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Abstract
Local recurrence frequently occurs in patients with pancreatic cancer after intended curative resections. However, no treatment
strategies have been established for isolated local recurrence. Several series have demonstrated a survival benefit for reoperation in
selected pancreatic recurrence cases. This study compares the difference in overall survival (OS) between surgery and nonsurgery
groups in recurrent pancreatic cancer.
All patients from 1990 to 2014 with recurrent pancreatic cancer who underwent curative resections were investigated and

retrospectively reviewed. Clinicopathological features and OS were compared.
A total of 332 patients were recruited in this series. The majority had histologically pancreatic adenocarcinoma (289 patients,

87.0%). Fourteen of 332 patients (4.2%) with recurrent pancreatic cancer received subsequent resection. Most of these patients
underwent curative surgery (R0 resection, 13 patients, 92.9%), and only 1 patient (7.1%) had microscopic residual tumor (R1
resection). Disease-free survival (DFS), OS, and postrecurrence survival (PRS) were all significantly longer in the surgery group (DFS
10.6 vs 6.1 months, P=0.044; OS 57.8 vs 14.0 months, P<0.001; PRS 14.1 vs 6.0 months, P<0.001). The median survival times
were comparable in patients with recurrent pancreatic adenocarcinoma who received surgery and those who did not (DFS 10.6 vs
6.1 months, P=0.226; OS 23.7 vs 14.0 months, P=0.074; PRS 8.9 vs 5.8 months, P=0.183). However, the OS and PRS
were superior in the patients who did not display adenocarcinoma histologically but underwent operation for recurrence (OS 97.2 vs
16.9 months, P=0.016; PRS 65.7 vs 6.9 months, P=0.010). Notably, DFS levels were similar (16.0 vs 7.0 months, P=0.265).
Surgery can feasibly and safely provide survival benefits in selective recurrent pancreatic cancer. In patients who are histologically

negative for adenocarcinoma, survival is prolonged when the operation is performed with R0 resection. Patients with isolated
recurrent pancreatic adenocarcinoma need multidisciplinary therapy. In addition to operation, chemoradiotherapy and intraoperative
radiotherapy may also be considered; their roles should be further investigated.

Abbreviations: DFS= disease-free survival, IORT= intraoperative radiotherapy, OS= overall survival, PRS= postrecurrence-free
survival.
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1. Introduction

The annual incidence rate of pancreatic cancer is 1.1% to 1.2% in
the United States.[1] However, pancreatic cancer remains the 4th
leading cause of cancer-related death. In Taiwan, pancreatic
cancer was the 8th leading cause of cancer-related death in 2014,
which was 8.1%, and increased from 5.1%, the 10th leading
cause of cancer-related death in 2004.[2]

In the era of multidisciplinary approaches for the treatment of
various types of cancer, complete surgical resection remains the
gold standard of primary pancreatic malignancy. However,
approximately 10% to 20% of patients are able to undergo
resection.[3] A majority of patients develop local recurrence
following primary surgical resection, which may contribute
to this poor prognosis; 86% of patients have evidence of
locoregional recurrence despite complete primary surgical
resection.[3–5] Approximately 80% of surgically resected pancre-
atic cancers recur within 5 years of resection, and >60% of
patients develop recurrences within 2 years.[6]

Although the recurrence rates of pancreatic cancer are high, no
unanimous effective strategies have been established for these
patients. Multiple disciplines have been advocated, such as
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surgery, chemotherapy, radiation therapy, and intraoperative
radiotherapy (IORT). Isolated local recurrence differs from
peritoneal dissemination recurrence, and emerging studies have
demonstrated that isolated local recurrence may be treated using
repetitive resection in selected patients. However, very few cases
have been published.[7–13] Notably, the role of reoperation in
isolated recurrent pancreatic cancer remains uncertain. This
study investigates the role of surgery in patients with recurrent
pancreatic cancer. We also compare the survival benefit of
surgery for recurrent pancreatic adenocarcinoma or nonadeno-
carcinoma.
Table 1

Clinicopathological features between the surgical and nonsurgical
groups’ patients.

Variables
Surgical group,

n=14 (%)
Nonsurgical group,

n=318 (%)
P

value

Recurrent age, y 0.129
Median, range 59 (27–75) 65 (32–86)

Gender 0.006
Male 3 (21.4) 187 (58.8)
Female 11 (78.6) 131 (41.2)

Primary stage <0.001
IA 0 6 (1.9)
IB 6 (42.9) 25 (7.9)
IIA 4 (28.6) 91 (28.6)
IIB 4 (28.6) 196 (61.6)

Type of initial operation 0.001
Whipple 4 (28.6) 172 (54.1)
PPPD 1 (7.1) 77 (24.2)
Others

∗
9 (64.3) 69 (21.7)

Resection margin of
primary surgery

0.179

R0 13 (92.9) 225 (70.8)
R1 1 (7.1) 51 (16.0)
R2 0 42 (13.2)

Histopathology 0.001
Adenocarcinoma 7 (50.0) 282 (88.7)
Nonadenocarcinoma 7 (50.0) 36 (11.3)

Adjuvant chemotherapy 0.252
Yes 7 (50.0) 107 (33.6)
No 7 (50.0) 211 (66.4)

Recurrent pattern 0.111
Local 5 (35.7) 76 (23.9)
Hematogeneous 7 (50.0) 107 (33.6)
Peritoneal carcinomatosis 2 (14.3) 135 (42.5)

PPPD = pylorus-preserving pancreaticoduodenectomy.
∗
Including total, regional, distal, and subtotal pancreatectomy.
2. Materials and methods

2.1. Study design

Between 1990 and 2014, we prospectively collected patients with
recurrent pancreatic cancer who underwent curative resections at
Chang Gung Memorial Hospital, Linkou, Taiwan. The Chang
Gung Medical Foundation Institutional Review Board has
approved this study. All patients with recurrent pancreatic cancer
underwent initial curative operations, and the patients with
recurrence were selected for a second operation. Based onwhether
a selected secondoperationwasperformed, patientswere classified
into a surgery group, which was defined as those who underwent
initial surgery followed by a secondoperation for recurrence, and a
nonsurgery group, which was defined as those who underwent an
initial operation only and palliative treatment for recurrence.
Clinicopathological features, including age; sex; initial tumor,
node, metastasis (TMN) stage; type of the initial and second
operations; resection margin; adjuvant chemotherapy; recurrent
site; and primary histopathology were compared between these 2
groups. According to imaging studies during regular follow-up
after previous surgery, tumor evidence was defined as progressive
soft tissue growth at specific predilection sites. Histopathologic
confirmationwas not routinely conducted for a diagnosis of tumor
recurrence. Patients with suspected local recurrence without
evidence of carcinomatosis or multiple distant metastases and
those with acceptable performance status were selected for
reoperation. Evidence of recurrence or metastasis was diagnosed
with computed tomography with contrast. Only 1 patient was
confirmed as liver metastasis by means of needle biopsy.
In reoperation, the operative, postoperative, and pathological

records were reviewed to assess perioperative outcomes. The
length of hospital stay, perioperative morbidity and mortality,
resection status of the second operation, and pathology type were
recorded. The morbidity and mortality were classified according
to Dindo–Clavien definitions. The primary goal of the second
surgery was to achieve complete microscopic resection (R0), and
resection status was defined as R0 resection based on the
histopathological report. Those who achieved complete macro-
scopic resection but had residual microscopic lesions were
categorized as R1 resection, and those with residual macroscopic
resection were categorized as R2 resection.
Disease-free survival (DFS) was defined as the duration between

the first (in the reoperation group) operation or the only operation
(in the nonsurgery group) and the documented progression of
residual disease or recurrent disease during regular follow-up.
Postrecurrence survival (PRS) was defined as the interval between
documented recurrence and death from any cause or the most
recent follow-up.Overall survival (OS)was defined as the duration
between the date of the first operation to the date of death fromany
cause or to the date of the most recent follow-up.
2

2.2. Statistics

Parameters in the groups were compared using Student t test for
numerical parameters and the x2 test or Fisher exact test for
categorical parameters. The survival rates were calculated using
the Kaplan–Meier method, and a survival analysis was
performed with the log-rank test. A statistical analysis was
conducted using the Statistical Package for the Social Sciences
(SPSS, Inc., Chicago, IL) for Windows Version 13. A 2-sided
P value<0.05 was defined as statistically significant.

3. Results

A total of 332 patients were recruited for this series. The majority
of patients were histologically positive for pancreatic adenocar-
cinoma (289 patients, 87.0%). Fourteen of the 332 patients
(4.2%) with recurrent pancreatic cancer received subsequent
resection. Based on primary TMN stage, the patients who
underwent conservative treatment during recurrence were
initially more advanced (stage IIB, 28.6% vs 61.6%, P<
0.001). The majority of patients in both groups who underwent
pancreaticoduodenostomy during the initial operation achieved
complete microscopic resection (R0 resection, 92.9% vs 70.8%,
P=0.179). However, 42 (13.2%) of the 318 patients who
received conservative treatment during recurrence could not
achieve tumor-free status but had a grossly visible tumor (R2
resection) in the primary operation. In contrast, no patients had
R2 resection during the initial operation in the surgery group. The
clinicopathological features are summarized in Table 1. Table 2
compared the parameters in advance.



Table 2

Bayesian analysis for a logistic regression model using surgical
group as the dependent variable in recurrent pancreatic cancer.

Variables OR 95% CI of OR P value

Recurrent age, y 0.956 0.909–1.005 0.080
Gender
Male 1 0.044
Female 3.968 1.035–15.152

Primary stage
IA 1
IB 3.516 0.422–29.334 0.245
IIA 1.448 0.174–12.053 0.732
IIB 1.017 0.121–8.537 0.987

Type of initial operation
Whipple 0.335 0.093–1.207 0.095
PPPD 0.225 0.036–1.388 0.108
Others

∗
1

Resection margin of primary surgery
R0 1
R1 0.419 0.071–2.477 0.337
R2 0.222 0.012–4.020 0.308

Histopathology
Adenocarcinoma 1
Nonadenocarcinoma 2.176 0.571–8.301 0.255

Adjuvant chemotherapy
Yes 1 0.340
No 1.805 0.536–6.098

Recurrent pattern
Local 1.481 0.406–5.404 0.552
Hematogeneous 1
Peritoneal carcinomatosis 0.399 0.089–1.788 0.230

Bayesian analysis for dealing with complete or quasicomplete separation in logistic regression
model.[15]

CI = confidence interval, OR = odds ratio, PPPD = pylorus-preserving pancreaticoduodenectomy.
∗
Including total, regional, distal, and subtotal pancreatectomy.

Table 3

Operative method of reoperation in the surgical group (n=14).

Patient Operative method

1 En bloc tumor resection of with gastric fundus resection, left
nephrectomy, diaphragm resection, and distal pancreatectomy

2 Total pancreatectomy
3 Excision of intra-abdominal tumor, pancreas excision
4 Right hepatic lobectomy
5 Partial peritoneal and tumors resection
6 Liver segment 8 wedge resection
7 Excision of enucleation of pancreatic head tumor, revision of

pancreaticojejunostomy with resection of small tumor
at anastomosis site

8 Right liver partial resection
9 Whipple operation
10 Resection of small bowel with anastomosis, resection of colon

with anastomosis, and feeding jejunostomy
11 Oophorectomy
12 Left side salpingo-oophorectomy
13 Right paracolic tumor excision
14 Excision pancreatic tumor, partial gastrectomy, and enterolysis
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The operative method and perioperative outcomes for the
second operation performed for recurrence are presented in
Tables 3 and 4, respectively. The interval between the operations
was 13.9 months (range 4.4–51.2 months). Among these 14
patients, 7 (50%) had adenocarcinoma; the remaining 7 (50%)
did not.Most of these 14 patients underwent curative surgery (R0
resection, 13 patients, 92.9%), and only 1 patient (7.1%) had
microscopic residual tumor (R1 resection). The median hospital
stay was 13 days (4–29 days), and only 1 patient had surgical
morbidity (wound infection). No surgical mortality was
observed.
Figure 1. (A) Disease-free survival of the surgical and nonsurgical groups. (B) Postr
of the surgical and nonsurgical groups.
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Oncological outcomes between the surgery and nonsurgery
groups were analyzed and are provided in Table 3. The estimated
DFS was significantly longer in the surgery group (10.6 vs 6.1
months, P=0.044, Fig. 1A). The median PRS and OS were also
significantly longer in the surgery group (PRS 14.1 vs 6.0 months,
P<0.001, Fig. 1B; OS 57.8 vs 14.0 months, P<0.001, Fig. 1C).
The 3-year DFS rate (21.4% vs 5.0%), recurrence-free survival
rate (47.6% vs 4.4%), and OS rate (59.3% vs 17.0%) were
statistically longer than in the nonoperation group.
We also assessed the oncological outcomes of reoperation

according to histologic features DFS, PRS, and OS were
comparable in patients with recurrent pancreatic adenocarcino-
ma who received surgery and those who did not (DFS 10.6 vs 6.1
months, P=0.226, Fig. 2A; PRS 8.9 vs 5.8 months, P=0.183,
Fig. 2B; OS 23.7 vs 14.0 months, P=0.074, Fig. 2C). However,
OS and PRS were superior in the patients who were not
histologically positive for adenocarcinoma but underwent
operation for recurrence (PRS 65.7 vs 6.9 months, P=0.010,
Fig. 3B; OS 97.2 vs 16.9 months, P=0.016, Fig. 3C). DFS rates
were similar (16.0 vs 7.0 months, P=0.265, Fig. 3A). Table 5
shows the adjusted hazard ratio of the surgical and nonsurgical
groups, which took recurrent age, gender, the type of initial
operation, primary stage, resection margin of primary surgery,
histopathology, adjuvant chemotherapy, and recurrent pattern
into account. The adjust hazard ration was 3.29 for reoperation.
ecurrent-free survival of the surgical and nonsurgical groups. (C) Overall survival

http://www.md-journal.com


Table 4

Perioperative outcomes of the surgical group (n=14).

Variables n (%)

Interval between 2 operations, mo
Median (range) 13.9 (4.4–51.2)

Resection margin
R0 13 (92.9)
R1 1 (7.1)
R2 0

Pathology type
Adenocarcinoma 7 (50.0)
Nonadenocarcinoma 7 (50.0)
Adenosquamous cell carcinoma 1 (14.3)
Intraductal papillary–mucinous carcinoma 3 (42.8)
Islet cell carcinoma 1 (14.3)
Acinar cell carcinoma 1 (14.3)
Anaplastic carcinoma with osteoclast-like giant cells 1 (14.3)

Length of hospital stay, d
Median (range) 13 (4–29)

Perioperative morbidity 1 (7.1)
Perioperative mortality 0

Table 5

Adjusted hazard ratio of the surgical and nonsurgical groups.

Status

Nonsurgical
group

(n=318)

Surgical
group
(n=14)

Crude HR
(95% CI)

Adjusted HR
(95% CI)

Death from
pancreas
cancer

295 (92.8%) 8 (57.1%) 3.85 (1.78–8.29)
∗

3.29 (1.40–7.72)
∗∗

Adjusted for recurrent age, gender, type of initial operation, primary stage, resection margin of primary
surgery, histopathology, adjuvant chemotherapy, and recurrent pattern.
CI=confidence interval, HR=hazard ratio.
∗
P<0.001.

∗∗
P=0.006.
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4. Discussion

No consensus has been achieved regarding the standard
treatment for recurrent pancreatic cancer. Numerous approaches
have been advocated. Additionally, pancreatic cancer recurrence
tends to be multifocal and aggressive; thus, resection is rarely
indicated. However, emerging data have demonstrated a survival
benefit for reoperation in selected cases. Strobel et al[13] presented
Figure 2. (A) Disease-free survival of the surgical and nonsurgical groups with ade
nonsurgical groups with adenocarcinoma histologically. (C) Overall survival of the

Figure 3. (A) Disease-free survival of the surgical and nonsurgical groups with non
and nonsurgical groups with nonadenocarcinoma histologically. (C) Overall survival
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a significantly longer median survival after resection (26.0
months) than exploration without resection (10.8 months, P=
0.0104) in 41 of 55 patients with recurrent pancreatic cancer.
R0 resection was achieved in 18 of these 41 patients and resulted
in a median survival of 30.5 months. Thomas et al[12] also
demonstrated a longer median survival of 17 months in 15 of
30 patients with isolated local recurrent pancreatic cancer.
Remarkably, reoperation in our cohort significantly prolonged
DFS, OS, and PRS in patients with recurrent pancreatic cancer
(DFS, 10.6 vs 6.1 months, P=0.044; OS 57.8 vs 14.0 months,
P<0.001; PRS 14.1 vs 6.0 months, P<0.001). In patients who
are not locally advanced or had metastatic pancreatic cancer,
operation appears to be most effective therapy to reduce tumor
burden; this finding may have contributed to our result.
Our study further clarifies the benefit of operation in recurring

adenocarcinoma or nonadenocarcinoma. In contrast with
nocarcinoma histologically. (B) Postrecurrence-free survival of the surgical and
surgical and nonsurgical groups with adenocarcinoma histologically.

adenocarcinoma histologically. (B) Postrecurrence-free survival of the surgical
of the surgical and nonsurgical groups with nonadenocarcinoma histologically.
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previous studies, we found that reoperation leads to survival
benefits only in recurrent pancreatic cancer that is not
histologically adenocarcinoma. In these patients, recurrence-free
survival improved from 6.9 to 65.7 months (P=0.010), and
OS was significantly prolonged from 16.9 to 97.2 months (P=
0.016). Additionally, operation can be safely performed with
minimal morbidity and no mortality and is accompanied by
a short hospital stay. Our cohort includes 3 patients with
intraductal papillary mucinous carcinoma, 1 patient with
adenosquamous cell carcinoma, 1 patient with islet cell
carcinoma, 1 patient with acinar cell carcinoma, and 1 patient
with anaplastic carcinoma with osteoclast-like giant cells. In
contrast, most previous studies primarily included patients with
recurrent ductal adenocarcinoma, and oncological outcomes
improved in patients with re-resection. However, only half of the
patients who underwent operation for recurrence were diagnosed
with adenocarcinoma in our study, and the median OS was
comparable between the surgical and nonsurgical groups (OS
23.7 vs 14.0 months, respectively, P=0.074), so were the median
DFS (10.6 vs 6.1 months, P=0.226) and PRS (8.9 vs 5.8 months,
P=0.183). Kleeff et al[9] reported that 15 of 30 patients with
recurrent pancreatic adenocarcinoma demonstrated a tendency
toward an increasedmedian survival. This phenomenon occurred
in a group of patients undergoing resection compared with a
bypass and exploration group (although without statistical
significance). This finding is compatible with our result.
Consequently, multiple strategies should be adopted in these
patients. Habermehl et al[14] used chemoradiotherapy as an
intended curative therapy in patients with complete remission or
after achieving a re-resection for recurrent pancreatic cancer.
Strobel et al[13] found that patients with resection of isolated local
recurrence receiving IORT combined with percutaneous chemo-
radiation tended to have superior survival to that of patients
without IORT, and patients with unresectable isolated local
recurrence had a significantly longer median survival with IORT.
Strict selection is warranted in patients with recurrence; thus,

selection bias, heterogeneity, and the lack of control group
influence our results. Thus, we cannot conclude that reoperation
prolongs survival. However, a significantly longer survival
benefit was demonstrated in the surgery group, especially in
those without adenocarcinoma. Additionally, a less advanced
disease initially with as complete as possible resection in primary
surgery may indicate a secondary operation candidate. This
phenomenon leads to a better prognosis during recurrence and
thus a more favorable prognosis.
Survival improves with re-resection in selected recurrent

adenocarcinoma; however, several limitations should be noted.
Notably, our study had a small sample size of patients in
individual subgroups. Only 7 patients with adenocarcinoma and
7 with nonadenocarcinomal disease were recruited. In the
nonadenocarcinoma group, each individual histology subtype
had substantially fewer patients. Obviously, the data regarding
patients with nonadenocarcinoma were very difficult to interpret
due to the small numbers and the heterogeneity of this cohort.
However, a survival benefit was demonstrated despite the small
sample size, and a similar result is anticipated in a larger group of
patients. Second, this study was a retrospective, nonrandomized
study. Group characteristics and medical records were as
complete as possible. However, selection bias could not be
prevented, and the data may not have been comprehensively
5

collected. Third, there were no standardized criteria, and the
diagnosis of recurrent disease had no pathological proof in some
patients. Radiological evidence was the only foundation of
diagnosis in most patients. Fourth, the indication for reoperation
for selective recurrent pancreatic cancer has not been standard-
ized nor well established and reoperation was performed by
multiple surgeons, so selection bias is inevitably. Finally, more
patients had histopathology of adenocarcinoma, in the non-
surgery group, which might partially impacted the survival that
led to poorer prognosis in this group.
This limitation may have affected the survival of those initially

managed with palliative therapy but who are now surgery
candidates.

5. Conclusion

According to our series, surgery can provide feasible and safe
survival benefits in selected patients with recurrent pancreatic
cancer. In patients who are histologically indicated as non-
adenocarcinomal, survival is prolonged when operation is
performed with R0 resection. Those with isolated recurrent
pancreatic adenocarcinoma require multidisciplinary therapy.
Chemoradiotherapy and intraoperative radiotherapymay also be
considered in addition to surgery; these modalities warrant
further investigation.
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