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Abstract

nostic factors for pancreatic cancer.

of the pancreatic body/tail cancer subgroup.

Background: The overall survival of patients with pancreatic cancer is extremely low. Despite multiple large-scale
studies, identification of predictors of patient survival remains challenging. This study aimed to investigate the prog-

Methods: The clinical data of 625 patients with pancreatic cancer treated at Shengjing Hospital of China Medical
University from January 2013 to December 2017 were collected.

Results: Of 625 patients, 569 were followed from 1 to 75 months. The median overall survival was 9.3 months. The
overall 1-, 3-,and 5-year survival rates were 37.8%, 15.1%, and 10.5%, respectively. Cox proportional hazards model
indicated that baseline carbohydrate antigen 199 level, neutrophil-lymphocyte ratio, operative procedure, lymph
node metastasis, number of distant organ metastasis, and postoperative adjuvant chemotherapy were independent
prognostic factors of patients with pancreatic cancer. Baseline carbohydrate antigen 199 level, degree of weight loss,
operative procedure, lymph node metastasis, number of distant organ metastasis, and postoperative adjuvant chem-
otherapy were independent prognostic factors of pancreatic head cancer subgroup. Baseline carbohydrate antigen
199 level, carcinoembryonic antigen level, total bilirubin level, neutrophil-lymphocyte ratio, peripancreatic invasion,
number of distant organ metastasis, and postoperative adjuvant chemotherapy were independent prognostic factors

Conclusions: Higher carbohydrate antigen 199 levels, neutrophil-lymphocyte ratio, lymph node metastasis and dis-
tant organ metastasis predict a poor prognosis in patients with pancreatic cancer. Early detection, early radical surgery
and adjuvant chemotherapy are needed to improve prognosis for this deadly disease.
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Background

Pancreatic cancer (PC) is one of the most lethal malig-
nant tumors of the digestive system. Its characteristics
include hidden symptoms, rapid progression, difficult
early diagnosis, short survival time, and poor prognosis.
The incidence of PC increases annually. In 2014, a study
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[1] reported that there were 52,000 new male patients
with PC and 40,000 female patients with PC in China.
The mortality rate of PC in China ranked seventh among
all cancer-related deaths in men and eighth in women.
Another study reported that PC will become the second
leading cause of cancer-related deaths by 2030 in the
United States [2].

Unfortunately, population-based studies in several
parts of the world have shown limited survival improve-
ment in patients with nonmetastatic PC over the years
[3]. The situation is even worse in the advanced stages of
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the disease [4]. Most patients are already in the advanced
stage of the disease when they are diagnosed, and only
15-20% of the tumors are resectable [5]. Study [6] have
shown that, despite radical resection of pancreatic ade-
nocarcinoma, the 5-year survival rate is only 10-25%.
More than 80% of patients diagnosed with PC are not
suitable for surgical treatment owing to local or distant
metastasis [7, 8]. In most patients with advanced disease,
effective treatment with FOLFIRINOX or nab-paclitaxel
plus gemcitabine chemotherapy provides only limited
survival benefit [9, 10]. Thus, the diagnosis and treatment
of PC is challenging, and improving the prognosis of PC
is one of the important research topics of clinical scholars
over the years.

This study aimed to evaluate individual clinicopatho-
logical characteristics, laboratory test, and operation
that can be used to predict survival in patients with PC.
We hope that the identification of these factors will help
in the development of a treatment plan and ultimately
improve the survival of patients with PC.

Materials and Methods

General information

Clinicopathological data of 625 patients with PC who
were treated in the Department of General Surgery,
Shengjing Hospital of China Medical University, from
January 2013 to December 2017 were retrospectively col-
lected. Patients with pancreatic metastasis of other can-
cers, coexisting with other cancers, and perioperative
death were excluded. Among the included patients, 341
were male and 284 were female, with a male-to-female
ratio of 1.2:1. The patients were aged 27-88 years, with
an average of 60.65 years. Of the total of 625 patients,
517 had pathological diagnosis (409 patients had post-
operative pathology, 8 patients underwent endoscopic
ultrasound-guided needle biopsy), 108 patients were
diagnosed according to clinical symptoms and signs,
imaging (abdominal ultrasound, CT, MRI, ERCP and
PET-CT), and tumor markers (carbohydrate antigen
[CA]J199 and carcinoembryonic antigen [CEA]). There
were 413 patients (66.1%) with pancreatic head can-
cer [PHC], 207 (33.1%) with pancreatic body/tail can-
cer [PBTC], and 5 (0.8%) with total PC. Moreover, 423
(67.7%) patients did not have lymph node metastasis,
while 202 (32.3%) had lymph node metastasis. Of the
163 patients with distant metastasis, 111 had single-
organ metastasis (5 with mesenteric metastasis, 10 with
greater/lesser omentum metastasis, 7 with lung metasta-
sis, 3 with colon metastasis, 8 with single abdominal/pel-
vic metastasis, 2 with spleen metastasis, 4 with kidney/
adrenal metastasis, 1 with stomach metastasis, 1 with
lumbar metastasis, 1 with retroperitoneal metastasis,
69 with hepatic metastasis), and 52 had multiple-organ
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metastasis. Of the patients with multiple-organ metas-
tasis, 4 were with liver co-existing mesenteric metasta-
sis, 7 with liver co-existing omentum metastasis, 4 with
liver co-existing multiple abdominal metastasis, 1 with
liver co-existing colon metastasis, 10 with mesentery
co-existing omentum metastasis, 4 with greater omen-
tum co-existing lesser omentum metastasis, 11 with
greater omentum co-existing peritoneum metastasis, 4
with peritoneal co-existing retroperitoneal metastasis,
5 with abdominal co-existing pelvic metastasis, 1 with
kidney co-existing adrenal metastasis, and 1 with stom-
ach co-existing spleen metastasis. Liver metastasis was
noted in 85 patients (52.1%). Of the 69 PC patients with
liver metastases only, 52 had resectable or borderline
resectable pancreatic tumor (28 with resectable, 24 with
borderline resectable), while 17 had locally advanced
(unresectable) pancreatic tumor. According to the 8th
American Joint Committee on Cancer staging system,
of 625 patients, 196 (31.4%) had stage I, 143 (22.9%) had
stage II, 123 (19.7%) had stage III, and 163 (26.1%) had
stage IV.

Therapeutic methods

For patients with rescetable or borderline rescetable PC,
radical surgery is performed. Specific palliative measures
are performed for patients with advanced PC character-
ized by biliary or gastrointestinal obstruction, severe
abdominal pain [11]. Non-operation if the patient and
family give up treatment.

Of 625 patients with PC, 365 (58.4%) underwent radi-
cal resection (244 underwent radical pancreatoduo-
denectomy (115 underwent total mesopancreas excision
with pancreaticoduodenectomy, 129 underwent pan-
creatoduodenectomy), 118 underwent radical distal
pancreatectomy, 3 underwent total pancreatectomy),
81 (13.0%) underwent palliative operation (9 underwent
celiac plexus resection, 17 underwent gastrojejunostomy;,
33 underwent cholangiojejunostomy, 12 underwent gas-
trojejunostomy and cholangiojejunostomy, 5 underwent
endoscopic biliary stent implantation, and 5 under-
went percutaneous transhepatic cholangial drainage),
and 179 (28.6%) did not undergo surgical treatment. A
total of 56 patients (9%) received postoperative adjuvant
chemotherapy.

According to the consensus developed by the inter-
national Pancreatic Fistula Study Group in 2016 [12],
among the 365 undergoing radical resection, 344 cases
(94.2%) without postoperative pancreatic fistula (POPF),
21 cases (5.8%) with POPF (19 cases of grade B, 2 cases
of grade C).

For the 52 resectable or borderline resectable PC
patients with hepatic metastasis only, surgical options
depend on preoperative, intraoperative integrated



Li et al. World Journal of Surgical Oncology (2022) 20:11

assessment and the wish of family. Among the 52 cases,
19 (36.5%) underwent radical resection (synchronous
resection of hepatopancreatic lesions), 13 (25%) under-
went palliative bypass operation, 20 (38.5%) did not
undergo operation.

Follow-up

All patients were followed from the diagnosis of PC to
March 7, 2019, by telephone, short message, and review
of patient medical records. Among them, 569 patients
were followed effectively, with a follow-up rate of 91%.
The follow-up period was 1-75 months. Survival time
was measured in months. Patients who died of PC dur-
ing the follow-up period were considered as having com-
plete data. Those who survived or lost connection at the
deadline of the follow-up period were treated as having
censored data.

Statistical analysis

SPSS 23.0 statistical software was used in the statistical
analysis. If the continuous variables are normally distrib-
uted, they are presented as mean =+ standard deviation,
and T-test was conducted; otherwise, it was presented
as median, and the U-test was adopted. T-test or U-test
was adopted to compare the mean values of two sub-
groups (PHC and PBTC). Some variables (e.g., smoking
history, diabetes history, CEA level, albumin level, neu-
trophil-lymphocyte ratio (NLR), degree of weight loss,
peripancreatic invasion) were converted into categori-
cal variables or ranked data. The chi-square test (Fisher’s
exact test) or Pearson chi-square test was used to com-
pare the distribution of the two subgroups.

The survival rate and median overall survival (mOS)
time were calculated using the Kaplan-Meier method;
then, survival curves were drawn. The log-rank test
(univariate analysis) was used to compare the difference
among the groups. Factors with statistical significance in
the univariate analysis were included in the Cox regres-
sion model for multivariate analysis. A P-value <0.05 was
considered statistically significant.

Results

Survival situation

At the end of the follow-up, a total of 478 (76%) patients
had died. The overall 1-, 3-, and 5-year survival rates
of 625 patients with PC were 37.8%, 15.1%, and 10.5%,
respectively. The mOS was 9.3 months (95% CI, 8.5—
10.1). The overall 1-, 3-, and 5-year survival rates of
patients undergoing radical resection were 51.0%, 19.7%,
and 12.4%, respectively, and the mOS was 12.3 months
(95% CI, 10.3-14.3). The overall 1-, 3-, and 5-year sur-
vival rates of patients undergoing palliative operation
were 18.9%, 9.3%, and 0%, respectively, and the mOS
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was 6.0 months (95% CI, 5.2—6.8). The overall 1-, 3-, and
5-year survival rates of patients who did not undergo sur-
gery were 18.4%, 8.5%, and 0%, respectively, and the mOS
was 6.0 months (95% CI, 5.3-6.7). The survival curve of
625 patients with PC is shown in Fig. 1.

Analysis of prognostic factors in PC group

Univariate analysis showed that age, baseline CA199
level, CEA level, total bilirubin level, albumin level, NLR,
weight loss, peripancreatic invasion, operative procedure,
tumor size, lymph node metastasis, hepatic metastasis,
number of distant organ metastasis, and postoperative
adjuvant chemotherapy were the relevant factors affect-
ing the prognosis of the PC group (P<0.05).

Significant factors in the univariate analysis were
included in the Cox risk regression model for multivari-
ate analysis, and the results showed that baseline CA199
level, NLR, operative procedure, lymph node metastasis,
number of distant organ metastasis, and postoperative
adjuvant chemotherapy were independent prognostic
factors in the PC group (P<0.05) (Table 1, Fig. 2).

Comparison of clinicopathological data between the PHC
subgroup and PBTC subgroup

To examine whether the location of the tumor was asso-
ciated with the clinicopathological features, we compared
the PHC and PBTC. There was no statistically significant
difference in age, sex, smoking and diabetes history, base-
line CA199 level, CEA level, NLR, weight loss, lymph
node metastasis, and postoperative adjuvant chemo-
therapy between PHC and PBTC subgroups (P>0.05).
The diameter of PBTC was significantly larger than that
of PHC (4.4 [1.2-11.2] cm vs. 3.1 [1.0-9.0] cm, P<0.01).

100+
~ .
80+ Overall survival
N’
[<P]
=
S 60
—(
<
Z 407
>
=
201
O I ] 1 I 1 1 1
0 12 24 36 48 60 72 84
Survival time(months)
Fig. 1 Overall survival of 625 patients with PC. The overall 1-, 3-, and
5-year survival rates of 625 patients with PC were 37.8%, 15.1%, and
10.5%, respectively. The mOS was 9.3 months (95% Cl, 8.5-10.1).
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Table 1 Univariate and Multivariate analysis of prognostic factors for PC
Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) X p B HR(95%Cl) P

Age (years)

<40 17 (2.7) 74(4.1-10.7) 13.178 0.010 Reference

41-50 72(11.5) 12.0(9.9-14.1) -0.154 0.857 (0.461-1.594) 0.626

51-60 215 (34.4) 8.7 (7.5-9.9) 0.128 1.136 (0.638-2.024) 0.664

61-70 224 (35.8) 10.3(8.8-11.8) 0.125 1.133(0.637-2.016) 0.671

>71 97 (15.5) 7.3(54-9.2) 0273 1.314(0.719-2.401) 0.375
Sex

Male 341 (54.6) 8.6 (7.5-9.7) 2412 0.120 - - -

Female 284 (45.4) 10.5(9.2-11.8) - - -
Pain on the back and loin

No 463 (74.1) 9.5 (84-10.6) 0.094 0.759 - - -

Yes 162 (25.9) 9.1 (7.4-10.8) - - -
Smoking history

No 396 (63.4) 9.8 (8.8-10.8) 1.243 0.265 - - -

Yes 229 (36.6) 85 (7.1-9.9) - - -
Diabetes history

No 352 (43.7) 9.0 (8.0-10.0) 0.446 0.504 - - -

Yes 273 (56.3) 9.6 (8.1-11.1) - - -
CA199(U/ml)

<37 129 (20.6) 14.5(10.9-18.1) 67.567 0.000 Reference

>37and<200 159 (25.4) 11.0(9.1-12.9) 0.282 1.326 (0.984-1.788) 0.064

>200and<400 89(14.2) 10.7 (8.7-12.7) 0.399 1.490 (1.057-2.099) 0.023

>400and<800 101 (16.2) 9.0 (7.9-10.1) 0474 1.606 (1.157-2.229) 0.005

>800 147 (23.5) 5.7 (5.0-6.4) 0.767 2.153(1.558-2.975) 0.000
CEA (ng/ml)

<5 400 (64.0) 11.0(9.9-12.1) 22771 0.000 Reference

>5 225 (36.0) 6.7 (6.0-7.4) 0.187 1.205 (0.983-1.478) 0.073
Albumin(g/L)

<35 76 (12.2) 6.7 (4.5-8.9) 5128 0.024 Reference

>35 549 (87.8) 9.7 (8.8-10.6) -0.137 0.872 (0.643-1.183) 0.379
Total bilirubin (umol/l)

<22 342 (54.7) 9.0 (8.0-10.0) 8.922 0.030 Reference

>22and<100 74(11.8) 7.0 (44-9.6) 0.262 1.300 (0.950-1.799) 0.102

>100and<200 97 (15.5) 10.7 (8.2-13.2) -0.060 0.942 (0.702-1.264) 0.689

>200 112(17.9) 11.3(89-13.7) 0.031 1.032 (0.767-1.388) 0.836
Peripancreatic invasion

No 242 (38.7) 13.8(11.3-16.3) 32275 0.000 Reference

Yes 383 (61.3) 74 (6.5-83) 0.207 1.230(0.995-1.519) 0.055
Degree of weight loss (kg)

<5 358 (57.3) 10.7 (9.6-11.8) 7.755 0.000 Reference

>5 267 (42.7) 7.8 (6.8-8.8) 0.162 1.176 (0.969-1.427) 0.102
NLR?

<2 135(21.6) 8.7 (6.9-10.5) 1.765 0.184 - - -

>2 490 (87.4) 9.6 (8.6-10.6) - - -
NLRP

<3 307 (49.1) 9.6 (8.2-11.0) 0.050 0.823 - - -

>3 318 (50.9) 9.1(7.8-104) - -
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Table 1 (continued)
Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) N p B HR(95%Cl) P

NLR®

<4 375 (60.0) 9.7 (8.6-10.8) 1.264 0.261 - - -

>4 250 (40.0) 9.0 (8.0-10.0) -
NLR

<5 545 (87.2) 10.0 (9.1-10.9) 8.602 0.003 Reference

>5 80(12.8) 74(55-93) 0.296 1.344 (1.021-1.769) 0.035
Operative procedure

Without operation 179 (28.6) 6.0 (5.3-6.7) 65.658 0.000 Reference

Palliative operation 81(13.0) 6.0 (5.2-6.8) -0.050 0.951 (0.688-1.316) 0.762

Radical resection 365 (58.4) 12.3(10.3-14.3) -0.310 0.734 (0.573-0.940) 0.014
Tumor location

Head 413 (66.1) 9.9(8.7-11.2) 4484 0.106 - - -

Body/tail 207 (33.1) 84 (6.7-10.1) - -

All 5(0.8) 11.0(8.9-13.1) - - -
Tumor size (cm)

d<2 36 (5.8) 12.0(2.3-21.7) 9.756 0.000 Reference

2<d<4 314 (50.2) 104 (9.2-11.6) -0.229 0.796 (0.527-1.201) 0277

d>4 275 (44.0) 8.2 (7.0-94) -0.035 0.966 (0.630-1.480) 0.873
Hepatic metastasis

No 540 (86.4) 10.7 (9.7-11.7) 82.708 0.000 Reference

Yes 85 (13.6) 4.5(3.3-5.7) 0.190 1.209 (0.850-1.720) 0.290
Lymph node metastasis

No 423 (67.7) 10.0 (9.0-11.0) 0.000 Reference

Yes 202 (32.3) 7.2 (5.7-8.7) 0.395 1485 (1.218-1.810) 0.000
Number of distant organ metastasis

0 462 (73.9) 11.5(10.6-12.4) 112.810 0.000 Reference

1 111(17.8) 6.0 (4.9-7.1) 0473 1.604 (1.170-2.199) 0.003

>2 52(83) 3.7 (2.8-4.6) 0.708 2.030(1.347-3.062) 0.001
Adjuvant chemotherapy

No 569 (91.0) 8.9 (8.1-9.7) 16.559 0.000 Reference

Yes 56 (9.0) 22.3(14.7-29.9) -0.701 2.015(1.412-2.877) 0.000

Pain on the back and loin, peripancreatic invasion, and
hepatic metastasis were more common in the PBTC sub-
group (P<0.01). Serum albumin level < 35 g/L was more
common in the PHC subgroup (P<0.01). The baseline
total bilirubin level in the PHC subgroup was significantly
higher than that in the PBTC subgroup (97.9 [0.92-
1221.8] umol/L vs. 10.4 [2.3-405.7] umol/L, P<0.01).
Nonsurgical treatment was more common in the PBTC
subgroup (P<0.01). The number of distant organ metas-
tasis in the PBTC subgroup was higher than that in the
PHC subgroup (£<0.01). In the PHC group, the mOS was
9.9 months (95% CI, 8.7-11.2), and the 1-, 3-, and 5-year
survival rates were 39.9%, 16.9%, and 11.3%, respectively.
In the PBTC group, the mOS was 8.4 months (95% CI,
6.7-10.1), and the 1-, 3-, and 5-year survival rates were

33.3%, 11.9%, and 9.1%, respectively. The difference was
statistically significant (P<0.05) (Table 2).

Prognostic factors analysis of PHC subgroup and PBTC
subgroup

Univariate and multivariate analyses were respectively
performed on 413 patients with PHC and 207 patients
with PBTC. Univariate analysis showed that age, base-
line CA199 level, CEA level, albumin level, peripan-
creatic invasion, degree of weight loss, NLR, operative
procedure, lymph node metastasis, hepatic metastasis,
the number of distant organ metastasis and postopera-
tive adjuvant chemotherapy were the relevant factors
affecting the prognosis of PHC subgroup (P<0.05).
Multivariate analysis showed that degree of weight
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Fig. 2 Comparison of survival of patients with different clinical factors. A Comparison of survival of patients with different CA199 levels. Survival
was significantly worse with increased CA199 levels (P<0.05). B Comparison of survival of patients with NLR <5 or NLR >5. Survival was significantly
worse in patients with NLR >5 (P<0.05). C Comparison of survival of patients undergoing different operative procedures. Patients undergoing
palliative operation did not have significantly different survival from patients who did not undergo surgery (P>0.05). Patients undergoing radical
resection had significantly longer survival time than patients who did not undergo radical resection (P<0.05). D Comparison of survival in patients
with or without lymph node metastasis. Survival was significantly worse in patients with lymph node metastasis (P<0.05). E Comparison of survival
in patients with different numbers of distal organ metastasis. Survival was significantly worse with the increase in the number of distal organ
metastasis (P<0.05). F Comparison of survival in patients with or without postoperative adjuvant chemotherapy. Survival was significantly worse in

patients without postoperative adjuvant chemotherapy (P<0.05).

loss, baseline CA199 level, NLR, operative procedure,
the number of distant organ metastasis, lymph node
metastasis, and postoperative adjuvant chemotherapy
were independent prognostic factors in the PHC sub-
group (P<0.05), as shown in Table 3.

Univariate analysis showed that baseline CA199
level, CEA level, total bilirubin level, peripancre-
atic invasion, NLR, operative procedure, lymph node
metastasis, hepatic metastasis, number of distant
organ metastasis, and postoperative adjuvant chemo-
therapy were the relevant factors affecting the prog-
nosis of the PBTC subgroup (P<0.05). Multivariate
analysis showed that baseline CA199 level, CEA level,
total bilirubin level, NLR, peripancreatic invasion,
postoperative adjuvant chemotherapy, and number of
distant organ metastasis were independent prognostic
factors in the PBTC subgroup (P<0.05) (Table 4).

Survival analysis and comparison of different operation
procedures in resectable or borderline resectable PC
patients with hepatic metastasis only

Survival analysis was performed on 52 resectable or bor-
derline resectable PC patients with hepatic metastasis
only. The overall 1-, 3-, and 5-year survival rates of the 52
patients were 12.8%, 6.4%, and 0%, respectively, and the
mOS was 5.2 months (95% CI, 3.8-6.6). The overall 1-,
3-, and 5-year survival rates of patients undergoing radi-
cal resection (synchronous resection of pancreatic and
hepatic lesions) were 22.2%, 11.1%, and 0%, respectively,
and the mOS was 4.4 months (95% CI, 1-8.5). The overall
1-, 3-, and 5-year survival rates of patients who did pallia-
tive bypass operation were 9.1%, 0%, and 0%, respectively,
and the mOS was 6.0 months (95% CI, 3.1-8.9). The over-
all 1-, 3-, and 5-year survival rates of patients who did not
undergo surgical were 5.6%, 0%, and 0%, respectively, and
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Table 2 Comparison of clinicopathological data and survival between the PHC subgroup and PBTC subgroup
Characteristics Tumor location P
Head Body/tail
mOS(95%Cl) 99(8.7-11.2) 84 (6.7-10.1) 0.041%**
Age (years) 6047+£9.76 60.94+9.63 0.568*
Sex Male:Female 224:189 115:92 0.798**
Pain on the back and loin No:Yes 33479 128:79 0.000%*
Somking history No:Yes 254:159 139:68 0.098**
Diabetes history No:Yes 233:180 119:88 0.434**
CA199(U/ml) 258.7 (0.5-37192) 195 (0.5-327524) 0.336"
CEA (ng/ml) <5:>5 272141 127:80 0.287**
Total bilirubin (umol/l) 97.9 (0.92-1221.8) 104 (2.3-405.7) 0.000"*
Albumin(g/l) <35:>35 61:352 15:192 0.006**
NLR <5:>5 361:52 180:27 0.899**
Peripancreatic invasion No:Yes 194:219 46:161 0.000**
Weight loss (kg) <5:>5 234179 123:84 0.547**
Operative procedure Wo:Po:Rr 99:70:244 79:10:118 0.000*
Tumor size (cm) 3.1(1.0-9.0) 44(1.2-11.2) 0.000*
Lymph node metastasis No:Yes 277136 141:66 0.856**
Hepatic metastasis No:Yes 370:43 166:41 0.020**
Number of distant organ metastatic 0:1:>2 339:60:14 119:51:37 0.000"
Adjuvant chemotherapy No:Yes 376:37 188:19 0.518**

P was examined by the *Pearson chi-square test or *Mann-Whitney U test or *Student’s t-test or **chi-square test (Fisher’s exact test) or ***log-rank test for univariate

survival analysis

Numbers in parentheses are the ranges of values

NLR Neutrophil-lymphocyte ratio

Wo Without operation, Po Palliative operation, Rr Radical resection

the mOS was 5.0 months (95% CI, 2.1-7.9). There was no
statistically significant difference between the different
operative procedures (P>0.05).

Survival analysis of patients with or without POPF

after radical resection

Survival analysis was performed on 365 underwent radi-
cal resection. The overall 1-, 3-, and 5-year survival rates
of patients without POPF were 52.5%, 20.5%, and 12.9%,
respectively, and the mOS was 13.2 months (95% CI,
11.5-15.0). The overall 1-, 3-, and 5-year survival rates
of patients with POPF were 28.6%, 5.7%, and 0%, respec-
tively, and the mOS was 8.4 months (95% CI, 3.8-12.0).
The difference was statistically significant (P<0.05).

Survival analysis and comparison of different operation
procedures in PHC subgroup underwent radical
pancreatoduodenectomy

Survival analysis was performed on 244 underwent
radical pancreatoduodenectomy. The overall 1-, 3-,
and 5-year survival rates of patients underwent total
mesopancreas excision with pancreaticoduodenectomy
(TMpE) were 61.5%, 26.3%, and 15.5%, respectively, and

the mOS was 17.5 months (95% CI, 15.0-20.0). The over-
all 1-, 3-, and 5-year survival rates of patients underwent
pancreaticoduodenectomy (PD) were 46.2%, 18.6%, and
11.2%, respectively, and the mOS was 11.5 months (95%
CI, 9.3-13.7). The difference was no statistically signifi-
cant (P=0.126).

Discussion

The relationship between prognosis and general clinical
features

Similar to some previous reports [13, 14], we found that
sex and age had no effect on the prognosis of patients
with PC. The conclusion of whether diabetes affected
the prognosis of PC was still inconsistent. A meta-anal-
ysis [15] showed that patients with PC with diabetes had
shorter survival time and more complications. However,
Cheon et al, [16] reported that patients with PC did
show a significant difference in survival time regardless
of whether they had diabetes, and those with high gly-
cated hemoglobin level had a shorter survival time. In
our study, we found that diabetes history was not asso-
ciated with the prognosis of PC, which still need further
detailed study.
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Table 3 Univariate and Multivariate analysis of prognostic factors for PHC subgroup
Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) X p B HR(95%Cl) P

Age (years)

<40 9(2.2) 74 (5.0-9.8) 1121 0.024 Reference

41-50 53(12.8) 145 (9.3-19.6) -0.009 0.991 (0.406-2.420) 0.984

1-60 148 (35.8) 8.6 (7.6-9.6) 0.066 1.068 (0.456-2.501) 0.880

61-70 142 (34.4) 11.3(9.9-12.6) 0.148 1.159 (0.496-2.707) 0.733

>71 61(14.8) 6.7 (3.8-9.6) 0.298 1.347 (0.562-3.233) 0.504
Sex

Male 189 (45.8) 9.0(7.8-10.2) 1.080 0.299 - - -

Female 224 (54.2) 11.0(9.2-12.8) - - -
Pain on the back and loin

No 334 (80.9) 10.0 (84-11.6) 0.232 0.630 - - -

Yes 79 (19.1) 9.3(6.8-11.8) - - -
Smoking history

No 254 (61.5) 10.0 (8.6-11.4) 0.292 0.589 - - -

Yes 159 (38.5) 9.7 (8.6-114) - - -
Diabetes history

No 180 (43.6) 9.2 (7.7-10.7) 0.054 0.817 - - -

Yes 223 (56.4) 10.0 (8.1-11.9) - - -
CA199(U/ml)

<37 78 (18.9) 15.5(9.2-21.8) 33.008 0.000 Reference

>37and<200 104 (25.2) 10.7 (8.1-13.3) 0485 1.624 (1.122-2.351) 0.010

>200and<400 65 (15.7) 10.7 (8.1-13.3) 0.549 1.732(1.142-2.628) 0.010

>400and<800 72(17.4) 9.6 (8.0-11.2) 0498 1.646 (1.100-2.462) 0.015

>800 94 (22.8) 6.4 (5.3-7.5) 0.898 2454 (1.626-3.702) 0.000
CEA (ng/ml)

<5 272 (65.9) 11.1(9.7-12.5) 8.044 0.000 Reference

>5 141 (34.1) 7.1 (5.6-8.6) 0.075 1.078 (0.834-1.393) 0.566
Albumin(g/L)

<35 61(14.8) 6.7 (4.1-9.3) 5.050 0.025 Reference

>35 352(85.2) 10.3(9.0-11.6) -0.181 0.835 (0.597-1.166) 0.290
Total bilirubin (umol/I)

<22 155 (37.5) 9.0(7.2-10.8) 6.096 0.107 - - -

>22and<100 53(12.8) 8.0(5.6-104) - - -

>100and<200 95 (23.0) 10.7 (8.4-13.0) - - -

>200 110 (26.6) 11.3(8.8-13.8) - - -
Peripancreatic invasion

No 194 (47.0) 14.0 (11.2-16.8) 17.015 0.000 Reference

Yes 219(53.0) 74(6.3-83) 0.154 1.167 (0.912-1.493) 0219
Degree of weight loss (kg)

<5 234 (56.7) 11.6 (10.5-12.7) 8.223 0.000 Reference

>5 179 (43.3) 8.0(6.8-9.2) 0.296 1.345 (1.060-1.707) 0.015
NLR?

<2 98 (23.7) 8.1 (6.1-10.1) 3.362 0.067 - - -

>2 315(76.3) 10.7 (9.3-12.1) - - -
NLRP

<3 206 (49.9) 9.6(7.9-12.3) 0.079 0.779 - - -

>3 207 (50.1) 100 (8.3-11.7) - - -
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Table 3 (continued)
Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) X p B HR(95%Cl) P

NLR®

<4 248 (60.0) 10.0 (8.4-11.6) 1433 0.231 - - -

>4 165 (40.0) 9.1(7.2-11.0) - -
NLR

<5 361 (87.4) 10.0 (8.5-11.5) 4.660 0.031 Reference

>5 52(12.6) 8.6 (7.2-10.0) 0.206 1.229(0.878-1.721) 0.229
Operative procedure

Without operation 99 (24.0) 6.0 (5.1-6.9) 46.087 0.000 Reference

Palliative operation 70(16.9) 6.5 (4.8-8.2) -0.300 0.741 (0.507-1.083) 0.121

Radical resection 244 (59.1) 14.5(11.7-17.3) -0.583 0.558 (0.409-0.761) 0.000
Tumor size (cm)

d<2 32(7.7) 15.5(3.8-27.2) 4.244 0.120 - - -

2<d<4 238 (57.6) 11.0(94-12.6) - -

d>4 143 (34.6) 84 (6.8-10.0) - - -
Hepatic metastasis

No 370 (89.6) 11.1(10.0-12.2) 42481 0.000 Reference

Yes 43(104) 5.0 (3.6-6.4) -0.131 0.877 (0.514-1.497) 0.631
Lymph node metastasis

No 136 (32.9) 11.3(10.1-12.5) 18.045 0.000 Reference

Yes 277 (67.1) 7.2 (5.5-8.9) 0.527 1.694 (1.328-2.161) 0.000
Number of distant organ metastasis

0 339 (82.1) 11.6 (10.0-13.2) 74.641 0.000 Reference

1 60 (14.5) 6.0 (4.5-7.5) 0.707 2.028 (1.286-3.199) 0.002

>2 14 (3.4) 2.9(1.0-5.1) 0.791 2.205 (1.033-4.706) 0.041
Adjuvant chemotherapy

No 376 (91.0) 9.0 (8.0-10.0) 10.973 0.000 Reference

Yes 37 (9.0) 254 (9.1-41.7) -0.513 0.599 (0.384-0.933) 0.023

It has been known that most patients with malignant
tumor exhibit weight loss and decreased albumin lev-
els. In patients with PC, the risk of weight loss and mal-
nutrition was significantly increased due to impaired
endocrine and exocrine functions of the pancreas [17].
Studies have found that weight loss [18] and lower albu-
min levels [19] were associated with high mortality in
PC. Sakamoto et al., [20] showed that sarcopenia at the
time of recurrence was an independent, unfavorable
prognostic factor in patients with recurrent PC. Yam-
ada et al., [21] reported that frailty (defined as a clinical
frailty scale score >4) was an independent prognostic
factor of cancer-specific survival in patients with pancre-
atic ductal adenocarcinoma who underwent pancreatic
resection. Our study found that in the PHC subgroup,
patients with weight loss >5 kg had significantly shorter
mOS than patients with weight loss <5 kg (8.0 months
vs. 11.6 months, P<0.01). Weight loss >5 kg was an inde-
pendent prognostic factor for PHC. Therefore, clinicians
should pay attention to the occurrence of weight loss in

patients with PHC. An appropriate nutritional interven-
tion should be performed to correct the cachexia status
of patients, improving the prognosis of patients.

Recently, individuals pay more attention to the rela-
tionship between inflammatory immune response and
tumor prognosis. The state of host immune system has
a significant impact on the prognosis of many malig-
nant tumors, including gastrointestinal tumors [22]. Lin
et al, [23] revealed that high pretreatment lymphocyte
to monocyte ratio (LMR) predicted better overall sur-
vival (HR=0.68, 95% CI: 0.58—-0.80, P<0.001) in patients
with PC. Sierzega et al., [24] reported that patients with
NLR >5 had significantly lower mOS than patients with
NLR <5 (12.6 months vs. 25.7 months, P<0.01), and the
multivariate analysis showed that high NLR was an inde-
pendent risk factor for poor prognosis in patients with
PC. Poor prognosis may be due to changes in the num-
ber of neutrophil and lymphocyte subsets, resulting in a
decrease in effective antitumor cells and increase in cells
involved in immunosuppression. Mowbray et al., [25]
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Table 4 Univariate and Multivariate analysis of prognostic factors for PBTC subgroup
Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) X p B HR(95%Cl) P
Age (years)
<40 8(3.9) 0(0.0-25.7) 2455 0.653 - - -
41-50 19(9 2) 2(3.7-12.7) - - -
1-60 66 (31.9) 9.0(5.4-12.6) - - -
61-70 78 (37. ) 2(6.2-10.2) - - -
>71 36 (17. 3(6.3-10.3) - - -
Sex
Male 115 (55.6) 7.0(5.6-84) 1.589 0.208 - - -
Female 92 (44.4) 9.7 (83-11.1) - - -
Pain on the back and loin
No 128 (61.8) 8.2 (6.0-104) 0.909 0.340 - - -
Yes 79(38.2) 8.7 (6.7-10.8) - - -
Smoking history
No 139 (67.1) 9.6 (8.0-11.2) 1.807 0.179 - - -
Yes 68 (32.9) 7.0(5.7-8.3) - - -
Diabetes history
No 119 (57.5) 9.0 (7.6-104) 0.864 0.353 - - -
Yes 88 (42.5) 7.0 (5.0-9.0) - - -
CA199(U/ml)
<37 50(24.2) 10.5 (6.1-14.9) 41.985 0.000 Reference
>37and<200 54 (26.1) 12.0 (94-14.6) 0.056 1 058( 647-1.729) 0.823
>200and<400 24(11.6) 10.6 (8.0-13.2) 0.175 91 (0.642-2.211) 0579
>400and<800 28 (13.5) 7.6(4.0-11.2) 0.757 2.131(1.162-3.909) 0.015
>800 51(24.6) 5.0 (4.1-5.9) 0.813 2255 (1.305-3.897) 0.004
CEA (ng/ml)
<5 127 (61.4) 106 (8.8-12.4) 17.747 0.000 Reference
>5 80 (38.6) 6.0 (54-6.7) 0.508 1.661 (1.152-2.397) 0.007
Albumin(g/L)
<35 5(72) 3.2(0.0-7.8) 1494 0.222 - - -
>35 192 (92.8) 8.7 (7.1-10.3) - - -
Total bilirubin (umol/I)
<22 184 (88.9) 8.8(7.3-10.3) 9.531 0.023 Reference
>22and<100 21(10.) 54 (5.0-5.8) 0.620 1.858 (1.070-3.229) 0.028
>100and<200 1(0.5) - -1.082 0.339(0.038-3.042) 0334
>200 1(0.5) - 1.780 5.927 (0.752-46.746) 0.091
Peripancreatic invasion
No 46 (22.2) 134 (6.5-20.3) 10.891 0.000 Reference
Yes 161 (77.8) 7.5(6.1-8.9) 0.501 1.650 (1.077-2.529) 0.021
Degree of weight loss (kg)
<5 123 (594) 9.0 (7.5-10.5) 0.567 0452 - - -
>5 84 (40.6) 7.0(5.5-8.5) - - -
NLR?
<2 36(17.4) 9.0(5.8-12.2) 0.028 0.868 - - -
>2 71(82.6) 8.3 (6.7-9.9) - - -
NLR®
<3 99 (47.8) 9.0(6.7-11.3) 0.000 0.993 - - -
>3 108 (52.2) 82 (6.6-9.8) - - -
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Table 4 (continued)
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Factors n(%) Univariate analysis Multivariate analysis
mOS(95%Cl) x> p B HR(95%Cl) P

NLR®

<4 124 (59.9) 9.0 (7.3-10.7) 0.190 0.663 - - -

>4 83 (40.1) 75(58-92) - - -
NLR

<5 180 (87.0) 9.0 (7.5-10.5) 5.990 0.014 Reference

>5 27(13.0) 34(0.0-8.1) 0.500 1.649 (1.009-2.696) 0.046
Operative procedure

Without operation 79 (38.2) 58(4.9-6.7) 21.185 0.000 Reference

Palliative operation 10 (4.8) 2.0(0.7-3.3) 0615 1.850 (0.817-4.189) 0.140

Radical resection 118 (57.0) 11.0 (84-13.6) 0.153 1.166 (0.785-1.731) 0.447
Tumor size (cm)

d<2 4(1.9) 6.0 (0.0-14.1) 2697 0.260 - - -

2<d<4 74 (35.7) 9.0 (6.1-11.9) - -

d>4 129 (62.3) 8.1 (6.6-9.6) - - -
Hepatic metastasis

No 41(19.8) 10.0 (8.7-11.3) 30.997 0.000 Reference

Yes 166 (80.2) 4.5 (24-6.6) 0.462 1.588 (0.966-2.610) 0.068
Lymph node metastasis

No 141 (68.1) 7.1 (4.0-20.2) 0.091 0.763 - - -

Yes 66 (31.9) 8.7 (7.2-10.2) - - -
Number of distant organ metastasis

0 119 (57.5) 11.0(9.3-12.7) 36.997 0.000 Reference

1 51(24.6) 6.0 (4.5-7.5) 0468 1.597 (1.009-2.527) 0.046

>2 37(17.9) 4.0 (24-5.6) 0.771 2.163 (1.268-3.690) 0.005
Adjuvant chemotherapy

No 188 (90.8) 7.7 (6.2-9.2) 5.857 0.016 Reference

Yes 19(9.2) 17.5(7.7-27.3) -1.077 0.340 (0.182-0.638) 0.001

NLR Neutrophil-lymphocyte ratio, HR Hazard ratio, C/ Confidence interval, mOS Median overall survival

p: Log Rank Mantel-Cox test; P: Cox proportional hazards model

reported that patients with high preoperative NLR had
poor prognosis. In early studies, the critical value of NLR
was from 2 to 5, which may be related to the differences
in sample size, population, and treatment method. Based
on previous studies, we set the critical value of NLR to
2, 3, 4, and 5. We found that, when the critical value of
NLR was set at 5, patients with NLR >5 had significantly
shorter mOS than patients with NLR <5 (7.4 months vs.
10.0 months, P<0.01). In the PBTC subgroup, patients
with NLR >5 had significantly shorter mOS than patients
with NLR <5 (3.4 months vs. 9.0 months, P=0.014).
Moreover, the multivariate analysis showed that NLR
>5 was an independent prognostic factor in the PC and
PBTC subgroups.

Takamori et al., [26] found that back and loin pain indi-
cated peripancreatic and retroperitoneal nerve invasion
and poor prognosis. In our study, although back and loin
pain was not associated with the prognosis of PC, we

found that back and loin pain was more common in the
PBTC subgroup (P<0.01). It can be used as a relatively
specific clinical manifestation of PBTC. In clinical work,
back and loin pain should not be simply diagnosed as
neuromuscular or orthopedic disease. We should be alert
on the occurrence of PBTC. Patients should undergo
abdominal CT or MRI to improve the diagnostic rate of
PC. Lee et al., [27] reported that preoperative jaundice is
the only independent prognostic factor for PC. Nakata
et al,, [28] reported that the difference in mOS between
the jaundice and nonjaundice groups was significant
in resectable cases but not in nonresectable cases. Our
results showed that the baseline total bilirubin level was
not related to the prognosis of PC but was related to the
prognosis of the PBTC subgroup. Furthermore, our data
indicated that the increase in the baseline total bilirubin
level in the PBTC subgroup was not significant, and the
baseline total bilirubin level was >100 umol/L in only a
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few patients. In the PBTC subgroup, the slight increase
in baseline total bilirubin level was probably due to the
presence of liver metastasis, which usually occurs in
advanced disease [29]. However, we found that liver
metastasis was not related to the prognosis of PBTC sub-
group, which needs further study.

Effects of CA199 and CEA levels on prognosis

CA199 is a tumor-associated antigen of the digestive sys-
tem, which is usually used in preoperative examination
of PC. CA199 has the role of intercellular adhesion mol-
ecule, and its elevated expression level often indicates the
presence of cancer metastasis [30]. The higher the preop-
erative CA199 level, the greater the risk of distant metas-
tasis and poor prognosis. Hartwig et al., [31] reported
that elevated preoperative CA199 levels were related
to poor prognosis of PC. CA199 level is not elevated in
approximately 10% of patients with PC because Lewis
antigen is negative. To date, other tumor markers, such
as CEA, should be combined to assist diagnosis [32].
Study [33] have indicated that CA199 and CEA levels are
closely associated with lymph node metastasis and tumor
progression in PC. In our study, we found higher base-
line CA199 level caused shorter mOS; baseline CA199
level was an independent prognostic factor in the PC,
PHC, and PBTC subgroups. In addition, baseline CEA
level was an independent prognostic factor in the PBTC
subgroup. Because of the lack of effective data, we were
unable to show the effect of CA199 dynamic changes on
postoperative prognosis of patients in this study.

The effects of tumor location, peripancreatic

invasion, lymph node metastasis, hepatic metastasis

and the number of distal organ metastasis on prognosis
Our study found that PHC accounted for 66.1% and
PBTC accounted for 33.1%, which is similar to a study
[34]. They found that the vast majority of PC are in the
head, while 20% to 25% are located in the body/tail. Some
studies have suggested that the location of pancreatic
tumors is a potential determinant of survival [35, 36]. A
study [37] found that the survival time of patients with
PBTC is shorter than that of patients with PHC. In our
study, we found that the mOS of the PHC subgroup was
significantly longer than that of the PBTC subgroup (9.9
months vs. 8.4 months, P=0.041). Generally, tumors in
the body/tail are found later until they present significant
clinical symptoms. At this point, the tumors often infil-
trate adjacent organs or vascular structures and possibly
metastasize to locoregional lymph nodes via lymphatic
vessels or distant organs via hematogenous dissemina-
tion [38, 39]. However, tumors located in the head of
the pancreas were more likely to compress the common
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bile duct, resulting in obstructive jaundice, which can be
detected promptly [36].

PC has hematogenous and lymph node metastases
common with other solid tumors, and its inherent peri-
pancreatic invasion, especially postpancreatic and extra-
pancreatic plexus invasion, has a high incidence, even
in patients who underwent histological radical surgery,
and their prognosis is still poor [40]. McKay et al., [41]
indicated that lymphatic metastasis is one of the most
important factors affecting survival after radical exci-
sion of PHC. They found that the 5-year survival rate of
patients without lymphatic metastasis was significantly
higher than that of patients with lymphatic metasta-
sis. We found that patients with peripancreatic inva-
sion had a significantly shorter mOS than those without
peripancreatic invasion in the PC group (7.4 months vs.
13.8 months, P<0.01). We also found that peripancreatic
invasion was more common in the PBTC subgroup. In
the PBTC subgroup, patients with peripancreatic inva-
sion had a significantly shorter mOS than those without
peripancreatic invasion (7.5 months vs. 13.4 months,
P<0.01). Peripancreatic invasion is an independent prog-
nostic factor in the PC and PBTC subgroups. This may be
one of the reasons that the prognosis in the PBTC sub-
group is worse than that in the PHC subgroup. Our study
showed that, in the whole PC group, patients with lym-
phatic metastasis had a significantly shorter mOS than
those without lymphatic metastasis (7.2 months vs. 10.0
months, P<0.01). In the PHC subgroup, patients with
lymphatic metastasis had a significantly shorter mOS
than those without lymphatic metastasis (7.2 months vs.
11.3 months, P<0.01). Lymphatic metastasis is an inde-
pendent prognostic factor in the PC and PHC subgroups.

Wright et al., [42] reported that hepatic metastasis
accounts for approximately 70% of cases initially diag-
nosed as stage IV PC. Our study showed that, among 162
patients with distant metastasis, 85 (52.5%) had hepatic
metastasis and the liver was the most common organ of
distant metastasis of PC. Moreover, the mOS of patients
with hepatic metastasis is low. We also found that
hepatic metastasis is more common in the PBTC sub-
group. Recently, some studies reported many therapeu-
tic methods and efficacy of PC with hepatic metastasis;
however, the conclusions were different, and there is no
formal treatment principle. A retrospective analysis on 69
patients with PC with hepatic metastasis who underwent
concurrent surgical resection from six European pancre-
atic centers showed that the mOS of patients undergo-
ing synchronous resection of hepatopancreatic lesions
was significantly longer than those without synchronous
resection (14 months vs. 7.5 months, P<0.01). This ben-
efit was only found in PHC but not in PBTC. Further-
more, the study showed that, due to the limitations of
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the retrospective study, the conclusion that synchronous
hepatopancreatic lesion resection is effective could not
be drawn and a prospective study is still needed to con-
firm this [43]. Shrikhande et al., [44] reported that dif-
ference in survival between RO/R1 M1 (liver metastases)
and M1 (liver metastases) without any resection (explo-
ration/bypass) was statistically significant (P=0.0384),
with a median survival of 11.4 months (95% CI, 7.8—-16.5)
for the RO/R1 M1 group compared with 5.9 months (95%
CI, 5.4-7.6) for the M1 group (liver metastases) without
any resection. However, the decision to resect metastatic
disease, especially liver metastasis, should be made with
great care after a thorough assessment of the overall risk-
benefit ratio for the individual patient. Gleisner et al., [45]
reported that synchronous resection of hepatopancreatic
lesions does not benefit these patients. Frigerio et al., [46]
reported that, in some cases of PC with distant solitary
metastasis, if the tumor is significantly reduced after a
systematic chemotherapy and RO resection is expected,
radical synchronous hepatopancreatic lesion resec-
tion is recommended. Performing a hepatectomy for
liver metastases of PC, when combined with a pancreas
resection, was considered to be a safe operation, and one
that might offer prolonged survival for highly selected
patients with curative resection of liver metastases [47].
In PC patients with liver metastases only, we used resect-
able or borderline resectable pancreatic tumors as the
research object to analyze whether simultaneous resec-
tion surgery can prolong the survival of these patients.
Our study showed that there was no statistically signifi-
cant difference in mOS between patients who underwent
synchronous resection of hepatopancreatic lesions and
those who did not. There are several limitations of our
study that restrict the value of the conclusions. (1) only a
relatively small sample size of PC patients only with liver
metastases could be identified for our study. And the
statistical analyses and inferences were limited. (2) Our
study did not assess other important endpoints, such as
quality of life after surgical treatment with synchronous
resection of hepatopancreatic lesions versus did not any
resection. (3) The analysis are retrospective in nature.
Therefore, more large-scale randomized controlled stud-
ies are required to determine the treatment principle of
PC with hepatic metastasis.

In other malignant tumors, such as pulmonary car-
cinoma, hepatocellular carcinoma, and bladder cancer,
multiple-organ metastasis was one of the poor prognos-
tic factors [48—50]. In this study, we found that the num-
ber of distant organ metastasis had a certain impact on
the prognosis of PC. The prognosis of patients with sin-
gle-organ metastasis was better than that in patients with
multiple-organ metastasis. The larger the number of dis-
tant organ metastasis, the shorter the mOS. The number
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of distant organ metastasis was an independent prog-
nostic factor in the PC, PHC, and PBTC subgroups. We
also found that the number of distant organ metastasis in
PBTC subgroup is more than that in the PHC subgroup,
which may be the reason that PBTC has a poor prognosis
than PHC.

Relationship between prognosis and treatment
Surgical resection is still the most effective treatment for
PC. Radical resection is critical to the prognosis of PC
[51]. The diagnosis and therapy concept of PC has been
transformed into a multidisciplinary team (MDT) mode
[11]. Preoperative MDT discussion was conducted to
classify PC into resectable PC, borderline resectable PC,
locally advanced PC, and PC with distant metastasis by
preoperative imaging assessment and determine which
patients should undergo surgery. According to different
types of PC, appropriate treatment options are selected to
maximize clinical benefits. In resectable PC, radical pan-
creatoduodenectomy, distal pancreatectomy, and total
pancreatectomy are feasible. In patients with borderline
resectable PC, neoadjuvant therapy is its preferred treat-
ment modality. Pancreatic surgery is performed by insti-
tutions that perform several pancreatectomies annually
[52]. Tang et al., [53] reported that the survival time of
patients with borderline resectable tumors who received
neoadjuvant therapy was similar to those with resectable
tumors, which was significantly longer than those with
unresectable tumors. Most NCCN member institutions
[11] recommend that neoadjuvant therapy rather than
surgery for patients with borderline resectable tumors.
In patients with locally advanced or distant metastasis,
stent implantation, gastrojejunostomy, and choledo-
chojejunostomy can be used to relieve digestive tract or
biliary tract obstruction, and pathological diagnosis can
be obtained as far as possible. We found that the mOS
of patients undergoing radical resection and palliative
operation and those who did not undergo surgery were
12.3 months, 6.0 months, and 6.0 months, respectively.
Multivariate analysis indicated that radical resection
was an independent prognostic factor in PC and PHC
subgroups. The prognosis of patients undergoing radical
resection was significantly better than those without rad-
ical resection (P<0.05). However, the difference between
palliative operation and non-operation is not statisti-
cally significant. Therefore, radical resection is extremely
important in the prognosis of patients. Palliative surgery
plays a role in alleviating the obstructive symptoms and
pain, improving the quality of life of patients, but it can-
not prolong the patient’s survival.

Crino et al., [54] reported that endoscopic ultrasound-
guided fine-needle biopsy (EUS-FNB) demonstrated high
diagnostic accuracy in evaluating solid pancreatic lesion
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(SPLs) independently, meanwhile, in patients with unre-
sectable PC, tissue biopsy samples are the only available
histological material. In addition, repeated EUS-FNB
after neoadjuvant chemotherapy may detect therapy-
induced molecular changes, for example, mutation in
KRAS [55, 56]. Therefore, high-quality histological sam-
ples obtained by EUS-FNB will provide the basis for indi-
vidualized treatment of PC [54].

A POPF is considered one of the common compli-
cations after pancreatic surgery, with an incidence of
3%-45% [12]. A retrospective analysis [57] showed that
pancreatic fistula was an independent risk factor for
peritoneal recurrence (HR:3.974; 95% CI:1.345-11.737;
P=0.013). Pancreatic fistula was an independent prog-
nostic factor after multivariate analysis (HR:3.257; 95%Cl:
1.201-8.828; P=0.020). There is a significant correla-
tion between the occurrence of POPF and higher post-
operative mortality. The main reason is that the leaked
pancreatic juice erodes the surrounding tissues, causing
complications such as secondary intra-abdominal hem-
orrhage and infection [58, 59]. Our results also show that
patients with POPF had a significantly shorter mOS than
those without POPF. High-quality pancreaticojejunos-
tomy performed by professional pancreatic surgeons and
routine use of somatostatin after surgery are the key to
reducing POPF and improving survival [60, 61]..

In 2007, Gockel [62] first expounded the concept of
mesopancreas. In 2012, Adham and Singhirunnusorn
[63] further proposed the concept of TMpE, and refined
the anatomical part of the mesopancreas into the "meso-
pancreas triangle”, and TMpE has gradually attracted
attention in the field of pancreatic surgery, but at the
anatomical and histopathological levels, the concept of
"mesopancreas"” is still very controversial. However many
studies [63, 64] have confirmed that TMpE guided by the
concept of "mesopancreas’ can increase the resection
rate of nerves, blood vessels, lymph nodes and other tis-
sues behind the pancreatic head, thereby increasing the
RO resection rate of PHC. TMpE’s operation time, intra-
operative blood loss, incidence of postoperative com-
plications, hospital stay, and perioperative mortality are
all comparable to other current surgical methods for
PHC, indicating that the surgical safety of TMpE is reli-
able in large pancreatic centers [63]. Our results showed
that there was no statistical difference in mOS between
TMPpE and PD, indicating that TMpE cannot significantly
improve the prognosis of PHC. In view of the special bio-
logical behavior of PC, whether the application of TMpE
technology can improve the survival requires further
study [65].

Some studies confirmed the effect of postoperative
adjuvant chemotherapy and different regimens on the
prognosis of PC [66, 67]. If there is no contraindication,
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patients with better postoperative physical recovery
should receive adjuvant chemotherapy within 8 weeks
postoperatively, reaching six courses or more [68, 69].
Our study showed that postoperative adjuvant chemo-
therapy is an independent prognostic factor in the PC,
PHC, and PBTC subgroups. Only 56 patients (9.0%)
received postoperative adjuvant chemotherapy in our
study, which was significantly lower than those reported
in relevant literatures, reflecting the insufficient emphasis
on postoperative adjuvant chemotherapy.

Conclusions

Therefore, PC has a poor prognosis and short survival.
Early diagnosis and appropriate treatment are essential
for prognosis. According to the preoperative and post-
operative clinicopathological features, through MDT,
a precise and optimized comprehensive treatment
scheme is formulated to improve the quality of life and
prolong the patient’s survival.

Limitations of this study: (1) The number of cases
diagnosed by ultrasound-guided needle biopsy is small,
and the molecular morphology information is less, and
it is impossible to further study its influence on the
prognosis. In the future, it is necessary to strengthen
the acquisition of molecular morphological informa-
tion of puncture pathology in order to further study its
influence on prognosis. (2) The number of lymph nodes
retrieved from the resected specimens is small, so it is
difficult to analyze the correlation between the num-
ber of lymph nodes retrieved and prognosis, which is a
shortcoming in our work. we need to increase the abil-
ity to retrieve lymph nodes in future work. (3) Neoad-
juvant chemotherapy was not performed for borderline
resectable PC, and the number of patients who under-
went postoperative adjuvant chemotherapy was small.
In the future, attention should be paid to preoperative
neoadjuvant chemotherapy and postoperative adjuvant
chemotherapy to prolong survival as much as possible.
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