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Abstract

Background: Pancreatic ductal adenocarcinoma (PDAC) is known to have a poor prognosis, early local invasion, and distant
metastasis. Surgical resection is the most effective treatment, and tumor recurrence can be the key factor affecting the surgical
outcome. Serum carbohydrate antigen 19-9 (CAI19-9) is a tumor marker with high sensitivity to pancreatic cancer; elevated
CA19-9 levels often indicate poor biological behavior. Tumor size is also a crucial factor that affects the prognosis. Therefore,
we developed a program to evaluate the effect of the ratio of CAI9-9 to total tumor volume (CAI19-9/TTV) as a prognostic
marker on tumor recurrence and long-term survival in patients with PDAC following pancreaticoduodenectomy (PD).
Methods: Data from 200 patients who underwent PD for PDAC were retrospectively analyzed. CA19-9/TTV was calculated
according to preoperative CA19-9 and TTV, and patients were divided into two groups according to the optimal cut-off
value. Univariate and multivariate analyses were performed on the clinicopathological data to screen the risk factors affecting
postoperative recurrence and long-term prognosis of patients with PDAC undergoing PD. Results: The receiver operating char-
acteristic curve showed that the best cut-off value was 5.62 (area under curve [AUC], 0.633; 95% CI: 0.548-0.718). Multivariate
analysis showed that tumor differentiation and CA[9-9/TTV were independent risk factors for the long-term prognosis of PDAC
(P=0.004, P=0.007), as well as for tumor recurrence (P=0.008, P =0.008). Conclusion: CAI9-9/TTV is an independent risk
factor for the prognosis of PDAC and may be a new marker for lower survival benefits.
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pancreatic exocrine acini and pancreatic neuroendocrine
tumors derived from neuroendocrine cells.> Although the
specific mechanism of its pathogenesis is not clear, a large
number of epidemiological studies have shown that
smoking, obesity, history of diabetes, and chronic pancreati-
tis are high-risk factors for pancreatic cancer.

At present, curative resection is the only way to cure pancre-
atic cancer.® Patients with unresectable tumors can be treated
with therapies such as chemotherapy, radiotherapy, immuno-
therapy, and molecular targeted therapy. With the development
in surgical techniques and the progress of anesthesia and mon-
itoring, the postoperative complications of the pancreas showed
an overall downward trend, and the perioperative mortality rate
was less than 2%.* However, the onset of pancreatic cancer is
insidious, and most patients have no specific symptoms. As a
result, 80% of the patients have lost the chance of surgical resec-
tion at the time of diagnosis.” Even after RO resection, the median
survival time of patients eeremains only 12-20 months.®
Hishinuma and others conducted autopsies on 27 patients with
pancreatic cancer and found that 85% to 90% of the patients
died due to tumor recurrence.” Pancreatic cancer usually relapses
within 2 years after the operation;® therefore, there is an urgent
need for potential markers that can predict postoperative prognosis
and recurrence of pancreatic ductal adenocarcinoma (PDAC).

Serum carbohydrate antigen 19-9 (CA19-9) is a tumor marker
with a high sensitivity to pancreatic cancer. Studies have found
that distant metastasis of pancreatic cancer increases serum
CA19-9 levels, and the degree of increase is closely related to
the degree of metastasis.” The size of the tumor has always been
considered to be an independent risk factor for prognosis after a
surgical treatment because tumor size is related to invasiveness.
Larger tumors are more likely to have local invasion and lymph
node metastasis, and it is challenging to achieve RO resection.
The purpose of this study was to combine CA19-9 with total
tumor volume (TTV) to investigate the effect of the CA19-9/
TTV ratio on the long-term prognosis and tumor recurrence of
PDAC in patients undergoing pancreaticoduodenectomy (PD).

Methods

This study has been reported using the STROBE checklist for
cohort studies."”

Ethics approval and consent to participate: The conduct of
the study complied with the Declaration of Helsinki and was
approved by the Ethics Committee of Beijing Chaoyang Hospital
(Acceptance No.: 2020-5-20-4;Number: 2020-CO-302).It’s a
project with waived informed consent.

Inclusion and Exclusion Criteria

The data of patients with PDAC who underwent PD in the
Department of Hepatobiliary Surgery of Beijing Chaoyang
Hospital from January 2013 to December 2019 were analyzed
retrospectively (n=333). After implementing the relevant
inclusion/exclusion criteria and NCCN guidelines,” 200
patients with PDAC were enrolled (Figure 1).

The inclusion criteria were as follows: (1) Patients with
PDAC who underwent PD between January 2013 and
December 2019; (2) 20-85 years old; (3) assessed as resectable
PDAC or borderline resectable PDAC according to the NCCN
guidelines; (4) en bloc resection of the tumor during surgery; (5)
postoperative pathology confirmed pancreatic ductal adenocar-
cinoma; (6) informed consent from the patients and their fami-
lies regarding the mode of operation and treatment strategy.

The exclusion criteria were as follows: (1) unresectable con-
dition or metastasis found during surgery; (2) surgical rule vio-
lations; (3) pathologic diagnosis other than conventional ductal
adenocarcinoma; (4) postoperative follow-up data were incom-
plete or lost to follow-up; (5) perioperative deaths.

The Optimal Cut-Off of CAI9-9/TTV
and Grouping Basis

When available, the tumor volume was measured by volumetric
computed tomography (CT) scan or magnetic resonance
imaging or calculated using the following formula: 4/3 x 3.14
X (maximum tumor radius in cm).® The distribution of TTV is
shown in Supplemental Figure 1. Chemiluminescence micro-
particle immunoassay was used to detect serum CA19-9 in
tumor diagnosis, and its normal value was less than or equal
to 37 U/mL. The receiver operating characteristic curve was
drawn based on CA19-9/TTV and l-year survival, and the
best cut-off value was 5.62 (area under the curve [AUC]:
0.633, 95% CI: 0.548-0.718) (Figure 2). Patients with
CA19-9/TTV < 5.62 were labeled as group 1, and patients
with CA19-9/TTV > 5.62 were group 2. There were 61 patients
in group 1 and 139 patients in group 2.

Index Analysis and Follow-up Strategy

The clinical and pathological data were extracted from the
medical records, and perioperative data of the different
groups were compared. The results of the CA19-9 test were
taken from the patient’s last blood sample before surgery. In
the cases of patients treated for reducing jaundice, we rechecked
CA19-9 the day before surgery; the frequency of postoperative
follow-up was 1 and 3 months after the operation, once every
3 months within 2 years, and once every half a year for more
than 2 years. The endpoints of follow-up were tumor recurrence
and death. The contents of follow-up mainly included
blood examination (including routine blood analysis, blood bio-
chemistry, and tumor markers), imaging examination (includ-
ing abdominal enhanced CT, pulmonary CT, and ECT),
follow-up treatment, tumor recurrence and survival, and com-
parison of the long-term prognosis of the patients in different
groups.

Statistical Analysis

The results are presented as mean =+ standard error of the mean.
Nominal data were compared using the ¥ tests, and continuous


https://journals.sagepub.com/doi/suppl/10.1177/15330338221078438

Xu et al. 3

Patients with PDAC from January 2013 to
December 2019 were enrolled
(n=333)

Exclusion:
Patients who did not receive surgical
treatment(n=90)

Ja

A
Patients who received
surgical treatment
(n=243)

Exclusion:
Unresectable condition or
metastasisfound during surgery(n=15)

R

A

Resectable/borderline resectable
pancreatic cancer(n=228)

Exclusion:
Patients who received palliative
operation(n=4)

n

N

[ Patients who underwent ]

radical resection(n=224)

Exclusion:
Pathologic diagnosis was non-PDAC
(n=11)

A

N

Postoperative pathology confirmed
pancreatic ductal adenocarcinoma(n=213)

Exclusion:
Perioperative death(n=3)
Lost to follow-up(n=10)

b

A

Patients who were eventually
enrolled in the study(n=200)

Figure 1. Flow chart of patients with PDAC.

variables were compared using the Student’s t-test. Survival
outcomes were calculated using the Kaplan—-Meier method
and compared using the log-rank test. Only variables statisti-
cally significant by univariate analysis were included in the

multivariate analysis performed using a Cox proportional
hazards regression model. All statistical analyses were per-
formed using SPSS, version 22.0 (IBM), and two-sided P <
0.05 was considered to be statistically significant.
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Results

Clinicopathological Data of Perioperative Period

The 200 enrolled patients included 111 males and 89 females
aged between 29 and 83 (62.8 = 10.7) years. The initial symp-
toms were jaundice in 80 patients, abdominal pain in §3, atyp-
ical gastrointestinal symptoms in 10, and physical examination
in 27 cases; 65 (32.5%) patients had a history of smoking and
67 (33.5%) had a history of diabetes. Among the 80 patients
with jaundice symptoms, 37 patients were treated with jaundice
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Figure 2. ROC curve of CA199/TTV and 1-year survival.

reduction before the operation, including nine cases of ERCP
and 28 cases of PTBD. Six patients received neoadjuvant
therapy in group one (mFOLFIRINOX four cases, gemcitabine
hydrochloride + nab-paclitaxel therapy two cases), and four
patients in group two (mFOLFIRINOX three cases, gemcita-
bine hydrochloride + nab-paclitaxel therapy one case). All
patients completed the operation, and the intraoperative blood
loss was 500 (quartile, 400, 800) mL (range, 100-2000 mL).
Blood transfusion was performed in 83 patients (39.5%). The
operation time was (10.0£3.0) h (range 4-18h).
Twenty-seven patients received postoperative chemotherapy
in group one (MFOLFIRINOX 15 cases, combined gemcitabine
hydrochloride + nab-paclitaxel therapy 12 cases), and 30
patients in group two (mFOLFIRINOX 17 cases, gemcitabine
plus albumin-bound paclitaxel 13 cases). The comparison of
clinicopathological data between Group 1 and Group 2 in
Table 1 shows that there was no significant difference in clini-
copathological data between the two groups.

Overall Prognosis

The median follow-up time was 45 months up to June 2020. By
the date of follow-up, a total of 143 cases recurred after surgery,
including 37 cases in group 1 and 106 cases in group 2. The
recurrence rate in group 2 was significantly higher than that
in group 1(76.3% vs 60.7%, P =0.024), but there were no dif-
ferences in the recurrence patterns (local, hepatic, lung, and
other distant, P=0.965). The overall median disease-free sur-
vival (DFS) was 14 months. The 1-, 3-, and 5-year DFS rates
were 53.9%, 22.1%, and 16.7%, respectively (Figure 3A).
The median overall survival (OS) of the patients was

Table 1. The Data of Clinicopathological in Patients with Pancreatic Carcinoma.

Variable Goupl (n=61) Grou2 (n=139) P
Gender(Male/Female) 32/29 80/59 0.429
Age (Year) 63.7+9.23 61.00+11.0 0.087
Smoking(Yes/No) 20/31 45/94 0.378
Diabetes(Yes/No) 18/43 49/90 0.430
Jaundice reduction (Yes/No) 13/48 27/112 0.800
Total bilirubin (umol/L) 16.8 (9.1,80.8) 20.0 (11.9, 88.9) 0.237
CEA (ng/ml) 3.0 (1.6,5.0) 3.2 (1.7,4.9) 0.911
CA19-9 (U/mL) 299.5 (117.6,1180.5) 152.7 (37.7,548.0) 0.014
Tumor differentiation(poor/moderate/high) 19/42 41/98 0.800
Operative blood loss (ml) 500.0 (300.0, 500.0) 500.0 (400.0,800.0) 0.242
Blood transfusion (Yes/No) 23/38 50/89 0.808
Operative time (h) 9 (7,11) 10 (8,12) 0.971
Lymph node metastasis (Yes/No) 40/21 86/53 0.561
Type of resection (RO/R1) 58/3 129/10 0.466
Postoperative chemotherapy (Yes/No) 20/41 42/97 0.734
Nerve invasion (Yes/No) 57/4 134/5 0.482
Tumor size (cm) 40 (3.5, 5.0) 3.0 (24, 4.0) 0.544
Tumor recurrence(Yes/No) 37/24 106/33 0.024
Patterns of recurrence

Local region 7 18 0.965

Hepatic and lung 22 57

Other distant 10 29
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Figure 3. A Kaplan-Meier curve for disease-free survival. B Kaplan-Meier curve for overall survival.
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Figure 4. A Kaplan-Meier curve for disease-free survival in patients with different groups. B Kaplan-Meier curve for overall survival in patients

with different groups.

18 months, and the overall 1-, 3-, and 5-year survival rates were
65.1%, 26.0%, and 15.5%, respectively (Figure 3B).

Comparison of Long-Term Prognosis Between
Two Groups

The median DFS of patients in groups 1 and 2 was 24 months
and 12 months, respectively, and the 1-, 3-, and 5-year DFS
rates were 69.5%, 38.7%, 25.6%, and 46.8%, 14.8%, and
12.7%, respectively (P=0.002, Figure 4A). The median OS
of patients in Group 1 and Group 2 was 26 months and
15 months, respectively, and the 1-, 3-, and 5-year OS rates
were 81.6%, 42.8%, 26.0% and 57.5%, 19.0%, 11.2%, respec-
tively (P =0.002, Figure 4B).

Univariate Analysis of Postoperative Long-Term Prognosis
and Tumor Recurrence
Sex, age, diabetes, preoperative serum bilirubin, preoperative

serum CEA, RO resection, nerve invasion, lymph node metasta-
sis, tumor diameter, pathological differentiation, TNM stage,

postoperative chemotherapy, CA19-9/TTV, postoperative
CA19-9 value, intraoperative hemorrhage, and blood transfu-
sion were included in the univariate analysis. The log-rank
test showed that lymph node metastasis, nerve invasion, patho-
logical differentiation, CA19-9/TTV level, postoperative
CA19-9, and TNM stage were risk factors that might affect
long-term prognosis and tumor recurrence (P < 0.05, Tables 2
and 3).

Multifactor Analysis of Postoperative Long-Term
Prognosis and Tumor Recurrence

The Cox proportional hazard model included lymph node
metastasis, nerve invasion, pathological differentiation,
CA19-9/TTV level, postoperative CA19-9, and TNM stage,
all of which are factors that may affect the long-term
prognosis and tumor recurrence. The results showed that
tumor differentiation and CAI19-9/TTV were independent
risk factors for the long-term prognosis of PDAC (P =0.004,
P = 0.007) (Table 4), as well as for tumor recurrence (P =0.008,
P=0.008) (Table 5).
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Table 2. Univariate Analysis of Postoperative Long-term Prognosis.

Table 3. Univariate Analysis of Postoperative Tumor Recurrence

1-year 3-year 5-year 1-year 3-year 5-year
Variables Patients OS (%) OS (%) OS (%) P DFS DFS DFS
Variables Patients (%) (%) (%) P
Gender 0.962
Male 112 63.5 28.5 17.6 Gender 0.854
Female 88 67.2 22.1 11.8 Male 112 51.5 273 19.8
Age (Year) Female 88 57.0 15.0 12.0
>65 83 60.5 28.7 15.2 0413  Age (Year)
<65 117 68.3 23.1 15.2 >65 83 477 22.1 16.4 0.339
Diabetes <65 117 58.2 213 16.6
Yes 67 62.6 22.1 11.7 0.328  Diabetes
No 133 66.4 27.9 17.9 Yes 67 48.5 19.0 13.3 0.347
TB (umol/L) No 133 56.7 233 18.7
<21 92 65.4 32.1 22.1 0.370 TB (umol/L)
>21 108 65.1 20.3 9.1 <21 92 53.1 31.0 23.6 0.468
CEA (ng/ml) >21 108 54.6 13.3 10.0
<5 149 64.6 25.7 16.5 0.751 CEA (ng/ml)
>5 51 66.5 26.2 14.8 <5 151 54.1 21.7 17.1 0.732
Resection type 0.920 >5 49 53.4 219 16.0
RO 187 66.2 25.7 15.6 Resection type 0.858
R1 13 50.0 25.0 12.5 RO 187 54.6 21.2 17.0
Nerve invasion 0.020 R1 13 449 26.9 13.5
Yes 191 63.5 23.9 13.4 Nerve invasion 0.016
No 9 100.0 68.6 68.6 Yes 191 51.8 19.7 144
Lymph node 0.006 No 9 100 72.9 72.9
metastasis Lymph node 0.006
Yes 126 57.2 20.6 11.3 metastasis
No 74 78.7 36.6 23.8 Yes 126 46.9 16.6 11.7
Tumor size(cm) 0.195 No 74 65.9 32.9 27.4
<2 38 75.5 27.1 21.7 Tumor size(cm) 0.201
>2 162 62.8 26.0 15.1 <2 38 71.9 22.1 22.1
Tumor 0.000 >2 162 50.2 222 16.2
differentiation Tumor 0.000
Low 50 47.6 10.8 7.2 differentiation
Medium-high 150 71.1 31.2 18.3 Low 50 40.1 12.2 8.1
Postoperative 0.802 Medium-high 150 58.5 25.4 19.6
chemotherapy Chemotherapy 0.734
Yes 62 70.2 18.6 12.8 Yes 62 59.1 17.6 14.7
No 138 62.8 29.8 16.6 No 138 51.7 24.0 17.3
TNM staging 0.039 TNM staging 0.021
I 56 81.2 37.2 19.5 I 56 67.3 31.8 23.9
II 93 61.2 22.7 18.2 11 93 50.8 213 18.9
I 51 553 20.1 9.1 I 51 453 35.0 8.80
CA19-9/TTV 0.000 CAI99/TTV 0.000
<5.62 61 81.6 42.8 26.0 <5.62 61 69.5 38.7 30.7
>5.62 139 57.5 19.0 11.2 >5.62 139 46.8 14.8 12.7
Postoperative 0.035  Postoperative 0.033
CA19-9 CA19-9 (U/
Elevation 106 60.0 17.6 10.6 mL)
No elevation 94 70.7 343 20.0 Elevation 106 47.9 14.9 12.4
Blood 0.570 No elevation 94 60.7 29.4 21.4
transfusion Blood transfusion 0.562
Yes 73 57.8 36.0 18.0 Yes 73 51.5 28.7 18.5
No 127 69.3 18.7 13.1 No 127 55.2 17.4 15.4
Blood loss 0.816  Blood loss(ml) 0.860
<800 85 66.2 33.8 18.0 >800 110 58.4 21.3 16.5
>800 115 64.2 20.2 13.8 <800 90 48.2 233 16.9
Discussion

Based on the NCCN guidelines, pancreatic carcinoma can be

divided

into resectable,

borderline resectable,

and non-

resectable pancreatic cancer.? Curative resection is considered
to be the only effective way to cure this type of disease.
However, resectable pancreatic cancer often relapses after
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Table 4. Multifactor Analysis of Postoperative Long-term Prognosis. ~ Table 5. Multifactor Analysis of Postoperative Tumor Recurrence.
Variables P RR 95%ClI Variables P RR 95%CI
Lymph node metastasis 0.836 0.939 0.519-1.699  Lymph node metastasis 0.993 0.998 0.554-1.795
Nerve invasion 0.173 0.438 0.134—1.437  Nerve invasion 0.144 0.413 0.126—1.351
TNM staging 0.157 1.296 0.905-1.856 TNM staging 0.104 1.342 0.942-1.912
Tumor differentiation 0.004 1.744 1.199-2.536  Tumor differentiation 0.008 1.657 1.141-2.405
CA19-9/TTV 0.007 1.720 1.157-2.557 CA19-9/TTV 0.008 1.698 1.151-2.506
Postoperative CA19-9 0.072 0.729 0.517-1.028  Postoperative CA19-9 0.107 0.755 0.537-1.062

surgical treatment. Previous studies have found that the median
disease-free time of patients with resectable pancreatic cancer
was 7.0-21.0 months,“‘14 the median survival time was
20.1-22.8 months, and the 5-year survival rate was only
20.7-22.5%." In view of the poor prognosis and high recur-
rence rate after the diagnosis, we hope to implement early inter-
vention for high-risk patients. It is essential to identify markers
that can indicate postoperative patients’ long-term prognosis
and recurrence risk with PDAC.

During tumorigenesis, abnormal glycosylation often occurs
on the cell surface. CA19-9 is an oligosaccharide antigen
secreted by adenocarcinoma cells into the blood through the
thoracic duct. It is abnormally elevated in the serum of patients
with pancreatic cancer, gallbladder cancer, and cholangiocarci-
noma.'® Magnani JL'” found that CA19-9 was expressed regu-
larly in cells of the pancreaticobiliary system and was initially
detected by monoclonal antibody 19-9'® at a very low level
in the serum of normal individuals (< 37 U/mL). Expression
of CA19-9 in many cancers, such as colorectal, gastric,
ovarian, cholangiocarcinoma, and pancreatic carcinoma, has
been determined since.

A retrospective analysis by O’Brien et al.'” showed that
within 2 years of diagnosis of pancreatic cancer, CA19-9
levels were significantly upregulated with a specificity of
95% and a sensitivity of 53%. CA19-9 is being used as a
common auxiliary diagnosis and prognostic index for pancre-
atic cancer. Some studies have shown that with an increase in
the degree of malignancy of pancreatic cancer, the level of
serum CA19-9 increases. This is of great value for condition
monitoring and evaluation.”® The study by Liu®' asserted that
the positive rate of CA19-9 in the serum of patients with pancre-
atic cancer was 84.54%. In addition to indicating the occurrence
and progression of pancreatic cancer, CA19-9 levels can also
predict tumor recurrence. Nishio et al. reported that preopera-
tive serum CA19-9 > 529 U/mL is an independent risk factor
for pancreatic cancer recurrence after radical resection.’
Studies by Asaoka et al.”® showed that the overall 2-year sur-
vival rate of patients with high CA19-9 (> 230 U/mL) was
37.5%, while that of the low-level group was 89.9%, with the
difference being significant. Nevertheless, serum CA19-9
levels are elevated in pancreatic cancer and other cancers, and
some inflammatory diseases. It has been reported that high
CA19-9 levels as diagnostic criteria may lead to false-negative
diagnoses in patients with a negative Lewis blood group pheno-
type.* Therefore, the sensitivity and specificity of CA19-9 as a
diagnostic and prognostic tool are low. Hence, the sensitivity

and specificity of CA19-9 as a diagnostic and prognostic tool
are limited, and it is difficult to determine the level of
CA19-9 that should be considered as a diagnostic criterion
for pancreatic cancer.”>’

A small tumor size indicates that the tumor is at an early
stage of differentiation; tumor size has long been considered
an independent risk factor for pancreatic cancer surgery progno-
sis. Satake et al.”® pointed out that a 4 mm pancreatic tumor is
micro-pancreatic cancer, and early detection of micro-
pancreatic cancer can improve the overall prognosis of pancre-
atic cancer. However, micro-pancreatic cancer is not an early
pancreatic cancer that can be cured by surgery alone.
Benassai et al.”’ believed that a tumor diameter of > 3 cm
would lead to a poor prognosis. This might be related to the
fact that the larger the tumor, the more likely it is to invade sur-
rounding tissues, nerves, and extra-pancreatic tissues.

Hazem et al*® have discussed the relationship between
serum alpha-fetoprotein/TTV and tumor recurrence after hepa-
tectomy for liver cancer. A total of 286 patients were included
in the study, and the patients were divided into AFP/TTV <2
and AFP/TTV > 2 groups. The 1-, 3-, and 5-year DFS rates
of the two groups were 79.3%, 65.8%, 48.1%, and 69.6%,
41.1%, and 32.1%, respectively, suggesting that AFP/TTV >
2 can indicate the recurrence of liver cancer after hepatectomy.
The study led us toward the question of whether the concentra-
tion of CA19-9 per unit volume of the tumor could better
predict postoperative recurrence and prognosis in patients
with pancreatic cancer than the reference serum level of
CA19-9 and tumor volume alone. In our study, the multivariate
analysis showed that tumor differentiation and CA19-9/TTV
were independent risk factors for tumor recurrence and poor
prognosis of patients with PDAC after PD. The long-term prog-
nosis of group 2 was significantly worse than that of group 1,
and the recurrence rate was considerably higher. We believe
that the lower the level of tumor differentiation, the higher is
the degree of malignancy of the tumor, and the worse would
be the prognosis; Furthermore, there are limitations in determin-
ing the prognosis of PDAC patients by tumor size or serum
CA19-9 alone. Tumor volume cannot fully account for the
tumor’sits biological characteristics; serum CA19-9 levels are
often affected by other factors such as bile duct obstruction. It
is of great significance that the combination of the two can elim-
inate many confounding factors. CA19-9/TTV is also of great
value in the postoperative prognosis of patients with pancreatic
cancer. Based on our study, patients with a higher ratio of
CAI19-9/TTV  should receive preoperative treatment,
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strengthened postoperative follow-up, and appropriate adjuvant
therapy to improve the long-term prognosis of PDAC
following PD.

The limitation of this study is that it was a retrospective
study conducted at a single center. The sample size of patients
with pancreatic cancer is insufficient, the time span is long, and
the experience level of surgeons is different. The above limita-
tions may lead to a bias in the results; hence, more data from
multiple centers are required for further verification of our
results.

In conclusion, CA19-9/TTV and tumor differentiation are
independent risk factors for the prognosis of PDAC. CA19-9/
TTV > 5.62 predicts a poor prognosis and may be a new
marker for lower survival benefits.
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