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Abstract (word count: 202)

Background

Resection margin status and lymph node (LN) involvement are known prognostic factors for
patients who undergo pancreatoduodenectomy for pancreatic ductal adenocarcinoma (PDAC).
This study aimed to compare overall survival (OS) and disease-free survival (DFS) by

resection margin status in patients with PDAC and LN involvement.

Methods

A retrospective international multicentric study was performed including four Western
tertiary centers. Multivariable Cox analysis was performed to identify prognostic factors of
OS and DFS. Median OS and DFS were calculated using Kaplan-Meier curves and compared

using log-rank tests.

Results

A cohort of 814 patients with pancreatoduodenectomy for PDAC were analyzed. A total of
651 patients had LN involvement (80%). On multivariable analysis R1 resection was not an
independent factor of worse OS and DFS in patients with LN involvement (HR 1.1, p=0.565;
HR 1.2, p=0.174). Only tumor size, grade, and adjuvant chemotherapy were associated with
OS and DFS. Median OS and DFS were similar between patients with RO and R1 resections

(23 vs. 20 months, p=0.196; 15 vs. 14 months, p=0.080).

Conclusion

Resection status was not identified as predictor of OS or DFS in PDAC patients with LN
involvement. Extensive surgery to achieve RO resection in such patients might not influence

the disease course.



Introduction

For patients undergoing pancreatoduodenectomy for pancreatic ductal adenocarcinoma
(PDAC), there are several known prognostic factors.'* Complete surgical resection (RO
resection) has been shown to be associated with a better prognosis in terms of recurrence and

survival compared to patients with positive margin resections (R1 or R2 resections).*¢

Lymph node (LN) involvement appeared as a major prognostic factor in patients with

PDAC.”8 LN involvement increases the risk of recurrence and negatively impacts survival.”

To date, the impact of resection margin status (R status) in PDAC patients with proven
LN involvement remains to be elucidated. The aim of the present study was to assess whether
the R status (RO or R1) had an impact on overall survival (OS) and disease recurrence in
patients who underwent upfront pancreatoduodenectomy for PDAC and were shown to have

LN involvement.



Methods

Patients

The study period extended from January 1, 2000 to December 31, 2017. All consecutive
patients who underwent pancreatoduodenectomy for PDAC were prospectively collected and
retrospectively analyzed. PDAC diagnosis was based on histopathology of the surgical
specimen. Patients with ampullary tumors or distal cholangiocarcinomas were excluded.
Patients treated with neoadjuvant treatment were also excluded. Eligible patients were >18
years old and did not refuse to have their data used for research. Patients with R2 resection
(macroscopic tumoral invasion of the surgical margins) or presence of distant metastases were
excluded. Patients from four international tertiary centers were included: department of
Visceral Surgery, Lausanne University Hospital CHUV (Lausanne, Switzerland), division of
Hepatobiliary and Pancreatic Surgery, Carolinas Medical Center (Charlotte, USA), Pancreatic
Surgery Section, Humanitas Cancer Center (Milan, Italy), and department of Digestive
Surgery, Edouard Herriot Hospital (Lyon, France). Data were extracted from prospectively
maintained databases of the respective institutions. Patients were followed using regular CT

scans and tumor marker (CA19-9) measurements.

This study was approved by the local Ethics committee. It was conducted in

accordance with the Declaration of Helsinki and followed the rules of Good Clinical Practice.

Pathological definitions

Tumors were classified using the TNM staging system according to the 8™ edition of the
AJCC. All centers used during the study period and presently use the “1 mm rule” for the
resection margin status as defined by the British Royal College of Pathologists (RO defined as
absence of cancer cells within 1 mm of all resection margins).® As these recommendations

were first published in 2009, all cases where the above definition was not used were



retrospectively reviewed and regraded if necessary. Axial slicing of the surgical specimen was
used in all centers. All resection margins were inked and analyzed to assess medial, lateral,
anterior, and posterior tumoral involvement. All institutions performed standard
lymphadenectomy during pancreatoduodenectomy as defined by the International Study
Group for Pancreatic Surgery.'® All LN present in the surgical specimens were individually
evaluated on histology for the presence of tumoral cells. The entirety of each LN was
assessed. After all individual LN were sampled, the connective tissue and peripancreatic fat
was assessed to be sure that no LN was missed. Standardization of the methodology to assess
the LN was based on the recommendation of the British Royal College of Pathologists (last
edition October 2019). Of note, direct invasion of the LN by the primary tumor was classified
in this study as N1 as recommended by the British Royal College of Pathologists. The use of
the above protocol and definitions permitted to have homogeneity and conformity between

the participating centers.

End points and postoperative outcomes

Primary end points were OS rates in the RO and R1 groups in patients with LN involvement.
Secondary end points were disease-free survival (DFS); overall, loco-regional, and distant

recurrence rates, respectively.

Severity of postoperative complications occurring during hospital stay or within 30
postoperative days were graded according to Clavien classification.!! Grade V was defined as
perioperative mortality.!' The Comprehensive Complication Index (CCI) was calculated as
well.'? Date of death was established based on institutional, national, or follow-up data

specific to each center.

OS was calculated from operation date to last follow-up date or date of patient death

from any cause. DFS was calculated from operation date to first cancer-related event, last



follow-up date or date of patient death from any cause. In patients without event at time of
analysis, data were censored on the date of last follow-up. Patients who died perioperatively

were not taken into account in the survival analyses.

Recurrences were defined as appearance of recurrent tumoral disease based on
radiological or pathological evidences. Recurrences were separated into local (loco-regional)
and distant (metastatic disease). Local recurrence was defined as tumor recurrence in the
pancreas bed, remnant pancreas or along the pancreatic vascular axis (superior mesenteric
artery/vein, portal vein/hepatic artery, celiac trunk). Follow-up was performed every 6 months
with measure of CA19-9 and CT-scan during the first 2 years. Then, it was adapted based on
the oncologic evolution of the disease. Adjuvant treatment was considered at the beginning of
the study period for patients with R1 resections or lymph node involvement on pathology and

became a standard after all resection in the past few years.

Statistical analysis

Qualitative variables were compared using chi-square test and quantitative variables using
Mann-Whitney U test or Student #-test depending on the normality of the variables. Survival
analysis was performed using Kaplan-Meier curves. Comparisons between survivals (OS and
DFS) were made using a log-rank test. For OS and DFS, multivariable analyses using a Cox
proportional-hazards model were performed to assess prognostic factors (hazard ratio, HR,
with 95% confidence interval, CI). Items were included in the multivariable analysis if p-
value on univariable analysis was <0.1. P-values <0.05 were considered statistically
significant and all tests were two-sided. All statistical analyses were performed using SPSS

Statistics for Mac, version 25 (IBM Corp., Armonk, NY, USA).



Results

Overall cohort

There were 869 patients from four tertiary centers who underwent pancreatoduodenectomy

for PDAC during the study period (Fig. 1).

Postoperative complications (Clavien grades [-IV) occurred in 57% (464/814) of the
patients and median CCI was 0 (IQR 0-27.6, mean CCI 16.1 = 27.1). Mortality rate (Clavien
grade V) was 28/814 (3%). At a median follow-up of 51 months, median OS was 25 months
(95% CI: 22-28) and median DFS was 14 months (95% CI: 13-15). Patients with LN
involvement had worse median OS and DFS compared to patients without LN involvement
(21 [95% CI: 19-23] vs. 57 [95% CI: 38-76] months, p<0.001 and 13 [95% CI: 12-14] vs. 38
[95% CI: 25-51] months, p<0.001, respectively, supplementary eFig. 1). Patients with RO
resection had better median OS and DFS compared to patients with R1 resection (29 [95% CI:
25-34] vs. 22 [95% CI: 19-25] months, p=0.001 and 17 [95% CI: 15-19] vs. 13 [95% CI: 12-
14] months, p<0.001, respectively, supplementary eFig. 2). Among the 163 patients with
absence of LN involvement, patients with RO resection had better median OS and DFS
compared to patients with R1 resection (58 [95% CI: 38-82] vs. 33 [95% CI: 25-41] months,
p=0.045 and 45 [95% CI: 33-57] vs. 15 [95% CI: 1-34] months, p=0.048, respectively,
supplementary eFig. 3). On multivariable analysis, R status was an independent predictive
factor of OS (HR: 1.7, 95% CI: 1.1-3.2, p=0.042) in patients with absence of LN

involvement.

Patients with lymph node involvement

Table 1 shows the preoperative characteristics, demographics, pathological and surgical
details, and adjuvant treatments of patients with LN involvement (n=651, 80%) divided

according to R status. In the 299 patients with R1 resections, 182 (61%) had microscopic



invasion of the vascular margin (superior mesenteric vein or artery margin), 85 (28%) of the
anterior or posterior margin, 27 (9%) of the pancreatic neck, 4 (1%) of the
duodenum/stomach, and 1 (1%) of the common bile duct. Moreover, in the group with
vascular resection (n=124), median OS were similar between R0 and R1 resections (21 [95%
CI: 19-23] vs. 23 [95% CI: 18-28] months, p=0.332). Of note, in the group with vascular and

R1 resections (n=75), 39 (52%) patients had microscopic invasion of the vascular margin.

At a median follow-up of 58 months, recurrence rates were 209/352 (59%) in the RO
group and 204/299 (68%) in the R1 group. Loco-regional recurrences appeared in 39 (11%)
and 42 (14%) patients, distant recurrences (metastases) in 107 (30%) and 98 (33%) patients,
and combined loco-regional and distant recurrences in 63 (18%) and 64 (21%) patients in the
RO and R1 groups, respectively. At last follow-up, 427 patients (66%) had died and 68 (10%)

were lost to follow-up.

On multivariable Cox regression, tumor size, tumor grade, and adjuvant chemotherapy
were predictors of OS. R status was not an independent predictive factor of OS (HR: 1.1, 95%
CI: 0.8-1.4, p=0.565, Table 2). Median OS were similar between R0 and R1 groups (23 [95%
CI: 20-26] vs. 20 [95% CI: 17-23] months, p=0.196, Fig. 2a). The OS rates at 1, 2, and 3
years were 69%, 37%, and 22% in the RO group and 69%, 34%, and 13% in the R1 group,

respectively.

Median DFS were similar between RO and R1 groups (15 [95% CI: 13-17] vs. 14
[95% CI: 13-15] months, p=0.080, Fig. 2b). The DFS rates at 1, 2, and 3 years were 52%,
22%, and 12% in the RO group and 48%, 19%, and 7% in the R1 group, respectively. Among
patients with LN involvement, multivariable analysis showed that R status was not

independently associated with DFS (HR: 1.2, 95% CI: 0.9-1.5, p=0.174). Only tumor size,
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tumor differentiation, and adjuvant chemotherapy were found to be predictive of DFS (Table

3).

In the subgroups of N1 (<4 positive LN, n=330) and N2 (>4 positive LN, n=301)
patients, RO and R1 patients had similar median OS (N1 subgroup: RO: 27 months, 95% CI:
20-34 vs. R1: 23 months, 95% CI: 16-30, p=0.085; N2 subgroup: R0O: 18 months, 95% CI: 15-
22 vs. R1: 17 months, 95% CI: 14-20, p=0.999, supplementary eFig. 4). Similar findings
were found for median DFS in the N1 subgroup (RO: 18 months, 95% CI: 14-22 vs. R1: 16
months, 95% CI: 12-20, p=0.107) and in the N2 subgroup (RO: 13 months, 95% CI: 12-14 vs.

R1: 13 months, 95% CI: 11-15, p=0.667).

Adjuvant chemotherapy was found as a prognostic factor of OS and DFS (Tables 2
and 3). In patients with LN involvement who received adjuvant chemotherapy, no difference
in median OS and DFS was found between the RO and R1 groups (29 [95% CI: 26-32] vs. 24
[95% CI: 21-27] months, p=0.112 and 15 [95% CI: 11-19] vs. 12 [95% CI: 10-14] months,
p=0.062). In the 481 patients who received adjuvant chemotherapy (n=336) or
radiochemotherapy (n=145), 74% (354/481) received gemcitabine alone, 16% (75/481)
gemcitabine combined with other substances (paclitaxel n=25, capecitabine n=20,
cisplatin/epirubicin/capecitabine n=16, oxaliplatine n=9, fluorouracil n=2, erlotinib n=2,
cisplatin n=1), 4% (19/481) oxaliplatine combined with other substances
(fluorouracil/irinotecan n=9, fluorouracil n=6, capecitabine n=4), and 1% (6/481) various
substances (capecitabine n=3, fluorouracil n=2, fluorouracil/irinotecan n=1). In 27 patients
(5%), the used regimen was unknown. The median time of adjuvant chemotherapy was 6

months (IQR 5-6).
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Discussion

The main findings of this multicentric study were that RO and R1 resections defined by the “1
mm rule” had similar OS and DFS in patients with LN involvement. Moreover, resection

status was not an independent prognostic factor of OS or DFS in these patients.

The results of this study highlight the important prognostic role of LN involvement in
patients with PDAC. In the present cohort of 869 patients, LN involvement had worse OS and
DFS compared to patients without LN involvement. Moreover, resection status had no
influence on recurrence and survival in patients with LN involvement, whereas it had a
prognostic role in patients without LN involvement. A recent paper by Tummers et al.
evaluated the impact on recurrence and survival of the resection margin status after pancreas
surgery.'? The authors found that patients with R1 resection defined by the “1 mm rule” and
LN involvement had shorter time to loco-regional recurrence compared to R0 resection and
LN involvement.'*> Moreover, they also found that median OS was similar in patients with RO
and R1 resections in case of LN involvement (17 vs. 14 months, p=0.068).!3 These results
corroborate the findings of the present study regarding OS, but not regarding recurrence. It is
important to mention that the study by Tummers et al. included all types of pancreatectomy,
and even a few patients with metastasis.!® In a recent bicentric study by Honselmann et al.,
R1 resection defined according to the “1 mm rule” of the British Royal College of
Pathologists was independently associated with an increased risk of local recurrence
irrespective of LN involvement (285 patients had LN involvement) contrarily to the results of
the present study.” In their study, PDAC of all pancreatic regions were considered and a
higher incidence of tumors were well or moderately differentiated (G1-G2: 69%) compared to
the present study (52%). In the present study, LN involvement played a more preponderant
prognostic role compared to resection margin status as RO and R1 resections had similar long-

term outcomes (OS and DFS) in patients with LN involvement. LN involvement reflects
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tumor aggressiveness and local dissemination. This finding reinforces the importance of
multimodal treatment for PDAC and assumes that extended resections to obtain RO resection
might be less critical in case of LN involvement. Preoperatively, the aim of the surgical

resection should nevertheless remain obtaining RO resection.

Prognostic factors of OS and DFS in the multivariable analysis were tumor size,
differentiation grade, and adjuvant chemotherapy. Several studies found that tumor size,
grade, and chemotherapy were independent predictors of recurrence and survival.'*'® Groot
et al. assessed potential predictors of early recurrence (<12 months) in resected patients with
PDAC.'* Several factors were found in particular tumor size >3 ¢cm on CT-scan and poor
tumor differentiation similarly as in the present cohort. Tumor grading is therefore a key
prognostic marker in PDAC. In the present study, patients with differentiation grade 4 had
drastically shorter OS and DFS compared to patients with grade 1 (for RO: from 34 to 12
months and from 21 to 4 months, respectively, data not shown). This emphasizes the
importance of having precise histological analysis for a more specific prediction of the
oncologic prognosis. Preoperative LN biopsy guided by endoscopic ultrasound or
intraoperative LN samplings in case of doubts of LN involvement on preoperative imaging
could be performed to further tailor the oncologic approach (e.g., neoadjuvant treatment) and

operative strategy (e.g., vascular resection).!’1

The results found in this study raise different important points. First, if LN
involvement can be preoperatively diagnosed with high accuracy, extensive surgery with
vascular or multi-organ resection might not contribute to long-term survival. Hence, it might
be of interest to develop a precise management algorithm when LN involvement is found
intraoperatively to individually tailor the operative resection. Secondly, if LN involvement is
preoperatively proven, all these patients might be candidates for neoadjuvant treatments as

positive LN involvement is the initial step to develop systemic disease.?’?! The results of this
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study reinforce the hypothesis that LN status is among the strongest prognostic factors.® This
study suggests the preponderant prognostic role of LN status and that when LN involvement

1s present the resection status loses its prognostic value.

The present study has some limitations that need to be acknowledged. First of all, this
is a retrospective study, which has inherent biases linked to potential mistakes during data
collection, missing data, or follow-up difficulties. Another limitation lies in the diversity of

postoperative treatments that were performed in the different centers during the study period.

In conclusion, this multicentric international cohort of patients with PDAC who
underwent upfront pancreatoduodenectomy revealed that resection margins (RO or R1
resection) did not influence OS and DFS in case of LN involvement. In these patients, the

quest of RO resection at any price needs to be redefined.
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Figure legends.

Figure 1. Flowchart of the study patients.

Figure 2. Kaplan-Meier curves of overall survival (OS) and disease-free survival (DFS) of

patients with lymph node involvement according to resection status.

a) median OS 23 months (R0), 95% CI 20-26 vs. 20 months (R1), 95% CI 17-23,

p=0.196

b) median DFS 15 months (R0), 95% CI 13-17 vs. 14 months (R1), 95% CI 13-15,

p=0.080

Supplementary eFigure 1. Kaplan-Meier curves of overall survival (OS) and disease-free
survival (DFS) of all patients (n=786, the 28 patients with perioperative death were excluded)

according to lymph node involvement.

a) median OS 21 months (N+), 95% CI 19-23 vs. 57 months (NO), 95% CI 38-76,

p<0.001

b) median DFS 13 months (N+), 95% CI 12-14 vs. 38 months (NO), 95% CI 25-51,

p<0.001

Supplementary eFigure 2. Kaplan-Meier curves of overall survival (OS) and disease-free
survival (DFS) of all patients (n=786, the 28 patients with perioperative death were excluded)

according to resection status.

a) median OS 29 months (R0), 95% CI 25-34 vs. 22 months (R1), 95% CI 19-25,

p=0.001
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b) median DFS 17 months (R0), 95% CI 15-19 vs. 13 months (R1), 95% CI 12-14,

p<0.001

Supplementary eFigure 3. Kaplan-Meier curves of overall survival (OS) and disease-free
survival (DFS) of patients without lymph node involvement (n=155, the 8 patients with

perioperative death were excluded) according to resection status.

a) median OS 58 months (R0), 95% CI 38-82 vs. 33 months (R1), 95% CI 25-41,

p=0.045

b) median DFS 45 months (R0), 95% CI 33-57 vs. 15 months (R1), 95% CI 1-34,

p=0.048

Supplementary eFigure 4. Kaplan-Meier curves of disease-free survival (DFS) of patients
with lymph node involvement (n=631) according to resection status and stratified in N1 (<4

positive lymph nodes) and N2 (>4 positive lymph nodes) subgroups.

a) N1 patients (n=330): median DFS 18 months (R0), 95% CI 14-22 months vs. 16

months (R1), 95% CI 12-20 months, p=0.107

b) N2 patients (n=301): median DFS 13 months (R0), 95% CI 12-14 months vs. 13

months (R1), 95% CI 11-15 months, p=0.667
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Table 1. Preoperative characteristics, demographics, pathological and surgical details, and
adjuvant treatment of patients with lymph node involvement (n=651) divided according to

resection margin status (RO and R1).

RO resection R1 resection P_value
N=352 N=299

Age, years* 68 (60-75) 68 (60-75) 0.430
Sex (women) 169 (48%) 141 (47%) 0.860
Body-mass index, kg/m’* 24 (22-27) 25 (22-27) 0.505
Active smoker 75 (21%) 55 (18%) 0.700
Pre-existing diabetes 72 (20%) 72 (24%) 0.257
Jaundice 257 (73%) 194 (65%) 0.025
Preoperative biliary stenting 215 (61%) 175 (59%) 0.459
ASA score I-11 160 (46%) 161 (54%) 0.221
Highest CA 19-9, U/ml* 133 (27-582) 200 (40-717) 0.082
Tumor size on CT, mm* 25 (20-30) 25 (20-31) 0.794
Tumor size on pathology, mm* 30 (25-38) 32 (25-40) 0.015
T stage 1-2 50 (14%) 33 (11%) 0.227
Collected lymph nodes* 19 (13-25) 22 (16-28) <0.001
NI1/N2 194 (55%)/158 (45%) | 142 (47%)/157 (53%) | 0.052
Vascular invasion (V1)? 228 (65%) 227 (76%) 0.003
Tumor grade G1-G2 199 (57%) 141 (47%) 0.008
Classic Whipple® 122 (35%) 78 (26%) 0.018
PJ anastomosis 291 (83%) 256 (86%) 0.345
Portal vein resection 47 (13%) 72 (24%) 0.018
Arterial resection 2 (1%) 3 (1%) 0.526
Operation time, min*. 353 (300-450) 423 (325-497) <0.001
Intraoperative blood loss, m/* 400 (250-600) 475 (300-800) 0.052
Intraoperative blood transfusion 84 (24%) 93 (31%) 0.364
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Adjuvant treatment

Radiochemotherapy 65 (18%)
Chemotherapy only 191 (54%)
Radiotherapy only 5(1%)

80 (27%)
145 (49%)
9 (3%)

0.012
0.142
0.164

Data appear as number and percentage.

* Median and interquartile range.

Significant values appear in bold.

ASA: American Society of Anesthesiologists, CA: carbohydrate antigen, CT: computed

tomography, PJ : pancreaticojejunal.

a) Defined as microvascular invasion on pathology (V1 according to TNM staging).

b) The rest of the patients underwent pylorus-preserving Whipple.
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Table 2. Uni- and multivariable Cox regression analysis of potential pre- and intraoperative

factors associated with overall survival in patients with lymph node involvement (n=631).

Univariable analysis

Multivariable analysis

HR, 95% CI P-value HR, 95% CI | P-value
Age, years 1.0 (1.0-1.0) 0.126
Body-mass index, kg/m’ 1.0 (1.0-1.0) 0.835
Pre-existing diabetes 1.2 (0.9-1.5) 0.163
Jaundice 0.9 (0.8-1.1) 0.475
Preoperative biliary stenting 1.2 (1.0-1.4) 0.106
ASA score 1.2 (1.0-1.4) 0.020 1.2 (0.9-1.4) 0.216
CA 19-9, U/ml 1.0 (1.0-1.0) 0.027 1.0 (1.0-1.0) 0.225
Tumor size on pathology, mm 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) 0.001
T stage 1.1 (0.9-1.4) 0.239
Vascular invasion (V1)P 1.1 (0.9-14) 0.360
Grade (differentiation) 1.3 (1.1-1.5) 0.002 1.3 (1.1-1.6) 0.013
Resection status 1.2 (1.0-1.4) 0.086 1.1(0.8-1.4) 0.565
Portal vein resection 1.1(0.8-1.4) 0.480
Intraoperative transfusion 1.6 (1.3-2.0) <0.001 1.3 (1.0-1.7) 0.072
Adjuvant chemotherapy 2.4 (1.9-3.0) <0.001 2.3(1.7-3.1) <0.001

Significant values appear in bold.

ASA: American Society of Anesthesiologists, CA: carbohydrate antigen, HR: hazard ratio,

CI: confidence interval.

a) Patients with postoperative death (Clavien grade V) were excluded from the analysis.

b) Defined as microvascular invasion on pathology (V1 according to TNM staging).



Age, body-mass index, CA 19-9, and tumor size were treated as continuous variables.
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Table 3. Uni- and multivariable Cox regression analysis of potential pre- and intraoperative

factors associated with disease-free survival in patients with lymph node involvement

(n=631).
Univariable analysis Multivariable analysis
HR, 95% CI P-value HR, 95% CI | P-value
Age, years 1.0 (1.0-1.0) 0.211
Body-mass index, kg/m’ 1.0 (1.0-1.0) 0.498
Pre-existing diabetes 1.2 (1.0-1.5) 0.083 1.2 (0.9-1.5) 0.241
Jaundice 0.9 (0.7-1.0) 0.129
Preoperative biliary stenting 1.1(0.9-1.3) 0.312
ASA score 1.0 (0.9-1.2) 0.895
CA 19-9, U/ml 1.0 (1.0-1.0) 0.005 1.0 (1.0-1.0) 0.289
Tumor size on pathology, mm 1.0 (1.0-1.0) <0.001 1.0 (1.0-1.0) <0.001
T stage 1.0 (0.8-1.2) 0.880
Vascular invasion (V1)P 1.2 (1.0-1.4) 0.107
Grade (differentiation) 1.4 (1.2-1.6) <0.001 1.3 (1.1-1.5) 0.003
Resection status 1.3 (1.1-1.5) 0.010 1.2 (0.9-1.5) 0.174
Portal vein resection 0.9 (0.7-1.1) 0.396
Intraoperative transfusion 1.2 (1.0-1.5) 0.069 1.1 (0.9-1.4) 0.541
Adjuvant chemotherapy 1.9 (1.5-2.4) <0.001 1.9 (1.4-2.5) <0.001

Significant values appear in bold.

ASA: American Society of Anesthesiologists, CA: carbohydrate antigen, HR: hazard ratio,

CI: confidence interval.

a) Patients with postoperative death (Clavien grade V) were excluded from the analysis.

b) Defined as microvascular invasion on pathology (V1 according to TNM staging).



Age, body-mass index, CA 19-9, and tumor size were treated as continuous variables.
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