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Postoperative Carcinoembryonic Antigen as a Complementary
Tumor Marker of Carbohydrate Antigen 19-9 in Pancreatic Ductal

Adenocarcinoma
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The role of carcinoembryonic antigen (CEA) in pancreatic cancer remains poorly
understood. Therefore, this study aimed to determine whether CEA is complementary to
carbohydrate antigen 19-9 (CA19-9) in prognosis prediction after pancreatic cancer
curative resection. We retrospectively reviewed records of 144 stage Il curatively resected
pancreatic cancer patients with preoperative and postoperative CEA and CA19-9 levels.
Patients with normal preoperative CA19-9 were excluded. RO resection margin, adjuvant
treatment, and absence of angiolymphatic invasion were associated with better overall

survival. There was no significant difference in median survival according to preoperative

*Jaihwan Kim and Yoon Suk Lee contributed equally
to this work.

CEA levels. However, patients with normal postoperative CA19-9 (59.8 vs.16.2 months,

P < 0.001) and CEA (29.4 vs. 9.3 months, P= 0.001) levels had longer overall survival
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INTRODUCTION

Pancreatic cancer is one of the most lethal solid tumors, in which
surgical resection is the only potentially curative treatment me-
thod. However, only 10% to 20% of all patients receive a curative
surgery (1, 2) while most experience recurrence due to occult
extra-pancreatic metastasis at the time of diagnosis (3). There-
fore, an accurate prediction of patients’ prognosis after surgery
is critical in preparation for the subsequent therapeutic plan.

Carbohydrate antigen 19-9 (CA19-9), first discovered in 1979
(4, 5), is the only serum biomarker widely accepted as a valu-
able diagnostic and prognostic marker in pancreatic cancer. Es-
pecially, recent studies have suggested that perioperative CA19-
9 levels have prognostic impact (6, 7) and that normalization of
postoperative CA19-9 levels is a strong prognostic factor in pa-
tients with resected pancreatic cancer (7, 8). However, CA19-9
level should be interpreted with caution due to the significance
of its false positive and false negative rates.

Carcinoembryonic antigen (CEA), first detected in 1965 (9),
has been commonly employed as a biomarker in colorectal can-
cer. Since elevated CEA level has been reported in more than
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than those with elevated levels. Among 76 patients with high postoperative CA19-9 levels,
a better prognosis was observed in those with normal postoperative CEA levels than in
those with elevated levels (19.1 vs. 9.3 months, P= 0.004). Postoperative CEA and CA19-
9 levels are valuable prognostic markers in resected pancreatic cancer. Normal
postoperative CEA levels indicate longer survival, even in patients with elevated
postoperative CA19-9.
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60% of patients with pancreatic ductal adenocarcinoma (10), a
few studies have investigated its clinical significance in pancre-
atic cancer (11-13).

Despite a recent study demonstrating prognostic value of
preoperative CEA level in pancreatic cancer (14), clinical value
of postoperative CEA level in pancreatic cancer remains unclear.
In the present study, we aimed to determine whether CEA has
a complementary role to CA19-9 in predicting postoperative
prognosis in patients with curatively resected pancreatic cancer.

MATERIALS AND METHODS

Patients and method

There were 206 pancreatic cancer patients who received cura-
tive, not palliative, surgery because of pancreatic ductal adeno-
carcinoma except other pancreatic tumors at Seoul National
University Bundang Hospital from July 2003 to May 2012. Pa-
tients with stage II pancreatic cancer were 202 and 33 patients
had preoperative normal CA 19-9 levels. There were 166 patients
with RO resection margin (80.6%), 34 patients with R1 resection
margin (16.5%), and 6 patients with R2 resection margin (2.9%),
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respectively. Among 202 stage II pancreatic cancer patients, 182
with both preoperative and postoperative CEA and CA19-9 lev-
els were identified. Within this group of patients, 38 were exclud-
ed from the present study due to normal preoperative CA19-9
level (n = 30), residual tumor (n = 6), and involvement of neo-
adjuvant chemoradiation therapy (n = 2). Therefore, 144 stage
II pancreatic cancer patients who received curative resection
were eventually included in the present study.

Surgical procedures performed in this study involved pan-
creaticoduodenectomy with or without pyloric resection, distal
pancreatectomy, and total pancreatectomy. Regional lymph
node dissection was performed in all patients and pathological
staging was decided according to the American Joint Commit-
tee on Cancer Staging Manual, seventh edition. RO resection
was defined as surgery with cancer-free margin and R1 resec-
tion as one with microscopic residual tumor. Because there is
still lack of consensus about R0 and R1 resection in pancreatic
cancer (15), we included R1 resection in curative resection in
this study. In addition, angiolymphatic, venous and perineural
invasion as well as pancreatic intraepithelial neoplasia (PanIN)
of all specimens were reviewed.

Assessment of tumor marker levels was conducted by certi-
fied laboratories at each of the hospitals where patients receiv-
ed surgery. Preoperative CEA and CA19-9 levels were obtained
within 1 month immediately prior to surgery while postopera-
tive measurement was performed within 3 months from sur-
gery date. Preoperative and postoperative liver function and
CA19-9 levels were also assessed simultaneously. Reference

Table 1. Baseline characteristics of patients

ranges of tumor marker levels were 0-37 U/mL for CA19-9 and
0-5 ng/mL for CEA.

Statistical analysis

Kaplan-Meier analysis was used to generate survival curves and
calculate median survival time. Overall survival according to
each of the evaluated clinical characteristics was compared by
log-rank test. Among the clinicopathological variables included
in univariate Cox proportional hazards regression analysis, those
with a two-sided P value of less than 0.15 were chosen for mul-
tivariate Cox proportional hazards regression analysis with step-
wise selection. A two-sided Pvalue of less than 0.05 was consid-
ered statistically significant. All statistical analyses were perform-
ed using SPSS statistics 21.0 software for Windows (IBM Corpo-
ration, Armonk, NY, USA).

Ethics statement

This study protocol was reviewed and approved by the institu-
tional review board of Seoul National University Bundang Hos-
pital (B-1303/196-101). Informed consent was exempted by the
board.

RESULTS

Baseline characteristics

Because of exclusion of 30 patients with normal preoperative
CA19-9, we classified the patients according to postoperative
tumor markers’ level. As a result, the patients were classified

Postoperative normal CA19-9 and

Postoperative high CA19-9 and  Postoperative high CA19-9 and

flClilE CEA (0 = 68) (%) normal CEA (n = 65) (%) CEA (1= 11) (%) Pualue
Gender (Male) 44 (64.7) 35(53.8) 3(27.3) 0.059
Median age (range, yr) 64.5 (40-83) 64 (36-84) 68 (45-79) 0.843
Disease stage IIA/IB 34/34 (50.0/50.0) 23/42 (35.4/64.6) 6/5 (54.5/45.5) 0.189
Surgical procedure 0.402

PD/DP/TP 39/28/1 (57.4/41.2/1.5) 33/32/0 (50.8/49.2/0.0) 4/7/0 (36.4/63.6/0.0)
Histopathologic sub-types 0.534

Well differentiated ADC 2(2.9) 2(3.1) 0(0.0)

Moderately differentiated ADC 52 (76.5) 58 (89.2) 10 (90.9)

Poorly differentiated ADC 6 (8.8) 2(3.1) 109.1)

Adenosquamous carcinoma 1(1.5) 0(0.0) 0(0.0)

Undifferentiated carcinoma 7(10.3) 3(4.6) 0(0.0)
[nvasion

Angiolymphatic 30 (44.1) 24 (36.9) 0(0.0) 0.011

\Venous 38 (55.9) 46 (70.8) 8(72.7) 0.193

Perineural 64 (94.1) 52 (80.0) 6 (54.5) 0.001
RO/R1 resection margin 59/9 (86.8/13.2) 47/18 (72.3/27.7) 5/6 (45.5/54.5) 0.005
PanIN grade 0/1/2/3 36/8/13/11 (52.9/11.8/19.1/16.2) 29/9/9/1 8 (44.6/13.8/13.8/27.7) 7/2/1/1 (63.6/18.2/9.1/9.1) 0.566
Adjuvant treatment 49 (72.1) 42 (64.6) 5 (45.5) 0.199
Recurrence 41 (60.3) 49 (75.4) 1(100.0) 0.010
Median recurrence free survival (95% ClI, months) 16.5(12.9-20.1) 2 (4.4-8.0) .3(1.8-6.9) < 0.001
Median overall survival (95% Cl, months) 59.7 (N.A) 19 1(9.4-31.7) 3 (7.9-10.7) < 0.001

SD, standard deviation; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; PanIN, pancreatic intraepithelial neoplasia; PD, pancreaticoduodenectomy; DP,
distal pancreatectomy; TP, total pancreatectomy; ADC, adenocarcinoma; N.A., not applicable; Cl, confidence interval.
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into postoperative normal CA19-9 and CEA, high CA19-9 and
normal CEA, and high CA19-9 and CEA. Baseline characteris-
tics of the included patients are presented in Table 1. The medi-
an age was 64 yr and male patients accounted for 56.9% (82/144)
of the patient cohort. The median preoperative and postopera-
tive CA19-9 levels were 556.2 (56-20,000) and 41.3 (5-24,000) U/
mL, respectively. A high postoperative CA19-9 level (> 37 U/mL)
was noted in 76 (52.8%) patients. Similarly, median preopera-
tive and postoperative CEA levels were 2.9 (0.8-50.6) and 1.7
(0.3-21.8) ng/mL, respectively. Elevated preoperative and post-
operative CEA levels (> 5 ng/mL) were observed in 37 (25.7%)
and 11 (7.6%) patients, respectively.

Ninety-six patients (66.7%) received adjuvant therapy that
consisted of concurrent chemo-radiation therapy (54 patients,
37.5%), chemotherapy only (41 patients, 28.5%), or radiation
therapy only (1 patient, 0.7%). About chemotherapy regimen,
gemcitabine was most commonly used (55 patients, 38.2%) and
5-FU/leucovorin or capecitabine were also used as chemother-
apy or chemoradiation therapy.

Among variable clinical factors, angiolymphatic and perineu-
ral invasion rates were significantly high in patients with nor-
mal CA19-9 and CEA levels; however, R1 resection rate was sig-
nificantly high in patient with high CA19-9 and CEA level. Re-
currence occurred in 70.1% of all patients, and the median re-
currence-free survival time was 10.1 months. The median over-
all survival time was 27.1 months, and the 5-yr survival rate was
28.4%. Eventually, median recurrence free survival and overall
survival were significantly longer in patients with normal CA19-
9 and CEA and those were significantly shorter in patients with
high CA19-9 and CEA.

Postoperative prognostic markers

Besides the tumor markers of interest, various other clinico-pa-
thological factors potentially affecting overall survival were an-
alyzed. As a result, preoperative CEA levels were not associated
with overall survival. However, normal postoperative CA19-9

Postoperative CA 19-9

100
- <37 U/mL (N = 68)
80 > 37 U/mL (N = 76)
9
= 60
2
S 4
w
P<0.001
20 |
0 | | |
0 50 100 150
Months o

and CEA levels were associated with better overall survival (Fig.
1). In addition, RO resection, adjuvant treatment, and angiolym-
phatic and venous invasion were significantly associated with
overall survival by univariate Cox regression analysis (Table 2).
Perineural invasion also showed a trend towards association
with overall survival with borderline significance (P = 0.055).
Among these factors, postoperative CA19-9 and CEA levels, RO
resection, adjuvant treatment, and angiolymphatic invasion
were significantly associated with overall survival by multivari-
ate Cox regression analysis (Table 3).

The role of CEA as a complementary prognostic factor in
patients with elevated postoperative CA19-9 level

Patients’ prognosis was assessed considering both CEA and
CA19-9 levels in combination. However, none of the included
patients had a normal postoperative CA19-9 level but a high
CEA level. Median survival time of those with normal postop-
erative CEA and CA19-9 levels was excellent at 59.8 months
(Fig. 2). Among the 76 patients with high postoperative CA19-9
levels, those with normal postoperative CEA levels had better

Table 2. Univariate Cox regression analysis of overall survival

Variables HR 95% Cl Pvalue
Age 0.99  0.97-1.01 0.364
Gender (M/F) 0.95 0.62-1.47 0.826
Postoperative CA19-9 (< 37/ > 37 U/mL) 296  1.85-473 <0.001
Preoperative CEA (< 5/ > 5 ng/mL) 1.05 0.64-1.72 0.860
Postoperative CEA (< 5/ > 5 ng/mL) 415  216-795 < 0.001
Disease stage (lIA/IIB) 128  0.83-1.99 0.268
Resection margin (RO/R1) 3.03 1.89-485 <0.001
Adjuvant treatment (Yes/No) 186  1.19-2.90 0.007
Angiolymphatic invasion (No/Yes) 150  0.96-2.35 0.073
Venous invasion (No/Yes) 2.05 1.26-3.35 0.004
Perineural invasion (No/Yes) 197  0.98-3.95 0.055
PaniN (0/1/2/3) 1.00 0.83-1.21 0.971

HR, hazard ratio; Cl, confidence interval; CA19-9, carbohydrate antigen 19-9; M, male;
F, female; CEA, carcinoembryonic antigen; PaniN, pancreatic intraepithelial neoplasia.

Postoperative CEA
100 ~ <5ng/mL (N =133)
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0 50 100 150
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Fig. 1. Kaplan-Meier analysis of overall survival according to postoperative carbohydrate antigen 19-9 (CA19-9) and carcinoembryonic antigen (CEA) levels. (A) The postoperative
CA19-9 level is significantly associated with overall survival in patients with curatively resected stage Il pancreatic cancer. The median overall survival time was 59.8 months in
patients with normal CA19-9 levels and 16.2 months in those with high CA19-9 levels. (B) The postoperative CEA level is also significantly associated with overall survival in
patients with curatively resected stage Il pancreatic cancer. The median overall survival time in patients with normal and high CEA levels was 29.4 and 9.3 months, respectively.
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Table 3. Multivariate Cox regression analysis of overall survival

Variables HR 95% C.I. Pvalue
Postoperative CA19-9 (< 37/ > 37 U/mL)  2.67 1.60-4.45 < 0.001
Postoperative CEA (< 5/ > 5 ng/mL) 2.60 1.22-5.55 0.014
Resection margin (RO/R1) 1.93 1.17-3.18 0.010
Adjuvant treatment (Yes/No) 2.01 1.21-3.33 0.007
Angiolymphatic invasion (No/Yes) 1.91 1.17-3.12 0.010
Venous invasion (No/Yes) 1.64 0.89-3.04 0.113
Perineural invasion (No/Yes) 1.52 0.67-3.45 0.317

HR, hazard ratio; C.I., confidence interval; CA19-9, carbohydrate antigen 19-9; CEA,
carcinoembryonic antigen.

prognosis than those with high postoperative CEA levels (19.1
months vs. 9.3 months, P = 0.004) (Fig. 2).

DISCUSSION

Although CA19-9 is commonly employed as a serum prognos-
tic biomarker in pancreatic cancer, limitations exist due to its
false positivity and negativity reported in some clinical situa-
tions (16). Therefore, many researchers have sought to develop
a novel biomarker for better prediction of pancreatic cancer prog-
nosis, unfortunately, with little success. Unlike CA19-9, CEAis a
far less common biomarker in pancreatic cancer due to its low-
er sensitivity and specificity reported for pancreatic cancer di-
agnosis (17, 18). On the other hand, regarding CEA’s prognostic
role in pancreatic cancer, literature is scarce with only a few avail-
able studies showing that high preoperative and postoperative
CEA levels (11) or the preoperative CEA level alone was statisti-
cally associated with poor prognosis (13, 14, 19). Therefore, we
focused on the possibility of CEA as a complementary prognos-
tic biomarker to CA19-9 because elevated CEA levels were re-
ported in up to 60% of patients with pancreatic cancer and it
was previously considered a biomarker for the disease prior to
the establishment of CA19-9 (17, 20). Our data suggested that
postoperative CEA and CA19-9 levels combined may serve as a
good prognostic marker in resected pancreatic cancer and that
the postoperative CEA level might play a complementary role
in the prediction of long-term outcomes in pancreatic cancer
patients with elevated postoperative CA19-9 levels.

Recently, the clinical significance of perioperative CA19-9
levels in patients with resectable pancreatic cancer has been
established with the preoperative CA19-9 level being correlated
with tumor burden (21) and a normal postoperative CA19-9
level indicating a good prognosis, similar to our results (6, 21,
22). However, when patients have high levels of CA19-9 after
curative resection, few biomarkers are available to predict long-
term prognosis. Therefore, the present study was designed to
verify the potential value of CEA in such scenario. In our study,
the median survival time in patients with normal postoperative
CEA/high CA19-9 levels was twice as long as that in patients
with high CEA/high CA19-9 levels. This suggested that CEA might
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Fig. 2. Kaplan-Meier analysis of overall survival according to postoperative levels of
both carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9). The
median survival of patients with normal postoperative CEA and CA19-9 levels was
excellent at 59.8 months. Among the 76 patients with high postoperative CA19-9
levels, those with normal postoperative CEA levels had better overall survival than
those with high CEA levels (19.1 [normal CEA/high CA19-9] vs. 9.3 months [high
CEA/highCA19-9)) (*P < 0.001; TP = 0.004).

be an adjunctive prognostic indicator in resected pancreatic
cancer patients with high postoperative CA19-9 levels. More-
over, it is important to note that the postoperative CEA level
could be a valuable prognostic marker in pancreatic cancer pa-
tients with high postoperative CA19-9 levels, even after com-
plete resection. To the best of our knowledge, our study is the
first report on this topic.

Limitations to the present study include its retrospective de-
sign. Therefore, a selection bias of excluding patients without
perioperative CEA or CA19-9 data was unavoidable. Moreover,
we excluded 30 patients with normal preoperative CA19-9 be-
cause there only 3 patients with preoperative high CEA, which
is too small to assess the role. In addition, no patient with a high
postoperative CEA level and normal postoperative CA19-9 level
was included. As a result, we could not demonstrate the discrim-
inative role of CEA in patients with normal postoperative CA19-
9levels.

In conclusion, postoperative CEA and CA19-9 levels serve as
valuable prognostic biomarkers in pancreatic cancer patients
receiving curative surgery. In addition, the normal postopera-
tive CEA level could play a role in discriminating patient’s prog-
nosis, even in those with elevated postoperative CA19-9 levels.
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