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occur in two different clinical settings either 
as one manifestation in widespread disease or, 
less frequently (2%), as an isolated mass of 
the pancreas.4 in recent years, the widespread 
use of imaging techniques in asymptomatic 
patients resulted in increasing number of pa-
tients with isolated pancreatic metastasis and 
in number of pancreatectomies performed in 
high volume centers.5 Several data show that 
pancreatic surgery is safe and feasible in high-
volume clinical centers, making surgical resec-

Introduction

Secondary tumors of the pancreas are rare, 
approaching to 2% of pancreatic masses,1 

whereas in autoptic series, pancreatic metasta-
ses are identified in up to 15% of patients with 
malignant disease.2 a wide range of malignant 
tumors have been found to metastasize to the 
pancreas and the most frequent primary neo-
plasm were cancer of kidney, breast, colon, 
skin, lung and sarcoma.3 Pancreatic metastases 
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iNTrODuCTiON: Metastases to the pancreas from other primary tumors are increasingly recognized in clinical prac-
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P<0.001). Disease-free interval was longer for metastatic renal cell carcinoma patients (mean difference 6.36, 95% Ci: 
3.803-8.912 years, i2=76:54%, P<0.001). a meta-regression was used to correlate the two endpoints and showed that a 
longer DFi is associated to a longer survival.
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were reviewed. Only case series comparing re-
nal cell cancer (mrCC) and metastases from 
other tumors (mNrCC) were included in this 
analysis. The references of all studies includ-
ed were screened for any potentially relevant 
studies. Only articles published in english lan-
guage were included. Studies were excluded 
from the analysis if: 1) the sample size was too 
small (<7 patients); 2) the sample size for each 
group was <2 patients; 3) the outcome and pa-
rameters of interest were not clearly reported; 
and 4) the required information was impos-
sible to extract from the published results. The 
choice of articles included in this study was in 
accordance with QuOruM (Quality of re-
porting of Meta-analysis).9 each study was 
independently evaluated by 2 reviewers (g.P. 
and a.B.) for inclusion or exclusion from the 
meta-analysis. Title, first author, year of publi-
cation, characteristics of the study population, 
study design, number of patients who under-
went surgery resection, type of primary neo-
plasm, perioperative morbidity and mortality, 
disease-free interval (DFi: time from resection 
of primary tumor to the onset of pancreatic 
metastasis) and overall survival after pancre-
atic resection were extracted from each study. 
results are summarized in Table i. Two meta-
analysis were carried out: the first focusing 
on overall survival (14 studies included) and 
the second on the DFi (10 studies included). 

tion an acceptable indication also in pancreatic 
secondary lesions.6-8 however, given the rarity 
of pancreatic metastases, and the lack of com-
parative studies between patients who undergo 
surgical resection and patients who undergo 
non-operative management, the role of surgery 
for secondary pancreatic malignancies is still 
unclear. It is also important to define which 
type of neoplasm may benefit from pancreatic 
resection. The aim of the present study was to 
perform a systematic review and meta-analysis 
to evaluate the results of pancreatic resection 
for the most common metastatic tumors to the 
pancreas.

Evidence acquisition

The published literature was systematically 
searched using PubMed, Scopus, Web of Sci-
ence, and MeDLiNe for studies published 
from January 2000 to December 2015. The 
following MeSh terms were used in mul-
tiple combinations: “pancreatic neoplasms/
surgery”, “pancreatic neoplasms/secondary”, 
“pancreatic metastasis”, “pancreatic neo-
plasms/therapy”, “pancreatectomy”, “pan-
creaticoduodenectomy”, “distal pancreatec-
tomy“, ”neoplasms metastasis”. The related 
article function was used. all articles included 
in this study were used to broaden the search 
and all abstracts, studies and citations obtained 

Table I.—General and clinical data of all case series.

First author Year Country Study design N. patient N. rCC N. other 
tumors

Median age
(years)

Crippa et al.12 2006 italy retrospective 11 5 6 59 (36-79)
Mourra et al.13 2010 France retrospective 12 8 4 60.8 (23-74)
Kostantinidis et al.14 2010 uSa retrospective 40 20 20 62 (ND)
Niess et al.15 2013 germany retrospective 26 16 10 65 (40-79)
Masetti et al.16 2010 italy retrospective 9 6 3 61 (36-75)
reddy et al.17 2008 uSa retrospective 49 21 28 60 (47-69)
eidt et al.18 2007 germany retrospective 12 7 5 64 (55-70)
Yoon et al.19 2011 Korea retrospective 53 14 39 60 (25-76)
hiotis et al.20 2002 uSa retrospective 16 10 6 63 (39-81)
redmond et al.21 2014 ireland retrospective 7 3 4 61 (49-78)
Moussa et al.22 2004 France retrospective 10 7 3 60 (35-67)
You et al.23 2011 Korea retrospective 11 7 4 54 (35-75)
Jarufe et al.24 2005 uK retrospective 13 7 6 62 (40-73)
Le Borgne et al.25 2000 France retrospective 12 5 7 52 (33-72)
Total 281 136 145
rCC: renal cell carcinoma.
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Where missing, the median survival time and 
corresponding range were extrapolated from 
the available Kaplan-Meier plots. Since all ar-
ticles used in this analysis report only the size 
of the study groups without standard errors, all 
median survival times were transformed into 
means and variances according to hozo et al.10 
The survival data were pooled for analysis of 
either the mean difference (MD) or of the log 
ratio of means (rOM). in order to evaluate the 
between-study heterogeneity, a homogeneity 
test based on the Q statistic was performed. 
Where significant at 0.01 level, the summary 
effect, with corresponding 95% confidence 
interval, was obtained from a random-effects 
model. a cumulative meta-analysis was fur-
thermore carried out to assess the stability of 
the pooled endpoint estimate. Meta-regression 
was used to correlate the two endpoints used. 
Publication bias was assessed by asymmetry 
of funnel plots. all the analyses were carried 
out using r Statistical Software v.3.2.3.11

Evidence synthesis

Studies selection and search strategy were 
showed in the quorum flow chart,9 as reported 
in Figure 1. The preliminary literature search 
showed 659 studies matching the initial search 
criteria. after screening, 83 studies reporting 
metastases to the pancreas were evaluated: 
69 articles were selected for full text review. 
There were 23 case series and 46 case reports 
reporting only metastasis from renal cell carci-
noma. From the case series 14 have more than 
7 patients with sufficient details to be included 
in the meta-analysis evaluating the long term 
survival, for a total of 281 patients with sec-
ondary neoplasm to the pancreas.12-25 Four of 
the included studies, did not reported the DFi 
so only 10 studies were evaluated for the meta-
analysis regarding the disease free interval. all 
were retrospective studies. general details of 
the studies are reported in Table i. There were 
136 pancreatic mrCC, while 145 patients had 
pancreatic mNrCC: colon cancer (N.=24), 
melanoma (N.=16), lung cancer (N.=16), sar-
coma (N.=13), ovary (12), gastric (N.=11), 
gallbladder (N.=11), breast cancer (N.=8), 

Figure 1.—Flow chart reporting the results of a systematic 
search of the literature according to the QuOruM state-
ment.

Table II.—Mortality and morbidity rates.

First author Overall morbidity Overall mortality

Crippa et al.12 18.8% 0%
Mourra et al.13 8.3% 0%
Kostantinidis et al.14 37.5% 2.5%
Niess et al.15 35% 0%
Masetti et al.16 22.2% 0%
reddy et al.17 46.9% 0%
eidt et al.18 25% 0%
Yoon et al.19 ND ND
hiotis et al.20 25% 6%
redmond et al.21 42.9% 0%
Moussa et al.22 ND 0%
You et al.23 27.3% 0%
Jarufe et al.24 46.2% 7.7%
Le Borgne et al.25 ND 0%
Total 34% 1.3%
ND: not defined.
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Table III.—Disease-free survival and outcomes following pancreatic surgery.

First author
Overall me-
dian survival

months (range)

rCC,
median survival
months (range)

Other tumors,
median survival
months (range)

Overall DFi
months (range)

rCC DFi
months (range)

Other tumors DFi 
months (range)

Crippa et al.12 26 (13-95) 32 (16-95) 19 (13-38) 36 (5-192) 66 (22-192) 33.5 (5-84)
Mourra et al.13 20 (9-84) 38 (9-84) 15 (9-20) 102 (0-312) 162 (48-252) 9.5 (0-84)
Kostantinidis et al.14 20.5 (6-185) 104.4 (14-144) 15.6 (0.6-186) Nr Nr Nr
Niess et al.15 63 (37.8-88.1) 54.7 (4-76) 49.6 (7-69) 63 (0-288) 98 (0-288) 57 (0-148)
Masetti et al.16 63 (47-79) 70 (6-134.4) 20 (0-130.8) 82.8 (36-132) 96 (60-144) 36 (15.6-57.6)
reddy et al.17 44.4 (10-219.6) 57.6 (4.2-219.6) 28.8 (10.8-38.4) 57.6 (0.53-339.6) Nr Nr
eidt et al.18 51 (5-105) 52 (5-86) 30 (12-105) 144 (12-240) 156 (108-240) 48 (12-168)
Yoon et al.19 23.1 (1-108) 56.1 (1-108) 18.3 (1-108) 26 (0-170) Nr Nr
hiotis et al.20 39 (0-80.4) 57.6 (0-80.4) 16.8 (0-36) 90 (12-288) 109 (48-288) 51.6 (12-228)
redmond et al.21 49 (17-76) 62 (49-76) 36 (17-69) 33 (15-281) 189 (15-281) 20.5 (15-281)
Moussa et al.22 25 (3-118) 45 (3-118) 7 (5-19) 85.5 (2-148) 102 (2-148) 45 (2-148)
You et al.23 34 (7-69) 34 (7-69) 16.5 (11-30) 51 (14-180) 64 (14-180) 50.5 (14-180)
Jarufe et al.24 31.8 (1-50) 30.5 (10-35) 26.4 (1-50) Nr Nr ND
Le Borgne et al.25 12 (2-127) 18 (12-53) 12 (2-127) 66 (0-156) 7 (0-156) 5 (0-96)
RCC: renal cell carcinoma; DFI: disease-free interval; NR: not reported; ND: not defined.

Figure 2.—Forest plot for mean difference of overall survival.

leiomyosarcoma (N.=6), and then, other very 
rare tumors (N.=28). Patients with primary re-
nal cell carcinoma were evaluated separately 
from all the other primary tumors. Median 
age of the patients was not statistically dif-

ferent among studies. all patients underwent 
pancreatic resection: overall morbidity rate 
was 34.5% (range 8.3-46.9%) with a mortal-
ity rate of 1.3% (range 0-7.7%) (Table ii). The 
results of the meta-analysis are summarized in 
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is associated with a longer survival. all funnel 
plots provided no evidence of publication bias 
(Figures 4, 5).

Discussion

Pancreatic metastasis from other primary 
tumors are increasingly recognized in clinical 
practice, and may represent a problem for sur-
geons and oncologists. Some questions may 
arise: 1) is surgery of metastatic tumors worth-
while?; 2) which type of tumor might benefit 
from surgical resection?; 3) which one is the 
optimal treatment: surgery or chemotherapy? 
We tried to answer the first two questions 
with a systematic review of the literature and 
meta-analysis of papers dealing with meta-
static tumors to the pancreas. We analyzed 14 
case series and compared the results of surgi-
cal treatment of patients with metastatic rCC 
versus patients with pancreatic metastasis 

Table III. Overall survival was significantly 
better in patients who underwent surgery for 
mrCC compared to patients with mNrCC 
(rOM=1.83; 95% Ci: 1.42-2.36, i2=74.52%, 
P<0.001). The survival benefit for patients 
who underwent surgery for mrCC is ap-
proximately 20 months (MD=19.81; 95% Ci: 
11.72-27.90, i2=60.82%, P<0.001), as shown 
in Figure 2. The cumulative meta-analysis 
demonstrated that the overall survival benefit 
after pancreatic resection for metastatic rCC 
settles very quickly. The disease-free interval 
of the mRCC group significantly exceeded the 
DFi of the mNrCC patients (rOM=2.993; 
95% Ci: 1.78-4.83, i2=84.78%, P<0.001). in 
particular, the disease free interval of mrCC 
patients is 6 years longer (MD=6.36, 95% Ci: 
3.803-8.912 years, i2=76:54%, P<0.001) than 
for the mNrCC patients (Figure 3). The meta-
regression furthermore revealed that, with the 
exception of three studies,15, 18, 25 a longer DFi 

Figure 3.—Forest plot for mean difference of disease-free interval.
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and overall survival after metastasis resec-
tion, suggesting a less aggressive biology of 
mrCC compared to other tumors. Outcomes 
following pancreatic resection of mrCC have 
been largely favorable. in a systematic review 
of the literature with a pooled analysis of all 
studies, adler et al.28 reported a median sur-
vival of 50.2 months (range 26-78 months) 
after pancreatic resection, with an overall one-
year survival of 86.81% and a 5-year survival 
of 50.02%. Masetti et al.16 reported a median 
survival of 72 months for surgically treated 
patients, while patients who did not undergo 
pancreatic resection had a median survival of 
only 10 months. Pancreatic metastases from 
rCC seems to have a better prognosis when 
compared with secondary lesions from other 
primary malignancies, even if there is a lack of 
studies in literature directly comparing clini-
cal outcome of these two different entities.28 
Based on the results of previous surgical series 
and our meta-analysis, resection seems to be 
the best option for improving the long-term 
survival of patients with an isolated pancreatic 

from other tumors. The results of our study 
confirm that pancreatic resection for metas-
tasis was associated with acceptable morbid-
ity and low mortality rate (1.3%), resembling 
to the same results obtained after surgery for 
the most common primary carcinoma of the 
pancreas. So, surgical treatment of pancreatic 
metastasis appears safe and feasible, with low 
surgical risk in specialized hands. Our meta-
analysis shows that disease-free interval was 
significantly longer in the mRCC group, and 
this finding is well known, since metastasis 
from rCC are frequently the only metastatic 
site and they typically occur a long time af-
ter nephrectomy.1, 26 They may be the initial 
presentation of the disease or they can be an 
occasional asymptomatic finding during fol-
low-up:27 this underlines the need for a long 
follow-up (>10 years) in patients with rCC. 
We also found that overall survival of patients 
with mRCC was significantly longer compared 
to the survival of patients with other metastatic 
tumors. Furthermore, there was a trend of as-
sociation between long disease-free interval 

Figure 4.—Funnel plot for mean difference of overall sur-
vival.

Figure 5.—Funnel plot for mean difference of disease-free 
interval.
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tion in term of prolonged survival is surely ob-
tained for isolated metastases from renal cell 
cancer. For other types of tumor, the indication 
of surgery is made only on individual basis.
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