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Purpose: In pancreatic cancer (PC), CA 19-9, CEA and CA 125 are the most widely used
tumor markers. The aim of this study was to explore the prognostic significance of baseline
levels of serum CA 19-9, CEA, and CA 125, and to evaluate the clinical significance of
these markers in PC patients.

Patients and Methods: A total of 278 patients with advanced PC that had received first-
line chemotherapy treatments were examined. Correlation analysis between the tumor
markers and clinical characteristics was performed using a Pearson’s Chi-squared test or
Fisher’s exact test. A Pearson’s correlation test was utilized to investigate the relationship
between tumor markers and peripheral blood parameters. Univariate analysis was estimated
using a Kaplan—Meier analysis and compared using a Log rank test. Multivariate analysis
was performed using a Cox proportional hazards regression model.

Results: Both individually and collectively, the baseline CA 19-9, CEA and CA 125 levels were
positively associated with the primary tumor site (p < 0.01), liver metastasis (p < 0.05), and
number of organ metastases (p < 0.05). Furthermore, CA 19-9, CEA and CA 125 were correlated
to baseline WBC (p < 0.001) and LDH (p < 0.01) levels. Additionally, CA 19-9 was correlated
with years of smoking (p = 0.024); diabetes and years of diabetes (p = 0.012); baseline glycemic
levels (p = 0.004); and neutrophil counts (p < 0.001). Moreover, CA 125 levels were associated
with the baseline neutrophil counts (p < 0.001) and peritoneal metastasis (p = 0.008). When
examining neutrophil, LDH, CA 19-9 and CA 125 levels were found to be associated with
overall survival (OS) and shown to be independent prognostic factors.

Conclusion: CA 19-9, CEA and CA 125 are correlated with multiple clinical factors.
Baseline neutrophil, LDH, CA 19-9 and CA 125 levels are associated with OS and may
potentially serve as prognostic factors.
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Introduction
Pancreatic cancer (PC) is the fourth leading cause of cancer deaths worldwide, with
a five year survival rate of less than 7%.' In the United States in 2019, PC-related
deaths totaled 45,750 individuals, with an estimated 56,770 new cases.> In China,
PC ranks tenth in cancer incidences and sixth in cancer-related mortalities.’ Hence,
obtaining a baseline assessment and classification of patient prognosis is necessary
to guide treatment.

Currently, non-invasive and low-cost tumor markers are widely used to establish
a clinical prognosis. One such marker is carbohydrate antigen (CA) 19-9, which
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belongs to the sialylated Lewis blood group.* In more than
80% of patients with advanced PC, CA 19-9 levels were
increased.” Furthermore, CA 19-9 is the only biomarker
that is recommended for clinical use in PC by the National
Comprehensive Cancer Network (NCCN) guidelines.® In
addition to CA 19-9, another less commonly used diag-
nostic, carcinoembryonic antigen (CEA), is elevated in
30-60% of PC patients and is correlated with PC
survival.” Furthermore, another marker, CA 125, has
been shown to be superior to CA 19-9 for predicting
PC.® In a previous study, CA 19-9, CEA and CA 125
were combined and shown to serve as preoperative factors
that could be utilized to predict surgical outcomes.’
Furthermore, other studies have combined various tumor
biomarkers with the peripheral blood index to better estab-
lish a PC patient prognosis.'®'?

Previous studies examining CA 19-9, CEA and CA
125 have predominantly focused on their survival prog-
nostic value in PC, with few studies exploring their pre-
dictive values. In colon cancer, elevated preoperative CA
19-9 levels were shown to effectively predict lung and
abdominopelvic metastasis.'> Furthermore, in locally
advanced rectal cancer, changes in CA 19-9 and CEA
levels during neoadjuvant chemoradiotherapy were asso-
ciated with tumor downstaging.'* Therefore, potential
applications for CA 19-9, CEA and CA 125 in PC warrant
further exploration.

While the prognostic values of CA 19-9, CEA and CA
125 have been confirmed independently, few studies have
examined their prognostic value collectively. This study
also investigated the prognostic significance of CA 19-9,
CEA, and CA 125 as well as the connection between CA
19-9, CEA and CA 125 baseline levels obtained prior to
first-line chemotherapy and the prognosis of advanced PC.

Patients and Methods

Patients

In this retrospective study, 278 patients with advanced or
metastatic PC that were treated at the Chinese People’s
Liberation Army General Hospital from 2010 to 2017
were examined. All patients were admitted for first-line
chemotherapy, with follow-up information obtained every
6 months. The chemotherapy regimens included 40
patients treated with gemcitabine monotherapy, 43 patients
treated with gemcitabine-based combination chemother-
apy, 27 patients treated with nab-paclitaxel plus gemcita-
bine, 159 patients treated with nab-paclitaxel plus S1, and

9 patients treated with S1 monotherapy. All clinical char-
acteristics were obtained before the initial first-line che-
motherapy was administered. Chemotherapy responses
were estimated based on CT scans that were performed
after 2 cycles of chemotherapy and evaluated based on the
Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines version 1.0. Patients were then classified into
four groups, including the PR (partial response), SD (sable
disease), PD (progressive disease) or NA (not available)
groups. The inclusion criteria included a PC diagnosis
confirmed by histopathology or cytology; no previous
first-line chemotherapy received prior to recruitment;
a Karnofsky performance status (KPS) score of >70; and
an explicit terminal status. Patients were excluded if the
baseline data was lacking or if the follow-up data was lost.
Patients were followed until July 30, 2018.

Laboratory Measurements

Serum CA 19-9, CEA, CA 125, lactate dehydrogenase
(LDH), albumin (Alb), white blood cell (WBC), neutrophil,
platelet (Plt), total bilirubin (TB) and glycemic (blood
sugar) levels were measured prior to first-line chemother-
apy initiation to determine the baseline levels. The cut-off
values for the peripheral blood parameters were defined as
the upper limit of normal (ULN) and are defined as follows:
CA 19-9 (37 U/mL), CEA (5.0 ng/mL), CA 125 (35 U/mL),
LDH (250 U/L), WBC (10x1079/L), neutrophil (0.70), Plt
(300x1079/L), TB (21 umol/L), and glycemic (6.1 mmol/
L). A normal lower limit was examined for Alb (35 g/L).

Statistical Analysis

Overall survival (OS) was defined as the time interval
from the date of starting first-line chemotherapy to death
or the last follow-up. Potential correlations between the
clinical characteristics and serum tumor markers were
determined using a Pearson’s chi-squared test or
Fisher’s exact test. Pearson’s correlation analysis was
performed to determine possible correlations between
the three tumor markers and peripheral blood parameters
due to the data displaying a normal distribution. Overall
survival rates were estimated using the Kaplan—Meier
method

Multivariate analysis was performed using a Cox propor-

and compared using a Log rank test.
tional hazards regression model. Survival analysis was
performed using SPSS software (version 22.0), and sur-
vival curves and correlation graphs were drawn using
GraphPad Prism 8.0. Statistical significance was defined

as p <0.05.
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Results

Patient Characteristics

From January 2010 to December 2017, 278 patients with
advanced or metastatic PC were enrolled in this retrospec-
tive study. The patients included 109 (39.2%) males and
169 (60.8%) females, with a median age at diagnosis of 56
years (range: 30-85 years) and a median OS of 9.7 months
(range: 1.68-43.66 months).

Correlation Between Clinical
Characteristic Factors and Baseline

Tumor Markers

The median CA 19-9, CEA, and CA 125 values were 1180 U/
mL (range: 0.60-20,000 U/mL), 7.23 pg/L (range: 0.21-5033
ug/L), and 82.56 U/mL (range: 5.10-4134 U/mL), respec-
tively. The median CA 19-9 level was significantly correlated
with years of smoking (p = 0.024), diabetes (p = 0.012), years
of diabetes (p = 0.012), tumor location (p = 0.007), number of
organ metastases (p = 0.001) and liver metastasis (p = 0.001).
The median CEA value was significantly correlated with the
tumor location (p = 0.012), number of organ metastases
(»p = 0.008) and liver metastasis (p = 0.001). The medium
CA 125 level was significantly correlated with tumor location
(p = 0.003), number of organ metastases (p = 0.042), liver
metastasis (p = 0.028), and peritoneal metastasis (p = 0.008;
Table 1).

Correlation Between Tumor Markers and

Different Parameters

Pearson’s correlation analysis showed that the median WBC
is associated with the median CA 19-9 (r=0.296, p <0.001),
CEA (r = 0.249, p < 0.001) and CA 125 (r = 0.251,
p < 0.001). The median LDH was also correlated with the
CA 19-9 (r=0.299, p <0.001), CEA (r=0.178, p = 0.004)
and CA 125 (r=0.239, p < 0.001). Furthermore, neutrophil
levels were correlated with both CA 19-9 (r = 0.313,
»<0.001) and CA 125 (r =0.223, p < 0.001). Additionally,
CA 19-9 was associated with the glycemic level (r = 0.175,
p = 0.004), CEA (r = 0.207, p = 0.001) and CA 125
(r=0.402, p <0.001) (Table 2, Figure 1).

Correlation Between Combined Markers
and Clinical Characteristic Factors

The three tumor markers (CA 19-9, CEA and CA 125)
were then combined and correlations with clinical factors
were examined. If any marker level was higher than its

median, that individual was deemed positive.
Alternatively, if all three marker levels (CA 19-9, CEA,
CA 125) were below their median levels, that individual
was deemed negative. The only clinical factors that were
found to correlate with a positive assignment included
tumor location, number of metastases, and liver metastasis
(p = 0.001; Table 3).

Univariate and Multivariate Analysis of

Prognostic Factors
A Cox proportional hazards regression model was used to
identify the prognostic values of the tumor markers and
clinical characteristics. In the univariate analysis, the sig-
nificant prognostic factors included sex (p = 0.001); smok-
ing (p = 0.020); years of smoking (p = 0.004); number of
cigarettes (per day) (p = 0.030); WBC (p = 0.022); neu-
trophil (p < 0.001); LDH (p = 0.004); CA 19-9 (p <
0.001); CEA (p = 0.003); CA 125 (p < 0.001); and com-
bined markers (p = 0.009; Table 4, Figures 2 and 3).
Multivariate analysis showed that the neutrophil counts
[hazard ratio (HR) = 1.76; 95% CI: 1.32-2.36, p < 0.001];
LDH (HR = 1.64; 95% CI: 1.07-2.52, p = 0.023); CA
19-9 (HR = 1.99; 95% CI: 1.41-2.82, p < 0.001); CA 125
(HR =2.08; 95% CI: 1.43-3.01, p < 0.001); and combined
markers (HR = 1.83; 95% CI: 1.12-3.02, p = 0.016) were
all identified as independent prognostic factors (Table 4).

Elevated Serum Neutrophil, LDH, CA
19-9 and CA 125 Levels are Associated

with a Poor Prognosis
Multivariate analysis showed that neutrophil, LDH, CA
19-9 and CA 125 levels can serve as independent PC prog-
nostic factors. Therefore, these four markers were further
examined to determine their collective prognostic value.
One elevation of neutrophil, LDH, CA 19-9 and CA 125
levels was assigned a score of 1. Finally, patients were
divided into groups based on their assigned scores from 0—4.
The survival analysis showed that a higher patient
score is associated with a statistically shorter OS
(»p < 0.001; Figure 4). The longest median OS (14.0
months) was associated with the 1 score group, followed
by 13.7 months (score of 0), 9.2 months (score of 2), 5.7
months (score of 3) and 3.2 months (score of 4).
Furthermore, these results showed that elevated serum
neutrophil, LDH, CA 19-9 and CA 125 levels were asso-
ciated with a poor prognosis. The predictive performance
of the three tumor markers (CA 19-9, CEA and CA 125)
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Table | Correlation Between Clinical Characteristic Factors and Tumor Markers

Features CAI99 CEA CAIl25
< Median > Median P? value < Median > Median P? value < Median > Median P? value
Sex 0.712 0.059 0.163
Male 56 53 6l 48 59 50
Female 83 86 75 94 77 92
Age 0.435 0.205 0.907
<56 23 121 70 74 41 103
>56 17 117 55 79 39 95
Smoke 0.100 0.341 0.647
Yes 53 53 48 58 50 56
No 86 86 88 84 86 86
Year of smoking 0.024 0.556 0.688
No smoking 86 86 87 85 87 85
1< and <10 2 Il 4 9 5 8
>10 45 32 38 39 35 42
Unknown 6 10 7 9 9 7
No. of cigarettes® 0.171 0.264 0.500
0 86 86 87 85 87 85
1< and <10 13 20 1l 22 12 21
>10 37 26 32 31 32 31
Unknown 3 7 6 4 5 5
Diabetes 0.012 0.973 0.740
Yes 20 37 28 29 29 28
No 119 102 108 113 107 114
Year of diabetes 0.012 0.124 0.456
No 123 105 11 117 114 114
<| 7 7 8 6 8 6
I<and <10 4 16 6 14 9 1l
>10 5 Il 1l 5 5 Il
Jaundice 0.882 0.355 0.740
Yes 28 29 31 26 29 28
No 11 110 105 116 107 114
Tumor location 0.007 0.012 0.003
Head 64 42 62 44 64 42
Body!/tail 75 97 74 98 72 100
No. of metastasis 0.001 0.008 0.042
0 32 16 31 17 31 17
| 88 79 83 84 79 88
22 19 44 22 41 26 37
Liver metastasis 0.001 0.001 0.028
Yes 95 119 92 122 97 117
No 44 20 44 20 39 25
Lung metastasis 0.157 0.211 0.340
Yes 20 29 20 29 27 22
No 119 110 116 113 109 120

(Continued)

11154 submit your manuscripe OncoTargets and Therapy 2020:13

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Deng et al

Table | (Continued).

Features CAI199 CEA CAI25
< Median > Median P? value < Median > Median P* value < Median > Median P? value
Peritoneal metastasis 0.868 0.749 0.008
Yes 22 21 22 21 13 30
No 117 118 114 121 123 112
Response 0.573 0.545 0.073
to chemotherapy
PR 33 35 33 35 29 39
SD 60 49 57 52 64 45
PD 16 20 19 17 16 20
NA 30 35 27 38 27 38
Notes: *P values shown in bold indicate P < 0.05. "Number of cigarettes (No smoking; <10 cigarettes/day; >10 cigarettes/day).
Abbreviations: PR, partial response; SD, sable disease; PD, progressive disease; NA, not available.
Table 2 Correlation Between Tumor Markers and Different Peripheral Blood Parameters
Features CAIl99 CEA CAI25
r P€ value r P€ value r P€ value
WBC 0.296 <0.001 0.249 <0.001 0.251 <0.001
PLT —0.087 0.149 0.050 0.407 —0.054 0.378
Neutrophil 0313 <0.001 0.079 0.196 0.223 <0.001
ALB —0.049 0416 —0.033 0.587 —0.084 0.171
LDH 0.299 <0.001 0.178 0.004 0.239 <0.001
TB -0.017 0.784 —-0.023 0.712 —0.042 0.491
Glycemic 0.175 0.004 -0.014 0.823 —0.023 0.706
CEA 0.207 0.001 I 0.309 <0.001
CAI99 | 0.207 0.001 0.402 <0.001
CAI25 0.402 <0.001 0.309 <0.001 |

Note: °P values shown in bold indicate P < 0.05.

Abbreviations: WBC, white blood cell; PLT, platelet; Alb, albumin; LDH, lactate dehydrogenase; TB, total bilirubin; CA 19-9, carbohydrate antigen (CA) 19-9; CEA,

carcinoembryonic antigen; CA 125, carbohydrate antigen (CA) 125.

and four prognostic factors (neutrophil, LDH, CA 19-9
and CA 125) were evaluated by ROC (Receiver Operating
(Supplementary  Figure 1).

Characteristic)  curves

Furthermore, the prognosis between patients in the 0
group in Figure 4 and patients in the negative group in
Figure 3 showed no difference (P > 0.05; Supplementary

Figure 2).

Discussion

When conducting clinical diagnoses or prognoses, peripheral
blood parameters or tumor biomarkers are commonly used.
In colorectal cancer and gallbladder cancer, several tumor
markers have been shown to be associated with various
clinical characteristics.'>™!> However, few correlation ana-
lyses have explored potential relationships between tumor

markers and different peripheral blood parameters, especially
in association with PC. In many cases, combining these
indicators can provide a useful indicator. Therefore, in this
retrospective study, potential correlations between three of
the most commonly used PC tumor markers and clinical
factors were examined. The relation between the tumor mar-
kers and different peripheral blood parameters was also
investigated. Performing a correlation analysis between
tumor markers and clinical factors and different peripheral
blood parameters can aid in elucidating the influences of
tumor marker levels and aid in determining the predictive
value of tumor markers. Finally, survival analysis was per-
formed with a Cox proportional hazards regression model.
CA 19-9, CEA, and CA 125 both individually and
collectively were all associated with the primary tumor
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Figure | Correlations between the three tumor markers and different peripheral blood parameters in advanced pancreatic cancer. (A) Correlation between baseline CA
19-9 levels and baseline glycemic levels; (B) Correlation between baseline CA 19-9 levels and baseline WBC levels; (C) Correlation between baseline CA 19-9 levels and
baseline LDH levels; (D) Correlation between baseline CA 19-9 levels and baseline N levels; (E) Correlation between baseline CEA levels and baseline WBC levels; (F)
Correlation between baseline CEA levels and baseline LDH levels; (G) Correlation between baseline CA 125 levels and baseline N levels; (H) Correlation between baseline
CA 125 levels and baseline WBC levels; (I) Correlation between baseline CA 125 levels and baseline LDH levels.

site, number of organ metastases, and liver metastasis.
Additionally, CA125 was correlated with peritoneal
metastasis. CA 19-9 is a cell surface glycoprotein that
functions in cellular adhesion and can participate in tumor
metastasis, with higher levels seen in invasive tumors.’
CEA, which is also a surface glycoprotein with cell adhe-
sion properties, is used to conduct PC prognostic
monitoring.'® In one study, CA 125 levels were shown
to reflect the metastasis-associated burden in advanced PC
patients.” In gastric cancer, serum CA 125 levels were
shown to predict peritoneal metastasis.'® Furthermore, CA
125 is mainly distributed in mesothelial cells within the
pleura, peritoneum and pericardium, which may explain
why peritoneal dissemination affects serum CA 125
levels.'” Therefore, the findings of the current study are
consistent with the previous findings regarding these
markers.

In this study, CA 19-9 was individually associated
with the number of years of smoking. In a previous
study examining the relationships between serum CA

19-9 levels and smoking, alcohol consumption, and
BMI, smoking was shown to effect serum CA 19-9 levels,
while having no significant association with alcohol con-
sumption or BML?’ Furthermore, other studies have
shown that smoking can alter gene expressions and subse-
quently affect biomarker expression.?’** These findings
collectively suggest that smoking habits can alter CA
19-9 levels.

This study also found that CA 19-9 is associated with
diabetes and glycemic levels. In one study comparing
diabetes patients with subjects without diabetes, CA 19-9
levels were higher in patients with diabetes and impaired
glycemic regulation relative to subjects with no history of
diabetes.”® Furthermore, another study demonstrated that
CA 19-9 levels are influenced by glycemic levels.**
However, how CA 19-9 levels effect PC patients with
diabetes is unclear. The mechanism could be that pancrea-
tic insulin secretion is dysfunctional in patients with dia-
betes and that this cellular dysfunction may increase CA
19-9 levels.” It is also possible that PC induces pancreatic
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Table 3 Correlation Between Clinicopathologic Factors and Table 3 (Continued).
Combined Tumor Markers
j Features N Combined 3 Markers
Features N Combined 3 Markers
i . 4 Negative | Positive | P¢
Negative | Positive | P!
value
value
Peritoneal metastasis 0.065
Sex 0.536
Yes 43 6 37
Male 109 | 31 78
No 235 | 64 171
Female 169 | 39 130
Efficacy of 0.062
Age 0.101
chemotherapy
<56 144 | 39 105
PR 68 | 13 55
>56 134 | 31 103
sD 109 | 37 72
Smoke 0.706 PD 36 |7 29
Yes 106 | 26 80 NA 65 | 13 52
No 172 | 44 128 Note: P values shown in bold indicate P < 0.05.
Year of smoking 0.637
No smoking 172 | 44 128 endocrine and exocrine disorders and damages pancreatic
Is &=<I0 13 |1 12 cells. Taken together, our present and previous findings
>10 7o >3 agree that CA 19-9 is associated with diabetes.
Unknown 16 3 13 L.
When examining the three tumor markers (CA 19-9,
No. of smoking 0.131 CEA, CA 125) in association with different peripheral
0 172 | 44 128 . .
<& <10 5 |6 . blood parameters, all the biomarkers were significantly asso-
>10 63 | 19 44 ciated with WBC, and CA 19-9 and CA 125 were associated
Unknown 0o |1 9 with neutrophil levels. Inflammatory cells play an important
Diabetes 0234 role in the processes of tumor initiation, proliferation and
Yes 57 | 15 4 metastasis.”’ Moreover, other studies have suggested that
No 221 | 55 166 these inflammatory cells can be correlated with tumor
Year of diabetes 0182 metastasis.>” However, few studies have examined potential
No 228 | 58 170 correlations between peripheral blood counts and tumor bio-
<! 1416 8 markers. In one study, CEA was found to have no relation-
I< & <10 20 |2 18 L . . .
10 6 |4 I ship with WBCs in patients with advanced rectal cancer,”®
which is the opposite of what was found herein. While the
di 0.462 . . . .
ja‘;n fee 57 | 17 0 mechanism behind the relation between inflammatory cells
es
No 21 | 53 168 and tumor markers is unknown, it is possible that inflamma-
tory cells change the tumor microenvironment and contribute
Tumor location 0.001 . . X . .
Head 106 | 38 68 to tumor proliferation and migration, thereby affecting tumor
Body/tail 172 | 32 140 marker levels.
No. of metastasis 0.001 LDH 1§ a pivotal enzyme that .part1c1pate.s in the pr.oceiz
0 48 | 21 27 of converting pyruvate to lactate in anaerobic conversion.
I 167 | 42 125 Additionally, LDH is overexpressed in hypoxic tumor tissues
22 63 |7 56 and in metastatic cancer tissues;>’ its levels have been asso-
Liver metastasis 0.001 ciated with tumor invasion and metastasis.'” In the current
Yes 214 | 43 171 study, LDH levels were correlated with CA 19-9, CEA, and
No | 37 CA 125. In a previous study, LDH median levels were
Lung metastasis 0.656 associated with systemic inflammation markers, but nega-
Yes 9 38 tively correlated with CA 19-9 levels.’' Very little is known
No 229 | 59 170 . . - o .
regarding this association and thus further examination with
(Continued) a larger study set is required.
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Table 4 Univariate and Multivariate Analysis of Prognostic Factors

Features N mOS (Months) Univariate Multivariate
HR (95% CI) P° value HR (95% CI) P° value
Sex 0.001
Male 109 12.1 |
Female 169 79 1.46 (1.10-1.93)
Age 0.051
<56 144 10.7 |
>56 134 9.0 1.31 (1.00-1.71)
Smoke 0.020
No 172 (N |
Yes 106 9.1 1.28 (0.97-1.69)
Year of smoking 0.004
No smoking 172 1.1 |
I & <10 13 79 2.64 (1.41-4.94)
>10 77 9.9 I.11 (0.82-1.51)
Unknown 16 5.9 1.78 (1.02-3.10)
No. of cigarettes 0.030
0 172 .1 |
IS&< 10 33 6.0 1.85 (1.22-2.80)
>10 63 9.4 1.12 (0.91-1.55)
Unknown 10 9.2 1.14 (0.55-2.33)
Diabetes 0.837
No 221 9.9 |
Yes 57 9.2 0.90 (0.65-1.25)
Year of diabetes 0.240
No 228 9.9 |
<l 14 8.6 1.29 (0.71-2.32)
1< &<I10 20 14.0 0.61 (0.35-1.05)
>10 16 6.0 1.03 (0.56-1.89)
Jaundice 0.135
No 221 10.6 |
Yes 57 75 I.11 (0.80-1.52)
Tumor location 0.859
Head 106 9.8 |
Body/tail 172 9.9 1.17 (0.89-1.55)
No. of metastasis 0.162
0 48 12.7 |
| 167 9.3 1.39 (0.95-2.03)
22 63 10.9 1.32 (0.85-2.04)
Liver metastasis 0.077
No 64 12.2 |
Yes 214 9.4 1.36 (0.99-1.88)
Lung metastasis 0.632
No 229 9.8 |
Yes 49 10.9 0.91 (0.63-1.29)
(Continued)
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Table 4 (Continued).
Features N mOS (Months) Univariate Multivariate
HR (95% CI) P* value HR (95% CI) P° value
Peritoneal metastasis 0.646
No 235 9.9 |
Yes 43 9.4 1.08 (0.76—1.55)
First-line chemotherapy 0.123
Gem 40 6.2 |
Gem-based 43 11.0 0.70 (0.44-1.22)
TG 27 11.8 0.65 (0.39-1.10)
TS 159 9.9 0.63 (0.44-0.91)
Others 9 5.9 1.44 (0.97-1.03)
TB 0.273
<ULN 239 10.3 |
>ULN 39 6.2 1.35 (0.92-1.96)
Baseline glucose 0.969
<ULN 168 9.8 |
>ULN 110 9.9 0.95 (0.73-1.26)
Baseline WBC 0.022
<ULN 248 10.4 |
>ULN 30 6.7 I.51 (1.00-2.27)
Baseline PLT 0.233
<ULN 238 9.8 |
>ULN 40 12.1 0.82 (0.55-1.22)
Baseline neutrophil <0.001 <0.001
<ULN 187 1.2 | 1.76 (1.32-2.36)
>ULN 91 7.0 2.02 (1.52-2.67)
Baseline ALB 0.075
<LLN 30 5.8 |
>LLN 248 10.3 0.67 (0.45-1.02)
Baseline LDH 0.004 0.023
<ULN 246 10.4 | |
>ULN 32 6.5 1.87 (1.26-2.78) 1.64 (1.07-2.52)
Baseline CA199 <0.001 <0.001
< Median 139 12.2 | |
>Median 139 7.5 1.78 (1.35-2.33) 1.99 (1.41-2.82)
Baseline CEA 0.003
< Median 136 12.1 |
>Median 142 7.9 1.50 (1.14-1.96)
Baseline CAI125 <0.001 <0.001
< Median 136 12.7 I |
>Median 142 74 2.13 (1.61-2.81) 2.08 (1.43-3.01)
Combined markers 0.009 0.016
Negative 70 13.4 | |
Positive 137 84 1.85 (1.49-2.28) 1.83 (1.12-3.02)

Note: °P values shown in bold indicate P < 0.05.

Abbreviations: mOS, median overall survival; HR, hazard ratio; Gem, gemcitabine; Gem-based, gemcitabine plus SI; TG, nab-paclitaxel plus gemcitabine; TS, nab-paclitaxel
plus SI; Others, oxaliplatin plus S|; platinum monotherapy; gemcitabine plus platinum; gemcitabine plus capecitabine; ULN, upper limit of normal; LLN, lower limit of normal.
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Figure 2 Kaplan—Meier overall survival curves examining different clinical characteristics and the three tumor biomarkers. Overall survival curves for (A) sex; (B) smoking;
(C) number of cigarettes; (D) years of smoking; (E) baseline WBC levels; (F) baseline LDH levels; (G) baseline neutrophil counts levels; and baseline median serum (H) CA
19-9; (I) CEA; and (J) CA 125 levels.
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Figure 3 Kaplan—Meier overall survival curves for the 278 patients with advanced
pancreatic cancer when combining the baseline CA 19-9, CEA and CA 125 levels.
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Figure 4 Kaplan-Meier overall survival curves for 278 patients with advanced
pancreatic cancer stratified by different assigned scores when combining baseline
serum neutrophil, LDH, CA 19-9, and CA 125 levels.

All the clinical characteristics and markers were eval-
uated using univariate and multivariate analyses. The uni-
variate analysis showed that sex and smoking habits were
significantly associated with PC patient prognosis, which
is consistent with previous findings.>'* Furthermore,
serum baseline WBC, neutrophil, LDH, CA 19-9, CEA
and CA 125 levels were correlated with PC prognosis,
which is also consistent with previous findings.'***-?
However, when examining the OS, tumor location, num-
ber of organ metastases, and liver and lung metastasis had
no effect. The multivariate analysis suggested that the only
clinical factor that influences prognosis is years of smok-
ing. Furthermore, baseline neutrophil levels, LDH, CA
19-9 and CA 125 levels were identified as independent
factors for OS. Any single factor for predicting PC survi-
val was found to not be precise. Thus, to improve the

prognostic accuracy, four different factors (neutrophil,
LDH, CA 19-9 and CA 125) representing tumor metabo-
lism, systemic inflammation and tumor markers were
examined. For these four factors, every indicator increased
by 1 point, and the results showed that a higher score is
associated with a worse survival time.

There are some limitations in this study. First,
a retrospective analysis may contain selection bias. Also,
the sample set that was used was small and from a single
center; thus, some of the results need to be confirmed
using a larger sample set from multiple centers. Finally,
some of the patients’ histories, specifically smoking his-
tory, were incomplete. Future work will focus on perform-
ing a multi-center study to validate the results of this
correlation analysis.

Conclusion

Our research confirmed that when considered individually
or combined, baseline CA 19-9, CEA, and CA 125 are
associated with primary tumor site, number of organ
metastases and liver metastasis. Furthermore, serum
WBC and LDH levels were correlated with CA 19-9,
CEA, and CA 125 levels. Moreover, CA 19-9 was corre-
lated with years of smoking, diabetes, and glycemic levels,
while CA 19-9 and CA 125 were correlated with neutro-
phil counts. Overall, sex, years of smoking, number of
cigarettes, baseline neutrophil levels, LDH, CA 19-9,
CEA, CA 125, and combined markers were identified as
independent prognostic factors. However, no one indepen-
dent factor was found to precisely indicate survival; there-
fore, neutrophil, LDH, CA 19-9 and CA 125 were
examined and shown to accurately correlate with survival.

Ethics Approval and Consent to
Participate

Our study was approved by the ethics committee of PLA
General Hospital. The ethical approval number is S2014-
031-01. All treatments were performed in accordance with
institutional guidelines and regulations. Clinical data
retrieved electronically from the medical records of PLA
General Hospital Registry. Our study obtained informed
consent from the study participants, in accordance with the
Declaration of Helsinki.
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