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Original Article
Serum CEA and CA199 levels regarding first  
progression and p53 overexpression indicate  
poor outcome in colorectal cancer: a  
retrospective analysis of 179 cases
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Abstract: The prognostic role of combination of p53 overexpression with carcinoembryonic antigen (CEA) level re-
garding first progression in colorectal cancer (CRC) patients after surgery has not been elucidated. In our institu-
tion, we retrospectively extracted the information about the serum levels of 4 tumor markers (CEA, carbohydrate 
antigen 199 (CA199), CA724 and CA242) regarding first progression and the expression of 5 immunohistochemical 
proteins (p53, Villin, Ki67, epidermal growth factor receptor (EGFR) and CerbB2) via referring to the CRC patients’ 
electronic medical follow-up records and pathological reports, respectively. Cox regression was performed to iden-
tify prognostic factors and survival analysis was analyzed by Kaplan-Meier method. A total of 179 eligible cases were 
finally included in this retrospective analysis, among which 116 cases progressed during a mean follow-up period 
of 44.3±24.0 months. p53 overexpression was found to be the strongest predictor for progression free survival 
(PFS) (Hazard Ratio [HR]=1.64,95% confidence interval [CI]=1.04-2.59, P=0.03). Median PFS was 10.3 months 
(95% CI 8.0-12.6) in p53 immunostaining positive CRC patients and that of p53 negative was 16.5 months (95% 
CI 11.9-21.1) (log rank test P=0.03). Elevated serum CEA or CA199 levels regarding first progression was strongly 
associated with poor outcome, especially when combined with p53 overexpression (median time from progression 
to death [TTD] for CEA ≥5 U/ml and p53 positive was 23.2 months (95% CI 17.1-29.3), and that of CA199 ≥27 U/ml 
and p53 positive was 15.2 months (95% CI 1.9-28.5). Among patients who had undergone curative radical surgery 
for primary CRC, p53 overexpression was an independent prognostic factor for first progression. p53 overexpression 
combining CEA and/or CA199 regarding first progression may prove to be a useful tool in determining prognosis.
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Introduction 

Colorectal cancer (CRC) is a major cause of 
morbidity and mortality. It is the third most 
common cancer worldwide, with 1.24 million 
cases reported to the International Agency for 
Research on Cancer in 2008 [1]. The p53 tumor 
suppressor provides powerful intrinsic defense 
against cancer [2, 3]. Mutations in the p53 
gene are the most frequent genetic alteration 
in human cancer. Inflammation-associated 
colorectal cancer can be induced by mutant 
p53 through prolonging NF-κB activation and 
promoting chronic inflammation [4]. The main 
selective advantage of such mutations is 
through abrogation of wild-type p53-mediated 

tumor suppression [5]. Overexpression of p53 
in tumor cells has been reported to indicate 
poor prognosis [6-14]. However, an association 
between elevated p53 serum levels and clinical 
outcome has not always been observed [15]. In 
order to evaluate the prognosis of CRC patients 
harboring p53 overexpression, a better under-
standing of prognostic role of p53 overexpres-
sion is needed. 

Carcinoembryonic antigen (CEA) has been well 
established to monitor for therapy and recur-
rence in CRC patients [16-18]. Its preoperative 
serum level has been shown to predict adverse 
prognosis [19-21]. The American Society of 
Clinical Oncology guidelines recommend moni-
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toring every 2-3 months for at least 2 years 
after diagnosis. However, the effect of combi-
nation of p53 overexpression with CEA levels 
regarding first progression in CRC patients is 
unclear.

In the present study, we explored the prognos-
tic role of combination of p53 overexpression 
with CEA levels regarding first progression in 
CRC patients after curative surgery. Other vital 
tumor markers such as CA199, CA724 and 
CA242 were also taken into consideration.

Methods

Patient selection

From October 2007 to August 2014, 236 
patients who had undergone curative surgery 
and histologically confirmed as CRC were treat-
ed with chemotherapy at the Department of 
Oncology, Shanghai Tenth People’s Hospital 
Affiliated to Tongji University. All medical docu-
ments and pathological reports were reviewed. 
Patients’ clinical outcomes and survival status 
were regularly followed up till 1 October 2014. 
Available variables included age of onsets, gen-
der, tumor location, surgical margin, TNM 
stage, the expression of p53, Villin, Ki67, EGFR 
and CerbB2 and the serum levels of CEA, 
CA199, CA724 and CA242 regarding first pro-
gression. Patients that did not detect serum 
tumor markers regularly (monthly and bimonth-
ly) would be excluded. 

Overexpression classification 

Overexpression was assessed according to the 
following criteria: p53 protein=0, 0-5% nuclear 
staining; +, >5% and <40% nuclei stained; ++, 
40-70% nuclei stained; +++, >70% nuclei 
stained; and CerbB2 protein=0, 0-5% cells 
stained; +, >5% and <40% cells stained; ++, 
40-70% cells stained; +++, >70% cells stained. 
The classifications of Ki67, Villin and EGFR 
were similar to that of p53 or CerbB2. Given the 
small sample of our study, we broadly grouped 
these parameters into two categories: low 
staining (-) and high staining (+). Thus, this clas-
sification could enlarge sample size in each cat-
egory and most likely guaranteed the statistical 
power.

End-points definition

Progression free survival (PFS) was calculated 
from the date of the curative surgery to disease 

progression or relapse. Recurrence was regard-
ed as progression in our study, so we used the 
PFS instead of time to recurrence. The second-
ary outcome was the time from progression to 
death (TTD), which was defined as survival time 
from progression to death or the end of follow 
up. 

Statistical analysis

Continuous variables were dichotomized into 
two categories including age: those aged <60 
years (n=70) and those ≥60 years (n=109); 
serum CEA level: <5 ng/ml (n=35) and ≥5 ng/
ml (n=81); serum CA199 level: <27 U/mL 
(n=58) and ≥27 U/mL (n=58); serum CA724 
level: <6.9 U/mL (n=51) and ≥6.9 U/mL (n=65); 
serum CA242 level: <22 U/mL (n=66) and ≥22 
U/mL (n=50). Categorical variables were trans-
formed into dummy ones. All data were statisti-
cally analyzed using the IBM SPSS Statistics 
version 20.0. Risk factors were initially 
screened by the univariate analysis, and then 
the Cox proportional hazards model with for-
ward stepwise variable selection was per-
formed to detect the final risk factors. PFS and 
TTD were calculated by the Kaplan-Meier meth-
od, and the log-rank test was used to analyze 
the differences in survival rates. The signifi-
cance level was defined as P<0.05.

Results

Clinical features

Thirty-seven patients that did not detect serum 
tumor markers monthly or bimonthly were 
excluded. Twenty patients that underwent che-
motherapy combined with targeted therapy or 
high intensity focused ultrasound were also 
excluded. A total of 179 patients were finally 
included in this study. The clinicopathological 
features of 179 CRC patients were summarized 
in Table 1. There were 97 (54.2%) males and 
82 (45.8%) females. One hundred and ten 
(61.5%) patients had carcinoma of the colon, 
and 69 (38.5%) had carcinoma of the rectum. 
Seventy (39.1%) cases were <60 years old and 
109 cases (60.9%) were ≥60 years old. The 
median age of these patients was 63 years, 
with a range of 32 to 85 years. Of all 179 cases, 
116 cases progressed or relapsed during a 
mean follow-up period of 44.3±24.0 months. 
When classified with the TNM staging system, 
there were 14 (7.9%) T0 patients, 165 (92.1%) 
T1-4 patients and 62 (34.6%) N0 patients, 117 
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(65.4%) N1-3 patients and 59 (33.0%) M0 
patients, 120 (67.0%) M1 patients. With regard 
to the progression, 7 patients (6.0%, 7/116) 
whose lesions recurred at primary site and 109 
patients (94.0%, 109/116) whose lesions 
metastasized to distant sites were identified 
through referring to their medical reports and 
follow-up. The progression was confirmed by 
computed tomography (CT) and/or magnetic 
resonance imaging (MRI) or needle biopsy. 
There were significant differences in the inci-
dence rate of tumor progression in terms of 

p53 overexpression, T and M classification, 
and the sites of metastasis (Table 1). Of all 116 
cases, their serum levels of 4 tumor markers 
were extracted from the follow-up records cor-
responding to the date on which the progres-
sion was confirmed by CT and/or MRI. 

Progression free survival 

Using univariate analysis of PFS, we found that 
pathological M stage (HR=3.49, 95% CI 2.26-
7.09, P<0.001) and p53 (HR=2.78, 95% CI 

Table 1. Clinicopathological characteristics of eligible cases
All patients 

(n=179)
Progression 

(n=116) P valuec All patients 
(n=179)

Progression 
(n=116) P valuec

Sex T stage
    Male 97 (54.2%) 64 (55.2%) 0.755 T0 14 (7.9%) 6 (5.2%) <0.01
    Female 82 (45.8%) 52 (44.8%) T1 21 (11.7%) 7 (6.0%)
Age (y) T2 85 (47.5%) 60 (51.7%)
    <60 70 (39.1%) 51 (44.0%) 0.079 T3 40 (22.3%) 33 (28.4%)
    ≥60 109 (60.9%) 65 (56.0%) T4 19 (10.6%) 10 (8.6%)
Site N stage
    Colon 110 (61.5%) 73 (62.9%) 0.631 N0 62 (34.6%) 38 (32.8%) 0.265
    Rectum 69 (38.5%) 43 (37.1%) N1 53 (29.6%) 32 (27.6%)
Surgical margina N2 41 (22.9%) 26 (22.4%)
    - 139 (77.7%) 86 (74.1%) 0.309 N3 23 (12.3%) 19 (16.4%)
    + 4 (2.2%) 3 (2.6%) M stage
Unknow 36 (20.1%) 27 (23.3%) M0 59 (33.0%) 7 (6.0%) <0.01
CerbB2b M1 120 (67.0%) 109 (94.0%)
    - 79 (44.1%) 52 (44.8%) 0.875 Metastasis
    + 100 (55.9%) 64 (55.2%) None 58 (32.4%) 7 (6.0%) <0.01
Ki67b Liver 41 (22.9%) 36 (31.0%)
    - 63 (35.2%) 38 (32.8%) 0.413 Lung 27 (15.1%) 26 (22.4%)
    + 116 (64.8%) 78 (67.2%) Liver+Lung 29 (16.2%) 27 (23.3%)
P53b Other 24 (13.4%) 20 (17.3%)
    - 62 (34.6%) 47 (40.5%) 0.032 CEA (ng/ml)
    + 117 (65.4%) 69 (59.5%) <5 .. 35 (30.2%) ..
Villinb ≥5 .. 81 (69.8%)
    - 32 (17.9%) 20 (17.2%) 0.839 CA199 (U/ml)
    + 147 (82.1%) 96 (82.8%) <27 .. 58 (50.0%) ..
EGFRb ≥27 .. 58 (50.0%)
    - 146 (81.6%) 93 (80.2%) 0.808 CA724 (U/ml)
    + 23 (12.8%) 16 (13.8%) <6.9 .. 51 (44.0%) ..
    ± 10 (5.6%) 7 (6.0%) ≥6.9 .. 65 (56.0%)

CA242 (U/ml)
<22 .. 66 (56.9%) ..
≥22 .. 50 (43.1%)

aIn this item, “-” denoted negative and “+” denoted positive. bIn these items, “-” denoted not overexpression, “+” denoted over-
expression, “±” denoted uncertain. cCompared using a cross-table analysis and Fisher’s exact test.
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1.61-3.45, P<0.001) were statistically signifi-
cant (Table 2). Moreover, Cox proportional haz-
ards regression analysis indicated that patients 
harboring p53 (+) were 1.64 times more likely 
to progress or relapse than those harboring 
p53 (-) (95% CI 1.04-2.59, P=0.03) (Figure 1A). 
None of any other parameters was noted to be 
significant with PFS. We next explored the asso-
ciation between the five immunohistochemistry 
proteins and PFS, Kaplan-Meier method dem-
onstrated that only p53 was statistically signifi-
cantly with PFS, median PFS for p53 (+) was 
10.3 months (95% CI 8.0-12.6), and that of p53 
(-) was 16.5 months (95% CI 11.9-21.1) (log-
rank test P=0.03) (Figure 2).

Time from progression to death 

We calculated the survival time that ranges 
from the start of progression and/or relapse to 
death or end of follow up, which was defined as 
“TTD” in the present study. Univariate analysis 
of TTD indicated that age (HR=2.65, 95% CI 
1.41-4.97, P=0.002), sex (HR=1.85, 95% CI 
1.03-3.32, P=0.04), p53 (HR=2.58, 95% CI 
1.33-5.02, P=0.005), clinical M stage (HR= 
1.57, 95% CI 1.13-3.52, P=0.02), villin (HR=5.4, 
95% CI 1.31-22.3, P=0.02), Ki67 (HR=2.3, 95% 
CI 1.11-4.78, P=0.025) and the sites of metas-
tasis (HR=1.26, 95% CI 1.06-1.48, P=0.007) 
were statistically significant (data not shown). 
While Cox proportional hazards regression 
analysis further demonstrated that only age, 
p53 and M stage were significant (Figure 1B). 
However, an abnormal value was observed in 
“metastasis (1)”, which denoted the hazard 

CEA and CA199 were 24.4 months (95% CI 
19.2-29.6) and 22.2 months (95% CI 10.5-
33.9), respectively. Owing to the inadequate 
follow up, the median TTD in the control group 
was not reported (Figure 3).

Furthermore, the combination of p53, CEA and/
or CA199 level as predictors of TTD was shown 
in (Figure 4 and Table 3). Comparative analysis 
demonstrated that both CEA and/or CA199 
combining p53 were vital indicators. Median 
TTD for combination of CEA ≥5 U/ml and p53 
(+) was 23.2 months (95% CI 17.1-29.3), and 
that of combination of CA199 ≥27 U/ml and 
p53 (+) was 15.2 months (95% CI 1.9-28.5). 

Discussion

This current study revealed the association of 
p53 overexpression, serum CEA and CA199 
levels with survival of CRC patients treated with 
surgical treatment and chemotherapy. It was 
important to note that, in terms of p53 expres-
sion, we focused on “overexpression”, rather 
than “mutation”. p53 overexpression (either 
mRNA or protein) is an early event in CRC, and 
has no correlation with tumor stage [22]. lt p53 
mRNA overexpression with or without p53 
mutation suggests two distinct mechanisms of 
inactivation leading to the development of can-
cer. Previous study has shown that there is no 
necessary relationship between p53 overex-
pression and mutation [9]. Particularly, our 
study demonstrated that p53 overexpression is 
a vital indicator for PFS, suggesting that p53 
mutant-type overexpression may play a major 

Table 2. Univariate analysis of progression free survival

Parameters Number
Univariate analysis 

Hazard ratio (95% CI) P value
Age (60/≥60) years 70/109 0.83 (0.67-1.01) 0.17
Sex (Male/Female) 97/82 0.89 (0.62-1.28) 0.52
Site (Colon/Rectum) 110/69 0.90 (0.61-1.31) 0.57
Surgical margin (-/+/Unknow) 139/4/36 1.08 (0.87-1.34) 0.49
T stage (0/1/2/3/4) 14/21/85/40/19 1.08 (0.90-1.31) 0.45
N stage (0/1/2/3) 62/53/41/23 1.16 (0.98-1.38) 0.08
M stage (0/1) 59/120 3.49 (2.26-7.09) <0.001
CerbB2 (-/+) 79/100 1.08 (0.75-1.55) 0.7
Ki67 (-/+) 63/116 1.17 (0.79-1.72) 0.44
P53 (-/+) 62/117 2.78 (1.61-3.45) <0.001
Villin (-/+) 32/147 1.08 (0.67-1.75) 0.75
EGFR (-/+/±) 146/23/10 1.24 (0.89-1.72) 0.2

ratio of “liver metasta-
sis” compared to “re- 
lapse in situ”, largely 
attributable to the small 
sample and low statisti-
cal power. Furthermore, 
we investigated the con-
jecture between 4 tumor 
markers regarding the 
first progression and 
TTD. The Kaplan-Meier 
method demonstrated 
that elevated serum lev-
els of CEA and CA199 
were significantly inver- 
sely associated with TTD. 
The median TTD of ele-
vated serum levels of 
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Figure 1. Cox proportional hazards regression analysis for (A) progression free survival and (B) time from progres-
sion to death. Categorical variables, such as EGFR, surgical margin, were transformed into dummy variables. The 
first variable in each item was regarded as reference, for example, “Age” denoted the hazard ratio of “≥60 years” 
compared to “<60 years” and “Metastasis (1)” denoted the hazard ratio of “liver metastasis” compared to “relapse 
in situ”. HR denoted hazard ratio; CI denoted confidence interval. 

Figure 2. Kaplan-Meier curves for progres-
sion free survival after curative surgery by 
categories of the five prognostic markers. A: 
EGFR; B: CerbB2; C: Ki67; D: P53; E: Villin. 
“-” denoted not overexpression, “+” denoted 
overexpression, “±”denoted uncertain.
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Figure 3. Kaplan-Meier curves for time from progression to death after first progression by categories of the four 
tumor markers. A: CA199; B: CA242; C: CA724; D: CEA. TTD denoted time from progression to death; NR denoted 
not reported.

Figure 4. Comparative analysis of time from progression to death after first progression by combination of p53 with 
CEA and/or CA199. A: p53 combined with CA199; B: p53 combined with CEA. TTD denoted time from progression 
to death; NR denoted not reported.
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Table 3. Comparative analysis of time from progression to death after first progression by combination of p53 with CEA and/or CA199

Group CA199 
(U/ml) P53 n Deaths Median TTD  

(95% CI) Compared Log-rank 
p value Group CEA 

(ng/ml) P53 n Deaths Median TTD  
(95% CI) Compared Log-rank 

p value
1 ≥27 + 37 24 15.2 (1.9-28.5) 1 vs 2 0.039 1 ≥5 + 50 27 23.2 (17.1-29.3) 1 vs 2 0.18
2 ≥27 - 21 7 83.2 (NR) 1 vs 3 0.026 2 ≥5 - 30 12 25.0 (0.48-49.5) 1 vs 3 0.32
3 <27 + 32 10 29.7 (12.7-46.7) 1 vs 4 <0.01 3 <5 + 19 7 39.0 (NR-83.3) 1 vs 4 <0.01
4 <27 - 26 6 NR 2 vs 3 0.007 4 <5 - 17 1 NR 2 vs 3 0.8

2 vs 4 0.275 2 vs 4 0.01
3 vs 4 0.11 3 vs 4 0.001
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role in shortening the PFS, although we did not 
know how much weight it accounts.

EGFR is overexpressed in many types of can-
cers, especially CRC, and seems to reflect more 
aggressive histological and clinical behaviors 
[23-26]. However, some studies did not demon-
strate any influence of EGFR expression on 
patient survival and disease-free survival [27-
29]. In our study, EGFR overexpression did not 
relate with either PFS or TTD. The overall inter-
pretation of all published results was conflict-
ing due to the heterogeneity of techniques and 
different cutoff values. This relationship is cer-
tainly worthy of further investigation.

CerbB2 protein, also known as Her-2 or neu, is 
another member of the tyrosine kinase recep-
tor superfamily and overexpresses in 30% of 
breast cancer patients [30]. With regard to 
CRC, the rates of Her-2 overexpression report-
ed by the published data are varying, moreover, 
the prognostic role of Her-2 overexpression is 
scant. Her-2 positive staining was found in 100 
(55.9%) of 179 CRC patients in our study. 
However, no significant association between 
CerbB2 protein and survival was observed, 
which is consistent with the previous study 
[31]. 

The link between Ki67, Villin and survival of 
CRC patients has not been well-documented 
[32]. Our study demonstrated that none of 
them was related to CRC patients’ survival. 
Owing to the small sample of the present study 
and different cutoff values used in the previous 
studies, the lack of effect for the rest of these 
null outcomes calls for caution, however, when 
interpreting this finding.

CEA and CA 199 are potentially valuable serum 
tumor markers used in the detecting of CRC 
[16, 33, 34]. Increased early postoperative CEA 
levels are often a sign of remaining cancer tis-
sue, while a later increase is suggestive for can-
cer recurrence. Both, early and late increased 
postoperative CEA levels are associated with 
decreased survival [18, 35]. With respect to 
CA199, a widely used marker in the manage-
ment of pancreatic cancer, there are insuffi-
cient data to recommend its use for postopera-
tive surveillance in CRC [36, 37]. Given the fact 
that the efficiency of CA199 for the purpose of 
detecting recurrence is low, Yakabe and col-
leagues suggested that CEA may be able to fill 
the role of CA199 [18]. Interestingly, our find-

ings indicated that CA199 regarding the first 
progression was of high value. Elevated serum 
levels of CA199 regarding the first progression 
was significantly associated with poor TTD. 

However, our study has some limitations. 
Firstly, the general applicability of these find-
ings is limited due to its small sample size and 
conduction in only one institution. Furthermore, 
multivariate regression requires that the sam-
ple size is at least 10 times of the number of 
independent variables. Although our total sam-
ple size (N=179) and the number of indepen-
dent variables (n=17) constrainedly meet the 
criteria for multivariate regression, however, 
the relative small sample may also result in the 
instability of this model. Secondly, we do not 
discuss the links between chemotherapy regi-
mens and survival because the chemotherapy 
regimens that patients underwent are varying. 
Patients underwent various chemotherapy regi-
mens according to their performance status, 
symptoms and tolerance to cytotoxicity. 
Chemotherapy regimens include FOLFOX, 
FORFIRI, CapeOX, FLOX, SOX, etc. Thirdly, the 
date of progression detected by CT or MRI may 
lag behind that of the disease actually pro-
gressed or recurred, which may have a bias 
effect on survival outcomes. 

In summary, findings from this retrospective 
study indicate that the p53 overexpression is 
an independent poor prognostic indicator for 
PFS. In addition, patients that harboring p53 
overexpression and encountering elevated 
serum levels of CEA and/or CA199 during first 
progression may be prone to shorter survival 
time. When serum levels of CEA and/or CA199 
are elevating persistently, p53 expression 
should be taken into consideration, this concur-
rent surveillance may indicate that initial che-
motherapy regimen should be changed and 
provide a new tool for the prognostic evaluation 
of CRC patients. 
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