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Background: Pancreatic ductal adenocarcinoma (PDAC) is one of malignant tumors with the worst
prognosis. Surgery and adjuvant chemotherapy are the main treatments for resectable pancreatic cancer. For
borderline resectable PDAC, neoadjuvant chemotherapy has been advised. For clearly resectable PDAC,
neoadjuvant chemotherapy also might be considered for the patients with high-risk features, but with no
precise quantitative criteria to define these features. So, this study aimed to re-evaluate the relationship
between high-risk features and prognosis of clearly resectable pancreatic cancer, and to define the precise
criteria for these high-risk features.

Methods: Data from 211 patients with clearly resectable pancreatic cancer were reviewed to assess the
relationship between overall survival (OS) after surgery and high-risk features, and cut-off values were
determined for high-risk features that were associated with poor prognosis of clearly resectable pancreatic
cancer.

Results: Lymph node metastasis (LNM), neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte
ratio (PLR), and primary tumor size >6 cm were significant variables related to OS. CA19-9 >1,000 U/mL
was statistically related to prognosis, as was CA19-9 >500 U/mL without obstructive jaundice. There was no
significant relationship between abdominal and/or back pain and OS, but patients with moderate or severe
pain accompanied by tumor size >4 cm or 10 times higher CA19-9 levels had worse prognosis.
Conclusions: For clearly resectable pancreatic cancer with RO resection, the high-risk features were
clarified. Abdominal and/or back pain may not be used as a prognostic indicator alone, though combined

with CA19-9 or tumor size it may be more valuable for predicting prognosis.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the
most aggressive malignant tumors with a poor prognosis,
and is difficult to diagnose and treat. At present, for
resectable pancreatic cancer, surgery and adjuvant
chemotherapy are the main treatments (1-3). Since 1985,
more and more evidence has confirmed the improved
outcomes with adjuvant chemotherapy following resection
of pancreatic cancer (2-4). Neoadjuvant chemotherapy has
also been considered as effective for borderline resectable
PDAC with the goal of improving overall survival (OS)
(5,6). Moreover, for clearly resectable PDAC with high-
risk features, such as highly elevated CA 19-9, large primary
tumors, large regional lymph nodes, and extreme pain,
neoadjuvant chemotherapy may also be considered, as
recommended by the National Comprehensive Cancer
Network (NCCN) Guidelines Version 1.2019 (1). However,
there are no precise quantitative criteria to define these
high-risk features. Vague definitions such as “very highly”,
“large”, and “extreme”, have limited these guidelines in
clinical practice. For example, a few studies concerning
pain in clearly resectable PDAC showed “extreme pain”
was actually rare in clinical practice, and 11.6% of patients
with resectable diseases had severe pain which could be
controlled by oral non-steroidal anti-inflammatory drugs
(NSAIDs) (7). Although there were many reports about
high-risk features for resectable PDAC, but most of
them studied all resectable diseases (combine borderline
resectable diseases and clearly resectable diseases). Rare
reports separate studied the high-risk features for clearly
resectable PDAC. Therefore, we aimed to review the data
of patients who underwent pancreatic cancer surgery in
recent years in order to re-evaluate the relationship between
high-risk features and prognosis of clearly resectable
pancreatic cancer, and obtain quantitative definitions of
high-risk features.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-877).

Methods
Patients

This study reviewed 211 patients who underwent surgical
treatment of pancreatic tumors from January 2013 to
January 2019 at the Sun Yat-sen Memorial Hospital of
Sun Yat-sen University, Guangzhou, China. All patients

© Gland Surgery. All rights reserved.

771

had no pre-treatment, achieved RO resection, and had
no severe surgical complications after surgery. In all
patients, adenocarcinoma was confirmed by a postoperative
histological examination, and other histological variants
were excluded, such as mucinous cystic adenocarcinoma,
intraductal papillary adenocarcinoma, acinar cell carcinoma,
and endocrine carcinoma. Patients with borderline
resectable pancreatic cancer, distally metastatic pancreatic
cancer, and R1 resected pancreatic cancer were excluded.
All patients underwent regular postoperative adjuvant
chemotherapy (based on S1 or gemcitabine). The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by institutional
ethics committee of Sun Yat-sen Memorial Hospital (NO.
SYSEC-KY-KS-2021-010) and individual consent for this

retrospective analysis was waived.

Analysis of bigh-risk factors

This study investigated the relationship between abdominal
and/or back pain, CA19-9, tumor pathological features, and
prognosis, and the relationship between pain and possible
causes. The variables indicated by previous investigations
were classified as laboratory tests, pathological findings,
and CT images. The laboratory tests investigated were
as follows: tumor markers such as carbohydrate antigen
19-9 (CA19-9), c-reactive protein (CRP), carbohydrate
antigen 125 (CA125), carcinoembryonic antigen(CEA),
a-fetoprotein(AFP),serum amylase (AMY), neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), lymphocyte-to-monocyte ratio (LMR), and total
bilirubin (TBil). The pathological factors investigated were
as follows: location of the pancreatic tumor, pancreatic
tumor size, degree of tumor differentiation and tumor
invasion of intra- or extra pancreatic tissues such as
invasion of the anterior pancreatic capsule (IPC), pancreatic
perineural invasion (PNI), and lymph node metastasis
(LNM). The CT/MRI images identified the location of
the pancreatic tumor, pancreatic tumor size, and pancreatic
duct diameter.

The cut-off values in our data were determined based
on previous reports and quartiles of preoperative CA19-9
levels (8-10): <35, >35, >500, and >1,000 U/mL, meanwhile
ROC analysis was also used to calculate the vales, to find
the best one. The levels of abdominal and/or back pain
were determined by the visual analogue scale (VAS) and
were divided into three groups (11): none (0), mild [1-3],
moderate [4-6], and severe [7-10]. Tumor size classification
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Table 1 Summary of patient characteristics before surgery

Patients (N=211) [%]

Characteristic

Sex
Male 112 [563]
Female 99 [47]
Age, median [range], y 63 [26-81]

CA19-9 level, U/mL

Median (range) 202.5 (0-15,968)

<35 (normal) 39 [20]

=35 (elevated) 156 [80]
Tumor site

Head 162 [77]

Body 40 [19]

Tail 9[4]
Surgery

Pancreaticoduodenectomy 168 [80]

Distal pancreatectomy 43 [20]
Abdominal and/or back pain

None (VAS =0) 44 [21]

Mild (VAS =1-3) 76 [36]

Moderate (VAS =4-6) 84 [40]

Severe (VAS =7-10) 73]

CA19-9, cancer antigen 19-9; VAS, visual analogue scale.

was based on the latest NCCN guidelines (12): <2, >2, and

>4 cm.

Statistical methods

The Mann-Whitney U test for quantitative variables or
the i’ test for qualitative variables were used to examine
the associations between pain and each clinicopathological
variable. The relationship between abdominal and/or
back pain intensity and each variable was assessed using
Spearman’s rank correlation test or % test. Optimal cut-
off values of the continuous NLR, PLR, and LMR were
calculated by applying receiver operating curve (ROC)
analysis. Independent risk factors were assessed using
multiple logistic regression analysis. Survival curves were
calculated using the Kaplan-Meier method and differences

in survival were evaluated by log-rank tests. Survival time
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was calculated from the date of surgery. All P values were
two tailed, and P values <0.05 were considered significant.

Results

A summary of patient characteristics before surgery is
listed in 7able 1. The main surgical procedures performed
were pancreaticoduodenectomy in 168 (80%) patients and
distal pancreatectomy in 43 (20%) patients. Abdominal
and/or back pain was divided into four levels: none, mild,
moderate, and severe. Patients with moderate pain needed
NSAIDs to control pain and were effective. Only 7 patients
(“extreme pain”) complained of severe pain and needed
NSAIDs combined with opioid analgesics, and their tumors
were all located at the head of the pancreas.

Relationship between OS and high-risk features

LNM, NLR, and PLR were significant variables related to
OS. An investigation of the relationship between CA19-
9 and OS showed that only CA19-9 >1,000 U/mL was
statistically significant. There was no significant relationship
between pain and OS, and there was no statistically
significant relationship between pancreatic cancer tumor
size and OS according to NCCN classification. However,
we performed a more detailed classification of pancreatic
cancer tumor size and found that tumors greater than 6 cm
were significantly associated with OS (Figure I).

T'Bil was subjected to ROC analysis according to CA19-
9, and the best cut-off value was 17.25 pmol/L. An analysis
of the relationship between CA19-9 and OS in patients
with lower than the cut-off value of TBil found that CA19-
9 2500 U/mL was statistically associated with prognosis
(Figure 2).

Factors related to abdominal and/or back pain

The location of the pancreatic tumor, AMY, serum lipase,
pancreatic duct dilatation (PDD), NLR, and PLR were
significant variables related to abdominal and/or back
pain. According to the diagnostic criteria for chronic
pancreatitis (13), chronic pancreatitis caused by pancreatic
tumors was statistically related to pain. Other laboratory
tests (CRP, CA125, CEA, AFP) were not significantly
correlated with pain, as were other pathological factors,
such as differentiation of tumors, pancreatic tumor size,
PNI, and LNM (7able 2). The relationship between pain
and OS was studied according to the location of the tumor.
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Figure 1 The relationship between overall survival (OS) and high-risk features, such as (A) lymph node (LN) metastasis, (B) neutrophil-to-
lymphocyte ratio (NLR), (C) platelet-to-lymphocyte ratio (PLR), (D) cancer antigen 19-9 (CA19-9), (E) abdominal and/or back pain, and
tumor size (F,G). Through receiver operating characteristic (ROC) analysis, the best cut-off points for NLR and PLR were 3.96 [area under
the ROC curve (AUC) 0.589, P=0.032*] and 141.7 (AUC 0.583, P=0.47*), respectively. *, P<0.05 was statistically significant.
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B Relationship between CA19-9 and OS in patients
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Figure 2 The relationship between CA19-9 and OS in patients with lower than cut-off value of TBil. (A) Receiver operating characteristic
(ROC) analysis of total bilirubin (TBil) according to CA19-9, and the best cut-off value was 17.25 pmol/L; (B) the relationship between
CA19-9 and overall survival (OS) in patients with TBil <17.25 pmol/L. *, P<0.05 was statistically significant.

It was found that there was no statistical correlation
between pain and OS in pancreatic head tumors, but there
was a statistical correlation between moderate pain and OS
in pancreatic tail tumors (Figure 3).

CA19-9 cut-off point and other bigh-risk features

CA19-9 was calculated by ROC analysis. The best cut-off
value for CA19-9 was found to be 340.7 U/mL. In patients
with higher CA19-9, it found that pain was significantly
associated with OS, and mild, moderate, and severe pain
had a worse prognosis. Pain was also significantly associated
with PNI. We then used 500 U/mL as the cut-off point for
CA19-9 which showed similar results (Figure 4). There was
no statistical association between CA19-9 and tumor size
after CA19-9 cut-off classification.

Tumor size cut-off point and abdominal and/or back pain

After tumor size was classified according to 2 c¢m, in patients
with pancreatic cancer greater than 2 cm, the relationship
between pain intensity and prognosis was similar to that of
the unclassified patients. When tumor size was classified
according to 4 cm, patients with moderate and severe pain
were found to have worse prognosis (Figure 4).

Discussion

In this study, we only studied patients with clearly resectable
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pancreatic cancer, and identified the specific values of
high-risk features. We found that CA19-9, tumor size, and
abdominal and/or back pain for the prediction of prognosis
was different from previous studies.

CA19-9, a sialylated Lewis A blood group antigen, is
the best-validated and most clinically useful biomarker
for the early detection and surveillance of pancreatic
cancer. In the past, studies of patients with resectable
pancreatic cancer identified a cut-off point of 200 U/mL
for preoperative CA19-9, and patients with more than
200 U/mL had a significantly worse prognosis than those
with less than 200 U/mL (8). Comparing different CA19-
9 levels, patients with CA19-9 greater than 500 U/mL had
a worse prognosis (10). However, these studies were based
on clearly resectable pancreatic cancer and borderline
resectable pancreatic cancer, including postoperative
pathology confirmed RO resection and R1 resection.
The scope of the influence of CA19-9 on prognosis has
expanded. Neoadjuvant chemotherapy has confirmed the
advantages of borderline resectable pancreatic cancer in
many studies, though our study did not involve borderline
tumors. For clearly resectable pancreatic cancer with R0
resection, we obtained a different range of CA19-9, as the
best cut-off point for CA19-9 was 340.7 U/mL, and patients
with a CA19-9 greater than 1000 U/mL showed significant
differences in prognosis. Therefore, “markedly” elevated
CA19-9 may be defined as higher than 1,000 U/mL
in these patients. CA19-9 may be elevated as a result of
biliary infection, inflammation, or obstruction (14,15).
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Table 2 The characteristics of patients with clearly resectable pancreatic cancer and pain
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Characteristics Total Pain No pain P
Location of the pancreatic tumor 0.006*
Head 162 133 29
Body 40 31 9
Tail 9 3 6
Serum amylase U/L 0.035*
<130 135 102 33
>130 73 64 9
Serum lipase U/L 0.036*
<60 93 67 26
>60 97 82 15
Pancreatic duct dilatation 0.000"
Yes 142 123 19
No 48 27 21
NLR 0.032*
<3.96 146 110 36
>3.96 49 44 5
PLR 0.029*
<141.7 67 47 20
>141.7 128 107 21
Pancreatitis 0.021*
Yes 104 90 14
No 103 76 27
CRP 0.298
CA125 0.256
CEA 0.266
AFP 0.614
Differentiation 0.497
Pancreatic tumor size (cm) 0.100
PNI 0.153
LNM 0.389

P, o’ test; *, P<0.05 was statistically significant. RND, radical nerve dissection; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; CRP, C-reactive protein; CA125, Carbohydrate antigen 125; CEA, carcinoembryonic antigen; AFP, a-fetoprotein; PNI,

pancreatic perineural invasion; LNM, lymph node metastasis.

Therefore, we also reviewed the TBil data of these patients

and conducted a correlation study with CA19-9. It was

found that, through ROC analysis, the cut-off value of

© Gland Surgery. All rights reserved.

TBil was 17.25 pmol/L, which was equal to the standard

value of TBil (17.1 pmol/L). To analyze the relationship

between CA19-9 and OS in patients with normal bilirubin,
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Figure 3 The relationship between pain and OS was studied according to the location of the tumor. (A) No statistical correlation was found

between pain and overall survival (OS) for pancreatic head tumors; (B) the relationship between pain and OS for pancreatic tail tumors. *,

P<0.05 was statistically significant.

it was found that the prognosis of patients with CA19-9
>500 U/mL was significantly different. Therefore, we
believe that in patients with clearly resectable pancreatic
cancer, CA19-9 >500 U/mL with normal TBil and CA19-9
>1,000 U/mL with elevated TBil had significantly worse
prognosis.

The NCCN pancreatic cancer guidelines before 2018
classified tumor size by 2 cm according the 7th edition
[2010] of the American Joint Committee on Cancer
(AJCC) Cancer Staging Manual (16), and the new version
of the pancreatic cancer guidelines in 2018 classified the
size of pancreatic cancer into 3 levels according to the 8th
edition [2017] of the AJCC Cancer Staging Manual (12).
Clinicians pay more attention to the impact of tumor size
on prognosis. Our study of patients with clearly resectable
pancreatic cancer found that there was no statistical
difference in the size of the tumors when classified into
three levels. However, after dividing into four groups,
the tumors with a diameter greater than 6 cm showed a
significantly worse prognosis. Therefore, “large” primary
tumors may be defined as larger than 6 cm in clearly
resectable pancreatic cancer patients.

Current studies of pancreatic cancer have demonstrated
that pain is associated with prognosis, and more severe pain
predicts a worse prognosis (7,17,18). These studies include
advanced unresectable pancreatic cancer and borderline
resectable pancreatic cancer. Abdominal and/or back
pain studies for resectable pancreatic cancer also include

© Gland Surgery. All rights reserved.

borderline resectable pancreatic cancer and postoperative
R1 resected tumor patients (7,19). Our study found that
pain was not significantly associated with prognosis,
although patients with severe pain had significantly shorter
OS, but only 7 patients had severe pain, and “extreme pain”
patients with resectable disease were rare in clinical practice.
There are two main causes of abdominal and/or back pain
caused by pancreatic cancer: chronic pancreatitis caused by
pancreatic cancer and tumor invasion of nerves (20). We
studied pain in clearly resectable pancreatic cancer patients
and found that there was a significant correlation between
pain and pancreatitis, which was also significantly associated
with tumor sites, and significantly associated with systemic
inflammation, but were not associated with PNI. Based on
our findings, we believe that pain in early pancreatic cancer
cannot be used alone as a prognostic indicator for pancreatic
cancer. Patients were divided into two groups according
to the best cut-off point of CA19-9 (340.7 U/mL).
In the group of patients with CA19-9 greater than
340.7 U/mL, we found that pain was significantly associated
with prognosis, and patients with mild, moderate, and
severe pain had a worse prognosis. At the same time, pain
was significantly related to PNI, suggesting that the possible
cause of pain was invasion of nerves. Similarly, when tumor
size and pain were combined, it was found that when the
cut-off value of tumor size was 2 cm, the relationship
between pain and OS was similar to uncut-off tumor size.
However, with 4 ¢cm as the cut-off point, moderate and
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Figure 4 The relationship between pain and OS with the cut-off point of CA19-9/tumor size. (A) Receiver operating characteristic (ROC)

analysis of CA19-9, and the best cut-off value was 340.7 U/mL; (B) the relationship between pain and overall survival (OS) in patients with
CA19-9 >340.7 U/mL; (C) the relationship between pain and pancreatic perineural invasion (PNI) in patients with CA19-9 >340.7 U/mL; (D)

relationship between pain and overall survival (OS) with tumor size >4 cm. *, P<0.05 was statistically significant.

severe pain showed a significantly worse prognosis.

In our study, although LNM of pancreatic cancer was
found to be associated with prognosis, LNM was confirmed
by postoperative pathology. It is difficult to determine
whether lymph node enlargement based on imaging
examinations before surgery was caused by inflammation or
tumor metastasis, and whether resolution of lymph nodes
before surgery was also due to the influence of imaging
inspection instruments. It is therefore difficult to get a
reliable conclusion by retrospective studies, and further

© Gland Surgery. All rights reserved.

studies involving the radiological department should be
performed in the future.

Through this study, we found that the specific values of
high-risk features for clearly resectable pancreatic cancer (RO
resection) were: (I) patients with CA19-9 >1,000 U/mL;
(II) patients with CA19-9 >500 U/mL combined with
normal TBil; (III) primary tumor greater than 6 cm; (IV)
10 times elevated CA19-9 levels with abdominal/back
pain; (V) primary tumor greater than 4 cm combined with
moderate or severe pain. “Extreme pain” can be classified
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as severe pain (VAS 7-10). Patients with high-risk features
may consider receiving neoadjuvant chemotherapy before
surgery, and the effect of neoadjuvant chemotherapy may
require further research in the future.

Conclusions

We have studied and clarified the high-risk features for
clearly resectable pancreatic cancer with RO resection, and
found that in these pancreatic cancer patients, abdominal
and/or back pain may not be used as a prognostic indicator
alone, though in combination with CA19-9 or tumor size it
may be more valuable for predicting prognosis.
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