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Abstract  1 

Background: Distal pancreatectomy with en bloc celiac axis resection (DP-CAR) for pancreatic body 2 

cancer has been increasingly reported. However, its large-scale outcomes remain undocumented. This 3 

study aimed to evaluate the DP-CAR volume and mortality, preoperative arterial embolization for 4 

ischemic gastropathy (IG), oncological benefit for resectable tumors close to the bifurcation of splenic 5 

artery (SPA) and celiac artery using propensity score matching (PSM), and prognostic factors in DP-6 

CAR. 7 

Methods: In a multi-institutional analysis, 626 DP-CAR were analyzed retrospectively and compared 8 

with 1 325 DP in the same period. 9 

Results: The 90-day mortality was observed in 7 out of 21 high-volume (≥1 DP-CAR/year) centers and 10 

1 out of 41 low-volume centers (odds ratio (OR), 20.0; 95% confidence interval (c.i.) 2.26 to 177.26). 11 

The incidence of IG was 19.2% in the embolization group and 7.9% in the no embolization group (OR, 12 

2.77; 95% c.i., 1.48–5.19).  The PSM analysis showed that the median overall survival was 33.5 months 13 

(95% c.i., 27.4–42.0) in the DP-CAR and 37.9 months (95% c.i., 32.8–53.3) in the DP. Multivariable 14 

analysis identified age (≥67; hazard ratio (HR), 1.40; 95 % c.i., 1.12–1.75), preoperative tumor size 15 

(≥30 mm; HR, 1.42; 95% c.i., 1.12–1.80), and preoperative CA19-9 (>37 U/mL; HR, 1.43; 95% c.i., 16 

1.11–1.83) as adverse prognostic factors.  17 

Conclusion: DP-CAR was safely performed in centers for general pancreatic surgery regardless of DP-18 

CAR volume, and may not be required in preoperative embolization, no oncologic effect for resectable 19 

tumor closed to the bifurcation of SPA, and should be performed after appropriate patient selection. 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 
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Introduction  1 

Distal pancreatectomy with en bloc celiac axis resection (DP-CAR) was developed to accomplish R0 2 

resections for locally advanced pancreatic body cancer invading the celiac artery (CA), providing the 3 

prospect of survival to patients with unresectable (UR) lesions1-17. Owing to recent advances in 4 

chemotherapy, DP-CAR is performed more often following preoperative therapy18; however, mortality 5 

rate remained high at the low-volume centers12, and such a high-risk operation is indicated after proper 6 

patient selection only. Preoperative common hepatic arterial embolization and/or additional left gastric 7 

arterial embolization techniques have reportedly been used for the development of pancreatic head 8 

arterial arcade to prevent ischemic complications such as ischemic gastropathy (IG) and liver 9 

ischemia19,20. However, the effect of preoperative embolization remains controversial21,22, and arterial 10 

reconstruction is reported as an alternative23,24. The patient selection of potentially resectable pancreatic 11 

body cancer, DP-CAR may be performed for tumors close to the bifurcation of the splenic artery (SPA) 12 

and CA without CA or common hepatic artery (CHA) invasion, and avoid a risk of microscopic positive 13 

cancer cells or dissemination cancer cells during surgery.  14 

This study aimed to evaluate the following: 1) DP-CAR volume and mortality; 2) effectiveness of 15 

preoperative arterial embolization for ischemic complications; 3) survival effect of DP-CAR in patients 16 

with tumors close to the bifurcation of the SPA and CA without cancer invasion compared with that of 17 

DP using propensity score matching (PSM); and 4) preoperative prognostic factors to select patients for 18 

whom DP-CAR would have oncological value. The study hypotheses were as follows: the high-volume 19 

center would have low mortality in DP-CAR, preoperative arterial embolization would contribute to a 20 

low incidence of ischemic complications, and DP-CAR would have an oncological advantage for 21 

tumors close to the bifurcation of the SPA. Additionally, the study aimed to identify several prognostic 22 

factors. 23 

 24 

 25 

 26 

 27 
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Patients and methods  1 

Study design 2 

This study was a retrospective cohort analysis of the multicenter, 71 member institutions of the Japanese 3 

Society of Pancreatic Surgery that specialized in pancreatic surgery. All patients treated for pancreatic 4 

body cancer at these participating institutions were registered in a database. The study protocol was 5 

approved by the Institutional Review Board of Hokkaido University (no. 017-0402). 6 

 7 

Patient population 8 

Between September 1987 and December 2017, 1 951 patients with pancreatic invasive ductal 9 

adenocarcinomas of the body of the pancreas were enrolled. Patients were divided into two categories: 10 

1) tumors involved with or abutting the CHA and/or the CA (T4 tumor) and 2) tumors with an edge near 11 

the bifurcation of CHA and SPA without CHA nor CA involvement. Of these patients, 626 received DP-12 

CAR in 63 institutions, and 1 325 received DP in 71 institutions. DP-CAR was mainly performed for 13 

category 1 patients; DPs were mainly performed for category 2. Indications for employing the method 14 

were decided by each institution. The centers with an annual patient volume of one or more were 15 

considered high-volume DP-CAR centers, and others were considered low-volume DP-CAR centers12. 16 

The annual DP-CAR volume per center was based on the mean number of reported procedures between 17 

2015 and 2017. 18 

 19 

Data Collection 20 

The following factors were collected and examined: preoperative factors (sex, age, tumor size, serum 21 

albumin); C-reactive protein (CRP); carbohydrate Antigen 19-9 (CA19-9); modified Glasgow 22 

prognostic score (mGPS); prognostic nutritional index (PNI); neutrophil lymphocyte ratio (NLR); 23 

platelet–lymphocyte ratio (PLR); performance status; and preoperative therapy, operative factors 24 

(operative time, blood loss, blood transfusion, additional organs resected, and vascular reconstruction), 25 

mortality measures (30-day, 90-day), ischemic complications in the stomach, liver, or kidney, 26 

gastrointestinal perforation, abdominal abscess, reoperation, and hospital stay. Surgical morbidity was 27 
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evaluated based on the Clavien–Dindo classification25. Pancreatic fistula and delayed gastric emptying 1 

were evaluated according to the International Study Group of Pancreatic Surgery classification26,27. IG 2 

was defined as gastric dysfunction with endoscopic evidence of irregular, shallow, and wide ulcerations, 3 

including gastric partial or transmural necrosis, gastric fistula, or perforation due to ischemic changes 4 

as evidenced by clinical findings28,29. Hepatic ischemia was defined as radiographic ischemic findings 5 

concomitant with abnormal liver function tests10,24,29. Patients with ischemic cholecystitis and kidney 6 

disease showed radiographic ischemic findings or symptoms that required intervention. Pathological 7 

findings were assessed by pathologists at each hospital, using Union for International Cancer Control -8 

TNM version 7 for principal and initial recurrence patterns. Resectability was assessed based on the 9 

guidelines of the National Comprehensive Cancer Network (NCCN 2016 version)30. Overall survival 10 

(OS) time was calculated from the time of the first treatment, including preoperative treatment and 11 

surgery, to the last follow-up visit or death. Treatment detail and pathological summary were shown in 12 

Tables S1 and S2. 13 

 14 

Statistical Analysis 15 

Survival results between DP-CAR and DP were compared using PSM analysis, to reduce bias from 16 

factors influencing prognostic outcomes. Factors used for matching were preoperative available factors, 17 

including age, sex, tumor diameter (imaging diagnosis right before surgery), CA19-9 value (measured 18 

right before surgery), and preoperative treatment status.  Propensity scores were calculated using a 19 

logistic regression model, and one-to-one-matched groups were created with a caliper of 0.2. Data for 20 

continuous variables are expressed as median (interquartile rang; i.q.r). Categorical data were expressed 21 

in the form of numbers and proportions and were analyzed using Fisher’s exact test or χ2 test. Kaplan–22 

Meier curves were generated to estimate OS, and comparisons between groups were performed using 23 

log-rank tests. A P value <0.05 was considered statistically significant. All statistical analyses were 24 

performed using JMP® Pro (Version 16.1.0, SAS Institute Inc., Cary, NC, 1989–2023).  25 

 26 
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Results  1 

DP-CAR volume and mortality 2 

During the study period, DP-CAR was performed in 626 patients; the 30- and 90-day 3 

mortality were 1.3% and 2.7%, respectively (Table 1).  The number of DP-CAR procedures have 4 

increased with approximately 60 patients annually in recent years (Fig. S1).  In the past decade, 90-day 5 

mortality patients were observed in 8 centers and none in the remaining 54 centers. The incidence of 6 

one or more 90-day mortality patients was noted in 33.3% (7/21) of high-volume DP-CAR centers (DP-7 

CAR/year) 12 and 2.4% (1/41) of low-volume DP-CAR centers (odds ratio (OR), 20.0; 95% confidence 8 

interval (c.i.), 2.26–177.26; P = 0.0015). The DP-CAR mortality in each center is summarized in Table 9 

S3. 10 

 11 

The left gastric artery-preserving procedure and preoperative arterial embolization for 12 

postoperative ischemic gastropathy 13 

Of the 626 patients, 26 patients underwent DP-CAR with total gastrectomy and 600 patients 14 

underwent stomach-preserving DP-CAR, categorized as follows: 1) standard DP-CAR (n=442); 2) 15 

LGA-preserving DP-CAR (n=109); and 3) LGA-reconstructing DP-CAR (n=49) (Fig. 1). The incidence 16 

of IG in the standard DP-CAR was 14.7%, whereas that in the LGA-preserving DP-CAR was reduced 17 

to 0.9% (OR, 0.054; 95% c.i., 0.0074–0.39; P <0.0001). Conversely, the incidence of IG in the LGA-18 

reconstructing DP-CAR was 10.2% (OR, 0.66; 95% c.i., 0.25–1.72; P = 0.52, compared with standard 19 

DP-CAR). As an effect of preoperative arterial embolization, the incidence of IG was 19.2% in the 20 

embolization group and 7.9% in the no embolization group (OR, 2.77; 95% c.i., 1.48–5.19; P = 0.001). 21 

The CHA embolization with additional embolization of LGA including other vessels group, the 22 

incidence of IG was 19.2 per cent (OR, 0.99; 95% c.i., 0.52–1.90; P =0.98, compared with the only 23 

CHA embolization group). The ischemic morbidity in each procedure is summarized in Table S4. 24 

 25 

Outcomes of DP-CAR versus DP for pancreatic body cancer in which the tumor edge 26 

was close to the SPA bifurcation: propensity score-matched analysis   27 
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 Of 1951 pancreatic body cancer patients, 551 patients had tumors within 10 mm to the 1 

bifurcation of the SPA and the CA without cancer invasion to CA or CHA (Fig. 2a). Of the 551 patients, 2 

414 patients were performed DP, and 137 patients were performed DP-CAR (extended resection). After 3 

matching for age, sex, clinical tumor diameter (measured right before surgery), CA19-9 value 4 

(measured right before surgery), and preoperative treatment status, 135 patients were matched and 5 

included in each group (Fig. 2b). Before and after PSM are shown in Tables S5 and S6. The R0 resection 6 

rate (83.0% versus 80.7%; P = 0.64), adjuvant therapy (86.7% versus 85.9%; P = 0.96), and positive 7 

lymph nodes (57.0% versus 56.3%; P = 0.84) were similar between the two groups.  The median 8 

duration of overall survival (OS) was 33.5 months (95% c.i., 27.4–42.0) in the DP-CAR group and 37.9 9 

months (95% c.i., 32.8–53.3) in the DP group (p = 0.26; Fig. 2c). Subgroup analysis of both upfront 10 

surgery and preoperative therapy showed similar tendency as full set analysis. In the upfront surgery 11 

subgroup, the median duration of OS was 31.1 months (95% c.i., 20.3–49.1) in the DP-CAR group and 12 

37.6 months (95% c.i., 24.1–50.4) in the DP group (p = 0.95; Fig. S2a). In the preoperative therapy 13 

subgroup, the median duration of OS was 27.2 months (95% c.i., 21.3–36.4) in the DP-CAR group and 14 

42.8 months (95% c.i., 26.6–not reached) in the DP group (p = 0.11; Fig. S2b). 15 

 16 

Preoperative provable prognostic factors for DP-CAR  17 

To identify preoperative prognostic factors for postoperative OS in DP-CAR, clinical factors 18 

such as age, sex, tumor size, CA19-9, NLR, mGPS, PLR, and PNI were evaluated by univariable and 19 

multivariable analyses using data right before surgery in borderline resectable (BR)/UR patients (Table 20 

2). In the multivariable analysis, age ≥67 years (hazard ratio (HR), 1.40; 95% c.i., 1.12–1.75; P = 21 

0.0036), clinical tumor size (cTS) ≥30 mm (HR, 1.42; 95% c.i., 1.12–1.80; P = 0.0041), and CA19-9 22 

>37 U/ml (HR, 1.43; 95% c.i., 1.11–1.83; P = 0.0052) were poor prognostic factors for OS.  The median 23 

duration of OS was 21.0 months (95% c.i., 17.8–24.2) in the age ≥67 group and 29.2 months (95% c.i., 24 

24.9 to 34.0) in the age <67 group, 22.1 months (95% c.i., 20.4 to 24.5) in the cTS ≥30 mm group and 25 

30.9 months (95% c.i., 24.9 to 41.0) in the cTS <30 mm group, 22.1 months (95% c.i., 18.9 to 24.9) in 26 
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the CA19-9 >37 U/ml group and 40.1 months (95% c.i., 25.3 to 46.0) in the CA19-9 ≤37 U/ml group. 1 

Survival curves using the Kaplan–Meier and log-rank tests are shown in Fig. S3.  2 

 3 

Discussion  4 

Contrary to expectations, in this study, the mortality of DP-CAR in high-volume centers was 5 

higher than that in low-volume centers. A previous international multicenter study showed that DP-6 

CAR was associated with a 90-day mortality rate of 5.5% in 5 high-volume centers, and 18% in 18 low-7 

volume centers12. In our study, 87% of the centers had 0.0% 90-day mortality; therefore, this disparity 8 

in results may have been caused by the extremely low mortality rates in each center. One of the reasons 9 

for the lower mortality rates for DP-CAR in low-volume centers could have been that the facilities that 10 

participated were all high-volume centers for pancreatic surgery, even if they were low-volume for DP-11 

CAR. These institutions held the institutional certification of the Japanese Society of Hepato-Biliary-12 

Pancreatic Surgery, and surgeons held the licensing credentials of board-certified expert surgeons in the 13 

hepatobiliary-pancreatic field. Therefore, even if there were <1 DP-CAR/year, we believe that the 14 

quality of pancreatic surgery was equal to that of high-volume centers for DP-CAR. Another possibility 15 

is that high-risk patients were refused resection at low-volume centers, whereas high-volume centers 16 

may accept patients seeking a second or third opinion. Alternatively, a university hospital or cancer 17 

center could have taken on more challenging operations. In contrast, low-volume centers may have 18 

selected patients with low surgical risk. Working on aggressive surgical procedures such as DP-CAR 19 

may present a bias, in which the facility bears the increased risk of mortality. DP-CAR mortality risk 20 

score system including factors for low- versus high-volume center was provided by a previous study12; 21 

however, it was difficult to confirm the risk using our study patients (data not shown).  22 

In our study, preoperative hepatic artery embolization had a higher incidence of 23 

postoperative IG than without embolization. Similarly, several studies have recently reported that 24 

preoperative hepatic and or left gastric arterial embolization have no effect21,22. Additionally, a Spanish 25 

multicenter study showed that preoperative hepatic artery embolization did not improve morbidity, 26 

mortality, or survival probability33. It is presumed that if the CA is ligated during the operation, the 27 
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pancreatic head arcade will develop immediately. Contrast-enhanced findings during embolization 1 

supported the assumption that the pancreatic head arcade develops immediately after embolization19. 2 

There are several biases in the current study, such as blood flow from the right gastric artery or 3 

communication from the left hepatic artery will affect the gastric arterial supply. Speculating on the 4 

cause of the worsened effects of embolization, the embolization of the CHA and LGA develops a 5 

pancreatic head arcade, but may also develop the SPA, posterior gastric arteries (PGA), and short gastric 6 

arteries (SGA), resulting in enhanced blood flow to the stomach’s fundus that is more dependent on the 7 

PGA and SGA supply. In this situation, when DP-CAR is performed and the PGA and SGA are both 8 

dissected, it is speculated that the blood flow of the stomach fundus will almost instantaneously decrease. 9 

Thus, patients who are more dependent on PGA and SGA after embolization may suffer more severe 10 

ischemia following DP-CAR. This speculation must be confirmed by future research.  11 

Alternative to the embolization method, a blood flow-preserving technique is recommended 12 

for patients with IG, which preserves the LGA and/or left inferior phrenic arteries32. However, the LGA-13 

preserving DP-CAR had limited indications for patients without LGA-tumor involvement. In contrast, 14 

arterial reconstruction methods such as LGA reconstruction should be more widely acceptable23,24. Our 15 

results showed that the arterial reconstruction DP-CAR had 10.2% of IG. There may be technical 16 

problems with arterial patency after reconstruction or insufficient blood flow from the selected supply 17 

artery. Oba et al. have evaluated reconstruction quality using intraoperative angiography with 18 

indocyanine green-fluorescence (ICG) imaging for LGA, showing that 39% (7/18) of patients had poor 19 

flow following initial reconstruction, and five required LGA re-anastomosis34. Further, comparisons of 20 

clinical and vascular geometry data by Egorov et al. have revealed fast adaptation of collateral 21 

circulation, insignificant changes in the proper hepatic artery diameter, and a high risk of IG if the 22 

preoperative diameter of the pancreaticoduodenal artery was <2 mm35. Hence, preoperative 23 

embolization remains controversial; however, arterial reconstruction is for selected patients at risk of 24 

IG before surgery or have poor stomach blood flow as seen on ICG angiography during surgery. Thus, 25 

the arterial reconstruction team should be available in patients with a high risk of IG for DP-CAR. 26 

In this study, DP-CAR (extended resection) and DP (standard resection) were compared by 27 

PSM for pancreatic body cancer close to the bifurcation of SPA and CHA within 10 mm; however, no 28 
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difference was noted in R0 resection rates and survival. One of the possibilities for the lack of effect 1 

of oncological outcomes was that the DP R0 resection rate was unexpectedly high (80.7%), even if 2 

the tumor was located close to the bifurcation of the artery. The other possibility was that adjuvant 3 

therapy performed similar rate between DP patients (85.9%) and DP-CAR patients (86.7%). 4 

According to our results, it may be crucial to perform standard DP so that adjuvant chemotherapy 5 

could be immediately administered following surgery rather than providing extended resection. 6 

Conversely, as a strategy to improve the prognosis of locally advanced pancreatic body cancer, it is 7 

recommended that patient selection is conducted during preoperative treatment, safe surgery should 8 

be performed, and postoperative therapy must be administered to all patients. We posit that the 9 

preoperative prognostic factors such as age ≥67 years, clinical tumor size ≥30 mm, and CA19-9 >37 10 

U/ml may be helpful in selecting the patients for DP-CAR. 11 

This study had some limitations. First, it was a retrospective analysis of long-term data; 12 

therefore, biases were included, such as differences in collection periods between institutions and the 13 

numbers of DP-CAR procedures (even among high-volume centers), and varying provisions for DP-14 

CAR procedures in high-volume centers for pancreatic surgeries. Second, patients who initially required 15 

DP-CAR, but achieved tumor shrinkage after preoperative therapy and underwent standard DP, were 16 

included in the DP group. In conclusion, DP-CAR was safely performed in centers for general 17 

pancreatic surgery regardless of DP-CAR volume, and may not be required in preoperative arterial 18 

embolization, no oncologic effect for resectable tumor closed to the bifurcation of SPA and CA, and 19 

should be performed after appropriate patient selection. 20 
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Figure Legends 

 

Fig.1 Preoperative embolization and ischemic gastropathy 

The frequency of IG is shown for 600 stomach-preserving, DP-CAR procedures according to the status of 

preoperative embolization. The LGA-preserving DP-CAR group had excellent results (0.9%); however, 

standard groups and LGA reconstruction groups had worse results, with >10% of IG. Moreover, 

preoperative embolization of the CHA did not improve IG, even with additional arterial embolization of the 

LGA or other additional arterial embolization. The no embolization group demonstrated reduced IG 

compared with the preoperative embolization group (7.9% vs 19.2%, P=0.001). 

* Includes additional other arterial embolization procedures. IG, ischemic gastropathy. DP-CAR, distal 

pancreatectomy with en bloc celiac axis resection. LGA, left gastric artery. CHA, common hepatic artery. 

 

Fig. 2 Propensity score matching analysis to compare DP-CAR and DP for pancreatic body 

cancer in which the tumor edge was close to the SPA bifurcation 

a. Pancreatic body cancer situated close to the root of the SPA carries a risk of tumor exposure during DP, 

especially those near the SPA stump (yellow line). DP-CAR should be effective in reducing the risk of 

tumor exposure (blue line). 

https://doi.org/10.3390/cancers14051254
http://www.ncbi.nlm.nih.gov/pubmed/35267562


19 

 

b. Among patients with a tumor edge close to the splenic artery bifurcation within 10 mm (<0 mm–≤10 

mm), 414 patients received DP, whereas 137 patients received DP-CAR. We performed propensity 

score matching on these groups using five factors: age, sex, tumor diameter (imaging diagnosis done 

right before surgery), CA19-9 value (measured right before surgery), and preoperative treatment status. 

We matched 414 DP and 137 DP-CAR patients, and finally, 135 DP and 135 DP-CAR were analyzed 

(1:1 matching, Caliper 0.2).  

c. After propensity score matching, using the Kaplan–Meier and log-rank tests was shown. The median 

duration of overall survival was 33.5 months (95% c.i., 27.4–42.0) in the DP-CAR group and 37.9 

months (95% c.i., 32.8–53.3) in the DP group (p = 0.26).  

DP, Distal pancreatectomy. DP-CAR, Distal pancreatectomy with en bloc celiac axis resection. SPA, splenic 

artery. CHA, common hepatic artery. GDA, gastroduodenal artery. CA, celiac artery. PSM, propensity score 

matching. 

 



 

Table 1. Baseline patient characteristics and surgical outcomes 
 

Factor DP-CAR (n=626) DP (n=1325) 
Age (years), median (i.q.r.) 66 (59-72) 70 (64-76) 
Sex ratio (M:F) 362:264 714:611 
Upfront surgery  269 (43.0) 991 (74.8) 
Preoperative therapy  357 (57.0) 334 (25.2) 
    Systemic therapy 357 (57.0) 332 (25.1) 
    Radiation therapy 160 (25.6) 176 (13.3) 
Resectability    

Resectable  124 (19.8) 1165 (87.9) 
    Borderline resectable  327 (52.2) 111 (8.4) 

Unresectable  173 (27.6) 47 (3.6) 
    Unknown  2 (0.3) 2 (0.2) 
cTS (mm), median (i.q.r.)  29 (22-40) 21 (16−30) 
CA19-9 (U/ml), median (i.q.r.) 58.3 (15.6-261.9) 46.2 (14.0−183.3) 
modified GPS   

0 478 (76.4) 1072 (80.9) 
1/2 111 (17.7) 177 (13.4) 
Unknown  7 (5.9) 76 (5.7) 

PNI, median (i.q.r.) 46.5 (42.7-50.1) 47.7 (43.8-51.1) 
NLR, median (i.q.r.) 2.5 (1.8-3.7) 2.3 (1.7-3.2) 
PLR, median (i.q.r.) 152.2 (111.3-209.2) 141.0 (109.3-196.1) 
With total gastrectomy 26 (4.2) 31 (2.3) 
Clavien-Dindo grade ≥ IIIa  273 (43.6) 294 (22.2) 
Ischemic gastropathy 71 (11.3)                 2 (0.2) 
Liver ischemia 64 (10.2) 0 (0.0) 
DGE grade B/C 89 (14.6) 48 (3.6) 
Pancreatic fistula grade B/C 226 (36.1) 294 (22.2) 
Hospital stay (days), median (i.q.r.)  32 (20-52.5) 21 (14-35) 
Adjuvant therapy 486 (77.8) 1057 (79.8) 
Reoperation 36 (5.8) 20 (1.5) 
30-day mortality 8 (1.3) 3 (0.2) 
90-day mortality 18 (2.9) 7 (0.5) 
Values are n (%) unless otherwise indicated.  
i.q.r., interquartile range; cTS, clinical tumor size of imaging study right before surgery; CA19-9, 
carbohydrate antigen 19-9; GPS, Glasgow prognostic score; PNI, prognostic nutritional index; NLR, 
neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; DGE, delayed gastric emptying. 
 

 
 
 
 
 
 



 

 
 

Table 2. Univariable and multivariable analysis of preoperative available 
prognostic factors for DP-CAR (BR / UR) 
 Univariable Multivariable 

HR (95% c.i.) P value HR (95% c.i.) P value 
Age (years) ≥67   

<67  

1.42 (1.13-1.78)          0.002 1.40 (1.12-1.75) 0.004 

Male  

Female 

1.06 (0.84-1.34) 0.600   

cTS (mm)   ≥30  

<30  

1.55 (0.75-1.57) 0.0002 1.42 (1.12-1.80) 0.004 

CA19-9 (U/ml) >37 

≤37  

1.57 (1.24-2.00) 0.0002 1.43 (1.11-1.83) 0.005 

m GPS          2  

0/1 

1.09 (0.60-1.99) 0.783   

NLR            ≥5 

<5 

1.09 (0.77-1.53) 0.622   

PLR          <150  

≥150 

1.23 (0.64-1.01) 0.061 1.21 (0.97-1.52) 0.090 

PNI            <45  

≥45 

1.08 (0.86-1.36) 0.524   

CA19-9, Carbohydrate antigen 19-9; m GPS, modified Glasgow prognostic score; NLR, Nentrophil 
lymphocyte ratio; PLR, Platelet lymphocyte ratio; PNI, Prognostic nutritional index  
Modified Glasgow prognostic score was defined as follows: patients with both an elevated C-reactive protein 
(>1.0 mg/dl) and hypoalbuminemia (<3.5 g/dl) were allocated a score of 2. Patients with only one of these 
biochemical abnormalities were given a score of 1. Patients with neither of these abnormalities were given a 
score of 0. PNI was calculated as follows: 10 × Albumin (g/dl) + 0.005 × total lymphocyte count (/μl) 
BR, bordeline resectable; UR, locally advanced unrsectable, HR; hazard ratio  
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