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INTRODUCTION
Surviving for 5 years is a milestone in cancer 
therapy, including in patients with pancreatic ductal 
adenocarcinoma (PDAC). Patients with PDAC have a poor 
prognosis because of local spread or metastatic disease at 
presentation and the associated low-rate of resectability [1, 
2]. Three-dimensional analysis has shown an association 
between poor patient prognosis and the presence of 
microscopic residual cancer following resection (R1) 
[3, 4]. However, the impact of resection on outcome is 
unclear, with some reports finding that R1 resection has 
independent prognostic significance [3, 5-9], whereas 
other reports found that R1 resection was not prognostic 
[10-12]. Moreover, several patients who have undergone 
R1 resection have achieved long-term survival [13-16]. To 
clarify the prognostic significance of R1 resection of PDAC, 
we followed patients who underwent R1 resection for as 
long as possible and evaluated their cause of death. Thus, 
this study was designed to clarify the prognostic influence 
of R1 and R0 resection of PDAC on ≥5-year survival.

METHODS
A total of two seventy one patients underwent pancreatic 
resection in our hospital during a 26-year period. Of these, 

33 survived ≥5 years; causes of death were known for those 
who died after 5 years. Patients with intraductal papillary 
mucinous neoplasms were excluded. Clinical data were 
obtained from patients’ charts, and pathological factors 
were assessed according to the first English edition of the 
classification of pancreatic cancer by the Japan Pancreas 
Society [17]. 

Surgical specimens were fixed in 10% buffered formalin 
for 24–48 hours and cut axially into slices 3–4 mm thick. All 
slices were evaluated macroscopically and microscopically. 
The degree of residual cancer in each sample was re-
assessed according to the criteria of the Royal College of 
Pathologists . R0 resection was defined as the complete 
absence of tumor tissue from the resection margins, and 
R1 resection was defined as the presence of tumor tissue 
≤1 mm from a circumferential margin surface, including 
the pancreatic cut edges, the dissected peripancreatic 
margin including the dorsal area of the pancreas and SMV 
groove, and the ventral surface. In addition, the correlation 
between the number of cancer-positive slices at initial R1 
resection and the time of tumor recurrence (<5 years vs. 
≥5 years) was analyzed in 30 patients who underwent 
R1 resection and died due to peritonitis carcinomatosis 
following local recurrence. 

Patients were followed-up for 61 to 288 months. Follow-
up included outpatient reviews, physical examination, 
laboratory studies, and imaging methods, including 
abdominal ultrasonography and CT whenever symptoms 
and/or laboratory data were suggestive of local recurrence 
or metastatic disease. Causes of death were assessed by CT 
scans, with an autopsy performed on one patient.
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Categorical variables were compared using the χ2 test 
and Spearman rank correlation. The principal outcome 
measure was length of survival, measured from the time 
of the original surgery and analyzed using the Kaplan–
Meier method. Patients alive at the time of follow-up were 
censored. Variables significant (P<0.05) on univariate 
analysis were included in multivariate analysis in a 
backwards stepwise fashion. All statistical analyses were 
performed using StatView.

RESULTS
Of the thirty three patients who survived ≥5 years, 19 
had undergone R0 resection and 14 had undergone R1 
resection (Table 1). The percentage of male patients was 
significantly higher in the R1 than in the R0 group. All 
tumors were classified as invasive ductal adenocarcinomas, 
with no between-group differences in tumor grade, 
lymphovascular permeation, or MIB-1 labeling index. 
However, final tumor stage was significantly earlier in the 
R0 than in the R1 group. 

Three positive circumferential margins were observed 
in the resected specimens (Table 2): the pancreatic cut 
edge (pw), the dissected peripancreatic margin including 
the dorsal area of the pancreas and SMV groove (ew), and 
the ventral surface (s). The most common positive margin 
in the R1 group was ew. Of the 14 patients in this group, 
12 had one involved margin and two had two involved 
margins. 

The cumulative survival rates of the R0 and R1 groups 
after 5 years differed significantly (Figure 1). Median 
survival was 85 months in the R1 group and 96 months 
in the R0 group. Of the 14 patients who had undergone R1 
resection, 12 died of peritoneal carcinomatosis following 
local recurrence. In contrast, only three patients died in the 
R0 group, two of senility and one of ischemic heart disease, 
but none died of PDAC recurrence. Interestingly, the time 
from surgery to death due to peritonitis carcinomatosis of 

R1 patients was inversely proportional to the number of 
cancer-positive slices (Figure 2, p<0.0032).

Multivariate analysis showed that R status was 
independently associated with long-term survival (Table 3). 

DISCUSSION
The presence of positive surgical margins after resection 
of a solid tumor is a factor associated with poor patient 
prognosis. However, the impact of microscopically 
positive resection margins (R1) on outcome in patients 
with PDAC has been found to vary, with several studies 
reporting that it has independent prognostic significance 
[3,5-9], while others have not [10-12]. Moreover, several 
patients who underwent R1 resection for PDAC survived 
for 5 years, confounding the impact of resection margin 
on patient prognosis [13-16]. Our results showed that 
R1 resection had an impact on the prognosis of patients 
who survived more than 5 years, and that these patients 
died because of peritoneal carcinomatosis following local 
tumor recurrence.

Several studies have described patient prognosis 5 years 
after surgery for PDAC. For example, five of 12 patients 
died of recurrent or metastatic pancreatic cancer more 
than 5 years after surgery [18], and 10 of 62 patients 
(16%) died of pancreatic cancer after 5 years [15]. One 
of 11 long-term survivors was found to experience a local 
recurrence 55 months after surgery and died 79 months 
postoperatively [19]. However, the mechanism underlying 
long-term recurrence is unclear. The pace of tumor 
progression may vary and may be determined by tumor 
biology rather than pathology, including by the number 
of tumor-initiating cells [20] and mesenchymal features 
[20-22]. We considered that late recurrence may also be 
associated with remnant tumor volume. About 90% of our 
patients who underwent R1 resection had only one positive 
slice. Moreover, we found that the time from surgery to 
recurrence was inversely proportional to the number 

Table 1. Clinicopathological parameters of patients in the R0 and R1 groups.
R0 (n=19) R1 (n=14) P value

Age 62.6 60.6 0.5463
Sex (M/F) 8/11 12/2 0.0236
Location (H/B/T) 10/9/0 9/4/1
Operative procedure 
- PD 
- DP 
- TP

11 
5 
3

9 
4 
1

0.4116

Degree of differentiation 
- Well 
- Moderately 
- Poorly

10 
5 
4

7 
6 
1

0.6732

Lymphovascular permeation 
- + 
- -

19 
0

12 
2

0.3251

pN 
- 0 
- 1

12 
7

7 
7

0.6816

Stage (I/II/III/IV) 10/1/6/2 1/1/9/3 0.0088
ki-67 (MIB-1) labeling index 16.4% 14.7% 0.6166
Chemotherapy (+/-) 7/12 6/8 0.7267
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of cancer-positive slices. Thus, remnant cancer volume 
might affect the time to recurrence. Detailed pathological 
examination may also help predict the time from surgery 
to recurrence. 

Genomic study of pancreatic cancer cells taken from 
autopsies indicated that the time interval between the 
occurrence of the initiating mutation and the first parental, 
non-metastatic founder cell was 10 years, with at least 5 
more years required for the acquisition of metastatic 
ability [23]. Our patients presented with tumor invasion 
or lymph node metastasis at surgical resection. However, 
the decreased tumor volume after surgical resection 
lengthened the time of tumor cell dissemination to >5 
years. That is, metastasis required not only gene mutations, 
but also tumor volume or environment.

Although a detailed 3-dimensional analysis of pancreatic 
specimens can be performed [3, 4], our pathological 
assessments were performed using serial tissue slices 3–5 

mm thick in a plane perpendicular to the duodenal axis. 
Despite the current lack of guidelines on the minimum 
number of blocks, the need for extensive sampling has been 
recognized [3, 24], with the number of circumferential 
resection margin blocks significantly correlating with R1 
rate [3]. Because we sometimes detected small metastatic 
deposits in regional lymph nodes and in the soft tissues, 
we examined all slices. Moreover, because pathological 
diagnosis may have changed, so may have the final tumor 
stage. In addition, other lesions may have been present, 
such as endocrine microadenomas. 

The significant difference in gender distribution in the R0 
and R1 groups may have been due to gender-associated 
differences in visceral adipose tissue in Japanese 
individuals, with males generally having substantially 
more visceral adipose tissue than females [25]. This 
increase in adipose tissue volume in males may have 
increased the difficulty of dissection, especially on the 
dorsal side of the pancreas. Consequently, cancer cells may 
have been more likely to remain in the dissected area in 
males. Further investigations of additional patients should 
include assessments of differences in weight or amounts of 
visceral fat on imaging modalities. 

In conclusion, there is a potential for tumor recurrence in 
the resected area of patients who undergo R1 resection 
of PDAC and survive for more than 5 years. Although 
the numbers of 5- and 10- year survivors with PDAC 
has increased, these patients should be followed-up as 
long as possible for the early diagnosis and treatment of 
recurrence. 
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Figure 1. Kaplan–Meier survival curves of patients with PDAC who 
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Figure 2. Correlation of number of positive slices and time to recurrence 
in patients who underwent R1 resection and died within 5 years or 
survived more than 5 years. The X-axis shows time (months) from surgical 
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slices on detailed pathological examination of patients who underwent 
R1 resection. 
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Location of R1
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