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Editorial on the Research Topic
Perioperative optimization of patients undergoing pancreatic surgery

Pancreatic surgery has gained in volume in many parts of the world in recent years.
This is mainly caused by the rising incidence of pancreatic cancer, for which resection is the
only potentially curative treatment modality. There are also indications for pancreatic
surgery in specific scenarios of benign diseases such as chronic pancreatitis. For example,
the number of pancreatic resections carried out in Germany in 2021 was about 12,000,
which equals a rate of roughly 15 per 100,000 inhabitants (1). Notwithstanding this rise in
volume, pancreatic resections still bear a relevant risk of complications and death. While
the benchmark for mortality is assumed 2% for pancreatic head resection and 1% for distal
pancreatectomy, the benchmark for morbidity is between 50% and 60% for both surgeries
(2). Yet, in broad clinical practice, these targets are not always reached, with mortality
depending on a variety of factors such as hospital and surgeon volume (3). Thus, it is
evident that optimal selection, preparation and intra- and postoperative treatment of
patients is required to increase the likelihood of a favorable postoperative outcome.

The appropriate indication for surgery in patients with pancreatic cancer is paramount.
Interdisciplinary tumor boards play an important role in weighing expected benefits against risks
of the available treatments and can recommend a treatment on an evidence basis. Even if
technical resectability is given, patients with a high risk of subsequent tumor recurrence and thus
poor oncological prognosis will most likely not benefit from upfront surgery. While as of now
there is no unanimously accepted modality to predict recurrence risk and survival, a number of
potential parameters deserve consideration and further validation. In this special issue, Yang et al.
have demonstrated that high serum concentrations of Gremlin 1 (GREM1), a regulator of bone
morphogenetic protein signaling, predict shorter survival. This makes it a promising candidate to
be potentially used as an adjunct to carbohydrate antigen 19-9 (Ca 19-9), which so far is the only
biomarker routinely employed to evaluate the prognosis of patients with pancreatic cancer, but is
not without limitations in its applicability (4). In fact, Ca 19-9 serum levels are affected by
cholestasis. Wu et al’s study suggests that Ca 19-9 levels should be adjusted for total bilirubin
levels and clinical stage to enhance their prognostic value. Nomograms are a good instrument to
assess the prognosis based on several factors. Guo et al. have developed and validated such a
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nomogram incorporating age, tumor size, leukocyte count, lymphocyte/
monocyte ratio and albumin for predicting lymph node metastases.
While local lymph node metastases do not pose a contraindication to
resection, they indicate more advanced disease and might influence the
decision for or against neoadjuvant therapy. Finally, the study by Cheng
et al. suggests that the level of folate receptor-positive circulating tumor
cells could predict recurrence and survival in patients with
pancreatic adenocarcinoma.

Most patients with cancers located in the pancreatic head or
periampullary region are jaundiced upon diagnosis. There is an
ongoing debate if preoperative biliary drainage should be aimed for,
with improved hepatic function as an argument in favor and the risk of
interventional complications and infection of the pancreato-
biliary duct system as arguments against it (5). Pattarapuntakul et al.
show in their series of patients undergoing pancreatic head
resections for periampullary lesions, the majority of which were
pancreatic adenocarcinoma, ampullary adenocarcinoma, and
cholangiocarcinoma, that preoperative bile drainage was not
associated with 1-year survival, but with a lower risk of
intraoperative bleeding and bile leakage. Based on their analyses, they
recommend drainage for severely jaundiced patients, suggesting a
threshold of 14.6 mg/dL.

Intraoperative techniques play an important role with regard to
postoperative morbidity. While in pancreatoduodenectomy, the
pancreatic anastomosis is a crucial element with postoperative
pancreatic fistula (POPF) being one of the most impacting
complications (6), in distal pancreatectomy the closure of the
resection margin is of relevance to avoid POPFE. In 2011, the multi-
centre randomized DISPACT trial failed to show superiority of stapler
versus suture closure of the remnant (7). Consequently, there is no
uniform standard for margin closure. In a propensity-matched
analysis, Tian et al. show a considerably lower incidence of POPF for
lockstitch-enforced staple line closure compared with staple line closure
alone. This result requires verification in randomized trials. Drain
placement and timing of removal remain issues of controversy in
pancreatic surgery and particularly so in pancreatoduodenectomy. In
line with the results of recent meta-analyses on the topic, Xie et al. show
in a propensity-matched analysis that drain removal on postoperative
day three is safe.
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After resection of pancreatic cancer and successful recovery of
the patient, estimating the risk of recurrence is important to decide
about the expected benefit from generally recommended adjuvant
treatment and to guide follow-up. Tong et al. developed
and validated a nomogram for predicting the risk of subsequent
hepatic metastases incorporating postoperative Ca-125 level, tumor
differentiation and size, lymph node ratio and venous invasion.

In summary, pre- intra- and postoperative management of
patients undergoing pancreatic resections is crucial to achieve the
best outcomes both in terms of postoperative morbidity and
mortality and in terms of oncological outcomes for patients with
cancer. The studies contained in this special issue have suggested
some promising approaches, which require and deserve further
validation in prospective studies.
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Adjusting CA19-9 values with
clinical stage and bilirubin to
better predict survival of
resectable pancreatic cancer
patients: 5-year-follow-up of a
single center

Zuowei Wu, Pengcheng Zhao, Zihe Wang, Xing Huang,
Chao Wu, Mao Li, Li Wang and Bole Tian*

Department of Pancreatic Surgery, West China Hospital, Sichuan University, Chengdu, China

Background: Pancreatic cancer mortality is growing every year, and radical
resection is the most essential therapy strategy. It is critical to evaluate the
long-term prognosis of individuals receiving radical surgery. CA19-9 is a
biomarker for patient recurrence and survival, however obstructive jaundice
has a significant impact on this index. Researchers have attempted to modify
the index using various modification methods, but the results have been
unsatisfactory. In this study, we adjusted CA19-9 values based on clinical
stage and bilirubin and found that it provided better prediction than CA19-9
alone in assessing patients.

Methods: We analyzed over 5 years follow-up records of patients who
underwent radical pancreatic cancer surgery between August 2009 and May
2017 in a single center. We investigated the association of risk factors with
overall survival (OS) as well as disease-free survival (DFS) after surgery.
Threshold values for high-risk features associated with poor prognosis in
resectable pancreatic cancer were determined. The hazard ratios of the
indicators were eventually examined under the stratification of patients’
clinical stages.

Results: A total of 202 patients were involved in the study. The optimum cut-off
values for CA19-9 and CA19-9/TB for predicting overall survival were 219.4 (p =
0.0075) and 18.8 (p = 0.0353), respectively. CA19-9>219.4 increased the risk of
patient mortality by 1.70 times (95% CI 1.217-2.377, p = 0.002), and tumor poor
differentiation raised the risk by 1.66 times (95% CI 1.083-2.553, P = 0.02).
Based on clinical stage stratification, we found discrepancies in the predictive
efficacy of CA19-9 and CA19-9/TB. CA19-9 was a better predictor in clinical
stage 1 (HR = 2.056[Cl 95%1.169-3.616], P = 0.012), whereas CA19-9/TB
indications were better in stages 2 (HR = 1.650[CI 95%1.023-2.662], P =
0.040) and 3 (HR = 3.989[CI95%1.145-13.896], P = 0.030).
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Conclusions: CA19-9, CEA, and tumor differentiation are predictors for
patients with resectable PDAC. CA19-9 values can be adjusted based on
clinical stage and bilirubin levels to better predict overall survival in patients
with resectable PDAC. CA19-9>219.4 predicted poor survival in individuals in
clinical stage 1, whereas CA19-9/TB>18.8 predicted poor survival for individuals

carcinoma, pancreatic ductal, pancreatectomy, prognosis, biomarkers, CA19-9

Wu et al.
in stages 2 and 3.
KEYWORDS
antigen, bilirubin
Introduction

The morbidity and mortality of pancreatic cancer are rising
quickly over the world (1). Non-surgical treatments for
pancreatic cancer are unsatisfactory (2). The only method to
achieve a radical cure is by surgical resection. Whether or not the
operation is performed influences the patient’s overall prognosis
and treatment strategy (3). Therefore, it is important to
investigate the prognostic indicators of pancreatic
cancer surgery.

Many studies have been undertaken in order to identify the
best serum biomarkers for predicting the prognosis of pancreatic
ductal adenocarcinoma (PDAC) patients. Previous research has
shown that carbohydrate antigen 19-9 (CA19-9) is a biomarker
for recurrence and survival (4). Bilirubin, on the other hand, has
an effect on the level of CA19-9. Under normal conditions,
bilirubin is generated from the hemoglobin of senescent
erythrocytes (5). Bilirubin levels rise dramatically when the
obstruction is caused by malignant disease. CA19-9 levels are
higher in hyperbilirubinemia patients, resulting in a lower
specificity of CA19-9 in predicting patients’ survival. This
interferes with the prognostic value of CA19-9 in individuals
with pancreatic cancer who have obstructive jaundice.
Researchers use a variety of adjustment formulae to optimize
the indicators to increase the prediction accuracy of CA19-9.
The clinical stage of the patient can indicate the size of the tumor
and may suggest the degree of biliary obstruction (4). In the light
of this hypothesis, we expect that adjusting CA19-9 values with
clinical staging and bilirubin provides a better accurate
prognostic expectation than CA19-9 alone.

In this study, we reviewed the patient data of our hospital
and investigated the correlation between indicators and the
overall survival (OS) as well as disease-free survival (DFS) of
patients in different clinical stages. It is favorable to the future
clinical application of these indicators in order to improve the
surgeon’s ability to predict PDAC patients prior to surgery. In
compliance with the STROBE reporting checklist, we provide
the following article (6).

Frontiers in Oncology

Materials and methods
Patients

Between August 2009 and May 2017, we analyzed the data of
PDAC patients who underwent radical surgical treatment at our
institution (West China Hospital of Sichuan University, Sichuan,
China). The hospital’s medical record system was used to collect
patient information, laboratory and pathological features for this
study. All patients did not get preoperative pretreatment but
received postoperative adjuvant chemotherapy (based on S1 or
gemcitabine). The patient’s latest follow-up was in April 2022.
The study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). This study was approved by the
Ethics Committee of West China Hospital of Sichuan
University, and written informed consent was obtained from
all patients before surgery.

Eligibility criteria: (I) patients with PDAC who underwent
radical surgical treatment between August, 2009 to May 2017; (II)
no restriction was imposed on age and gender; (III)
histopathological diagnosis of pancreatic ductal adenocarcinoma
with intact pathological samples.

Exclusion criteria: (I) metastasis was found at the initial
operation; (II) R2 resection; (IIT) data on clinical, laboratory
characteristics, treatments, outcomes and follow-up are not
available; (IV) died within 30 days; (V) lost to follow-up
within two years after operation.

The OS was defined as from the dates of surgery to the dates
of death. The DFS was calculated from the interval between the
dates of surgery and the first recurrence or metastasis. If there
was no recurrence or metastasis at the time of the patient’s death,
the DFS and OS dates were the same.

Risk factor analysis

We investigated the correlation between risk factors and the
prognosis of patients in different clinical stages. The potential
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indicators such as age, gender, pain, degree of tumor
differentiation, vascular invasion, nerve invasion, cutting edge
status, tumor site, CA19-9, Carcinoembryonic antigen (CEA),
total bilirubin (TB), CA19-9/TB, and clinical stage, etc. were
used to identify the univariate risk factors affecting resectable
PDAC patients’ OS and DFS, respectively. The eighth edition of
the American Joint Committee on Cancer (AJCC) guidelines for
pancreatic cancer is used to determine Tumor-Node-Metastasis
(TNM) and clinical stage of malignancies (7).

On the basis of univariate test, Cox survival regression
analysis was further carried out to find the risk factor and the
hazard ratio (HR). The analysis is based on the premise that the
Kaplan-Meier survival curve does not cross. We only
investigated variables that were statistically significant after
initial screening, on which HR values and P values were built.

Correlation analysis and linear
regression analysis

We performed Pearson correlation to examine the
relationship between CA19-9 and tumor pathological
parameters such as tumor maximum diameter, lymph node
metastases, tumor site, differentiation, vascular invasion, and
nerve invasion in order to improve the accuracy of CA19-9 in
predicting OS. In addition, a linear regression analysis was applied
to see if the indicators and CA19-9 have a linear correlation.

Statistical methods

Continuous variables were stratified using the X-tile software
(8) (version 3.6.1, Yale University, Connecticut, USA) to
determine ideal cut-off values according to the minimum P
values from log-rank, chi-square statistics, and convert into
classified variables. Univariate risk factors were performed by
Log-rank analyses. “Backward: Conditional” of Cox proportional
hazards model was used for multivariate analysis and the hazard
ratios were obtained. Pearson test and linear regression analysis is
used to analysis the correlation between continuous variables. The
Kaplan-Meier method was used to analyze survival duration.
These statistical analyses were performed using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY,
USA). A P value of < 0.05 was considered statistically significant.
All P values are derived from two-tailed tests.

Results
Patient characteristics

The study comprised 216 individuals who had radical
excision of pancreatic ductal adenocarcinoma between August
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11, 2009 and May 16, 2017. Ten patients with PDAC
oligometastasis concurrent resection were eliminated, four
patients with R2 resection verified by intraoperative and
postoperative pathology were excluded, and no patients died
within 30 days. As a result, 202 patients were included in the
research. Seven patients who lived for 24-60 months but were
unable to contact effectively in the most recent follow-up were
included in the research as the censored value. Table 1
summarizes the patients” characteristics.

Cut-off value of continuous variables

Using the X-tile program, continuous variables such as
CA19-9, CEA, TB, and CA19-9/TB were stratified (Figure 1).
OS was used as the dependent variable. Then, using the optimal
cut-off value, an accurate and vital survival analysis was
performed by subgroups for OS and DFS, respectively. The
analysis results revealed that the appropriate cut-off values for
CA19-9, CEA, TB and CA19-9/TB, were 219.4 (p = 0.008), 5.8
(p = 0.138), 200 (p = 1.000) and 18.8 (p = 0.035), respectively.
The survival curves showed that patients with higher CA19-9
and CA19-9/TB values had a shorter OS and DFS.

Risk factors analysis

The Kaplan-Meier analysis was carried out to screen the
univariate indicators affecting OS and DFS (Table 2). CA19-9
was found to be statistically significant in predicting OS in a
univariate survival analysis. The survival curves of the
indicators with statistically significant differences were
recorded in Figure 2. CA19-9>219.4 increased the risk of
death by 1.70 times (95% CI 1.217-2.377, P = 0.002) in the
Cox proportional hazards model, and Tumor low
differentiation increased the risk of death by 1.66 times (95%
CI 1.083-2.553, P = 0.02).

Correlation analysis between CA19-9
and tumor characteristics

CA19-9 has a correlation with both the maximum diameter
of the tumor (P = 0.022) and the positive lymph nodes (P =
0.033) according to linear regression analysis. There is no
multicollinearity between the two indicators (variance inflation
factor (VIF) = 1.000). The Dubin Watson (DW) test was used to
determine that the independent variables had no autocorrelation
(DW value = 1.804, Adjusted R2 value=0.038). Based on the
linear correlation between CA19-9 and tumor information, the
correction formula CA19-9 = 160.562+46.685*d+39.654*In (d =
tumor maximum diameter, In=lymph nodes metastases
number) was developed.
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TABLE 1 Patient characteristics and baseline information.

Characteristic Patients  [%] Clinical Stage Statistics
All I II II1 x> P
(N=202) (N=80) (N=100) (N=22)
Sex Male 120 [59.4] 47 [58.8] 64 [64.0] 9 [40.9] 4011  0.135
Female 82 [40.6] 33 [412] 36 [36.0] 13 [59.1]
Age, (range), year 60 (30-84) 59 (34-84) 62 (30-77) 56 [43-74]  4.873  0.087
Abdominal/back pain 121 [59.9] 51 [63.7] 57 [57.0] 13 [59.1] 0.850  0.654
Tumor site Head 143 [70.8] 56 [70.0] 71 [71.0] 16 [72.7] 0.066  0.967
Body & Tail 59 [29.2] 24 [30.0] 29 [29.0] 6 [27.3]
CA19-9 level, (IQR), U/ 187.4 (44.3- 139.0 (37.6- 256.1 (50.5- 203.2 (81.6- 5.640  0.060
mL 639.8) 498.3) 796.2) 1000.0)
CEA level, (IQR), ng/ 3.0 (1.8- 2.2 (1.6- 3.8 (2.1- 25 (1.5-5.8) 4.506  0.105
mL 52) 4.1) 5.8)
Total Bilirubin level, 21.8 (11.2- 215 (12.2- 243 (10.4- 17.3 (11.1- 1.300  0.522
(IQR), pmol/L 184.5) 1822) 183.7) 224.5)
Surgery Pancreaticoduodenectomy 135 [66.8] 55 [68.7] 67 [67.0] 13 [59.1] 6.282  0.392
Distal pancreatectomy 52 [25.7] 22 [27.5] 25 [25.0] 5 [22.7]
Total pancreatectomy 15 [7.4] 3 [3.8] 8 [8.0] 4 [18.2]
Cutting edge status RO 144 [713] 61 [76.3] 70 [70.0] 13 [59.1] 2642 0267
R1 58 [28.7] 19 [23.7] 30 [30.0] 9 [40.9]
T Maximum diameter of tumor, 3.5 (1.0- 3.0 (1.5-4) 43 (1.0- 4.0 [2.0-6.0] NA
(range), centimeter 8.5) 8.5)
1 16 [7.9] 12 [15.0] 4 [4.0] 0 [0.0]
2 109 [54.0] 68 [85.0] 35 [35.0] 6 [27.3]
3 62 [30.7] 61 [61.0] 1 [4.5]
4 15 [7.4] 15 [68.2]
N Node, (range), number 0 (0-8) 0 (0-0) 1 (0-3) 1 (0-8) NA
0 131 [64.9] 80 [100.0] 40 (40.0] 11 [50.0]
1 64 [31.7] 60 [60.0] 4 [18.2]
2 7 [3.5] 7 [31.8]
Vascular Invasion 98 [48.5] 10 [12.5] 74 [74.0] 14 [63.6]  24.390 <0.001
Nerve Invasion 112 [55.4] 36 [45.0] 62 [62.0] 14 [63.6] 5.870  0.053
Differentiation Low 151 [74.8] 57 [71.3] 81 [81.0] 13 [59.1] 5.447  0.066
Intermediate/High 51 [25.2] 23 [28.7] 19 [19.0] 9 [40.9]
Recurrence 37 [18.3] 14 [17.5] 19 [19.0] 4 [18.2] 0.067  0.967
Metastasis Abdominal 45 [22.3] 16 [20.0] 23 [23.0] 6 [273] 0587 0746
Chest 31 [15.3] 7 [8.8] 21 [21.0] 3 [13.6] 5189 0.075
Multiple 15 [7.4] 8 [10.0] 6 [6.0] 1 [45] 1332 0514
oS median (range) 31.5 (1-120) 40 (4-120) 24 (1-94) 20.5 (8-76) 8.168  0.017
1-year-survivor 166 [82.2] 71 [88.7] 75 [75.0] 20 [90.9]
3-year-survivor 119 [58.9] 56 [70.0] 52 [52.0] 11 [50.0]
5-year-survivor 58 [28.7] 31 [38.8] 22 [22.0] 5 [22.7]
DFS median (range) 19.0 (1-120) 26 (1-120) 17 (1-94) 11 (4-76) 7.293  0.026
1-year-survivor 129 [63.9] 58 [72.5] 61 [61.0] 10 [45.5]
3-year-survivor 73 [36.1] 36 [45.0] 31 [31.0] 6 [27.3]
5-year-survivor 53 [26.2] 30 [37.5] 18 [18.0] 5 [22.7]

0OS, Overall Survival; DFS, Disease Free Survival; CA19-9, Carbohydrate Antigen 19-9; CEA, Carcinoembryonic Antigen; IQR, interquartile range.
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FIGURE 1

X-tile software was used to obtain the cut-off values of continuous variables and to perform survival analysis: (A) CA19-9; (B) TB; (C) CA19-9/

TB; (D) CEA.

TABLE 2 Risk factors affecting survival.

Variables (O} DFS
Log-Rank P Cox(HR) 95%CI P Log-Rank P Cox(HR) 95%CI P

Age(>65) 1.079 0.299 1.178 0.278

Sex(Male) 2228 0.135 2.508 0.113

Pain 0.272 0.602 0.074 0.786

Differentiation(Low) 7.293 0.007 1.663 1.083-2.553 0.020 6.72 0.01 1.591 1.049-2.413 0.029
Vascular Invasion 0.042 0.838 0.038 0.846

Nerve Invasion 2.652 0.103 3411 0.065

RO 0.247 0.619 0.228 0.633

Site 2.238 0.135 4.328 0.037

CA19-9>2194 12.096 0.001 1.701 1.217-2.377 0.002 12.242 <0.001 1.696 1.215-2.365 0.002
CA19-9/TB>18.8 10.074 0.002 12.502 <0.001

CEA>5.8 5.421 0.02 3.763 0.052

TB>200 1.445 0.229 0.618 0.432

Clinical stage 8.168 0.017 7.293 0.026

OS, Overall Survival; DFS, Disease Free Survival; CA19-9, Carbohydrate Antigen 19-9; CEA, Carcinoembryonic Antigen; TB, Total Bilirubin.
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FIGURE 2

The survival curves (OS & DFS) of the indicators after primary screening: (A) Clinical stage; (B) Tumor site;

9; (F) CA19-9/TB.

Survival analysis with adjusted CA19-9

According to the findings, tumor stage has a significant
impact on patients’ overall survival. We divided patients into
three groups based on their clinical stage to reduce the
interference of tumor stage. The ability of CA19-9 and CA19-
9/TB to predict disease progression was then tested at different
stages. In clinical stage 1, the HR of CA19-9 was higher than
CA19-9/TB (HR=2.056 [CI 95% 1.169-3.616], P=0.012 vs
HR=1.513[CI 95% 0.802-2.856], P=0.201), while lower in stage
2 (HR=1.381[CI 95% 0.880-2.166], P=0.160 vs HR=1.650[CI
95% 1.023-2.662], P=0.040) and stage 3(HR=2.359[CI 95%
0.812-6.854], P=0.115 vs HR=3.989[CI 95% 1.145-
13.896], P=0.030).

Discussion

In this study, we first looked into the factors that affect OS
and DFS, and found that CA19-9, CEA, and low-differentiation
were mostly predictors for poor patient outcomes. Meanwhile,
using correlation analysis, we found that CA19-9 had a possible
linear association with tumor dimensions and the positive lymph
nodes. CA19-9 levels may be connected to tumor growth or
metastatic burden, according to this research. Despite the fact
that this linear association is modest, it gives us fresh ideas.
These two indications are, interestingly, closely tied to TNM
staging. We hypothesized that the patient’s TNM stage could be
effective in predicting the indicators’ predictive effect. We
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divided patients into groups based on their clinical stage based
on this idea. CA19-9 and CA19-9/TB were investigated for their
prognostic accuracy in range of clinical stages. CA19-9 was
found to have better predictive qualities for patients’ OS when
stratified by clinical stage and adjusted with TB. Briefly, we
found using CA19-9>219.4 in clinical stage 1 and CA19-9/
TB>18.8 in clinical stages 2 and 3 has a better effect on
dividing patients’ OS as well as DFS and indicates a worse
prognosis. More importantly, TNM staging is broadly assessable
from pre-operative radiographic indicators. It is helpful for
clinicians to make preoperative judgments on patient prognosis.

Pancreatic cancer has a dismal overall prognosis, however
patient response to treatment varies substantially. Surgical
operation is an important aspect of the patient’s treatment
process. Patients with resectable pancreatic cancer have a
significantly better prognosis than those with unresectable
cancer (9). There is no doubt that patient treatment could be
improved if clinicians could predict a patient’s long-term
prognosis prior to surgery rather than thereafter via pathology.
However, predicting a patient’s survival before surgery is
challenging. Using CA19-9 to predict the long-term prognosis
of resectable patients is a convenient and efficient method (10). It
also serves as a signal for recurrence surveillance and
chemotherapy sensitivity. However, CA19-9 is not specific
enough because of the interference of raised bilirubin due to
biliary obstruction (11). Previous investigators directly used
bilirubin-corrected CA19-9 without considering clinical
staging, which may be flawed (12). A bile duct obstruction, for
example, would be unusual in a patient with a tiny tumor. Using
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CA19-9/TB directly may lead to a lower predictive value and
diverge from the primary purpose in this situation.

Previously, researchers employed CA19-9 or CA19-9/TB as
an indication of prognosis or tumor malignancy in earlier. Others
have developed more complex compositions, such as CA19-9
+Bilirubin+CA19-9/(Bilirubin™') (4). To reduce the effect of
biliary blockage on CA19-9, Zhao et al. developed a correction
formula for CA19-9 following bile duct draining (13). Xu et al.
found that tumor volume influenced CA19-9, and that volume-
corrected CA19-9 may be employed as an independent risk factor
influencing PDAC prognosis (14). It is apparent that utilizing
more sophisticated formulas or adding more markers may
increase predictive accuracy, but whether this is beneficial for
clinical usage and popularization is debatable. We should find a
new balance between a simple rough calculation and a complex
precise one. We believe that using clinical staging to stratify
patients is reasonable in this situation. Preoperative radiography
can provide a rough estimate of clinical staging for patients with
resectable PDAC based on tumor diameter and lymph node
morphology in actual clinical practice, especially following the
8th revision of AJCC staging (15, 16). We believe that staging, in
addition to the serum index CA19-9, can incorporate more
preoperative information to improve patient prognosis prediction.

Other clinical and pathological variables, such as pain,
cutting edge status (RO vs. R1), vascular invasion, and nerve
invasion, were found to be of limited utility in assessing
prognosis in our study. Pain, as demonstrated by Xu et al,
cannot be used alone to predict PDAC (5). The two most
common causes of stomach and/or back pain produced by
pancreatic cancer are chronic pancreatitis and tumor invasion
of nerves. Due to a lack of pancreatitis symptoms, we simply
looked at the relationship between pain and nerve invasion,
however there was no statistical significance (P=0.566). Previous
research have been divided on the impact of RO/R1 resection on
patient prognosis, and there is conflicting evidence on whether
RI resection has a similar prognosis to RO resection (17).
Because this was a retrospective analysis with a long follow-up
period, we concentrated on the actual outcome of patients
following R1 resection who did not receive neoadjuvant
chemotherapy. The findings indicated that RO and Rl1
resection had little effect on patient prognosis. Datta et al.
explained that this may be a surrogate for biologic
aggressiveness that is unlikely to be mitigated by the extent of
surgical resection (18). We believe that more studies are needed
to verify the new outcomes in response to current neoadjuvant
therapies. In contrast, there was an association between the
lower differentiation and worse prognosis. Unfortunately, 74.8%
of patients had a low differentiated tumor pathology result. In
contrast, if a patient’s postoperative pathology is intermediate/
high differentiated, the patient has a considerably better survival
rate. Although CEA had predictive effect on OS in this study, it
was not as powerful as CA19-9 and was not predictive on DFS
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(19). Therefore, we did not incorporate further correction for
CEA. Also, we found an interesting result that patients with
pancreatic body or tail tumors had a shorter DFS and were more
likely to have disease recurrence but have similar OS. Erning’s
study also stated that pancreatic body tail cancer is more likely to
metastasize (20). However, Zheng et al. reviewed previous
research and found that pancreatic head cancer, particularly in
stage II, appears to have a significantly worse prognosis (21). It is
uncertain if this phenomena is caused by anatomy or molecular
biology. Further study is needed to elucidate the underlying
mechanisms for these disparities.

The limitation of this study is that it was a retrospective
study conducted at a single center. Since the cut-off value only
comes from the population in this study, the cut-off value mainly
shows the trend in the sample data. A bigger sample size is
required for an accurate cut-off value. The time span is long, and
the level of experience of surgeons varies. Patients were mostly
from 5 years ago, therefore current adjuvant and neoadjuvant
therapy were not used. In additional to this, we did not consider
CA19-9-Low&Lewis (+) pancreatic cancer patients, which may
have an uncertain impact on accuracy (22). Furthermore, we did
not distinguish the tumor site because the sample size would be
further lowered. Because the constraints listed above may cause
bias in the results, further data from other centers is required for
further validation of our findings.

Through this study, we found that CA19-9, CEA and tumor
low-differentiated are markers of a poor prognosis in resectable
PDAC patients. CA19-9 has a modest linear correlation with
tumor maximum diameter and positive lymph nodes. Following
clinical staging, we used CA19-9 to assess clinical stage 1 patients
and CA19-9/TB to assess stage 2,3 patients, respectively. CA19-
9>219.4 or CA19-9/TB>18.8 suggested a poor long-term
prognosis for patients.

Conclusions

CA19-9, CEA and tumor low-differentiated are predictors
that affect the prognosis of resectable PDAC patients. CA19-9
values adjusted with clinical stage and bilirubin could better
predict overall survival in patients with resectable PDAC. For
patients in clinical phase 1, CA19-9>219.4 indicates a worse
chance of survival. CA19-9/TB>18.8 predicts a worse OS in
patients in stages 2 and 3. This study will help clinicians
comprehend patients with high preoperative CA19-9 levels
and simply probability of patient survival.
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GREML1 is a novel serum
diagnostic marker and potential
therapeutic target for pancreatic
ductal adenocarcinoma

Sen Yang™, Yalu Zhang'?, Yuze Hua®', Ming Cui’,
Mengyi Wang*, Junyi Gao*, Qiaofei Liu* and Quan Liao™

‘Department of General Surgery, State Key Laboratory of Complex Severe and Rare Diseases,
Peking Union Medical College Hospital, Chinese Academy of Medical Science and Peking Union
Medical College, Beijing, China, 2Department of General Surgery, Anhui Provincial Hospital, The
First Affiliated Hospital of USTC, Division of Life Science and Medicine, University of Science and
Technology of China, Hefei, China

Objective: Pancreatic ductal adenocarcinoma (PDAC) is a highly malignant
neoplasm with rising incidence worldwide. Gremlin 1 (GREM1), a regulator of
bone morphogenetic protein (BMP) signaling, fine-tunes extensive biological
processes, including organ morphology, cellular metabolism, and multiple
pathological developments. The roles of GREM1 in PDAC remain unknown.

Methods: Varieties of public databases and online software were employed to
analyze the expressions at transcription and protein levels of GREM1 in multiple
malignant neoplasms including PDAC, and in addition, its potential pro-tumoral
functions in PDAC were further evaluated. A total of 340 serum samples of
pancreatic disease, including PDAC, low-grade malignant pancreatic neoplasm,
benign pancreatic neoplasm, pancreatitis, and 132 healthy controls, were
collected to detect GREM1. The roles of serum GREML1 in the diagnosis and
prediction of survival of PDAC after radical resection were also analyzed.

Results: Bioinformatics analyses revealed that GREM1 was overexpressed in
PDAC and predicted a poorer survival in PDAC. A higher protein level of GREM1
in PDAC correlated with stroma formation and immunosuppression by
recruiting varieties of immunosuppressive cells, including T regulatory cells
(Tregs), M2 macrophages, myeloid-derived suppressor cells (MDSCs), and
exhaustion T cells into the tumor microenvironment. A higher level of serum
GREM1 was observed in PDAC patients, compared to healthy control
(p < 0.001). Serum GREM1 had a good diagnostic value (area under the curve
(AUC) = 0.718, p < 0.001), and its combination with carbohydrate antigen 199
(CA199) achieved a better diagnostic efficacy (AUC = 0.914, p < 0.001),
compared to CA199 alone. The cutoff value was calculated by receiver
operating characteristic (ROC) analysis, and PDAC patients were divided into
two groups of low and high GREM1. Logistic analyses showed serum GREM1
positively correlated with tumor size (hazard ratio (HR) = 7.097, p = 0.032) and
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histopathological grades (HR = 2.898, p = 0.014). High-level serum GREM1
(1,117.8 pg/ml) showed a shorter postoperative survival (p = 0.0394).

Conclusion: Higher intra-tumoral expression of GREM1in PDAC contributes to
tumor stroma and immunosuppressive tumor microenvironment, presenting
its therapeutic potential. High-level serum GREML1 predicts poorer survival after
resection. A combination of serum CA199 and GREM1 shows a stronger
diagnostic efficacy in PDAC.

KEYWORDS

gremlin 1 (GREM1), pancreatic adenocarcinoma (PDAC), tumor microenvironment,

diagnosis, marker

Introduction

Pancreatic cancer, mainly referred to as pancreatic ductal
adenocarcinoma (PDAC), is the fourth leading fatal neoplasm,
with a deteriorating tendency in the next decade (1). The relatively
low incidence is coupled with disproportionately high mortality,
with an average annual incidence rate of 12.5 per 100,000
population in the United States but with a 5-year survival rate of
approximately 10% (2). Surgical therapy is currently the only
curable approach. However, most patients with PDAC are
diagnosed with advanced stage, due to the predicament of early
diagnosis, and most patients relapse after surgical treatment (3).
Furthermore, the median survival of patients with metastatic
disease is only 3 months (4, 5). PDAC is featured as the
conspicuous chronic inflammation, where massive inflammatory
signaling cascade and abundant immune cells occur. Chaos in
external environmental signals is comprehensively advantageous to
tumor cell survival and proliferation (1). Furthermore, the
inactivation of antitumor immunity and prevalence of pro-tumor
immunity symbolize the pancreatic tumor microenvironment,
leaving PDAC as one of the refractory malignant diseases (6). All
in all, early diagnosis and effective therapeutic methods are urgently
needed in clinical practice. The most commonly used serum
marker to diagnose PDAC is carbohydrate antigen 199 (CA199).
However, nearly 30% of the PDAC patients have a normal level
of CA199; in addition, in the early stage of PDAC, the positive
rate of CA199 was even lower; therefore, novel markers that
could improve the diagnostic roles of CA199 are urgently
needed (7).

The bone morphogenetic protein (BMP) was firstly reported
by Marshall Urist in 1965, which is a demineralized bone
matrix with significant osteoinductive activity (8). As the
accumulation of research advances, the formidable signaling
has revealed its participation beyond osteogenesis and bone
remodeling, in multiple biological processes such as embryonic
development, angiogenesis, iron metabolism, inflammation, and
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sexual reproduction (9). BMPs belong to the transforming
growth factor B (TGF-B) family, delivering signals via type I
and type II serine-threonine kinase receptors and intracellular
downstream effectors. Furthermore, BMP signals are fine-tuned
by various agonists and antagonists (10). GREMI, as an
antagonist, is predominantly expressed in stromal cells and
encodes the generation of the secreted glycosylated
protein to combine with BMP-2, BMP-4, and BMP-7 to
typically form homo- and heterodimers, binding to selective
BMPs to prevent ligand-receptor interactions and subsequent
downstream signaling (11). Several studies have reported
the overexpression of GREM1 by cancer-related stromal cells,
promoting tumor cell proliferation, which suggests that GREM1
is responsible for the specialized tumor microenvironment
(12). GREM1 enhances the TGF-B-mediated epithelial-to-
mesenchymal transition (EMT) as the result of BMP
maintaining epithelial integrity by antagonizing TGEF-.
Moreover, GREM1 production by cancer-associated fibroblasts
(CAFs) expedited the fibrogenic activation and facilitated breast
cancer cell intravasation and extravasation in co-injection
xenograft zebrafish models (13).

As far as we know, the roles of GREM1 in PDAC remain
unknown. Considering its regulatory roles in tumor stroma and
inflammatory cells, in this study, the different expression levels
at transcription and protein levels and potential pro-tumoral
roles were evaluated by using varieties of online public databases.
Further, the diagnostic and predictive roles of serum GREM1
were analyzed by using a large cohort of patients.

Materials and methods
Ethics statement

The study was approved by the Ethics Committee of Peking
Union Medical College Hospital. All patients enrolled in our
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study provided written informed consent for the scientific
research use of the samples.

Patients and serum samples

Serum from 340 patients and 132 healthy controls (HCs)
were collected from the Clinical Biobank of Medical Science
Research Center of Peking Union Medical College Hospital,
including 128 cases of PDAC, 39 cases of intraductal papillary
mucinous neoplasm (IPMN), 47 cases of pancreatic solid
pseudopapillary neoplasm (SPN), 54 cases of pancreatic
neuroendocrine tumor (pNET), 31 cases of serous
cystadenoma (SCN), 26 cases of mucinous cystadenoma
(MCN), and 15 cases of chronic pancreatitis (CP) and
pancreatic pseudocyst (PPC). The characteristics of patients
are summarized in Table 1. A total of 117 patients receiving
radical resection operations, from September 2013 to December
2017, were conducted in a follow-up cohort, with the end time
up to 19 November 2019, and ultimately 82 patients acquired the
survival status and overall time. The male-to-female ratio was
72:56. The age of the patients ranges from 36 to 79 years with a
mean age of 61.0 + 9.1 years old and a median age of 62 years. Of
the 82 cases, 52 patients died, and 30 were alive to the end time
of follow-up. The median survival time of follow-up was 512
days. The diagnosis and staging were based on the 8th edition of
the American Joint Committee on Cancer (AJCC). Inclusion
criteria were as follows: 1) older than 18 years, 2) pathologically
diagnosed with PDAC, and 3) receiving radical operation.

TABLE 1 Basic characteristics of 340 patients with pancreatic diseases.

10.3389/fonc.2022.968610

Exclusion criteria were as follows: 1) pathological specimens
could not be obtained and 2) refused follow-up.

Detection of serum GREM1 levels

Serum samples from 340 patients and 132 healthy people
were collected and underwent enzyme-linked immunosorbent
assay (ELISA). Serum GREMI1 levels were quantitatively
detected using a GREM1 ELISA Kit (MM-60567H1, Meimian,
Jiangsu, China), according to the manufacturer’s protocol.

Gene expression profiling
interactive analysis

Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn/) is an online web tool that explores
cancer and normal gene expression profiling and interactive
analyses based on The Cancer Genome Atlas (TCGA) and
Genotype-Tissue Expression (GTEx) databases (14). With the
use of the GEPIA database, the gene expression profile of GREM1
was analyzed across 33 tumor samples and paired with normal
tissues by the module ‘Expression DIY’, selecting ANOVA as the
differential method. The prognostic values, overall survival (OS),
and disease-free survival (DFS) of GREM1 were analyzed by using
the function module ‘Survival Plot’ in several tumor types, and the
‘Median” was arranged as the ‘Group Cutoff. The correlation
function was used to predict the influence of the GREMI

PDAC IPMN SPN pNET SCN MCN CP+PPC

Total number 128 39 47 54 31 26 15
Age (years) 61.0 £ 9.1 59.3 £ 10.6 31.6 £10.4 50.1 +11.1 54.5 + 13.1 475+ 134 51.9 £ 152
Gender

Male 56 (43.8%) 16 (41%) 35 (74.5%) 32 (59.3%) 25 (80.6%) 23 (88.5%) 3 (20%)

Female 72 (56.2%) 23 (59%) 12 (25.5%) 22 (40.7%) 6 (19.4%) 3 (11.5%) 12 (80%)
Surgery

TPS 3 (2.3%) 6 (15.4%) 0 (0) 1 (1.9%) 0 (0) 0 (0) 0 (0)

PD 62 (48.4%) 14 (35.9%) 5 (10.6%) 6 (11.1%) 7 (22.6%) 2 (7.7%) 4 (26.7%)

PPPD 6 (4.7%) 6 (15.4%) 0 (0) 4 (7.4%) 3 (9.7%) 0 (0) 1 (6.7%)

DP 2 (1.6%) 3 (7.7%) 14 (29.8%) 5(9.3%) 7 (22.6%) 9 (34.6%) 1 (6.7%)

DPS 41 (32%) 6 (15.4%) 13 (27.7%) 17 (31.5%) 6 (19.4%) 13 (50%) 3 (20%)

LR 1 (0.8%) 2 (5.1%) 15 (31.9%) 21 (38.9%) 8 (25.8%) 2 (7.7%) 6 (40%)
Biopsy 13 (10.2%) 2 (5.1%) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Tumor location

Head and neck 86 (67.2%) 29 (74.4%) 22 (46.8%) 29 (53.7%) 19 (61.3%) 5 (19.2%) 9 (60%)

Body and tail 42 (32.8%) 10 (25.6%) 25 (53.2%) 25 (46.3%) 12 (38.7%) 21 (80.8%) 6 (40%)

Neoadjuvant chemotherapy 2 (1.6%)) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

PDAC, pancreatic ductal adenocarcinoma; IPMN, intraductal papillary mucinous neoplasm; SPN, solid pseudopapillary neoplasm; pNET, pancreatic neuroendocrine tumor; SCN, serous
cystadenoma; MCN, mucinous cystadenoma; CP, chronic pancreatitis; PPC, pancreatic pseudocyst; TPS, Total pancreatectomy and splenectomy; PD, Pancreaticoduodenectomy; PPPD,

Pylorus-preserving pancreaticoduodenectomy; DP, Distal pancreatectomy; DPS, Distal pancreatectomy and slenectomy; LR, Local rescetion.
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expression on the genes of the T-cell exhaustion state, selecting the
‘Spearman’ as the ‘correlation coefficient’.

Oncomine

Oncomine (https://www.oncomine.org/) is a gene chip-based
database that contains substantial tumor microarray datasets (15).
The log2-transformed form was utilized to represent the
transcriptional levels of GREMI, and the inclusion criteria were
designed as the ‘Fold change > 2’ and ‘p-value < 0.05’.

The human protein atlas

The Human Protein Atlas (HPA) database (https://www.
proteinatlas.org/) is an interactive data-mining platform,
integrating substantial distribution information of human
protein from more than 20 kinds of cancer at the cellular and
histopathological levels. The immunohistochemical (IHC)
staining images of GREM1 in normal pancreas tissue and
PDAGC, the protein expression, and the survival plot were all
collected from the HPA database.

Kaplan-Meier plotter

Kaplan-Meier plotter (http://kmplot.com/) is a potent public
online database for survival analysis of 21 tumor types in the
basement of substantial RNA-seq and next-generation
sequencing. The OS of GREM1 under the different conditions
of immune cell infiltration was evaluated by the Kaplan-Meier
plotter database. Hazard ratio (HR) and 95% confidence interval
(CI) were calculated automatically according to ‘Auto select
best cutoff’.

LinkedOmics

LinkedOmics (http://www.linkedomics.org/) is an available
web portal for users to analyze multi-omics data on the basement
of 32 cancer types (16). Functional enrichment and prediction of
GREM1 were performed using gene ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway analysis
from the database, containing biological process (BP), cellular
component (CC), and molecular function (MF).

GeneMANIA

GeneMANIA (http://www.genemania.org) is a potent and
convenient website tool to predict gene function, analyze gene
lists, and perform functional assays (17). We used this tool to

Frontiers in Oncology

18

10.3389/fonc.2022.968610

manufacture the gene-gene interaction network of GREM1 and
the top 20 correlated genes.

STRING

STRING (https://www.string-db.org/) is a useful database
predicting protein-protein interactions by physical and
functional association. A protein-protein interaction (PPI)
network of GREM1 was implemented to scan correlated genes
for GREM1 function prediction.

TISIDB

TISIDB (http://cis.hku.hk/TISIDB/index.php) is a public
portal for tumor and immune system interaction, as well as
the integration of numerous heterogeneous data types (18).
Detailed analysis of immune infiltration of GREM1 in PDAC
was performed using analyzing high-throughput data in
the database.

Tumor immune estimation resource

Tumor Immune Estimation Resource (TIMER) (https://
cistrome.shinyapps.io/timer/) is a user-friendly web server for
systematic and comprehensive analysis of immune infiltration
across various tumor types via inputting function-specific
parameters (19). The immune infiltration of GREM1 in PDAC
tissues was estimated using the TIMER database (Spearman’s
correlation) in their different conditions (None, Tumor Purity,
and Age).

Statistical analysis

Statistical analysis and graphs were performed and plotted
by SPSS v.25.0 (IBM Corp., Armonk, NY, USA) and GraphPad
Prism 6.0 (La Jolla, CA, USA). Receiver operating characteristic
(ROC) curves were conducted, and area under the curve (AUC),
sensitivity, and specificity were calculated to compare the
diagnostic value of GREM1 and other markers. Based on
the ROC results, the cutoff of GREM1 was obtained to achieve
the division of the low- and high-GREM1 groups. Meanwhile,
different cutoff values were calculated by the X-tile program to
explore the overall survival of the low- and high-GREM1 groups.
Logistic regression analysis by SPSS software and Kaplan-Meier
analysis by GraphPad Prism were performed in the two groups.
Comparisons between two groups were conducted using a two-
tailed Student’s t-test. For comparisons of three or more groups,
the one-way ANOVA with post-hoc Dunnett’s test or Tukey’s
test was utilized. Continuous data were presented as the mean +
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SD and analyzed using Student’s t-tests. Statistical significance
was indicated as a p-value <0.05.

Results

Aberrant transcriptional levels of GREM1
in human cancers

We initially analyzed the mRNA expression of GREMI in
human cancers using the database GEPIA. Its elevation in
transcriptional level could be observed in multiple cancers,
incorporating breast invasive carcinoma (BRCA), cholangial
carcinoma (CHOL), lymphoid neoplasm diffuse large B-cell
lymphoma (DLBC), lung adenocarcinoma (LUAD),
glioblastoma multiforme (GBM), pancreatic ductal
adenocarcinoma (PDAC), rectum adenocarcinoma (READ),
thymoma (THYM), and stomach adenocarcinoma (STAD),
whereas there were negative expressions in some neoplasms,
including kidney renal clear cell carcinoma (KIRC),
adrenocortical carcinoma (ACC), skin cutaneous melanoma
(SKCM), and kidney chromophobe (KICH), compared with
the corresponding normal tissues (Figures 1A-C). Notably,
higher expression of GREM1 in PDAC tissues was
reconfirmed in the Oncomine database (Figure 2A), and four
patient cohort studies revealed its upregulation in PDAC
(Figures 2B-E). Thus, the above results showed the differential
expression of GREM1 between normal tissue and tumor,
suggestive of an important regulatory role in tumor progression.

GREM1 gene expression negatively
correlated with poor prognosis in
various cancer

By analyses of the GEPIA database, the upregulation of
GREMI gene expression in human cancers was of vital
significance in the prognosis of multiple cancers. The analysis
from the GEPIA database presented the poor OS in multiple
tumors as the high expression of GREMI gene, such as the ACC,
KIRC, lung squamous cell carcinoma (LUSC), PDAC, and uveal
melanoma (UVM) (Figure 3A). Among these solid tumors, the
difference in DFS was only PDAC (Figure 3B), predicting that
the upregulation of GREM1 contributed to high relapse
probability following treatment. These results manifested the
potent capacity of GREMI1 to forecast the prognosis of PDAC.

Translational levels of GREM1 in
pancreatic ductal adenocarcinoma

GREMI1 protein was investigated in PDAC by IHC
staining, and the results found that GREMI at the protein
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level was elevated in tumor tissues in contrast with normal
pancreatic tissues (Figure 4A). From the results of IHC,
GREMI1 protein concentrated in interstitial space and
executed its function in an exocellular environment. The
protein level of GREM1 in PDAC was also higher than in the
normal pancreas from the analyses of TCGA data (Figure 4B).
According to the HPA database, GREM1 protein was reckoned
as a type of secreted protein to exocellular stroma (Figure 4C),
implicating that this message molecule might be involved in
the signaling transmission and intercellular communication.
Survival analysis revealed that patients with high-level GREM1
protein had shorter survival (Figure 4D). The results
illuminated that GREM1 was overexpressed in PDAC and
might promote PDAC progression.

The pro-tumoral role of GREM1
correlated with stroma formation

The gene-gene interaction network for GREMI in
GeneMANIA exhibited 20 related functional genes, including
KDR, GREM2, and BMP2 (Figure 5A). These molecules have
been proved by previous studies as pro-tumoral factors in tumor
progression (20). A PPI network of GREM1 through STRING
analysis demonstrated the intimate relationship between
GREM1 and BMP family, and its regulation could be
implemented via a BMP-related pathway (Figure 5B). The
results indicated that the function of GREMI1 was linked to
stroma formation, suggesting a significant role in tumor
microenvironment constitution. The top 50 genes positively
and negatively related to GREM1 in PDAC are shown in
heatmaps (Figures 5C, D) (positively and negatively correlated
gene lists are provided in Supplementary Table 1). Then, the top
200 genes positively related to GREM1 were used for GO and
KEGG methods to predict the correlated signaling pathways and
diverse biological functions (the top 200 positively correlated
gene lists are provided in Supplementary Table 2; Figures 5E, F).
The top 10 significant terms of BP, MF, and CC analytic results
were obtained by the David database (Figure 5E). These data
illustrated that GREM1 mainly acted in an exocellular
environment and worked from cell to cell. In terms of BP, its
function was associated with extracellular matrix organization,
cell adhesion, and collagen catabolic. In terms of CC, the most
correlated significant functions were extracellular matrix,
proteinaceous extracellular matrix, and extracellular region. In
terms of BP, its related functions were extracellular matrix
structural constituent, collagen binding, and integrin binding.
They all pointed to the regulation of exocellular matrix and were
possibly engaged in exocellular signaling pathway transmission
and integrate modulation of tumor external environment. These
results revealed that GREM1 participated in exocellular
environment constitution and it might play an important
and extensive role in multiple biological effects, which was of
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FIGURE 1

lymphoid neoplasm diffuse large B-cell lymphoma (DLBC),

Gene expression differences of GREM1 were analyzed using the GEPIA database based on TCGA and GTEx databases. (A) Expression profile of
GREML1 expression in 31 tumor types. (B) Higher expression of GREM1 in breast invasive carcinoma (BRCA), cholangial carcinoma (CHOL),

lung adenocarcinoma (LUAD), glioblastoma multiforme (GBM), pancreatic ductal
adenocarcinoma (PDAC, equal to PAAD used by bioinformatics databases), rectum adenocarcinoma (READ), thymoma (THYM), and stomach
adenocarcinoma (STAD). (C) Lower expression of GREM1 in kidney renal clear cell carcinoma (KIRC), adrenocortical carcinoma (ACC), skin
cutaneous melanoma (SKCM), and kidney chromophobe (KICH). GEPIA, Gene Expression Profiling Interactive Analysis; TCGA, The Cancer
Genome Atlas; GTEx, Genotype-Tissue Expression. * means p-value < 0.05.
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Overexpression of GREM1 in PDAC based on Oncomine database. (A) Different expression of GREM1 in multiple tumors (fold change > 2, p-
value < 0.05). (B=E) The increase of GREM1 mRNA in four studies. PDAC, pancreatic ductal adenocarcinoma.

great potential in the integrated modulation of the
tumor microenvironment.

Immune modulation roles of GREML1 in
pancreatic ductal adenocarcinoma

Immune cell infiltration in the tumor microenvironment of
PDAC is exhibited in Figure 6A, showing the complicated
alterations of immune components in PDAC. We observed
that the immunosuppressive cells were enhanced by GREM1
expression, including T regulatory cells (Tregs), macrophages,
myeloid-derived suppressor cells (MDSCs), CD4" T cells, and
Th2 cells (Figure 6B), in agreement with previous studies that
reported that these cells were positively correlated with
immunosuppression (21, 22). NK, NKT, and DC were
positively related to GREMI expression (Figure 6B), associated
with tumor cell killing, but a recent study revealed the functional
silence in the tumor microenvironment of PDAC and thus
facilitated tumor progression. Therefore, the specific roles of
these cells needed more investigation. Interestingly, methylation
of GREM1 (GREM1 downregulation) induced the opposite
results in these cells in Figures 6B, D, implying that low
methylation of GREM1 might trigger immune cell infiltration.
We further explored the infiltration of immune cells with the

Frontiers in Oncology

21

prognosis of PDAC. From the subgroup analysis of Figures 7A,
B, the pro-tumor role of GREM1 could be embodied in CD8+
memory T cell, Treg, and Th2 cell enriched groups, and B cell,
CD4+ memory T cell, macrophage, Treg, and Thl decreased
groups, which illustrated the prognostic prediction of GREM1 in
such immune cells increased or decreased infiltration conditions.
The correlation between GREM1 expression and a variety of T-
cell subtypes was proved by the TIMER database (Table 2). T-
cell exhaustion was detected in the tumor microenvironment of
PDAC with GREM1 expression (Figure 8). A series of markers
symbolized T-cell exhaustion, such as CTLA4, PD-1, PD-L1
(CD244), LAG3, TIM3(HAVCR2), BTLA, 2B4(CD244), and
TIGIT, were positively associated with GREM1 expression.
These results demonstrated that GREM1 had potent immune
modulation in PDAC and promoted tumor progression by
sustaining immunosuppression.

Clinical significance of serum GREML1 in
pancreatic ductal adenocarcinoma
diagnosis and prognosis

Serum GREMI levels in PDAC and other pancreatic

neoplasms were obtained at varying degrees of elevation,
compared to the HC group (Figure 9A, p < 0.05). We could
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FIGURE 3

Survival analysis of GREM1 in multiple tumors was performed by Kaplan-Meier plotter. (A) OS in five tumors including PDAC. (B) DFS in five tumors including PDAC. OS, overall survival; PDAC,
pancreatic ductal adenocarcinoma; DFS, disease-free survival
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Protein level difference of GREM1 in PDAC based on HPA database. (A) Immunohistochemical staining of GREM1 in normal pancreas tissues
and PDAC. (B) The difference in GREM1 mRNA transcription between normal pancreas tissues of 248 patient samples and PDAC of 176
patient samples from TCGA database. (C) GREML is secreted into the exocellular matrix. (D) Survival probability of PDAC patients with
GREML1 overexpression (p = 0.011). PDAC, pancreatic ductal adenocarcinoma; HPA, Human Protein Atlas; TCGA, The Cancer Genome Atlas.

****% means p-value < 0.0001.

not observe the significant difference between PDAC and other
tumors. Accordingly, 128 cases of PDAC serum stepped into
further investigation. Serum GREM1 of 260 PDAC patients
underwent the ROC analysis, and the results showed its
excellent diagnostic value, with an AUC of 0.718 (Figure 9B,
p < 0.001). Based on the ROC result, the cutoff value was
calculated as equal to 945.17 pg/ml. The combinative effect of
serum GREM1 and CA199 was also equally evaluated, which
presents the higher diagnostic value of CA199 allied with serum
GREM1 (Figure 9C, p < 0.001).

PDAC patients were divided into the low-GREM1 (n = 72)
and high-GREM1 (n =
Subsequently, several associated factors were analyzed by

56) groups by the cutoff value.

logistic regression (Table 3). Age, sex, smoking, drinking,
hypertension, tumor locations, distant metastasis, and tumor
stages did not exhibit a significant correlation with the two
GREM1 groups. Diabetes was a negatively correlated factor
(Table 3, p = 0.034). GREM1 was probably related to tumor
growth, resulting from the positive correlation with tumor size
(HR = 7.097, p = 0.032) and histopathological grades (HR =
2.898, p = 0.014). However, it was negatively paralleled with
lymph node metastasis (HR = 0.149, p = 0.036). It suggested that
GREMI promoting stromal construction may contribute to the
blockade of matrix degeneration and indicated its crucial role in
tumor growth from another aspect. In addition, a survival
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analysis of 82 PDAC patients with radical resection surgery by
the Kaplan-Meier method was performed to acquire exploration
on the relationship between serum GREMI1 and postoperative
survival (Figure 9D, p = 0.48). The mean survival time of the
low-GREM1 group was 877.0 days (831.5, 1,348.3), while that of
the high-GREM1 group was 554.0 (30.0, 1,078.0) days (p = 0.48).
Additionally, the X-tile program was used to explore the optimal
cutoff value of overall survival time. As the cutoff value was equal
to 1,117.8 pg/ml, the overall survival of the high-GREM1 group
(n = 6) was significantly shorter than that of the low-GREM1
group (n = 76) (Figure 9E, p = 0.0394). Since sample capacity in
our cohort was limited, its prognostic efficiency in PDAC
patients was restricted. However, it proved the possibility of
GREM1 predicting PDAC prognosis on the condition of
enlarging patient volumes. Taken together, these results
illustrated that serum GREM1 was a risk factor for PDAC and
that its level in serum was an excellent potential marker for
diagnosis of PDAC and a potential predictor for prognosis.

Discussion

GREMI, a pleiotropic regulator shuttling in fine-tuning
BMP, takes charge of tissue development and organ
morphology (9, 20). Researchers have focused on bone
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Related gene analysis of GREM1 and pathway function prediction in PDAC. (A) The gene—gene interaction network of GREM1 was constructed
using GeneMANIA. (B) The PPI network of GREM1 was generated using STRING. (C, D) A heatmap shows the correlations between positively
and negatively related significant genes in PDAC by LinkedOmics (Spearman’s correlation). (E) GO and (F) KEGG analyses for GREM1. PDAC,
pancreatic ductal adenocarcinoma; PPI, protein—protein interaction; GO, gene ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.
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FIGURE 7

Survival analysis of immune cell infiltration in GREM1 high-expressed or low-expressed patients. (A) Forest plot for the total analytic data. (B)
Survival analysis concerning GREM1 expression and immune cell infiltrations.
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TABLE 2 Correlation analysis between GREM1 and gene markers of different subgroups of T cells in PDAC by TIMER analysis.

Different groups Gene markers None Tumor purity Age
Cor P Cor p Cor P
Th1 TBX21 0.238 b 0.203 b 0.238 b
STAT4 0.196 o 0.197 o 0.185 *
STAT1 0.434 b 0.395 b 0.432 b
TNF 0.260 o 0.229 o 0.254 oo
IFNG 0.330 o 0.301 o 0.336 b
Th1-like HAVCR2 0.475 b 0.431 b 0.471 b
IFNG 0.330 o 0.301 o 0.336 b
CXCR3 0.249 b 0.208 b 0.250 b
BHLHE40 0.163 * 0.140 0.067 0.157 *
CD4 0.414 b 0.364 b 0.409 e
Th2 STAT6 0.142 0.057 0.124 0.107 0.138 0.066
STATS5A 0.337 b 0.305 b 0.335 ok
Treg FOXP3 0.436 e 0.395 b 0.431 o
CCR8 0.481 b 0.443 b 0.477 e
TGFB1 0.377 o 0.346 b 0.371 o
Resting Treg FOXP3 0.436 o 0.395 b 0.431 ok
IL2RA 0.489 o 0.449 o 0.484 b
Effector Treg T cell FOXP3 0.436 ok 0.395 il 0.431 e
CCR8 0.481 e 0.443 e 0.477 e
TNFRSF9 0.512 b 0.479 b 0.508 o
Effector T cell CX3CR1 0.042 0.6 -0.005 0.949 0.036 0.632
FGFBP2 0.282 o 0.285 o 0.286 e
FCGR3A 0.535 o 0.506 o 0.536 o
Naive T cell CCR7 0.249 oex 0.202 ok 0.241 o
SELL 0.260 b 0.204 e 0.256 b
Effector memory T cell DUSP4 0.070 0.353 0.073 0.4 0.070 0.357
GZMK 0.252 b 0.207 e 0.249 b
GZMA 0.275 b 0.247 b 0.275 o
Resident memory T cell CD69 0.356 o 0.314 e 0.350 o
CXCR6 0.414 R 0.366 oex 0.409 o
MYADM 0.519 e 0.496 e 0.514 b
General memory T cell CCR7 0.249 o 0.202 oex 0.241 o
SELL 0.260 b 0.204 b 0.256 b
IL7R 0.503 o 0.466 o 0.498 o
Exhaustion T cell HAVCR2 0.475 b 0.431 b 0.471 b
LAG3 0.305 o0k 0.277 o 0.306 bl
CXCL13 0.276 o 0.230 b 0.273 b
LAYN 0.735 b 0.717 b 0.733 b

Values are corrected by Tumor purity and Age.

PDAC, pancreatic ductal adenocarcinoma; TIMER, Tumor Immune Estimation Resource.

*p < 0.05, *p < 0.01, **p < 0.001.

development, in recent years, and have witnessed the miraculous
manipulation of tumor progression (13, 23). Consistent with our
analytic data, elevations of GREM1 expression were visible in
numerous solid tumors, such as lung cancer, kidney cancer, and
gastric cancer. PDAC secured the augmentation of GREMI1
expression to perform its all-around tumor promotion. As
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shown in our survival analysis, high expression of GREM1 in
some tumors obtained the consequence of shorter OS and DFS.
Additionally, we detected serum GREM1 level to uncover its
excellent diagnostic and predictive potential for PDAC patients.

Previous studies have reported that GREM1 enhanced the
proliferation, invasiveness, and metastasis of tumors through
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FIGURE 8
The positive relationship between GREM1 expression and several surface markers concerning T-cell exhaustion (BTLA, CD244, CD274, TIGIT,
CTLA4, HAVCR2, LAG3, and PDCD1).
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FIGURE 9

Diagnosis and prognosis analysis of serum GREM1 to explore clinical significance. (A) GREML1 levels in patient serum with different types of
pancreatic neoplasms were detected and were all elevated, compared to the healthy control group (HCs, n = 132); these serum samples
included pancreatic ductal adenocarcinoma (PDAC; n = 128), intraductal papillary mucinous neoplasm (IPMN; n = 39), pancreatic solid
pseudopapillary neoplasm (SPN; n = 47), pancreatic neuroendocrine tumor (pNET; n = 54), serous cystadenoma (SCN; n = 31), mucinous
cystadenoma (MCN; n = 26), chronic pancreatitis (CP; n = 11), pancreatic pseudocyst (PPC; n = 4), and healthy control (HCs; n = 132). (B) ROC
analysis was performed for GREM1 in 260 cases of PDAC patients (AUC = 0.718, p < 0.001), and the cutoff value was calculated to be 945.17. (C)
ROC analysis for GREM1, CA199, and their combinative diagnostic effect (combination value = GREM1 + CA199 * 0.44/0.09, 0.44, and 0.99 are
the coefficient factors from logistic regression equation, AUC = 0.914 p < 0.001). (D) Survival curves from Kaplan—Meier analysis to compare the
low- and high-GREM1 (p = 0.48). (E) Kaplan—Meier curve for overall survival of PDAC patients based on an optimal cutoff value calculated by X-
tile program; OS of high-GREM1 group (n = 6) was significantly poorer than that of the low-GREM1 group (n = 76), p = 0.0394. ROC, receiver
operating characteristic; AUC, area under the curve; CA199, carbohydrate antigen 199; OS, overall survival.#***p < 0.001, ****p < 0.0001.
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TABLE 3 Logistics analysis of GREM1 and correlated factors.

10.3389/fonc.2022.968610

Items Coefficient p-Value OR 95%CI

Lower limitation Upper limitation
Age 0.127 0.722 1.135 0.565 2.284
(<62/262)
Sex -0.193 0.590 0.824 0.408 1.666
(male/female)
Smoking —-0.281 0.542 0.755 0.306 1.861
(yes/no)
Drinking 0.138 0.753 1.147 0.488 2.699
(yes/no)
Hypertension 0.177 0.639 1.193 0.570 2.498
(yes/no)
Diabetes -0.811 0.034* 0.444 0.210 0.942
(yes/no)
Tumor size 1.960 0.032* 7.097 1.188 42.406
(T1/T2/T3)
Tumor location 0.745 0.058 2.107 0.975 4.552
(head and neck/body and tail)
Histopathological grades 1.064 0.014* 2.898 1.236 6.798
(Grades 1-2/Grades 3-4)
Lymph node metastasis -1.906 0.036* 0.149 0.025 0.885
(NO/N1/N2)
Distant metastasis -0.017 0.987 0.984 0.129 7.474
(MO/M1)
Tumor stage 19.871 1 - - -

(1A-2A/2B-4)

*p < 0.05, means statistical significance.

VEGFR2 and BMP-related pathways (20, 24). In GREM1-
silencing cells, p53 phosphorylation and expression of its
target gene p21 are enhanced to reduce cell survival via
programmed death (25). Angiogenesis is regulated by GREM1
to elevate the microvessel density in pancreatic neuroendocrine
tumors (24). From the results of HPA, GREMI protein was
predicted to be secreted to the exocellular matrix by the way of
exocytosis. The environmental abundance of GREM1 increased
in PDAC tissues more than in healthy pancreas tissues, which
often predicted a worse prognosis, in agreement with our
multiple survival analyses and the confirmation of our follow-
up cohort study. Pathway prediction analyses offered the
complicated interaction network formed by the downstream
signaling pathways targeted. A significant role in extracellular
matrix (ECM)-receptor interaction decides the stroma
construction in tumor cells. A recent study has proposed the
manipulation of MMP generation via activating signal
transducer and activator of transcription 3 (STAT3) to
catalyze the matrix degeneration and cellular disconnection,
thus facilitating the metastasis of tumor cells (26).
Desmoplastic activation has been linked to the upregulation of
GREM1, which determines the rapid progression of tumors (27).
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Desmoplasia in PDAC is of vital importance, blocking anti-
immunity and therapeutic drug delivery, which is regarded as a
promoter of malignant progression (28). Combined with our
findings, this seems to indicate that GREMI1 may promote
PDAC progression via regulating desmoplasia.

The tumor microenvironment embodies the harmony
of tumor cells and the surroundings; the interaction between
tumor cells and stroma allows them to reach a state
of mutual accommodation. Due to the dense stroma and
severe chronic inflammation in PDAC, the constitution of
the tumor microenvironment is of vital significance for
tumor cells survival; thus, the destruction degree of tumor
microenvironment homeostasis determines the success or
failure of combating tumor (29). Previous studies have pointed
out that PDAC is characterized by the infiltration of
immunosuppressive cells and the transformation of antitumor
into pro-tumor immunity (30, 31). Distinct from a previous
study on GREM1 in pancreatic tumors (24, 32), our analysis has
reported characteristic immune cell infiltration featuring
distinctive immunosuppressive properties in the pancreatic
tumor microenvironment, so that the molecule GREM1 acting
outside cell may modulate the immune structure and immune
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efficiency distribution to facilitate tumor progression. The
previous study has also revealed the adverse prognostic factor
in lung cancer, which similarly induces the infiltration of
immunosuppressive cells (33). Characteristically, GREM1
induces massive infiltrations of immunosuppressive cells
incorporating macrophages, Tregs, and MDSCs, repressing
immune cells to identify and eliminate tumor cells (31). Poor
prognosis along with GREM1 overexpression correlated with
several immune cell infiltration subgroups, indicative of some
specific immune structure that can make sense to GREM1I
expression in PDAC. Martin et al. have proposed that the
combination of low budding, low stromal FOXP3 counts,
presence of TLTs, and absence of CDKN2A mutations confers
a significant survival advantage in patients with PDAC (34).
Here, the direct proportion function of GREMI expression and
FOXP3" Tregs can be observed. Interestingly, the T-cell cluster is
investigated in PDAC, presenting a declining tendency in T-cell
activation. The upregulation of GREMI1 predicts the T-cell
exhaustion, a rise in relevant inhibitory surface receptor-like
CTLA4, PD-1, PD-L1(CD244), LAG3, TIM3(HAVCR2), BTLA,
2B4(CD244), and TIGIT (35), illuminating the state of T-cell
exhaustion. Taken together, GREMI1 maintains the
immunosuppressive tumor microenvironment, thus promoting
PDAC progression.

Furthermore, preliminary verifications were carried out to
explore the diagnostic and prognostic values of GREM1 in serum.
Concerning the bioinformatics analysis results, serum GREM1
level significantly increased in the PDAC group compared to the
HC group, as well as different elevations in assorted pancreatic
neoplasms, especially IPMN. Nevertheless, we cannot observe the
significant difference among different types of pancreatic diseases
due to the limitation of sample quantity. Exactly, serum GREM1
has a good diagnostic value, and its alliance enhances the
diagnostic effect of CA199, the most commonly used PDAC
diagnostic marker in clinical practice. Interestingly, the
increasing level of serum GREMI occurred in bigger tumor
diameters and advanced histopathological grades, as the primary
result of GREM1 representing a formidable stromal factor and
functioning as stroma modulation. Ultimately, the negative
impact on survival of serum GREMI1 was visible, despite the
disability to statistical significance due to sample restriction,
equally identical to multiple survival analyses, which should be
further verified by enrolling more PDAC patients.

In summary, GREM1 is significantly upregulated in multiple
cancers, including PDAC, which indicates a faster relapse and
shorter survival for patients with PDAC. Its pro-tumoral effects
in PDAC are pleiotropic, predominantly in promoting stroma
formation via desmoplasia and inducing immunosuppression in
the tumor microenvironment. Our bioinformatics analysis offers
a preliminary exploration and discussion on the function of
GREML1 in PDAC, and our clinical data further demonstrate the
good diagnostic potential of serum GREMI, especially in
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combination with CA199, which is expected to be a potential
candidate for diagnosis and therapy of PDAC.
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Objectives: The effects of early drain removal (EDR) on postoperative
complications after pancreaticoduodenectomy (PD) remains to be
investigated. This single-center retrospective cohort study was designed to
explore the safety of EDR after PD.

Methods: A total of 112 patients undergoing PD with drain fluid amylase (DFA)
on postoperative day (POD) 1 and 3 <= 5000 were divided into EDR and late
drain removal (LDR). Propensity Score Matching (PSM) was used. We compared
postoperative outcomes between two groups and explore the risk factors of
total complications using univariate and multiple logistic regression analyses.

Results: No statistical differences were found in primary outcomes, including
Grade B/C postoperative pancreatic fistula (POPF) (Original cohort: 5.71% vs.
3.90%; P = 1.000; PSM cohort: 3.33% vs. 6.67%; P = 1.000), and total
complications (Original cohort: 17.14% vs. 32.47%; P = 0.093; PSM cohort:
13.33% vs. 33.33%; P = 0.067). The EDR was associated with shorter in-hospital
stay (Original cohort: 11 days vs. 15 days; P < 0.0001; PSM cohort: 11 days vs. 15
days; P < 0.0001).

Conclusions: EDR on POD 3 is safe for patients undergoing PD with low risk
of POPF.
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Introduction

With the rapid development of surgical technique in the last
decades, the perioperative mortality of pancreaticoduodenectomy
(PD) decreased significantly, whereas the incidences of
postoperative complications are still high (1-3). The postoperative
pancreatic fistula (POPF) remains one of the most significant
postoperative complications after PD, which significantly
increases postoperative in-hospital stay and medical burden (4). A
growing body of study proposed the predicted models to evaluate
the risk of POPF after pancreatic surgery (5, 6). The management of
intraperitoneal drainage plays a crucial role in the process of
postoperative recovery of patients undergoing PD. The detection
of drain fluid around the operative area is perceived as an important
indicator for early identifying POPF, postpancreatectomy
hemorrhage (PPH) or intra-abdominal infection, therefore
prophylactic drainage placement during PD is accepted in most
of pancreatic centers (7). However, many studies raised concerns
about the placement of intraperitoneal drainage after PD. For
example, Conlon et al. (8) performed the first randomized
controlled trial (RCT) to demonstrate that the placement of
drainage after pancreatic resection failed to reduce postoperative
complications, but increased the incidences of intra-abdominal
collections and infection. Subsequently, multiple RCTs and meta-
analysis proved the safety of omission of drainage after pancreatic
resection (9-13). However, one RCT was stopped because of the
significantly increased mortality from 3% to 12% for patients
undergoing PD without the placement of intraperitoneal drainage
(14). Therefore, no consensus was reached with regard to whether
to place prophylactic intraperitoneal drainage.

Recently, multiple studies paid more attention to evaluating
the feasibility of EDR. Bassi et al. (15) performed the first RCT to
explore the safety of EDR, and results showed that EDR
significantly decreased complications, in-hospital stay and
costs than late drain removal (LDR). Thereafter, Dai et al. (16,
17) performed single and multiple-center RCT to compare EDR
and LDR regarding Clavien-Dindo grades 2-4 complications.
The strict inclusion criteria were used to select patients with low
or middle risk of POPF, which demonstrated EDR is safe in
selected patients. The American College of Surgeons’ National
Surgical Quality Improvement Program (ACS-NSQIP) was also
utilized to explore the effects of EDR on postoperative
complications for PD. EDR after PD was associated with
better outcomes (18). Although the safety of EDR after PD
was proved preliminarily, the low risk patient selection criteria
and the time-point of EDR remains to be further explored.

Here, we designed single-center retrospective cohort study to
the confirm the safety of EDR on POD 3 for PD patients with the
low risk of POPF. A total of 112 patients undergoing PD with
drain fluid amylase (DFA) on POD 1 and 3 <= 5000 were
divided into EDR and LDR groups. Propensity Score Matching
(PSM) was used. We found that there were no significant
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differences in Grade B/C POPF and total complications. In
addition, EDR was associated with shorter in-hospital stay.

Methods
Single-center study design

This retrospective cohort study was approved by the Ethical
Committee on Peking University First Hospital (Approval
No0.2021-636) and performed in accordance with the Helsinki
Declaration. The consecutive patients undergoing
pancreaticoduodenectomy (PD) or pylorus preserving PD
(PPPD) from January 2017 and December 2020 in our
institution with drain fluid amylase (DFA) on both
postoperative day (POD) 1 and 3 < 5000 U/L were enrolled.
Specific exclusion criteria consisted in (a) patients underwent
distal pancreatectomy (DP) or total pancreatectomy; (b) DFA on
POD 1 or 3 > 5000 U/L; (c) patients with age < 18; (d)
incomplete records of key postoperative outcomes.

The time-point of early and late drain removal was defined
as POD 3 and = POD 5. All the operations were performed by
experienced pancreatic surgeons at our institution.
Clinicopathological data were collected retrospectively through
electronic medical record system.

The primary and secondary outcomes in
single-center study

Postoperative complications were evaluated using the
Clavien-Dindo classification system (19). The postoperative
complications such as postoperative pancreatic fistula (POPF)
(20), delayed gastric emptying (DGE) (21), and
postpancreatectomy hemorrhage (PPH) (22) were in
accordance with the consensus definition of the International
Study Group of Pancreatic Fistula (ISGPF). Intra-abdominal
collections were defined as collection of fluid measuring at least
3 cm in diameter demonstrated by ultrasound or CT scan. The
primary outcomes in this study included Grade B/C POPF and
total complications. The secondary outcomes were DGE, PPH,
intra-abdominal collections, wound infection, re-operation, re-
admission and post-operative in-hospital stay.

Propensity score matching

Propensity Score Matching was used to deal with
confounding factors using R package “Matchlt”. Matching
variables included age, BMI, pancreatitis, diabetes,
cardiovascular disease, soft pancreatic texture, operation time,
blood loss, diameter of main pancreatic duct, PPPD, vascular
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resection, ASA scores, pathology. The nearest neighbor
matching method with a tolerate of 0.1 was selected.

Statistical analysis

Data was summarized as mean + standard deviation or
median (interquartile range, IQR) for continuous variables
subjected to normal distribution or no normal distribution.
The independent-samples t test and Mann-Whitney U test was
performed to compare continuous variables between two
groups. For categorical variables, data was summarized as
frequency (ratio) and the chi-square test, fisher exact test, or
rank sum test was used. Study of potential prognostic factors for
total complications was carried out using univariate and
multiple logistic regression analyses. All statistical analyses
were conducted using SPSS version 22.0 software (SPSS22,
Chicago, USA). Statistical significance was defined as p < 0.05.

Results

Characteristics of patients in single-
center study

A total of 112 patients who underwent PD performed at our
institution between January 2017 and December 2020 were
divided into two groups: EDR (n = 35, drains were removed
on POD 3) and LDR (n = 77, drains were removed on or beyond
POD 5). Patients with amylase value in drains on POD 1 or 3 >
5000 U/L were excluded. The patients previously enrolled in the
multi-center study performed by Peking Union Medical College
Hospital were not included in our cohort.

The demographic, surgical, biochemical, and pathological
characteristics of patients were summarized in Table 1. There
were no significant differences in gender, BMI, pancreatitis,
diabetes, cardiovascular disease, smoke, alcohol, intraoperative
RBC transfusion, PPPD, vascular resection, preoperative
hemoglobin, serum total bilirubin, and pathology between two
groups. No significant differences were found as well with
particular regard to risk factors of POPF (soft pancreatic
texture, blood loss, diameter of main pancreatic duct, DFA on
POD 1/3). Only two patients underwent neoadjuvant
chemotherapy (2 in EDR, 0 in LDR, P = 0.847). Patients in
EDR had lower age (60.23 + 10.66 vs. 65.32 + 12.55; P = 0.04),
shorter operation time (266 [240 - 300] vs. 301 [251.5 - 418]; P =
0.026), and different ASA scores (Grade I: 17.14% vs. Grade I:
2.60%; P = 0.035) in comparison with LDR. In order to reduce
the impact of confounding factors to make two groups more
homogeneous, Propensity Score Matching (PSM) was
conducted. After PSM, all demographic, surgical, biochemical
characteristics, and risk factors of POPF were similar without
significant differences between these two groups (Table 1). In
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addition, the drain placement time was 3 days in EDR group
versus 11 days (3 - 15.75) in LDR group (Table 2).

Primary and secondary outcomes in
single-center study

Table 2 described postoperative complications of enrolled
participants. There were no statistical differences between EDR
and LDR group in primary outcomes, including Grade B/C
POPF (Original cohort: 5.71% vs. 3.90%; P = 1.000; PSM cohort:
3.33% vs. 6.67%; P = 1.000), and total complications (Original
cohort: 17.14% vs. 32.47%; P = 0.093; PSM cohort: 13.33% vs.
33.33%; P = 0.067).

EDR was associated with a decrease of Grade 2-4
complications (Original cohort: 11.43% vs. 28.57%; P = 0.046;
PSM cohort: 6.67% vs. 26.67%; P = 0.038), post-operative in-
hospital stay (Original cohort: 11 [9 - 14] vs. 15 [12.5 - 22.5]; P <
0.0001; PSM cohort: 11 [9 - 14] vs. 15 [11.75 - 21.5]; P < 0.0001).
No significant differences were observed in single abdominal
complications, including PPH (Original cohort: 0 vs. 5.19%; P =
0.307; PSM cohort: 0 vs. 6.67%; P = 0.492), intra-abdominal
infection (Original cohort: 0 vs. 9.09%; P = 0.096; PSM cohort: 0
vs. 10.00%; P = 0.237), delayed gastric emptying (Original
cohort: 8.57 vs. 11.69%; P = 0.869; PSM cohort: 6.67 vs. 6.67%;
P = 1.000), and intra-abdominal fluid collections (Original
cohort: 8.57 vs. 5.19%; P = 0.792; PSM cohort: 6.67 vs. 6.67%;
P = 1.000). The rates of biliary fistula, wound infection,
pulmonary complications between two groups were also
comparable. The mortality, intervention, re-admission re-
operation occurred in 0/0/3/0 patients in EDR group versus 2/
3/2/1 patients in LDR group without significant differences.
After PSM, the results were the same.

Exploring risk factors of total
complications after PD

The correlation analysis of total complications and multiple
characteristics were summarized in Table 3. Total complications
were related to age, operation time, ASA scores, serum total
bilirubin, and pathology. After continuous variables being
converted into categorical variables, univariate logistic
regression was performed, and the result showed that
pathological characteristic was related to total complications.
Early drain removal decreased slightly the total complications
rate, but it was not significant difference (OR = 0.430; P = 0.098)
(Table 4). Finally, the variables (P < 0.1) were included into
multivariate logistic regression analysis, which also proved that
only pathological characteristic was the independent risk factor
associated with the incidence of total complications compared
with benign pancreatic diseases (IPMN: OR = 0.087; P = 0.024;
duodenal disease: OR = 0.098; P = 0.049) (Table 4).
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TABLE 1 Demographic characteristics of enrolled participants in retrospective cohort study.

Original Cohort Propensity Score Matching
Total EDR LDR P_Value Total EDR LDR P_Value

n=112) @m=35 (n=77) (n = 60) (n = 30) (n = 30)
Age 63731218 6023+  6532+1255  0.040° 60781135 60631132 60931157 0919
(year, mean * SD) 10.66
Gender 47 (41.96) 12 (34.26) 35 (45.45) 0.267 23 (38.33) 10 (33.33) 13 (43.33) 0.426
[female, n (%)]
BMI 23.60 + 3.22 2331 £2.82 2374 £ 3.40 0.517 23.13 £2.95 23.02 +2.43 23.24 + 343 0.773
(kg/m2, mean + SD)
Pancreatitis 17 (15.18) 7 (20.00) 10 (12.99) 0.338 11 (18.33) 7 (23.33) 4(13.33) 0.317
[n (%)]
Diabetes 31 (27.68) 13 (37.14) 18 (23.38) 0.131 20 (33.33) 9 (30.00) 11 (36.67) 0.584
[n (%)]
Cardiovascular 19 (16.96) 5(14.29) 14 (18.18) 0.611 10 (16.67) 5 (16.67) 5 (16.67) 1.000
Disease [n (%)]
Smoke [n (%)] 36 (32.14) 11 (31.43) 25 (32.47) 0.913 19 (31.67) 8 (26.67) 11 (36.67) 0.405
Alcohol [n (%)] 25 (22.32) 6 (17.14) 19 (24.68) 0.375 14 (23.33) 6 (20.00) 8 (26.67) 0.542
Neoadjuvant 2 (1.79) 0 (0) 2 (2.60) 0.847 1(1.67) 0 (0) 1(3.33) 1.000
Chemotherapy [n (%)]
Soft Pancreatic 42 (37.50) 13 (37.14) 29 (37.66) 0.958 24 (40.00) 12 (40.00) 12 (40.00) 1.000
Texture [n (%)]
Operation Time 293.5 (244 - 266 (240 - 301 (251.5 - 0.026* 265.5 (240 - 265.5 (240 - 268 (238.25 - 0.684
(min, IQR) 360) 300) 418) 313) 300) 328.50)
Blood Loss 200 (100 - 300) 200 (100 200 (100 -300) 0.856 200 (100 - 300) 200 (100 - 400) 180 (100 - 300) 0.560
(ml, IQR) -400)
Intraoperative RBC 17 (15.18) 5(14.29) 12 (15.58) 0.859 10 (16.67) 5 (16.67) 5(16.67) 1.000
transfusion [n (%)]
Diameter of Main Pancreatic Duct < 50 (44.64) 12 (34.29) 38 (49.35) 0.137 20 (33.33) 10 (33.33) 10 (33.33) 1.000
3 mm [n (%)]
PPPD [n (%)] 73 (65.18) 25 (71.43) 48 (62.34) 0.349 44 (73.33) 23 (76.67) 21 (70.00) 0.559
DFA on POD 1 4705 (11725 - 256 (128 618 (1145 - 0.292 6065 (137 - 2565 (101.5- 9415 (203.75-  0.056
(U/L, IQR) 1722) -1532) 1797.5) 1786) 1579.5) 2733)
DFA on POD 3 175.5 (30 - 115 (20 - 177 (32 - 0.778 291.5 (35 - 229.5 (26 - 499.5 (84.25 - 0.255
(U/L, IQR) 799.75) 861) 789.5) 1023.25) 1100.5) 1050.5)
Vascular Resection 4 (3.57) 3 (8.57) 1(1.30) 0.170 0 (0) 0 (0) 0 (0) NA
[n (%)]
ASA Score [n (%)]
Grade I 8 (7.14) 6 (17.14) 2 (2.60) 0.035* 6 (10.00) 5 (16.70) 1 (3.30) 0.092
Grade I 74 (66.07) 20 (57.14) 54 (70.13) 39 (65.00) 16 (53.3) 23 (76.70)
Grade IIT 28 (25.00) 9 (25.71) 19 (24.68) 15 (25.00) 9 (30.00) 6 (20.00)
Grade IV 2 (1.79) 0 (0) 2 (2.60) 0(0) 0 (0) 0 (0)
Preoperative Hemoglobin 123.41 £ 19.31 12534 + 122.53 £ 17.30 0.479 124.43 £ 20.73  125.33 + 24.07 123.53 £ 17.13 0.740
(g/L, mean + SD) 23.30
Serum Total Bilirubin 52.75 (18.13 - 33.2 (19.8 - 56.3 (18.05 - 0.925 34.75 (16.60 - 32.8 (15.83 - 39.30 (17.25 - 0.779
(umol/L, IQR) 165.3) 158) 172.0) 146.9) 156.05) 110.15)
Pathology [n (%)]
Pancreatic Disease 64 (57.14) 21 (60.00) 43 (55.84) 0.622 33 (55.00) 18 (60.00) 15 (50.00) 0.337
Benign 7 (6.25) 3 (8.57) 4 (5.19) 4 (6.67) 3 (10.00) 1(3.33)
Neuroendocrine 3 (2.68) 2 (5.71) 1(1.30) 2(3.33) 2 (6.67) 0 (0)
Malignant 46 (41.07) 14 (40.00) 32 (41.56) 21 (35.00) 11 (36.67) 10 (33.33)
IPMN 8 (7.14) 2 (5.71) 6 (7.79) 6 (10.00) 2 (6.67) 4 (13.33)
Ampullary Disease 10 (8.93) 2 (5.71) 8 (10.39) 6 (10.00) 1(3.33) 5(16.67)
Biliary Tract Disease 15 (13.39) 3(8.57) 12 (15.58) 5(8.33) 2 (6.67) 3 (10.00)
Duodenal Disease 23 (20.54) 9 (25.71) 14 (18.18) 16 (26.67) 9 (30.00) 7 (23.33)

IQR, Interquartile range; PPPD, Pylorus preserving pancreaticoduodenectomy; DFA, Drain fluid amylase; ASA, American society of anesthesiologists; IPMN, Intraductal papillary
mucinous neoplasm.
* and bold values represent statistical significance (p < 0.05).
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TABLE 2 Postoperative complications of enrolled participants in retrospective cohort study.

Original Cohort

Total EDR LDR

(n=112) (n = 35) (n=77)
Drain Placement Time 11 (3 - 15.75) 3 13 (11 - 20)
(POD day, IQR)
Grade B/C POPF 5 (4.46) 2 (5.71) 3 (3.90)
[n (%)]
Total Complications 31 (27.68) 6 (17.14) 25 (32.47)
[n (%)]
Grade 2-4 Complications 26 (23.21) 4 (11.43) 22 (28.57)
[n (%)]
Postpancreatectomy 4 (3.57) 0 (0) 4 (5.19)
Hemorrhage [n (%)]
Intra-abdominal 7 (6.25) 0 (0) 7 (9.09)
Infection [n (%)]
Post-operative in-hospital 14 (11 - 21) 11 (9 - 14) 15 (12.5 - 22.5)
Stay (day, IQR)
Delayed Gastric 12 (10.71)2 3 (8.57) 9 (11.69)
Emptying [n (%)]
Biliary Fistula [n (%)] 6 (5.36) 0 (0) 6 (7.79)
Intra-abdominal 7 (6.25) 3 (8.57) 4 (5.19)
Fluid Collections [n (%)]
Wound Infection 0(0) 0(0) 0 (0)
[n (%)]
Pulmonary Complications 1 (0.89) 0 (0) 1(1.30)
[n (%)]
Mortality [n (%)] 2 (1.79) 0 (0) 2 (2.60)
Intervention [n (%)] 3 (2.68) 0 (0) 3 (3.90)
Re-admission [n (%)] 5 (4.46) 3 (8.57) 2 (2.60)
Re-operation [n (%)] 1 (0.89) 0 (0) 1 (1.30)

POPF, postoperative pancreatic fistula.
* and bold values represent statistical significance (p < 0.05).

Management of postoperative
pancreatic fistula

In total, the rate of Grade B/C POPF was 4.46% (5/112),
which occurred in 2 patients in EDR and 3 patients in LDR (P =
1.000). Low Grade B/C POPF rate indicated that low risk patient
selection strategy (DFA on POD 1 and 3 <= 5000 U/L) works.
EDR group had 2 grade B POPF. In contrast, LDR had 2 grade B
POPF and 1 grade C POPF. Postoperative course of patients with
pancreatic fistula were recorded in (Table 5). The patient had
grade C POPF in LDR group even though DFA on POD 1 and 3
< 40 U/L, who underwent PD because of cholangiocarcinoma.
Drains were removed on POD 8. Reoperation was conducted to
explore for dehiscence of the anastomotic stoma and
hemorrhage, which significantly extended in-hospital stay for
77 days, and finally caused mortality. Three of five patients with
Grade B/C POPF had positive drain fluid cultures, thus
antibiotic therapy was established according to drug sensitivity
test. Percutaneous drain insertion or conservative treatment
were used for grade B POPF.
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Propensity Score Matching

P_Value Total EDR LDR P_Value
(n = 60) (n = 30) (n = 30)
< 0.000* 45 (3 -13.75) 3 13.5 (10.75 - 19.25) < 0.000*
1.000 3 (5.00) 1(3.33) 2 (6.67) 1.000
0.093 14 (23.33) 4(13.33) 10 (33.33) 0.067
0.046* 10 (16.67) 2 (6.67) 8 (26.67) 0.038*
0.307 2(3.33) 0 (0) 2 (6.67) 0.492
0.096 3 (5.00) 0 (0) 3 (10.00) 0.237
< 0.0001* 13 (10 - 16) 11(9 - 14) 15 (11.75 - 21.5) < 0.0001*
0.869 4 (6.67) 2 (6.67) 2 (6.67) 1.000
0.174 3 (5.00) 0 (0) 3 (10.00) 0.237
0.792 4 (6.67) 2 (6.67) 2 (6.67) 1.000
NA 0 (0) 0 (0) 0 (0) NA
1.000 0 (0) 0 (0) 0 (0) NA
1.000 1 (1.67) 0 (0) 1(3.33) 1.000
0.551 1(1.67) 0 (0) 1(3.33) 1.000
0.355 2(3.33) 2 (6.67) 0 (0) 0.492
1.000 0 (0) 0 (0) 0 (0) NA
Discussion

36

One of major concerns of EDR is intra-abdominal fluid
collection, and caused infection and hemorrhage. This single-
center study indicated that EDR could not increase the risk of
intra-abdominal fluid collection and hemorrhage. The selection
strategy of low risk patients: DFA on POD 1 <= 5000 U/L was
utilized by previous studies (15-18, 23), and low Grade B/C
POPF rate was observed in these studies. Single and multiple-
center RCT performed by Dai and our single-center
retrospective study used the stricter selection criteria (DFA on
POD 1 and 3 <= 5000 U/L). The Grade B/C POPF rates were
1.75%, 5.13%, and 4.46% respectively. The strict selection
strategy guarantees the safety of early drain removal, and aid
in surgeon confidence to make a decision of EDR. However, the
stricter selection strategy will narrow the clinical application of
EDR. Thus, it is very important to balance selection criteria and
the range of clinical application of EDR. Nowadays, the selection
strategy for low risk of POPF, time-point of EDR, DFA cut-off
value remains to be further investigated.
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TABLE 3 Correlation analysis of total complications of enrolled participants in retrospective cohort study.

Age (year, mean + SD)

Gender [female, n (%)]

BMI (kg/m2, mean + SD)
Pancreatitis [n (%)]

Diabetes [n (%)]

Cardiovascular Disease [n (%)]
Smoke [n (%)]

Alcohol [n (%)]

Neoadjuvant Chemotherapy [n (%)]
Soft Pancreatic Texture [n (%)]
Operation Time (min, IQR)

Blood Loss (ml, IQR)

Intraoperative RBC transfusion [n (%)]
Diameter of Main Pancreatic Duct < 3 mm [n (%)]
PPPD [n (%)]

DFA on POD 1 (U/L, IQR)

DFA on POD 3 (U/L, IQR)
Vascular Resection [n (%)]

ASA Score [n (%)]

Grade I

Grade I

Grade III

Grade IV

Preoperative Hemoglobin (g/L, mean + SD)
Serum Total Bilirubin (umol/L, IQR)
Pathology [n (%)]

Pancreatic Disease

Benign

Neuroendocrine

Malignant

IPMN

Ampullary Disease

Biliary Tract Disease

Duodenal Disease

Drain Placement Time [EDR, n (%)]

* and bold values represent statistical significance (p < 0.05).

Original Cohort

Total Complications: Yes (n = 31)

67.39 + 11.08
13 (41.94)
24.37 + 3.53
5(16.13)

10 (32.26)
5(16.13)

10 (32.26)

5 (16.13)
1(3.22)

11 (35.48)
327 (271 - 413)
300 (150 - 500)
6 (19.35)

13 (41.94)
17 (54.84)
478 (138 - 1532)
181 (43 - 1340)
2 (6.45)

0 (0)
19 (61.29)
12 (38.71)
0 (0)
122.81 + 19.63
95.5 (24.3 - 239.1)

21 (67.74)
2 (6.45)
1(3.22)

17 (54.84)
1(3.22)
3(9.68)
6 (19.35)
1(322)
6 (19.35)

62.33 + 1235
34 (41.98)
2331 +3.07
12 (14.81)
21 (25.93)
14 (17.28)
26 (32.10)
20 (24.69)

1(1.23)

31 (38.27)
285 (240 - 349)
200 (100 - 300)

11 (13.58)

37 (45.68)

56 (69.14)
452 (107.5 - 1754)
123 (24 - 700)

2 (2.47)

8 (9.88)
55 (67.90)
16 (19.75)
2 (2.47)
123.64 + 1931
332 (15 - 155.4)

43 (53.09)
5 (6.17)
2(2.47)

29 (35.80)
7 (8.64)
7 (3.64)
9 (11.11)

22 (27.16)

29 (35.80)

37

Total Complications: No (n = 81)

P_Value

0.049*
0.997
0.122
1.000
0.503
0.884
0.987
0.330
0.479
0.785

0.019*
0.050
0.640
0.721
0.155
0.642
0.301
0.655

0.022*

0.839
0.033*

0.048*

0.093
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TABLE 4 Univariate and multivariate logistic regression of total complications of enrolled participants in retrospective cohort study.

Univariate Analysis

OR (95% CI)

Age (> 65/<= 65)

Gender (F/M)

BMI (> median/<= median)
Pancreatitis (N/Y)

Diabetes (N/Y)

Cardiovascular Disease (N/Y)

Smoke (N/Y)

Alcohol (N/Y)

Neoadjuvant Chemotherapy (N/Y)
Soft Pancreatic Texture (N/Y)
Operation Time (> median/<= median)
Blood Loss (> 200/<= 200)
Intraoperative RBC transfusion (N/Y)

Diameter of Main Pancreatic
Duct < 3 mm (N/Y)

PPPD (N/Y)

DFA on POD 1 (> median/<= median)
DFA on POD 3 (> median/<= median)
Vascular Resection (N/Y)

ASA Score (III - IV/I - IT)

Preoperative Hemoglobin
(> median/<= median)

Serum Total Bilirubin
(> median/<= median)

Pathology [n (%)]
Benign
Neuroendocrine
Malignant

IPMN

Ampullary Disease
Biliary Tract Disease
Duodenal Disease

Drain Placement Time (3/>3)

CI, Confidence interval.

0.550 (0.238 - 1.270

(
1.002 (0.433 - 2.317
0.765 (0.333 - 1.755
1.106 (0.355 - 3.446
1.361 (0.552 - 3.354
0.920 (0.301 - 2.812
(

1.007 (0.415 - 2.443

)
)
)
)
)
)
)
0.587 (0.199 - 1.731)
2.667 (0.162 - 44.001)
0.887 (0.375 - 2.099)
0.531 (0.228 - 1.236)
0.495 (0.214 - 1.147)
1.527 (0.511 - 4.563)
0.859 (0.372 - 1.983)
0.542 (0.232 - 1.268)
0.915 (0.400 - 2.094)
0.905 (0.396 - 2.194)
2.724 (0.367 - 20.242)
0.452 (0.185 - 1.104)
0.728 (0.317 - 1.671)

0.440 (0.187 - 1.036)

1
0.114 (0.009 - 1.514)
0.091 (0.004 - 2.073)
0.078 (0.010 - 0.628)
0318 (0.018 - 5.779)
0.106 (0.009 - 1.190)
0.068 (0.007 - 0.650)
0.430 (0.158 - 1.170)

* and bold values represent statistical significance (p < 0.05).

The definitions of EDR and LDR varied among previous
studies. Bassi et al. (15) chose POD 3 as EDR time-point because
the change of drain effluent happens on POD 3 which is also
regarded as relatively early time-point, and POD 5 as LDR time-
point because POD 5 is standard drain removal time-point in
their institution. In our single-center study, we also chose POD 3
as EDR time-point, and >= POD 5 as LDR time-point that is the
same as RCTs performed by Dai et al. (16, 17). It is better to
select appropriate time-point of EDR and LDR according to
local medical conditions. Our single-center study supported that
EDR is safe and significantly decrease postoperative in-hospital
stay (11 [9 - 14] vs. 15 [12.5 - 22.5]), indicating that faster
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Multivariate Analysis

P_Value OR (95% CI) P_Value

0.161
0.997
0.527
0.862
0.504
0.884
0.987
0.334
0.493
0.785
0.142
0.101
0.448
0.722

0.158
0.833
0.826
0.327
0.082
0.454

0.060

0.100
0.133
0.017*
0.439
0.069
0.020*
0.098

0.495 (0.186 - 1.321)

0.507 (0.178 - 1.443)

1
0.081 (0.006 - 1.159)
0.067 (0.003 - 1.599)
0.087 (0.010 - 0.720)
0.253 (0.013 - 4.908)
0.176 (0.015 -2.132)
0.098 (0.010 -0.994)
0.473 (0.160 - 1.398)

0.160

0.203

0.064
0.095
0.024*
0.364
0.172
0.049*
0.176

recovery, lower medical costs for patients, in line with the idea of
enhanced recovery after surgery (ERAS). In additions, Dai et al.
(17) found late drain removal and laparoscopic procedure were
the independent risk factors of major complications using
multiple regression analysis. However, our single-center study
did not prove the LDR was an independent risk factor of total
complications (OR = 0.473, 95% CI: 0.160 - 1.398; P = 0.176),
which might be attributed to small sample size.

Our work provides an evidence for the safety of EDR, and
help promote the practice of ERAS after PD. However, there are
some limitations in this study, such as (a) single-center
retrospective cohort study with limited sample size; (b)

frontiersin.org


https://doi.org/10.3389/fonc.2022.993901
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Xie et al.

TABLE 5 Characteristics of patients with Grade B/C POPF.

ID Group Soft Diameter of Blood Pathology
PancreaticTexture Main Pan- Loss
creatic (ml)
Duct < 3 mm
1 EDR Y Y 100  Moderately differentiated
cholangiocarcinoma
2 EDR N N 100 Benign pancreatic disease
3 LDR N N 300  Moderately differentiated
pancreatic ductal
adenocarcinoma
4 LDR Y N 300  Moderately differentiated
ampullary
adenocarcinoma
5 LDR N N 500  Moderately differentiated

cholangiocarcinoma

10.3389/fonc.2022.993901

DFA  DFA  Drain Place- Grading POPF Manage-  Drain Fluid
on on ment Time  of POPF ment Culture
POD1 POD3 (POD day)
(U/L) (U/L)
3509 861 3 B Percutaneous Enterococcus
drain insertion fecalis
1133 3835 3 B Percutaneous Enterococcus
drain insertion fecalis, Monilia
albican
463 79 26 B Percutaneous Negative
drain insertion
3114 446 33 B Conservative Negative
34 30 8 C Postoperative Klebsiella
hemorrhage, pneumoniae
reoperation

relatively strict low risk patient selection criteria to narrow the
clinical application range of EDR; (c) single-center study only
focus on PD, the safety of EDR for DP remains to be explored.

In conclusion, our study demonstrates that early drain
removal on POD 3 is safe for patients following PD with low
risk of POPF.
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Folate receptor-positive
circulating tumor cells predict
survival and recurrence patterns
In patients undergoing resection
for pancreatic cancer
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Chenglin Lu®, Gang Li*, Yudong Qiu™ and Wei He*
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Objective: To evaluate the prognostic impact of folate receptor (FR)-positive
circulating tumor cells (FR™ CTCs) for patients with pancreatic cancer (PC).

Background: Risk stratification before surgery for PC patients remains
challenging as there are no reliable prognostic markers currently. FR™ CTCs,
detected by ligand-targeted polymerase chain reaction (LT-PCR), have shown
excellent diagnostic value for PC in our previous study and prognostic value in a
variety of cancer types.

Methods: Peripheral blood samples from 44 consecutive patients diagnosed with
PC were analyzed for FR* CTCs. 25 patients underwent tumor resection and were
assigned to the surgical group. 19 patients failed to undergo radical resection
because of local advance or distant metastasis and were assigned to the non-
surgical group. The impact of CTCs on relapse and survival were explored.

Results: For the prognostic stratification, the optimal cut-off value of CTCs
analyzed by receiver operating characteristic (ROC) curve was 14.49 folate units
(FU)/3 ml High CTC levels (> 14.49 FU/3 ml) were detected in 52.0% (13/25) of the
patients in the surgical group and 63.2% (12/19) in the non-surgical group. In the
surgical group, median disease-free survival (DFS) for patients with high CTC levels
versus low CTC levels (< 14.49 FU/3 ml) was 8.0 versus 26.0 months (P = 0.008). In
multivariable analysis, CTCs were an independent risk factor for DFS (HR: 4.589,
P = 0.012). Concerning the recurrence patterns, patients with high CTC levels
showed a significantly frequent rate of distant and early recurrence (P = 0.017 and
P = 0.011). CTC levels remained an independent predictor for both distant (OR:
8.375, P = 0.014) and early recurrence (OR: 8412, P = 0.013) confirmed by
multivariable logistic regression. However, CTCs did not predict survival in the
non-surgical group (P = 0.220).
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Conclusion: FR* CTCs in resected PC patients could predict impaired survival
and recurrence patterns after surgery. Preoperative CTC levels detected by LT-
PCR may help guide treatment strategies and further studies in a larger cohort

are warranted.

KEYWORDS

pancreatic cancer, folate receptor, circulating tumor cells, surgical resection,

prognosis, recurrence

Introduction

Pancreatic cancer (PC) is the fourth leading cause of cancer
mortality in the United States, with an estimated 62,210 new cases
diagnosed in 2022 (1). It is currently predicted to become the
second leading cause by 2030 (2). Radical resection, in combination
with systemic therapy, remains the only hope of cure or meaningful
long-time survival with overall 5-year survival rates as high as 30%
for patients with PC (3). Due to a combination of late presentation
and early metastasis, 80% of the patients are diagnosed in the
advanced stage and only 10%-20% of PC patients can get a curative
resection at the time of diagnosis. However, due to a substantial rate
of under-staging, around 20% of patients already recure within the
first 6 months after surgery, resulting the median disease-free
survival (DFS) is just over 12 months (4, 5). Therefore for many
of these patients, the survival advantage from curative resection is
questionable. The main cause of early relapse is likely occult
systemic disease below the detection limit of cross-sectional
imaging, although there may be other contributing factors such as
postoperative morbidity (6, 7). Neoadjuvant therapy is recently
recommended to address the issue of occult systemic disease (8).
Currently, selection of potentially resectable patients for surgery
remains challenging as there are no methods to stratify a patient’s
risk for metastasis to help guide neoadjuvant and adjuvant therapies
(9). One possible strategy is to identify effective prognostic
biomarkers to distinguish patients at high risk of early systemic
progression who may benefit from systemic treatment first and
patients with favourable prognosis who are more likely to benefit
from upfront resection (10).

Circulating tumor cells (CTCs), functioning as the “seeds” of
metastasis, are tumor cells that originate from primary tumors,
survive in circulating and disseminate to colonize distant sites
through invading adjacent vasculature (11, 12). Involvement of
CTCs in the metastatic process has been identified in the majority of
solid tumors (13-15). Accumulating evidence has demonstrated
that, as a non-invasive assessment of tumor biology, CTCs are a
readily available biomarker for predicting survival in colorectal,
breast, and prostate cancers (16-18). In patients with potentially
resectable PC, the lack of reliable biomarkers to guide surgical or
neoadjuvant treatment decisions also motivated the present studies
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to investigate the prognostic impact of preoperative CTCs analysis
(19-22). Thus far, the CellSearch System remains the first and only
CTC detection platform approved by Food and Drug
Administration (FDA), although detection, enumeration, and
isolation of CTCs have been facilitated by recent technological
advancements in a sensitive and reproducible manner for clinical
and research applications. It utilizes immunomagnetic separation
for isolation of CTCs, and then quantitative evaluation of CTCs is
analyzed by capturing epithelial cell adhesion molecule (EpCAM),
an epithelial cell marker (23). CellSearch is also the most commonly
used method to examine CTCs as a prognostic marker in PC
patients in a number of studies, however, across various stages of
PG, it has performed with relatively poor detection rates of 7-48%
(24-26). In addition, in a study evaluating the efficiency of the
CellSearch System, CTC detection rate and counts have been found
to be lowest in PC among different types of metastatic cancers (27).
Therefore, diverse techniques and technologies have been
developed for enrichment, isolation, and identification of CTCs
from peripheral blood samples in PC patients in recent years.

Folate receptors (FRs), cysteine-rich cell-surface glycoproteins,
are highly expressed in a variety of cancers, including PC (28-31).
Our previous study has shown promising clinical value of detecting
FR-positive (FR") CTCs by a novel ligand-targeted polymerase
chain reaction (LT-PCR) method in patients with PC (32).
Although FR" CTCs have been demonstrated to be useful in the
diagnosis of PC, their application in predicting prognosis requires
further clarification. Therefore, the purpose of this study was to
investigate the prognostic impact of pretreatment FR* CTCs
analysis in patients with PC.

Patients and methods

Patients, study design, and clinical
data collection

Between September 2018 to December 2019, 50 consecutive
patients with suspected PC treated at our hospital were enrolled
into this observational study. The treatment strategies for all
patients were discussed and determined by the multidisciplinary
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team of pancreatic disease, independent of the results of CTCs
analysis. Exclusion criteria were (1): a history of any other
malignancy or any anticancer therapies in the last 10 years (2);
failure to adhere to standard surgical procedures in the surgical
group (3); other than PC confirmed by final histopathologic
observations. Diagnosis was confirmed from the specimens
obtained by resection or biopsy. A database of demographic,
laboratory, and relevant clinicopathologic variables, including
preoperative carbohydrate antigen 19-9 (CA19-9), age, gender,
location of primary tumor, tumor differentiation, tumor size,
tumor stages et al, was prospectively maintained. Disease stages -
tumor, node, and metastasis (INM) staging, were based on the
eighth edition of the American Joint Committee on Cancer
(AJCC) manual. A distance from the tumor to the resection
margin>1 mm was defined as RO.

Standard pancreaticoduodenectomy (PD), distal
pancreatectomy (DP) or other procedures were performed in
patients who were selected for radical surgery in accordance with
the tumor location and extension. In addition, patients were
followed with a standard postoperative protocol, with routine
postoperative clinical status and CA19-9 assessment every 3
months and contrast-enhanced computerized tomography (CT)
or magnetic resonance imaging (MRI) scan every 6 months. If
necessary, positron emission tomography (PET) was conducted
to evaluate recurrence. Early recurrence was defined as within 12
months of surgery, as described in previous studies (5, 33).
Locoregional recurrence was defined as recurrent disease along
the superior mesenteric artery (SMA)/superior mesenteric vein
(SMV), celiac axis, or porta hepatis and in the pancreatic bed,
retroperitoneum, or remnant pancreas through radiographic or
pathological evidence. Distant recurrence was tumor spread
outside of the locoregional area (liver, lungs, peritoneum and
extra-regional lymph nodes) (34). All procedures were in
accordance with the ethical standards of the Helsinki
Declaration. The study was approved by the Ethics Committee
of Nanjing Drum Tower Hospital (No. 2020-079-01), and
informed written consent was obtained from all subjects
before the study.

CTC detection

Before commencing treatment, peripheral venous blood
samples (3 ml) from every patient were collected in vacuum
tubes containing the anticoagulant ethylenediaminetetraacetic
acid for CTCs analysis. For patients with neoadjuvant treatment
followed by curative-intent pancreatectomy, CTC detection was
performed before surgery. A commercially available CTC
detection kit, CytoploRare Kit, invented by Geno Biotech and
approved by the China FDA, was used for isolation, enrichment
and enumeration of FR* CTCs, as described and detailed
previously (32). All blood specimens were stored at 4°C and
processed within 24 hours of blood withdrawal. The
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experimental procedure was performed strictly according to
the manufacturer’s protocol. Briefly, the isolation and
enrichment of CTCs was initially achieved by lysing
erythrocytes, followed by immunomagnetic depletion of
leukocytes from the whole blood. Then, LT-PCR was used for
quantitative analysis of the FR® CTCs in each blood sample.
Finally, the level of FR™ CTCs in each sample was calculated on
the basis of a calibration curve generated with the standard
reference materials provided in the kit. FR"™ CTC levels were
measured in folate units (FU)/3 ml of blood.

Statistical analysis

Continuous variables were presented as medians (ranges)
and categorical variables were summarized as number
(percentage). Statistical analysis for these two types of variable
was examined using Student’s t test (or Mann-Whitney U test)
and Fisher’s exact test, respectively. Optimal cut-off value of
CTCs for recurrence prediction was analyzed by receiver
operating characteristic (ROC) curve and calculated with
Youden Index. Survival analyses were carried out with the
Kaplan-Meier method, using Log-rank test for difference of
curve pairs. Overall survival (OS) was defined as the time from
date of diagnosis or resection to either death by any cause or
censored at last follow-up. DFS was defined as the time interval
between date of operation and date of tumor relapse showed by
radiological or clinical evidence. To assess the independent
influence of CTCs and other covariates on tumor recurrence,
univariable and multivariable Cox Proportional Hazard
regression model analyses were performed. Multivariable
analyses for distant and early recurrence were calculated with
a logistic regression model. Variables with a P value < 0.2 in
univariable analyses and clinically relevant variables were
included in multivariable analyses. Data were analyzed using
IBM SPSS, v.25 (IBM Corp., Armonk, NY) and graphs were
prepared using PRISM 8 (GraphPad Software, Inc, La Jolla, CA).
A P value < 0.05 was considered statistically significant.

Results
Patient characteristics

Of the 50 patients assessed during the study period, 6 patients
(12.0%) did not meet the inclusion criteria. The Consort diagram
showing the stratification of the 44 eligible cases is presented in
Figure 1. Tumor resection with curative intent was performed in
56.8% of the patients (25/44) (surgical group), while 43.2% (19/44)
were not resected due to local advance or distant metastasis (non-
surgical group) (Table 1). The median age of these enrolled
patients was both 64 years in the two groups and 60.0% (15/25)
were men in the surgical group, while 57.9% (11/19) in the non-
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surgical group. In the surgical group, 60.0% of the tumors were
located in the head, and according to the histopathologic type,
most were pancreatic ductal adenocarcinoma (PDAC), and only
two were malignant intraductal papillary mucinous neoplasm
(IPMN). RO resection was achieved in 56.0% (14/25) of the
patients and 80.0% (20/25) received adjuvant treatment. 3
patients received neoadjuvant chemotherapy preoperatively
according to the decision taken on pancreatic multidisciplinary
and the regimen was gemcitabine with albumin-bound paclitaxel
for all patients. In the non-surgical group, 73.7% (14/19) of the
patients received systemic treatment.

CTC levels in the patient cohort

For the prognostic stratification, ROC curve analysis showed
that the area under the ROC curve (AUROC) was 0.883 (P = 0.003),
with 14.49 FU/3 ml as the optimal cut-off value of CTCs and the
Youden Index was 0.727 (Figure 2). The CTC levels of patients in the
surgical group (median 14.92 FU/3 ml, range 5.61 to 26.98 FU/3 ml)
were slightly lower than those of patients in the non-surgical group
(median 16.76 FU/3 ml, range 5.49 to 41.22 FU/3 ml), although the
difference was not significant (P = 0.147). In the surgical group, high
CTC levels (> 14.49 FU/3 ml) were detected in 52.0% (13/25) of the

Patients assessed

(n=50)

10.3389/fonc.2022.1012609

patients and in the non-surgical group, 12 patients had high CTC
levels. We also compared the clinicopathological characteristics of
patients with high and low CTC levels, and the results are shown in
Table 2. In the surgical group and non-surgical group, there were
both no significant difference of clinicopathological characteristics
between the two subgroups.

CTC detection and survival

In the surgical group, the median observation time was 20.0
months (range 6.0 to 28.0). Median DFS was 10.0 months for all
patients (Figure 3A). Patients with high CTC levels had a
significantly shorter DFS (median 8.0 vs. 26.0 months, P =
0.008; Figure 3B) compared with patients with low CTC levels.
The univariable survival analyses of DFS for CTC levels (HR
3.735; 95% CI: 1.263-11.049; P = 0.017) and other risk factors
are presented in Table 3. Of those, age also affected the
prognosis. After inclusion of these confounding factors as well
as other known risk factors (R, tumor stage) in multivariable
analysis, CTC levels remained a significant prognostic factor
(HR 4.589; 95% CI: 1.404-14.997; P = 0.012; Table 3).

In the non-surgical group, the median observation time was
13.0 months (range 2.0 to 21.0). Median OS was 11.0 months for

Eligible patients

(n=44)

Excluded patients (n=6)
® Ampullary cancer (n=4)

® Distal bile duct cancer (n=2)

Surgical group

(n=25)

Non-surgical group

n=19)

FIGURE 1

Flowchart of study cohort into 2 groups with different treatment strategies
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TABLE 1 Demographics, clinicopathologic, and treatment characteristics of included patients.

Characteristics

Age, years median (range)
Sex, male n (%)
Preoperative CA19-9 level U/ml, n (%)
> 200
<200
Operation type, n (%)
PD
DP
TP
Venous resection, n (%)
Histopathologic type, n (%)
PDAC
Malignant IPMN
Tumor size, mm median (range)
Tumor location, n (%)
Head
Body or tail
Tumor stage, n (%)
I
I
111
v
Tumor differentiation, n (%)
Well
Moderate
Poor
Not specified
Resection margin, n (%)
RO
R1

Adjuvant treatment/Systemic treatment, n (%)

Yes
No
Neoadjuvant treatment, n (%)
Yes
No

Surgical group (n=25)

64 (45-87)

15 (60.0)

9 (36.0)
16 (64.0)

14 (56.0)
10 (40.0)
1 (4.0)
3 (12.0)

23 (92.0)
2 (8.0)
30 (12-95)

15 (60.0)
10 (40.0)

9 (36.0)
11 (44.0)
5 (20.0)
0 (0.0)

4(16.0)
10 (40.0)
11 (44.0)
0 (0.0)

14 (56.0)
11 (44.0)

20 (80.0)
5 (20.0)

3 (12.0)
22 (88.0)

Non-surgical group (n=19)

64 (42-79)
11 (57.9)

12 (63.2)
7 (36.8)

BDB 9 (47.4)
EUS-FNA 10 (52.6)

n.a.

19 (100.0)
0 (0.0)

n.a.

11 (57.9)
8 (42.1)

0(0.0)
0 (0.0)
11 (57.9)
8 (42.1)

3 (15.8)
5(26.3)
1(5.3)

10 (52.6)

n.a.

n.a.

14 (73.7)
5 (26.3)

n.a.

n.a.

BDB, biliodigestive bypass; CA19-9, carbohydrate antigen 19-9; DP, distal pancreatectomy; EUS-FNA, endoscopic ultrasound guided fine needle aspiration; IPMN, intraductal papillary

mucinous neoplasm; n.a, not applicable; PD, pancreaticoduodenectomy; PDAC, pancreatic ductal adenocarcinoma; TP, Total pancreatectomy.

all patients (Figure 4A). Median OS for patients with high CTC
levels was 8.5 months and 17.0 months for patients with low
CTC levels, but the difference was not statistically significant
(P = 0.220; Figure 4B).

Patterns of recurrence according to the
CTC levels in the surgical group

We compared the presence or absence of recurrence in
accordance with CTC levels, and we found that recurrence was
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significantly higher in the patients with high CTC levels (12/13,
92.3%) compared with patients with low CTC levels (6/12, 50.0%)
(P = 0.030). Then the recurrence site and time of emergence were
further analyzed (Table 4 and Figure 5). Distant recurrence was
significantly higher in the patients with high CTC levels as
compared with patients with low CTC levels (76.9% vs. 25.0%, P
= 0.017). In the patients with low CTC levels, 5 out of 12 (41.7%)
instances of recurrence were within 12 months, but nearly all
recurrences (12/13, 92.3%) in the patients with high CTC levels
occurred within 12 months (P = 0.011). Finally, we confirmed using
multivariable logistic regression analysis that CTCs are an
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independent risk factor for both distant (OR 8.375; 95% CI 1.915-
28.222; P = 0.014) and early recurrence (OR 8.412; 95% CI 2.342-
27.234; P = 0.013) (Table 5).

Based on the results, we summarized the relationship between
preoperative CTC levels and postoperative patterns of recurrence. If
the CTC levels were high (> 14.49 FU/3 ml) before surgery, it
tended to show patterns of early and distant recurrence.

Discussion

This is the first report to demonstrate the clinical
significance of FR" CTCs detected by LT-PCR for predicting
the survival in patients with PC. The effect of high CTC levels in
the present cohort was detrimental. In patients with resected PC,
we demonstrated a strong association between the CTC levels
and reduced DFS and in the patterns of recurrence, CTCs were
also associated with early and distant recurrence.

As a “liquid biopsy”, the utilization of CTCs to assess the tumor
biology and guide treatment decisions has developed into an
emerging field of study (35). Especially in PC, the current lack of
individualized up-front treatment stratification by preoperative risk
assessment is a major hindrance for improved treatment results of
patients with presumed resectable PC and CTCs have been
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considered as a very useful biomarker to establish the appropriate
therapeutic protocol (22). However, there is a broad heterogeneity
in the CTC detection platforms to date and as the “gold standard”
technique, the detection rate of the CellSearch system is too low to
limit its clinical application (36). In recent years, although the
presence of sensitive and reproducible platforms for the isolation,
enrichment and detection of CTCs from peripheral blood,
methodological standardization for such technologies is still
required to have a significant value on clinical care (37). As FRs
are also highly expressed in PC, our previous study has shown that
FR" CTCs have potential as a biomarker for the diagnosis of PC and
LT-PCR is feasible and reliable for detecting FR* CTCs in patients
with PC (32). In addition, FR* CTCs have been shown to serve as
prognostic markers in several cancer types, including gastric, breast
and lung cancers (38-40). In a prospective cohort study including
132 gastric cancer patients, combined model including FR* CTC
level and other biomarkers (CA19-9, prealbumin and peripheral
lymphocyte count) presented high sensitivity (100%) and moderate
specificity (59.3%) in predicting peritoneal metastasis, the
preoperative FR* CTC level could also predict short-term
recurrence after surgery (38). In another prospective study to
investigate the prognostic and predictive significance of FR™ CTC
in non-small cell lung cancer patients who underwent surgery,
patients with lower preoperative CTC level had longer relapse-free
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TABLE 2 Comparison of the clinicopathological characteristics of patients with high and low CTC levels in different groups.

Characteristics Surgical group (n=25)
High CTC levels Low CTC levels
(n=13) (n=12)

Age, years median (range) 65 (55-81) 64 (45-87)
Sex, male n (%) 8 (61.5) 7 (58.3)
Preoperative CA19-9 level U/ml, n (%)

> 200 4 (30.8) 5(41.7)

<200 9 (69.2) 7 (58.3)
Tumor size, mm median (range) 27.0 (12-95) 37.5 (20-61)
Tumor location, n (%)

Head 10 (76.9) 5 (41.7)

Body or tail 3(23.1) 7 (58.3)
Tumor stage, n (%)

T+I1 11 (84.6) 9 (75.0)

[II+1IV 2 (15.4)) 3 (25.0)
Tumor differentiation, n (%)

Well+Moderate 6 (46.2) 8 (66.7)

Poor 7 (53.8) 4 (33.3)

Not specified 0 (0.0) 0 (0.0)
Resection margin, n (%)

RO 7 (53.8) 7 (58.3)

R1 6 (46.2) 5(41.7)
Adjuvant treatment/Systemic treatment, n (%)

Yes 11 (84.6) 9 (75.0)

No 2 (15.4) 3 (25.0)

CA19-9, carbohydrate antigen 19-9; n.a, not applicable.

survival (RFS) and OS, CTC level (HR = 4.10) and pathological
stage (HR = 3.16) were independent prognostic factors of RES (40).
Accordingly, in the present analysis, we gave insight into the
association between pretreatment CTC levels and patient survival.

The frequency of CTC-detection varies due to the detection
methods and the disease status of the patients (19-22). However,

P

0.970
1.000
0.688

0.164
0.111

0.645

0.428

1.000

0.645

Non-surgical group (n=19)

High CTC levels Low CTC levels
(n=12) (n=7)
63.5 (42-79) 63 (58-77)
6 (50.0) 5 (71.4)

8 (66.7) 4 (57.1)
4(33.3) 3 (42.9)
n.a.

7 (58.3) 4 (57.1)

5 (41.7) 3(42.9)

0 (0.0) 0 (0.0)
12 (100.0) 7 (100.0)
6 (50.0) 2 (28.6)
1(8.3) 0 (0.0)

5 (41.7) 5(71.4)
n.a.

n.a.

8 (66.7) 6 (85.7)
4(33.3) 1(14.3)

p

0.590
0.633
1.000

0.960

0.342

0.603

in our current study, with 14.49 FU/3 ml as the optimal cut-off
value of CTCs, the detection rate of high CTC levels was 52.0%
in the patients with resectable PC and 63.2% in the patients with
advanced stage cancer. Compared to previous studies, especially
the studies in which Cellsearch was used as the detection
method, our study showed a higher detection rate in both

TABLE 3 Uni- and multivariable analyses of prognostic factors of DFS for patients in the surgical group.

Variable

HR (95% CI)

0.530 (0.185-1.514)
1.038 (0.992-1.086)
1.001 (0.999-1.002
0.814 (0.298-2.223
0.389 (0.052-2.940
0.850 (0.276-2.616
1.074 (0.414-2.787)
3.735 (1.263-11.049)
1.302 (0.652-2.602)

Sex, female vs. male

Age, years

CA19-9, U/ml )
Tumor site, Body/tail vs. Head )
Neoadjuvant treatment, Yes vs. No )
Adjuvant treatment, Yes vs. No )
R, Rlvs. RO

CTC levels, High vs. Low

Tumor stage

Univariable

Multivariable
P HR (95% CI) P
0.236
0.110 1.054 (0.999-1.113) 0.054
0342
0.688
0.360
0.777
0.883 0.733 (0.252-2.128) 0.568
0.017 4.589 (1.404-14.997) 0.012
0.454 1.867 (0.922-3.781) 0.083

Age and CA19-9 were calculated as continuous variables. CTC, circulating tumor cell; CA19-9, carbohydrate antigen 19-9; CI, Confidence interval; DFS, disease-free survival; HR, Hazard ratio.
Shown in bold are univariable associations (P < 0.2) that were selected for multivariable analysis and significant risk factors (P < 0.05) on multivariable analysis.
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Kaplan-Meier curves for patients in the surgical group. (A) DFS for the entire group. (B) DFS of the surgical group divided into high and low CTC

levels. CTC, circulating tumor cell; DFS, disease-free survival; mo, months; med., median.
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FIGURE 4
Kaplan-Meier curves for patients in the non-surgical group. (A) OS for the entire group. (B) OS of the non-surgical group divided into high and
low CTC levels. CTC, circulating tumor cell; mo, months; med., median; n.s., not significant; OS, overall survival.
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TABLE 4 Subanalysis of the recurrence patterns according to the CTC levels.

Variable Total number (%) or median
Recurrence

No 7 (28.0%)

Yes 18 (72.0%)

Recurrence site
Distant 13 (52.0%)
Locoregional 5 (20.0%)
Recurrence time

< 12 months 17 (68.0%)

> 12 months or recurrence (-) 8 (32.0%)
Follow-up duration (months)

Median 20.0

Range 6.0-28.0

CTC, circulating tumor cell.
Bold values was used for P values < 0.05.

early and advanced stage cancer. Consequently, these results
revealed again that LT-PCR is feasible and reliable for detecting
FR" CTCs in PC patients.

In our cohort, 43.2% of the patients were assigned to the
non-surgical group due to local advance or distant metastasis of
tumor. In this group, median OS was 11.0 months and there was
no significant difference in OS between the patients with high
and low CTC levels. These results are consistent with other
reports utilizing the different methods (41, 42). However, in our
study, we have secured meaningful results for the difference
between the two groups (8.5 months vs. 17.0 months) and
larger-scale studies are warranted in the future.

In the current study, 56.8% of the patients were assigned to
the surgical group and tumor resection with curative intent was

High CTC levels (n=13) Low CTC levels (n=12) P
0.030
1(7.7%) 6 (50.0%)
12 (92.3%) 6 (50.0%)
10 (76.9%) 3 (25.0%) 0.017
2 (15.4%) 3 (25.0%)
12 (92.3%) 5 (41.7%) 0.011
1 (7.7%) 7 (58.3%)
15.0 24.0 0.050
10.0-21.0 6.0-28.0

performed. Median DFS was 10.0 months for all patients, which
was similar to other studies with larger number of patients (5,
34). More importantly, high CTC levels predicted impaired DFS
following potentially curative surgery and patients with low CTC
levels could have a DFS as long as 26.0 months, which was an
amazing result. However, this may be related to the limitations
of our study with small number of cases and short duration for
follow-up, and only 50.0% of the patients with low CTC levels
during the observation time recured. Moreover, multivariable
analysis indicated that CTCs are an independent risk factor for
DEFS. Concerning OS in the surgical group, also due to the short
follow-up, we did not analyze the OS.

Although there are abundant studies on the association
between CTCs and survival, we are aware of only few reports

Patterens of recurrence

P=0.011

1.0
P=0.017

0.8

Percent of recurrence

0.6
0.4
0.0 | :
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O Low CTC levels
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FIGURE 5

Early

Patterns of recurrence of patients in the surgical group according to the CTC levels. CTC, circulating tumor cell.
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TABLE 5 Uni- and multivariable logistic regression analysis for risk factors in distant and early recurrence.

Variable

Distant recurrence

Univariable Multivariable
OR (95% CI) P OR (95% CI) P

Sex, female vs. male 0.444 (0.087-2.276) 0.330

Age, years 0.994 (0.915-1.081) 0.896

CA19-9, U/ml 1.000 (0.997-1.003) 0.957

Tumor site, Body/tail vs. Head 0.875 (0.176-4.341) 0.870

Neoadjuvant treatment, Yes vs. No 0.417 (0.033-5.299) 0.500

Adjuvant treatment, Yes vs. No 0.667 (0.091-4.889) 0.690

R, Rlvs. RO 0.317 (0.061-1.644) 0.171 0.121 (0.011-1.370) 0.088
CTC levels, High vs. Low 5.000 (1.594-26.732) 0.014 8.375 (1.915-28.222) 0.014
Tumor stage 1.024 (0.350-2.997) 0.965 2.058 (0.445-9.525) 0.356
Variable Early recurrence

Univariable Multivariable
OR (95% CI) P OR (95% CI) P

Sex, female vs. male 0.545 (0.099-3.004) 0.486

Age, years 1.141 (0.987-1.319) 0.074 1.224 (0.995-1.504) 0.055
CA199, U/ml 1.001 (0.998-1.004) 0.600

Tumor site, Body/tail vs. Head 0.545 (0.099-3.004) 0.486

Neoadjuvant treatment, Yes vs. No 0.933 (0.072-12.015) 0.958

Adjuvant treatment, Yes vs. No 0.464 (0.043-4.997) 0.527

R, Rlvs. RO 1.481 (0.265-8.267) 0.654 1.681 (0.128-22.061) 0.692
CTC levels, High vs. Low 6.800 (1.617-24.519) 0.018 8.412 (2.342-27.234) 0.013
Tumor stage 0.908 (0.288-2.861) 0.870 3.124 (0.361-27.002) 0.301

Age and CA19-9 were calculated as continuous variables. CTC, circulating tumor cell; CA19-9, carbohydrate antigen 19-9; CI, Confidence interval.

Shown in bold are univariable associations (P < 0.2) that were selected for multivariable analysis and significant risk factors (P < 0.05) on multivariable analysis.

of an association between CTCs from peripheral blood and
recurrence rate or pattern (22, 43). Therefore, in the present
analysis, we particularly analyzed whether CTC levels could be
used as an indicator of early recurrence and recurrence patterns
among these patients. In this cohort, the recurrence was
significantly higher in the patients with high CTC levels
compared with patients with low CTC levels. Meanwhile, in
patients with high CTC levels, early recurrence (i.e. within 12
months post-operatively) and distant recurrence were
significantly frequent. Moreover, multivariable logistic
regression analysis indicated that CTCs are a risk factor for
both early and distant recurrence.

Noteworthy, in the present study, the CTC levels were the
only independent predictor of DFS and recurrence patterns
although other clinically relevant factors such as preoperative
CA19-9 level, R status, neoadjuvant and adjuvant therapy, tumor
stage were included in the analyses. However, in some previous
studies, including large-scale and multicenter clinical trials,
CA19-9 level, R status, neoadjuvant and adjuvant therapy were
all significantly associated with survival and recurrence (44-47).
The discrepancy may be mainly explained by the small sample
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size and the selection bias of patients in our study. Another
alternate explanation may be that we did not analyze the surgical
margins separately as different surgical margins could have
different prognostic roles (48).

Our study showed that with the currently available
techniques for CTC-detection and treatment modalities in PC,
to support surgical treatment decisions probably would be a
promising use of CTC-analysis. Similar to CTCs, circulating
tumor DNA (ctDNA) also has the potential to be a preoperative
prognostic tool for the stratification of patients with resectable
PC (49-51). Although ctDNA was more abundant and easier to
detect than CTCs in comparative studies, the prognostic impact
of different mutational signatures in ctDNA was not fully
resolved (52-54). In a recent meta-analysis, ctDNA was
detected in 8.3-68.6% of patients with resectable PDAC
preoperatively and was associated with lower RFS and OS
(49). Most probably, future improvements in systemic
treatment are dependent upon identification of the core
molecular characteristics or driver mutations of the cancer cells.

We acknowledge that our study has several important
limitations. First, the number of patients is relatively small
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and the follow-up time is relatively short, which limit the
generalization of the results reported. In addition, FR* CTCs
can not predict survival in the non-surgical group, indicating
that this prognostic biomarker has less utility in patients with
advanced disease, which might mainly due to the universally
poor prognosis of this patient population. Moreover, the
present study design did not include the CTC detection at
multiple time points to observe how CTC dynamics predict
outcome with treatment, however, our study does provided
evidence on the utility of FR* CTCs as a biomarker at a time
when key treatment decisions are made. Finally, the
recurrences of some patients were identified based on
radiological evidence, without pathological verification,
which may include potential for some provider variability
regarding postoperative imaging.

In conclusion, this small-scale, exploratory clinical trial
revealed that FR" CTCs detected by LT-PCR predict shorter
DFS and are associated with early and distant recurrence in
patients with resectable PC. Our results indicate that FR* CTCs
could be a promising tool to individualize treatment planning
and to improve outcomes in PC. Further studies to investigate
the prognostic value of CTCs detected by LT-PCR in a larger
cohort are warranted.
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Background: Postoperative pancreatic fistula (POPF) remains the primary
complication of distal pancreatectomies. We aimed to review whether staple
line reinforcement with continuous lockstitches would lead to decreased grade
B and C pancreatic fistula in patients undergoing distal pancreatectomy.

Methods: This retrospective study enrolled consecutive patients scheduled to
undergo distal pancreatectomy at a large tertiary hospital. A comparison was
conducted between lockstitch reinforcement and non-reinforcement for
remnant closure during distal pancreatectomies from August 2016 to
February 2021. Propensity score matching was applied to balance the two
groups with covariates including abdominal and back pain, diabetes mellitus,
and estimated blood loss. The primary outcome was POPF rate.

Results: A total of 153 patients were enrolled in the study (89 lockstitch
reinforcements, 64 non-reinforcements), of whom 128 patients (64 per
group) were analyzed after propensity score matching (1:1). The total POPF
rate was 21.9%. POPF was identified in 12.5% (8/64) of the patients who
underwent resection with lockstitch reinforcement and 31.2% (20/64) of the
patients without reinforcement (odds ratio 0.314, 95% confidence interval
0.130-0.760, P=0.010). No deaths occurred in either group. Neither the
major complication rate nor the length of hospital stay after surgery differed
between the groups.
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Conclusions: Compared with the use of stapler alone, staple line lockstitch
reinforcement for remnant closure during distal pancreatectomy could reduce
the POPF rate. Further multicenter randomized clinical trials are required to
confirm these results.

KEYWORDS

CR-POPF, distal pancreatectomy, staple line, lockstitch reinforcement, pancreatic fistula

Introduction

Distal pancreatectomy (DP) is the standard surgical
procedure for benign, premalignant, or malignant pancreatic
tumors located in the body and tail of the pancreas (1).
According to the published literature, post-DP morbidity
varies from 5-64% in different centers (2-4). Postoperative
pancreatic fistula (POPF) remains the major complication
after DP and can potentially cause further complications, such
as abdominal fluid collection, severe intra-abdominal infection
and hemorrhage. Preventing POPF via effective pancreatic
remnant closure remains challenging, and no consensus on the
optimal surgical technique has been established (1, 5-8).

Surgical staples have been widely applied for remnant
closure because of their convenience and the mature
laparoscopic DP technique used. However, the DISPACT trial
demonstrated non-superior results with similar POPF rates in
stapler versus scalpel resection followed by hand-sewn closure of
the pancreatic remnant (9). Various surgical techniques for
staple line reinforcement have been reported to prevent POPF,
including reinforced staples, stump coverage with autologous
tissue, absorbable or nonabsorbable mesh, and biological glue.
However, when compared with stapler or hand-sewn closure,
most of the methods showed no convincing benefit in terms of
POPF (10-16).

The effective closure of pancreatic remnants of irregular
thickness is crucial for fistula prevention. This study reviewed a
propensity score matched cohort of patients who underwent
DPs with or without splenectomy and compared the efficacy of
staple plus lockstitch reinforcement versus non-reinforcement
(staples only) on the POPF rate.

Methods
Study design and patient enrolment
This retrospective study included patients scheduled to

undergo DPs between August 2016 and February 2021 at the
Peking Union Medical College Hospital. Preoperative candidate
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diagnoses included pancreatic malignancies, pancreatic
neuroendocrine tumors, pancreatic cystic neoplasms, chronic
pancreatitis, and pancreatic pseudocysts. All patients were
identified from a medical record-based database at the authors’
institution. A single experienced surgeon, who had performed
more than 400 pancreatectomies, performed all the surgeries.
This study was approved by the institutional ethics committee
(approval number: S-K1937). Written informed consent was
obtained from all participants.

Inclusion and exclusion criteria

The inclusion criteria were as follows: patients of both sexes
scheduled to undergo DPs with or without splenectomy for either
benign or malignant neoplasms; preoperative diagnoses of serous or
mucinous cystic adenoma, solid pseudopapillary tumor,
neuroendocrine tumor, intraductal papillary mucinous neoplasm,
pseudocyst, or distal pancreatic malignancies; use of a stapler when
closing the pancreatic remnant; and willingness to provide
informed consent. The exclusion criteria were as follows: history
of major upper abdominal surgeries; history of splenectomy,
gastrectomy, liver resection, or duodenal or pancreatic resection
(not including laparoscopic cystectomy); patients with pancreatic
trauma; patients who underwent other procedures except DPs, such
as pancreaticoduodenectomy, segmental pancreatic resection,
enucleation, or exploration; no use of a stapler for remnant
closure; and patients with pneumoperitoneum or severe
cardiopulmonary contraindications who were unfit for surgery.

Grouping and surgical technique
standardization

The included patients were enrolled in two groups according
to the closure style of the pancreatic remnant: lockstitch
reinforcement of the staple line and no reinforcement (staple
only). Initially, lockstitch reinforcement was mainly performed
when a staple fire was less than optimal, such as fracture of the
pancreatic tissue or remnant bleeding (after 2019, we performed
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lockstitch reinforcement in majority of the cases, regardless of
staple line performance). The study group in which continuous
lockstitches were placed along the staple line after transecting the
pancreas (Figure 1) was set as the reinforcement group. Control
group, i.e., non-reinforcement group, did not receive additional
reinforcement after transecting the pancreas with a stapler.

Regarding the surgical approach, we considered heterogeneous
tumor location and its relationship to the left wall of portal vein
(PV) and the roots of splenic vessels. When the lesion was located
near PV or even invaded the roots of splenic vessels, named
“shoulder” pancreatic tumor in our previously published article,
we preferred retrograde artery first approach pancreatosplenectomy
(17). When the lesion was located far from PV and there was
enough space to ligate the splenic vessels, we preferred radical
antegrade modular pancreaticosplenectomy (RAMPS) (18). For key
surgical steps during minimally invasive RAMPS, the authors’ team
transected the pancreas before ligating the splenic vessels unless the
splenic artery was easy to expose. In that case, the splenic artery was
ligated first. After transecting the pancreas, we ligated the splenic
vein and then the splenic artery considering the foot-to-head view
under laparoscopy. Normally, we resected the pancreas at the neck
if the lesion was located at the body and near the PV. If the lesion
was far from PV or near the tail of the pancreas, we would transect
the pancreas approximately 2 cm right to the lesion to leave normal
parenchyma intact as much as possible.

A 60-mm stapler with different heights (Powered Echelon
Flex stapler from Johnson & Johnson Medical Company, USA)
was used for pancreatic transection. The frequently chosen
stapler height was 3.6 mm, whereas a 2.6 mm height was
chosen when the targeted parenchyma was particularly thin.
In the study group, 5-0 Prolene (Ethicon, Somerville, NJ, USA)
was used to perform lockstitches, with a needle gauge of
approximately 5 mm, and was pulled tightly according to
various thicknesses and firmness of the pancreas.

Panel A

Magnified section after reinforcement

FIGURE 1

10.3389/fonc.2022.999002

Two intra-abdominal drainages were routinely placed in all
cases (one near the pancreatic remnant and the other in the
spleen nest if splenectomy was performed simultaneously).
Prophylactic somatostatin analogs, such as octreotide (Merck
Serono, Aubonne, Switzerland) were used 1-3 days
postoperatively according to the intraoperative performance
and amylase levels.

Drain amylase levels were tested on postoperative day(s) 1, 3,
5,7, and so on. The criteria for drainage removal were strict at
the authors’ institution. Generally, the drainage was removed
when the amylase levels were less than three times the upper
normal institutional limit and the patient was asymptomatic. For
patients with elevated amylase levels less than 5000 U/L and no
intra-abdominal fluid collection, we removed the drainage on
postoperative days 5-7. If the amylase levels were higher than
5000 U/L, we initiated the removal process when the drain
volume was less than 10 mL per day and lasted for at least 3 days.
In detail, we retracted the drainage gradually (3-5 cm at a time)
until removal.

The patients met the discharge criteria when they resumed
activity and autonomous eating, were afebrile, and did not need
fluid transfusions. Whether the drain tube had been removed
was not a determinant of discharge. Thus, some patients were
discharged with the drainage still in place, which would be
removed at the surgical clinic once the patient met the
aforementioned criteria.

Outcomes and data collection

The primary outcome measure was POPF, defined and
identified according to the 2016 version of the International
Study Group on Pancreatic Surgery (ISGPS) classification and
grading of POPF (19). POPF is defined as the drain output of any

Fenestrated Bipolar Forceps

Illustrations of staple line reinforcement with continuous lock stitches in schematic (A) and realistic drawings (B). SA splenic artery (ligated), CA
celiac axis, CHA common hepatic artery, SV splenic vein (ligated), SMV superior mesentery vein
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measurable fluid volume with amylase levels greater than three
times the upper limit of the institutional normal serum amylase
level (115 U/L at the authors’ institution) associated with one or
more clinical conditions related directly to the POPF. For the
classification of POPF, different physicians’ interpretations may
deviate from the ISGPS definition, causing potential bias.
Therefore, two investigators independently performed POPF
classification (TF and LM]J). If an inconsistency occurred, a
senior professor reviewed this and made a judgment (GJC).

The second outcome included surgical variables (parenchymal
firmness, operative time, lockstitch reinforcement time, estimated
blood loss [EBL], blood transfusion rate, and conversion rate],
short-term postoperative complication rate within 90 days, and
pathological results [final pathologic diagnosis, margin status, and
the number of harvested lymph nodes]). The postoperative length
of stay (LOS) was also recorded. Due to the retrospective nature of
the study, we did not collect data on the duration of performing
lockstitch reinforcements; however, data were collected from
several random samples of surgical videos. The RO resection rate
was defined as a tumor within 1 mm of the specimen margin (20).
Definitions of postoperative complications, such as delayed gastric
emptying (DGE) (21), post-pancreatectomy hemorrhage (22), and
abdominal infection (23, 24), have been reported previously. The
Clavien-Dindo classification was adopted to describe the severity
of postoperative complications (25), with grade III or higher
considered as a major complications.

In addition to the above variables, demographic data
including age, sex, body mass index (BMI), American Society
of Anesthesiologists (ASA) status, symptoms, medical history,
carbohydrate antigen 19-9 level, and maximum tumor size
measured on preoperative computed tomography (CT) scans
were also collected using a standardized form.

Postoperative follow-up

The first follow-up was arranged 30 days postoperatively and
the second 90 days postoperatively at the outpatient clinic or by
phone if the patient could not attend the clinic. Medical history,
physical examination, and laboratory tests were performed
routinely. Non-enhanced or contrast-enhanced CT scan was
performed accordingly. For patients with the surgical drainage,
the surgical drains were removed in the clinic when the drain
volume was less than 10 mL per day and lasted for 3 days.

Propensity-score matching

Mann-Whitney U tests and x> tests were conducted for
patient demographics and clinicopathological characteristics.
Significant between-group differences in the symptoms, rates
of diabetes mellitus, and intraoperative blood loss were
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identified, which might potentially affect the risk of POPEF.
Characteristics which possibly contribute to fistula such as
pancreatic firmness, BMI, or sex did not differ between the
groups (Supplementary Tables). Subsequently, we conducted
propensity score matching (PSM) (staple plus reinforcement
vs. non-reinforcement in a 1:1 match) to balance the two groups.
The covariates included abdominal and back pain, diabetes
mellitus, and EBL. The pancreatic remnant closure technique
was used as the dependent variable for the PSM.

Statistical analysis

PSM and statistical analyses were performed using R (R Core
Team, 2018) and SPSS® version 20.0 (IBM, Armonk, New York,
USA). Continuous variables are described as medians (range)
after testing for normality. Categorical variables are presented as
frequencies and percentages. Student’s t-test or Mann-Whitney
U test was used for continuous variables, and % and Fisher’s
exact tests were applied for categorical variables. P-values were
considered significant at P <0.05.

Results

A total of 261 patients with distal pancreatic lesions were
eligible for enrolment between the study intervals. Of these, 53
patients had to be excluded because procedures other than DP
were performed (n=30), or the required data were incomplete
(n=23). Thus, the intention-to-treat population consisted of 208
patients, of whom 55 did not use a stapler for remnant closure
were excluded. A total of 153 patients were enrolled according to
the inclusion criteria before matching, of whom 89 adopted
staplers plus lockstitch reinforcement and 64 used only staplers
without reinforcement. After PSM, a balanced cohort was
created with 64 patients in each of the study and control
groups (Figure 2).

The top five pathologies among the 208 patients who
underwent DP were pancreatic adenocarcinomas (32.7%),
solid pseudopapillary tumors (17.8%), serous cystic adenomas
(11.5%), neuroendocrine tumors (10.1%), and mucinous cystic
adenomas (10.1%). There were also a few rare pathological types,
including adenosquamous carcinoma (n=2), acinar cell
carcinoma (n=1), metastatic lesions from breast cancer (n=1),
liposarcoma (n=2), leiomyoma (n=1), spindle cell sarcoma
(n=1), tubular villous adenoma (n=1), and hemangioma
(n=1; Table 1)

The study population comprised 48 men (37.5%) and 80
women (62.5%). There were no differences in the baseline data
(age, sex, or BMI), clinical features (symptoms, accompanying
medical histories, ASA status, tumor marker deviation), or
radiological variables (tumor size, the relationship between the
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tumor and major vessels such as the portal vein-superior
mesentery vein [PV-SMV] axis, and roots of splenic
vessels) (Table 2).

A total of 92.2% (118/128) of the DPs were completed via
minimally invasive approaches, of which 6.3% (8/128) were
converted to open surgeries for severe adhesion or uncontrollable
hemorrhage. The minimally invasive surgery and conversion rates
did not differ significantly between the two groups. Based on five
random samples of surgical videos, the mean duration of
performing lockstitch reinforcements was 521 + 146.1 s (493, 614,
463,327,708 s, respectively). As shown in Table 3, the overall POPF
rate was 21.9% (28/128), with rates of 12.5 and 31.2% in the
reinforcement and non-reinforcement groups, respectively
(P=0.010). Among the 28 patients with grade B POPF, 27 needed
persistent drainage>21days (delayed removal of the surgical
drainage), whereas no surgical, endoscopic, or radiological
intervention were required. Only one patient needed
percutaneous puncture due to intra-abdominal fluid and fever.
No grade C fistula was observed.

The 90-day all-cause mortality rate was zero in both groups.
The rates of spleen preservation and concomitant PV-SMV wall
resection did not show any differences between the groups. Both
groups were similar regarding parenchymal firmness,

10.3389/fonc.2022.999002

TABLE 1 Pathological array of 208 distal pancreatectomies.

Pathology n(%)

Pancreatic ductal adenocarcinoma 68 (32.7)
Solid pseudopapillary tumor 37 (17.8)
Serous cystic adenoma 24 (11.5)
Neuroendocrine tumor 21 (10.1)
Mucinous cystic adenoma 21 (10.1)
Intraductal papillary mucinous neoplasm 14 (6.7)
Chronic pancreatitis 13 (6.2)
Other rare pathologic types* 10 (4.8)

*Including: adenosquamous carcinoma (n=2); alveolar cell carcinoma (n=1); metastatic
cancer from breast cancer (n=1); liposarcoma (n=2); tubular villous adenoma (n=1);
liomyoma (n=1); spindle cell sarcoma (n=1); hemangioma (n=1).

intraoperative median EBL, transfusion rate, and operative
time. The duration of drainage tended to be shorter in the
reinforcement group than in the non-reinforcement group (8 vs.
10 days, respectively; P=0.066). Major postoperative
complications and LOS were similar between the two groups.
There were two grade IITa complications in the non-
reinforcement group, including one case of DGE requiring a
gastric tube reinsertion and one case of peripancreatic fluid

Patients scheduled for distal
pancreatectomy with or without

splenectom

n=261

Excluded:
Patients with incomplete information (n=23)
Underwent other operations except distal
pancreatectomy (n=30)

Patients underwent distal
pancreatectomies (n=208)

|

Pancreatic stump closed without stapler (n=55)

|

Excluded: }

Pancreatic stump closed with
stapler plus reinforcement (n=89)

Pancreatic stump closed with stapler
only, without reinforcement (n=64)

I

[ Propensity score matching ]

1:1

[

|

{ Reinforcement group(n=64) ] [ Non-reinforcement group (n=64) ]

l

[ Analysis

FIGURE 2
Study profile.
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accumulation with fever requiring reintervention, although
pathogen cultures were all negative. In addition, there were
nine grade II complications in both groups: one abdominal
infection (Enterococcus faecalis), one blood infection
(Brucella), and two intestinal infections (one Candida albicans
and one Clostridium difficile), which were treated with
antibiotics; three chylous leakages treated via fasting; and two
patients with transient hemoglobin decline treated
conservatively (Table 4).

Discussion

The major finding of this study was that reinforcement of the
staple line with continuous lockstitches resulted in a significantly
decreased POPF rate compared with its nonreinforcement
counterpart for DP (12.5 vs. 31.2%, P=0.010). Meanwhile,
lockstitch reinforcement did not lead to differences in the
major postoperative complication rate or patient recovery.
Both remnant closure strategies were equally safe for DP.

10.3389/fonc.2022.999002

TABLE 3 Comparison of rate of postoperative pancreatic fistula in
staple line reinforcement and non-reinforcement groups .

Non-reinforcement Reinforcement P

group (n=64) group (n=64) value®
No leakage 7 (10.9) 10 (15.6) 0.601
Biochemical 37 (57.8) 46 (71.9) 0.138
leak
POPF 0.010*
Grade B 20 (31.2) 8 (12.5)
Grade C 0 (0) 0(0)

Values in parentheses are percentages. POPF, postoperative pancreatic fistula. §)” test,
except *Fisher’s exact test.

This study presented a total POPF rate of 21.9% (28/128),
which is similar to the 23% benchmark POPF rate reported in a
study involving 3,016 patients from 24 randomized controlled
trials undergoing DP (6). Risk scores for predicting POPF would
promote preventive and mitigation strategies. Several studies
have identified risk factors related to POPF occurrence after DP.

TABLE 2 Comparison of baseline and clinicopathological characteristics of patients between the groups.

Non-reinforcement group (n=64)

Age, years * 54.5 (13-81)
Sex

Male 21 (32.8)
Female 43 (67.2)

Body mass index (kg/mz) *

Abdominal/back pain 31 (48.4)
Weight loss 17 (26.6)
Hypertension in medical history 14 (21.9)
Diabetes mellitus 8 (12.5)

Coronary heart disease 2(3.1)

Cerebrovascular disease 2(3.1)

Hyperlipemia 10 (15.6)
Maximum tumor size (cm) * 5(1.2-12)
Preoperative pancreatic portal hypertension 11 (17.2)
PV/SMV axis invasion on imaging 10 (15.6)
Splenic artery invasion on imaging 13 (20.3)
Splenic vein invasion on imaging 9 (14.1)

Elevated CA19-9 18 (28.1)
Elevated CEA 11 (17.2)
Preoperative albumin (g/L) * 43 (36-54)

Preoperative hemoglobin (g/dL) *
ASA Classification

Grade I or IT 58 (90.6)
Grade >III 6(9.4)
Pathology

PDAC 21 (32.8)
Non-PDAC 43 (67.2)

23.6 (15.6-32.7)

133 (83-169)

Reinforcement group (n=64) P value®
55.5 (17-79) 0.618"
0.273
27 (42.2)
37 (57.8)

23.2 (15.4-33.6) 0.941%
26 (40.6) 0.374
25 (39.1) 0.132
18 (28.1) 0.414
7 (10.9) 0.783

4(6.2) 0.680°
3(4.7) 1.000°
9 (14.1) 0.804
4.8 (1-23) 0.960"
13 (20.3) 0.651
15 (23.4) 0.265
12 (18.8) 0.824
12 (18.8) 0.474
20 (31.2) 0.699
11 (17.2) 1.000
44 (30-51) 0.521
136.5 (85-178) 0.333"
0.571

56 (87.5)

8 (12.5)
0.461

25 (39.1)

39 (60.9)

Values in parentheses are percentages unless indicated otherwise; *values are median (range). ASA, American Society of Anesthesiologists. PDAC, pancreatic ductal adenocarcinoma. §y*

test, except ¢ Fisher’s exact test and #Mann-Whitney U test.
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TABLE 4 Comparison of safety and efficiency-related outcomes between the two groups.

Non-reinforcement group (n=64)

Surgical approach

Open 4(6.2)
Laparoscopic or robotic 60 (93.8)
Conversion to open surgery 4(6.3)
Parenchyma firmness

Soft 56 (87.5)
Hard 8 (12.5)
Operative time (min) * 200 (100-460)
Spleen preservation 12 (18.8)
Concomitant PV/SMV wall resection 8 (12.5)
Estimated blood loss (ml) * 100 (20-1000)
Transfusion 6 (94)
Duration of drainage (days) * 10 (6-60)
Postoperative LOS (days) * 9 (6-25)
Clavien-Dindo classification

Grade I or IT 46 (71.9)
Grade IITa" 2(3.1)
Grade I1Ib 0(0)
Grade IV or V 0 (0)
90-day mortality 0(0)

Reinforcement group (n=64) P value®
0.5107
6 (9.4)
58 (90.6)
4 (6.3) 1.000°
0.466
52 (81.3)
12 (18.7)
200 (110-440) 0.834"
12 (18.8) 1
8 (12.5) 1
125 (20-1000) 0.712*
8 (12.5) 0.571
8 (3-60) 0.066"
10 (6-26) 0.378"
0.5287
28 (43.8)
0 (0)
0 (0)
0 (0)
0 (0) 1

Values in parentheses are percentages unless indicated otherwise; *values are median (range). PV, portal vein. SMV, superior mesentery vein. LOS, length of stay. f Including one delayed
gastric emptying and one peri-pancreatic fluid accumulation with fever needing reintervention. § 2 test, except ¢ Fisher’s exact test and # Mann-Whitney U test.

Based on a retrospective study involving 2026 patients, Ecker
et al. reported that age <60 years, obesity, hypoalbuminemia,
absence of epidural anesthesia, nonmalignant pathology,
concomitant splenectomy, and vascular resection were
independent risk factors of POPF. Unfortunately, most of the
factors were not modifiable and the prediction model showed
unsatisfactory discrimination (1). Recently, Bonsdorff et al. and
Pastena et al. developed and validated new risk scores for POPF
after DP, introducing crucial risk factors, including the
pancreatic thickness at the transection, the diameter of the
pancreatic duct, diabetes, and the level of transection (neck or
body-tail) (7, 8).

Effective closure of pancreatic remnants of irregular
thickness is crucial for fistula prevention. The pancreatic
parenchyma, particularly the soft and thick parenchyma, may
be too fragile to retain the staples. The stapler may only tear the
pancreatic tissue, potentially increasing the risk of leakage.
Moreover, mismatch between the irregular remnant thickness
and the stapler’s height might cause invisible minor leaks
(Figure 1). Zimmitti et al. reported pancreatic capsule
disruption and staple line bleeding at a high occurrence rate of
39% and 50%, respectively, during DPs. Moreover, they
concluded that pancreatic capsule disruption and staple line
bleeding were factors associated with higher POPF rate (26). The
thicker the pancreas at the pancreatic transection site, the higher
the possibility of disruption. Initially, for heterogeneous
remnants, we only used electrocoagulation and single stitch for
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pancreatic capsule disruption and staple line bleeding.
Obviously, no improvement of POPF was observed. Around
2019, we applied continuous lockstitch reinforcement along the
staple line and found it might decrease POPF. From then on, we
added reinforcement as a routine step during DP and applied it
in majority of the cases, regardless of the occurrence of
disruption. The logic of the staple line lockstitch reinforcement
technique is that the fine lockstitches could close tiny pancreatic
ducts according to different gland characteristics and tighten the
remnant to the largest extent, thus preventing potential leakage
from the remnant. It systemically, not focally, enhances
the staple line and decreases POPF rate as demonstrated in
our results, which is a reverse proof of the effectiveness of
the lockstitch reinforcement technique. Therefore, the
inconsistency between results of Zimmitti et al.’s study and
our study lie in that they described the situation, and we put
forward an alternative solution for this situation.

In the past decade, several studies have shown a significant
reduction in POPF using reinforced stapler for closure of the
remnant (10, 27, 28). However, a recent randomized trial
reported no difference in terms of POPF or overall
postoperative complications after DP comparing reinforced
stapler versus standard stapler (14). Therefore, the potential
superiority of reinforced stapler has not been confirmed and
controversy remains (5). Moreover, the expenses could have
limited the wide use of reinforced stapler. In the present study,
the POPF rate in the reinforcement group is similar to the rate in
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reinforced stapler group (12%) reported by Wennerblom et al.,
even though they did not consider reintervention and the rate of
POPF was possibly underestimated (14).

The reduced POPF rate should have shortened the
postoperative LOS and the drainage duration in the
reinforcement group, but there was no difference in the LOS
(median 9 vs. 10 days in the reinforcement group; P=0.378) or
duration of drainage (median 10 vs. 8 days in the reinforcement
group; P=0.066) between the two groups. This may be related to our
conservative strategies for postoperative management, especially the
aspect dealing with surgical drains. We believe that around
postoperative day 7, there is a high-risk period of pancreatic
fistula due to tissue edema, necrosis, and increased secretion of
pancreatic juice following oral intake. Therefore, we were
accustomed to retaining the surgical drain until around
postoperative day 7, unless the amylase levels were very low. This
perhaps narrowed the difference of LOS and drainage duration
between the two groups.

Surgical drainages are commonly used to mitigate POPF.
Likewise, no-drain strategy in selected cases after DP was
reported to not be associated with increased POPF rate when
compared with routine prophylactic abdominal drainage (29,
30). However, the selection bias limits the conclusion of studies
and controversy still exists (31). Future evidence is required for
identifying which subset of patients is suitable for no-drain
strategy. Prophylactic abdominal drainage has been reported
to be associated with a greater fistula rate but reduced POPF
severity (1). Strict criteria for drainage removal may increase
inconvenience for patients after discharge. However, longer
drainage may lower the possibility of intra-abdominal fluid
collection and reduce the need for punctures. Meanwhile,
drainage in place keeps an existing and easier pathway for a
possible percutaneous drain. Wennerblom et al. (14) and Diener
et al. (9), both reported a remarkably high rate of patients with
intra-abdominal fluid and abscess (17-19%), majority of whom
needed subsequent radiological or surgical reintervention. In
this study, only one patient with fluid accumulation required
percutaneous reintervention after removal of the drainage,
leading to a very low Clavien-Dindo grade III or higher
complication rate in both groups, which benefits patients.
Concern might be raised that delayed drain removal was
related to an increased incidence of bacterial contamination.
However, in the present study, rare retrograde infection was
detected. The low rate of Clavien-Dindo grade III or higher
complication (3.1% vs. 0 in the reinforcement group; P=0.528)
might also affect the detection of differences between the two
groups. Of those with grade B fistula, most patients had
prolonged intra-abdominal drainage (over 21 days) due to
high drain amylase levels but no clinical symptoms.

This study had several limitations. First, although we applied
PSM to decrease selection bias, inherent bias still existed in this
retrospective study. For example, neither remnant characteristics,
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such as parenchymal thickness, duct diameter at the transection site
nor the staple height were recorded, which was a potential source of
bias. Second, this study described experience from a single surgeon,
and repeatability of the reinforcement technique might be an issue if
widely adopted.

In conclusion, compared with staplers only, stapler line
reinforcement with lockstitches for remnant closure during DP
could reduce the POPF rate. Randomized controlled trials are
needed to validate the results of our study before generalizing the
reinforcement technique. The quality of the reinforcement
lockstitches, transection level, and pancreatic duct and
parenchyma thickness at the transection site should be
considered in future randomized controlled trials.
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Background & aim: The association of perioperative blood transfusion (PBT)
with long-term survival in perihilar cholangiocarcinoma (pCCA) patients after
surgical resection with curative intent is controversial and may differ among
different stages of the disease. This study aimed to investigate the impact of
PBT on long-term survival of patients with different stages of pCCA.

Methods: Consecutive pCCA patients from three hospitals treated with
curative resection from 2012 to 2019 were enrolled and divided into the PBT
and non-PBT groups. Propensity score matching (PSM) was used to balance
differences in baseline characteristics between the PBT and non-PBT groups.
Kaplan—Meier curves and log-rank test were used to compare overall survival
(OS) and recurrence-free survival (RFS) between patients with all tumor stages,
early stage (8th AJCC stage 1), and non-early stage (8th AJCC stage II-1V) pCCA
in the PBT and non-PBT groups. Cox regression analysis was used to determine
the impact of PBT on OS and RFS of these patients.
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Results: 302 pCCA patients treated with curative resection were enrolled into
this study. Before PSM, 68 patients (22 patients in the PBT group) were in the
early stage and 234 patients (108 patients in the PBT group) were in the non-
early stage. Patients with early stage pCCA in the PBT group had significantly
lower OS and RFS rates than those in the non-PBT group. However, there were
with no significant differences between the 2 groups with all tumor stages and
non-early stage pCCA. After PSM, there were 18 matched pairs of patients with
early stage and 72 matched pairs of patients with non-early stage. Similar
results were obtained in the pre- and post-PSM cohorts: patients with early
stage pCCA in the PBT group showed significantly lower OS and RFS rates than
those in the non-PBT group, but there were no significant differences between
the 2 groups for patients with all tumor stages and non-early stage pCCA. Cox
regression analysis demonstrated that PBT was independently associated with
worse OS and RFS for patients with early stage pCCA.

Conclusions: PBT had a negative impact on long-term survival in patients with
early stage pCCA after curative resection, but not in patients with non-early

perihilar cholangiocarcinoma, perioperative blood transfusion, resection,

Liu et al.
stage pCCA.
KEYWORDS
survival, recurrence
Introduction

Cholangiocarcinoma accounts for 3% of all gastrointestinal
tumors and represents 10~25% of all primary hepatic
malignancies globally (1, 2). Perihilar cholangiocarcinoma
(pCCA) is the most common type of cholangiocarcinoma,
accounting for approximately 60% of these cases (3). The only
treatment that can result in long-term survival for patients with
pCCA is curative resection (4, 5). However, the complicated
nature of the surgical procedure which includes bile duct
resection and reconstruction, hepatectomy, perihilar dissection,
vascular resection and reconstruction if necessary, as well as
coagulopathy due to preoperative jaundice, make the possibility
of intraoperative bleeding and perioperative blood transfusion
extremely likely (6).

Abbreviations: AJCC, American Joint Committee on Cancer; ALB, albumin;
ALT, alanine aminotransferase; ASA, American Society of Anesthesiologists;
AST, aspartate transaminase; CA 19-9, carbohydrate antigen 19-9; CI,
confidence interval; HGB, haemoglobin; HR, hazard ratio; INR,
international normalized ratio; IQRs, interquartile ranges; LN, lymph node;
PBT, perioperative blood transfusion; pCCA, perihilar cholangiocarcinoma;
PRBCs, packed red blood cells; PSM, propensity score matching; OR, odds
ratio; OS, overall survival; RFS, recurrence-free survival; SDs,

standard deviations.
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Perioperative blood transfusion (PBT) plays an essential role
in perioperative safety of pCCA patients. However, the impact of
PBT on long-term survival in pCCA patients treated with
curative resection has been controversial. Miiller et al.
indicated that allogeneic blood transfusion did not affect long-
term survival after curative resection for advanced
cholangiocarcinoma (7). However, Kimura et al. indicated that
PBT was a poor prognostic factor for hilar cholangiocarcinoma
treated with curative resection (8). Both these two studies
focused on long-term survival in cholangiocarcinoma patients
following curative resection, they reached completely different
conclusions. In fact, allogeneic blood transfusion has been
demonstrated to have immunosuppressive effects, which are
associated with a higher chance of tumor recurrence and a
poor long-term prognosis in patients with malignancies (9, 10).
There are two possible explanations for the different results
obtained in the above two mentioned studies. First, both these
studies were single-centre studies with small sample sizes, and
the results were of low-level of medical evidence. Second, the
conclusions drawn based on the total cohort did not apply to an
individual, as the patients had tumors of different stages.
Previous studies on hepatocellular carcinoma showed PBT to
have different impact on long-term survival in different tumor
stages (11, 12). However, the impact of PBT on long-term
survival has not been studied in patients with different stages
of pCCA.
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Ethical reasons do not allow clinical researchers to conduct a
randomized controlled trial on PBT. To improve the level of
medical evidence, 302 patients from 3 institutions were
identified from a multicentre database to be included to
conduct this first study by using propensity score matching
(PSM) analysis to study the impact of PBT on long-term survival
in patients with different stages of pCCA treated with
curative resection.

Methods
Patients

From February 2012 to February 2019, consecutive pCCA
patients treated with curative resection at three hospitals
(Southwest Hospital, Sichuan Provincial People’s Hospital,
Jiulongpo District Second People’s Hospital) were enrolled in
this study. Tumors originating from common hepatic duct,
junction of common hepatic duct, and left/right first-order
hepatic ducts were all grouped as pCCA. All diagnoses were
confirmed by postoperative histopathology. The exclusion
criteria were patients with (1): recurrent pCCA; (2) loss to
follow-up; (3) lack of data for essential variables; and (4) death
within 30 days after curative resection. This study complied with
the Declaration of Helsinki and was approved by the Ethics
Committees of the 3 participating hospitals. Due to its
retrospective nature and because all data were deidentified,
informed consent was exempted.

Surgical procedure

Curative resection was defined as resection resulting in
microscopically clear margins. Curative resection included bile
duct resection, biliary reconstruction, hepatectomy, lymph
node dissection, and vascular reconstruction for vascular
invasion as previously reported (13-15). Curative resection
was performed by experienced surgeons in hepatobiliary
surgery in the 3 institutions.

Data collection

Data was prospectively collected into a database used by the
3 participating hospitals and the study was conducted
retrospectively. The data collected on patient demographic,
preoperative laboratory, postoperative histopathological and
surgical variables included gender, age, comorbidity,
preoperative jaundice, preoperative hepatolithiasis, chronic
hepatitis, American Society of Anesthesiologists (ASA) score,
alanine aminotransferase (ALT), aspartate transaminase (AST),
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international normalized ratio (INR), albumin (ALB),
hemoglobin (HGB), carbohydrate antigen 19-9 (CA 19-9),
tumor size, degree of tumor differentiation, macrovascular
invasion, microvascular invasion, lymph node (LN)
involvement, nerve invasion, cirrhosis, 8th American Joint
Committee on Cancer (AJCC) staging (16), extent of
hepatectomy, PBT, perioperative blood loss and operation time.
Patients were divided into two groups according to the upper
or lower limits of normal of each preoperative laboratory variable.
Specifically, the following thresholds were employed: ALT and
AST: 40 U/L, INR: 1.15, ALB: 35 g/L, HGB: 120 g/L, and CA 19-9:
37 U/L (13, 14, 17). All postoperative histopathological variables
were confirmed by postoperative histopathological examination of
tumor or nontumor tissues. Preoperative jaundice was defined as a
preoperative total bilirubin higher than 37 pmol/L. Extent of
hepatectomy was divided into major hepatectomy (three or more
resected Couinaud liver segments) and minor hepatectomy (two
or less resected Couinaud liver segments). In previous studies,
pCCA patients with a tumor size > 3 cm showed poor long-term
survival (13, 14). As a consequence, 3 cm was used to divide
patients into 2 groups. Both portal vein invasion and hepatic
artery invasion were considered as macrovascular invasion.

Perioperative blood transfusion

PBT was defined as transfusion of whole blood and/or
packed red blood cells (PRBCs) either during surgery or
within 7 days of surgery as determined from the surgical and
postoperative medical records. PBT excluded autologous blood,
allogeneic platelets, fresh frozen plasma, and cryoprecipitate.
The need for intraoperative blood transfusions was determined
by excessive intraoperative blood loss and/or hemodynamic
instability. Postoperative blood transfusions were administered
if the patient’s hemoglobin level was below 70 g/L or the patient
was hemodynamically unstable. Two units were the standard for
transfusion (one unit of PRBCs refers to the red blood cells
isolated from 200 ml of whole blood).

Survival outcomes and follow-up

The main outcomes were overall survival (OS) and
recurrence-free survival (RFS). OS was defined as the interval
from curative resection to death or the last follow-up. The
definition of RFS for patients with recurrence was the interval
from curative resection to recurrence, and for patients with no
recurrence as the interval from curative resection to death or last
follow-up. This study was censored on February 28, 2022. After
discharged from hospital, patients were followed-up once every 1-
2 months for 2 years after curative resection, once every 3-4
months for 3-5 years and then once every 6 months for 5 years.
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Contrast-enhanced ultrasonography, contrast-enhanced
computed tomography, and/or magnetic resonance
cholangiopancreatography were performed at each follow-up.
Conservative therapy, systemic chemotherapy, or repeat surgical
resection were performed if patients were confirmed to
have relapsed.

Statistical analysis

Continuous variables with normal distributions were
presented as means and standard deviations (SDs) and were
compared using the Student’s t test, whereas continuous
variables with non-normal distributions weare presented as
medians with interquartile ranges (IQRs) and were compared
using the Mann-Whitney U test. Categorical variables were
presented as frequencies and percentages and were compared
using the Pearson’s chi-square test. All patients were divided into
two groups according to whether PBT was given. All the baseline
characteristics of the two groups were compared. To overcome the
influence of selection bias, PSM was used to balance the
differences in the baseline characteristics between the PBT and
non-PBT groups. Tendency scoring system was used for PSM to
integrate all observed variable information, in order to balance
variable and reduce the bias. Potential variables which might affect
PBT were included into the propensity model, including
preoperative jaundice, ASA grade, INR, ALB, HGB, tumor size,
cirrhosis, and extent of hepatectomy. Propensity scores for pCCA
patients who received PBT or not were created using logistic
regression estimation. A one-to-one match between the two
groups was then performed using the nearest-neighbor
matching method with a caliper width equal to 0.2 of the
standard deviation of the logit of the propensity score. Kaplan—
Meier curves were used to calculate the OS and RFS rates of
patients, and the log-rank test was used for comparisons.
Variables with a significance level of P < 0.1 in univariate
analysis were included in multivariate analysis using the Cox
regression model to determine independent predictors of OS and
RFS. In addition, using the 8th AJCC staging system, all patients
were divided into the early stage (AJCC stage I) group and the
non-early stage (AJCC stage II-IV) group. Subgroup analysis was
used to investigate the impact of PBT on OS and RFS for patients
with different tumor stagings. sPSS® version 26.0 (IBM, Armonk,
New York, United States) was used for all statistical analyses. A P
value (two-sided) < 0.05 was considered statistically significant.

Results
Characteristics of all pCCA patients

Of 364 pCCA patients treated with curative resection during
the study period, 62 patients were excluded according to the
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exclusion criteria, resulting in 302 pCCA patients being included
in this study (Supplement Figure 1). There were 198 (65.6%)
males, and 125 (41.4%) patients were more than 60 years old. The
median follow-up time was 22.5 months. The PBT group had 130
patients (43.0%), and the non-PBT group had 172 patients
(57.0%). Before PSM, baseline characteristics showed the PBT
group to have significantly more patients with preoperative
jaundice, ASA grade > II, INR > 1.15, ALB < 35 g/L, HGB <
120 g/L, tumor size > 3 cm, 8th AJCC stage II-IV disease, major
hepatectomy, blood loss > 500 mL and operation time > 360 min
than the non-PBT group. After PSM with 90 matched pairs of
patients were analyzed, baseline characteristics of the PBT group
still showed significantly more patients with the 8th AJCC stage
II-IV disease than the non-PBT group (Table 1).

Long-term survival of all pCCA patients

On follow-up, before PSM, the 5-year OS rates for all pPCCA
patients treated with curative resection were 18.9% in the PBT
group and 29.4% in the non-PBT group, respectively, while the
5-year RES rates were 10.6% in the PBT group and 19.5% in the
non-PBT group, respectively. After PSM, the 5-year OS rates for
all pCCA patients treated with curative resection were 22.7% in
the PBT group and 27.8% in the non-PBT group, respectively,
while the 5-year RFS rates were 11.4% in the PBT group and
18.0% in the non-PBT group, respectively (Supplement Table 1).
Both before and after PSM, Kaplan-Meier curves revealed that
there were no significant differences between the PBT and non-
PBT groups in OS and RFES (Figure 1).

Characteristics of patients with early
stage pCCA

68 patients with early stage (AJCC stage I) pCCA were
treated with curative resection. Among these patients, 22
patients (32.4%) were in the PBT group, and 46 patients
(67.6%) were in the non-PBT group. Before PSM, baseline
characteristics showed the PBT group to have significantly
more patients with an ALB < 35 g/L, HGB < 120 g/L and
blood loss > 500 mL than the non-PBT group. After PSM with
18 matched pairs of patients being analyzed, there were no
significant differences in baseline characteristics between the
PBT group and the non-PBT group (Table 2).

Long-term survival of patients with early
stage pCCA

On follow-up, before PSM, the 5-year OS rates of patients

with early stage pCCA treated with curative resection were
32.6% in the PBT group and 62.2% in the non-PBT group,
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TABLE 1 Clinicopathologic characteristics of the PBT and non-PBT groups among all pCCA patients treated with curative resection.

Variables Before PSM
PBT (n=130) Non-PBT (n=172)

Male 90 (69.2) 108 (62.8)
Age > 60 years 56 (43.1) 69 (40.1)
Comorbidity 33 (25.4) 39 (22.7)
Preoperative jaundice 108 (83.1) 102 (59.3)
Preoperative hepatolithiasis 11 (8.5) 4(8.1)

Chronic hepatitis 16 (12.3) 1(6.4)

ASA grade > II 19 (14.6) 12 (7.0)

ALT > 40 U/L 110 (84.6) 140 (81.4)
AST > 40 U/L 109 (83.8) 135 (78.5)
INR > 1.15 17 (13.1) 10 (5.8)

ALB <35 g/L 59 (45.4) 51 (29.7)
HGB < 120 g/L 40 (30.8) 33 (19.2)
CA 19-9 > 37 U/L 98 (75.4) 126 (73.3)
Tumor size > 3 cm 59 (45.4) 56 (32.6)
Poor differentiation 22 (16.9) 20 (11.6)
Macrovascular invasion 39 (30.0) 43 (25.0)
Microvascular invasion 15 (11.5) 19 (11.0)
LN involvement 55 (42.3) 61 (35.5)
Peripheral nerve invasion 46 (35.4) 53 (30.8)
Cirrhosis 15 (11.5) 10 (5.8)

8th AJCC stage II-IV 108 (83.1) 126 (73.3)
Major hepatectomy 94 (72.3) 102 (59.3)
Blood loss > 500 mL 98 (75.4) 99 (57.6)
Operation time > 360 min 76 (58.5) 75 (43.6)

“The calibration formula of chi-square test was used.

After PSM
P value * PBT (n=90) Non-PBT (n=90) P value *
0.224 62 (68.2) 62 (68.2) 1.000
0.605 40 (44.4) 46 (51.1) 0.371
0.584 27 (30.0) 21 (23.3) 0.312
< 0.001 70 (77.8) 70 (77.8) 1.000
0.920 8 (8.9) 7 (7.8) 0.787
0.075 10 (11.1) 9 (10.0) 0.808
0.030 9 (10.0) 0 (11.1) 0.808
0.463 76 (84.4) 6 (84.4) 1.000
0.242 76 (84.4) 5 (83.3) 0.839
0.029 5 (5.6) 8 (8.9) 0.388
0.005 0 (44.4) 4 (37.8) 0363
0.020 7 (30.0) 22 (24.4) 0.402
0.676 66 (73.3) 65 (72.2) 0.867
0.023 9 (43.3) 40 (44.4) 0.881
0.188 6 (17.8) 13 (14.4) 0.543
0333 20 (22.2) 12 (13.3) 0.119
0.893 8 (8.9) 11 (12.2) 0.467
0.226 35 (38.9) 33 (36.7) 0.758
0.402 34 (37.8) 29 (322) 0435
0.074 6 (6.7) 9 (10.0) 0.418
0.043 75 (83.3) 56 (62.2) 0.001
0.019 62 (68.9) 59 (65.6) 0.634
0.001 63 (70.0) 51 (56.7) 0.063
0.011 45 (50.0) 41 (45.6) 0.551

ALB, albumin; ALT, alanine aminotransferase; AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; AST, aspartate transaminase; CA 19-9,
carbohydrate antigen 19-9; HGB, hemoglobin; INR, international normalized ratio; LN, lymph node; pCCA, perihilar cholangiocarcinoma; PBT, perioperative blood transfusion; PSM,

propensity score matching.

respectively, while the 5-year RFS rates were 13.2% in the PBT
group and 47.9% in the non-PBT group, respectively. After PSM,
the 5-year OS rates of patients with early stage pCCA treated
with curative resection were 20.6% in the PBT group and 72.6%
in the non-PBT group, respectively, while the 5-year RFS rates
were 23.0% in the PBT group and 60.7% in the non-PBT group,
respectively (Supplement Table 2). Both before and after PSM,
Kaplan-Meier curves revealed that in patients with early stage
pCCA, the OS and RFS rates in the PBT group were significantly
lower than those in the non-PBT group (Figure 2). After PSM,
multivariable analyses revealed that for patients with early stage
pCCA, PBT and tumor size >3 cm to be independently
associated with worse OS (Table 3) and RFS (Table 4).

Characteristics of patients with non-early
stage pCCA

234 patients with non-early stage (AJCC stage II-IV) pCCA
were treated with curative resection. Of which, 108 patients with
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AJCC stage IT, pCCA 103 patients with AJCC stage III pCCA, 23
patients with AJCC stage IV pCCA were treated with curative
resection. The PBT group had 108 patients (46.2%), and the
non-PBT group had 126 patients (53.8%). Before PSM, baseline
characteristics showed the PBT group to have significantly more
patients with preoperative jaundice, chronic hepatitis, ASA > II
grade, INR > 1.15, ALB < 35 g/L, blood loss > 500 ml, and
operation time > 360 min than the non-PBT group. After PSM,
with 72 matched pairs of patients were analyzed, there were no
significant differences in baseline characteristics between the
PBT group and non-PBT group (Table 5).

Long-term survival for patients with
non-early stage pCCA

On follow-up, before PSM, the 5-year OS rates for patients

with non-early stage pCCA treated with curative resection were
15.6% in the PBT group and 17.0% in the non-PBT group,
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FIGURE 1

Kaplan—Meier curves of overall survival (A) and recurrence-free survival (B) between the PBT and non-PBT groups among all pCCA patients
treated with curative resection before PSM. Kaplan—Meier curves of overall survival (C) and recurrence-free survival (D) between the PBT and
non-PBT groups among all pCCA patients treated with curative resection after PSM. Cl, confidence interval; HR, hazard ratio; PBT, perioperative

blood transfusion; PSM, propensity score matching

respectively, while the 5-year RFS rates were 10.6% in the PBT
group and 8.5% in the non-PBT group, respectively. After PSM,
the 5-year OS rates for patients with non-early stage pCCA
treated with curative resection were 17.7% in the PBT group and
13.3% in the non-PBT group, respectively, while the 5-year RFS
rates were 12.1% in the PBT group and 3.0% in the non-PBT
group, respectively (Supplement Table 3). Both before and after
PSM, Kaplan-Meier curves revealed in patients with non-early
stage pCCA, there were no significant differences between the
PBT and non-PBT groups in OS and RES (Figure 3).

Discussion

PBT has been shown to be associate with perioperative safety
of patients with hepatobiliary diseases. However, in some
hepatobiliary diseases, such as hepatocellular carcinoma and
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colorectal liver metastases, immunomodulation brought on by
PBT has been shown to associate with cancer recurrence (18-
23). There have been very few studies reported on the association
of PBT with long-term survival in pCCA patients. Radical
resection of pCCA requires bile duct resection and
reconstruction, hepatectomy, perihilar dissection, vascular
resection and reconstruction if necessary, and it is a more
complex, demanding, and high risk operation than resection
for hepatocellular carcinoma or colorectal liver metastases. As a
consequence, radical resection of pCCA has a greater need
for PBT.

The association between PBT and long-term survival
following resection for pCCA, to our knowledge, has only
been studied in three previously published studies (8, 24, 25).
Liu et al. observed a significant association between PBT and
poor survival in 40 patients who underwent surgical resection
for pCCA. However, blood transfusion could not be identified as
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TABLE 2 Clinicopathologic characteristics of the PBT and non-PBT groups among patients with early stage (8th AJCC stage |) pCCA treated with

curative resection.

Variables Before PSM
PBT (n = 22) Non-PBT (n = 46)
Male 16 (72.7) 35 (76.1)
Age > 60 years 15 (68.2) 28 (60.9)
Comorbidity 8 (36.4) 9 (19.6)
Preoperative jaundice 18 (81.8) 27 (58.7)
Preoperative hepatolithiasis 1 (4.5) 4 (8.7)
Chronic hepatitis 3 (13.6) 5(10.9)
ASA grade > II 3 (13.6) 6 (13.0)
ALT > 40 U/L 19 (86.4) 37 (80.4)
AST > 40 U/L 17 (77.3) 36 (78.3)
INR > 1.15 4(182) 4(8.7)
ALB <35 g/L 11 (50.0) 11 (23.9)
HGB < 120 g/L 11 (50.0) 8 (17.4)
CA 19-9 > 37 U/L 14 (63.6) 23 (50.0)
Tumor size > 3 cm 7 (31.8) 11 (23.9)
Poor differentiation 2(9.1) 3 (6.5)
Cirrhosis 4 (18.2) 4 (8.7)
Major hepatectomy 13 (59.1) 18 (39.1)
Blood loss > 500 mL 17 (77.3) 23 (50.0)
Operation time > 360 min 9 (40.9) 12 (26.1)

“The calibration formula of chi-square test was used.

After PSM
P value ? PBT (n = 18) Non-PBT (n = 18) P value
0.765 15 (83.3) 12 (66.7) 0.248
0.559 13 (72.3) 13 (72.3) 1.000
0.134 6 (33.3) 6 (33.3) 1.000
0.059 14 (77.8) 15 (83.3) 0.674
0.540 1(5.6) 1(5.6) 1.000
0.740 3(16.7) 2 (11.1) 0.630
0.946 3(16.7) 3(167) 1.000
0.549 17 (94.4) 15 (83.3) 0.289
0.927 15 (83.3) 15 (83.3) 1.000
0.256 3(167) 1(5.6) 0.289
0.031 7 (38.9) 7 (38.9) 1.000
0.005 7 (38.9) 6 (33.3) 0.729
0.291 11 (61.1) 10 (55.6) 0.735
0.489 7 (38.9) 5 (27.8) 0.480
0.704 2 (11.1) 2 (11.1) 1.000
0.256 4(222) 2 (11.1) 0371
0.122 12 (66.7) 7 (38.9) 0.095
0.003 13 (72.2) 9 (50.0) 0.171
0216 7 (38.9) 4(22.2) 0278

ALB, albumin; ALT, alanine aminotransferase; AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; AST, aspartate transaminase; CA 19-9, carbohydrate

antigen 19-9; HGB, hemoglobin; INR, international normalized ratio; pCCA, perihilar cholangiocarcinoma; PBT, perioperative blood transfusion; PSM, propensity score matching.

an independent predictor in multivariate analysis of this study
(24). In contrast, Young et al. demonstrated through
multivariate analysis that PBT was a significant independent
predictor of poor survival following surgery in a study of 83
patients with pCCA (25). Similarly, Kimura et al. retrospectively
analysed the clinical data of 66 patients with pCCA who
underwent surgical resection and found PBT to be an
independent risk factor for poor OS and disease-free survival
(8). The controversial results of the above three studies may well
be due to differences in patient baseline characteristics, timings
of the studies, tumor stagings and surgery types. However, in our
opinion, the differences may be associated more with small
sample sizes and selection biases of the studies. First, all these
three studies had sample sizes of less than 100 patients coming
from a single institution. The validity of the results of these
studies could be improved by expanding the sample size and
enrolling patients from multicenters. Second, as conducting a
randomized controlled trial for PBT is not feasible due to ethical
issues, PSM analysis can be used to minimize selection bias when
randomized controlled studies cannot be carried out (26) in the
same way as studies investigating the association between PBT
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and long-term survival of hepatocellular carcinoma patients
using PSM analyses (11, 12).

To our knowledge, our study is the first study using PSM
analysis and a multicenter database to investigate the impact of
PBT on OS and RFS in patients with different stages of pCCA
treated with curative resection. Of the 302 pCCA patients from
three institutions included in this study, univariable analysis
indicated that PBT did not adversely affect long-term survival of
pCCA patients treated with curative resection. Two commonly
used tumour staging systems or classifications were evaluated at
the outset of this study, including the 8th AJCC staging system
and the Bismuth classification to divide these patients into an
early stage group and a non-early stage group to study the long-
term survival of patients with different stagings of pCCA. The
Bismuth classification was more relevant for choosing surgical
procedures rather than classifying the degrees of tumor invasion.
To better reflect the extent and location of tumor invasion, this
study chose the 8th AJCC staging to group these patients. After
grouping, the PBT rate of patients in the early stage group was
significantly lower than that in the non-early stage group (32.4%
vs. 46.2%). On long-term survival analysis, multivariable Cox
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FIGURE 2

Kaplan—Meier curves of overall survival (A) and recurrence-free survival (B) between the PBT and non-PBT group among patients with early
stage (8th AJCC stage I) pCCA treated with curative resection before PSM. Kaplan—Meier curves of overall survival (C) and recurrence-free
survival (D) between the PBT and non-PBT group among patients with early stage (8th AJCC stage |) pCCA treated with curative resection after
PSM. CI, confidence interval; HR, hazard ratio; PBT, perioperative blood transfusion; PSM, propensity score matching

regression analysis showed that PBT was independently
associated with decreased OS and RFS rates in pCCA patients
in the early-stage group treated with curative resection.
However, in patients with non-early stage pCCA treated with
curative resection, univariable analysis suggested that PBT had
no significant effect on OS and RFS.

These exciting and interesting results can be explained by
the conclusions drawn from the following reported studies.
Blood transfusion has been well documented to increase
immunosuppression in the host to promote cancer recurrence
and metastasis. Blood transfusion in basic and clinical studie ahs
been shown to decrease host immunity by reducing natural
killer cell activity and cytotoxic T-cell function, increase
suppressor T-cell activity, and decrease helper/suppressor (T4/
T8) lymphocyte ratios (27, 28). In addition, normal physiological
ageing and metabolic processes result in leaching of biologically
active substances from cells into stored blood products. These
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leached bioactive substances have immunomodulatory effects that
promote cell growth and angiogenesis and may therefore have a
direct effect on tumor growth (29). The immunosuppressive
impact of blood transfusion may therefore have a significant
influence on recurrence of malignant tumors. A recent study by
Goeppert et al. indicated that presence of both intratumoral T and
B cells to be associated with prolonged survival in patients with
cholangiocarcinoma and that prognosis was associated
with inflammation (30). These findings provide a strong
foundation in understanding the biological significance of
inflammatory infiltrates in cholangiocarcinoma, as well as for
further functional and clinical investigations on regulation of
inflammatory responses in cholangiocarcinoma patients
(30). Although immunosuppression may influence recurrence
and survival in cholangiocarcinoma patients, the deleterious
consequences of blood transfusion on host immunity
remain unknown.
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TABLE 3 Univariable and multivariable analyses of independent risk factors for overall survival among patients with early stage (8th AJCC stage |)

pCCA treated with curative resection after propensity score matching.

Variables

PBT

Sex

Age, years
Comorbidity

Preoperative jaundice

Preoperative hepatolithiasis

Chronic hepatitis
ASA grade > II
ALT, U/L

AST, U/L

INR

ALB, g/L

HGB, g/L

CA 19-9, U/L
Tumor size, cm
Poor differentiation
Cirrhosis

Major hepatectomy

Comparison

Yes vs. No
Male vs. Female
> 60 vs. < 60
Yes vs. No

Yes vs. No

Yes vs. No

Yes vs. No

Yes vs. No

> 40 vs. < 40

> 40 vs. < 40

> 1.15vs. < 1.15
<35vs. 235

< 110 vs. > 100
> 37 vs. < 37
>3vs.<3

Yes vs. No

Yes vs. No

Yes vs. No

Univariable analyses

P value

HR (95% CI)

Multivariable analyses*

P value

HR (95% CI)

0.022
0.863
0.981
0.445
0.561
0.560
0.631
0.358
0.320
0.124
0.210
0.572
0.176
0.065
0.013
0.531
0.483
0.146

3.842 (1.212-12.174)
0.904 (0.286-2.852)
1.014 (0.322-3.195)
1.497 (0.532-4.212)
1.556 (0.350-6.918)
1.841 (0.237-14.302)
1.443 (0.323-6.438)
2.032 (0.448-9.211)
2.807 (0.367-21.453)
4.932 (0.645-37.704)
2.265 (0.630-8.146)
1.349 (0.478-3.806)
2.017 (0.731-5.569)
2.959 (0.937-9.350)
3.707 (1.317-10.432)
1.612 (0.362-7.178)
1.574 (0.442-5.601)
2.346 (0.743-7.415)

*Those variables that had a P <.10 in the univariable analyses were entered into the multivariable analyses.
ALB, albumin; ALT, alanine aminotransferase; AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; AST, aspartate transaminase; CA 19-9,
carbohydrate antigen 19-9; HGB, hemoglobin; INR, international normalized ratio; NA, not available; pCCA, perihilar cholangiocarcinoma; PBT, perioperative blood transfusion.

0.024

0.147
0.015

3.772 (1.187-11.983)

NA
3.683 (1.287-10.279)

TABLE 4 Univariable and multivariable analyses of independent risk factors for recurrence-free survival among patients with early stage (8th
AJCC stage ) pCCA treated with curative resection after propensity score matching.

Variables

PBT

Sex

Age, years
Comorbidity

Preoperative jaundice

Preoperative hepatolithiasis

Chronic hepatitis
ASA grade > II
ALT, U/L

AST, U/L

INR

ALB, g/L

HGB, g/L

CA 19-9, U/L
Tumor size, cm
Poor differentiation
Cirrhosis

Major hepatectomy

Comparison

Yes vs. No
Male vs. Female
> 60 vs. < 60
Yes vs. No

Yes vs. No

Yes vs. No

Yes vs. No

Yes vs. No

> 40 vs. < 40

> 40 vs. < 40
>1.15vs. < 1.15
<35vs. 235

< 110 vs. = 100
> 37 vs. < 37
>3vs.<3

Yes vs. No

Yes vs. No

Yes vs. No

Univariable analyses

P value

0.049
0.724
0.568
0.323
0.738
0.855
0.963
0.646
0.235
0.082
0.367
0.727
0.367
0.126
0.023
0.228
0.885
0.573

HR (95% CI)

2.694 (1.005-7.223)
0.829 (0.294-2.337)
1.383 (0.454-4.216)
1.615 (0.624-4.181)
1.263 (0.358-4.274)
1.207 (0.160-9.135)
1.035 (0.237-4.519)
1.419 (0.320-6.296)
3399 (0.451-25.635)
6.034 (0.798-45.615)
1.775 (0.511-6.167
1.184 (0.458-3.062
1.539 (0.603-3.933
2.160 (0.805-5.794
2.954 (1.160-7.524
2.160 (0.617-7.558
1.096 (0.316-3.794
1.314 (0.509-3.393

*Those variables that had a P <.10 in the univariable analyses were entered into the multivariable analyses.

Multivariable analyses*

P value

0.015

0.060

0.006

HR (95% CI)

3.709 (1.289-10.674)

NA

4.108 (1.485-11.362)

ALB, albumin; ALT, alanine aminotransferase; AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; AST, aspartate transaminase; CA 19-9,
carbohydrate antigen 19-9; HGB, hemoglobin; INR, international normalized ratio; NA, not available; pCCA, perihilar cholangiocarcinoma; PBT, perioperative blood transfusion.
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TABLE 5 Clinicopathologic characteristics of the PBT and non-PBT groups among patients with non-early stage (8th AJCC stage II-IV) pCCA

treated with curative resection.

Variables Before PSM
PBT (n = 108) Non-PBT (n = 126)

Male 74 (68.5) 73 (57.9)
Age > 60 years 41 (38.0) 41 (32.5)
Comorbidity 25 (23.1) 30 (23.8)
Preoperative jaundice 90 (83.3) 77 (61.1)
Preoperative hepatolithiasis 10 (9.3) 10 (7.9)

Chronic hepatitis 13 (12.0) 6 (4.8)

ASA grade > II 16 (14.8) 6 (4.8)

ALT > 40 U/L 91 (84.3) 103 (81.7)
AST > 40 U/L 92 (85.2) 99 (78.6)
INR > 1.15 13 (12.0) 6 (4.8)

ALB <35 g/L 48 (44.4) 40 (31.7)
HGB < 120 g/L 29 (26.9) 25 (19.8)
CA 19-9 > 37 U/L 84 (77.8) 103 (81.7)
Tumor size > 3 cm 52 (48.1) 45 (35.7)
Poor differentiation 20 (18.5) 17 (13.5)
Macrovascular invasion 39 (36.1) 43 (34.1)
Microvascular invasion 15 (12.0) 19 (15.1)
LN involvement 55 (50.9) 61 (48.4)
Peripheral nerve invasion 46 (42.6) 53 (42.1)
Cirrhosis 39 (36.1) 43 (34.1)
Major hepatectomy 15 (13.9) 19 (15.1)
Blood loss > 500 mL 55 (50.9) 61 (48.4)
Operation time > 360 min 40 (37.0) 40 (31.7)

“The calibration formula of chi-square test was used.

After PSM
Pvalue® PBT (n=72) Non-PBT (n=72) Pvalue?
0.096 48 (66.7) 41 (56.9) 0.230
0387 27 (37.5) 25 (34.7) 0.729
0.906 19 (26.4) 15 (20.8) 0433
<0.001 56 (77.8) 58 (80.6) 0.682
0719 8 (11.1) 5(6.9) 0.383
0.043 6(83) 5(6.9) 0.754
0.009 7(9.7) 4 (5.6) 0.347
0.611 64 (88.9) 59 (81.9) 0238
0.194 62 (86.1) 56 (77.8) 0.194
0.043 4(5.6) 4(5.6) 1.000
0.046 30 (41.7) 27 (37.5) 0.609
0.205 20 (27.8) 11 (153) 0.068
0451 56 (77.8) 57 (79.2) 0.839
0.055 27 (37.5) 33 (45.8) 0310
0.294 12 (16.7) 12 (16.7) 1.000
0.751 28 (38.9) 18 (25.0) 0.074
0.797 6(8.3) 12 (16.7) 0.131
0.701 30 (41.7) 38 (52.8) 0.182
0.935 26 (36.1) 24 (33.3) 0.726
0.752 7(9.7) 2(2.8) 0.085
0.797 51 (70.8) 51 (70.8) 1.000
0.702 51 (70.8) 43 (59.7) 0.161
0.396 39 (54.2) 37 (514) 0.738

ALB, albumin; ALT, alanine aminotransferase; AJCC, American Joint Committee on Cancer; ASA, American Society of Anesthesiologists; AST, aspartate transaminase; CA 19-9, carbohydrate

antigen 19-9; HGB, hemoglobin; INR, international normalized ratio; pCCA, perihilar cholangiocarcinoma; PBT, perioperative blood transfusion; PSM, propensity score matching.

In our study, all patients were staged using the 8th AJCC
staging system, and patients with early stage disease had tumors
confined to the bile ducts. On the other hand, for individuals with
non-early stage disease, their tumors had exhibited at least one of
the following characteristics: invasion into surrounding adipose
tissues, invasion into adjacent liver, invasion into one (or more)
portal vein branches hepatic artery/common hepatic artery,
lymph node invasion, and distant metastases. We hypothesize
that the difference between the impact of PBT on prognosis of
patients with early stage and non-early stage pCCA are the results
of the difference in biological behaviors of the tumors in the 2
groups. PBT had detrimental effects on prognosis of patients with
early stage disease, but its impact on prognosis of patients with
more advanced diseases was obscured by the invasive and/or
metastatic behavior of the tumors.

For pCCA patients who received PBT, the effects of
postoperative adjuvant therapy remain to be further studied,
as such a treatment way improve long-term survival. At present,
immune checkpoint inhibitors have achieved remarkable results
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in biliary tract cancer, and some immune checkpoint inhibitors
have achieved breakthroughs in clinical studies (clinical trial
information: NCT03875235 and NCT03875235) (31). Since PBT
could lead to immunosuppression in tumor patients who
underwent radical surgery, it is worth studying whether such
patients should receive adjuvant immunotherapy after surgery.

This study has several limitations. First, this retrospective
study has its inherent defects, PSM analysis was used in this
study to minimize selection bias. Second, there was only a small
sample size of patients with early stage pCCA. However, as
pCCA is a highly malignant tumor and it has no specific
symptoms in the early stages, most patients in this study were
already in the non-early stage at diagnosis. Patients enrolled in
this study were much higher than those in other studies which
investigated the association between long-term survival of
pCCA patients with PBT. Third, patient selection and
surgical procedures were not standardized among the three
institutions in this study. For a multicenter study, such a bias
cannot be completely be avoided. Despite this, the surgery
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Kaplan—Meier curves of overall survival (A) and recurrence-free survival (B) for the PBT and non-PBT groups among patients with non-early
stage (8th AJCC stage II-1V) pCCA treated with curative resection before PSM. Kaplan—Meier curves of overall survival (C) and recurrence-free
survival (D) for the PBT and non-PBT groups among patients with non-early stage (8th AJCC stage II-1V) pCCA treated with curative resection
after PSM. Cl, confidence interval; HR, hazard ratio; PBT, perioperative blood transfusion; PSM, propensity score matching.

was all performed by surgeons with rich experience in
hepatobiliary surgery.

In conclusion, PBT was demonstrated in this study to be
independently associated with worse long-term survival in
patients with early stage pCCA treated with curative resection,
but not in patients with non-early stage diseases. To improve the
long-term survival of pCCA patients treated with curative
resection, particularly those with early stage disease, PBT
should be avoided if technically possible.
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Background: Preoperative biliary drainage (PBD) is useful in resectable
periampullary cancer with obstructive jaundice. Whether it is better than direct
surgery (DS) in terms of postoperative complications and mortality is controversial.

Methods: All cases of successful pancreaticoduodenectomy (PD) in patients
with periampullary cancer with obstructive jaundice performed between
January 2016 and January 2021 were retrospectively reviewed. Endoscopic
PBD was performed; data pertaining to serum bilirubin level, procedural
technique, and duration before surgery were obtained. The incidence of
postoperative complications and survival rate were compared between the
PBD and DS group.

Results: A total of 104 patients (PBD, n = 58; DS, n = 46) underwent curative PD.
The mean age was 63.8 + 10 years and 53 (51%) were male. Age, body mass
index (BMI), sex, Eastern Cooperative Oncology Group status, presence of
comorbid disease, initial laboratory results, and pathological diagnoses were
not significantly different between the two groups. The incidence of
postoperative complications was 58.6% in the PBD group while 73.9% in the
DS group (relative risk [RR] 1.26, 95% confidence interval [CI] 0.92, 1.73,
p=0.155) and the difference was not significant except in bile leakage (RR
8.83,95% Cl1.26, 61.79, p = 0.021) and intraoperative bleeding (RR 3.97, 95% ClI
0.88, 17.85, p = 0.049) which were higher in the DS group. The one-year
survival rate was slightly less in the DS group but the difference was not
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statistically significant. The independent predictors for death within 1-year
were intraoperative bleeding and preoperative total bilirubin > 14.6 mg/dL.

Conclusions: PBD in resectable malignant distal biliary obstruction showed no
benefit in terms of 1-year survival over DS approach. But it demonstrated the
benefit of lower risks of intraoperative bleeding, and bile leakage. Additionally,
the level of pre-operative bilirubin level of over 14.6 mg/dL and having
intraoperative bleeding were associated with a lower 1-year survival in such
patients. Overall, PBD may be not necessary for all resectable periampullary
cancer patients, but there might be a role in those with severely jaundice (>14.6
mg/dL), as it helps lower risk of intraoperative bleeding, and might lead to a
better survival outcome.

KEYWORDS

preoperative biliary drainage, direct surgery, resectable periampullary cancer,
obstructive jaundice, postoperative outcomes

Background

Obstructive jaundice is the one of common presentations of
periampullary cancers, and surgical resection is the curative
treatment but could be applied only in the early-stage patients
(1). Presence of obstructive jaundice is also a significant risk
factor for postoperative complications attributed to impaired
immune response, coagulopathy, kidney dysfunction, and
impaired healing of anastomosis secondary to surgical site
infection (2, 3). Therefore, preoperative biliary drainage (PBD)
is potentially beneficial in lowering serum bilirubin level and
reducing the incidence of subsequent complications, thereby
preventing hepatobiliary dysfunction and improving the quality
of life of patients (4). Previous meta-analyses showed
comparable postoperative outcomes such as infection and
mortality between those who underwent PBD and direct
surgery (DS) (5, 6). However, conflicting outcomes of PBD
including increasing risk of preoperative bacterial
contamination of bile, cholangitis, and postoperative
complications have also been reported (7-9). While the benefit
of endoscopic biliary drainage in unresectable periampullary
cancers with malignant obstruction is evidently concrete (10,
11), there are no current recommendations regarding the

Abbreviations: CI, Confidence interval; CT, Computed tomography; ECOG,
Eastern Cooperative oncology Group; ERC, Endoscopic retrograde
cholangiography; ESGE, European Society of Gastrointestinal Endoscopy;
HPB, Hepato-pancreato-biliary; MRI, Magnetic resonance imaging; OR, Odd
ratios; PBD, Preoperative biliary drainage; PD, Pancreaticoduodenectomy;
PPPD, Pyloric-preserving pancreaticoduodenectomy; 5FU, fluorouracil;

LV, leucovorin.

Frontiers in Oncology

19

decision between PBD and DS for potentially resectable
periampullary cancer patients.

Several factors might affect the outcomes of PBD.
Theoretically, patients with a higher degree of jaundice may be
benefit from PBD. A prior randomized controlled trial published
in 2010 showed that PBD showed no benefit over early surgery in
those with serum bilirubin level <14.6 mg/dL (1). nonetheless,
whether PBD in patients with deeper jaundice will be beneficial
over direct surgery is still unknown (1, 12). Moreover, the waiting
duration for surgery, from PBD to surgery, has varied among
studies, and has been reported as 2 weeks, 2-4 weeks, and > 4
weeks. A longer waiting duration seemed to increase the incidence
of biliary complications and poor operative outcomes, especially
infectious complications, over time (1).

The advantages of PBD in patients with periampullary
cancer who present with obstructive jaundice at the resectable
stage remain unclear. Most studies have been conducted in the
United State of America and Europe, which have good
healthcare referring systems, high socioeconomic statuses, and
short waiting duration for surgery.

In this study, we aimed to evaluate postoperative outcomes
in terms of postoperative complications, length of hospital stays,
and mortality in patients with periampullary cancers who
underwent curative surgical resection with or without PBD.

Methods

We conducted a retrospective single center cohort study,
which included patients with periampullary cancer who had
undergone curative surgical resection (Whipple’s operation or
pyloric preserving pancreaticoduodenectomy [PPPD]) with or
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without endoscopic PBD at our center between January 2016
and January 2021. Specifically, all endoscopic procedures were
performed at Songklanagarind hospital, the largest university
hospital in Southern Thailand. The inclusion criteria were as
follows: 1) patients with periampullary tumor diagnosed by
computed tomography (CT), magnetic resonance imaging
(MRI) and considered to be resectable after an evaluation by
hepato-pancreato-biliary (HPB) surgeons, 2) age of at least 18
years, 3) total bilirubin level at the time of diagnosis > 3 mg/dL,
and 4) with complete follow-up data. Patients with disease
progression to the unresectable stage or locally advanced stage
during the waiting duration for surgery were excluded. Eligible
patients were identified from our endoscopic center and HPB
registration center’s database. All patients’ profiles and
procedural data were extracted and collected from the
hospital’s electronic database.

The study protocol was approved by the Institutional Review
Board of Faculty of Medicine, Prince of Songkla University (REC
64-473-21-1). The need for informed consent from the
participants was waived owing to the retrospective nature of
the study.

Resectability determination of
periampullary cancer

Periampullary cancer was identified through CT, MRI and
reviewed by experienced body radiologists. The tumor
considered to be resectable if none of the following criteria
were met: infiltration of peripancreatic fat planes, the
hepatoduodenal ligament and the mesentery; > 180 °
encasement of the portal or superior mesenteric vein or of the
hepatic or superior mesenteric artery; or distant metastasis (13).

At our institute, the decision to perform direct surgery (DS)
or PBD in patients with resectable periampullary cancers
presenting with obstructive jaundice is made by the attending
physician. Generally, PBD is performed in patients with
obstructive jaundice, ascending cholangitis, or prolonged
waiting duration for surgery (2), but there were no pre-defined
criteria for PBD in our institute, to drain or not drain prior to the
surgery is as per the attending physician’s decision. According to
the current practice in hepato-pacreato-biliary(HPB) surgery,
definite tissue diagnosis is not mandatory before

curative resection.

Endoscopic biliary drainage procedure

The general protocol for endoscopic retrograde
cholangiography (ERC) for PBD in our center is as follow:
before the procedure, cross-sectional abdominal imaging is
reviewed, and the location of the biliary stricture is identified.
ERC is performed using a duodenoscope (TJF 160VR and TJF
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Q180V: Olympus Optical Co.,Ltd., Tokyo, Japan). Biliary
cannulation is achieved using a sphincterotome or cannula
catheter and guidewires. Biliary sphincterotomy, biliary
brushing cytology, and intraductal biopsy are performed
before biliary stent deployment under fluoroscopy guidance.
The biliary stent(s) is placed above the stricture, and the
position is confirmed by fluoroscopy. Either the 7-10 Fr
straight plastic (Boston scientific, COOK and Olympus) or 10-
mm covered self-expandable metal stent (Teawong [Korea],
Hanaro [Korea] and Boston Scientific [USA]) is selected at the
discretion of the endoscopist.

The procedure was performed under conscious sedation by
five experienced endoscopists (TP, NN, JS, TY and BO).
Antibiotic prophylaxis was given to all patients.

All patients were followed up as out-patient setting at 2-week
after endoscopic PBD for monitoring the clinical condition,
serum bilirubin level and other procedure-related
complications before pancreaticoduodenectomy, this
additional follow up after PBD may affect the timing for
schedule the operation.

Surgical resection procedure

The eligibility for surgery was evaluated by experienced HPB
surgeons and radiologists. All patients received preoperative
antibiotics for prophylaxis. The choice of curative resection,
classic Whipple’s operation or PPPD, was as the
surgeon’s discretion.

- PPPD was performed for tumors located around the
ampulla with no evidence of invasion of the duodenum or
stomach and includes the removal of all lymph nodes on the
right side of the portal vein and mesenteric artery (14).

- The classic Whipple’s operation was performed if the
tumor had metastasized to the proximal duodenum or pylorus
and includes the resection of the distal stomach (14).

Patients were transferred to a critical care or intermediate
postoperative care unit after the operation. Routine
postoperative biochemical blood tests were performed. Oral
intake was generally initiated after the gastric content output
was ensured to be less than 500 mL/day and presence of
bowel movements.

Data collection

Data pertaining to demographic and clinical characteristics
such as age, sex, tumor location, imaging results, laboratory
investigations, Eastern Cooperative Oncology Group (ECOG)
status, details of the endoscopic procedure (stent type, duration
of the endoscopic procedure, technical details, and
complications), details of the operative procedure (procedure
type, blood loss, complications bleeding, bile leakage and
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internal organ injury), incidence of postoperative complications
(intraoperative bleeding, surgical site infection, intra-abdominal
collection, bile leakage, pancreatic leakage and anastomosis
leakage), and date and cause of death were collected and
recorded. Intraoperative bleeding was categorized according to
the extent of blood loss: < 500 mL was considered normal
operative bleeding, 500-1000 mL was considered mild,
>/= 1000 mL was moderate and >/= 1000 mL with need for
early resuscitation was considered severe.

Statistical analysis

Patients were categorized into the PBD and DS groups.
Continuous variables were compared between the two groups
using Wilcoxon’s test for non-normally distributed data and
student’s t-test for normally distributed data, whereas categorical
data were compared using chi-square test or Fisher’s exact test. A
p-value < 0.05 was considered statistically significant. Survival
probability data were demonstrated using Kaplan-Meier survival
curve and log-rank test was used for the comparison. The
potential factors associated with I-year mortality were
analyzed by univariable and multivariable methods using
logistic regression analyses and expressed as odds ratios (ORs)
with 95% confidence intervals (CIs). All statistical analyses were
performed using the R program version 4.1.0 (R foundation for
statistical computing, Vienna, Austria).

Results

During the study period, 181 patients diagnosed
periampullary cancer underwent Whipple’s operation or
PPPD. Of those, a total of 104 patients (58 in the PBD group
and 46 in the DS group) fulfilled our eligibility criteria.

Table 1 summarizes baseline characteristics of the patients.
Age, body mass index (BMI), sex, ECOG status, presence of
comorbid diseases, initial laboratory data and definite pathological
diagnoses were not significantly different between the two groups.
Most patients in both groups were over 60 years old but exhibited
good performance status of ECOG class 1-2. The results of
baseline laboratory data at diagnosis were not significantly
different except for the higher median total bilirubin level, lower
platelet counts, and longer prothrombin time were observed in the
patients in the DS group compared with those in the PBD group.
Pancreatic adenocarcinoma, ampullary adenocarcinoma, and
cholangiocarcinoma were accounted for >80% of the entire
cohort. All patients underwent curative resection with either
Whipple’s operation or PPPD. As expected, the PBD group had
a significantly longer waiting time for surgery than the DS group
by approximately 30 days (p < 0.001), and the mean preoperative
serum bilirubin level was respectively lower (1.8 vs 16.8 mg/dL, p
= 0.001). None of the patients in the study received neoadjuvant
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chemotherapy, but 22.1% of them (24.1% in the PBD group, and
19.6% in the DS group) received adjuvant chemotherapy after
surgical resection are shown in Table 1.

Postoperative complications and outcomes between the two
groups are shown in Table 2. Although the time in intensive care
unit, the length of hospital stays, the proportion of patients who
survived less than one-year, and overall immediate
complications were comparable between the two groups,
interestingly, the patients in the DS group experienced a
significantly higher rate of severe intraoperative bleeding (2%
vs 0%) and bile leakage (15.2% vs 1.7%), respectively, and the
relative risks are shown in the table.

The overall survival of the patients in both groups are
presented in Figure 1. At one-year after surgery, 20.6% of the
patients in the PBD group and 34.7% of the patients in the DS
group deceased. However, the difference in overall survival
between the two groups was not statistically significant.

In the univariable analyses exploring the factors associated
with 1-year mortality (Figure 2), PBD showed a trend towards a
lower 1-year mortality rate with an odds ratio (OR) of 0.42 (95%
CI: 0.16-1.08, p=0.073). Other factors associated with increased
risk of 1-year mortality by univariate analyses were increasing
age (OR 1.07; 95%CI 1.01-1.13, p=0.013 per year), preoperative
bilirubin level of higher than 14.6 mg/dL (OR 4.11; 95%CI 1.55-
10.91, p=0.005), and presence of intraoperative bleeding (OR
5.44; 95%CI 2.03-14.62, p<0.001). Having normal creatinine
clearance (>/=90 ml/min/1.73m?) at the time of diagnosis and
receiving adjuvant chemotherapy were additional factors that
showed trends towards a lower risk of death within 1 year
(p<0.1). Sex, diabetes, degree of jaundice at the time of diagnosis,
tumor size, surgery waiting time, and other laboratory data were
not associated with one-year mortality.

All variables with p<0.1 from the univariable analyses were
then entered to the multivariable analysis and the results are
shown in Figure 3. From the multivariable analysis, only
intraoperative bleeding, and preoperative bilirubin level of
>14.6 mg/dL were independent predictors for death within 1-
year with an adjusted OR of 8.60 (95%CI: 2.45-30.46, p<0.001)
and 6.39 (95%CI: 1.39-37.55, p<0.001), respectively. While age,
normal creatinine clearance, PBD, and adjuvant chemotherapy
recipients were not independently associated with 1-
year mortality.

Discussion

Pancreaticoduodenectomy is a high-risk surgery, associated
with high morbidity in patients with periampullary cancer, but
also is an only curative treatment option (15). Adequate
preoperative preparation of patients undergoing PD is crucial
to minimize adverse outcomes. The frequency of complications
is higher in patients with severe obstructive jaundice,
malnutrition, and cholangitis; therefore, PBD is theoretically
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TABLE 1 Baseline characteristics of the patients in the study.

10.3389/fonc.2022.1040508

Variables Preoperative biliary drainage (n = 58) Direct surgery (n = 46) p-value
Sex (male) # 34 (58.6) 19 (41.3) 0.119
Age (years) * 62.1+ 11 65.8 £ 8.3 0.066
Body mass index (kg/m2)+ 20.8 (18.9,23.7) 21.5 (19.3, 23.7) 0.101
ECOG status # 0.249
Class 1 46 (79.3) 31 (67.4)

Class 2 12 (20.7) 15 (32.6)

Comorbid disease #

Cardiovascular disease 3(5.2) 1(2.2) 0.653
Chronic lung disease 2(3.4) 3(6.5) 0.653
Chronic liver disease 2(3.4) 1(2.2) 1
Neurological disease 1(1.7) 0 1
Hypertension 13(22.4) 15(32.6_ 0.346
Diabetic mellitus 17(29.3) 6(13) 0.081
Hyperlipidaemia 9(15.5) 13(28.3) 0.181
Chronic kidney disease 0 3(6.5) 0.083
Laboratory finding at diagnosis

Total bilirubin (mg/dL)+ 12.7 (7, 18.3) 16.2 (9.1, 22.1) 0.049
Alanine transaminase (U/L) + 96 (51.2, 165.2) 97 (47.5,210.8) 0.751
Alkaline phosphatase (IU/L) + 451 (346.8, 674.2) 372 (275, 477) 0.029
Albumin (g/dL) * 3605 3605 0.974
Creatinine (mg/dL) + 0.8 (0.6, 0.9) 0.8 (0.6, 0.9) 0.945
Platelet count (X 103) * 388.8 + 114 336.7 + 106 0.019
Haematocrit (%) * 336 +4.8 327 +42 0.297
Prothrombin time + 12.6 (12, 13.9) 14.3 (12.2, 15.8) 0.012
International normalized ratio + 1.1 (1, 1.2) 1.3 (1.1,1.5) 0.019
Type of operation # 0.446
-Whipple’s operation 12 (20.7) 6 (13)

-PPPD 46 (79.3) 40 (87)

Waiting duration for surgery (days)+ 49 (28.2, 64.2) 19 (9.2, 29) < 0.001
Total procedure duration (min) + 480 (420, 540) 480 (380, 540) 0.815
Preoperative serum bilirubin (mg/dL) +

-Total bilirubin (TB), mg/dL 1.8 (0.8, 3) 16.8 (9, 22.1) < 0.001
-Direct bilirubin (DB), mg/dL 1.4 (0.4, 2.6) 14.8 (8,21.2) < 0.001
Pathological diagnosis # 0.575
-Pancreatic adenocarcinoma 16 (27.6) 19 (41.3)

-Adenocarcinoma of ampulla of Vater 27 (46.6) 19 (41.3)

-Cholangiocarcinoma 7 (12.1) 5(10.9)

-Adenocarcinoma of duodenum 2(3.4) -

-Neuroendocrine tumor of pancreas 1(1.7) -

-Mass forming chronic pancreatitis 2(3.4) -

-Cystic tumor of pancreas 3(5.2) 3(6.5)

Receiving adjuvant chemotherapy 14 (24.1) 9 (19.6) 0.577

*Data are expressed as mean+ SD, + Data are expressed as median (Interquartile range), # Data are expressed as n (%).

useful in such patients (16, 17). Two approaches for PBD,
endoscopic and percutaneous, are generally used for biliary
decompression in patients with periampullary cancer
presenting with obstructive jaundice in clinical practice (1, 4).
Nonetheless, whether patients with obstructive jaundice should
go for direct surgery or PBD first is still debatable.
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Our study demonstrates that, in resectable periampullary
cancer patients, PBD did not show a survival benefit in
comparison to DS. However, those who underwent PBD had a
lower rate of immediate postoperative complications namely bile
leakage, and degree of intraoperative bleeding. And having
intraoperative bleeding, and preoperative bilirubin over 14.6
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TABLE 2 Postoperative outcomes.

Variables Preoperative biliary drainage
(n =58)

Postoperative complications #

- Overall complications 34 (58.6)

- Intra-abdominal bleeding 17 (29.3)

- Severity of bleeding (mL) 41 (75.9)

* <500 13 (24.1)

*500-1000 0

*>/=1000 13 (22.4)

- Intra-abdominal collection 16 (27.6)

- Surgical site infection 1(1.7)

- Bile leakage 10 (17.2)

- Pancreatic leakage 2(34)

- Small bowel injury -

Need for re-operation # 7 (12.1)

Length of intensive care unit (days) * 6.4 (4.4)

Length of hospital stay (days)+ 11.5 (10,17.8)

Death within one year # 12 (20.6)

10.3389/fonc.2022.1040508

Direct surgery Relative risk

(n = 46) (95% confidence interval)
34 (73.9) 1.26 (0.92, 1.73)
15 (32.6) 1.11 (0.28, 4.42)
36 (78.3) -
8 (17.3) reference
2 (4.3) 0.86 (0.47, 1.56)
17 (37) 2.25 (1.76, 2.87)
9 (19.6) 1.65 (0.82, 3.31)
7 (15.2) 0.71 (0.28, 1.8)
13 (28.3) 8.83 (1.26, 61.79)
2 (43) 1.64 (0.68, 3.94)
3(6.5) 0.54 (0.08, 3.81)
57 (4.1) -
13.5 (10, 23.2) -
16 (34.7) 1.45 (0.86, 2.45)

* Data are expressed as mean + standard deviation, + Data are expressed as median (interquartile range), # Data are expressed as n (%).

mg/dL were independent predictors associated with an increased
risk of death within one year.

The baseline characteristics of the PBD and DS group were
generally similar in this study. The median total bilirubin level at
the diagnosis and INR were slightly higher, and the platelet
count was lower in the DS group compared to the PBD group.

Nonetheless, these 3 variables were not significantly associated
with 1-year mortality. Of note, serum bilirubin level at the
diagnosis in our study (mean 14.3 + 7.8 mg/dL) was higher
than that reported in other studies (1, 18), which may represent
the late presentation or the longer time to diagnosis of patients in
this study. Moreover, the waiting time for surgery in the present
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log-rank test, p=0.10
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Kaplan-Meier survival curve for overall survival after pancreaticoduodenectomy.

Frontiers in Oncology

frontiersin.org
83


https://doi.org/10.3389/fonc.2022.1040508
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Pattarapuntakul et al.

10.3389/fonc.2022.1040508

PBD vs Early surgery "_1' 0.42 (0.16,1.08) p=0073

Age * 1,07 (1.01,1.13) p=0013

Male vs Female '_\‘_' 1.06 (0.42,2.69) p=0.895

€GFR; >=00vs <901  —1! 0.24 (0.05,1.11) p=0067

Disbetes: '_f_‘—' 1.78 (0.51,6.22) p=0.368

Total bilirubin 4 1.04 (0.98,1.11) p=0.164

Alkaline Phosphatase | ? 0.9989 (0.997,1.0007)  p=0.234

Albumin e 0.88 (0.35,2.21) p=0.781

Hematocrit] . 0.91(0.81,1.02) p=0.102

Platelet (x10°9) ‘\ 0.9906 (0.9501,1.0827)  p=0.655

INR e 0.94 (0.41,2.14) p=0.883

Size J‘ 1.03 (0.99,1.06) p=0.157

Surgery walting time ’ 0.9992 (0.9851,1.0135) p=0911
Intraop bleeding; Yes vs No ! g —

Pre-op T.bili >14.6 vs <=14.6 mg/dL J‘ g j:: :f::::; := ZIZZ;

Adjuvant CMT; Yes vs No 0—7—‘ 0‘_27 (o’.os‘,1_z‘s) o= o:ogs

FIGURE 2
Univariable analysis for factors associated with mortality.

study (median 30 days; IQR 15-53.5 days) was quite longer than
that reported in previous studies (1-2 weeks) even none of the
patients received neoadjuvant chemotherapy (1, 19), which
reflects the situation in developing countries where the
healthcare system is usually overwhelmed.

The mean preoperative bilirubin level sharply declined from
12.7 to 1.8 mg/dL within 2 weeks after endoscopic biliary
drainage in the PBD group, indicates the adequacy of biliary
decompression, according to the European Society of
Gastrointestinal Endoscopy (ESGE) guidelines (20). Adequate
PBD in patients with periampullary cancer has been reported
benefit in reducing the occurrence of major morbidities (38.9%

Death within 1 year: OR (95% ClI, p-value)

Odds Ratio (95% Cl)

vs 61.1%) postoperatively compared to inadequate drainage (18).
This might support our results PBD advantages in terms of the
lower rates of intraoperative bleeding and bile leakage compared
with the DS group. And it is also in concordant with the result
from a previous meta-analysis that patients with resectable
malignant distal biliary obstruction who had undergone
internal PBD had significantly lower incidence of major
postoperative complications than those who had undergone
DS (9), and the recent retrospective study in patients with
severe jaundice that the fewer cases of post-pancreatectomy
hemorrhage was observed in the PBD group (21). In addition,
endoscopic approach is less invasive than percutaneous
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FIGURE 3
Multivariate analysis for factor associated with mortality.
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approach for PBD (22). The benefit of significantly lower
intraoperative bleeding and postoperative bile leakage in the
PBD group than in the DS group may be explained by the
regained coagulation function, as effective biliary drainage leads
to an improvement of vitamin K absorption; and biliary
decompression could downsize the dilated bile duct and might
result in a lower chance of bile duct injury during
surgical procedures.

The choice of biliary drainage stent type was controversy,
previous reports showed self-expanding metal stents (SEMs)
were associated with lower risks of post procedural cholangitis
(4.1% VS 9.7%, p=0.043) and fewer postoperative pancreatic
fistula (9.8% vs 18.5%, p = 0.004) than plastic stents (23).
However, a recent meta-analysis showed comparable
postoperative outcomes between metal and plastic stents (24).
In this cohort, plastic stents were used in most patients (>95%)
according to the national reimbursement policy, making the
further analysis regarding stent subtype was not possible in
our study.

On the contrary, studies have reported the negative impact
of PBD on postoperative outcomes in terms of increased
incidence of infectious complications and bleeding (at a
relative risk [RR] of 1.66; 95% CI, 1.28-2.16; p = 0.0002) (1, 6,
25). Garcea et al, showed that PBD was associated with a
significantly increased probability of wound infection (OR,
1.827; p < 0.005) (8). Nonetheless, these negative outcomes
were not observed in our cohort. The routine prophylactic
antibiotic prior to the operation in our study might play a role
in this finding.

In the present study, the one-year overall mortality was
20.6% in the PBD group and 34.7% in the DS group, while the
probability of postoperative death within one-year was slightly
higher in the DS group than in the PBD group, the difference was
not statistically significant (p = 0.107). The lack of benefit of
PBD in lowering mortality has also been shown in previous
reports (1, 6, 9).

We also evaluated the factors associated with 1-year
mortality after curative surgical resection. As mentioned
earlier, PBD itself was not associated with a better 1-year
survival. After adjustment with many potential factors, we
found that only pre-operative serum bilirubin level of >14.6
mg/dL, not the bilirubin level at the time of diagnosis, was
significantly associated with a higher risk of death within one-
year with an adjusted OR of 6.39 (95%CI: 1.39-37.55, p<0.001).
And the other independent factor showed an increased risk of 1-
year mortality was having intraoperative bleeding (an adjusted
OR of 8.60 (95%CI: 2.45-30.46, p<0.001)), whereas the
development of pancreatic fistula and bile leak were not
significantly associated with the poorer survival outcome.
These are interesting findings that may highlight the potential
role of PBD in a subgroup of patients. As prior studies that
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showed no beneficial effect (or negative impact) of PBD on
postoperative outcomes were mainly studied in patients with a
lower level of bilirubin; for instance, the RCT by van der Gaag,
et al. (1) included only patients with baseline bilirubin level of
lower than 250 pwmol per liter (<14.6 mg/dL), and the large
retrospective study by de Pastena, et al. most of the patients had
bilirubin level of less than 10.2 mg/dL (26).. Moreover, the recent
article studied for the overall mortality also demonstrated that
the higher level of total bilirubin before surgery (over 150 pmol
per liter — about 8.77 mg/dL) was associated with a lower risk of
overall survival (27).

Adjuvant chemotherapy is another interesting factor,
receiving postoperative chemotherapy was associated with a
better outcome in the univariate analysis, but not in the
multivariate analysis in our study, yet the towards a better 1-
year survival was still observed (adjusted OR 0.26, p=0.169). The
data regarding the benefit of adjuvant chemotherapy in these
patients are still controversial, a prospective study (ESPAC-3)
showed the survival advantage of the adjuvant chemotherapy (a
combination of fluorouracil and folinic acid or gemcitabine) with
a hazard ratio of 0.75 (95% CI 0.57-0.98, p = 0.03) (28). while in a
retrospective study of patients with resectable pancreatic
adenocarcinoma, the use of adjuvant chemotherapy (FU-based
or gemcitabine-based) was not associated with improved long-
term survival (p=0.69) (29). A study with a larger sample size may
demonstrate the benefit of adjuvant chemotherapy more clearly.

This study represents a real-world situation of resectable
periampullary cancer patients in developing countries, in which
the presentation of the patients is usually late as severe jaundice
was commonly observed, and the waiting time before surgery
was quite long. We found no deleterious effect of PBD compared
to DS, and some beneficial postoperative outcomes were also
observed. The limitations of our study are noted. As it is
retrospective in nature, some differences in baseline
characteristics of the patients in the PBD and the DS groups
existed, however, those differences in baseline laboratory data
were not associated with the outcomes in our study. In addition,
a significant proportion of the patients were referred back to
their local hospital after surgical resection and being followed-up
for over a year, this makes it is difficult to evaluate the disease-
free survival and long-term (e.g., 3-year, or 5-year) survival of
the patients in our study.

Conclusions

PBD in resectable malignant distal biliary obstruction
showed no benefit in terms of 1-year survival over DS
approach. But it demonstrated the benefit of lower risks of
intraoperative bleeding, and bile leakage. Additionally, the
level of pre-operative bilirubin level of over 14.6 mg/dL and
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having intraoperative bleeding were associated with a lower 1-
year survival in such patients. Overall, PBD may be not
necessary for all resectable periampullary cancer patients, but
there might be a role in those with severely jaundice (>14.6 mg/
dL), as it helps lower risk of intraoperative bleeding, and might
lead to a better survival outcome.
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Objectives: This study aimed to develop and externally validate a nomogram
for predicting liver metastasis after radical resection in patients with pancreatic
ductal adenocarcinoma (PDAC).

Methods: A total of 247 PDAC patients who underwent radical resection were
retrospectively reviewed from January 2015 to March 2022 at Ningbo Medical
Centre Lihuili Hospital Eastern Section, and used as a training cohort to develop
the nomogram. 83 PDAC patients from the Ningbo Medical Centre Lihuili
Hospital Xingning Section were enrolled as the validation cohort. The
postoperative liver metastasis was recorded during the follow-up, and the
liver metastasis-free survival was defined as the time from operation to the date
of liver metastasis diagnosis or death. The nomogram was established based on
independent prognostic factors selected by LASSO and multivariate Cox
regression model. The performance was assessed using the concordance
index (C-index) and calibration curves. The receiver operating characteristic
(ROC) curve and decision curve analysis (DCA) were used to determine the
clinical utility of the nomogram model.

Results: From the training cohort of 247 patients, a total of 132 patients developed
liver metastasis during the follow-up, the 1-, 2- and 3- year liver metastasis-free
survival were 52.4%, 43.5% and 40% respectively. The LASSO and multivariate Cox
regression analysis indicated that postoperative CA125 (hazard ratio [HR] = 1.007,
p <0.001), tumor differentiation (HR = 1.640, p = 0.010), tumor size (HR = 1.520,
p = 0.029), lymph node ratio (HR = 1.897, p = 0.002) and portal/superior
mesenteric/splenic vein invasion degree (PV/SMV/SV) (HR = 2.829, p <0.001)
were the independent factors of liver metastasis. A nomogram with independent
factors was developed and the C-index was 0.760 (95% confidence interval [CI],
0.720-0.799) and 0.739 (95% CI, 0.669-0.810) in the training and validation
cohorts, respectively. The areas under curve (AUC) of the nhomogram at 1-, 2-
and 3-year were 0.815, 0.803 and 0.773 in the training cohort, and 0.765, 0.879
and 0.908 in the validation cohort, respectively, higher than those in TNM stage.
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Decision curve analysis (DCA) analysis revealed that the nomogram model
provided superior net benefit in clinical utility. Liver metastasis-free survival
curves showed a significant discriminatory ability for liver metastasis risk based
on the nomogram (p <0.001).

Conclusions: The nomogram showed high accuracy in predicting liver
metastasis for PDAC after radical resection, and may serve as a clinical
support tool to guide personalized and prescient intervention.

KEYWORDS

pancreatic ductal adenocarcinoma, nomogram, liver metastasis, recurrence,

radical resection

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the 12th most
common malignancy and the 7th leading cause of cancer
mortality, as one of the most intractable malignant neoplasms
worldwide (1). Due to its extremely aggressive nature, radical
resection is the only chance for long-term survival for patients
with PDAC. However, even after radical resection, most patients
still have tumor recurrence or metastasis, resulting in 5-year
survival of only 12% to 27%, negatively affecting the curative
nature of the operation and the prognosis of PDAC patients (2, 3).

Liver metastasis has the worst prognosis among all recurrence
patterns, the median OS is significantly shorter than that of other
recurrence patterns (15.4 months vs 17.7-39.6 months) (4).
Meanwhile, liver metastasis accounts for the largest proportion
of all recurrence patterns, up to 35%-40% of patients (5).
Postoperative liver metastasis in patients with PDAC may
present a unique biologic characteristic and always indicates a
poor prognosis, constituting a key cohort worthy of further study
(6). Several stage systems have been used to estimate the overall
survival or recurrence-free survival (7, 8), however considering the
absence of a prognostic model specifically for liver metastasis after
radical resection, it was necessary to develop a predictive model
for liver metastasis with an unfavorable prognosis.

In the present study, we developed and externally validated a
nomogram to predict the liver metastasis for PDAC after radical
resection, which has not been reported in previous studies,
aimed to explore the patients with a high risk of liver
metastasis after radical resection and potentially assist in clinical.

Materials and methods
Patients

The retrospective study consisted of 247 patients who
underwent radical pancreatic cancer resection between January
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2015 and March 2022 at Ningbo Medical Centre Lihuili Hospital
Eastern Section, Ningbo University. The inclusion criteria were
as follows: (1) pathology confirmed PDAC, (2) integrated
intraoperative and clinical data, (3) enhanced CT/MR
performed within 1 month before the operation, and (4)
negative final margins with no residual tumor based on
pathology. The exclusion criteria were as follows: (1) death
within 30 days after the operation, (2) complications with
other malignancies, and (3) failure to evaluate the vascular
invasion degree from the preoperative imagines or during the
operation. To examine the generalizability of the model, the
external validation cohort consisted of 83 PDAC patients who
underwent radical resection and met the above criteria at
Ningbo Medical Centre Lihuili Hospital Xingning Section
between January 2016 and August 2021. The study was
approved by the ethics committee of Ningbo Medical Center
Lihuili Hospital (Approval number: KY2021PJ263). All research
procedures complied with the relevant guidelines and
regulations. Informed consent was obtained from all patients
before inclusion. We confirmed that this study was conducted
following the Declaration of Helsinki.

Assessment of the vascular
invasion degree

To assess portal vein/superior mesenteric vein (PV/SMV) and
splenic vein (SV) invasion, we recorded the PV/SMV/SV invasion
condition in each patient during the operation, evaluated by the
chief surgeon. We also review the PV/SMV/SV invasion on
preoperative images, evaluated by two radiologists
(Supplementary Figure S1). The degree of PV/SMV/SV invasion
was assessed as follows (9): (1) PV/SMV/SV without tumor
abutment or invasion, (2) PV/SMV/SV invasion <180° (3) PV/
SMV/SV invasion >180°.

For most patients, the intraoperative evaluation of vascular
invasion was usually consistent with preoperative CT imaging
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evaluation, if there was a difference, the intraoperative evaluation
was prevail.

Liver metastasis and follow up

Liver metastasis-free survival was defined as the time from
operation to the date of liver metastasis diagnosis, death or the
last follow-up. The liver metastasis is essentially a particular
pattern of tumor recurrence, so the liver metastasis-free survival
is a bit like the term recurrence-free survival (REFS), and we
concentrated on liver metastasis in this study. The diagnosis of
liver metastasis and other recurrence patterns was based on
imaging studies, and rarely tissue confirmation. Information
regarding liver metastasis was obtained at regular follow-up.

Patients were followed up until September 2022, and all
patients were followed up for more than 6 months unless they
died. The median follow-up time of patients from the Ningbo
Medical Centre Lihuili Hospital Eastern Section and the
Xingning Section were 15.0 (range 3-78) months and 19.0
(range 3-77) months, respectively. In general, patients had at
least 1 follow-up by imaging study (CT, MRI or PET/CT) and
tumor biomarkers every 3 months for the first year after the
operation and then every 3-6 months after the first year. Follow-
up was performed in the outpatient clinic or via phone call.

Study variables and operation

The following clinicopathological variables were analyzed:
demographic data, biochemical tests, tumor markers, pathological
features, vascular invasion degree, operative and adjuvant treatment
characteristics. The preoperative biochemical and tumor markers
test were performed within 7 days before the radical resection, and
postoperative tumor markers were measured at the first follow-up.
The lymph node ratio was defined as the proportion of positive
lymph nodes in the total examined lymph node. The disease stage
was evaluated according to the American Joint Committee on
Cancer (AJCC) 8th edition and the 7th edition Japanese Pancreas
Society (JPS) derived from tumor-node-metastasis (TNM) staging
system (10, 11). Adjuvant chemotherapy was routinely
recommended and started within 3 months after the operation if
conditions permit.

Resectability evaluation and synchronous liver metastasis
exclusion were performed by a multidisciplinary team, based on
CT and MRI. Surgical methods included pancreaticoduodenectomy
and distal pancreatectomy, resected tissues were pathologically
examined in frozen and final sections to confirm negative
surgical margins. According to preoperative imaging studies and
intraoperative exploration, if the tumor invaded, PV/SMV resection
and reconstruction were performed in pancreaticoduodenectomy,
invaded SV along with the pancreatic body/tail and spleen resection
was performed in distal pancreatectomy.
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Statistical analysis

Continuous variables were presented as mean with standard
deviation or median with range, categorical variables were
presented as frequencies with percentages. Survival curves
were calculated using the Kaplan-Meier method and the Log-
rank test. Optimal features were selected using the least absolute
shrinkage and selection operator (LASSO) regression, and
factors with nonzero coefficients were identified and selected.
Independent prognostic factors of liver metastasis were
identifled by univariate and multivariate Cox proportional
hazards regression. Subsequently, a nomogram was developed
to predict the probability of 1-, 2-, and 3-year liver metastasis-
free survival rates after the operation. The performance was
evaluated based on the discriminating ability (discrimination)
and accuracy of point estimates of the survival function
(calibration) with 1000 time bootstraps, and to calculate a
relatively corrected concordance index (C-index). The area
under curves of the receiver operating characteristic (ROC)
curves were calculated and compared with TNM stage, to
validate the nomogram model performance. The clinical utility
of the nomogram was investigated using the decision curve
analysis (DCA), by quantifying the net benefits along with the
increase in threshold probabilities. Each patient had a total risk
score for risk stratification of liver metastasis according to the
nomogram model. Patients were divided into different risk
groups (low-; moderate-; high-) with the cut-off points
automatically calculated using X-tile software (version 3.6.1;
Yale University, New Haven, CT, USA) (12), and further
applied to the validation cohort, and the respective Kaplan-
Meier curves were constructed.

All statistical analyses were conducted using SPSS software
version 24.0 (IBM Corporation, 2020, USA) and R software
version 3.6.2 (http://www.r-project.org/). p < 0.05 was
considered statistically significant.

Results

Patients characteristics in the training
and validation cohorts

The training cohort consisted of 247 patients who
underwent pancreatic cancer resection and had histologically
confirmed PDAC at Ningbo Medical Centre Lihuili Hospital
Eastern Section, Ningbo University between January 2015 and
March 2022. A total of 132 patients developed liver metastasis
during the follow-up, and the 1-, 2- and 3- year liver metastasis-
free survival were 52.4%, 43.5% and 40% respectively. The
validation cohort consisted of 83 eligible patients who
underwent radical resection at the Ningbo Medical Centre
Lihuili Hospital Xingning Section between January 2016 and
August 2021, a total of 46 patients developed liver metastasis, the
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1-, 2- and 3- year liver metastasis-free survival were 56.6%,
45.0% and 43.5%, respectively. All clinicopathological
characteristics of patients in the training and validation
cohorts were summarized (Table 1). The patients with liver
metastasis may be accompanied by other patterns of recurrence,
the specific recurrence patterns of postoperative liver metastasis
were summarized (Table 2). There was no difference in overall
survival between the patients with only-liver metastasis (14.0
months, 95%CI, 11.323-16.677) and the patients with other
multiple recurrence (12.0 months, 95%CI, 1.653-
22.347, p=0.871).

Prognostic factors selection with LASSO
analysis in the training cohort

LASSO regression was performed for all 34 clinicopathological
characteristics to select the prognostic factors of liver metastasis
(Figures 1A, B). The neoadjuvant chemotherapy was not an
independent prognostic factor of liver metastasis after the
operation (HR=1.468, 95%ClI, 0.881-2.447, p=0.141). The analysis
indicated that postoperative CA125, total examined lymph node

10.3389/fonc.2022.1040411

number, tumor differentiation, lymphovascular invasion, capsule
invasion, tumor size, lymph node ratio and PV/SMV/SV invasion
degree were associated with liver metastasis after the operation. All
significant factors selected from the LASSO regression were further
included in the multivariable Cox analysis, and showed that
postoperative CA125 (hazard ratio [HR] = 1.007, p <0.001),
tumor differentiation (HR = 1.640, p = 0.010), tumor size (HR =
1.520, p = 0.029), lymph node ratio (HR = 1.897, p = 0.002) and PV/
SMV/SV invasion degree (HR = 2.829, p <0.001) were the
independent factors for liver metastasis (Table 3).

Construction and validation of
nomogram for liver metastasis-free
survival prediction

As shown in Figure 2, the nomogram was established based
on the independent factors of liver metastasis. PV/SMV/SV
invasion degree and postoperative CA125 level were the largest
contributions to liver metastasis prediction, followed by tumor
differentiation and lymph node ratio. The calibration curves
showed high agreement between predicted and actual liver

TABLE 1 Clinicopathological and treatment characteristics of PDAC patients in the training and validation cohorts.

Characteristic

Age, years, mean + SD
Sex, (%)
Male
Female
BMI, kg/mz, mean + SD
TBIL, umol/L, median (rang)
DBIL, umol/L, median (rang)
ALB, U/L, median (rang)
ALT, U/L, median (rang)
AST, U/L, median (rang)
CA199, IU/ml, median (rang)
CA125, TU/ml, median (rang)
CEA, ug/L, median (rang)
Postoperative CA199, IU/ml, median (rang)
Postoperative CA125, IU/ml, median (rang)
Postoperative CEA, ug/L, median (rang)
Neoadjuvant chemotherapy, (%)
Yes
No
Tumor location, (%)
Head/Neck
Body/Tail
Surgical path, (%)
Open

Laparoscopic
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Training cohort (n=247)

Validation cohort (n=83)

67.2+9.5

137 (55.5)
110 (44.5)
224+28
14.3 (3.6-434.0)
52 (0.8-334.8)
39.3 (27.3-59.0)
30 (4-723)
26 (9-993)
147.2 (1.2-18722)
119 (2.0-524.3)
2.1 (0.1-66.9)
30.1 (1.2-9760)
24.0 (1.1-198.3)
1.8 (0.1-55.2)

27 (10.9)
220 (89.1)

149 (60.3)
98 (39.7)

192 (77.7)
55 (22.3)

91

64.5 + 10.2

44 (53.0)

39 (47.0)
228 +27
15.6 (1.7-420.0)
7.0 (1.0-380.0)
39.0 (26.4-54.8)
30 (10-575)
35 (14-306)
21.5 (3.8-4904)
28.4 (1.1-367.0)
1.8 (0.1-21.3)
21.8 (0.7-4708)
61.1 (1.4-168.1)
2.4 (0.1-21.6)

8 (9.6)
75 (90.4)

54 (65.1)
29 (34.9)

66 (79.5)
17 (20.5)

(Continued)
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TABLE 1 Continued

Characteristic

Tumor size, cm (%)
>4
<4
Lymphnodes metastasis, (%)
Yes
No
Lymph node ratio, (%)
>0.2
<0.2
Tumor differentiation, (%)
Poor
Well-moderate
Lymphovascular invasion, (%)
Present
Absent
Perineural invasion, (%)
Present
Absent
Frozen resection margin, (%)
Positive
Negative
Capsule invasion, (%)
Present
Absent
PV/SMV/SV invasion degree, (%)
Absent
<180°
>180°
Artery reconstruction, (%)
Yes
No
Adjuvant chemotherapy, (%)
Yes
No
Morbidity, (%)
Clavien-Dindo grade 0-II
Clavien-Dindo grade III-IV
TNM stage, (%)
I-ITA
IIB-IV

metastasis-free survival in both training and validation cohorts
(Figure 3). The C-indexes of nomogram based on the training
and validation cohorts were 0.760 (95% confidence interval [CI],
0.720-0.799) and 0.739 (95% CI, 0.669-0.810), respectively. The
AUC of the nomogram at 1-, 2- and 3-year was 0.815, 0.803 and
0.773 in the training cohort, and 0.765, 0.879 and 0.908 in the
validation cohort, respectively, all of which were higher than
AJCC and JPS of TNM stage system (Figure 4 and Table 4).
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Training cohort (n=247)

10.3389/fonc.2022.1040411

Validation cohort (n=83)

91 (36.8) 29 (34.9)
156 (63.2) 54 (65.1)
120 (48.6) 41 (49.4)
127 (51.4) 42 (50.6)
54 (21.9) 25 (30.1)
193 (78.1) 58 (69.9)
119 (48.2) 49 (59.0)
128 (51.8) 34 (41.0)
143 (57.9) 43 (51.8)
104 (42.1) 40 (48.2)
213 (86.2) 57 (68.7)
34 (13.8) 26 (31.3)
33 (13.4) 17 (20.5)
214 (86.6) 66 (79.5)
107 (43.3) 39 (47.0)
140 (56.7) 44 (53.0)
145 (58.7) 47 (56.6)
53 (21.5) 19 (22.9)
49 (19.8) 17 (20.5)
4(1.6) 0 (0)

243 (98.4) 83 (100)
159 (64.4) 67 (80.7)
88 (35.6) 16 (19.3)
229 (92.7) 76 (91.6)
18 (17.3) 7 (8.4)

119 (48.2) 37 (44.6)
128 (51.8) 46 (55.4)

92

Clinical utility of the nomogram

DCA analysis revealed that the nomogram model could
provide superior net benefits and exhibited a wider range of
threshold probabilities than the AJCC and JPS stage system in
both training and validation cohorts (Figure 5). Patients were
divided into three different risk groups based on the total risk
scores calculated by the nomogram models, to validate the
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TABLE 2 Recurrence patterns of patients with liver metastasis after the operation.

Liver metastasis patterns (at the date of liver metastasis diagnosis)

Liver metastasis only

Multiple recurrences
Liver+Retroperitoneum
Liver+Locoregional
Liver+Lung
Liver+Retroperitoneum+Lung
Liver+Retroperitoneum+Peritoneal+Spleen
Liver+Bone

Sum up

predictive abilities of the nomogram for liver metastasis after the
operation. The optimal cut-off points were auto-calculated by X-
tile software. The risk scores calculated divide patients into the
low-risk group (<99.6), moderate-risk group (99.6-160.1) and
high-risk group (>160.1). The liver metastasis-free survival rates
were calculated in three groups, the results showed a significant
discriminatory ability for liver metastasis risk based on the
nomogram risk scores (Figure 6).

Discussion

In the present study, we developed and externally
validated a nomogram model based on clinicopathological
and vascular invasion characteristics, which could be used to
predict liver metastasis in patients with PDAC after radical
resection. The nomogram model showed superior
performance in predicting liver metastasis, with C-indexes
of 0.760 (95% CI, 0.720-0.799) and 0.739 (95% CI, 0.669-
0.810) in the training and validation cohorts, respectively. As
the prognosis of PDAC patients with liver metastasis after
radical resection is significantly poor, and currently there is no
specifical model for predicting liver metastasis, the present
nomogram provided an intuitive and utility tool for guiding

Training cohort (n=247)

116 (47.0%)

10.3389/fonc.2022.1040411

Validation cohort (n=83)

39 (47.0%)

8 (3.2%) 5 (6.0%)
4 (1.6%) 1(1.2%)
2 (0.8%) 0 (0%)
1 (0.4%) 0 (0%)
1 (0.4%) 0 (0%)
0 (0%) 1(1.2%)

132 (53.4%) 46 (55.4%)

the personalized and rational choice of prescient intervention,
which is of increased clinical significance.

Liver metastasis is an important feature of PDAC after
radical resection, which accounts for the largest proportion
and the poorest prognosis among all recurrence patterns,
resulting in an increase in mortality (5, 13). Previous study
demonstrated that specific patterns of PDAC recurrence result
in different survival outcomes, the post progression survival of
patients with liver metastasis (4.7months) or multiple-site
recurrence (7.2months) had significantly worse when
compared to patients with local recurrence (9.7months) or
lung metastasis (15.4 months, p<0.001) (4). Hishinuma et al.
(14) reported that local recurrence is rarely the direct cause of
death, instead most patients died of liver metastasis, based on 27
patient autopsies. Previous reports have shown that more than
40% of PDAC patients develop liver metastasis after radical
resection (4, 15), similar to the results of this study, but we
further focused on liver metastasis throughout the follow-up
period, to obtain accurate liver metastasis-free survival in each
patient, for developing a more precise and prognostic
nomogram model. So, we introduced the term of liver
metastasis-free survival, which is a bit like the term
recurrence-free survival (RFS), since the liver metastasis is
essentially a particular pattern of tumor recurrence, and we

Coefficients

Partial Likelihood Deviance

FIGURE 1

Factors associated with liver metastasis. (A) LASSO coefficient profiles of the 34 variables. (B) Optimum parameter (Lambda) selection in the

LASSO model performed ten-fold cross-validation via minimum criteria.
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TABLE 3 Univariate and multivariate analysis of predictive factors for liver metastasis in the training cohort.

Variable Univariate Cox analysis Multivariate analysis
Hazard ratio (95%CI) p-value Hazard ratio (95%CI) p-value

Postoperative CA125, IU/ml 1.007 (1.003-1.010) <0.001 1.007 (1.003-1.011) 0.001
Total examined lymph nodes number 1.028 (1.009-1.048) 0.004
Tumor differentiation

Poor Reference Reference

Well-moderate 2.168 (1.531-3.070) <0.001 1.640 (1.126-2.388) 0.010
Lymphovascular invasion

Present Reference

Absent 1.748 (1.219-2.505) 0.002
Capsule invasion

Present Reference

Absent 1.463 (1.037-2.064) 0.030
Tumor size, cm

>4 Reference Reference

<4 2.178 (1.547-3.065) <0.001 1.520 (1.045-2.210) 0.029
Lymph node ratio

>0.2 Reference Reference

<0.2 1.844 (1.249-2.722) 0.002 1.897 (1.256-2.866) 0.002
PV/SMV/SV invasion degree

None Reference Reference

<180° 2.754 (1.806-4.197) <0.001 2.572 (1.664-3.977) <0.001

>180° 3.991 (2.641-6.030) <0.001 2.829 (1.817-4.404) <0.001

only concentrate on liver metastasis during follow-up, for the
nomogram development. Morever, the patients with
postoperative liver metastasis may also be accompanied by
other patterns of recurrence, and we found that there was no
significant difference in overall survival between the patients

with only-liver metastasis and patients with multiple recurrence,
highlighting the malignancy of liver metastasis and the
importance of this nomogram.

In the process of developing our nomogram, PV/SMV/SV
invasion degree is an important factor, which is not easily

Points 0 10 20 40 50 60 70 80 90 100
Postoperative CA125 . . . . . i , . i .
0 20 40 80 100 120 140 160 180 200
Poor
Tumor differentiation r
Wellmoderate
>4cm
Tumor size ——
<dem
) 20.2
Lymph node ratio r
<0.2
<1800
PV/SMV/SV invasion degree T I
None >180°
Total Points ! iy T r T N !
0 50 150 200 250 300 350
1-year liver metastasis free survival r T T T 1
08 07 04 03 02 01

2-year liver metastasis free survival T

08 07 06 05

3-year liver metastasis free survival O‘B

FIGURE 2

Nomogram for predicting the 1-, 2- and 3-year liver metastasis-free survival in PDAC patients after the operation. The nomogram was
established in the training group, with postoperative CA125, tumor differentiation, tumor size, lymph node ratio and PV/SMV/SV invasion degree.
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The calibration curves for predicting liver metastasis-free survival at 1 year (A), 2 years (B) and 3 years (C) in the training cohort, and those at 1

year (D), 2 years (E) and 3 years (F) in validation cohorts, respectively.

measurable as other clinicopathological variables, needed an
intuitive and standard classification to define the different
invasion degrees. Nakao et al. (16) based on the narrowing of
vascular invaded by the tumor, suggested four types of vascular
invasion degree: normal, unilateral narrowing, bilateral
narrowing and complete obstruction. However this
classification has limited capacity in predicting prognosis. Shen
et al. (17) reported four types to indicate the relationship
between vein and tumor: type 1 (absent), type 2 (mild
deformity), type 3 (tethering or stenosis >1/2) and type 4
(obstruction or embolus), this classification can accurately
predict the prognosis and similiar to ours. According to the
degree of the tumor abutment or invasion, we classified into PV/
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SMV/SV without invasion, invasion <180°, and invasion >180°,
considering both the SMV and SV belong to the portal vein
circulatory system, this classification could combine the
pancreatic head and body/tail cancer, evaluating the invasion
degree in a simple and duplicatable way. As the close adjacent
anatomical relationship between the pancreas and PV/SMV/SV,
these veins are a common site of direct tumor involvement, but
the impact on the prognosis is not clear (18-20). In the present
study, PV/SMV/SV invasion was a significant independent risk
factor for liver metastasis, 83.7% of patients with vascular
invasion >180° developed liver metastasis after radical
resection. The “circulating tumor cell (CTC)” hypothesis may
explain: that the tumor cells invading the PV/SMV/SV were
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TABLE 4 Prognostic performance of different models for predicting liver metastasis after radical resection.

AUC
1 year 2 years 3 years

Training cohort

Nomogram 0.815 0.803 0.773

AJCC 0.561 0.545 0.522

JPS 0.549 0.549 0.518
Validation cohort

Nomogram 0.765 0.879 0.908

AJCC 0.530 0.531 0.513

JPS 0.550 0.539 0.511

likely to enter portal vein circulation and metastasize to liver (21,
22). Tien et al. (23) detected the CTCs in portal vein blood
obtained during the operation, and found that patients with
positive CTCs tended to develop liver metastasis after the
operation, supporting the above hypothesis.

Postoperative CA125 level is another independent risk factor
of liver metastasis, increased CA125 level after radical resection
was an important feature of high PDAC tumor burden and
distant metastasis tendency, which indicated the poor curative
effect of the operation. Previous study suggested that serum
CA125 levels were the most strongly associated with early
distant metastasis after pancreatectomy, when compared with
other tumor markers such as CA199, CEA, CA242 and CA724.
High CA125 levels was consistent with the expression of a
“drive” metastasis associated gene signature, which may be the
reason for CA125 highly sensitive to liver metastasis (24). Xu
et al. (25, 26) also reported that postoperative CA125 level can
better predict the prognosis when compared with preoperative
tumor markers. Moreover, poor tumor differentiation was
associated with liver metastasis as well, in this study, the
probabilities of liver metastasis were 35.3%, 50% and 59.5% in
the high, moderate and poor tumor differentiation, respectively.

A previous large sample study supported our result, indicating
that poor differentiation of tumor could promote infiltration and
invasion, and contribute to liver metastasis (5). The “intriguing
hypothesis” may explain: that poorly differentiated tumors
highly expressed epidermal growth factor and E-cadherin,
enhanced the ability of liver metastasis (27). Apart from the
above risk factors, the nomogram model also covered several risk
factors including lymph node ratio and tumor size. Compared
with positive lymph node number, the lymph node ratio is a
more valuable prognostic indicator, also associated with liver
metastasis after radical resection (28, 29). Furthermore, we
found that preoperative neoadjuvant chemotherapy was not
associated with liver metastasis, which is a regrettable result.
We believe that selective bias is the cause: the patients in cohort
of neoadjuvant chemotherapy tend to have bigger tumor size
and worse vascular invasion degrees, these undesirable tumor
characteristic may lead to postoperative liver metastasis, leading
to negative result of neoadjuvant chemotherapy.

Compared with the previous traditional nomograms for
survival and recurrence prediction, our model can predict liver
metastasis after radical resection more specifically and
accurately, for early intervention of this unfavorable

Net Benefit
Net Benefit

All
— None
~ Nomogram
— AJCC
JPS

50% 75% 100%
Threshold Probability

FIGURE 5

0% 75% 100%
Threshold Probabilty

DCA curves for predicting 1-year liver metastasis-free survival based on nomogram as compared with 8th AJCC and 7th JPS stage system in the

training cohort (A) and the validation cohort (B).

Frontiers in Oncology

97

frontiersin.org


https://doi.org/10.3389/fonc.2022.1040411
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Tong et al.

10.3389/fonc.2022.1040411

A Training Cohort
2 1001
£
2
=%
E 0.75
2
5 0501
&
B
& 0251
%
8
2
= 0.001
2 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
= Time
Number at risk
Lowrisk{ 130 124 107 85 67 55 49 40 p——2) 18 14 1
Moderateriskq 75 54 30 23 17 10 7 7 6 6 4 4 3 3 3
Highrisk{ 42 20 8 1 1 1 0 0 0 0 0 0 0 0 0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
Time
B . Validation Cohort
£ 100 -
=3
g l~|1.1
o [
= 0.75 : E
g Ly
1
» Ltar=my
o 0501 e e
& LT e
.2 o
g o025 - e
2 p <0.0001 GO
s oo oo e e e +
2 g 225 e
5 0001
-5 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
Time
Number at risk
Lowrisk{ 45 42 36 34 31 29——27——26—-28—18 12 11 10 10 8
Moderaterisk4 22 19 12 10 6 2 1 1 1 1 1 1 0 0 0
Highrisk{ 15 10 7 4 2 1 1 0 0 0 0 0 0 0 0
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56
Time

FIGURE 6

Kaplan-Meier curve analysis. Liver metastasis-free survival curves were stratified by the model risk score in the training cohort (A) and the

validation cohort (B).

metastasis. The nomogram achieved a C-index of 0.760 and
0.739 in the training and external validation cohorts,
respectively, and the calibration curve indicated the precisely
predictive ability of the nomogram in prediction. The present
nomogram showed higher AUC and better performance in
predicting liver metastasis, when compared with the TNM
stage system of 8th AJCC and 7th JPS (10, 11). In addition,
DCA analysis indicated that the nomogram could augment net
benefits and expose a wider range of threshold probabilities by
risk stratification in the prediction of liver metastasis.
Furthermore, we calculated the nomogram risk score and
compared the liver metastasis-free survival rates, the results
showed a significant discriminatory ability for liver metastasis
risk based on the nomogram. Liver metastasis possibly
represents a unique biological subtype of PDAC (6),
personalized follow-up and intervention was needed for the
patients with a high nomogram risk score. Randomized
clinical trials confirmed that several gemcitabine-based
chemotherapies were effective in preventing postoperative liver
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metastasis and prolonging survival (30). Masayuki et al. (31)
reported that hepatic artery infusion chemotherapy can
observably increase intrahepatic drug concentration and
eliminate tumor metastatic lesions. Additionally, hepatectomy
for PDAC patients with postoperative liver metastasis has been
proven successful in improving survival (32).

The present study had several limitations. First, liver
metastasis was generally based on imaging studies, the tiny
hepatic nodules were difficult to identify as metastasis or cyst,
limiting the accuracy of the liver metastasis dignosis date. Second,
the specific adjuvant chemotherapy regimen after the operation
were not included in the variable, making the cohorts relatively
heterogenous. In future, a study especially for the patients with/
without systemic adjuvant treatment will be established, to explore
the effect of systemic adjuvant treatment, as an upgrade to the
present nomogram. Third, some differences exist between the
training and validation cohorts, but in general, the two cohorts are
basically balanced, and the C-index were 0.760 and 0.739,
indicating the nomogram has good consistency. Furthermore, a
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large sample of prospective cohorts is still needed, to further
confirm the predictive value.

In conclusion, we developed and externally validated a
nomogram to predict liver metastasis after radical resection in
patients with PDAC. The nomogram based on clinicopathological
characteristics showed great accuracy in predictive performance,
and provided an intuitive and utility tool to guide personalized
and prescient intervention for patients with a potential risk of
liver metastasis.
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JNK inhibitor IX restrains
pancreatic cancer through
pS3 and p21

Jingwei Shi*?, Xing Yang?, Qi Kang?, Jian Lu?,
Maximilian Denzinger?, Marko Kornmann? and Benno Traub?
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Ulm University Hospital, Ulm, Germany

Novel treatment options for pancreatic cancer are desperately needed. De-
regulated kinases can be regularly detected in pancreatic cancer. Multiple
pathway inhibitors were developed to exploit these features, among them
selective inhibitors of the c-Jun N-terminal kinase isoforms 1 and 2 (JNK1 and
2). We evaluated the effectiveness of four different INK inhibitors on pancreatic
cancer cell lines. Cell mobility and migration were evaluated in scratch assay
and Boyden chamber assay. Mechanism of cell death was analyzed via
apoptosis assays in FACS and immunoblotting as well as cell cycle analysis
via FACS, and gPCR. JNK2 knockout cells were generated using siRNA
transfection. Among the inhibitors, JNK inhibitor IX (JNK-in-1X), designed as
specific inhibitor against JNK2 was proven highly effective in inhibiting cell
growth, mobility and migration. We were able to show that JNK-in-I1X caused
DNA damage resulting in G2 arrest mediated through p53 and p21l.
Interestingly, JNK-in-IX acted independently of its primary target JNK2. In
summary, JNK-in-1X was shown highly effective in pancreatic cancer. This
study underlines the need for modeling systems in testing therapeutic options
as JNK2 was previously not indicated as a potential target.

KEYWORDS

pancreatic cancer, c-Jun N-terminal kinase, JNK inhibitor IX, cell cycle arrest,
G2 arrest

Introduction

The devastating numbers of pancreatic cancer (PC) are well known around
researchers and clinicians: fourth leading cause of cancer-related mortality, estimated
to rise to second position within next decade (1, 2); no improvement in mortality rates
over the last decade, unlike other malignancies (1); failure of early detection and severe
side-effects in treatment (3).
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In search for alternative treatment options, researchers have
focused on signaling pathways that were found altered in PC.
While mutant KRAS is the key driver of PC, it has yet been
mostly undruggable (4). Addressing signaling pathways
downstream of KRAS has thus become of interest, but the
combined inhibition of major downstream pathways, the PI-
3-/Akt-kinase and the MAPK pathways has failed in patients (5).
Thus, a more thorough understanding of these pathways
is needed.

The c-Jun N-terminal kinases 1, 2, and 3 (JNK1/2/3) form a
major subgroup among MAP kinases, and, together with the p38
kinase are grouped as stress activated kinases (6). This is due to
their physiologic role in the cellular response towards stressors
like proliferation and metabolic stress as well as the response
towards exogenic triggers like chemotherapeutic drugs and
irradiation (7). These variable stimuli are transduced into a
cellular response carried out by transcription factors, mainly c-
Jun (8). Thereby, the central role of JNKs becomes especially
evident in PC, as RAS-induced oncogenesis is dependent on Jun
phosphorylation (9, 10).

Still, it is yet to determine if the JNK isoforms act as tumor
promotors or suppressors. Multiple well-designed studies
evaluated the role of JNK1 and 2 in cellular transformation
and have offered evidence for both malignant transformation
(11-15) and tumor suppression (15-17). In PC we recently
showed a tumor promoting phenotype after JNK2 knockdown,
while JNKI knockdown seemed to reduce the cellular malignant
potential (18).

Studies in pharmacological targeting of JNK can be biased by
inhibiting isoforms nonspecifically as well as off-target effects
and compensatory mechanisms, e.g in the p38 pathway (6).
However, isoform specific JNK inhibitors were developed
recently and the inactivation of JNKI sensitized PC cells
towards FOLFOX treatment (19).

This study aimed to determine value and mechanism of JNK
inhibition in PC. We used novel isoform specific inhibitors of

Abbreviations: ATCC, American Type Culture Collection; BAX, Bcl-2-
associated X protein; Bcl2, B-cell lymphoma 2; CCNB1, G2/mitotic-specific
cyclin-BI; CDKI1, Cyclin-dependent kinase 1; CDKN1A(p21), Cyclin-
dependent kinase inhibitor 1; CHEKI1, Checkpoint Kinase 1; CTG,
CellTiter-Glo; DMEM, Dulbecco’s Modified Eagle’s Medium; DMSO,
Dimethyl sulfoxide; FOLFIRINOX, FOL-folinic acid, F-fluorouracil, IRIN-
irinotecan, OX-oxaliplatiny GAPDH, Glycerinaldehyd-3-phosphat-
Dehydrogenase; IC50, The half maximal inhibitory concentration; ICC,
Immunocytochemistry; JNK, c-Jun N-terminal kinase; JNK-in-IX, JNK
inhibitor IX; KRAS, Kirsten rat sarcoma; MAP, Mitogen-activated protein;
MAPK, Mitogen-activated protein kinase; MFI, Mean fluorescence intensity;
PC, Pancreatic cancer; PI, Propidium Iodide; PLK1, Polo-like Kinase 1; gPCR,
Quantitative real-time polymerase chain reaction; RAS, Rat sarcoma virus;
RPMI, Roswell Park Memorial Institute medium; Z-VAD-FMK,
carbobenzoxy-valyl-alanyl-aspartyl-[O-methyl]- fluoromethylketone.
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JNK to test their efficacy in PC cell lines. Contrary to previous
findings we showed the highest efficacy for JNK inhibitor IX
(JNK-in-IX), designed as specific inhibitor of JNK2. JNK-in-IX
caused a G2 arrest through upregulation of p21 and p53
phosphorylation and markedly reduced cell migration, but
surprisingly seemed to act independently of JNK2.

Materials and methods
Cell lines and cell culture

Human pancreatic cancer cell lines AsPC-1 (RRID :
CVCL_0152), BxPC-3 (RRID : CVCL_0186), MIA PaCa-2
(RRID : CVCL_0428), and PANC-1 (RRID : CVCL_0480)
were purchased from the American Type Culture Collection
(ATCC, Manassas, USA). AsPC-1 was cultured in RPMI
(Roswell Park Memorial Institute medium). BxPC-3 was
cultured in 50% RPMI and 50% DMEM (Dulbecco’s Modified
Eagle’s Medium). MIA PaCa-2 and PANC-1 were cultured in
DMEM. All mediums were supplemented with 10% fetal calf
serum (FCS), 1% Penicillin (10,000 U/ml)/Streptomycin (10,000
pg/ml). Cells were maintained in 100 mm cell culture dishes and
in a monolayer culture at 37°C in humidified air with 5% CO2.
Regular mycoplasma testing was carried out.

Human pancreatic cancer organoids

Human pancreatic cancer organoids were generated and
maintained as described before (20). Organoid work was
performed in cooperation with the Core Facility Organoids of
the University Hospital of Ulm. Organoid generation and
analysis were approved by the independent ethics committee
of the University of Ulm (approval number 72/19) and written
informed consent was obtained from patients before collecting
the samples.

Dose response of pancreatic cancer cell
lines to JNK inhibitors and
chemotherapeutic drugs

JNK inhibitors SP600125, AS602801, JNK-in-IX and
Licochalcone, supplied by Selleck Chemicals GmbH (Planegg,
Germany), were dissolved and aliquoted according to
manufacturer’s instructions. The combination regimen of
FOLFIRINOX is composed of 5-FU (Sigma Aldrich,
Taufkirchen, Germany), Oxaliplatin (Sigma Aldrich), and SN-
38 (active compound of Iriontecan, Sigma Aldrich) in ratios of 5-
FU: Oxaliplatin: SN-38 = 80.95: 0.80: 1 and Gemcitabine (Sigma
Aldrich) - Paclitaxel (Sigma Aldrich) (Gem-Pac) in ratios of
Gemcitabine: Paclitaxel = 1: 0.04. PC cells were seeded at a
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density of 500 cells/well in 384-well plates. Cells were allowed to
adhere for 24 h. Then, drugs were dispensed using the Tecan
D300e (Tecan Deutschland GmbH, Crailsheim, Germany) with
titration concentrations ranging from 0.0001 uM to 50uM for
chemotherapeutic drugs and from 0.01 uM to 50 uM for
inhibitors, while DMSO was normalized to the highest
concentration (0.5%, v/v). Synergy mode supplied by the
D300e was used to dispense the combination of
chemotherapies and JNK inhibitors. 5 days after treatment,
cell viability was assessed by CellTiter-Glo® Luminescent Cell
Viability Assay (Promega GmbH, Walldorf, Germany) following
the manufacturer’s instructions.

Human pancreatic cancer organoids were dissociated into
single cells and 500 cells per well were seeded in triplicate in 1pl
Matrigel domes in 384-well plates and 25ul of organoid growth
medium was added. After 24 h, 25ul of organoid growth medium
containing the drugs was added. 10 concentrations per drug
® 3D
Cell Viability Assay (Promega GmbH) after 5 days of treatment.

were used. Cell viability was assessed using CellTiter-Glo

Data were analyzed using GraphPad Prism 8.0.1 (GraphPad
Software, San Diego, USA). Synergetic effects of chemotherapies
and JNK inhibitors was evaluated by the SynergyFinder 2.0
platform (21).

Effect of V-ZAD-FMK (50 pM, Selleck Chemicals) on cell
growth with or without JNK-in-IX treatment was also
determined following the above procedures.

Cell migration assay

Wound healing assay was performed to examine cell
movement and Boyden chamber assay was used to determine
cell migration as described before (22). In brief, the gaps of
wounds scratched by sterile 200 pl tips on confluent cells in a
monolayer were measured. Gap distances were quantitatively
evaluated by Image] 1.8.0 (National Institutes of Health,
Bethesda, USA). In the Boyden chamber assay, migratory cells
were stained with DAPI (Sigma Aldrich) and counted by Image]J
1.8.0. In both assays, the intervention group was treated with
JNK-in-IX for 48 h using the previously determined cell line
specific concentrations matching the IC50: 0.409 uM for AsPC-
1, 0.220 uM for BxPC-3, 0.071 uM for MIA PaCa-2 and 0.066
uM for PANC-1. Wound healing rate and number of migratory
cells were analyzed and compared between the treated and
untreated groups using GraphPad Prism 8.0.1.

Giemsa stain assay

Giemsa staining was performed as described before (22). PC
cells stained by Giemsa stain (Sigma Aldrich) were
photographed under a light microscope at 20x and 40x
magnification. Afterwards, cell morphology was observed.
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Western blot analysis

Western blot was performed as described before (22).
Primary antibodies were used as follows: Bcl2 (1:200, Cell
Signalling Technology (Frankfurt am Main, Germany)), BAX
(1:1000, Cell Signalling Technology), c-Jun(1:100, Santa Cruz
Biotechnology (Dallas, USA)), p-c-Jun(1:100, Santa Cruz
Biotechnology), Lamin B1 (0.1 pg/ml, Abcam). B-actin(1:5000,
Sigma Aldrich) and GAPDH (1:5000, Sigma Aldrich) act as the
internal control. Images were acquired by FUSION FX (Vilber
Lourmat Deutschland GmbH, Weinheim, Germany).

Flow cytometry

Apoptosis was analyzed in the Annexin V assay using the
Annexin V-FITC Kit (Miltenyi Biotec, Bergisch Gladbach,
Germany) following the manufacturer’s instructions. 10° of PC
cells with or without JNK-in-IX incubation for 48 h were
harvested, mixed with 10 pl of Annexin V-FITC and
incubated for 15 min at room temperature. After washing, the
cell pellet was resuspended in 500 pul of binding buffer. 5 pl of PI
(Propidium Iodide) solution was added immediately prior to
flow cytometry using MACSQuant®
(Miltenyi Biotec).

Cell cycle was analyzed by performing PI staining (Sigma
Aldrich). 10° PC cells were harvested and fixed in cold 70%
ethanol. After fixation for 2 h, the cell pellet was rinsed and

X Flow Cytometer

resuspended in staining solution containing 50 pg/ml of PI. Data
were acquired by flow cytometry.

For flow cytometric expression of JNK1 and JNK2 protein
levels, 10° PC cells were harvested and blocked in FC-block
solution (Miltenyi Biotec, Bergisch Gladbach, Germany) for 20
min. 100 ul of single cell suspension containing 10° cells of
interest were aliquoted and incubated in 300 pl of 2.7%
paraformaldehyde for 30 min. After being rinsed, cells were
resuspended in 500 of ul ice-cold permeabilizing solution and
centrifuged at 350 x g at 4°C for 8 min and the supernatant was
discarded. Then, cells were stained by AF647-conjugated
antibodies (anti-JNK1 antibody and anti-JNK2 Antibody, 1:50,
Santa Cruz Biotechnology (Dallas, USA)). Cells resuspended in
300 pl of FACS buffer were subjected to flow cytometry.

Data were analyzed by FlowJo_v10.6.1 (FlowJo LLC,
Ashland, USA).

Immunocytochemistry/
Immunofluorescence (ICC/IF)

Cells were cultured on glass coverslips until 50-80%
confluence. A control and drug-treated group were set up, and
cells were treated with or without JNK-in-IX for 48 h at
beforementioned concentrations. After rinsing with PBS, cells
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were fixed with 4% paraformaldehyde for 20 min and
permeabilized by incubation with 0.2% Triton for 10 min at
room temperature. Cells were incubated with 5% BSA to block
nonspecific binding and then incubated with phospho-histone
H2A.X (1:400, Cell Signaling Technology) overnight at 4°C.
After rinsing, cells were incubated with Alexa Fluor Plus 594-
labeled anti-rabbit secondary antibody (10 pg/ml, Invitrogen)
for 1 h at room temperature. Nuclear staining was performed
with DAPI (2pg/ml, Sigma-Aldrich). Representative
fluorescence photographs were taken using Axio Observer 7
(Zeiss) at 40x magnification.

Quantitative real-time PCR

Quantitative real-time PCR (qPCR) was used to determine
the target gene expression on mRNA level. Total RNA in cell
lysates was extracted using Monarch® Total RNA Miniprep Kit
(New England BioLabs, Ipswich, USA). The concentrations of
purified total RNA were detected using the QIAxpert (QIAGEN,
Hilden, Germany). cDNA was synthesized using the
AffinityScript Multiple Temperature cDNA Synthesis Kit
(Agilent Technologies, Santa Clara, USA). The expression of
target genes (JNK1, JNK2, CDK1, CCNB1, CDC25Cl1, PLKI,
CHEKI, CDKNIA, p53, and Weel) was verified by qPCR using
SYBR-Green Master Mix (New England BioLabs) with
LightCyter®480 II (Roche Life Science, Mannheim, Germany).
Experiments were performed following the manufacturers’
protocols. Primers were supplied by QIAGEN and are listed in
the Supplementary Table SI.

siRNA transfection

Each cell line was seeded into 2 ml of complete medium in
triplicate in a 6-well plate and cultured until cells were at 50-70%
confluence at the time of transfection. For transfected cells, 25
pmol of MAPK-9 RNAIi (Silencer Select siRNA, ID: S11159,
Catalog 4390824 (Thermo Fisher Scientific, Waltham, MA,
USA)) or 25 pmol of Silencer Select Negative Control No.1
siRNA (Catalog 4390843, Thermo Fisher Scientific) was
dissolved in 150 pl of Opti—MEM® Medium (Catalog
31985070, Thermo Fisher Scientific). Diluted Lipofec—tamineTM
RNAIMAX (Catalog 13778100, Thermo Fisher Scientific) as
transfection reagents were separately added. Lipofectamine
and siRNA solutions were mixed gently and incubated for 5
min at room temperature prior to adding into each well. Cells
were passaged 24 h after transfection, and transfection efficiency
was verified by qPCR.

In order to determine cell growth, 1000 of wildtype, JNK-2
knockdown and control transfected pancreatic cancer cells were
seeded into each well of a 384-well plate containing 50 pl of
medium. JNK-in-IX was added after cell adherence with the

Frontiers in Oncology

104

10.3389/fonc.2022.1006131

concentrations previously mentioned. 48 h and 96 h after JNK-
in-IX treatment, viability of wildtype, JNK-2 knockdown or
control transfected cells in four cell lines was detected as
described above.

Human Phospho-Kinase array (proteome
profiler)

To analyze the involved pathways after JNK-in-IX
treatment, phosphorylation of relevant kinases and
transcription factors were detected by using the Human
Phospho-Kinase Array Kit (ARY003C, R&D Systems, Inc,
Minneapolis, USA) following manufacturer’s instructions.
Briefly, PC cells with or without JNK-in-IX incubation for 48
h were lysed and subjected to the array membranes. Images were
acquired by FUSION FX. Mean pixel density was analyzed by
Image] 1.8.0 and GraphPad Prism 8.0.1.

Statistics

GraphPad Prism 8.0.1 was used for statistical analysis. To
evaluate the significance of differences among groups, statistical
methods including t test, paired t test, Tukey’s multiple
comparisons test and uncorrected Fisher’s LSD were used. P
values less than 0.05 are taken as significant and are shown as
follows: ns p > 0.05, * p < 0.05, ** p < 0.01, *** p < 0.001 and ****
p < 0.0001.

Results

We have previously demonstrated the role of the JNK isoforms
(JNK1 and JNK2) in PC. A potential therapeutic role has been
outlined by others, even more since the development of isoform-
specific inhibitors. These results have prompted us to investigate the
potential use of pharmacological targeting of JNK in PC.

Pancreatic cancer cell survival is reduced
by JNK inhibitors, most significantly by
the JNK2-specific inhibitor JNK inhibitor
IX

In order to test the response of human PC cell lines to JNK
inhibition, the efficacy of two pan-JNK inhibitors (SP600125 and
AS602801) as well as the JNK1-specific inhibitor Licochalcone A
and the JNK2-specific inhibitor JNK inhibitor IX (JNK-in-IX)
were tested. The dose-response curves demonstrated in
Figure 1A clearly show that no difference between JNKI1
specific inhibition and pan-JNK inhibition can be observed.
However, JNK-in-IX was proven highly efficient with IC50
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values of about 0.1 uM across all cell lines (Figure 1A,
Supplementary Table S2).

We next examined the combination therapy of JNK-in-IX and
the standard chemotherapeutic regimen for human pancreatic
cancer cell lines, FOLFIRINOX and Gemcitabine-Paclitaxel (Gem-
Pac). The dosages used for combination treatment matched the in
vivo situation with concentrations of drugs at the ratios of
Gemcitabine: Paclitaxel = 1: 0.04 and 5-FU: Oxaliplatin: SN-38 =
80.95:0.80: 1 (23). Both Gem-Pac and FOLFIRINOX were effective in
all tested cell lines (Figure 1B). We evaluated the combination
treatment by using SynergyFinder 2.0 in order to discriminate
between additive, synergistic or antagonistic effects (Figures 1C, D).
Data was evaluated using the ZIP (Zero Interaction Potency) model
(Supplementary Table S3) where drugs are assumed to be non-
interacting and differences in the dose-response curve can be
evaluated (21). Thereby, we were able to demonstrate that no
synergistic effect can be observed in the combination treatment of
Gem-Pac or FOLFIRINOX with JNK-in-IX. For AsPC-1, the
combination of FOLFIRINOX and JNK-in-IX even seemed
antagonistic (Supplementary Table 2).

We also tested our findings in 2 organoid lines derived from
PC specimen. The effects were less pronounced, but JNK-in-IX
was still effective in both organoid lines (Figure 2).

JNK-in-IX reduces pancreatic cancer cell
migration

After JNK-in-IX was shown to be highly effective in
suppressing cell survival of PC cells, its effect on cell behavior
was examined next. First, it became obvious, that JNK-in-IX
treatment leads to morphological changes with enlarged cells
including larger nuclei as demonstrated via Giemsa staining
(Supplementary Figure S1). Therefore, we evaluated cell mobility
and migration next: AsPC-1, BxPC-3, MIA PaCa-2 and PANC-1
were treated with 0.409 uM, 0.220 uM, 0.071 uM and 0.066 pM
of JNK-in-IX, corresponding to the previously determined IC50
for each cell line. In previous findings from our group, the
reduced expression of JNK2 led to enhanced cell migration (18).

In contrast to these findings, by treatment with JNK-in-IX,
pancreatic cancer cell migration was profoundly reduced. The
scratch assay showed prolonged wound closure rates of about
20% across all cell lines (Figures 3A, B). Even more strikingly,
the cellular migration ability was nearly completely abolished in
the modified Boyden chamber assay (Figures 3C, D). These
findings were replicable in all 4 biological replicates.

JNK-in-1X induced cell death

These results indicate that JNK-in-IX can strongly reduce
oncogenic hallmarks of PC cells and we next sought to examine
the mechanism of action.
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PC cells were treated with JNK-in-IX using the same
concentrations as above (corresponding to IC50) for 48 h. We
first evaluated apoptosis-related cell death. By using Annexin V/
Propidium Iodide (PI)-staining, we were able to demonstrate,
that JNK-in-IX only slightly increased the proportion of
apoptotic Annexin V+/PI- cells. Proportions of dead
cells (Annexin V+/PI-) increased significantly in BxPC-3 and
MIA PaCa-2. However as detached dead cells are mostly lost
during cell harvest, these results need to be interpreted
cautiously (Figure 4A).

After JNK-in-IX treatment, expression of pro-apoptotic Bax
was decreased in all cell lines. The anti-apoptotic Bcl-2 was only
found highly expressed in MIA PaCa-2 and was also decreased
after JNK-in-IX treatment (Figure 4B). These results indicate,
that JNK-in-IX only slightly increases apoptosis in PC cells and
the observed effect of reduced cell survival appears to be mostly
apoptosis independent. We were able to verify these results by
using the pan-caspase inhibitor Z-VAD FMK which can prevent
apoptosis-related cell death. Corresponding to previous results,
caspase-inhibition through Z-VAD FMK was not able to reverse
JNK-in-IX induced cell death (Figure 4C).

Cell-cycle progression was evaluated next. Again, cells were
treated for 48 h with JNK-in-IX in the before mentioned
concentrations. There, we were able to detect a strongly
increased proportion of cells in the G2 phase, suggesting a G2
arrest through JNK-in-IX (Figure 5A).

Expression of Lamin Bl, as a nuclear envelope marker was
reduced after JNK-in-IX treatment, also indicating that cells fail
to successfully undergo mitosis (Supplemental Figure S2)

In order to elucidate the mechanism of G2 arrest after JNK-in-IX
treatment, we analyzed the expression of key regulators of cell cycle
progression. We included pro-mitotic regulators (Cyclin Dependent
Kinase 1 (CDK1), Cyclin Bl (CCNB1), CDC25C1, and Polo-like
Kinase 1 (PLK1)) as well as restrictors of cell cycle progression
(Checkpoint Kinase 1 (CHEK1), p21 (CDKN1A), p53, and Weel).
After treatment with JNK-in-IX, p21 (CDKN1A) was consistently
upregulated in all cell lines (Figure 5B). Treatment with JNK-in-IX
thus leads to a G2 arrest mediated by p21.

Target effectors of INK-in-IX

We next sought to evaluate the effect of JNK-in-IX on the
expression of JNK1 and 2. On RNA level, there was a trend
towards increased expression of both kinases (Figure 6A). We also
evaluated protein expression levels using the mean fluorescence
intensity in flow cytometry. There, we were only able to observe a
slight trend towards increased kinase expression in AsPC-1 and MIA
PaCa-2, while expression levels in BxPC-3 and PANC-1 were
unaltered (Figure 6B). Surprisingly, after evaluation of c-Jun
expression and phosphorylation (Figure 6C), we did not detect any
differences in expression levels of c-Jun and interestingly, also did not
detect differences of its phosphorylation.
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FIGURE 1

Targeting pancreatic cancer cells. (A, B) 500 cells per well were seeded in 384-well plates containing 50 ul of complete medium. 24 h after
seeding, increasing concentrations of JNK inhibitors (A) and chemotherapeutics (B) dissolved in DMSO were added in triplicate using the Tecan
D300e Dispenser. DMSO was normalized to the highest concentration (0.5%, v/v). Cell viability was evaluated 5 days after treatment using
CellTiter-Glo. Results shown are means of 3 independent experiments. (C, D) Combination treatment with JNK-in-1X and FOLFIRINOX in MIA
PaCa-2. Data were calculated and visualized using SynergyFinder 2.0. Results are means of 3 independent experiments. With a ZIP score of less
than -10, the interaction between two drugs is likely to be antagonistic; from -10 to 10: the interaction is likely to be additive, and for scores
larger than 10, the interaction is likely to be synergistic. GP: Gemcitabine-Paclitaxel (Gem-Pac): the combination of Gemcitabine and Paclitaxel
with the ratio of 1:0.04 (c/c); F FOLFIRINOX: the combination of SN-38, Oxaliplatin and 5-FU with the ratio of 1:0.8:80.95 (c/c/c).

These results suggested that the effects of JNK-in-IX may be
independent of JNK2 activity and c-Jun phosphorylation. Therefore,
we used a human phospho-kinase assay to analyze related pathways
in MIA PaCa-2 and PANC-1, as those were the most sensitive
towards JNK-in-IX (Figures 6D, E). Again, we could not detect a
consistent difference in c-Jun phosphorylation. However, we could
observe a consistent phosphorylation of p53 at serine 15, 46 and 392
in both cell lines.

To verify the hypothesis, that JNK-in-IX acts
independently of its designed target JNK2, we used siRNA
knockouts of JNK2 in all four cell lines. qQPCR confirmed a
successful knockdown (Figure 7A). We then evaluated cell
growth of wildtype cells, control transfected cells and
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knockdown cells with or without JNK-in-IX treatment using
the concentrations previously determined. Again, JNK-in-IX
successfully suppressed cell growth in wildtype and control-
transfected cells. However, it was equally effective in cells with
reduced expression of JNK2 (Figures 7B, C). This further
strengthened our findings that JNK-in-IX acts independently
of its primary target JNK2 in PC.

The increased expression of p21 taken together with increased
phosphorylation of p53 was indicative for DNA. We therefore
analyzed phosphorylation of the histone variant H2A.X as a
marker for DNA double stand breaks. In all cell lines, especially in
BxPC-3 and MIA PaCa-2, increased phosphorylation was detected in

immunocytochemistry (Figure 8).
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1ul of Matrigel and cultured in 25ul Organoid growth medium. After 24 h, another 25 pl of Organoid medium was added including the indicated
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Taken together, these results indicate that JNK-in-IX is effective
in PC through reduced cell survival and restrained cell migration.
These effects are mediated through DNA damage resulting in a G2
arrest and incapability to enter mitosis through activation of p53 and
p21 independent of JNK2.
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Discussion

PC is continuously proving itself as one of the most
challenging malignancies to detect and treat. Recent efforts in
systemic treatment options had two main goals: large,
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Effect of INK-in-1X on pancreatic cancer cell mobility and migration. (A) Cell movement in the wound healing assay. Results are shown as
wound healing distance (in % of 0 h) after 12 h and 24 h and are means of 5 separate experiments. The wound healing rate of BxPC-3 at 24 h is
not shown as the wound margins were highly irregular. (B) Representative areas of wound gaps at O h, 12 h, 24 h and 48 h at 2.5%
magnification. (C, D) Modified Boyden chamber assay. Results are shown as number of the migrated cells within 24 h and are means of 5
separate experiments (C) with representative areas of migrated cells at 10x magnification (D). ns p>0.05, * p< 0.05, ** p<0.01
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Effect of INK-in-1X on apoptosis. (A) After incubation with JINK-in-IX (AsPC-1: 0.409 pM, BxPC-3: 0.220 pM, MIA PaCa-2: 0.071 uM, and PANC-
1: 0.066 pM) for 48 h, 10° cells were harvested and stained by Annexin V and PI. Data were analyzed by flow cytometry. Viable cells are stained
Annexin V- / Pl-, apoptotic cells are stained Annexin V+ / Pl-, and dead cells are stained Annexin V+ / Pl+. Only a slight increase in apoptotic
cells was observed. Results are shown of 3 independent experiments. (B) Western blot analysis of Bax and Bcl2 after INK-in-1X treatment.
GAPDH and B-actin were used as internal control. (C) Pancreatic cancer cell lines treated by JNK-in-IX and V-ZAD-FMK. Percentage of viable
cells compared to untreated control are shown. Data are expressed as mean + SEM. of at least four independent experiments. *p < 0.05,

**p < 0.01, ***p <; 0.001, ****p <0.0001.

multicenter studies aimed at determining the optimal
chemotherapies for whole patient cohorts (24, 25). On the
other hand, efforts were made in personalizing treatment
options using novel modeling systems like organoids (26). One
of the major obstacles in drugging PC is the fact that its major
driver, mutant KRAS, has presented itself undruggable (4).
Furthermore, it has been shown that mutant KRAS causes
alterations in associated pathways, thereby potentiating its
deadly potential (27). However, we believe that targeting these
associated pathways may be an attractive treatment option.
The c-Jun N-terminal kinases (JNK)1, 2, and 3, together with
p38 kinases, are also called stress activated kinases as they are
involved in the cellular response towards exogenous and
endogenous stressors like metabolic stress or cytokine
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stimulation, as well as UV radiation or cytotoxic drugs (6).
Due to their central role in the cellular signaling cascade they
merge signals from multiple membrane receptors and
intracellular kinases including RAS. Multiple substrates of JNK
have been identified and include transcription factors like c-Jun
and p53, apoptosis regulating proteins but also cytoskeleton
elements (6).Previous studies have implicated a potential role of
JNKs in PC (11, 13).

In determining the roles of INK in PC, several factors need to
be considered: isoform specific roles of JNK1 and 2 need to be
taken into account, while JNK3 is only expressed in brain, heart
and testis. Additionally, as demonstrated by Sato and colleagues
(11), the overall role of JNK in PC also includes the kinase action
in cells of the tumor microenvironment. By silencing JNK1 and 2
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(A) Cell cycle analysis. After treatment with JINK-in-IX in the previously determined concentrations for 48 h, 10° PC cells were harvested, fixed,
and stained with PI staining buffer. Afterwards, data were acquired using a flow cytometer. Cell cycles were normalized to the untreated control
of which proportions are presented. All cell lines show a significant decrease in the G1 phase and a corresponding increase of cells in G2/M
phase (p < 0.0001 for all cells except PANC-1, p < 0.05 for PANC-1). (B) mRNA expression of cell cycle regulators. Cyclin Dependent Kinase 1
(CDK1Y), Cyclin B1 (CCNB1), CDC25C1, Polo-like Kinase 1 (PLK1), Checkpoint Kinase 1 (CHEK1), p21 (CDKN1A), p53, and Weel expression in
pancreatic cancer cells treated by JNK-in-IX was tested by gPCR. Data are shown as fold changes with respect to the untreated group (2-AACt,
mean + SEM, n = 3). GADPH was used as the internal control. *p < 0.05, **p < 0.01, ****p < 0.0001.

separately, we recently demonstrated a tumor restraining
function of JNK2 and a tumor promoting role of JNK1 (18).
These results prompted us to investigate the value of isoform
specific JNK inhibitors for the treatment of PC.

We used four pancreatic cancer cell lines with different
genetic backgrounds, including KRAS-wildtype BxPC-3 (28).
All cell lines were treated with JNK inhibitors addressing
different backgrounds: SP600125 is a commonly used
reversible ATP-competitive pan-JNK inhibitor (29) which
effectiveness in PC was shown by us and others (18, 30).
AS602801 (Bentamapimod) also acts as an ATP competitive
inhibitor with similar IC50 values for JNK1 and 2. Interestingly
it was shown effective against cancer stem cells including cell
survival, as well as self-renewal and tumor-initiating capacity in
PC (31). Contrary to those, Licochalcone A is not ATP-
competitive but competes with the scaffolding protein JIP1 in
its binding with JNK and thereby inhibits specifically JNK1
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activity (32). Lastly, we used the JNK2 specific, ATP competitive
JNK inhibitor IX (JNK-in-IX) (33). We can now demonstrate
that both pan-JNK inhibitors as well as the JNKI specific
inhibitor exert similar growth restraining effects across most
cell lines. However, JNK-in-IX has proven itself as the most
effective by far of all inhibitors and was even effective in PANC-1
which consistently shows resistance against JNK inhibition (18,
34). Although less pronounced, JNK-in-IX was also effective in
primary PC organoids, underlining the potential inhibitor use.
These interesting findings were opposing to our previous
demonstration of a growth suppressive function of JNK2 and
prompted further studies.

Being stress-activated kinases, JNKs are involved in the
cellular response towards endogenous and exogenous stressors.
Therapy-induced cell stress through radiation or cytotoxic stress
is a fundamental part of successful cancer treatment. By
inhibiting the cellular coping mechanisms to therapy induced
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FIGURE 6

Target effectors of INK-in-IX. (A, B) Relative mRNA expression in gPCR (A) and Mean Fluorescence Intensity (MFI) detected by flow cytometry
(B) of INK1 and JNK2 with or without JNK-in-IX treatment. Data shown are the means (+SEM) from 3 (A) and 4 (B) independent experiments.
(C) Immunoblot analysis of total expression and phosphorylation of c-jun with or without JNK-in-1X treatment. GAPDH acts as internal control.
(D, E) Human Phospho-Kinase Array. Pictures shown are the blots of respective protein phosphorylation with or without JINK-in-1X treatment,
p53 phosphorylation is marked in red (D). (E) Quantitative expression of phosphorylated kinases. Data are shown as mean pixel density. ns

p>0.05, *p<0.05, **p<0.01.

stress, therapy resistance might be overcome. We therefore
decided to evaluate the combination treatment of the most
effective JNK-in-IX and the standard cytotoxic treatments for
PC, Gemcitabine-Paclitaxel (Gem-Pac) and FOLFIRINOX.
Contrary to Lipner and colleagues who showed sensitization of
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PC cells towards 5-FU/FOLFOX treatment after JNK1 inhibition
(19), JNK-in-IX did not show treatment synergy with
FOLFIRINOX or Gemcitabine-Paclitaxel.

As the invasion ability is a hallmark of cancer cells, we next
examined the effectiveness of JNK-in-IX on reducing cell
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migration in vitro. Again, wound closure of all cell lines was
significantly inhibited. More importantly, the seen effect was
even more pronounced in cell migration. Recently, Jemaa and
colleagues used JNK inhibition in order to reduce colon cancer
cell migration. Interestingly, they were able to reduce migration
of human RKO cancer cell line in vitro by pan-JNK inhibition
and specific JNK1 inhibition. However, JNK-in-IX was
ineffective (35). On the other hand, the group of van Berg
demonstrated the value of JNK2 for breast cancer cell
migration (36) and pharmacological JNK2 inhibition reduced
cell migration (37).

In our study, the reduced cell proliferation and ultimately cell
death was apoptosis independent. Furthermore, we were able to
show that the seen effects are caused by a G2/M arrest. G2/M
progression is dependent on the active complex of CDKI and
Cyclin B1. CDK1/Cyclin B1 phosphorylation inhibits the complex

Frontiers in Oncology

m

pro-mitotic activity and is mediated through Weel. In contrast,
the phosphatase CDC25C activates CDK1/Cyclin Bl through
dephosphorylation. Other regulators of cell cycle progression act
through activation (PLK1) or deactivation (CHK1) of CDC25C
(38). Finally, p53 can repress CDK1 and CCNBI1 expression and
additionally inhibit CDK1 directly through activation of p21
which binds and inhibits CDK1 directly (39).

In the present study, we demonstrate that JNK-in-IX leads to
a G2 arrest in pancreatic cancer cells via increased expression of
p21 (CDKN1A). Together with the increased phosphorylation of
P53, as demonstrated in the proteome profiling, this suggested
that the inhibitor treatment may result in DNA damage. We
were able to confirm increased DNA double stand breaks
through ICC labeling of Histone H2A.X phosphorylation.

Similar findings have been demonstrated for JNK-in-IX in
Jurkat T-cells (40). Although in this lymphoid cell line, cell death
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was due to apoptosis, cells also underwent a G2 arrest.
Furthermore, JNK-in-IX treatment resulted in a defective
mitotic spindle defect (40). This mechanism could serve as an
explanation for the morphological differences observed in our
treatment group.

The findings of our present study indicate JNK inhibitor IX as a
promising therapeutic in PC. However, our present findings were in
contrast to previous studies from our group: Stable knockout of JNK2
increased proliferation and migration of PC cells (18). Thus, we
examined the effectiveness of JNK-in-IX in inhibiting the JNK2
activity. Interestingly, c-Jun phosphorylation as major downstream
target of Jun kinases was unaltered. Furthermore, siRNA-based
knockdown of JNK2 did not impair the effectiveness of JNK-in-IX.
These findings indicate that JNK-in-IX may act independently of
JNK2, at least in the studied cell lines.

Overall, our study underlines the current trend in
personalizing therapies. JNK2 as the primary target of the
compound used in our study did not seem to be promising
based on genetic findings but the way of action of JNK-in-IX was
proven effective. Novel model systems like tumor organoids (41)
can test these compounds and thus be a powerful tool in
prioritizing treatment options and verify or disprove treatment
options based on genetic testing.
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New nomogram for predicting
lymph node positivity in
pancreatic head cancer

Xingren Guo', Xiangyang Song', Xiaoyin Long, Yahui Liu,
Yixin Xie, Cheng Xie and Bai Ji*

The Department of General Surgery Center-Hepatobiliary and Pancreatic Surgery, The First Affiliated
Hospital of Jilin University, Changchun, China

Background: Pancreatic cancer is one of the most malignant cancers worldwide,
and it mostly occurs in the head of the pancreas. Existing laparoscopic
pancreaticoduodenectomy (LPD) surgical techniques have has undergone a
learning curve, a wide variety of approaches for the treatment of pancreatic
cancer have been proposed, and the operation has matured. At present,
pancreatic head cancer has been gradually changing from “surgeons’ evaluation
of anatomical resection” to “biologically inappropriate resection”. In this study, the
risk of lymph node metastasis in pancreatic head cancer was predicted using
common preoperative clinical indicators.

Methods: The preoperative clinical data of 191 patients with pancreatic head
cancer who received LPD in the First Affiliated Hospital of Jilin University from
May 2016 to December 2021 were obtained. A univariate regression analysis study
was conducted, and the indicators with a significance level of P<0.05 were
included in the univariate logistic regression analysis into multivariate. Lastly, a
nomogram was built based on age, tumor size, leucocyte,aloumin(ALB), and
lymphocytes/monocytes(LMR). The model with the highest resolution was
selected by obtaining the area under a curve. The clinical net benefit of the
prediction model was examined using decision curve analyses.Risk stratification
was performed by combining preoperative CT scan with existing models.

Results: Multivariate logistic regression analysis found age, tumor size, WBC, ALB,
and LMR as five independent factors. A nomogram model was constructed based
on the above indicators. The model was calibrated by validating the calibration
curve within 1000 bootstrap resamples. The ROC curve achieved an AUC of 0.745
(confidence interval of 95%: 0.673-0.816), thus indicating that the model had
excellent discriminative skills. DCA suggested that the predictive model achieved a
high net benefit in the nearly entire threshold probability range.

Conclusions: This study has been the first to investigate a nomogram for
preoperative prediction of lymphatic metastasis in pancreatic head cancer. The
result suggests that age, ALB, tumor size, WBC, and LMR are independent risk
factors for lymph node metastasis in pancreatic head cancer. This study may
provide a novel perspective for the selection of appropriate continuous treatment
regimens, the increase of the survival rate of patients with pancreatic head cancer,
and the selection of appropriate neoadjuvant therapy patients.
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Introduction

Pancreatic cancer is one of the most malignant tumors
worldwide, the five-year survival rate is less than 5%, and 75%
occurs in the pancreatic head (1). When patients are diagnosed
with pancreatic cancer, most have lost the opportunity for
surgery. Feasible pancreaticoduodenectomy without
distant metastasis.

Pancreaticoduodenectomy has been confirmed as one of the
largest operations in general surgery. LPD has experienced a
learning curve in many large tertiary hospitals with shorter
postoperative recovery times and fewer complications over the past
few years. However, a considerable amount of research has suggested
that the survival rate of postoperative patients remains not ideal (2, 3).
On the one hand, it is dependent on the malignant biological
characteristics of pancreatic cancer. On the other hand, numerous
patients have lymph node metastasis before surgery (4), resulting in
poor surgical results. Existing research has shown that preoperative
lymph node metastasis is an independent risk factor for the
postoperative survival rate of patients. The guidelines also
recommend preoperative neoadjuvant therapy for patients with
positive large regional lymph nodes (5).

Accordingly, preoperative prediction of lymph node metastasis
takes on a critical significance to neoadjuvant therapy. At present, it is
still difficult to predict lymph node metastasis by preoperative
imaging indicators (6). Currently, a number of imaging modalities,
such as endoscopic ultrasonography (EUS), computed tomography
(CT), magnetic resonance imagin (MRI), and Positron emission
tomography (PET), have been used to identify lymph node
metastases (LNM). Radiologists often judge LNM by the size of the
lymph node, the smooth edge of the lymph node and the
homogeneous density or signal on CT or MRI images. Positron
emission tomography/computed tomography (PET/CT), in addition
to offering anatomical information, can provide an intuitive picture of
the metabolic status of the lesion through semi-quantitative
parameters such as standard uptake values and total glycolysis of
the lesion. For instance, if the lymph node is present in a high uptake
state on a PET image, it is highly suspected to be malignant. However,
its accuracy in predicting lymph node metastasis in patients with
pancreatic cancer is not very high (7-10). In recent years, Serum
markers MMP7, MUCI1, and MUC2 have been used to detect the
preoperative status of PDAC lymph nodes and the rise of radiology,
but their clinical application has been limited due to technical
restriction and low accuracy (11, 12). Because, we use the
advantage of nomogram, combined with preoperative clinical
common indicators to predict the probability of lymph node cancer
of the head of the pancreas.

In this study, there were 129 patients with positive lymph nodes,
and only 34 patients had lymph node metastasis confirmed by
preoperative imaging, and the predictive rate only reached 26%.
This study aimed to investigate the correlation between common
preoperative clinical indicators and lymph node metastasis(LNM)
of pancreatic head cancer and to construct a corresponding
nomogram to better identify patients with positive lymph nodes,
which has potential significance for individualized
comprehensive treatment.
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Materials and procedures
Patients

Evaluation of the therapeutic information of patients with
pancreatic head cancer who had LPD between May 2016 to
December 2021 at the First Affiliated Hospital of Jilin University.
This study was done in line with the Helsinki Declaration, with the
agreement of the Research Ethics Committee of the First Affiliated
Hospital of Jilin University, and with the informed consent of
all patients.

The inclusion criteria are presented as follows:

(1) The pathological results were pancreatic carcinoma; (2) The
lesion was located in the head of the pancreas; (3) Thin-layer CECT
was performed in 191 patients within 1 month before operation and
(4) There was a minimum number of LNs (eln) of 12 examinations.

The exclusion criteria are presented as follows:

(1) distant metastases (liver metastases or peritoneal
carcinomatosis) on surgical exploration (2) preoperative anticancer
therapy (chemotherapy, radiotherapy, or both) (3) incomplete
clinicopathological data.

Establishment of cutoff values for variables
and pathological characteristics

We recorded the LNM indices of Pancreatic head cancer based on
the postoperative pathological report after analyzing the routine and
preoperative blood biochemical test findings. The ideal cutoff values
for the variables in this study were established using receiver
operating characteristic curves and the maximum Youden index.
The definition of LSR was ALT (U/L)/AST (U/L). LMR was
determined as lymphocytes (109/L)/monocytes (109/L). Their cutoff
levels were set based on the receiver operating characteristic curve and
the highest Youden index. At P less than 0.05, differences achieved
statistical significance. Lastly, 191 patients were included, of which
129 patients had lymph node metastases and 62 patients had no
lymph node metastases. The information regarding patients is listed
in Table 1.

Statistical analyses

Cutoffs were determined by transforming continuous information
into categorical variables based on the ROC’s maximum Youden
index (sensitivity plus specificity minus 1). Categorical variables are
described as numbers (percentages). LASSO regression analysis was
used for data dimensionality reduction and element selection.
(Figure 1) Between-group heterogeneity was compared through the
chi-square test. Using univariate and multivariate logistic regression
analysis, odds ratios (ORs) and 95% confidence intervals (CIs) were
generated, of which OR>1 results indicated that the variable was a risk
factor. Differences achieved statistical significance if P was less than
0.05. In the final nomogram model, the indicators with P less than
0.05 were included into the multiple logistic regression, and the
nomogram model was built. The ROC of the model was obtained
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TABLE 1 Patients Characteristics.

10.3389/fonc.2023.1053375

Variables, n (%) Level Total (n=191) ILM negative (n=62) ILM positive (n=129)
Gender 0 82 (42.932) 32 (51.613) 50 (38.760) 0.093 Chi-square test
1 109 (57.068) 30 (48.387) 79 (61.240)
Age 0 99 (51.832) 25 (40.323) 74 (57.364) 0.027 Chi-square test
1 92 (48.168) 37 (59.677) 55 (42.636)
Tumorsize 0 73 (38.220) 31 (50.000) 42 (32.558) 0.02 Chi-square test
1 118 (61.780) 31 (50.000) 87 (67.442)
CA125 0 80 (41.885) 31 (50.000) 49 (37.984) 0.115 Chi-square test
1 111 (58.115) 31 (50.000) 80 (62.016)
CA199 0 104 (54.450) 40 (64.516) 64 (49.612) 0.053 Chi-square test
1 87 (45.550) 22 (35.484) 65 (50.388)
ALP 0 56 (29.319) 28 (45.161) 28 (21.705) <0.001 Chi-square test
1 135 (70.681) 34 (54.839) 101 (78.295)
ALB 0 118 (61.780) 30 (48.387) 88 (68.217) 0.008 Chi-square test
1 73 (38.220) 32 (51.613) 41 (31.783)
GLOB 0 150 (78.534) 42 (67.742) 108 (83.721) 0.012 Chi-square test
1 41 (21.466) 20 (32.258) 21 (16.279)
DBIL 0 68 (35.602) 30 (48.387) 38 (29.457) 0.011 Chi-square test
1 123 (64.398) 32 (51.613) 91 (70.543)
IBIL 0 36 (18.848) 19 (30.645) 17 (13.178) 0.004 Chi-square test
1 155 (81.152) 43 (69.355) 112 (86.822)
WBC 0 133 (69.634) 51 (82.258) 82 (63.566) 0.009 Chi-square test
1 58 (30.366) 11 (17.742) 47 (36.434)
NEU 0 128 (67.016) 48 (77.419) 80 (62.016) 0.034 Chi-square test
1 63 (32.984) 14 (22.581) 49 (37.984)
PCT 0 171 (89.529) 59 (95.161) 112 (86.822) 0.078 Chi-square test
1 20 (10.471) 3 (4.839) 17 (13.178)
MPV 0 64 (33.508) 25 (40.323) 39 (30.233) 0.167 Chi-square test
1 127 (66.492) 37 (59.677) 90 (69.767)
PDW 0 79 (41.361) 31 (50.000) 48 (37.209) 0.093 Chi-square test
1 112 (58.639) 31 (50.000) 81 (62.791)
TT 0 34 (17.801) 8 (12.903) 26 (20.155) 0.22 Chi-square test
1 157 (82.199) 54 (87.097) 103 (79.845)
APTT 0 59 (30.890) 24 (38.710) 35 (27.132) 0.105 Chi-square test
1 132 (69.110) 38 (61.290) 94 (72.868)
PT 0 92 (48.168) 26 (41.935) 66 (51.163) 0232 Chi-square test
1 99 (51.832) 36 (58.065) 63 (48.837)
INR 0 129 (67.539) 38 (61.290) 91 (70.543) 0.201 Chi-square test
1 62 (32.461) 24 (38.710) 38 (29.457)
FBG 0 61 (31.937) 16 (25.806) 45 (34.884) 0.208 Chi-square test
1 130 (68.063) 46 (74.194) 84 (65.116)
(Continued)
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TABLE 1 Continued

Variables, n (%) Total (n=191)

10.3389/fonc.2023.1053375

ILM negative (n=62)

ILM positive (n=129)

LMR 0 ‘ 181 (94.764) 54 (87.097) ‘ 127 (98.450) <0.001 ‘ Chi-square test
1 ‘ 10 (5.236) 8 (12.903) ‘ 2 (1.550) ‘

LSR 0 ‘ 48 (25.131) 24 (38.710) ‘ 24 (18.605) 0.003 Chi-square test
1 ‘ 143 (74.869) 38 (61.290) ‘ 105 (81.395)

to evaluate its performance, a thousand bootstrapping was performed,
a calibration curve was generated, and then a DCA curve was
generated to evaluate the net benefit of the model. (R4.1.2 and
SPSS26.0 were used for data processing and statistical analysis)
Finally, risk stratification was performed by combining preoperative
CT and existing models.

Results

Fundamental attributes and limit values of
the variables

191 patients who had LPD between May 2016 to December 2021
at the First Affiliated Hospital of Jilin University were included, with
109 males and 82 females. Table 1 lists the clinical features of the
patients. The size of the tumor was extracted from preoperative CT-
enhanced scan reports (e.g., imaging data). 129 out of 191 patients
had positive lymph node, whereas 62 did not.

Independent preoperative risk factors
for LNM

In the univariate logistic regression evaluation, age less than 61
years old, tumor size was equals to or over 2.6cm, Alkaline
phosphatase(ALP) was equals to or more than 186U/L, ALB was

22 13

less than 40.5g/L, globulin was less than 30.1g/L, Direct Bilirubin
(DBIL) was equals to or more than52.8uumol/L,Indirect bilirubin
(IBIL) was equals to or more than12.5umol/L, WBC was equals to
or more than 6.71 10A9/L, neutrophil (NEU) was equals to or more
than4.19 10/9/L, LMR was less than 8.125, and LSR was equals to or
more than 1.1. After multivariate logistic regression analysis, only
tumor size was equals to or more than 2.6cm (odds ratio [OR] was
equals to 2.259, 95% CI: 1.126-4.598, P was equals to 0.023), ALB was
less than 40.5g/L(odds ratio [OR] equals to 0.429, 95% CI: 0.203-
0.893, P was equals to 0.024), LMR was less than 8.125(odds ratio
[OR] was equals to 0.169, 95% CI: 0.022-0.831, P was equals to 0.044),
which were the preoperative independent risk factors for LNM in
patients with pancreatic head cancer. Tables 2 and 3 list the results of
univariate and multivariate regression analysis.

Development and validation of the novel
preoperative LNM prediction nomogram

Age, tumor size, WBC, LMR, and ALB were taken based on the
multiple logistic regression analysis of the training group to generate a
nomogram and Forest plot to predict LNM in patients with
pancreatic head cancer before surgery (Figures 2, 3). The total score
of the integral nomogram formula may be obtained by adding the
scores for the respective element, and the probability of MVI can be
predicted based on the sum of the integrals. Under the total score was
higher than 188 points, it is considered a high risk of lymph node

22 22 22 22 21 21 21 21 21 20 19 18 17 13 10 3 0

Coefficients

.

0.20 0.21 0.22 0.23

Mean-Squared Error

0.19

.........
o0,
.........
299
o,
1%
.........

.......

0.18

Log Lambda

FIGURE 1
lasso analysis.
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TABLE 2 Univariate regression analysis.

Variables 95%Cl

1 109 1.685 [0.915,3.105] 0.094

0.562 61
1 92 0.502 [0.271,0.930] 0.028

0.565 2.6
1 118 2.071 [1.115,3.848] 0.021

0.538 11.57
1 111 1.633 [0.886,3.010] 0.116

0.548 219.33
1 87 1.847 [0.989,3.448] 0.054

0.594 186
1 135 2971 [1.547,5.703] 0.001

0.601 40.5
1 73 0.437 [0.235,0.813] 0.009

0.569 30.1
1 41 0.408 [0.201,0.829] 0.013

0.6 52.8
1 123 2.245 [1.201,4.197] 0.011

1 155 2911 [1.385,6.119] 0.005

0.547 6.71
1 58 2.657 [1.263,5.591] 0.01

0.532 4.19
1 63 2.1 [1.050,4.201] 0.036

0.506 0.37
1 20 2.985 [0.841,10.600] 0.091

(Continued)
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TABLE 2 Continued
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Variables \ (0] 95%Cl p auc cutoff
MPV
0 64
0.514 10.9
1 127 1.559 [0.829,2.932] 0.168
PDW
0 79
0.522 133
1 112 1.687 [0.915,3.114] 0.094
T
0 34
0.515 134
1 157 0.587 [0.249,1.384] 0.224
APTT
0 59
0.512 27.5
1 132 1.696 [0.893,3.222] 0.107
PT
0 92
0.53 11.3
1 99 0.689 [0.374,1.270] 0.233
INR
0 129
0.521 1.02
1 62 0.661 [0.350,1.249] 0.202
FBG
0 61
0.513 3.36
1 130 0.649 [0.331,1.274] 0.209
LMR
0 181
0.523 8.125
1 10 0.106 [0.022,0.517] 0.005
LSR
0 48
0.597 1.118787879
1 143 2.763 [1.405,5.436] 0.003
TABLE 3 Multivariate regression analysis.
Variables OR Lower Upper p
Age 0.516 0.247 1.055 0.072
Tumorsize 2.259 1.126 4.598 0.023
ALP 1.224 0.411 3.485 0.709
ALB 0.429 0.203 0.893 0.024
GLOB 0.532 0.239 1.196 0.123
DBIL 0.974 0.336 2.632 0.959
IBIL 1.868 0.535 6.686 0.328
WBC 222 1.009 5.201 0.055
LMR 0.169 0.022 0.831 0.044
LSR 1.368 0.539 34 0.502
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FIGURE 2

Prediction of LNM in patients with pancreatic head cncer using a
nomogram. To get the position of each factor on the corresponding
axis, draw lines on the point axis to represent the number of points.
Add all the scores and find the place of the total score to determine
the probability of LNM for that line in the nomogram.

metastasis. Under the total score of less than 188 points, it was
considered a low risk of lymph node metastasis. The nomogram
prediction model achieved a high degree of predictive capacity, as
indicated by the result. The AUC area for this model was 0.745
(Figure 4). (95% CI 0.673-0.816). The result of the model indicated
that the standard curve was well consistent with the predicted curve,
thus suggesting agreement between the observed frequencies and
projected probability of MVI (Figure 5). The result of DCA indicated
that the predictive model had a high net benefit throughout almost
the entire threshold probability range, thus suggesting that the new
nomogram had considerable clinical use (Figure 6).

Variable Level N Odds ratio P
Age <61 99 [] Reference
Tumor 261 92 '—.—‘; 0.52 (0.25, 1.06) 0.07
size <26 73 n Reference
226 118 —— 2.26 (1.13,4.60) 0.02
ALP <186 56 * Reference
2186 135 —— 1.22 (0.41,3.49) 0.71
ALB <405 118 n Reference
2405 73 —— 0.43 (0.20, 0.89) 0.02
GLOB <30.1 150 [ ] Reference
2301 41 — . 0.53 (0.24, 1.20) 0.12
DBIL <528 68 [ ] Reference
2528 123 —i— 0.97 (0.34,2.63) 0.96
IBIL <125 36 | | Reference
2125 155 — —f— | 1.87 (0.54,6.69) 0.33
WBC <6.71 133 [ ] Reference
26.71 58 ;—l— 2.22(1.01,5.20) 0.05
LMR <8.125 181 | | Reference
28125 10 | ——@—| 0.17 (0.02,0.83) 0.04
LSR <1.119 48 ] Reference
21.119 143 —— 1.37 (0.54, 3.40) 0.50
005 0.1 0.2 05 1 2 5
FIGURE 3

Model's forest plot.
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FIGURE 4
The ROC curve of the model.

The establishment of risk
stratification model

Risk stratification was performed on the existing model with a low
risk score of 0, a high risk score of 1, and a preoperative CT lymph
node positive score of 1 and a negative score of 0, using a combination
of preoperative CT examination and the model, if the cumulative

7 T

06 07
I

Actual Probability
05
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— Bias-corrected
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I

T T T T T T T
0.2 03 04 0.5 06

Predicted Pr{iLM=1}

B= 1000 repeiiions, boot Mean absolute e0r=0.033 n=191

FIGURE 5

Calibration curve for predicting LNM. The nomogram predicted LNM is
plotted on the x-axis, and the actual incidence of LNM is plotted on
the y-axis. A plot along the 45° line will indicate a perfectly calibrated
model where the predicted LNM is the same as the actual LNM. The
expected probability distribution for the occurrence of LNM is shown
at the top of the figure.
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FIGURE 6

A decision curve analysis (DCA) was performed on the nomogram of the model. The solid black line assumes that all patients are LNM positive or
negative, respectively. The dashed lines represent the net payoff of the nomogram at different threshold probabilities.

score>1, the high-risk group, the cumulative score 0 for low-risk
group, the final model has statistical significance. (p <0.05)

Discussion

Pancreatic cancer is the “king of cancers” and overall survival rates
for patients with ductal adenocarcinoma of the pancreas have barely
improved over the last few decades (13-16). Statistics published in the
United States (17) over the past few years have suggested that it is the
fourth leading cause of death from cancer, one of the main reasons
being its susceptibility to early metastasis through lymphatic drainage,
and many studies have confirmed the adverse effects of lymphatic
metastasis (18, 19). Thus, the stage of pancreatic cancer should be
correctly evaluated, and lymph node status should be accurately
reported, which is also conducive to evaluating the prognostic status
of the patient and determining the best treatment plan. Through the
analysis of the potential factors promoting lymph node metastasis
(LNM), several positive indicators were identified, which can be
evaluated preoperatively in conjunction with the American Joint
Committee on Cancer (AJCC) 8th edition staging system for ductal
adenocarcinoma of the pancreas (17) to determine whether a patient
can undergo surgery or radiotherapy to achieve the optimal prognosis.

Studies have shown that neoadjuvant therapy enables a better
survival rate than surgery alone (20), that lymph node positivity is a
risk factor for poor outcomes in postoperative patients (20, 21), and
that postoperative chemotherapy for patients with lymph node
positivity has been shown to improve median survival and survival
after surgery (22). In recent years, with the maturity of surgical
techniques, postoperative chemotherapy has gradually achieved some
results. Preoperative neoadjuvant chemotherapy has become a
research hotspot for pancreatic cancer. This study is the first
convincing demonstration of clear benefits of preoperative
neoadjuvant therapy in node-positive patients (23), on the one
hand, achieving reduced nodal staging and thus improved patient
survival, and on the other hand, during this period of neoadjuvant
therapy, patients with high-risk biological behavioral violations may
develop distant metastases, avoiding unnecessary surgical treatment
and waste of resources. One limitation of our study was the absence of
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patient survival data, which is currently being collected and will be
analyzed in future studies, which currently require a large number of
prospective studies to validate.

The best visualization is presented through simple statistical analysis
by building a nomogram model. This model calculates a total score based
on the values of individual predictor variables and uses the total score to
infer the probability of a positive clinical event. It has been widely used in
clinical practice in recent years (24), and it is proven to be effective.

In this study, tumor size (P=0.023), low levels of albumin
(P=0.024), lymphocyte to monocyte ratio (P=0.044) were
independent risk factors for LNM, with age (P=0.072) and white
blood cells (P=0.055) (WBCs) slightly greater than 0.05, probably due
to the small sample size in this experiment. It has also been previously
demonstrated that younger age and higher WBC values are strongly
correlated with the spread of tumor cells (25-30)

In our study, LNM was found to be significantly correlated with tumor
size (p=0.023), which is consistent with the findings of most scholars (31-
33). Previous findings have also focused on the correlation between LMN
and tumor size, and although lymph node metastasis was also present in
tumors smaller than 1 cm.In general,it appears that larger tumor volumes
are more prone to LNM. Larger tumors are capable of directly invading the
surrounding lymph nodes by invading the surrounding tissues besides
metastasis through the lymphatic vessels since the pancreas lacks a
complete envelope. We consider tumor volume to predict the probability
of positive lymph nodes, which will help us to adopt an appropriate
treatment plan. For smaller tumors, limited resection can be performed
laparoscopically to avoid excessive lymph node dissection and damage to
surrounding tissues and to improve the prognosis of the patient.

We also analyzed the correlation between the patient’s serum in
terms of total protein, albumin and other laboratory indicators and
tumor development, and finally found that low protein levels may
facilitate the growth and metastasis of tumor cells, which may ne
beneficial to predict the probability of LNM (34). In a retrospective
study of 207 cancer patients, Adam et al. (24) found that positive
lymph nodes are significantly correlated with low albumin levels, and
it was concluded that cancer patients are usually accompanied by
hypoproteinemia and the subsequent production of ascites and tissue
oedema may cause migration of tumor cells, leading to the
development of LNM. A related discussion has been found in other
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studies (35, 36). Alici et al. (37) have suggested that low preoperative
serum albumin levels can indicate tumor malignant potential.

A higher probability of LNM occurrence was found in this study with a
low lymphocyte to monocyte ratio (<8.152). The possible reason for this
result is that monocytes secrete various pro-inflammatory cytokines that
promote tumorigenesis, angiogenesis, and distant metastasis, whereas low
lymphocyte levels are correlated with poorer tumor control (38).
Macrophages are derived from monocytes, and considerable research
(39, 40) has suggested that the presence of macrophages may facilitate
the growth and migration of tumor cells, which may contribute to the
promotion of LNM when the ratio of monocytes is high. Jeffrey W (40) has
confirmed through clinical and experimental research that macrophages
facilitate the progression of tumor cells. It is influenced by the tumor
microenvironment and has a role in promoting angiogenesis, stromal
breakdown, and cell motility, as well as producing various mutagenic
oxygen and nitrogen radicals and angiogenic factors.

Several previous lineage table studies on the prediction of LNM in
malignancy have shown that low age and high WBC counts are also potential
independent risk factors. A considerable amount of research (41, 42) has
suggested that inflammation is involved in tumor metastasis by altering the
immune system status and local microenvironment, and that more WBCs
are correlated with carcinogenesis, tumor progression and mortality. In this
study, age and WBCs were found to be correlated with LNM with p-values of
0.072 and 0.055, respectively, slightly greater than 0.05.The possible reason
for this result is that this study is a systematic review with a small single-
center sample size, or possible bias in data collection and processing.
However, it seems to be consistent with most scholars’ views.

A review of the literature showed that CA199 is relevant for the diagnosis
of early pancreatic cancer, and this has been verified in most studies (43) We
suggest that CA199 may also be correlated with the development of LNM, In
this study, however, no positive results were obtained. It has also been verified
that higher CA199 is a risk factor for lymph node metastasis in early gastric
cancer (35). Hopefully, larger medical centers will be able to conduct large
sample, multicenter prospective studies to further validate the correlation
between CA199 and LNM in pancreatic cancer.

This study also has the above drawbacks (e.g., the small sample
size). Because all the information was collected retrospectively, there
may have been errors and biases throughout the process. Second, there
is sometimes randomness in the removal of peripancreatic lymph
nodes when taking pathological tissue, which may result in a lower
number of positive lymph nodes in the end than in reality. The 8"
edition of the AJCC manual and the College of American Pathologists
(CAP) protocol have recommended a minimum number of LN (eln)
of 12 examinations (44). The International Study Group on Pancreatic
Surgery (ISGPS) recommends a minimum number of eln of 15 (45).
The number of tissue lymph nodes obtained does not meet the above
targets. Whereas this last study is a single-center retrospective analysis
from northeastern China, further large-sample, multicenter studies and
external validation are required to confirm the views of this study.

Conclusion

A line graph model was established based on the above indicators to
predict the probability of LNM in pancreatic cancer. The model has some
potential value and takes on a clinical significance in individualized
clinical treatment. For patients at high risk of LNM, whether surgical
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resection and lymph node dissection are appropriate should be
considered, and there is some guidance for the choice of radiotherapy.
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