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Carbohydrate antigen 19-9 is a valuable prognostic factor
in colorectal cancer patients with normal levels
of carcinoembryonic antigen and may help predict

lung metastasis
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Abstract

Purpose We retrospectively analyzed preoperative levels of
carbohydrate antigen (CA) 19-9 in colorectal cancer (CRC)
patients to determine the prognostic value of CA19-9 in CRC
patients with normal carcinoembryonic antigen (CEA) levels.
Methods A total of 639 patients who underwent curative
surgery at Taipei Veterans General Hospital between 2002
and 2006 were enrolled. We excluded 254 patients (39.7 %)
with high preoperative CEA levels and analyzed 385
patients with normal CEA levels. The measured endpoint
was the postoperative disease-free survival (DFS). The
prognostic value of CA19-9 was determined using log-
rank test and Cox regression analysis.

Results High CA19-9 levels were significantly associated
with advanced disease and were detected in 5.8 % of
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patients with stage I disease, 11.7 % of those with stage II
disease, and 22.5 % of those with stage III disease (P<
0.001). The 5-year DFS in patients with normal CA19-9
levels was 82.0 %, which was significantly higher than that
in patients with high CA19-9 levels (68 %; P<0.001). In a
multivariate analysis, the most important independent factor
affecting the 5-year DFS was tumor-node—metastasis stage
(95 % CI, 1.26-2.36; HR=1.72). After stratification by
other factors, high CA19-9 level remained an independent
prognostic factor for patients with normal CEA levels.
Patients with high CA19-9 levels also showed a higher
incidence of lung metastasis (23.1 %) than those with nor-
mal CA19-9 levels (7.2 %).

Conclusions CA19-9 may be a prognostic factor for CRC
patients with normal CEA levels. An aggressive follow-up
protocol for lung metastasis should be used for these
patients.
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Abbreviations
CEA Carcinoembryonic antigen

CRC Colorectal cancer
DFS Disease-free survival

Introduction
In Taiwan, colorectal cancer (CRC) is the most common

form of cancer and the third leading cause of death [1].
Approximately 50 % of patients with CRC eventually
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develop distant metastases, resulting in poor outcomes even
when these patients have resectable primary tumors. The
factors associated with outcomes include tumor stage and
levels of carcinoembryonic antigen (CEA) [2]. CEA, a
tumor marker, is widely used as an indicator of disease
progression or recurrence after resection of primary CRC;
currently, CEA level is considered as important as tumor—
node—metastasis (TNM) stage [3—8]. However, in CRC
patients with normal CEA levels, the 5-year recurrence rate
remains as high as 20 % [9]. Several studies have suggested
that analyzing CEA in combination with another tumor
marker—carbohydrate antigen (CA) 19-9—may increase
the prognostic sensitivity [10—12].

CA19-9 is the carbohydrate determinant (sialylated lacto-
N-fucopentaose II) of a circulating antigen that functions as
an adhesion molecule and plays a role in tumor progression
[13]. CA19-9 testing is not used routinely in the manage-
ment of CRC patients since it is less sensitive than CEA
testing [7]. However, many clinicopathologic investigations
of CRC have shown it to be a tumor marker [10-13]. In
previous studies, the impact of CA19-9 has been masked by
variations in CEA. Therefore, the present study aimed to
clarify the prognostic value of CA19-9 in patients with
curable CRC who have normal CEA levels.

Material and methods
Patients and clinical findings

A total of 2,379 CRC patients who underwent surgery at the
Taipei Veterans General Hospital from 2002 to 2006 were
initially screened for enrollment in this study. Before sur-
gery, several surveillance procedures were performed, in-
cluding colonoscopy and computed tomography (CT) scans
of the area from the neck to the pelvis. For patients with
symptomatic bone pain or high CEA levels, whole-body
bone scans were performed. Two hundred one patients
who received preoperative chemoradiotherapy, 171 patients
who underwent emergency surgery due to obstruction or
perforation, 72 patients who had positive or close margins
(<1 mm), and 411 patients with distant metastatic disease at
the time of surgery were excluded from this study. We also
excluded 886 patients whose preoperative CA19-9 levels
were not recorded. All clinical findings were recorded in
detail prospectively and were stored in computerized files.
The database included the following information: (1) name,
gender, age, family history, and major medical problems; (2)
location, size, gross appearance, stage, differentiation, and
important pathological prognostic features of the tumor; and
(3) type of operation, complications, recurrence, and follow-
up conditions. The disease stage was determined according
to the TNM classification system of the American Joint
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Committee on Cancer [14]. The important pathological fea-
tures of the tumors were defined according to the consensus
statement of the College of American Pathologists [2] and
included lymphovascular invasion, intratumoral lymphocyt-
ic infiltration, mucinous components, and tumor border
configuration (expansive versus infiltrative). After surgery,
patients were monitored every 3 months for the first 2 years
and every 6 months thereafter. At each visit, imaging stud-
ies, including chest radiography and either abdominal ultra-
sonography or abdominopelvic CT, were performed.
Colonoscopy was performed 6 months to 1 year after sur-
gery and every 3 years thereafter. Unscheduled CT, whole-
body bone scan, or positron emission tomography was per-
formed for patients with increased serum levels of CEA or
CA19-9 or for symptomatic patients. Serum levels of CEA
and CA19-9 were measured by radioimmunoassay at the
Department of Nuclear Medicine, Taipei Veterans General
Hospital. High CEA level was defined as a level exceeding
5 ng/mL. High CA19-9 level was defined level exceeding
37 U/mL according to guidelines defined by the manufac-
turer of the test kit.

Statistical analysis

The statistical endpoint of the analyses was disease-free
survival (DFS) from the date of surgery. The group distri-
butions for each clinicopathologic trait were compared using
two-tailed Fisher’s exact procedure and the chi-square test.
Numerical values were compared using Student’s ¢ test.
Data are expressed as meantstandard deviation. Kaplan—
Meier survival curves were plotted and compared using
the log-rank test. A multivariate analysis was performed
using the Cox proportional hazard model. Statistical signif-
icance was defined as P<0.05. Statistical analyses were
performed using SPSS for Windows version 13.0 software.

Results

A total of 639 patients, including 131 (20.5 %) with high
CA19-9 levels, were enrolled in this study initially. Of 254
patients with high CEA levels, 79 (31.1 %) also had high
CA19-9 levels, a significantly higher percentage than that
among patients with normal CEA levels (13.5 %, P<0.001).
After exclusion of the 254 patients (39.7 %) with high
preoperative CEA levels, 385 cases with normal CEA levels
remained available for further analysis. The patient popula-
tion was composed of 255 men (66.2 %) and 130 women
(33.8 %). The mean age at tumor resection was 67.2+
13.7 years (range, 20-96 years; median, 70.7 years). Re-
garding tumor locations, 261 (67.8 %) were colonic and 124
(32.2) were rectal. In terms of tumor stage, 103 (26.8 %)
were stage I tumors; 162 (42.1 %), stage II tumors, and 120
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(31.2 %), stage III tumors. Twenty-seven (16.6 %) patients
with stage II tumors and 96 (80 %) with stage III tumors
received S-fluorouracil (5-FU)-based chemotherapy.

The baseline characteristics of the CRC patients enrolled
in this study are presented in Table 1. High CA19-9 levels
were significantly associated with advanced disease status.
In particular, 5.8 % of the patients with stage I tumors,
11.7 % of the patients with stage II tumors, and 22.5 % of
the patients with stage III tumors had high CA19-9 levels (P
<0.001). Further, high CA19-9 levels were significantly
associated with advanced tumor depth. In patients with T1
tumors, 4.4 % had high CA19-9 levels, and among those
with T4 tumors, 22.2 % had high CA19-9 levels. Spread to
the lymph nodes (LNs) was also associated with CA19-9
levels. Of the 50 patients with N2 tumors, 28 % had high
CA19-9 levels, but only 10 % of patients with NO tumors

Table 1 Clinicopathological characteristics of normal CEA colorectal
cancer patients receiving curative resection according to the preopera-
tive CA19-9 level

High Normal P value
Patients, n 52 (13.5) 333 (86.5)
Age (years) 66.1£15.5 67.4+13.4 0.530
Location n
Colon 261 39 (14.9) 222 (85.1) 0.266
Rectum 124 13 (10.5) 111 (89.5)
TNM stage, n
1 103 6 (5.8) 97 (94.2) 0.001
I 162 19 (11.7) 143 (88.3)
111 120 27 (22.5) 93 (77.5)
Tumor depth
Tl 45 2 (4.4) 43 (95.6) 0.003
T2 72 5(6.9) 67 (93.1)
T3 232 37 (15.9) 195 (84.1)
T4 36 8 (22.2) 28 (77.8)
Nodal status
NO 265 25 (9.4) 240 (90.6) 0.002
N1 70 13 (18.6) 57 (81.4)
N2 50 14 (28.0) 36 (72.0)
Lymphovascular invasion
Yes 60 10 (16.7) 50 (83.3) 0.416
No 325 42 (12.9) 283 (87.1)
Mucinous adenocarcinoma
Yes 33 7 (21.2) 26 (78.8) 0.184
No 352 45 (12.8) 307 (87.2)
Differentiation
Poorly 17 5(29.4) 12 (70.6) 0.064
Well/Mod 368 47 (12.8) 321 (87.2)

TNM classification system of the American Joint Committee on
Cancer

n is the number of individuals examined

had high CA19-9 levels. Other clinicopathologic factors,
including differentiation, lymphovascular invasion, mucin-
ous component, location, and gender, were not associated
with high CA19-9 levels.

Over a median follow-up period of 56 months (range, 6—
176 months), CRC recurred in 68 patients (42 cases of liver
metastasis, 36 cases of lung metastasis, and 10 cases of
peritoneal carcinomatosis). According to a univariate analysis,
the S5-year DFS rate in patients with normal CA19-9 levels
was 82.0 % (Table 2), which was significantly higher than that
in patients with high CA19-9 levels (68 %; P<0.001). Other
factors influencing the 5-year DFS in the univariate analysis
included advanced disease, poor tumor differentiation, mucin-
ous adenocarcinoma, and lymphovascular invasion. Accord-
ing to a multivariate analysis (Table 3), the most important
independent factor affecting the 5-year DFS was TNM stage
(95 % confidence interval (CI), 1.26-2.36; hazard ratio (HR)=
1.72). After stratification by other factors, high CA19-9 level
remained an independent prognostic factor for patients with
normal CEA levels. According to the subgroup analysis
shown in Fig. 1, CA19-9 had the greatest value as a prognostic
factor in patients with stage III disease. For patients with stage
III disease and normal CA19-9 levels, the 5-year DFS rate was
64 %, which was significantly higher than that in patients with
high CA19-9 levels (41 %, P<0.001). The prognostic value of
CA19-9 levels decreased in patients with earlier stages of
disease. Among stage II patients, the impact of CA19-9 was
marginally significant (normal CA19-9 vs. high CA19-9; 86
vs. 78 %; P=0.048). Among stage I patients, no difference
was found between the survival of patients with high CA19-9
levels and patients with normal CA19-9 levels. Of the 123

Table 2 Univariate analysis for 5-year disease-free survival (DFS)

Variable No. 5-year DFS (%) P
TNM stage

1 115 92.7 <0.001
I 160 84.6

111 110 59.6

Preoperative CA19-9 level

Normal 333 82.4 0.005
High 52 67.6

Lymphovascular invasion

No 325 82.8 <0.001
Yes 60 64.5

Mucinous adenocarcinoma

No 352 81.2 0.042
Yes 33 71.6

Differentiation of Tumor

Well/Mod 368 82.1 <0.001
Poorly 17 30.9

#Log-rank test
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Table 3 Multivariate analysis for 5-year disease-free survival (DFS)

Factor HR S-year DFS 95 % CI P
T™NM

LI, 11 1.72 1.26-2.36 0.001
Lymphovascular invasion

Yes vs. no 1.55 1.10-2.13 0.042
Mucinous adenocarcinoma

Yes vs. no 1.10 0.59-2.04 0.784
Differentiation of tumor

Well/mod vs. poorly 2.02 1.52-2.59 0.001
Preoperative CA19-9 level

High vs. normal 1.68 1.01-2.82 0.048

P value results from the hypothesis that the hazard ratio (as determined
by multivariate binary logistic regression analysis) is 1.0

HR hazard ratio, CI confidence interval

patients who received chemotherapy, the patients with the high
CA19-9 levels showed a 5-year DFS of 43.6 %, which was
significantly lower than that in patients with normal CA19-9
levels (70.7 %, P<0.001). In patients who did not receive
chemotherapy, the 5-year DFS was similar in patients with
high and normal CA19-9 levels (82.3 vs. 86.7 %; P=0.163).

Discussion

This study demonstrates that CA19-9 level may be a prog-
nostic marker for CRC patients with normal CEA levels.
Unlike CEA, which has been used as an independent prog-
nostic factor for CRC in several consensus treatment guide-
lines, the value of CA19-9 has been overlooked, especially
in patients with high CEA levels [3-8]. Indeed, in our
cohort, the prognostic value of CEA was superior to that
of CA19-9. Without stratification by CEA level, the 5-year
DFS of patients with high CA19-9 levels was 75.4 %, which
did not significantly differ from that of patients with normal
CA19-9 levels (81.4 %, P=0.103). Therefore, CA19-9 may
not be a valuable prognostic marker for CRC patients with
high CEA levels. Furthermore, of the CRC patients enrolled
in this study, nearly 40 % had high CEA levels, but only
20 % had elevated levels of CA19-9. Previous studies have
suggested that the relatively low sensitivity of CA19-9
testing in patients with CRC may be because patients with

Fig. 1 Survival curves by stage of disease (green: high CA19-9 level;
blue: normal CA19-9 level). a For patients with stage | disease, CA19-

9 levels did not predict patient outcomes. b For patients with stage 11
disease, the 5-year DFS of those with normal CA19-9 levels was 86 %,
which was significantly higher than that of patients with high CA19-9
levels (P=0.048). ¢ For patients with stage III disease, the 5-year DFS
of those with high CA19-9 levels was 41 %, but that of patients with
normal CA19-9 levels was 64 % (P=0.004)
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a Lewis®™ genotype cannot synthesize the CA19-9 antigen
since the antigenic determinant of CA19-9 is a sialylated
derivative of the Lewis® antigen [15, 16]. Since the sensi-
tivity of CA19-9 testing is low and since its prognostic value
can be masked by CEA, CA19-9’s utility as a prognostic
factor is limited to patients with normal CEA levels.

Only 13.5 % of CRC patients with normal CEA levels
had high CA19-9 levels. Among these patients, CA19-9
emerges as a prognostic predictor since high CA19-9 levels
were associated with advanced disease. Among patients
with stage I disease, only 6.1 % had high CA19-9 levels;
this increased to 23.6 % in those with stage III disease.
Further, high levels of CA19-9 were associated with deeper
tumor invasion and spreading to the LNs. In the univariate
and multivariate analyses, CA19-9 was as an independent
prognostic factor in addition to TNM stage, differentiation,
and lymphovascular invasion. Moreover, patients with poor-
ly differentiated tumors showed higher CA19-9 levels.
These results are comparable to those of previous studies
[10-12]. We also found that patients with high levels of
CA19-9 also had a higher risk of lung metastasis, indicating
that the prognostic value of CA19-9 is not restricted to
primary CRC alone. Of the 52 patients with high CA19-9
levels, 15 developed distant metastases, including 12 cases
of lung metastases (23.1 %). In contrast, of the 333 patients
with normal CA19-9 levels, 53 had tumor recurrence, in-
cluding lung metastases (24 cases, 7.2 %). These results
suggest that CA19-9 is a surrogate marker for hematoge-
nous metastasis. Therefore, in patients with high levels of
CA19-9, aggressive screening for lung metastasis should be
mandatory. Previous studies have shown that cancer cells
expressing CA19-9 can adhere to endothelial cells through
E-selectin. The attachment between cancer cells and endo-
thelial cells is an important process in tumor metastasis [17,
18]. The present study reveals that CA19-9 level is relevant
as a prognostic factor for patients with intermediate disease
but not for those with early disease. Only 6 % of patients
with stage I disease had high CA19-9 levels. Moreover, in
patients with stage I disease, the 5-year DFS was almost
90 %. However, in order to achieve statistical significance
supporting the role of CA19-9 as a prognostic factor for
patients with stage I disease, the minimum required sample
size is estimated to be 2,000 cases.

There are various molecular biological differences be-
tween colon and rectal cancers, which result to their clini-
copathologic differences [19-21]. We performed separate
analyses according to different tumor locations (Supplement
Table) and found similar CA19-9 levels, tumor behavior,
and patient outcomes between patients with cancers of the
colon and rectum.

For patients with stage III or high-risk stage II CRC,
current guidelines of National Comprehensive Cancer Net-
work recommend 5-FU-based chemotherapy [22]. Our

study showed that patients with high CA19-9 levels had
poor outcomes, especially patients who underwent chemo-
therapy (Fig. 2). For patients who did not undergo chemo-
therapy, however, CA19-9 level was not a prognostic
marker. These results suggest that high CA19-9 level is a
marker of aggressive tumor behavior but not an indicator of
chemotherapeutic response.

Our study has limitations associated with its retrospective
nature since we did not employ CA19-9 testing as part of the
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Fig. 2 Survival curves by status of chemotherapy (green: high CA19-
9 level; blue: normal CA19-9 level). a For patients receiving chemo-
therapy, the S-year DFS of patients with high CA19-9 levels was
43.6 % and that of patients with normal CA19-9 levels was 70.7 %.
b For patients who did not undergo chemotherapy, CA19-9 level was
not a predictor of patient outcomes
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routine preoperative surveillance or the follow-up proce-
dures after colon cancer surgery. Consequently, nearly
60 % of the CRC cases were excluded at the time of
enrollment. We do not know if the inclusion of these cases
would have had influenced the patient outcome statistics.
Furthermore, follow-up data on CA19-9 levels were un-
available; therefore, we could not investigate whether in-
creased CA19-9 levels preceded tumor recurrence, as is the
case for CEA levels. In addition, we enrolled only those
patients for whom preoperative CEA and CA19-9 data were
available. Therefore, the kinetics of CA19-9 level could not
be established in order to clarify whether it could be used as
a surrogate indicator of tumor clearance. In the future,
prospective studies in which CA19-9 kinetics are analyzed
through routine measurement of CA19-9 levels at follow-up
are required, especially for patients with normal CEA levels.

In conclusion, CA19-9 may be a valuable prognostic
marker for CRC patients with normal CEA levels. For
patients with increased CA19-9 levels, an aggressive
follow-up protocol for hematogenous metastasis should be
considered.
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