functional protein produced
and secreted by tumor cells. Combining these two methods
may be more useful in predicting the prognosis of stage ITA
colon cancer comprehensively as compared with using the
immunohistochemical method alone.

The subgroup of patients who had elevated preoperative
serum CEA and high expression of Ki67 had much poorer
3-year DFS than the total group (70 % versus 88.1 %); a
survival rate much lower than that reported in the published
literature (87.5 %) for stage IIA (T3NOMO) colon cancer
patients[1].

Other factors, such as gender or anemia, were also
associated with 3-year DFS in stage IIA colon cancer. As
described in the literature, male patients or patients with
anemia had poorer survival in various types of neoplasms
[46-49]. These findings could help resolve the complexity
surrounding prognosis in stage IIA colon cancer.

Conclusions

We investigated whether an elevated preoperative serum
level of CEA combined with high expression of Ki67 in
tumor tissue was predictive of poor prognosis for stage
ITIA colon cancer patients. We could construct a simple
prognostic classification that would help to identify a
subgroup of patients who need more intensive surveillance.
Future clinical trials using multicenter patient cohorts
should be prospectively performed to evaluate whether
these high-risk cases could benefit from adjuvant chemo-
therapy to improve prognosis.
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