
Abstract. Background/Aim: Computed tomography and
positron emission tomography cannot detect all minute
distant metastases and fully evaluate extensive vascular
invasion in patients with pancreatic ductal adenocarcinoma
(PDAC). The aim of this study was to investigate predictors
of laparotomy only and palliative surgery in PDAC patients
planning surgical resection. Patients and Methods: We
reviewed 239 PDAC patients planning surgical resection.
Patients were divided into two groups based on resection
status. Multivariate analyses were performed to identify
predictors of unresectable disease at laparotomy. Results:
Twenty-five patients had unresectable disease at laparotomy.
Multivariate analysis revealed that anatomical borderline
resectable status (yes/no) (HR=5.458, p=0.012),
pretreatment CA19-9 (>260/≤260 ng/ml) (HR=4.907,
p=0.041), and tumor size (>25/≤25 mm) (HR=21.42,
p=0.004) were associated with unresectable disease at
laparotomy. Conclusion: Borderline resectable status,
pretreatment CA19-9, and tumor size were closely associated
with unresectable disease at laparotomy in PDAC patients
planning surgical resection. 

Pancreatic ductal adenocarcinoma (PDAC) is the fourth
leading cause of cancer-related mortality in the United States
(1). The median overall survival (OS) rate of patients with
PDAC is 20% at 1 year and 8% at 5 years (2), while surgical
outcomes for resectable PDAC include a 5-year OS rate of
18% (3). These results indicate that the prognosis and
treatment outcomes of patients with PDAC remain poor.

To improve the postoperative outcomes of patients with
PDAC, the utility of neoadjuvant chemotherapy (NAC) was
recently reported (4). Because NAC can improve
postsurgical outcomes in PDAC and increase the R0
resection rate compared with surgery alone (5, 6), several
clinical trials of neoadjuvant therapies for resectable PDAC
are ongoing (7). However, some PDAC patients cannot
undergo surgical resection even if NAC is administered
because of unexpected factors that make them unresectable
disease at laparotomy, such as peritoneal dissemination, para-
aortic lymph node metastasis, liver metastasis, and extensive
vascular invasion. Accurate preoperative assessment of
unresectable disease is required to reduce unnecessary
laparotomy and to determine whether neoadjuvant therapy is
indicated. Multi-detector computed tomography (CT) and
positron emission tomography (PET) are useful for
preoperative assessment of PDAC. Multi-detector CT has
been shown to be superior to other imaging modalities for
detection of vascular invasion by PDAC (sensitivity: 73.0%,
specificity: 95.0%) (8). The sensitivity (96.0%) and
specificity (78.0%) of PET for the detection of distant
metastasis were higher than those of CT (sensitivity: 91.0%,
specificity: 56.0%) (9). However, these imaging tests cannot
completely assess all factors that influence the possibility of
resection. In addition to multi-detector CT and PET,
identification of further predictors of unresectable disease at
laparotomy are required. Herein, we investigated predictors
of unresectable disease at laparotomy among PDAC patients
who planned to undergo surgical resection.

Patients and Methods
We retrospectively reviewed the records of 239 patients planning to
undergo surgical resection for PDAC between April 2005 and
January 2019 at the Second Department of Surgery, Dokkyo
Medical University Hospital. We excluded patients with
preoperatively diagnosed peritoneal dissemination and distant
metastasis. This study was approved by the Institutional Review
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Board (provided ID number: R-18-3J) on the basis of the Ethical
Guidelines for Clinical Research of the Ministry of Health, Labour
and Welfare in Japan. 

Patients were divided into two groups based on eligibility to
undergo surgical resection. Patients able to undergo surgical
resection were assigned to the operable (OP) group. Patients who
had unresectable disease at laparotomy were assigned to the
unresectable at laparotomy (UR-L) group.

Preoperative imaging assessment. Helical dynamic CT and PET
were routinely performed before surgery for PDAC in order to judge
whether surgical resection can be performed. All 239 patients had
received helical dynamic CT and PET before surgery, and a
judgment on operative cases for PDAC was made preoperatively. 

Anatomical borderline resectable cases were diagnosed on the
basis of the international consensus on the definition and criteria
of borderline resectable PDAC (10). Using pretreatment CT
imaging, anatomical borderline resectable cases were classified as
follows. BR-PV was defined as 1) tumor contact with 180˚ of the
superior mesenteric vein (SMV)/portal vein (PV) and/or
narrowing/occlusion of the SMV/PV due to tumor and not
exceeding the inferior border of the duodenum; and 2) no tumor
contact/invasion with the superior mesenteric artery (SMA), celiac
artery (CA), or common hepatic artery (CHA). BR-A was defined
by 1) tumor contact of <180˚ without showing deformity/stenosis
of the SMA/CA; and/or 2) tumor contact with the CHA without
tumor contact with the proper hepatic artery and/or CA. In this
study, patients with BR-PV and BR-A were classified as anatomical
borderline resectable cases.

Pretreatment serum tumor markers and neoadjuvant chemotherapy.
If patients underwent NAC, pretreatment serum tumor markers were
measured before NAC. If patients did not undergo NAC,
pretreatment serum tumor markers were measured before surgery.

NAC has been performed for 84 patients with resectable and
borderline PDAC since December 2013 in our department, using the
following gemcitabine plus S-1 regimen: gemcitabine 1,000 mg/m2 on
days 1 and 8 plus S-1 orally twice daily according to body surface area
(BSA; <1.25 m2, 40 mg; ≥1.25 to <1.5 m2, 50 mg; ≥1.5 m2, 60 mg)
on days 1 through 14 of a 21-day cycle (11). After two cycles, patients
underwent surgery within 6 weeks. If gemcitabine plus S-1 could not
be administered due to adverse events, two cycles of gemcitabine plus
nab-paclitaxel were administered or NAC was not performed.

Operative procedure. After Kocher maneuver, we routinely palpate
para-aorta lymph node. If para-aorta lymph node is swelling, we
sample it. Sampled lymph node is subjected to pathological
assessment. If sampled lymph node is metastasis of PDAC, we
judge the patient unresectable case and perform laparotomy closure.  

Combined resection and reconstruction of the SMV is generally
performed in our department. However, patients with tumor
infiltration distal to the SMV branching to the ileocolic vein and
jejunal vein are defined as unresectable cases, because SMV
reconstruction is judged to be impossible.

Combined atrial resection and reconstruction are conducted in
strictly selected patients in our department due to the high risk of
perioperative mortality and poor survival after surgery (12).
Combined hepatic artery resection and distal pancreatectomy with
celiac axis resection (DP-CAR) is sometimes feasible. Patients with
tumors infiltrating the SMA were defined as unresectable cases. 

Statistical analysis. Chi-squared and Mann–Whitney U-testing were
performed to evaluate the significance of differences between groups.
Data are presented as averages and standard deviations. Hazard ratios
(HRs) with 95% confidence intervals (CIs) were calculated by
univariate or multivariate analyses using logistic regression models.
To identify factors associated with laparotomy only and palliative
surgery, multivariate analysis of clinical characteristics was performed
for factors demonstrating a p-value <0.05 in univariate analysis. All
statistical analyses were performed using SPSS software (version
25.0; IBM Co., New York, NY, USA), and differences with a p-value
<0.05 were considered statistically significant.

The cut-off values for various clinical characteristics were
determined using receiver operating characteristic (ROC) curve
analyses. The recommended cut-off values for characteristics were
defined using the most prominent point on the ROC curve (Youden
index=maximum [sensitivity – (1 – specificity)]), and we also
calculated the area under the ROC (AUROC) curve (13). Except for
pretreatment serum levels of carcinoembryonic antigen (CEA)
(ng/ml), duke pancreatic monoclonal antigen type 2 (DUPAN-2)
(U/ml), s-pancreas-1 antigen (SPAN-1) (U/ml), and elastase-1
(ng/dl), other cut-off values including age (years), body mass index
(BMI) (kg/m2), pretreatment carbohydrate antigen 19-9 (CA19-9)
(U/ml), pretreatment maximum tumor size (cm), preoperative
platelet count (×104/mm3), and preoperative serum level of albumin
(g/dl) were calculated using the Youden index.

Results

Clinical characteristics of PDAC patients planning to undergo
surgical resection. Patients in the OP group underwent the
following surgical procedures: pancreaticoduodenectomy
(n=139), distal pancreatectomy (n=58), and total pancreate-
ctomy (n=17). With respect to operative curability in the OP
group, 184 patients underwent R0 resection, 28 patients
underwent R1 resection, and 2 patients underwent R2 resection.

Patients in the UR-L group underwent the following surgical
procedures: laparotomy only (n=18) and gastrojejunostomy
(n=7). Reasons for unresectability among patients in the UR-
L group were SMA invasion (n=8), extensive SMV (n=6), liver
metastasis (n=4), peritoneal dissemination (n=3), para-aortic
lymph node metastasis (n=3), and CA invasion (n=1).

Seventy-eight patients underwent peritoneal lavage
cytology before resection. Although 13 patients among them
had malignant cells, surgical resection was performed in 12
patients because of resectability. One patient was moved to
the UR-L group because of peritoneal dissemination.

With regard to biliary drainage, 120 patients underwent
preoperative biliary drainage. Among them, 93 patients
underwent endoscopic drainage, 26 patients underwent
percutaneous transhepatic drainage and one patient underwent
percutaneous transhepatic gallbladder drainage. Pretreatment
tumor markers of 42 patients were examined before biliary
drainage.  

Table I shows the surgical characteristics of patients in the
OP and the UR-L groups. Twenty-five patients (10.5%,
25/239) underwent laparotomy only and palliative surgery
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and were assigned to the UR-L group. Chi-squared and
Mann-Whitey U testing revealed significant intergroup
differences in pretreatment CA19-9 levels, pretreatment
DUPAN-2 levels, pretreatment SPAN-1 levels, maximum
tumor size, and anatomical borderline resectable status. 

Uni- and multivariate analysis for laparotomy only and
palliative surgery in PDAC patients. Table II shows the
results of uni- and multivariate analysis. Univariate analyses
among PDAC patients revealed associations between the
unresectable disease at laparotomy and pretreatment CA19-9
levels (>260/≤260 ng/ml), pretreatment DUPAN-2 levels
(>170/≤170 U/ml), pretreatment SPAN-1 levels (>110/≤110
U/ml), maximum tumor size (25>/≤25 mm), and anatomical
borderline resectable status (yes/no). Multivariate analysis
using the results of univariate analyses revealed that
pretreatment CA19-9 levels (>260/≤260 ng/ml) (HR=4.907;
95%CI=1.069-22.53; p=0.041), maximum tumor size
(>25/≤25 mm) (HR=21.42; 95%CI=2.684-171.0; p=0.004),
and anatomical borderline resectable status (yes/no)
(HR=5.458; 95%CI=1.443-20.64; p=0.012) were significantly
associated with unresectable disease at laparotomy among
PDAC patients planning to undergo surgical resection.

ROC curve of three clinical predictors for unresectable
disease at laparotomy in PDAC patients planning to undergo

surgical resection. The optimal cut-off values for
pretreatment CA19-9 levels and maximum tumor size for
unresectable disease at laparotomy were 260 U/ml and 25
mm, respectively. Pretreatment CA19-9 levels, pretreatment
maximum tumor size, and anatomical borderline resectable
status provided sensitivities of 80.0%, 95.2%, and 81.0%,
specificities of 54.0%, 56.7%, and 55.7%, and AUROC
curves of 0.683, 0.691, and 0.809, respectively (Figure 1A-
C). The arrows show the most prominent point on the ROC
curve for each characteristic (Figure 1A-C). 

Discussion

Multivariate analysis revealed that pretreatment CA19-9 levels
(>260 ng/ml), maximum tumor size (>25 mm), and anatomical
borderline resectable status were significantly associated with
unresectable disease at laparotomy in patients who planned to
undergo surgical resection for PDAC (Table II). 

Previous studies have revealed that CA19-9 levels and
maximum tumor size reflect tumor progression and predict
outcomes of patients with PDAC (14, 15). These two
characteristics are closely associated with distant metastases
(16). Recently, Isaji et al. defined patients with borderline
resectable PDAC according to three distinct dimensions:
anatomical, biological, and conditional (10). This novel
definition is very reasonable for preoperative assessment of
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Table I. The clinical characteristics of patients with pancreatic ductal adenocarcinoma divided into the OP group and UR-L group by surgical
resection.

Variable                                                                                               OP group (n=214)                            UR-L group (n=25)                          p-Value

Age (year)                                                                                                      68±9                                                  67±12                                       0.738
Preoperative BMI (kg/m2)                                                                         21.4±3.5                                             21.5±2.9                                    0.696
Gender (male/female)                                                                                  124/90                                                 15/10                                        0.844
Preoperative serum albumin (g/dl)                                                             3.5±0.5                                               3.5±0.5                                      0.998
Preoperative platelet count (×104/mm3)                                                   21.7±8.8                                            24.5±10.3                                    0.631
Pretreatment CEA (ng/ml)                                                                        10.7±51.3                                           12.9±29.9                                    0.129
Pretreatment CA19-9 (ng/ml)                                                                  1556±5575                                        4444±5139                                   0.002
Pretreatment DUPAN-2 (U/ml)                                                               1980±3269                                        1980±3269                                   0.006
Pretreatment SPAN-1 (U/ml)                                                                     193±429                                             614±974                                   <0.001
Pretreatment elastase-1 (ng/dl)                                                                 795±1089                                          1136±2058                                   0.785
Pretreatment maximum tumor size (mm)                                                   25±24                                                  35±7                                        0.035
Anatomical borderline resectable cases (yes/no/NA)                              94/118/2                                               17/4/4                                       0.001
Preoperative chemotherapy (yes/no)                                                          76/138                                                  8/17                                         0.728
Operation procedure                                                                     PD: 139, DP: 58, TP: 17                           LO: 18, GJ: 7                                    -
Curability (R0/R1/R2)                                                                               184/28/2                                                   -                                               -
Inoperable reason                                                                                              -                                         Vascular invasion: 15                              -
                                                                                                                                                                    Distant metastasis: 10

                                                                                                                                                                            Average±SD
                                                                                                                                           Chi-squared test and Mann-Whitney U-test, p<0.05.

BMI: Body mass index; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; DUPAN-2: Duke-Pancreas 2; SPAN-1: s-pancreas-1
antigen; PD: pancreaticoduoduodenectomy; DP: distal pancreatectomy; LO: laparotomy only; GJ: gastrojejunostomy; TP: total pancreatectomy; OP:
operable; UR-L: unresectable disease at laparotomy.



patients with PDAC compared with previous definitions
because preoperative CA19-9 levels and patient status other
than CT findings are added to preoperative assessment (10).
Preoperative CA19-9 levels have previously been shown to be
closely associated with tumor resection rate and positive
surgical margin in PDAC patients undergoing surgery (17, 18).
This suggests that pretreatment CA19-9 levels and tumor size
are useful for predicting unresectable disease at laparotomy
among PDAC patients planning to undergo surgical resection.

Several studies have revealed that the surgical resection rate
in patients with anatomical borderline resectable disease after
neoadjuvant therapy is low (39-48%) (19-21). Tumor
progression, development of distant metastasis, and worse
performance status were identified as reasons for inoperability
in these patients (19-21). These results suggest that anatomical
borderline resectable status is closely associated with
unresectable disease at laparotomy among patients with
PDAC. Actually, most of anatomical borderline resectable
PDAC could not avoid vascular resection. Although vascular
resection enables patients with anatomical borderline
resectable PDAC to undergo curative surgery, pancreatic
surgery with vascular resection for PDAC had a large amount
of intraoperative blood loss, high rate of morbidity and
mortality (22, 23). It is discussable whether up-front surgery
or neoadjuvant chemotherapy should be performed for patients
with anatomical borderline resectable PDAC. Further studies
would be required to resolve this question. 

These three predictors of unresectable disease at laparotomy
can be used to develop pretreatment strategies. For example,
these predictors can be used to determine indications for
diagnostic laparoscopy. A previous study demonstrated that

diagnostic laparoscopy and laparoscopic ultrasound were
useful for detection of minute liver metastases and peritoneal
dissemination that could not be detected on PET (24). In
addition, selective use of staging laparoscopy based on CA19-
9 levels and tumor size decreased the frequency of
unnecessary laparotomy by detecting minute metastases in
patients with potentially or borderline resectable PDAC (25).
Finally, staging laparoscopy significantly shorten an interval
time between surgery and chemotherapy compared as that of
patients with unresectable PDAC undergoing exploratory
laparotomy (26). These suggests that diagnostic laparoscopy
is useful for detection of minute metastases that cannot be
detected by multi-detector CT or PET. Therefore, diagnostic
laparoscopy is recommended for PDAC patients with these
predictors to prevent unnecessary laparotomy.

In the present study, two cycles of NAC with gemcitabine
plus S-1 were administered. Whether this NAC regimen is
appropriate for PDAC patients with unresectable predictors at
laparotomy such as high pretreatment serum CA19-9 levels
(>260 ng/ml), high pretreatment maximum tumor size (>25
mm), and borderline resectable status must be discussed. In
fact, prolonged neoadjuvant therapy can offer further benefit
to surgical resection for locally advanced PDAC (27). Even if
two cycles of NAC with gemcitabine plus S-1 are completed,
prolonged administration of gemcitabine plus S-1 for such
patients may improve resection rates and surgical outcomes
Further studies of prolonged NAC with gemcitabine plus S-1
in such patients are needed. 

Conversely, NAC with gemcitabine plus S-1 might be
insufficient for improving the outcomes of PDAC patients
with these three predictors. Gemcitabine plus nab-paclitaxel
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Table II. Univariate and multivariate analyses in relation to unresectable disease at laparotomy in 239 patients with pancreatic ductal
adenocarcinoma planning to surgical resection.

                                                                                                                 Univariate analyses                                          Multivariate analyses

Variable                                                                                       p-Value              HR                 95%CI                p-Value             HR                 95%CI

Age (>65/≤65, year)                                                                     0.592             0.793           0.339-1.852                                                                  
Preoperative BMI (≤21.0/>21.0, kg/m2)                                     0.229             1.678           0.722-3.903                                                                  
Gender (male/female)                                                                  0.844             0.919           0.639-2.138                                                                  
Preoperative serum albumin (≤3.5/>3.5, g/dl)                            0.832             1.095           0.475-2.524                                                                  
Preoperative platelet count (>19.5/≤19.5, ×104/mm3)               0.381             1.484           0.614-3.590                                                                  
Pretreatment CEA (>5/≤5, ng/ml)                                               0.050             2.310           1.001-5.329                                                                  
Pretreatment CA19-9 (>260/≤260, ng/ml)                                  0.003             4.694           1.699-12.97              0.041             4.907           1.069-22.53
Pretreatment DUPAN-2 (>170/≤170, U/ml)                               0.016             3.513           1.263-9.769              0.098             2.908           0.820-10.31
Pretreatment SPAN-1 (>110/≤110, U/ml)                                   0.004             3.651           1.517-8.788              0.759             0.819           0.229-2.932
Pretreatment elastase-1 (>300/≤300, ng/dl)                                0.995             1.003           0.422-2.384                                                                  
Pretreatment maximum tumor size (25>/≤25, mm)                   0.002             26.20           3.450-199.0              0.004             21.42           2.684-171.0
Anatomical borderline resectable cases (yes/no)                       0.003             5.335           1.737-16.39              0.012             5.458           1.443-20.64
Preoperative chemotherapy (yes/no)                                           0.728             0.854           0.352-2.072                                                                  

CI: Confidence interval; HR: hazard ratio; BMI: body mass index; CEA: carcinoembryonic antigen; CA19-9: carbohydrate antigen 19-9; DUPAN-
2: Duke-Pancreas 2; SPAN-1: s-pancreas-1 antigen.



and FOLFIRINOX have also been reported to be useful NAC
regimens for patients with PDAC (28, 29). From the aspect of
local control, patients with locally advanced PDAC who
received neoadjuvant chemoradiation had a significantly better
Evans stage and were less likely to develop lymph node
metastasis compared with patients who received NAC (30).
NAC with other regimens or neoadjuvant chemoradiation
might be indicated for PDAC patients with these three
predictors to improve their outcomes.

The limitations of our study should be acknowledged. The
definition of unresectable disease at laparotomy owing to

locally advanced PDAC was different in each department.
This retrospective study included both patients who did and
did not receive NAC. Any changes in tumor size and tumor
marker levels due to NAC were not investigated. Although
NAC was not significantly associated with unresectable
disease at laparotomy, patients who received NAC prior to
surgical resection might have been included in the OP group.
Further analyses, such as propensity score matching analyses
and prospective studies, which have fewer biases, are required.

In summary, pretreatment CA19-9 levels (>260 U/ml),
pretreatment maximum tumor size (>25 mm), and anatomical
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Figure 1. The receiver operating characteristic curve for predicting unresectable disease at laparotomy of pretreatment CA19-9 level (ng/ml) (A),
pretreatment maximum tumor size (mm), (B) and borderline resectable status (C) in patients who planned to undergo surgical resection for pancreatic
ductal adenocarcinoma.



borderline resectable status were significantly associated with
laparotomy only and palliative surgery in PDAC patients who
planned to undergo surgical resection. In patients with
anatomical borderline resectable status, NAC regimens other
than gemcitabine plus S-1 should be considered to improve
surgical outcomes. 

Conflicts of Interest

The Authors declare no conflicts of interest regarding this article.

Authors’ Contributions

TS – preparation of manuscript; TA, KK – revision of the
manuscript; MI – statistical analysis; SS, TS, MT, YS, SM, YI –
performed surgery and chemotherapy.

Acknowledgements

The Authors wish to thank Dr. TA, MI, and KK for their advice on
experimental design. In addition, the Authors would like to thank
the timely help given by Dr SS, TS, MT, YS, SM, and YI in
analyzing the large amount of patient’s data.

References

1 Siegel RL, Miller KD and Jemal A: Cancer statistics, 2017. CA
Cancer J Clin 67(1): 7-30, 2017. PMID: 28055103. DOI:
10.3322/caac.21387

2 Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL,
Rowland JH, Stein KD, Alteri R and Jemal A: Cancer treatment
and survivorship statistics, 2016. CA Cancer J Clin 66(4): 271-
289, 2016. PMID: 27253694. DOI: 10.3322/caac.21349

3 Cameron JL, Riall TS, Coleman J and Belcher KA: One thousand
consecutive pancreaticoduodenectomies. Ann Surg 244(1): 10-15,
2006. PMID: 16794383. DOI: 10.1097/01.sla.0000217673.04165.ea

4 Zhan HX, Xu JW, Wu D, Wu ZY, Wang L, Hu SY and Zhang GY:
Neoadjuvant therapy in pancreatic cancer: a systematic review and
meta-analysis of prospective studies. Cancer Med 6(6): 1201-
1219, 2017. PMID: 28544758. DOI: 10.1002/cam4.1071

5 Suker M, Beumer BR, Sadot E, Marthey L, Faris JE, Mellon
EA, El-Rayes BF, Wang-Gillam A, Lacy J, Hosein PJ, Moorcraft
SY, Conroy T, Hohla F, Allen P, Taieb J, Hong TS, Shridhar R,
Chau I, van Eijck CH and Koerkamp BG: FOLFIRINOX for
locally advanced pancreatic cancer: a systematic review and
patient-level meta-analysis. Lancet Oncol 17(6): 801-810, 2016.
PMID: 27160474. DOI: 10.1016/S1470-2045(16)00172-8

6 Mokdad AA, Minter RM, Zhu H, Augustine MM, Porembka
MR, Wang SC, Yopp AC, Mansour JC, Choti MA and Polanco
PM: Neoadjuvant therapy followed by resection versus upfront
resection for resectable pancreatic cancer: a propensity score
matched analysis. J Clin Oncol 35(5): 515-522, 2017. PMID:
27621388. DOI: 10.1200/JCO.2016.68.5081

7 Seufferlein T and Ettrich TJ: Treatment of pancreatic cancer-
neoadjuvant treatment in resectable pancreatic cancer (PDAC).
Transl Gastroenterol Hepatol 4: 21, 2019. PMID: 30976724.
DOI: 10.21037/tgh.2019.03.05

8 Li AE, Li BT, Ng BHK, McCormack S, Vedelago J, Clarke S,
Pavlakis N and Samra J: Diagnostic accuracy of imaging
modalities in the evaluation of vascular invasion in pancreatic
adenocarcinoma: a meta-analysis. World J Oncol 4(2): 74-82,
2013. PMID: 29147335. DOI: 10.4021/wjon657w

9 Jha P and Bijan B: PET/CT for pancreatic malignancy: potential
and pitfalls. J Nucl Med Technol 43(2): 92-97, 2015. PMID:
25857417. DOI: 10.2967/jnmt.114.145458

10 Isaji S, Mizuno S, Windsor JA, Bassi C, Fernández-Del Castillo
C, Hackert T, Hayasaki A, Katz MHG, Kim SW, Kishiwada M,
Kitagawa H, Michalski CW and Wolfgang CL: International
consensus on definition and criteria of borderline resectable
pancreatic ductal adenocarcinoma 2017. Pancreatology 18(1): 2-
11, 2018. PMID: 29191513. DOI: 10.1016/j.pan.2017.11.011

11 Motoi F, Ishida K, Fujishima F, Ottomo S, Oikawa M, Okada T,
Shimamura H, Takemura S, Ono F, Akada M, Nakagawa K,
Katayose Y, Egawa S and Unno M: Neoadjuvant chemotherapy
with gemcitabine and S-1 for resectable and borderline pancreatic
ductal adenocarcinoma: results from a prospective multi-
institutional phase 2 trial. Ann Surg Oncol 20(12): 3794-3801,
2013. PMID: 23838925. DOI: 10.1245/s10434-013-3129-9

12 Mollberg N, Rahbari NN, Koch M, Hartwig W, Hoeger Y,
Büchler MW and Weitz J: Arterial resection during
pancreatectomy for pancreatic cancer: a systematic review and
meta-analysis. Ann Surg 254(6): 882-893, 2011. PMID:
22064622. DOI: 10.1097/SLA.0b013e31823ac299

13 Youden WJ: Index for rating diagnostic tests. Cancer 3(1): 32-
35, 1950. PMID: 15405679. DOI: 10.1002/1097-0142(1950)
3:1<32::aid-cncr2820030106>3.0.co;2-3

14 Dong Q, Yang XH, Zhang Y, Jing W, Zheng LQ, Liu YP and Qu
XJ: Elevated serum CA19-9 level is a promising predictor for
poor prognosis in patients with resectable pancreatic ductal
adenocarcinoma: a pilot study. World J Surg Oncol 12: 171,
2014. PMID: 24890327. DOI: 10.1186/1477-7819-12-171

15 Li D, Hu B, Zhou Y, Wan T and Si X: Impact of tumor size on
survival of patients with resected pancreatic ductal adenocarcinoma:
a systematic review and meta-analysis. BMC Cancer 18(1): 985,
2018. PMID: 30326871. DOI: 10.1186/s12885-018-4901-9

16 Liu X, Fu Y, Chen Q, Wu J, Gao W, Jiang K, Miao Y and Wei
J: Predictors of distant metastasis on exploration in patients with
potentially resectable pancreatic cancer. BMC Gastroenterol
18(1): 168, 2018. PMID: 30400836. DOI: 10.1186/s12876-018-
0891-y

17 Hartwig W, Strobel O, Hinz U, Fritz S, Hackert T, Roth C,
Büchler MW and Werner J: CA19-9 in potentially resectable
pancreatic cancer: perspective to adjust surgical and
perioperative therapy. Ann Surg Oncol 20(7): 2188-2196, 2013.
PMID: 23247983. DOI: 10.1245/s10434-012-2809-1

18 Lai CC, Wang SY, Liao CH, Hsu JT, Chiang KC, Yeh TS,
Hwang TL and Yeh CN: Surgical margin status of patients with
pancreatic ductal adenocarcinoma undergoing surgery with
radical intent: risk factors for the survival impact of positive
margins. In Vivo 32(6): 1591-1597, 2018. PMID: 30348721.
DOI: 10.21873/invivo.11419

19 Katz MH, Pisters PW, Evans DB, Sun CC, Lee JE, Fleming JB,
Vauthey JN, Abdalla EK, Crane CH, Wolff RA, Varadhachary
GR and Hwang RF: Borderline resectable pancreatic cancer: the
importance of this emerging stage of disease. J Am Coll Surg
206(5): 833-46; discussion 846-8, 2008. PMID: 18471707. DOI:
10.1016/j.jamcollsurg.2007.12.020

ANTICANCER RESEARCH 41: 5171-5177 (2021)

5176



20 Sahora K, Kuehrer I, Eisenhut A, Akan B, Koellblinger C,
Goetzinger P, Teleky B, Jakesz R, Peck-Radosavljevic M,
Ba’ssalamah A, Zielinski C and Gnant M: NeoGemOx:
Gemcitabine and oxaliplatin as neoadjuvant treatment for locally
advanced, nonmetastasized pancreatic cancer. Surgery 149(3): 311-
320, 2011. PMID: 20817204. DOI: 10.1016/j.surg.2010.07.048

21 Rose JB, Rocha FG, Alseidi A, Biehl T, Moonka R, Ryan JA,
Lin B, Picozzi V and Helton S: Extended neoadjuvant
chemotherapy for borderline resectable pancreatic cancer
demonstrates promising postoperative outcomes and survival.
Ann Surg Oncol 21(5): 1530-1537, 2014. PMID: 24473642.
DOI: 10.1245/s10434-014-3486-z

22 Bacalbasa N, Balescu I, Dima S, Croitoru A, Brasoveanu V,
Vilcu M and Brezean I: Pancreatoduodenectomy en bloc with
vascular resections in borderline resectable pancreatic cancer. In
Vivo 33(6): 2303-2308, 2019. PMID: 31662572. DOI: 10.21873/
invivo.11738

23 Tamagawa H, Aoyama T, Yamamoto N, Kamiya M, Murakawa
M, Atsumi Y, Numata M, Kazama K, Hara K, Yukawa N, Rino
Y, Masuda M and Morinaga S: The impact of intraoperative
blood loss on the survival of patients with stage II/III pancreatic
cancer. In Vivo 34(3): 1469-1474, 2020. PMID: 32354948. DOI:
10.21873/invivo.11931

24 Hariharan D, Constantinides VA, Froeling FE, Tekkis PP and
Kocher HM: The role of laparoscopy and laparoscopic
ultrasound in the preoperative staging of pancreatico-biliary
cancers—A meta-analysis. Eur J Surg Oncol 36(10): 941-948,
2010. PMID: 20547445. DOI: 10.1016/j.ejso.2010.05.015

25 Satoi S, Yanagimoto H, Toyokawa H, Inoue K, Wada K,
Yamamoto T, Hirooka S, Yamaki S, Yui R, Mergental H and
Kwon AH: Selective use of staging laparoscopy based on
carbohydrate antigen 19-9 level and tumor size in patients with
radiographically defined potentially or borderline resectable
pancreatic cancer. Pancreas 40(3): 426-432, 2011. PMID:
21206325. DOI: 10.1097/MPA.0b013e3182056b1c

26 Yamamura K, Yamashita YI, Yamao T, Kuroda D, Eto T, Kitano
Y, Arima K, Miyata T, Okabe H, Nitta H, Hashimoto D and
Baba H: Efficacy of staging laparoscopy for pancreatic cancer.
Anticancer Res 40(2): 1023-1027, 2020. PMID: 32014948. DOI:
10.21873/anticanres.14037

27 Eguchi H, Yamada D, Iwagami Y, Gotoh K, Kawamoto K, Wada
H, Asaoka T, Noda T, Takeda Y, Tanemura M, Sakai D, Satoh T,
Kudo T, Isohashi F, Mori M and Doki Y: Prolonged neoadjuvant
therapy for locally advanced pancreatic cancer. Dig Surg 35(1):
70-76, 2018. PMID: 28482348. DOI: 10.1159/000475477

28 Macedo FI, Ryon E, Maithel SK, Lee RM, Kooby DA, Fields
RC, Hawkins WG, Williams G, Maduekwe U, Kim HJ, Ahmad
SA, Patel SH, Abbott DE, Schwartz P, Weber SM, Scoggins CR,
Martin RCG, Dudeja V, Franceschi D, Livingstone AS and
Merchant NB: Survival outcomes associated with clinical and
pathological response following neoadjuvant FOLFIRINOX or
gemcitabine/nab-paclitaxel chemotherapy in resected pancreatic
cancer. Ann Surg 270(3): 400-413, 2019. PMID: 31283563.
DOI: 10.1097/SLA.0000000000003468

29 Miyasaka Y, Ohtsuka T, Kimura R, Matsuda R, Mori Y, Nakata
K, Kakihara D, Fujimori N, Ohno T, Oda Y and Nakamura M:
Neoadjuvant chemotherapy with gemcitabine plus nab-paclitaxel
for borderline resectable pancreatic cancer potentially improves
survival and facilitates surgery. Ann Surg Oncol 26(5): 1528-1534,
2019. PMID: 30868514. DOI: 10.1245/s10434-019-07309-8

30 Satoi S, Yanagimoto H, Yamamoto T, Ohe C, Miyasaka C,
Uemura Y, Hirooka S, Yamaki S, Ryota H, Michiura T, Inoue K,
Matsui Y, Tanigawa N and Kon M: Clinical outcomes of
pancreatic ductal adenocarcinoma resection following neoadjuvant
chemoradiation therapy vs. chemotherapy. Surg Today 47(1): 84-
91, 2017. PMID: 27262676. DOI: 10.1007/s00595-016-1358-9

Received August 3, 2021
Revised August 29, 2021

Accepted August 31, 2021

Shimizu et al: Predictors of Unresectable Disease in PDAC

5177


