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Abstract
Purpose This study aimed to evaluate the clinical significance of surgical resection for liver recurrence in patients with 
curatively resected pancreatic ductal adenocarcinoma.
Methods The medical records of patients with a liver recurrence after undergoing curative pancreatectomy for pancreatic 
ductal adenocarcinoma were retrospectively reviewed. Clinicopathological and prognostic factors were analyzed, as was the 
clinical impact of surgical resection for liver recurrence.
Results Overall, 502 patients underwent curative pancreatic ductal adenocarcinoma resection. Of the 311 patients with 
recurrence after curative pancreatectomy, 71 (23%) had an initial recurrence in the liver, with 35 having solitary recur-
rence (11%). Patients with solitary, two or three, or more than four recurrences had median overall survival times of 28.5, 
18.0, and 12.2 months, respectively (p < 0.001). Surgical indications for liver recurrence in our institution included solitary 
tumor, good disease control under chemotherapy after recurrence for > 6 months, and sufficient remnant liver function. Ten 
patients who met our institutional policy inclusion criteria underwent liver resection. Among 35 patients with initially solitary 
liver recurrence, those who underwent liver resection outlived those who did not (57.6 months vs. 20.1 months, p < 0.001). In 
multivariate analysis of overall survival, solitary liver recurrence and liver resection were independent favorable prognostic 
factors in patients with initial liver recurrence.
Conclusion In selected patients with solitary liver recurrence after curatively resected pancreatic ductal adenocarcinoma, 
liver resection may be a treatment option.

Keywords Curative pancreatectomy · Liver recurrence · Liver resection · Pancreatic ductal adenocarcinoma · Surgical 
indication

Introduction

Pancreatic ductal adenocarcinoma (PDAC) frequently 
recurs, even after curative resection [1, 2]. During the first 
two years, the postoperative recurrence rate is 30–50%, and 
the prognosis of recurrence after curative resection of PDAC 
is poor, with a 5-year overall survival (OS) rate of approxi-
mately 20% [3, 4]. Systemic chemotherapy is the standard 
therapy for PDAC recurrence after resection. However, the 
prognosis of patients with the recurrent disease has gradu-
ally improved due to the development of new chemothera-
peutic regimens such as 5-fluorouracil, leucovorin, irinote-
can, and oxaliplatin (FOLFIRINOX), and gemcitabine plus 
nab-paclitaxel (GnP) [5, 6].

Recurrent PDAC is notoriously challenging to surgically 
manage because it is a technically unresectable disease 
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characterized by aggressive growth and a multifocal recur-
rence pattern [7]. The liver is one of the most frequent sites 
of primary recurrence of PDAC [8–10]. In addition, the 
recurrence time is early, and liver recurrence usually results 
in multiple metastases and a poor prognosis [11]. Therefore, 
resection of postoperative lung recurrence, which occurs 
later than other distant recurrences and has a better progno-
sis, has been carefully recommended [12–14]. Nonetheless, 
resection for liver recurrence remains controversial [15, 16]. 
Some studies have revealed that resection of liver recurrence 
may improve prognosis with successful chemotherapy and 
good disease control [17–19]. However, the optimal indica-
tions and long-term results have not yet been established. 
Therefore, this study aimed to evaluate the clinical signifi-
cance of resection for liver recurrence in patients with cura-
tively resected PDAC.

Material and methods

Study design

We retrospectively reviewed the medical records of patients 
who underwent curative resection for PDAC at the Depart-
ment of Surgery of the Graduate School of Biochemical 
and Health Sciences at Hiroshima University Hospital in 
Hiroshima, Japan, between May 2002 and March 2020. 
Furthermore, among these patients, those diagnosed with 
a recurrence during follow-up imaging were examined. 
This Institutional Review Board of Hiroshima University 
(E-1846) approved this study, which was conducted follow-
ing the principles of the Declaration of Helsinki. In addition, 
all patients provided written informed consent.

Neoadjuvant therapy

Since 2019, patients with PDAC have been administered 
neoadjuvant therapy (NAT) in our institution, as are patients 
with borderline resectable (BR)/locally advanced (LA) 
PDAC with arterial contacts such as a superior mesenteric 
artery, hepatic artery, or celiac artery since 2008 [20]. Pre-
viously, all patients with pancreatic cancer had received 
upfront surgery. NAT regimens for patients with resect-
able PDAC included gemcitabine/S-1 (GS), while those for 
patients with BR/LA PDAC included GS, gemcitabine/nab-
paclitaxel/S-1 (GAS), and FOLFIRINOX. During the study 
period, no patient received radiation therapy.

Recurrence assessment after pancreatectomy

Every 3–6 months, all patients underwent follow-up blood 
tests and computed tomography (CT) scans. Patients 
received adjuvant chemotherapy with surveillance 

following curative resection of PDAC. Further, when two 
or more modalities, such as magnetic resonance imaging or 
positron emission tomography-CT, indicated a recurrence 
or recurrent lesion at two different time points, recurrence 
was confirmed. Based on the initial recurrence sites, recur-
rence patterns were classified into six groups (liver, lung, 
peritoneal, local, multiple organs, and recurrence at other 
sites). In addition, recurrence in multiple organs involves 
two or more sites. Systemic chemotherapy was adminis-
tered when recurrence was confirmed. The OS, or time 
between initial treatment and death or last follow-up, was 
compared for each recurrent organ. The patients received 
systemic chemotherapy for at least six months when liver 
recurrence was found. OS was compared between patients 
who underwent liver resection and those who did not to 
assess the clinical significance of liver recurrence resec-
tion in patients with curatively resected PDAC.

Data collection

The demographic and clinicopathological data of patients 
included age, sex, initial carbohydrate antigen 19–9 (CA19-
9) level, initial tumor size, resectability status according to 
the National Comprehensive Cancer Network guideline 
version 1 2021 [16], primary operation, operation time, 
intraoperative blood loss, lymph node metastasis, adjuvant 
chemotherapy, and disease-free interval (DFI). In addition, T 
and overall disease stages were assessed based on the Union 
for International Cancer Control classification, 8th edition 
[21], in univariate and multivariate OS analyses of prognos-
tic factors. The survival time after treatment and the cause of 
death was recorded for patients who died, while the OS time 
and recurrence status was recorded for those who survived.

Statistical analysis

Data are expressed as medians and interquartile ranges 
(IQRs) or as absolute values and percentages. The chi-
square or Fisher’s exact test was used for the categorical 
variables, while the Wilcoxon two-sample test was used 
to compare continuous variables in the univariate analy-
sis. Survival curves were obtained using the Kaplan–Meier 
method, and the log-rank test was used to compare distri-
butions. The proportional hazard regression model (Cox 
regression) was used to perform multivariate survival analy-
ses. Hazard ratios (HRs) and 95% confidence intervals (CIs) 
were calculated. All tests were two-sided, with statistical 
significance set at p < 0.05. All statistical analyses were per-
formed using the JMP statistical software (version 15.0; 
SAS Institute, Cary, NC, USA).
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Results

Patients

During the study, 502 patients underwent curative resec-
tion of PDAC at Hiroshima University. Among these, 311 
patients with recurrence following pancreatectomy were 
enrolled in this study. Based on resectability classifica-
tions, resectable tumors were found in 169 patients (54%), 
BR in 118 patients (38%), and LA in 24 patients (8%). 
A pancreatoduodenectomy was performed in 212 patients 
(68%). In addition, 232 patients (75%) had lymph node 
positivity. Adjuvant chemotherapy was administered to 239 
(77%) patients. The median DFI after pancreatectomy was 
10.7 months. Regarding recurrence sites, initial recurrence 
occurred in the liver (n = 71, 23%), local site (n = 63, 20%), 
lung (n = 57, 18%), peritoneum (n = 55, 18%), and multiple 
sites (n = 42, 14%) (Fig. 1). Liver resection was performed 
in ten (14%) out of all patients with initial liver recurrence. 
The characteristics of patients, which were classified based 
on the number of initial liver recurrences, revealed that the 
median DFI from pancreatectomy was significantly longer 
than that in patients with a solitary liver recurrence than 
in patients with two or three and > four recurrence groups 
(11.6 months vs. 8.7 months vs. 4.4 months, p < 0.001) 
(Table 1).

Liver resection

Thirty-five 35 (49%) of the 71 patients with liver recur-
rence had solitary tumors. In our institution, indications 
for liver resection were as follows: (1) solitary tumor 
and (2) tumor with good control under systemic chemo-
therapy for ˃ 6 months (decline to normal levels in tumor 

marker levels and tumor size on CT imaging indicates a 
more stable disease according to the Response Evaluation 
Criteria in Solid Tumors (RECIST) version 1.1), and (3) 
sufficient remnant liver function. Following > 6 months 
of chemotherapy, ten patients who met the institutional 
inclusion criteria underwent liver resection (Fig. 1). Fur-
thermore, regarding chemotherapy regimens after recur-
rence in patients with liver resection, four patients were 
administered gemcitabine plus S-1, and six were admin-
istered GnP. The median duration from initial surgery 
to liver resection and the interval chemotherapy after 
recurrence was 28.2 months and 8.6 months, respectively 
(Table 2).

Partial resection (parenchymal preserving hepatectomy) 
and left hepatectomy were performed in eight and two 
patients, respectively. All patients underwent open surgery, 
and the Pringle maneuver was performed in two patients. 
The median blood loss was 150 ml, and the median oper-
ative time was 175  min. Postoperative complications 
included two patients with liver abscesses and one patient 
with bile leakage. Regarding perioperative management, 
we used fourth-generation cephem antibiotics as periop-
erative antibiotics 48 h after liver resection, especially for 
patients who underwent pancreatoduodenectomy. If liver 
abscess formation is suspected, we perform ultrasonog-
raphy-guided or CT-guided drainage. Four patients were 
administered S-1 alone, two were administered gemcit-
abine plus S-1, one was administered S-1 plus oxaliplatin, 
and one was administered gemcitabine alone as chemo-
therapy after liver resection. Re-recurrence occurred in the 
liver in five patients and multiple sites in two patients. Fol-
lowing liver resection, the median DFI was 12.3 months, 
while the median survival time (MST) was 21.5 months 
(Table 2).

Fig. 1  Overall, 502 patients 
underwent pathologically cura-
tive resection for pancreatic 
ductal adenocarcinoma. Of the 
patients with initial solitary 
liver recurrence (n = 35), ten 
matched our institutional indica-
tion for liver resection, three 
had other site recurrences, and 
22 had multiple liver recur-
rences after chemotherapy
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Survival analysis

The median follow-up period was 23.8  months (IQR, 
13.6–40.3 months). Figure 2a shows the survival curves 
of patients stratified based on recurrence sites. The MST 
was 48.3, 29.3, 18.2, and 13.9 months in patients with 
lung, local, liver, and peritoneum recurrence, respectively 
(p < 0.001). Patients with recurrence in the liver had a 

significantly poorer OS than those with recurrence in the 
lung (p < 0.001). Figure 2b shows the disease-free survival 
(DFS) from the initial treatment for primary PDAC. The 
MST was 17.7, 14.9, 8.0, and 7.2 months in patients with 
lung, local, liver, and peritoneum recurrence, respectively 
(p < 0.001). Patients with recurrence in the liver had a sig-
nificantly poorer DFS than those with recurrence in the lung 
and local site (p < 0.001 and p = 0.005).

Table 1  Characteristics of patients classified based on the number of initial liver recurrences

med, median; IQR, interquartile range; CA19-9, carbohydrate antigen 19–9; U/mL, units/mL; DFI, disease-free interval

Solitary (n = 35) 2 or 3 (n = 16) ≧4 (n = 20) p-value

Age, med (IQR), years 71 (61–75) 68 (60–74) 68 (63–78) 0.601
Sex, female 14 (40%) 9 (56%) 7 (35%) 0.411
Initial CA19-9 level, med (IQR), U/mL 360 (21–1119) 244 (17–717) 168 (85–1275) 0.956
Initial tumor size, med (IQR), mm 30 (25–46) 33 (26–45) 35 (25–45) 0.866
Neoadjuvant therapy 9 (26%) 3 (19%) 6 (30%) 0.735
Resectability status
  Resectable 21 (60%) 10 (63%) 11 (55%) 0.892
  Borderline resectable / Unresectable 14 (40%) 6 (37%) 9 (45%)

Primary operation
  Pancreaticoduodenectomy 20 (57%) 11 (69%) 15 (75%) 0.377
  Distal pancreatectomy / Total pancreatectomy 15 (43%) 5 (31%) 5 (25%)
  Operation time, med (IQR), min 353 (274–408) 323 (293–370) 356 (239–416) 0.996
  Intraoperative blood loss, med (IQR), mL 940 (435–1450) 1168 (501–1522) 790 (407–1421) 0.753
  Lymph node metastasis 21 (60%) 14 (88%) 12 (60%) 0.093
  CA19-9 level after pancreatectomy, med (IQR), U/ml 17 (5–106) 59 (10–254) 24 (11–83) 0.609
  Adjuvant chemotherapy 27 (77%) 11 (69%) 14 (70%) 0.761
  DFI from pancreatectomy, med (IQR), months 11.6 (7.1–19.0) 8.7 (3.8–15.0) 4.4 (3.1–5.9)  < 0.001

Table 2  Characteristics of patients with liver resection

PPPD pylorus preserving pancreatoduodenectomy, DP distal pancreatectomy, GS gemcitabine plus S-1, GnP gemcitabine plus nab-paclitaxel, 
DFI disease-free interval

Case Age (years) Primary 
operation

Chemotherapy 
regimen after 
recurrence

Chemotherapy 
duration after 
recurrence 
(months)

Type of liver 
resection

Re-recurrence DFI after 
liver resection 
(months)

Survival after 
liver resection 
(months)

Outcome

1 73 PPPD GS 17 Partial Liver, perito-
neum

5 8 dead

2 67 PPPD GS 10 Partial Liver 22 31 dead
3 61 DP GS 10 Partial Pleura, lymph 

node
20 21 dead

4 77 DP GS 8 Partial Liver 5 34 dead
5 51 PPPD GnP 6 Left hepatec-

tomy
Liver 12 14 dead

6 50 PPPD GnP 10 Partial - 62 62 alive
7 66 PPPD GnP 8 Partial - 22 22 alive
8 71 PPPD GnP 6 Left hepatec-

tomy
Liver 4 5 dead

9 69 PPPD GnP 7 Partial - 9 9 alive
10 75 PPPD GnP 16 Partial Liver 6 15 dead
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Figure 3a shows the survival curves of patients stratified 
based on the number of initial liver recurrences. The solitary 
group had the highest median OS among the three groups 
(p < 0.001). In addition, among patients with initial solitary 

liver recurrence, the MST in the liver resection group was 
significantly better than that in the non-liver resection group 
(57.6 months vs. 20.1 months, p < 0.001) (Fig. 3b). Adju-
vant chemotherapy, the number of initial liver recurrence 

Fig. 2  a) The median follow-up period was 23.8  months (interquar-
tile range, 13.6–40.3  months). The survival curves of the patients 
are stratified based on recurrence organs.  (b) DFS from the initial 
treatment for primary PDAC. The MST was 17.7, 14.9, 8.0, and 

7.2 months in patients with lung, local, liver, and peritoneum recur-
rence, respectively (p < 0.001). Abbreviations: DFS, disease free sur-
vival; PDAC, pancreatic ductal adenocarcinoma

Fig. 3  a) The survival curves of patients stratified based on the num-
ber of initial recurrence tumors of the liver. (b) In patients with an 
initial solitary liver recurrence, the median survival time from the ini-
tial treatment for primary PDAC was significantly better in the liver 

resection group than in the non-liver resection group (57.6  months 
vs. 20.1 months, p < 0.001). Abbreviations: PDAC, pancreatic ductal 
adenocarcinoma
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tumors, and liver resection were all found to be significantly 
associated with OS in patients with initial liver recurrence. 
Furthermore, multivariate analysis revealed that multiple 

tumors (HR, 2.26; 95% CI: 1.30–3.94; p = 0.004) and non-
liver resection (HR, 6.90; 95% CI: 2.23–21.3; p < 0.001) 
were independent risk factors for poor prognosis (Table 3).

Table 3  Univariate and multivariate overall survival analyses of prognostic factors in patients with initial liver recurrence (n = 71)

MST median survival time, HR hazard ratio, CI confidence interval, CA19-9 carbohydrate antigen 19–9; U/mL units/mL

Factors Univariate Multivariate

Entire (n = 71) MST (months) p-value HR 95% CI p-value

Age, years
  < 70 36 (51%) 22.1 0.168
  ≥ 70 35 (49%) 16.2

Sex
  Male 41 (58%) 17.7 0.564
  Female 30 (42%) 19.9

Initial CA19-9 level, U/mL
  < 37 19 (27%) 25.1 0.053
  ≥ 37 52 (73%) 15.2

Initial tumor size, mm
  < 30 29 (41%) 25.1 0.920
  ≧30 42 (59%) 15.6

Neoadjuvant therapy
  Yes 18 (25%) 19.1 0.946
  No 53 (75%) 18.2

Resectability status
  Resectable 42 (59%) 19.6 0.632
  Borderline resectable / Unresectable 29 (41%) 17.7

Surgical procedures
  Pancreatoduodenectomy 46 (65%) 18.9 0.112
  Distal or total pancreatectomy 25 (35%) 15.3

Transfusion
  Yes 9 (13%) 15.5 0.145
  No 62 (87%) 20.0

Lymph node metastasis
  Positive 47 (66%) 15.5 0.096
  Negative 24 (34%) 25.1

Surgical margin
  Positive 8 (11%) 19.9 0.396
  Negative 63 (89%) 18.2

T status
  T1/2 52 (73%) 22.6 0.080
  T3/4 19 (27%) 15.2

Adjuvant chemotherapy
  Yes 52 (73%) 20.9 0.043 1.0 0.604
  No 19 (27%) 15.3 1.16 0.65–2.08

Number of initial liver recurrence
  Solitary 35 (49%) 28.5  < 0.001 1.0 0.004
  ≧2 36 (51%) 13.5 2.26 1.30–3.94

Liver resection
  Yes 10 (14%) 57.6  < 0.001 1.0  < 0.001
  No 61 (86%) 15.5 6.90 2.23–21.3
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Discussion

This study revealed that the interval from surgery until the 
appearance of liver recurrence was significantly shorter 
than that until recurrence in the lung and local site; patients 
with an initial multiple liver recurrence or multiple organ 
recurrence had a poorer chance of survival than those with 
an initial solitary liver recurrence. The early recurrence 
time characterized the malignant potential of liver recur-
rence, and patients with liver recurrence were more likely 
to have multiple metastases, resulting in a poor prognosis. 
According to the literature, resection for liver recurrence 
in colorectal cancer is associated with a good prognosis, 
and the 5-year survival rate following liver resection is 
reportedly 35–58% [22, 23]. In addition, the OS after resec-
tion for oligo-liver recurrence in gastric cancer has been 
revealed to increase [24, 25]. Similarly, surgical resection 
for solitary liver recurrence after curative resection of 
PDAC may have been associated with a relatively good 
prognosis under optimal surgical indications.

Our patients with liver recurrence had significantly 
shorter intervals between pancreatectomy and recurrence 
and shorter OS than those with lung recurrence. Simi-
lar findings have been previously reported. Thomas et al. 
[11] revealed that those with liver recurrence had a shorter 
median DFI after initial resection (7.6 months) than those 
with lung or local–regional recurrence (52.4 months and 
41.1 months, respectively, p = 0.006). In addition, Wang-
jam et al. [26] found that patients with liver recurrence had 
a significantly worse MST from recurrence to death than 
those with lung recurrence (5.1 months vs. 8.5 months, 
p = 0.006). Hence, underlying biological features may 
indicate that PDAC with liver recurrence may have a rela-
tively higher malignant potential than PDAC with lung or 
local recurrence.

Our study found that patients who underwent resec-
tion for liver recurrence under our surgical indications 
had significantly better OS than those who did not. A few 
previous studies have revealed that by carefully selecting 
surgical indications, certain patients may benefit from 
surgical resection for liver recurrence. For example, Mit-
suka et al. [17] reported the following indications for liver 
resection: (1) liver-only metastasis, (2) approximately 
three tumors, and (3) no increase in the number of metas-
tases during the 3-month observation period. The MST 
was significantly better in the liver resection group than 
in the non-liver resection group after liver recurrence 
(31 months vs. 7 months, p < 0.001). Schwarz et al. [18] 
revealed that patients with metachronous oligometastatic 
disease, defined as 1–3 liver metastases that could be easily 
resected by atypical or minor liver resection, were eligible 
for liver resection. Patients who underwent liver resection 

had a significantly longer median OS than those who did 
not (36.8 months vs. 9.2 months, p < 0.001). According to 
some reports, liver oligometastasis of pancreatic cancer 
is defined as approximately three liver metastasis tumors 
[27, 28], and oligometastasis may be associated with bet-
ter survival outcomes than multiple metastases [29, 30]. 
However, separating oligometastasis into solitary and two 
or three tumors is necessary for our study. Our institutional 
indication for liver resection, which included patients with 
a single solitary liver recurrence after ˃ 6 months of chemo-
therapy, may have been more stringent than that reported in 
previous studies. This result is due to the malignant poten-
tial of liver recurrence and the fact that patients with initial 
multiple liver recurrence or recurrence at other sites in this 
study never improved to solitary liver recurrence. Further, 
regardless of the small sample size, our relatively strict 
indication may have resulted in a better prognosis (with an 
MST of 57.6 months in the liver resection group) than in 
patients who underwent liver resection in previous studies.

The number of initial liver recurrences was an inde-
pendent prognostic factor in our multivariate OS analyses 
of prognostic factors. Among the 35 patients with initial 
solitary liver recurrence, 25 had recurrence at other sites 
or multiple liver recurrences during chemotherapy, and 19 
were detected within six months after starting systemic 
chemotherapy. A chemotherapy period of at least six months 
appears acceptable since prolonged chemotherapy may 
result in drug intolerance. Therefore, good disease control 
during systemic chemotherapy is critical for improving OS.

Furthermore, in our institutional indication that residual 
liver reserve was sufficient, partial liver resection was gener-
ally selected with no limitation on the tumor location, unlike 
previous studies in which minor liver resections, such as 
partial hepatectomy, were mainly selected [17, 18]. Some 
patients after pancreatectomy present with liver dysfunction 
due to malnutrition. Therefore, even when a partial liver 
resection is performed, the functional capacity of the future 
remnant liver should be estimated based on data from the 
indocyanine green test and liver volumetry calculated from 
CT images as preoperative management; however, these 
tests were not performed in all patients with liver resec-
tion in this study. Eight of the ten patients who underwent 
surgical resection for liver recurrence received systemic 
chemotherapy following liver resection, with MST lasting 
21.1 months. There are no reports of chemotherapy after 
liver recurrence resection. Nevertheless, depending on the 
tolerance of the patients, some chemotherapy may be needed 
to prevent recurrence.

This study had some limitations. First, it only included 
patients from a single institution, and the number of patients 
with liver recurrence who underwent liver resection was 
small. Hence, further studies using multicenter data or a 
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nationwide database with a larger number of patients are 
needed to determine the optimal surgical indication for 
liver recurrence. Second, despite imaging surveillance, 
every 3–6 months, some patients with multiple organ recur-
rences were included in our study. The initial recurrences in 
these patients were challenging to detect, which may have 
influenced the clinical characteristics or prognosis of each 
recurrence pattern. Third, patients who underwent surgical 
resection for liver recurrence were selected without rand-
omization. Therefore, the analyses of these patients included 
a selection bias. Prospective randomized controlled trials 
are required to prove the effectiveness of resection for liver 
recurrence after PDAC radical resection.

Conclusion

Liver recurrence after PDAC radical resection has a poor 
prognosis. However, liver resection may be a treatment 
option in selected patients with solitary liver recurrence after 
curatively resected PDAC.
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