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Abstract: Serum carbohydrate antigen 19-9 (CA19-9) is widely used
to predict the prognosis for pancreatic ductal adenocarcinoma (PDAC).
However, hyperbilirubinemia and the CA19-9 nonsecretor phenotype
restrict the usage of serum CA19-9 alone. The goal of this study was to
confirm the prognostic role of preoperative serum CA125 in PDAC,
especially in patients with jaundice.

A total of 211 patients with resected PDAC were eligible for this
retrospective study, and were classified into 2 groups based on serum
bilirubin levels. The prognostic significance of all clinicopathologic
factors was evaluated by univariate and multivariate analyses, and the
performance of each factor in predicting overall survival (OS) and
recurrence-free survival (RFS) was compared.

High preoperative CA125, high TNM stage, and lymph node
metastasis were independent risk predictors for OS and RFS in all
patients and the 2 subgroups, but high CA19-9 was only significant
when considering all patients and those with nonelevated bilirubin.
Using time-dependent receiver-operating characteristic analysis,
better predictive performance for OS and RFS was observed for serum
CA19-9 as compared to serum CA125 in these patients.

High serum CAI125 can independently predict poor prognosis.
Importantly, in PDAC patients with hyperbilirubinemia, preoperative
serum CA125 can predict the prognosis, whereas CA19-9 cannot.
Preoperative CA19-9 had better predictive performance for survival
than CA 125, and the performance of CA19-9 did not decline between all
patients and those with nonelevated bilirubin, but was significantly
affected by hyperbilirubinemia.
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Abbreviations: AUC = area under the receiver-operating
characteristic curve, CA125 = carbohydrate antigen 125, CA19-9
= carbohydrate antigen 19-9, OS = overall survival, PDAC =
pancreatic ductal adenocarcinoma, RFS = recurrence-free survival,
ROC = receiver-operating characteristic,c, TNM = tumor node
metastasis.

INTRODUCTION

ancreatic ductal adenocarcinoma (PDAC) is one of the most

lethal solid organ malignancies, with a 5-year survival rate
of 5%. Pancreatectomy offers the only potential for cure, but is
only possible in a minority of patients, and the 5-year survival
rate after resection is <20%." The high mortality rate is mainly
due to the tendency of PDAC cells to metastasize early. Thus,
we need to identify specific early detection indicator(s) to adjust
surgical and perioperative therapy in potentially resectable
patients.

Many PDAC tumor-associated antigens have been studied,
including serum carbohydrate antigen 19-9 (CA19-9), CA125,
and carcinoembryonic antigen (CEA).>* Serum CA19-9 is used
as a diagnostic adjunct and a prognostic marker, and an elevated
preoperative CA19-9 level is associated with poor prognosis.*>
However, approximately 5% to 14% of the population is Lewis
antigen A and B negative (Le* °7), and is also considered
CA19-9 nonsecretory (CA19-9 < 5 U/mL),6 which is correlated
with poor survival.” Approximately 67.5% of patients with
tumors located at the head of the pancreas have hyperbilirubi-
nemia,® and obstructive jaundice induces an increase in serum
CA19-9 levels.®” Hence, preoperative measurement of CA19-9
levels in serum should be performed after biliary decompression
is complete, but resection should not be delayed to wait for
bilirubin level normalization. Because of obstructive jaundice
and the CA19-9 nonsecretor phenotype, baseline preoperative
serum CA19-9 levels cannot be used alone in routine clinical
practice.>!” As there is no preoperative serum prognostic
marker for obstructive jaundice patients, patients with hyper-
bilirubinemia are typically excluded from their previous stu-
dies.*®*°~"" Therefore, there is an urgent need to identify
specific biomarkers to better stratify patients for initial treat-
ment and evaluate the response to treatment.

CAI125 is a high-molecular-weight mucin-like glyco-
protein that is overexpressed on the surface of ovarian cancer
cells and is secreted by other cancer cells types.*'""'* It is
described as the most useful serologic marker for ovarian cancer
detection and management,®"> and Elays a potential role in
PDAC pathogenesis and diagnosis.>™'* Our previous studies
demonstrated that as an independent predictor, serum CA125
levels were related to distant metastasis. Furthermore, a
preoperative serum signature of CEA'/CA125"/CA19-9
>1000U/mL could be a useful preoperative predictor for
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TABLE 1. Clinicopathological Features of Patients

All patients Nonelevated Bilirubin Hyperbilirubinemia P
Features (n=199) Patients (n=126) Patients (n=73) Value
Age, y, median (range) 65 (33-84) 68 (43-82) 63 (33-84) 0.442
Sex (male/female) 119/80 39/75 44/29 0.940
CA125, U/mL, median (range) 17.48 (2.57->251.50) 16.30 (2.57->251.50) 19.85 (5.70->251.50) 0.269
CA19-9, U/mL, median (range) 179.20 (5.90->2111.00)  145.60 (5.90—> 2111.00) 230.90 (8.5->2111.00) <0.001
Bilirubin, pwmol/L, median (range) 10.6 (4.1->554.9) 10.80 (4.10—>33.40) 106.9 (35.6—>554.9) /
Tumor location (head/body, tail) 128/71 55/71 73/0 <0.001
Type of resection (PD/TP/DP) 124/3/72 53/2/71 72/1/0 <0.001
Tumor size, cm (mean+SD) 3.6 (23->5.2) 32(123->49) 35(2.5->52) 0.270
Lymph node metastasis (yes/no) 88/111 57/57 31/54 0.295
Tumor differentiation (I/1I) 158/41 103/23 55/18 0.053
Neural invasion (yes/no/unknown) 162/34/3 98/26/2 64/8/1 <0.001
Microvascular invasion (yes/no/unknown) 34/155/10 21/98/7 13/57/3 0.860
T stage (V/II/IIT) 0/46/153 0/30/96 0/16/57 0.942
TNM stage (IB/IIA/IIB) 26/85/88 17/52/57 9/33/31 0.790

CA125 = carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-

9, TNM = tumor node metastasis.

metastasis in PDAC patients.'® This signature could also be
used for individualized treatment, especially in patients with
borderline resectable PDAC. More importantly, serum CA125
levels may be independent of serum bilirubin levels.5'®!7 The
purpose of the present investigation was to assess the prognostic
impact of preoperative serum CA125 in PDCA patients who
were undergoing curative surgical resection, especially in those
with hyperbilirubinemia.

PATIENTS AND METHODS

Patient Selection and Data Collection

A total of 211 consecutive PDAC patients undergoing
pancreatic resection were enrolled in this retrospective study
between March 2010 and May 2012 at the Department of

Pancreas and Hepatobiliary Surgery, Shanghai Cancer Center,
Fudan University, Shanghai, China. The inclusion criteria were
definitive PDAC diagnosis by pathology; no prior anticancer
treatment before surgery or history of a second primary tumor;
surgical resection with the cut surface being free of cancer by
histologic examination; preoperative CA19-9 levels of >5U/
mL; and complete clinicopathologic and follow-up data
after surgery.

Peripheral venous blood samples were taken from every
patient within 14 days prior to surgery. Serum CA19-9 and
CA125 levels were measured using a radioimmunoassay kit
(Abbott-Diagnostics, Chicago, IL). Preoperative biliary drai-
nage was performed by endoscopic retrograde cholangiopan-
creatography (ERCP) in 62 patients. In 4 patients with failed
ERCP attempts, percutaneous transhepatic cholangiodrainage
(PTCD) was used as a rescue option. The variables evaluated
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FIGURE 1. Correlation between bilirubin and serum CA19-9 levels (A) and serum CA125 levels (B). Preoperative serum bilirubin levels

were correlated with serum CA19-9 (r=0.178, P=0.012), but were not correlated with serum CA125 (r=0.103, P=0.149).
CA125 =carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-9.
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included age, sex, tumor size, location, differentiation status,
lymph node involvement, TNM stage, neural invasion, and
microvascular invasion. In general, patients with positive lymph
nodes or/and metastases after resection received standard gem-
citabine-based chemotherapy or chemoradiation therapy with
5-FU followed by gemcitabine. The recommended upper limit
for normal CA19-9 is 37 U/mL.""*'® X-tile plots were created by
dividing serum CA125 into two populations: low and high. All
possible divisions of serum CA125 were assessed by the log-
rank test for survival, and the best cutoff value for serum CA125
was obtained."’

The study was approved by the Shanghai Cancer Center
Research Ethics Committee. Informed consent was obtained
from each patient according to the committee’s regulations.

Follow-Up

A computed tomography (CT) scan of the abdomen was
done every 3.0 months during the first year. Postoperative
patients had a median follow-up of 20.4 months (range 9.3 —
65.7) and were followed-up every 3 months until they die.
Conventionally, the detection of recurrence is dependent on

several noninvasive inspections, including ultrasound, CT,
magnetic resonance imaging (MRI), and positron emission
tomography (PET)/CT. If recurrence was suspected, a CT or
MRI scan was done immediately. Overall survival (OS) was
defined as the interval between the dates of surgery and death, or
surgery and the last follow-up. Recurrence-free survival (RFS)
was defined as the interval between the dates of surgery and
tumor recurrence, or surgery and the last follow-up.

Statistical Analysis

All statistical computations were performed using the
Statistical Package for Social Science (SPSS, Inc., Chicago,
IL) software, version 16.0 for Windows. For statistical analyses,
the descriptive data were expressed as mean + standard devi-
ation. The Student 7 test or Pearson correlation test was applied
to analyze quantitative variables. OS and RFS were displayed
using Kaplan—Meier survival curves with 95% confidence
intervals (CIs) and the differences between subgroups were
compared using the log-rank test. All risk factors identified by
univariate analysis were adopted in multivariate Cox pro-
portional hazard analysis. A time-dependent receiver-operating

TABLE 2. Relations Between the Parameters and Pathological Features in Hyperbilirubinemia Patients

CA125 CA19-9
Features Low (n=236) High n=37) P Value Low (n=7) High (n=66) P Value
Age, y 0.899 0.147
<61 16 17 5 28
>61 20 20 2 38
Sex 0.953 0.861
Female 14 15 3 26
Male 22 22 4 40
Tumor size, cm 0.352 0.751
<3 13 12 2 23
>3 23 25 5 43
Lymph node metastasis 0.008 0.983
No 22 20 4 38
Yes 14 17 3 28
Neural invasion 0.935 0.332
No 4 4 0 8
Yes 31 33 7 57
Not documented 1 0 0 1
Microvascular invasion 0.598 0.48
No 26 31 5 52
Yes 7 6 2 11
Not documented 3 0 0 3
Tumor differentiation 0.255 0.804
Poorly/moderately differentiated 25 30 5 50
Well differentiated 11 7 2 16
T stage 0.238 0.163
T1 0 0 0 0
T2 10 6 3 13
T3 26 31 4 53
TNM stage 0.001 0.639
IB 6 3 2 7
JIV:N 16 17 2 31
11B 14 17 3 28

CA125 =carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-9, ROC = receiver-operating characteristic, TNM = tumor-node-

metastasis.
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T stage (V/IV/III)

CA19-9 (<37/>37U/mL)
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characteristic (ROC) curve was applied to evaluate the predic-
tive performance of the abovementioned parameters, and the
integrated area under the curve (IAUC) was calculated using R
statistical packages (“‘survival ROC” and “‘survcomp’; www.
r-project.org). The comparisons were done using the 2-tailed
log-rank test. A probability P value of <0.05 was considered
statistically significant.

RESULTS

Demographic and Clinical Characteristics

In this retrospective study, 12 patients had preoperative
CA19-9 levels of <5U/mL (5 patients received neoadjuvant
chemotherapy); 126 patients had a bilirubin of <2 mg/dL, and
73 patients had hyperbilirubinemia at the time the CA19-9 was
measured. Of the 199 patients, 124 (62.3%) patients underwent
pancreaticoduodenectomy, 72 (36.2%) underwent distal pan-
createctomy, and 3 (1.5%) underwent total pancreatectomy.
The median baseline preoperative serum levels of CA19-9 and
CA125 were 179.20 (range, 5.90-2111.00) U/mL and 17.48
(range, 2.57—251.50) U/mL, respectively. In a paired analysis,
the median baseline preoperative serum levels of CA19-9 and
CA125 were 145.60 (range, 5.90-2111.00) U/mL and 16.30
(range, 2.57-251.5) U/mL, respectively (Table 1). Postopera-
tive adjuvant chemotherapy was administered to 169 of 199
patients. Of the 126 patients without elevated bilirubin, there
were 91 patients with elevated preoperative serum CA19-9
levels (>37 U/mL). In the remaining 73 patients with hyperbi-
lirubinemia, 66 had elevated serum CA19-9 levels and 37 had
elevated serum CA125 levels. The majority of patients with
hyperbilirubinemia underwent PBD by ERCP or PTCD (90.4%)
(6 days, range, 4—16 days). Demographic and clinical charac-
teristics were summarized in Table 1.

In all patients, a positive correlation was observed between
serum CA19-9 and bilirubin (r=0.180, P=0.012), but not
CA125 (r=0.103, P=0.149) (Figure 1). Neither sex nor age
resulted in significantly different preoperative CA19-9
(P=0.686, P=0.233, respectively) or CA125 (P=0.836,
P=0.998, respectively). Serum CA125 was associated with
serum CA19-9 (P =0.005), lymph node metastasis (P = 0.009),
and TNM stage (P = 0.008). In patients without elevated bilir-
ubin, serum CA19-9 was associated with lymph node metastasis
(P<0.001) and TNM stage (P <0.001). There was not a
significant correlation between CA19-9 or CA125 and other
clinicopathological characteristics, including tumor location,
differentiation, microvascular invasion, neural invasion, and
tumor size. In patients with hyperbilirubinemia, the correlation
between CA19-9 and bilirubin was marginal with a very low
correlation coefficient (r=0.227, P <0.001). Serum CA125
levels had a statistically significant correlation with lymph node
metastasis (P =0.008) and TNM stage (P =0.001) (Table 2).

Survival in Hyperbilirubinemia and Nonelevated
Bilirubin Groups

At the end of this study, 83 patients (41.7%) were still
alive, and 136 patients (68.3%) had disease recurrence. Overall
survival rates of the 199 patients at 1, 2, and 3 years were 91.5%,
61.4%, and 38.0%, respectively. The RFS rates at 1, 2, and 3
years were 52.8%, 27.4%, and 22.0%, respectively. The median
times of OS and RFS were 20.3 (95% CI: 17.0-23.6) and 12.6
(95% CI: 10.3—14.9) months. Seventy-four patients (59.2%)
died and 84 patients (66.7%) had tumor recurrence in the
subgroup of 126 patients with hyperbilirubinemia, and 42

www.md-journal.com | 5


http://www.r-project.org/
http://www.r-project.org/

Chen et al

Medicine * Volume 94, Number 19, May 2015

patients died (57.5%) and 52 patients (71.2%) had tumor
recurrence in the subgroup of 73 patients with the nonelevated
bilirubin. PBD was not correlated with OS (P =0.215) or RFS
(P =0.142). The Kaplan—Meier curves relating serum bilirubin
to OS (P =0.314) and RFS (P =0.276) are shown in Table 3.
Median survival time in the hyperbilirubinemia group was 19.6
months (95% CI: 13.5-25.6) versus 22.7 months (95% CI:
18.7-26.7) in the nonelevated bilirubin group.

Serum CA125/CA19-9 Levels and Survival

The best cutoff value for CA125 level was 18.6 U/mL, as
calculated by X Tile. Univariate analyses indicated that elevated
serum CA125 and CA19-9 were statistically significant risk
predictors for poor OS and RFS (Figures 2 and 3) in overall and
nonelevated bilirubin patients, in addition to high TNM stage,
lymph node metastasis, and chemotherapy. In the multivariate
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analyses, serum CA125 (in all patients: P =0.013, hazard ratio
[HR]=2.140, 95% CI: 1.166-3.928 for OS; P=0.001,
HR =1.841, CI: 1.301-2.606 for RFS; in nonelevated patients:
P=0.039, HR=1.551, 95% CI: 1.181-3.535 for OS;
P=0.023, HR=1.698, 95% CI: 1.077-2.676 for RFS),
CA19-9 (in all patients: P=0.001, HR =2.405, 95% CI:
1.413-4.094 for OS; P=0.001, HR=2.343, CI. 1.444-
3.803 for RFS; in nonelevated patients: P=0.007,
HR=3.381, 95% CI. 1.392-8.214 for OS; P<0.001,
HR =2.390, 95% CI: 1.364—4.186 for RFS), high TNM stage,
and lymph node metastasis that were analyzed as continuous or
categorized variables were significantly associated with an
increased risk of recurrence and death after adjusting for age,
sex, tumor size, location, differentiation, neural invasion, and
microvascular invasion.

In hyperbilirubinemia patients, elevated serum CA125, but
not CA19-9, was a statistically significant risk predictor for
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FIGURE 2. Kaplan—Meier survival curves for OS (a and b) and RFS (c and d) according to CA125 levels and CA19-9 levels in all patients.
CA125 = carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-9, OS = overall survival, RFS =recurrence-free survival.
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FIGURE 3. Kaplan—Meier survival curves for OS (a and b) and RFS (c and d) according to CA125 levels and CA19-9 levels in patients with
nonelevated bilirubin. CA125 = carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-9, OS = overall survival, RFS =recurrence-

free survival.

poor OS and RFS in the univariate analyses (Figure 4). Patients
with normal CA125 had increased survival compared to those
with elevated CA125 (median survival 20.1 vs 9.1 months,
P <0.001). Preoperative serum CA125 was an independent risk
predictor for OS (P=0.008, HR =1.886, 95% CI: 1.183—
3.005) and RFS (P=0.005, HR=2.313, 95% CI: 1.284—
4.166) in the multivariate analyses. The values for the univariate
and multivariate tests for every category considered are sum-
marized in Table 3.

Assessment of Predictive Performance

All clinicopathologic factors identified by multivariate
survival analyses were used for time-dependent ROC analyses.
Better predictive performances for both OS and RFS were
achieved by serum CA19-9 levels in all patients (CA125:
TAUC=0.660 for OS, TAUC=0.650 for RFS; CA19-9:
TAUC =0.688 for OS, IAUC =0.680 for RFS) and in none-
levated bilirubin patients (CA125: IAUC=0.673 for OS,
IAUC=0.616 for RFS; CA19-9: IAUC=0.692 for OS;
TAUC =0.653 for RFS) (Figure 5). The IAUCs for serum
CAI125 levels were 0.632 for OS and 0.622 for RFS in the

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

patients with hyperbilirubinemia. The IAUCs for serum CA125
and CA19-9 levels between all patients and those with none-
levated bilirubin were not significantly different (CA125:
P=0.563 for OS, P=0.673 for RFS; CA19-9: P=0.463 for
OS and P=0.641 for RFS).

DISCUSSION

Patients who have undergone surgical resection for PDAC
have a dismal prognosis.! For patients with potentially resect-
able disease, there is an urgent need to have a detection
indicator(s) to adjust perioperative therapy and predict prog-
nosis. Serum CA19-9 is the most widely used marker for the
diagnosis, prognosis of pancreatic cancer, and is used to monitor
postoperative recurrence and metastasis.**°~%? In retrospective
analyses of PDAC patient survival, elevated baseline preopera-
tive elevated serum CA19-9 levels are indicative of poor
prognosis.**'%** However, preoperative serum CA19-9 levels
cannot be used for every PDAC patient. For example, some
PDAC patients have hyperbilirubinemia, which induces an
increase in serum CA19-9 levels® that decrease once the
jaundice is remedied. Approximately 67.5% of patients with

www.md-journal.com | 7
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FIGURE 4. Kaplan—Meier survival curves for OS (a and b) and RFS (c and d) according to CA125 levels and CA19-9 in patients with
hyperbilirubinemia. CA125 = carbohydrate antigen 125, CA19-9 = carbohydrate antigen 19-9, OS =overall survival, RFS =recurrence-

free survival.

a tumor in the head of the pancreas have hyperbilirubinemia.®
Moreover, CA19-9 nonsecretors have low serum CA19-9
levels, even if they have distant metastatic disease and those
that underwent curative resection of their pancreatic cancer had
apoor prognosis.” Therefore, CA19-9 cannot be used in patients
with increased bilirubin levels or CA19-9 nonsecretors. In this
study, neither serum CA125 nor CA19-9 levels significantly
impacted OS or RFS in the 12 nonsecretors evaluated, and they
were excluded from this study. The prognostic value of CA19-9
was significantly affected by serum bilirubin in patients with
hyperbilirubinemia. At this time, there is still no suitable
preoperative serum indicator to predict prognosis in PDAC
patients with hyperbilirubinemia.

Metabolic tumor burden (MTB), as measured by 'SF-
fluorodeoxyglucose (‘*F-FDG) PET/CT is an effective prog-
nosticator for PDAC survival, and superior to preoperative
serum CA19-9.'> However, because of its costliness, the appli-
cation of '"*F-FDG PET/CT examination is restricted in routine
clinical practice. Therefore, simple and effective assays, such as

8 | www.md-journal.com

tumor markers, are needed as supplemental tools to predict the
prognosis for resectable PDAC. Our investigation identifies a
potentially predictive role for preoperative serum CAI125 in
PDAC, especially in patients with obstructive jaundice.
CA125, which is encoded by the MUC16 gene, is primarily
known as a useful serological marker for the clinical manage-
ment of ovarian cancer. In recent years, others have detected
elevated expression of CA125 in the serum of PDAC patients,
and have proposed a role for serum CA125 as a predictor of
survival in these patients.®!'%!7** More importantly, serum
CAI125 level is not affected by serum bilirubin.'®*> In this
study, serum CA125 levels were had no correlation with serum
bilirubin levels. In both univariate and multivariate analyses,
elevated preoperative CA125 was an independent prognostic
factor for OS and RFS in all PDAC patients, patients with
nonelevated bilirubin and patients with hyperbilirubinemia.
However, serum CA19-9 was not significantly associated with
mortality after surgery for patients with jaundice. To our
knowledge, this is the first study to demonstrate a prognostic

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 5. Time-dependent ROC curve analysis for predictions of OS (a and c) and RFS (b and d). Better predictive performances for both
OS and RFS were achieved by CA19-9 levels compared to CA125 levels in all patients and those with nonelevated bilirubin.
CA125 =carbohydrate antigen 125, CA19-9 =carbohydrate antigen 19-9, OS=overall survival, RFS=recurrence-free survival,

ROC =receiver-operating characteristic.

role for serum CAI125 in PDAC patients with hyper-
bilirubinemia.

Because surgery in jaundiced patients increases the risk for
postoperative complications, preoperative biliary drainage
(PBD) is often performed.?® There have been several studies
investigating the effects of PBD on survival in patients under-
going pancreatoduodenectomy for pancreatic head cancer.
PBD, as compared to surgery alone, had no effect on overall
survival for those with pancreatic head cancer.?® % In this
study, the majority of patients with hyperbilirubinemia under-
went PBD by ERCP or PTCD, and PBD was not correlated with
OS or RFS. Therefore, PBD had little impact on the research
results.

To evaluate the predictive performance of preoperative
serum CA 125 and CA19-9, we used time-dependent ROC curve
analyses. In this retrospective study, preoperative serum CA19-
9 levels had better predictive performances for predicting OS
and RFS than serum CA125 levels in all patients and patients
with nonelevated bilirubin. Interestingly, we found that the
prognostic value of serum CA19-9 did not decline, when taking
into account serum bilirubin (patients with nonelevated bilir-
ubin and all patients). That is to say, serum bilirubin levels did
not markedly affect serum CA19-9 levels in the entire group of
PDAC patients who underwent surgical treatment. However,
the prognostic value of CA19-9 was significantly affected by
serum bilirubin in patients with hyperbilirubinemia.

Our study was inherently limited by its retrospective
design. The patient sample size was not sufficient, especially

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

in CA19-9 nonsecretor group. A portion of patients could not
receive postoperative adjuvant therapy, which could impact
survival time and lead to deviations in the analysis. Periopera-
tive therapeutic delay resulting from hyperbilirubinemia was
also a confounding variable in our study. Furthermore, serum
CA125 is not a unique marker for PDAC, and can rise in
response to other malignant and benign conditions, including
cardiovascular disease, chronic liver disease, endometriosis,
ovarian cancer, and other ovarian diseases.'>>°

In conclusion, preoperative serum CA125 is an indepen-
dent risk predictor that can predict the prognosis in PDAC
patients with hyperbilirubinemia. Although hyperbilirubinemia
markedly increased serum CA19-9 levels, the prognostic value
of serum CA19-9 was not impacted in all patients and those with
nonelevated bilirubin. Preoperative CA19-9 has a better pre-
dictive performance for OS and RFS than preoperative CA125
in these patients, and should be used for prognosis in patients
with nonelevated bilirubin levels.
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