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Simple Summary: For borderline pancreatic cancer, upfront surgery was standard in the past,
and the usefulness of neoadjuvant treatment has been reported in recent years. However, few studies
have been conducted to date on whether there is a difference in optimal treatment between borderline
resectable pancreatic cancer invading the portal vein (BR-PV) or abutting major arteries (BR-A).
The objective of this study was to investigate the optimal neoadjuvant therapy for BR-PV or BR-A.
We retrospectively analyzed 88 patients with BR-PV and 111 patients with BR-A. In this study, we
found that neoadjuvant treatment using new chemotherapy (FOLFIRINOX or gemcitabine along
with nab-paclitaxel) is essential for improving the prognosis of BR pancreatic cancer. These findings
suggest that prognosis may be prolonged by maintaining good nutritional status during preoperative
treatment.

Abstract: Background: The objective of this study was to investigate the optimal neoadjuvant therapy
(NAT) for borderline resectable pancreatic cancer invading the portal vein (BR-PV) or abutting major
arteries (BR-A). Methods: We retrospectively analyzed 88 patients with BR-PV and 111 patients with
BR-A. Results: In BR-PV patients who underwent upfront surgery (n = 46)/NAT (n = 42), survival was
significantly better in the NAT group (3-year overall survival (OS): 5.8%/35.5%, p = 0.004). In BR-A
patients who underwent upfront surgery (n = 48)/NAT (n = 63), survival was also significantly
better in the NAT group (3-year OS:15.5%/41.7%, p < 0.001). The prognosis tended to be better in
patients who received newer chemotherapeutic regimens, such as FOLFIRINOX and gemcitabine
with nab-paclitaxel. In 36 BR-PV patients who underwent surgery after NAT, univariate analysis
revealed that normalization of tumor marker (TM) levels (p = 0.028) and preoperative high prognostic
nutritional index (PNI) (p = 0.022) were significantly associated with a favorable prognosis. In 39
BR-A patients who underwent surgery after NAT, multivariate analysis revealed that preoperative
PNI > 42.5 was an independent prognostic factor (HR: 0.15, p = 0.014). Conclusions: NAT using
newer chemotherapy is essential for improving the prognosis of BR pancreatic cancer. These findings
suggest that prognosis may be prolonged by maintaining good nutritional status during preoperative
treatment.
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1. Introduction

Despite considerable improvements in diagnostic and therapeutic options, pancreatic
ductal adenocarcinoma (PDAC) mostly remains a fatal disease worldwide [1]. Radical
resection without residual tumor remains the only established curative treatment for
PDAC. However, much more intervention is required beyond resection alone. A simple
explanation for the poor consequences after resection is that almost every patient has
microscopic disease remaining [2]. When a patient is diagnosed with PDAC and the optimal
treatment strategy is considered, it is common to make a decision based on the resectable
classification rather than the stage classification. The National Comprehensive Cancer
Network (NCCN), an alliance of 25 cancer centers in the United States, have proposed
a resectable classification for pancreatic cancer [3]. However, the NCCN guidelines are
revised and updated annually and are considered to be very complex; thus, utilizing
the NCCN classification system for resectability in clinical practice is difficult. Therefore,
the Japan Pancreas Society (JPS) proposed novel and simplified resectability criteria in
2016 [4] based on the most recent NCCN guidelines [3].

The JPS published the 7th edition of the Classification of Pancreatic Carcinoma,
and a unique resectable classification for borderline resectable (BR) was proposed (BR-A:
BR-PDAC due to the infiltration of celiac and/or superior mesentery arteries, BR-PV: due
only to the infiltration of the portal system). BR pancreatic cancer is a distinct subset of
locally advanced pancreatic cancer first identified by Varadhachary et al. in 2006 [5]. It was
hoped that the BR group would represent a subset of pancreatic cancer whose outcomes
might be intermediate between the outcomes of patients with radiologically and technically
resectable (R) and unresectable (UR) disease. With currently available operative techniques,
patients with BR cancer are at high risk for margin-positive resection [6]. Therefore, the cri-
teria for resectability are clinically important for determining the need for preoperative
(neoadjuvant) systemic therapy and/or local-regional chemoradiation to maximize the po-
tential for R0 resection and to avoid R2 resection [7]. For BR pancreatic cancer, upfront
surgery was standard in the past, and the usefulness of neoadjuvant treatment (NAT) has
been reported in recent years [8–10]. However, few studies have been conducted to date
on whether there is a difference in optimal treatment between BR-PV and BR-A.

The objective of this study was to investigate the optimal preoperative multidis-
ciplinary treatment for BR pancreatic cancer. Patients who had received treatment for
BR-PDAC at two regional high-volume centers were reviewed retrospectively, and we
analyzed survival differences among subgroups defined based on this novel classification
system of resectability.

2. Results
2.1. Cohort Outline

We identified 199 patients who were diagnosed with BR-PDAC (Figure 1). Among
them, 88 patients were diagnosed with BR-PV PDAC, and 111 patients were diagnosed
with BR-A PDAC.

Of 88 BR-PV patients, 46 patients underwent upfront surgery, and 36 patients un-
derwent resection after NAT. The other 6 patients did not undergo surgery because of
chemotherapeutic failure or best supportive care. Of 111 BR-A patients, 48 patients under-
went upfront surgery, and 39 patients underwent resection after NAT. The other 24 patients
did not undergo surgery because of chemotherapeutic failure or best supportive care.
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Figure 1. Study profiles and clinical courses of the enrolled patients. BR, borderline resectable; PDAC,
pancreatic ductal adenocarcinoma; NAT, neoadjuvant treatment.

2.2. The Clinical Characteristics of BR-PDAC Patients

For patients who were enrolled in this study, detailed cohort demographics are sum-
marized in Table 1. The median age was 66 years in BR-PV patients and 67 years in BR-A
patients. Preoperative image examination revealed that the location of the tumor was dom-
inant (BR-PV: 95%, BR-A: 75%) on the head side in both BR-PV and BR-A; thus, pancreatic
head resection tended to be more frequent (BR-PV: 84%, BR-A: 60%).

In the BR-PV patients, 26 (30%) patients were treated with newer chemotherapeutic
regimens such as FOLFIRINOX (FFX) and gemcitabine along with nab-paclitaxel (GnP).
The median length of therapy was 2.1 months. In the BR-A patients, 36 (32%) patients were
treated with newer chemotherapeutic regimens with a median length of 2.7 months.

The median baseline CA19-9 level at diagnosis was higher than the median at surgery.
Additionally, both the BR-PV and BR-A groups had lower median CA19-9 levels at opera-
tion in patients who underwent surgery after NAT than in those who underwent upfront
surgery. In both BR-PV and BR-A patients, approximately 20% of patients had a ≥90% de-
crease in CA19-9 levels compared to that before NAT. This suggests that preoperative NAT
may be expected to significantly reduce tumor markers (TMs), as in previous reports [11].

The median baseline nutritional parameters at operation were as follows (in BR-
PV/BR-A): controlling nutritional status (CONUT): 2/2, Glasgow prognostic score (GPS):
0/0, modified GPS (mGPS): 0/0, neutrophil/lymphocyte ratio (NLR): 2.4/2.5, platelet/
lymphocyte ratio (PLR): 129.2/83.0, prognostic nutritional index (PNI): 46.0/44.5, lympho-
cyte/monocyte ratio (LMR): 3.6/3.8, systemic immune inflammation index (SII): 380.1/482.8,
and C-reactive protein (CRP)/albumin ratio: 0.07/0.03.

For patients with BR-PDAC who were underwent surgery, detailed cohort demo-
graphics are summarized in Table 2. The median age was 65 years in BR-PV patients and 67
years in BR-A patients. In operation, venous resection was performed in 72 (88%) patients
with BR-PV and 62 (71%) patients with BR-A. Moreover, arterial resection was performed
in 5 (6%) patients with BR-PV and 12 (14%) patients with BR-A.

In addition, we compared the backgrounds of patients who underwent upfront surgery
and those who underwent NAT. Details are shown in Table 3. For both BR-A and BR-PV,
the CA19-9 level at operation was lower in the NAT group. There was no significant
difference in preoperative nutritional status.
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Table 1. Baseline characteristics of patients with BR-PV and BR-A.

Variable BR-PV (n = 88) BR-A (n = 111) Variable BR-PV (n = 88) BR-A (n = 111)

Sex (male/female) 51/37 55/56 Surgical procedures
Age, years * 66 (39–83) 67 (42–83) Pancreatoduodenectomy 74 (84%) 67 (60%)

Body mass index * 21.1 (15.4–43.6) 21.2 (11.6–30.7) Distal pancreatectomy 1 (1%) 13 (12%)
Tumor location Total pancreatectomy 7 (8%) 6 (5%)
Head/Uncinate 84 (95%) 83 (75%) Operative time, min * 508 (308–960) 501 (193–808)

Body/Tail 4 (5%) 28 (25%) Blood loss volume, mL * 1075 (258–6000) 1090 (80–9845)
CA19-9 at diagnosis,

U/mL * 179 (1–2900) 150 (1–6340) Operative PRBC
transfusion 34 (41%) 30 (34%)

Chemotherapy Vascular resection
no 46 (52%) 48 (43%) Any venous resection 72 (82%) 62 (56%)

FFX/GnP 26 (30%) 36 (32%) Any arterial resection 5 (6%) 12 (14%)
GS 2 (2%) 27 (24%) Celiac axis 0 5

GS + Radiation 14 (16%) 14 (13%) Hepatic artery 4 8
Length of therapy,

mo * 2.1 (1.1–6.6) 2.7 (0.2–12.9) Splenic artery 1 0

Tumor size
at operation, mm * 30 (9–100) 30 (10–100) Both venous and arterial 5 (6%) 8 (9%)

CA19-9 at operation,
U/mL * 93 (1–9869) 102 (1–7316) Positive lymph nodes 54 (66%) 58 (67%)

in upfront surgery
group 196 (1–9869) 321.5 (1–7316) R0 margin status 59 (72%) 49 (56%)

in resection after NAT
group 41 (1–1500) 34 (1–2690) 90-day operative

mortality 1 (1%) 1 (1%)

CA19-9 normalized 17 (47%) 17 (27%) Adjuvant chemotherapy 56 (68%) 75 (86%)
CA19-9 decrease rate

≥90% 7 (19%) 9 (19%) Recurrent disease 42 (51%) 58 (67%)

Nutrition at operation Vital status at last
follow-up

CONUT * 2 (0–11) 2 (0–11) Alive, no evidence of
recurrence 32 (36%) 34 (31%)

GPS * 0 (0–2) 0 (0–2) Alive, with recurrence 7 (8%) 19 (17%)
mGPS * 0 (0–2) 0 (0–2) Not alive 49 (56%) 58 (52%)
NLR * 2.4 (0.8–20.4) 2.5 (0.7–15)
PLR * 129.2 (0.1–416.5) 83.0 (0.05–522.5)
PNI * 46.0 (28.5–56.2) 44.5 (26.3–55.5)
LMR * 3.6 (1.0–40.4) 3.8 (1.0–10.9)

SII * 380.1 (0.2–2180.5) 482.8 (0.1–3669.2)
CRP/Alb * 0.07 (0–2.0) 0.03 (0.002–2.2)

* values are median (range). CA19-9, carbohydrate antigen 19-9; FFX, FOLFIRINOX; GnP, gemcitabine along with nab-paclitaxel; GS,
gemcitabine along with S-1; CONUT, controlling nutritional status; GPS, Glasgow prognostic score; mGPS, modified Glasgow prognostic
score; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI, prognostic nutritional index; LMR, lymphocyte/monocyte
ratio; SII, systemic immune inflammation index; CRP, C-reactive protein; Alb, albumin; PRBC, packed red blood cells.

Table 2. Baseline characteristics of patients with BR-PDAC who underwent resection.

Variable BR-PV (n = 82) BR-A (n = 87)

Sex (male/female) 47/35 44/43
Age, years * 65 (39–83) 67 (42–83)

Chemotherapy
no 46 (56%) 48 (55%)

FFX/GnP 26 (32%) 36 (30%)
GS 2 (2%) 27 (31%)

GS + Radiation 14 (17%) 14 (16%)
Tumor size at operation, mm * 30 (9–100) 30 (10–100)
CA19-9 at operation, U/mL * 93 (1–9869) 102 (1–7316)

in upfront surgery group 196 (1–9869) 321.5 (1–7316)
in resection after NAT group 41 (1–1500) 34 (1–2690)
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Table 2. Cont.

Variable BR-PV (n = 82) BR-A (n = 87)

CA19-9 normalized 17 (21%) 17 (20%)
Surgical procedures

Pancreatoduodenectomy 74 (90%) 67 (77%)
Distal pancreatectomy 1 (1%) 13 (15%)
Total pancreatectomy 7 (10%) 6 (7%)
Operative time, min * 508 (308–960) 501 (193–808)

Blood loss volume, mL * 1075 (258–6000) 1090 (80–9845)
Operative PRBC transfusion 34 (41%) 30 (34%)

Vascular resection
Any venous resection 72 (88%) 62 (71%)
Any arterial resection 5 (6%) 12 (14%)

Celiac axis 0 5
Hepatic artery 4 8
Splenic artery 1 0

Both venous and arterial 5 (6%) 8 (9%)
Positive lymph nodes 54 (66%) 58 (67%)

R0 margin status 59 (72%) 49 (56%)
90-day operative mortality 1 (1%) 1 (1%)
Adjuvant chemotherapy 56 (68%) 75 (86%)

* values are median (range). CA19-9, carbohydrate antigen 19-9; FFX, FOLFIRINOX; GnP, gemcitabine along with nab-paclitaxel; GS,
gemcitabine along with S-1; PRBC, packed red blood cells.

Table 3. Baseline characteristics of patients with BR-PDAC who underwent upfront surgery or NAT.

Variable
BR-PV (n = 88) BR-A (n = 111)

UFS (n = 46) NAT (n = 42) UFS (n = 48) NAT (n = 63)

Sex (male/female) 27/19 24/18 27/22 28/35
Age, years * 64 (39–83) 66 (40–81) 66 (42–83) 68 (45–82)

Body mass index * 20.1 (15.5–32.1) 21.4 (15.4–43.6) 20.9 (17.1–27.5) 21.4 (11.6–30.7)
Tumor location
Head/Uncinate 44 (96%) 40 (95%) 38 (79%) 45 (71%)

Body/Tail 2 (4%) 2 (5%) 10 (21%) 18 (29%)
CA19-9 at diagnosis, U/mL * N/A 178.5 (1–2900) N/A 150 (1–6340)
CA19-9 at operation, U/mL * 196 (1–9869) 41 (1–5661) 321 (1–7316) 65 (1–5870)

Comorbidity (yes/no)
Diabetes 20/26 11/26 23/25 13/34

History of other cancers 6/40 1/36 5/43 8/40
Pancreatitis 5/41 0/37 11/37 1/47

Hepatitis 2/44 1/36 4/44 3/45
Hypertension 11/35 12/25 13/35 19/29

Renal dysfunction 1/45 0/37 0/48 0/48
Nutrition at operation

CONUT * 1.5 (0–10) 3 (0–11) 2 (0–11) 2 (0–10)
GPS * 0 (0–2) 0 (0–1) 0 (0–2) 0 (0–1)

mGPS * 0 (0–2) 0 (0–2) 0 (0–2) 0 (0–2)
NLR * 2.2 (1.1–20.4) 2.9 (0.8–8.6) 2.6 (1.0–9.7) 2.5 (0.7–15)
PLR * 97.7 (0.1–325.5) 166 (67.4–416.5) 104.2 (0.05–290) 184.9 (57.9–522.5)
PNI * 46.3 (29.5–56.2) 44.8 (28.5–52.5) 44.5 (26.3–55.5) 43 (32–51.5)
LMR * 4.1 (2.2–6.5) 3.1 (1.0–40.4) 5.4 (1.4–10.9) 3.5 (1–6.1)

SII * 300 (0.2–2180.5) 600 (168.4–1786.9) 376.9 (0.1–1944.4) 530.8 (95.1–3669.2)
CRP/Alb * 0.07 (0–2.0) 0.07 (0–3.3) 0.02 (0.002–1.0) 0.03 (0.002–2.2)

* Values are median (range). CA19-9, carbohydrate antigen 19-9; CONUT, controlling nutritional status; N/A, not available; GPS, Glasgow
prognostic score; mGPS, modified Glasgow prognostic score; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI,
prognostic nutritional index; LMR, lymphocyte/monocyte ratio; SII, systemic immune inflammation index; CRP, C-reactive protein;
Alb, albumin.
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2.3. Comparison of Prognosis of Upfront Surgery vs. Neoadjuvant Treatment by Intention
to Treat Analysis

In BR-PV patients who underwent upfront surgery (n = 46)/NAT (n = 42), survival
was significantly better in the NAT group (p = 0.004) (Figure 2). In BR-A patients who
underwent upfront surgery (n = 48)/NAT (n = 63), survival was significantly better in
the NAT group (p < 0.001). This analysis was performed by intention-to-treat analysis.

Figure 2. The overall survival in comparison between patients treated with and without NAT in the (a) BR-PV and (b) BR-A
groups. The prognosis of patients treated with NAT was significantly better than that of patients treated without NAT in
the BR-PV and BR-A groups (p = 0.004 and p < 0.001). NAT, neoadjuvant treatment; UFS, upfront surgery; MST, median
survival time; HR, hazard ratio; CI, confidence interval.

The 36-month (3-year) OS rates with upfront surgery and NAT were 5.8% versus 35.5%
in BR-PV patients and 15.5% versus 41.7% in BR-A patients, respectively.

2.4. Comparison of Regimens in Neoadjuvant Treatment Induction Cases

We compared the regimens of neoadjuvant treatment in each group (Table 4).
In BR-PV patients who underwent FFX/GnP (n = 26) vs. gemcitabine (GEM)/S-1

(n = 2) vs. GEM/S-1 with radiotherapy (RT) (n = 14), the median survival times (MSTs)
were 32.9, 10.0 and 20.6 months, respectively, and the prognosis tended to be better in
the FFX/GnP group. The number of resected cases was 36 (86%).

In BR-A patients who underwent FFX/GnP (n = 29) vs. FFX/GnP with RT (n = 7) vs.
GEM/S-1 (n = 10) vs. GEM/S-1 with RT (n = 17), the MSTs were 35.4, 18.7, 43.2 and 19.7
months, respectively, with a better prognosis in the FFX/GnP group. The number of
resected cases was 39 (62%).

The R0 rate tended to be higher in regimens with RT.

Table 4. Comparison of regimens in patients who underwent NAT.

BR-PV (n = 42) BR-A (n = 63)

n MST
(Months)

CA19-9
Normalized Resection R0

Rate

Evans
Grade
≥IIb

n MST
(Months)

CA19-9
Normalized Resection R0

Rate

Evans
Grade
≥IIb

FFX/GnP 26 32.9 47% 22 (85%) 86% 24% 29 35.4 40% 17 (59%) 71% 21%
FFX/GnP
with RT 0 7 18.7 75% 4 (57%) 100% 0%

Old
NAC 2 10 0% 2 (100%) 50% 0% 10 43.2 38% 9 (90%) 67% 0%

Old
NAC

with RT
14 20.6 50% 12 (86%) 100% 36% 17 19.7 20% 9 (53%) 100% 33%

Old NAC means neoadjuvant chemotherapy including gemcitabine, S-1, and GEM with S-1; FFX, FOLFIRINOX; GnP, gemcitabine along
with nab-paclitaxel; RT, radiotherapy; NAC, neoadjuvant chemotherapy; MST, median survival time.
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2.5. Prognostic Factors in Patients Who Underwent Resection after NAT
2.5.1. Definition of Cutoff Values for PNI

Receiver operating characteristic (ROC) curve analysis was performed with data
from 36 BR-PV PDAC patients who underwent surgical resection between January 2002
and December 2018 to examine the association between PNI and 2-year survival. The area
under the curve (AUC) was 0.728, and the best cutoff value was calculated as 42.65 (Figure
3a). Moreover, ROC curve analysis was performed with data from 39 BR-A PDAC patients.
The AUC curve was 0.820, and the best cutoff value was calculated as 42.50 (Figure 3b).
We eventually determined that the cutoff value for PNI was 42.5.

Figure 3. ROC analysis for the prediction of 2-year survival according to the preoperative PNI.
(a) The AUC was 0.820 in BR-PV patients. (b) The AUC was 0.728 in BR-A patients. AUC, area under
the curve; PNI, prognostic nutritional index.

2.5.2. Univariate and Multivariate Analyses of Prognostic Factors in BR-PDAC Patients
Who Underwent Resection after Neoadjuvant Treatment

Table 5 shows the results of univariate analysis of prognostic factors in BR-PDAC
patients who underwent resection after NAT. The cutoff values for continuous variables
except preoperative PNI were determined using median values of all BR-PDAC patients
who underwent resection after NAT.

In 36 BR-PV patients who underwent surgery after NAT, univariate analysis of over-
all survival revealed that normalization of TM levels (p = 0.028), preoperative GPS = 0
(p = 0.025), and preoperative high PNI (p = 0.022) were significantly associated with better
prognosis. There was no significant difference in the multivariate analysis.

In 39 BR-A patients who underwent surgery after NAT, univariate analysis revealed
that normalization of TM levels (p = 0.033), preoperative high PNI (p = 0.013), and in-
traoperative blood loss ≤ 830 mL (p = 0.013) were significantly associated with better
prognosis. Multivariate analysis showed that preoperative PNI > 42.5 was an independent
prognostic factor (HR: 0.15, p = 0.014). There was no correlation between the length of NAT
and additional RT in survival in either BR-PV or BR-A.
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Table 5. Univariate and multivariate analyses of the clinical features of BR-PDAC patients who underwent resection
after NAT.

BR-PV Univariate BR-PV
Multivariate BR-A Univariate BR-A

Multivariate

Clinical Factor
No.

Patients
(n = 36)

HR
(95% CI) p HR

(95% CI) p
No.

Patients
(n = 39)

HR
(95% CI) p HR

(95% CI) p

Radiation in NAT 12
0.96

(0.23–
4.04)

0.955 12
1.37

(0.38–
4.87)

0.63

CA19-9 Before NAT >192
U/mL 17

2.37
(0.58–
9.64)

0.23 19
0.41

(0.22–
1.48)

0.175

Preoperative CA19-9 >34
U/mL 17

1.05
(0.26–
4.27)

0.945 19
3.90

(0.97–
15.72)

0.056

Tumor marker
normalization 20

0.16
(0.031–
0.82)

0.028 *
0.28

(0.05–
1.71)

0.168 16
0.10

(0.01–
0.83)

0.033 *
0.15

(0.01–
1.57)

0.064

Preoperative Alb >3.8 g/dL 14
0.55

(0.14–
2.24)

0.404 17
0.30

(0.06–
1.46)

0.137

Preoperative CONUT score,
>4 5

3.78
(0.92–
15.56)

0.065 9
2.48

(0.66–
9.34)

0.179

Preoperative GPS 0 16
0.15

(0.03–
0.79)

0.025 *
0.50

(0.05–
4.68)

0.547 10
0.52

(0.07–
3.78)

0.52

Preoperative mGPS 0 14
0.25

(0.05–
1.28)

0.095 22
0.26

(0.06–
1.08)

0.064

Preoperative NLR >2.52 16
3.17

(0.39–
25.86)

0.281 18
1.47

(0.39–
5.51)

0.571

Preoperative PLR >184 11
0.97

(0.23–
4.10)

0.972 19
4.15

(0.85–
20.26)

0.079

Preoperative PNI >42.5 16
0.15

(0.03–
0.76)

0.022 *
0.32

(0.03–
2.98)

0.316 21
0.13

(0.03–
0.65)

0.013 *
0.15

(0.02–
0.85)

0.014 *

Preoperative LMR >3.50 9
0.19

(0.02–
1.72)

0.141 14
0.42

(0.11–
1.64)

0.214

Preoperative SII >512 15
0.89

(0.21–
3.74)

0.873 19
4.34

(0.84–
22.49)

0.08

Preoperative CRP/Alb
>0.062 12

2.20
(0.43–
11.16)

0.341 10
1.75

(0.43–
7.08)

0.431

Preoperative diabetes 11
0.78

(0.18–
3.33)

0.739 13
0.91

(0.23–
3.55)

0.9

Preoperative treatment
period >60 day 19

1.23
(0.15–
10.09)

0.844 29
0.46

(0.12–
1.67)

0.237
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Table 5. Cont.

BR-PV Univariate BR-PV
Multivariate BR-A Univariate BR-A

Multivariate

Clinical Factor
No.

Patients
(n = 36)

HR
(95% CI) p HR

(95% CI) p
No.

Patients
(n = 39)

HR
(95% CI) p HR

(95% CI) p

Preoperative treatment
period >90 day 7

1.72
(0.34–
8.67)

0.509 14
1.07

(0.28–
4.18)

0.918

Operative time >560 min 7
3.12

(0.74–
13.14)

0.121 20
1.73

(0.49–
6.09)

0.396

Intraoperative blood loss
>830 ml 21

1.06
(0.25–
4.45)

0.941 20
7.42

(1.53–
36.1)

0.013 *
2.23

(0.37–
13.35)

0.358

CA19-9, carbohydrate antigen 19-9; NAT, neoadjuvant treatment; Alb, albumin; CONUT, controlling nutritional status; GPS, Glasgow
prognostic score; mGPS, modified Glasgow prognostic score; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; PNI,
prognostic nutritional index; LMR, lymphocyte/monocyte ratio; SII, systemic immune inflammation index; CRP, C-reactive protein; Alb,
albumin; * p < 0.05.

2.5.3. Prognosis of BR-PDAC Patients Who Underwent Resection after Neoadjuvant
Treatment Based on PNI

In BR-PV patients who underwent resection after NAT (n = 36), survival was sig-
nificantly better in the high PNI (preoperative PNI > 42.50) group (p = 0.029, HR:0.16,
95%CI:0.03–0.83) (Figure 4a). In BR-A patients who underwent resection after NAT (n = 39),
survival was significantly better in the high PNI (preoperative PNI > 42.50) group (p = 0.012,
HR:0.13, 95%CI:0.03–0.64) (Figure 4b).

Moreover, comparing the high preoperative PNI and low preoperative PNI, there was
no statistically significant difference regarding postoperative complications (Clavien–Dindo
grade III or more) in both BR-PV and BR-A patients (p = 0.644 and p = 0.580, respectively).

Figure 4. Comparison of the overall survival between high preoperative PNI and low preoperative PNI in the (a) BR-PV
and (b) BR-A groups. The prognosis of patients with high preoperative PNI was significantly better than that of patients
with low preoperative PNI in the BR-PV and BR-A patients (p = 0.029 and p = 0.012). PNI, prognostic nutritional index.

3. Discussion

There have been many analytical studies on R-PDAC and UR-PDAC, but few have
focused on BR-PDAC. The usefulness of NAT for BR-PDAC has been highlighted in several
articles [8–11]. Unfortunately, previous reports often analyzed mixed cohorts of patients,
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including those with BR and locally advanced UR-PDAC, those with BR-PDAC due to
the infiltration of celiac and/or superior mesentery arteries (BR-A) and those with only
infiltration of the portal system (BR-PV) [12,13]. The surgical strategy and outcome defi-
nitely differ between PDAC abutted to the major arteries and PDAC exclusively involving
the PV system [14]. Murakami et al. reported that the BR-PV group had a significantly
more favorable overall survival than the BR-A group in an analysis of BR patients who
underwent upfront surgery [15]. Thus, it seems inappropriate to discuss the efficacy of
the treatment strategy using such admixture.

In the present study, we differentiated between BR-A and BR-PV and analyzed the op-
timal preoperative multidisciplinary treatment and nutritional status before and after NAT
for each type. There have been no comprehensive analyses focusing on surgical strategy
for this cohort.

3.1. BR-PV

We retrospectively reviewed 88 patients with BR-PV PDAC. The results showed that
the prognosis of BR-PV patients who underwent resection after NAT was significantly
better than that of patients who underwent upfront surgery without NAT.

Fujii et al. reported that neoadjuvant chemoradiotherapy (NACRT) with S-1 rather
than upfront surgery improves R0 rates and increases the survival of patients with BR-PV
adenocarcinoma of the pancreatic head but not that of patients with R-PDAC [6]. However,
the prognosis tended to be better in the FFX/GnP group than in the NACRT with old
chemotherapy group in the present study. Although only 14 BR-PV patients underwent
NACRT in this study, chemotherapeutic regimens such as FFX/GnP are expected to be
a promising option.

3.2. BR-A

We retrospectively reviewed 111 patients with BR-A PDAC. Similar to that of BR-PV
patients, the prognosis of BR-A patients who underwent resection after NAT was signifi-
cantly better than that of those who underwent upfront surgery without NAT. Moreover, in
patients with BR-A, the use of NAT with FFX/GnP significantly prolonged the prognosis.

Nagakawa et al. reported that NACRT, which combines chemotherapy with GEM/S-1,
with intensity modified radiotherapy (IMRT) had fewer adverse events and improved
the prognosis of BR-A [16]. In addition, they also reported that the R0 resection rate after
NACRT was 94.7%. In the present study, the R0 resection rate also tended to be higher
in patients who underwent additional RT, although additional RT failed to contribute to
patient survival.

Hackert et al. reported that resection rates following FFX were 61% compared with
46% after GEM and RT in patients with locally advanced PDAC [17]. This study did not
investigate NACRT, which combines new chemotherapy and RT; thus, it cannot be affirmed.
However, the combination of radiation with more effective chemotherapy, such as FFX
or GnP, is expected to improve the surgical consequences of BR-A patients. On the other
hand, effective chemotherapy may lead to more adverse events. There is a report that NAT
with FFX followed by IMRT concurrent with fixed-dose-rate GEM in BR-PDAC is feasible
and tolerated [18]. Therefore, the IMRT technique may enable the application of NACRT in
combination with more effective chemotherapy.

Over the past decade, newer chemotherapeutic regimens, including FFX and GnP,
have emerged as new standard therapies for PDAC, which was formerly a lethal disease,
and many studies have demonstrated promising survival rates [8–10,12,13]. However,
there are few prospective randomized controlled studies to confirm the efficacy of NAT for
patients with BR-PV and BR-A [16]. Evaluation of NAT is required for patients with BR-PV
and BR-A in the setting of prospective trials.
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3.3. BR-PV and BR-A

From previous reports as well as the results of this study, surgery after NAT is arguably
more beneficial than upfront surgery in patients with BR-PDAC; therefore, we focused
only on the patients who underwent NAT in the analysis after Section 2.4.

We demonstrated that the long-term survival of patients who underwent resection
after NAT was significantly associated with good nutritional status, such as a PNI of more
than 42.5 at the time of operation but not at diagnosis. Several studies have reported that
preoperative nutrition indices, such as CONUT, mGPS, and PNI, are linked to the prognosis
of various malignancies [19–21]. In pancreatic cancer, some indices have also been reported
to have an independent association with survival in patients with resectable or BR-PDAC
after pancreatectomy [22,23]. Moreover, there was a report that NAT for PDAC could
aggravate nutritional status and hamper its postoperative recovery and that malnutrition
might decrease the tolerance of NAT [24]. While definitive conclusions cannot be drawn
from this retrospective study, these results strongly suggest the need for nutritional care
during NAT in patients with PDAC. Systemic chemotherapy generally tends to worsen
the patient’s nutritional status as a side effect, including loss of appetite or dysgeusia [25].
Active nutritional care during NAC may minimize malnutrition, possibly improving
the survival of BR-PDAC patients.

Furthermore, both the BR-PV and BR-A groups had lower median CA19-9 levels
at operation in patients who underwent surgery after NAT than those who underwent
upfront surgery. Although no significant difference was found in the multivariate anal-
ysis, normalization of TM levels was significantly associated with better prognosis in
both BR-PV and BR-A patients. Chen et al. reported that long-term (approximately 6
months) chemotherapy after preoperative chemoradiotherapy may improve the prognosis
in patients with potentially resectable/BR/UR-PDAC [26]. Satoi et al. also reported that
the prognosis was prolonged by giving chemotherapy for 240 days or more in patients
with UR-PDAC [27]. Conversely, the results of this study showed that the duration of
NAT did not correlate with prognosis for BR-PDAC. It is suggested that the prognosis
may be prolonged by surgery after the TM level is greatly reduced, not the length of NAT.
Some patients with BR-PDAC became unresectable due to the progression of disease, such
as distant metastasis during NAT. Therefore, assessment of TMs may be a more sensitive
measure of the indications for resection than the length of treatment. Further exploration
will be required for the optimal NAT duration and timing of surgery.

There are several limitations to our study. First, this study was retrospective in
design with a relatively small number of patients. Second, the distribution of patients in
the different treatment arms was unbalanced. Third, the number of patients receiving NAT
has increased since around 2010. The proportion of patients receiving NAT and upfront
surgery has changed significantly between 2002 and 2018. Fourth, indications for CRT
were biased because CRT was recommended at the physicians’ discretion. Finally, we
have not started nutritional support for patients with NAT. We plan to explore the effect
of nutritional support during NAT for patients with BR-PDAC to confirm the clinical
relevance of this study. Further studies with more patients and longer observation periods
are needed to evaluate the optimal and detailed strategy of multidisciplinary treatment
for BR-PDAC.

In conclusion, these findings suggest that NAT followed by surgery rather than
upfront surgery offers clinical benefits to patients with BR-A PDAC. Moreover, nutritional
management during NAT may lead to a better prognosis.

4. Materials and Methods
4.1. Study Design

A prospectively maintained pancreatic resection database at two regional high-volume
centers, Toyama University Hospital (Toyama, Japan) and Nagoya University Hospital
(Nagoya, Japan), was queried to identify patients with BR PDAC who started the initial
treatment between January 2002 and December 2018. This study conforms to the ethical
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guidelines of the World Medical Association Declaration of Helsinki-Ethical Principles for
Medical Research Involving Human Subject. Written informed consent for inclusion in
the study, as required by the institutional review board of both institutions, was obtained
from all patients.

We retrospectively examined 199 patients with BR pancreatic cancer (88 patients with
BR-PV and 111 patients with BR-A). For BR-PV and BR-A, the following points were
investigated:

1. Comparison of prognosis of upfront surgery vs. NAT by intention to treat analysis;
2. Comparison of regimens in patients who underwent NAT;
3. Prognostic factors in patients who underwent resection after NAT.

4.2. Definitions of BR-PV PDAC and BR-A PDAC Patients

The preoperative resectability status was categorized into R (resectable), BR-PV, BR-
A, UR (unresectable)-LA, and UR-M (metastatic) according to the 7th edition of the JPS
classification (Table 6) [4].

Table 6. Resectability criteria proposed by the JPS.

Resectability SubClass Detail

1. Resectable (R) No contact of the tumor with the SMV/PV.
Abutment/encasement of the SMV/PV of <180◦

circumference without occlusion (termed R-PV).
No contact with any major artery (CA, SMA,

or CHA).
2. Borderline

resectable (BR) BR-PV

Tumor abutment/encasement or occlusion of
the SMV/PV of ≥180◦.

No arterial tumor abutment/encasement
(CA, SMA, or CHA).

BR-A
Tumor abutment/encasement of the SMA or CA
of <180◦ without irregularity in the contour of

the artery.
Tumor abutment/encasement of the CHA

without irregularity in the contour of the PHA
or CA.

3. Unresectable (UR) UR-LA
(Locally advance)

Tumor abutment/encasement of the SMA or CA
of ≥180◦.

Tumor abutment/encasement of the CHA
and extension of abutment/encasement to

the PHA or CA.
Tumor abutment/encasement of the aorta.

UR-M
(Metastasis)

Distant metastases, including metastases to
lymph nodes beyond regional lymph nodes.

JPS, Japan Pancreas Society; SMV, superior mesenteric vein; PV, portal vein; CA, celiac artery; SMA,
superior mesenteric artery; CHA, common hepatic artery; PHA, proper hepatic artery.

Patient eligibility was rigorously defined using thin-slice multidetector-row computed
tomography. All images were reviewed by two or more experienced radiologists to reaffirm
the preoperative staging. Consequently, 199 patients with BR-PDAC (88 patients with
BR-PV and 111 patients with BR-A) were enrolled in this study.
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4.3. Neoadjuvant Treatment

Some patients received NAT from diagnosis with the following regimens: GnP, FFX,
modified FFX (mFFX), or GEM with oral S-1 (the oral 5-fluorouracil prodrug tegafur with
oteracil and gimeracil). These chemotherapeutic regimens were selected depending on
the patient’s background and the period of enrollment. We performed NAT in 105 patients
(42 patients with BR-PV and 63 patients with BR-A) from which informed consent was
obtained depending on their condition and tumor status. CRT consisted of a photon/proton
external beam with 50.4 Gy delivered in 28 fractions combined with systemic chemotherapy
involving oral S-1, which was administered twice daily (80 mg/m2/day) from days 1 to 14
and from days 22 to 35.

4.4. Postoperative Adjuvant Therapy

Postoperative adjuvant chemotherapy was applied unless contraindicated by the pa-
tient’s condition. In short, the patients received GEM or S-1 for 6 months according
to the protocol that was available at the time of treatment [28,29]. GEM at a dose of
1000 mg/m2 was administered weekly for 3 weeks followed by 1 week of rest; oral S-1
(80 mg/m2/day) was administered from days 1 to 28 followed by a 2-week rest period.
Chemotherapy was initiated at <2 months after the operation in all patients who were con-
sidered eligible for the treatment. Computed tomography was routinely performed every
6 months as a postoperative follow-up imaging examination, and a blood test, including
evaluation of TMs, was performed every 2 months to evaluate the recurrent disease.

4.5. Data Collection

We collected patient data from the medical records. Pretreatment factors included age,
sex, body mass index, tumor size, and blood test results, including serum CA19-9 level.
Preoperative factors included chemotherapeutic regimen, length of NAT, and change in
CA19-9 level. Perioperative factors included surgical procedures, region of tumor, operative
time, blood loss volume, blood transfusion, incidence of postoperative complications
according to the Clavien–Dindo classification [30], length of hospital stay, and 90-day
mortality.

The tumor-node-metastasis staging system for pancreatic tumors of the seventh edi-
tion of the Union for International Cancer Control was applied [31]. The pathological
data collected included tumor grade, number of positive lymph nodes, resection margins,
perineural invasion, PV invasion, and artery invasion. The surgical margin in this study
denoted either the stump of the pancreas or the bile duct or the dissected plane around
the pancreas as described by Staley et al. [32]. If viable cancer cells were detected mi-
croscopically at the tip of any of these sites, the surgical margin was noted as positive.
If the tumor was located at a distance of >1 mm from the surgical margin, the margin was
noted as negative.

4.6. Nutritional Status

In the current study, we also investigated several nutritional parameters at diag-
nosis and at operation, such as the GPS [33], mGPS [33], CONUT [19], PNI [22,33],
NLR [33,34], PLR [33], LMR [34], and SII [35], to verify their impact on the operative
outcome and the prognosis.

4.7. Statistical Analysis

A biostatistician (K.M.) was responsible for the statistical analysis. The Kaplan–Meier
method was used to calculate survival rates, and the difference in survival curves was
analyzed by the log-rank test. To detect prognostic factors for survival, we performed Cox
proportional hazard analysis, and hazard ratios and 95% confidence intervals (CIs) were
calculated. Goodness-of-fit for preoperative PNI was assessed by calculating the AUC
of the ROC curve, and the optimal cutoff value was determined using the Youden index.
Other cutoff values in Table 3 used their median values. Differences in nominal data
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between the two groups were examined using the chi-square test or Fisher’s exact test
when the expected value was <5. Differences in quantitative variables were evaluated
using Student’s t-test or the Mann–Whitney U test if the distribution was abnormal. A p
value < 0.05 was considered statistically significant. All statistical analyses were performed
using JMP statistical software (version 14.2; SAS Institute, Cary, NC, USA).

5. Conclusions

NAT using chemotherapy such as FFX or GnP is essential for improving the prognosis
of BR pancreatic cancer. This suggests that prognosis may be improved by maintaining
good nutritional status during preoperative treatment, not by the length of preoperative
treatment. In addition, normalization of TMs by preoperative treatment contributes to
the prolongation of survival.

Author Contributions: Conceptualization, N.K., S.Y. and T.F.; methodology, H.T., I.Y. and K.S.;
formal analysis, K.M.; investigation F.S., Y.H., K.H., T.W. and K.M. (Kosuke Mori); data curation,
H.B., T.M., M.K., M.H., K.M. (Koshi Matsui) and T.O.; writing—original draft preparation, N.K.,
Y.H. and H.B.; writing—review and editing, N.K., S.Y. and T.F.; supervision, Y.K. and T.F.; project
administration, Y.K.; funding acquisition, T.F. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by JSPS KAKENHI, grant number 18H02878.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Ethics Committee of University of
Toyama (protocol code: R2019141 and date of approval: 2 December 2019).

Informed Consent Statement: Patient consent was not required based on the use of anonymized
data.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. McGuigan, A.; Kelly, P.; Turkington, R.C.; Jones, C.; Coleman, H.G.; McCain, R.S. Pancreatic cancer: A review of clinical diagnosis,

epidemiology, treatment and outcomes. World J. Gastroenterol. 2018, 24, 4846–4861. [CrossRef] [PubMed]
2. Traverso, L.W. Pancreatic cancer: Surgery alone is not sufficient. Surg. Endosc. 2006, 20, S446–S449. [CrossRef] [PubMed]
3. NCCN. Clinical Practice Guidelines in Oncology (NCCN Guidelines): NCCN, Pancreatic Adenocarcinoma, Version 1. 2020.

Available online: https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf (accessed on 27 September 2020).
4. Japan Pancreas Society. Classification of Pancreatic Carcinoma, 4th ed.; Kanehara & Co., Ltd.: Tokyo, Japan, 2017.
5. Varadhachary, G.R.; Tamm, E.P.; Abbruzzese, J.L.; Xiong, H.Q.; Crane, C.H.; Wang, H.; Lee, J.E.; Pisters, P.W.; Evans, D.B.; Wolff,

R.A. Borderline resectable pancreatic cancer: Definitions, management, and role of preoperative therapy. Ann. Surg. Oncol. 2006,
13, 1035–1046. [CrossRef] [PubMed]

6. Fujii, T.; Satoi, S.; Yamada, S.; Murotani, K.; Yanagimoto, H.; Takami, H.; Yamamoto, T.; Kanda, M.; Yamaki, S.; Hirooka, S.; et al.
Clinical benefits of neoadjuvant chemoradiotherapy for adenocarcinoma of the pancreatic head: an observational study using
inverse probability of treatment weighting. J. Gastroenterol. 2016, 52, 81–93. [CrossRef]

7. Takahashi, S.; Kinoshita, T.; Konishi, M.; Gotohda, N.; Kato, Y.; Kinoshita, T.; Kobayashi, T.; Mitsunaga, S.; Nakachi, K.; Ikeda, M.
Borderline resectable pancreatic cancer: Rationale for multidisciplinary treatment. J. Hepatobiliary Pancreat. Sci. 2011, 18, 567–574.
[CrossRef]

8. Versteijne, E.; Vogel, J.A.; Besselink, M.G.; Busch, O.R.C.; Wilmink, J.W.; Daams, J.G.; van Eijck, C.H.J.; Groot Koerkamp, B.;
Rasch, C.R.N.; van Tienhoven, G.; et al. Meta-analysis comparing upfront surgery with neoadjuvant treatment in patients with
resectable or borderline resectable pancreatic cancer. Br. J. Surg. 2018, 105, 946–958. [CrossRef]

9. Miyasaka, Y.; Ohtsuka, T.; Kimura, R.; Matsuda, R.; Mori, Y.; Nakata, K.; Kakihara, D.; Fujimori, N.; Ohno, T.; Oda, Y.; et al.
Neoadjuvant Chemotherapy with Gemcitabine Plus Nab-Paclitaxel for Borderline Resectable Pancreatic Cancer Potentially
Improves Survival and Facilitates Surgery. Ann. Surg. Oncol. 2019, 26, 1528–1534. [CrossRef]

10. Janssen, Q.P.; Buettner, S.; Suker, M.; Beumer, B.R.; Addeo, P.; Bachellier, P.; Bahary, N.; Bekaii-Saab, T.; Bali, M.A.; Besselink,
M.G.; et al. Neoadjuvant FOLFIRINOX in Patients With Borderline Resectable Pancreatic Cancer: A Systematic Review and Patient-
Level Meta-Analysis. J. Natl. Cancer Inst. 2019, 111, 782–794. [CrossRef]

11. Motoi, F.; Satoi, S.; Honda, G.; Wada, K.; Shinchi, H.; Matsumoto, I.; Sho, M.; Tsuchida, A.; Unno, M.; Study Group of Preoperative
Therapy for Pancreatic Cancer (PREP). A single-arm, phase II trial of neoadjuvant gemcitabine and S1 in patients with resectable
and borderline resectable pancreatic adenocarcinoma: PREP-01 study. J. Gastroenterol. 2019, 54, 194–203. [CrossRef]

http://dx.doi.org/10.3748/wjg.v24.i43.4846
http://www.ncbi.nlm.nih.gov/pubmed/30487695
http://dx.doi.org/10.1007/s00464-006-0052-1
http://www.ncbi.nlm.nih.gov/pubmed/16557419
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
http://dx.doi.org/10.1245/ASO.2006.08.011
http://www.ncbi.nlm.nih.gov/pubmed/16865597
http://dx.doi.org/10.1007/s00535-016-1217-x
http://dx.doi.org/10.1007/s00534-011-0371-z
http://dx.doi.org/10.1002/bjs.10870
http://dx.doi.org/10.1245/s10434-019-07309-8
http://dx.doi.org/10.1093/jnci/djz073
http://dx.doi.org/10.1007/s00535-018-1506-7


Cancers 2021, 13, 36 15 of 16

12. Ferrone, C.R.; Marchegiani, G.; Hong, T.S.; Ryan, D.P.; Deshpande, V.; McDonnell, E.I.; Sabbatino, F.; Santos, D.D.; Allen, J.N.;
Blaszkowsky, L.S.; et al. Radiological and surgical implications of neoadjuvant treatment with FOLFIRINOX for locally advanced
and borderline resectable pancreatic cancer. Ann. Surg. 2015, 261, 12–17. [CrossRef]

13. Jang, J.Y.; Han, Y.; Lee, H.; Kim, S.W.; Kwon, W.; Lee, K.H.; Oh, D.Y.; Chie, E.K.; Lee, J.M.; Heo, J.S.; et al. Oncological Benefits
of Neoadjuvant Chemoradiation With Gemcitabine Versus Upfront Surgery in Patients With Borderline Resectable Pancreatic
Cancer: A Prospective, Randomized, Open-label, Multicenter Phase 2/3 Trial. Ann. Surg. 2018, 268, 215–222. [CrossRef] [PubMed]

14. Fujii, T.; Yamada, S.; Murotani, K.; Kanda, M.; Sugimoto, H.; Nakao, A.; Kodera, Y. Inverse Probability of Treatment Weighting
Analysis of Upfront Surgery Versus Neoadjuvant Chemoradiotherapy Followed by Surgery for Pancreatic Adenocarcinoma with
Arterial Abutment. Medicine (Baltimore) 2015, 94, e1647. [CrossRef] [PubMed]

15. Murakami, Y.; Satoi, S.; Sho, M.; Motoi, F.; Matsumoto, I.; Kawai, M.; Honda, G.; Uemura, K.; Yanagimoto, H.; Shinzeki, M.; et al.
National Comprehensive Cancer Network Resectability Status for Pancreatic Carcinoma Predicts Overall Survival. World J. Surg.
2015, 39, 2306–2314. [CrossRef] [PubMed]

16. Nagakawa, Y.; Hosokawa, Y.; Nakayama, H.; Sahara, Y.; Takishita, C.; Nakajima, T.; Hijikata, Y.; Kasuya, K.; Katsumata, K.;
Tokuuye, K.; et al. A phase II trial of neoadjuvant chemoradiotherapy with intensity-modulated radiotherapy combined with
gemcitabine and S-1 for borderline-resectable pancreatic cancer with arterial involvement. Cancer Chemother. Pharmacol. 2017, 79,
951–957. [CrossRef] [PubMed]

17. Hackert, T.; Sachsenmaier, M.; Hinz, U.; Schneider, L.; Michalski, C.W.; Springfeld, C.; Strobel, O.; Jäger, D.; Ulrich, A.; Büchler,
M.W. Locally Advanced Pancreatic Cancer: Neoadjuvant Therapy With Folfirinox Results in Resectability in 60% of the Patients.
Ann. Surg. 2016, 264, 457–463. [CrossRef] [PubMed]

18. Tran, N.H.; Sahai, V.; Griffith, K.A.; Nathan, H.; Kaza, R.; Cuneo, K.C.; Shi, J.; Kim, E.; Sonnenday, C.J.; Cho, C.S.; et al. Phase 2
Trial of Neoadjuvant FOLFIRINOX and Intensity Modulated Radiation Therapy Concurrent With Fixed-Dose Rate-Gemcitabine
in Patients With Borderline Resectable Pancreatic Cancer. Int. J. Radiat. Oncol. Biol. Phys. 2020, 106, 124–133. [CrossRef]

19. Kato, Y.; Yamada, S.; Suenaga, M.; Takami, H.; Niwa, Y.; Hayashi, M.; Iwata, N.; Kanda, M.; Tanaka, C.; Nakayama, G.; et al.
Impact of the Controlling Nutritional Status Score on the Prognosis After Curative Resection of Pancreatic Ductal Adenocarcinoma.
Pancreas 2018, 47, 823–829. [CrossRef]

20. Liang, R.-F.; Li, J.-H.; Li, M.; Yang, Y.; Liu, Y. The prognostic role of controlling nutritional status scores in patients with solid
tumors. Clin. Chim. Acta 2017, 474, 155–158. [CrossRef]

21. Baba, H.; Tokai, R.; Hirano, K.; Watanabe, T.; Shibuya, K.; Hashimoto, I.; Hojo, S.; Yoshioka, I.; Okumura, T.; Nagata, T.; et al. Risk
factors for postoperative pneumonia after general and digestive surgery: A retrospective single-center study. Surg. Today 2020, 50,
460–468. [CrossRef]

22. Kanda, M.; Fujii, T.; Kodera, Y.; Nagai, S.; Takeda, S.; Nakao, A. Nutritional predictors of postoperative outcome in pancreatic
cancer. Br. J. Surg. 2011, 98, 268–274. [CrossRef]

23. Kawai, M.; Hirono, S.; Okada, K.-I.; Miyazawa, M.; Shimizu, A.; Kitahata, Y.; Kobayashi, R.; Ueno, M.; Hayami, S.; Tanioka,
K.; et al. Low lymphocyte monocyte ratio after neoadjuvant therapy predicts poor survival after pancreatectomy in patients with
borderline resectable pancreatic cancer. Surgery 2019, 165, 1151–1160. [CrossRef] [PubMed]

24. Tashiro, M.; Yamada, S.; Sonohara, F.; Takami, H.; Suenaga, M.; Hayashi, M.; Niwa, Y.; Tanaka, C.; Kobayashi, D.; Nakayama,
G.; et al. Clinical Impact of Neoadjuvant Therapy on Nutritional Status in Pancreatic Cancer. Ann. Surg. Oncol. 2018, 25,
3365–3371. [CrossRef] [PubMed]
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