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Abstract
Background: Recurrence after resection of pancreatic cancer 
occurs in up to 80% of patients in the first 2 years after com-
plete resection. While most patients are not eligible for surgi-
cal treatment due to disseminated disease, a certain group of 
patients can be evaluated for re-resection of local recurrence. 
This review summarizes the current literature on surgical 
treatment of recurrent pancreatic cancer and potential prog-
nostic factors. Summary: Re-resection of recurrent pancreat-
ic cancer provides a significant survival benefit to selected pa-
tients with acceptable procedure-related mortality. Median 
overall survival after re-resection of recurrent pancreatic can-
cer is up to 28 months. The most relevant clinical parameters 
associated with a prognostic benefit are young patient age 
(<65 years), time to initial resection (>10 months), and preop-
erative chemotherapy before re-resection. Molecular markers 
are currently under investigation and might help to improve 
patient selection in the future. Key Message: Re-resection of 
recurrent pancreatic cancer is safe and feasible in experi-
enced hands. Selected patients benefit from surgical treat-
ment, but future studies are needed to identify reliable prog-
nostic markers predicting survival. © 2021 S. Karger AG, Basel

Introduction

Pancreatic cancer is one of the most aggressive and fa-
tal malignancies, accounting for almost 500,000 deaths 
per year worldwide [1]. While most patients are diag-
nosed in an advanced tumor stage without any options of 
surgical treatment, around 30% of patients can be treated 
by radical resection. Over the past 2 decades, adjuvant 
treatment regimens have been introduced into clinical 
routine based on the findings of randomized-controlled 
trials such as those by the ESPAC group.

Since the publication of first results from the ESPAC-1 
trial, advances in adjuvant therapy have been constantly 
increasing overall survival. Postoperative therapy with 
gemcitabine and subsequently with gemcitabine and 
capecitabine combined has been shown to significantly 
increase prognosis [2, 3]. The percentage of patients who 
can be offered surgical resection has increased as well 
since the introduction of neoadjuvant treatment for lo-
cally advanced tumors [4]. The FOLFIRINOX scheme 
has significantly improved resectability rates in a neoad-
juvant setting and has become a clinical standard for ad-
juvant treatment after complete resection [5].

Along with improvement in adjuvant and neoadju-
vant treatment, surgical resection techniques have been 
tremendously enhanced and remain the backbone of any 
curative therapy for pancreatic cancer [6]. Main surgery-
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related factors that determine oncologic outcome are 
clear resection margins and, given the key prognostic sig-
nificance of positive lymph nodes, likely also the extent of 
lymphadenectomy [7–9]. In all clinical trials investigat-
ing different adjuvant treatment regimens, patients with 
R0 resection consistently had better outcomes than those 
with an R1 resection. This applies independently of pri-
mary tumor localization (head, body, or tail of pancreas), 
and R0 resection should thus be the main goal of surgical 
procedures in pancreatic cancer.

The Role of Neoadjuvant Treatment

Based on the data from the ESPAC trials, surgical re-
section followed by intense adjuvant chemotherapy is the 
current standard of care for resectable pancreatic cancer. 
As described above, neoadjuvant therapy is the standard 
treatment for borderline-resectable or locally advanced 
tumors. The implementation of standard neoadjuvant 
treatment is currently the focus of controversial discus-
sion. Several studies have advocated standard neoadju-
vant treatment for resectable pancreatic cancer in the 
presence of certain risk factors for early recurrence [10, 
11]. However, these studies have certain limitations [12] 
that should be considered when interpreting the results. 
Alternatively, high-quality studies on this topic do not 
show any significant survival benefit between patients 
with resectable pancreatic cancer who received neoadju-
vant therapy and those who underwent upfront surgery 
[13, 14]. In summary, the question which patients with 
resectable pancreatic cancer benefit from neoadjuvant 
therapy has not been answered sufficiently yet, and pro-
spective randomized-controlled trials are needed to gen-
erate the evidence required for implementation of stan-
dard neoadjuvant treatment into the clinical routine.

The Role of Surgery in Preventing Local Recurrence
While the studies cited above failed to show any signif-

icant reduction in local recurrence by neoadjuvant treat-
ment, recent studies suggest a critical role of surgery in 
prevention of local recurrence. In the past few years, new 
developments and modifications of established surgical 
techniques have improved the oncologic quality of resec-
tion, in particular for locally advanced tumors [6]. While 
venous infiltration has never been considered a contrain-
dication for resection, arterial infiltration is still regarded 
as a contraindication for resection by many surgeons. 
However, with sufficient surgical experience and after a 
certain learning curve, arterial resection can be performed 
with appropriate morbidity and increase survival [15]. As 
the extent of arterial infiltration determines the extent of 
surgery, the introduction of different “artery-first” ap-
proaches has reduced overall morbidity [16], along with an 

increased rate of R0 resections and prolonged overall sur-
vival. After neoadjuvant treatment, artery-sparing resec-
tion of locally advanced pancreatic cancer can be achieved 
by clearing all potentially tumor-infiltrated nerve and 
lymph tissue from the anatomic triangle in between the 
superior mesenteric artery, the celiac trunk, and the porto-
mesenteric venous axis [17, 18], or by divestment of devi-
talized tumor tissue from the major arteries [19, 20]. Al-
beit clinical evidence from randomized trials is still lacking, 
these innovative surgical techniques have the potential to 
prevent local recurrence and to increase survival.

Surgery for Recurrent Pancreatic Cancer: Current 
Options and Obstacles

80% of local recurrences occur within 2 years after re-
section. About 30% of patients that develop recurrence 
show isolated local recurrence in the absence of distant 
metastasis [21]. Recurrence patterns of pancreatic cancer 
have been investigated on the basis of the ESPAC-4 data. 
730 patients were followed for a median time of 43 
months, and 65% of them were diagnosed with tumor re-
currence [22]. In the group of patients with tumor recur-
rence, 49% had local-only recurrence, while 40% patients 
had distant-only recurrence. 10% of patients were diag-
nosed with simultaneous local and distant recurrence. 
Local recurrence occurred at a median of 11.6 months, 
which differed significantly from patients who were diag-
nosed with distant metastasis (median 9.4 months). The 
median time from the diagnosis of local recurrence to 
death was 9.3 months, and there was no significant differ-
ence in the time of diagnosis of recurrence to death in 
patients with local and distant recurrence. When looking 
closer at survival data from the 238 patients suffering lo-
cal recurrence included in this trial, 17 of those undergo-
ing palliative treatment were still alive after 24 months, 
and 6 survived more than 36 months. These data raise the 
question which potential treatment options should be 
chosen in patients with local-only recurrence and, in par-
ticular, which fraction of patients benefits best from the 
aggressive local treatment. While patients with dissemi-
nated distant metastasis do clearly not benefit from local 
therapy, patients with limited (“oligometastatic”) recur-
rence, and especially those with limited local recurrence 
should be evaluated for potential multidisciplinary treat-
ment. This includes systemic therapy, innovative options 
for targeted therapy in combination with radiotherapy 
[23], and surgical resection in cases where complete tu-
mor resection seems achievable.

Surgical Resection of Recurrent Pancreatic Cancer
The most important goal in the surgical resection of 

recurrent pancreatic cancer is, as in initial resection, 
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achieving clear resection margins and complete removal 
of the recurrent tumor respecting the general principles 
of surgical oncology. True local recurrence usually is de-
fined as the bed of the pancreatic margin, the pancreatic 
remnant, or the mesenteric root [24] and can thus be dis-
tinguished from lymph node recurrence. Before consid-
ering surgical resection, all patients should undergo com-
plete CT staging and analysis of CA 19-9 levels. Surgical 
resection of recurrent pancreatic cancer should be per-
formed in high-volume centers with sufficient surgical 
expertise to minimize complications and reduce mortal-
ity [25].

Even if the current level of evidence is low, several 
studies have been published on resection of pancreatic 
cancer recurrence. First reports of successful resection 
range back to the 1980s, but are mainly limited to case 
reports or small case series [26]. Beginning with the 2000s, 
first series from larger cohorts have been analyzed and 
published. One of the first studies by Kleeff et al. [27] ret-
rospectively analyzed 30 patients with isolated recurrence 
of pancreatic cancer. Fifteen patients underwent resec-
tion, while 15 patients underwent exploration without re-
section. Median overall survival in resected patients was 
17 months, compared to 9 months in patients without 
surgical resection. The authors identified several prog-
nostic factors such as time to initial operation, younger 
patient age, and low CA 19-9 levels. However, due to the 
small cohort, a significant impact of these parameters 
could not be established. Seelig et al. [28] presented a se-
ries of 17 patients who underwent re-exploration for sus-
pected local recurrence after initial resection of pancre-
atic cancer. In this cohort, only 12 patients had histologi-
cally proven recurrence, while chronic pancreatitis or 
benign structures had been mistaken for recurrence in the 

remaining case. Re-resection was only possible in 2 of the 
12 patients with cancer recurrence, and all others received 
palliative surgery. Based on these results, the authors sug-
gested that resection of “true” recurrence is rarely feasi-
ble, but that patients with suspected recurrence should be 
explored to rule out chronic pancreatitis or benign struc-
tures as a potential reason. A study reporting promising 
results of surgical resection in combination with intraop-
erative radiation therapy was presented by Roeder et al. 
[29]. Eighteen out of 36 patients with isolated local recur-
rence of pancreatic cancer could be resected, and the oth-
ers received exploration or palliative debulking only. In 
the group of patients that underwent resection, a 2-year 
survival of 26% was observed and 17% of the patients 
lived more than 3 years. Of note, in this study, all patients 
received intraoperative radiation with a total dosage of 15 
Gy [29]. Strobel et al. [30] from the same group presented 
the first and to our knowledge largest dataset from a pro-
spective cohort study, including 57 patients with isolated 
local recurrence of pancreatic cancer after initial curative 
resection. In this cohort, 72% of all patients undergoing 
surgical exploration received successful re-resection, re-
sulting in median survival of 26 months with low proce-
dure-related morbidity (25%) and mortality (1.8%). 
Prognostic factors for survival were complete resection of 
recurrence and low preoperative CA 19-9 values. The 
most frequent surgical procedures for re-resection were 
completion pancreatectomy (resection of the remaining 
head or tail, 32%), but in a majority of the cases, no fur-
ther pancreatic resection was needed (56%). In 32% of 
cases, multivisceral resection including the mesenteric 
axis, the celiac trunk, or adjacent organs was necessary to 
achieve complete resection [30]. Indeed, since pancreatic 
ductal adenocarcinoma frequently infiltrates autono-

Fig. 1. Resection of locally recurrent pancreatic cancer 3 years after 
partial pancreatoduodenectomy for primary tumor resection.  
a CT scan revealing tumor recurrence (arrowhead) with infiltra-
tion of hepatoduodenal ligament and cha. ct, celiac trunk; pv, por-
tal vein; cha, common hepatic artery. b Surgical field after tumor 
resection with segmental resection of pv, resection of common he-

patic artery, completion pancreatectomy, and transposition of sa 
to proper ha just proximal to its bifurcation. bea preserved from 
prior partial pancreatoduodenectomy; sa, splenic artery; ha, he-
patic artery; pv, portal vein; bea, biliary-enteric anastomosis; ct, 
celiac trunk; ga, left gastric artery. c Resection specimen.
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mous nerves alongside major arteries, local recurrence 
commonly affects the celiac axis or superior mesenteric 
artery, potentially necessitating arterial resection to 
achieve tumor clearance (see Fig. 1). These technical ob-
stacles demand proper selection of patients who benefit 
from aggressive local therapy even in the scenario of tu-
mor recurrence.

Several smaller or retrospective series, likewise reveal-
ing promising results of surgical resection, have been pub-
lished in the past decade. Miyazaki et al. [31] published a 
cohort of 11 patients with repeat resection of pancreatic 
cancer. The vast majority of these patients underwent 
completion pancreatectomy after initial resection of the 
distal pancreas, whereas patients with extra-pancreatic re-
currence were not included in this collective [31]. Patients 
who underwent successful resection of cancer recurrence 
had a significant survival benefit, with a 2-year survival 
rate of 61% compared to only 19% in patients who re-
ceived palliative chemotherapy. Comparable results were 
published by Boone et al. [32] who analyzed a cohort of 
1,707 patients with periampullary adenocarcinoma that 
were diagnosed with either local recurrence or isolated 
metastatic disease, and identified 22 patients treated with 
surgical resection. Out of these patients, 10 had isolated 
local recurrence and 12 were diagnosed with distant re-
currence mainly in the liver and lung. The authors report-
ed a median overall survival of 28 months in the group of 
resected patients with a morbidity of 32% and a mortality 
of 0% [32]. The largest series based on a retrospective anal-
ysis was published by Yamada et al. [33] on behalf of the 
Japanese Society of Hepato-Biliary Surgery, representing 
a multicenter study of 40 Japanese centers. They included 
patients with recurrence in the remnant pancreas only and 
identified 90 patients treated by surgery. They, too, ob-
served a significant survival benefit in patients undergo-
ing resection with a median 2-year survival of 49% (vs. 7% 
in the group of patients with recurrence who did not un-
dergo re-resection) and a 5-year survival of 14% (com-
pared to 3%). The authors identified several factors associ-
ated with a beneficial prognostic impact, among them pa-
tient age under 65 years, a body mass index over 20 kg/m2, 
tumor size below 2 cm, and large distance of tumor recur-
rence from the pancreatic stump. A recent study by Kim 
et al. [34] reported outcomes from a cohort of 48 patients 
who underwent re-resection of recurrent pancreatic can-
cer, representing 3.6% of all patients with recurrence. The 
authors pooled patients with local recurrence and liver, 
lung, and other organ metastasis. Median overall survival 
was 23.5 months in the group of resected patients com-
pared to 12 months in patients that did not undergo surgi-
cal resection. In this cohort, factors associated with a prog-
nostic benefit were time to recurrence (more than 10 
months), tumor differentiation, a positive lymph node 
status, and chemotherapy for tumor recurrence [34].

A recent systematic review and meta-analysis pooled 
the results from 6 of the larger studies on the topic and 
analyzed the overall survival of resected patients com-
pared to those who did not undergo surgery. All studies 
were designed retrospectively, and the total number of 
included patients was 431 (176 patients who underwent 
resection vs. 255 who received nonsurgical treatment). In 
the pooled analysis, patients who underwent re-resection 
had a median overall survival benefit of 28.7 months and 
a median survival benefit of 15.2 months after re-resec-
tion [35]. A limitation of these, as of all data outlined 
above, is that they are exclusively derived from retrospec-
tive studies and therefore carry a relevant risk of selection 
bias. Future prospectively designed studies are needed to 
generate more solid evidence on the benefit of surgical 
resection in recurrent pancreatic cancer.

Perioperative Chemo- and Radiation Therapy for 
Recurrent Pancreatic Cancer
As described above, the introduction of perioperative 

chemotherapy has significantly improved outcomes after 
pancreatic cancer resection. Though there is no evidence 
for a prognostic benefit of standard neoadjuvant chemo-
therapy in resectable pancreatic cancer, preoperative che-
motherapy before resection of tumor recurrence seems to 
be associated with increased survival. Kim et al. [34] have 
shown that completion of the adjuvant chemotherapy 
regimen after initial resection as well as preoperative che-
motherapy before resection of tumor recurrence is asso-
ciated with significantly increased overall survival. The 
role of pre- or intraoperative radiation therapy is contro-
versially discussed. While some authors described a po-
tential benefit of perioperative radiation especially in sit-
uations with potential R1 resection, Strobel et al. [30] ob-
served significantly decreased overall survival in patients 
who received resection with intraoperative radiotherapy 
compared to those undergoing resection without intra-
operative radiotherapy. This observation is, however, af-
fected by potential selection bias, since intraoperative ra-
diation may have preferably been applied in cases with 
suspected positive resection margins. Of note, this study 
was published prior to introduction of intensive periop-
erative chemotherapy regimens such as FOLFIRINOX. 
Even if there are no head-to-head studies comparing in-
traoperative radiotherapy and postoperative FOLFIRI-
NOX therapy, retrospective studies suggest that the latter 
is superior to intraoperative radiation [36].

Who Benefits? Prognostic Factors Associated with 
Increased Survival
Selection of patients who benefit from re-resection re-

mains the crucial aspect in surgical treatment of recurrent 
pancreatic cancer. The studies cited and discussed above 
identified several clinical parameters associated with a 
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prognostic benefit after resection of recurrent pancreatic 
cancer. First, successful complete resection is one of the 
most important factors associated with increased survival. 
Second, time from initial resection to occurrence of recur-
rence is significantly associated with oncologic outcome. 
An interval of 9 to 10 months after initial resection seems 
to be a cutoff value with prognostic relevance. Third, che-
motherapy before the re-resection (and tumor response to 
it) seems to be extremely relevant for postoperative out-
come, while the impact of peri- or intraoperative radio-
therapy remains unclear. Other clinical parameters asso-
ciated with increased survival are, like in other cancer en-
tities, patient age and performance status, tumor grading, 
and CA 19-9 levels. Concerning location of tumor recur-
rence, lung metastases and isolated local recurrence seem 
to have better prognosis than isolated metastases to the 
liver or other organs. A summary of clinical markers as-
sociated with increased survival is provided in Table 1.

While these clinical parameters may help to estimate a 
putative benefit of re-resection in the individual case, dis-
tinct and reliable tumor-dependent markers are urgently 
needed to better predict outcomes based on tumor biol-
ogy. To our knowledge, no studies are available investi-
gating the prognostic significance of specific molecular 
markers or profiles in the setting of recurrent pancreatic 
cancer. Given this limitation, we would estimate that 
prognostic markers that are associated with early recur-
rence and impaired prognosis in patients undergoing re-
section of the primary tumor apply in the recurrent situ-
ation as well. For instance, patients who developed pan-
creatic cancer arising from intraductal papillary mucinous 
neoplasm (IPMN) have a better prognosis than tumors 
arising without any precursor lesions [37]. Therefore, pa-
tients suffering tumor recurrence in the remnant pancre-
as after resection of IPMN-associated carcinoma should 
be offered surgical re-resection. Distinction between tu-
mor recurrence or secondary IPMN-associated lesions in 
the remnant pancreas is challenging and therefore these 
patients should be thoroughly evaluated for surgical 
treatment [38, 39].

Besides IPMN-associated pancreatic cancer, several 
molecular markers have been shown to be associated with 
prognosis. Alterations in the KRAS gene represent one of 
the most common mutations in pancreatic cancer and are 
detected in more than 90% of cases [40]. Patients with 
mutations in this gene have been shown to have signifi-
cantly shortened survival compared to patients without 
KRAS mutations [41]. Hashimoto et al. [42] investigated 
the role of KRAS mutations in the setting of cancer recur-
rence in the remnant pancreas following primary cancer 
resection. Analyzing specific sequences of the KRAS gene 
in 8 patients with tumor recurrence, they found that only 
50% of recurrent tumors presented the same mutations 
as the primary, while the other 50% represented geneti-
cally “new” tumors. Another molecular marker that has 
attracted attention is the SMAD4/DPC4 protein, a central 
mediator of the TGF-ß pathway. For almost 2 decades, 
this protein has been known to be inactivated in more 
than 50% of patients with pancreatic cancer [43]. A recent 
meta-analysis confirmed an association between SMAD4 
inactivation and decreased overall patient survival [44]. 
Similar to KRAS mutations, no clinical data investigating 
the significance of SMAD4 in the setting of tumor recur-
rence have been published yet. Given its role in primary 
tumors, it can be assumed that patients without SMAD4 
inactivation are more likely to benefit from re-resection 
of recurrent pancreatic cancer than those carrying tu-
mors with a mutated SMAD4 protein. Indeed, both mu-
tations were correlated with clinical outcome in a study 
including 356 patients and were confirmed to be signifi-
cantly associated with reduced survival and early recur-
rence [45]. This study identified 2 additional mutations, 
namely, alterations in the CDKN2A and TP53 gene. An-
other marker of potential interest might be RUNX3. Ap-
plying genetically engineered mouse models, previous 
studies have shown that RUNX3 expression is signifi-
cantly correlated with tumor cell proliferation and meta-
static spread in pancreatic ductal adenocarcinoma, which 
makes it conceivable that it can likewise predict prognosis 
upon pancreatic cancer recurrence [46]. However, all of 

Clinical parameters associated with prognostic 
benefit

Molecular markers associated with 
prognostic benefit

Patient age, <65 years [33]
Preoperative chemotherapy [33]
Completion of adjuvant chemotherapy [34]
Time from initial resection, >10 months [34]
Low CA 19-9 level [30]
BMI > 20 kg/m2 [33]
R0 resection of tumor recurrence [30]
Recurrence in the remnant pancreas or in the 
lung [34]

IPMN-associated primary carcinoma [37]
KRAS-wild-type tumor [42]
SMAD4-wild-type tumor [45]

Table 1. Prognostic factors associated with 
oncologic outcome after resection of 
pancreatic cancer recurrence according to 
retrospective studies
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these data were generated in the setting of primary resec-
tion or in experimental models and have not been vali-
dated in the clinical scenario of tumor recurrence. How-
ever, the molecular status of these genes is most likely 
associated with prognosis in the situation of tumor recur-
rence as well, and analysis of mutations in these genes 
could thus be of interest for clinical decision-making in 
patients with recurrent pancreatic cancer.

Summary and Outlook

Taken together, clinical and scientific evidence as to 
which patients benefit from re-resection of recurrent 
pancreatic cancer is limited. All hitherto published stud-
ies are retrospective and carry relevant risks of bias but 
reveal a significant survival benefit upon surgical re-re-
section in selected patients. Perioperative morbidity and 
mortality are acceptable in experienced centers and pa-
tients who are potential candidates for surgical treatment 
of recurrent pancreatic cancer should be carefully evalu-
ated by an interdisciplinary team of surgeons and oncolo-
gist. In contrast to primary resection, patients should un-
dergo intense chemotherapy before re-resection as this 
significantly improves survival. Other clinical parameters 
associated with improved prognosis after resection of re-
current pancreatic cancer are patient age and perfor-
mance status as well as time to initial resection and tumor 
differentiation. The prognostic significance of molecular 

markers such as KRAS and SMAD4 has not been investi-
gated specifically in the setting of recurrent pancreatic 
cancer but could potentially offer additional information 
for patient selection. Since the introduction of intense 
chemotherapy regimens and the improvement of surgical 
resection techniques have markedly increased the prog-
nosis of pancreatic cancer patients, the question who ben-
efits from re-resection will gain importance in the up-
coming years. Prospective clinical trials are needed to an-
swer this question and to identify patients who will 
benefit best from aggressive local treatment of tumor re-
currence.
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