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Abstract

Aim: Tumours rarely metastasise to the pancreas. While surgical resection of such metastases is
believed to confer a survival benefit, there is limited data to support such management. We present
a systematic review of case series of pancreatic metastasectomy and analysis of survival outcomes.

Methods: A literature search was performed using the PubMed and Cochrane databases and the
reference lists of relevant articles, searching for sizeable case series of pancreatic metastasectomy
with curative intent. Data extracted included basic demographics, histological primary tumour,
presentation, operative management, complications and survival, while the MINORS index was used
to assess study quality.

Results: 18 studies were found which met our inclusion criteria, involving 399 patients. Renal cell
carcinoma (RCC) was the commonest malignancy metastasising to the pancreas, responsible for
62.6% of cases, followed by sarcoma (7.2%) and colorectal carcinoma (6.2%). While survival data
was not uniformly reported, the median survival post-metastasectomy was 50.2 months, with a one-
year survival of 86.81% and five-year survival of 50.02%. Median survival for RCC was 71.7 months
with 70.4% five-year survival. Median survival was similar in patients with synchronous and
metachronous pancreatic metastases, but patients with additional extrapancreatic metastases had a
significantly shorter survival than patients with isolated pancreatic metastases (26 versus 45
months). Study quality was poor, with a median MINORS score of 10/16.

Conclusions: Within the limitations of a review of non-randomised case series, it would appear that
pancreatic metastasectomy confers a survival benefit in selected patients. Better evidence is
required, but may prove difficult to acquire.
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Introduction:

Metastatic tumours of the pancreas are extremely rare, accounting for less than 5% of pancreatic
malignancies diagnosed in living patients [1]. Pancreatic metastases are found more frequently at
autopsy, being identified in up to 15% of patients with malignant disease [2]. While resection of
metastatic lesions to liver and lung has been well described and is generally accepted to improve
survival, the optimal management of pancreatic metastases is ill-defined. Surgical resection of these
metastases is believed to confer a survival benefit, although evidence supporting this theory is weak
and based solely on case reports and small retrospective case series. The aim of this study was to
perform a systematic review of the literature to better define the outcomes after pancreatic

metastasectomy.

Methods:
This review was conducted according to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) [3].

Search Strategy for Identification of Studies

A systematic literature search of the Cochrane and PubMed databases was performed. For the
PubMed database search, the keywords were used as both text words and Medical Search Headings
(MeSH terms). The keywords were combined using Boolean operators as follows: (pancreas AND
(metastasis OR metastases) AND (surgery OR surgical OR resection OR pancreatectomy OR
metastasectomy)). There was no restriction on the date of publication. In addition to the primary
electronic search we reviewed all ‘related citations’ linked to each relevant abstract in PubMed and
manually reviewed the bibliographies of selected articles and relevant review papers to identify

other studies for inclusion.

Study selection

Inclusion criteria for this systematic review were case series with at least ten patients, published in
the English language before 24 October 2013, reporting survival data after pancreatic resection for
secondary malignancies. Exclusion criteria were: case reports, review articles, studies reporting on
surgical technique only and studies reporting resections for lymphoma or en-bloc resections
involving the pancreas. Potentially relevant manuscripts were retrieved in full and assessed based
on inclusion and exclusion criteria. When two publications were believed to involve potentially

duplicated or overlapping patient populations (based on authors, institutions and study years), only



the larger cohort was included in this review to avoid double-counting of patients. Series focusing on
the palliative management of pancreatic metastases were excluded. Series of secondary
malignancies of the pancreas in which some were managed medically were included if the survival

data for patients who underwent resection could be extracted separately.

Data collection and statistical analysis

Data extracted from selected studies included (but was not limited to) the year of publication,
authors’ institution and country, number of patients and their demographics, histology of primary
tumour, presentation (symptomatic or incidental finding), timing (synchronous or metachronous
with the primary tumour), presence or absence of extrapancreatic metastases, operation performed,
operative mortality and morbidity and survival data. Given the paucity of data on this topic, any
measure of survival (median, one, two or five-year survival) was extracted. Statistical analyses were
performed only on extracted summarised data from the selected studies. Basic descriptive statistics
(percentages and weighted means) were used to summarize the patient, study, and outcomes data.
Weighted means were calculated for oncological outcomes across all studies, with the unpaired t-
test used to compare survival outcomes. Statistical analysis was performed using GraphPad

software (GraphPad Software Inc, California, 2013).

We assessed the methodological quality of the selected studies using the Methodological Index for
Non-Randomised Studies (MINORS) criteria [4]. This tool, validated by its original authors, assesses
eight items (12 items in controlled studies), each of which is assigned a score of 0 (not reported), 1

(reported but inadequate) or 2 (reported and adequate).



Results

Search yields & data retrieval

Our initial literature search yielded 3405 citations. After an initial screening of titles and abstracts, 34
articles were reviewed in full to determine whether they met the inclusion criteria. Of these, 4
featured patient populations that overlapped with subsequent, larger studies, and 12 were rejected
because they did not fulfil the inclusion criteria. The remaining 18 studies met the above criteria to
merit inclusion in the extractable and analysable dataset [5-23]. The search strategy and outcomes

are summarised in Figure 1.

Study characteristics

The dataset consisted of 18 original studies, involving 399 patients who had undergone resection of
pancreatic metastases. All studies were retrospective single-institution case series, although 7 relied
on prospectively-maintained databases. Mean cohort size was 27, median 18 patients per study
(range 10-70). The majority of studies were from Europe (n=12), followed by series from the USA

(n=4), Canada (n=1) and Korea (n=1).

Patient characteristics

Of the 399 patients investigated in the 18 studies, 42% were female. At the time pancreatic
metastases were discovered, the mean age of the patients was 61.7 years. Disease free interval
(DFI, time from resection of primary tumour to diagnosis of pancreatic secondary lesions) was not
consistently reported, however among studies which reported mean DFI the weighted mean was

65.9 months (data not shown). Demographic characteristics are summarised in Table 1.

RCC was the commonest malignancy metastasising to the pancreas, accounting for 62.6% of all
primary tumours (n=250); six articles focused entirely on RCC. Sarcomas were the second
commonest primary tumour (n=29, 7.2%), followed by colorectal carcinoma (n=25, 6.2%), ovarian

carcinoma (n=19, 4.7%) and melanoma (n=16, 4%) (Figure 2).

Most centres performed standard procedures for resection of a pancreatic lesion —distal
pancreatectomy (n=174, 43.6%), pancreaticoduodenectomy (n=144, 36.1%), and total
pancreatectomy (n=52, 13.0%). Some units performed variants of the standard procedures such as
simple enucleation (n=20, 5.0%), middle pancreatectomy (n=6, 1.5%) and duodenum-preserving

pancreatic head resection (n=3, 0.7%).



Morbidity and mortality

Operative mortality was low, as would be expected following pancreatectomy in high-volume
centres (weighted mean 2.21%, range 0—10%). Postoperative morbidity was similar to that reported
after pancreatectomy for primary pancreatic tumours, at 39.85%, while the rate of fistula formation

was 18.78% on average (Table 2).

Survival data

The average duration of follow-up was only reported in 9 studies, from which the weighted mean
follow-up post pancreatic metastasectomy was 33.4 months (range 15.2 — 48 months). Pooled
analysis of all studies determined the median survival to be 50.2 months (range 26—78 months)

(Table 3).

One- and 5-year survival data were available for 4 and 11 studies respectively. The overall one-year
survival was 86.81% and 5-year survival was 50.02%. Survival outcomes appeared better for RCC
than for non-RCC related metastases (median survival 71.7 months vs. 24.7 months, respectively,
although only three studies directly compared the outcomes for RCC versus non-RCC metastases).
The 5—year survival after resection of RCC-related pancreatic metastases was 70.4%. Although it was
only reported in one study, the 5-year survival from non-RCC related pancreatic metastases was
22%. Due to the paucity of data reported and heterogeneity in the reporting of survival data, more

detailed meta-analysis of the included studies was not possible.

183 patients were reported to have presented with isolated pancreatic metastases, versus 33 with
multiorgan metastases. This information was not recorded for the remainder of the patients in our
dataset. The weighted mean survival of patients with extrapancreatic disease was 26 months, while
that of patients without extrapancreatic disease was 45 months (p = 0.0016 using the unpaired t-
test). The weighted mean survival of the 28 patients whose pancreatic metastases were reportedly
synchronous with their primary tumour was 36 months, while that of the 301 patients with

metachronous metastases was 40 months (p = 0.315).



Methodological quality of studies

No study in this review had a control group and no study was conducted prospectively. The 18

studies achieved a median MINORS score of 10/16 (range 7—11).



Discussion

Metastasectomy is a well-established treatment modality for metastases to a range of organs,
particularly liver and lung. However, this strategy has yet to be validated in the context of a
prospective randomised controlled trial, and hence clinicians are guided by accumulated experience
in the form of case series from high-volume centres [24-26]. Given the rarity of pancreatic
metastases, it is understandably difficult to accrue sufficient data to justify any particular
management approach. The results of our systematic review suggest that resection of cancers
which have metastasised to the pancreas is feasible in selected patients and appears to confer a
survival benefit. While the rate of complications after such procedures is not insignificant, the

operative mortality is reassuringly low.

Renal cell carcinoma is the most commonly reported metastatic tumour to be resected from the
pancreas, as evinced by the number of case series and reviews focusing solely on this clinical entity.
This systematic review identified RCC to be the primary tumour in 62.6% of cases. 5-year survival
after pancreatectomy for metastatic RCC was 70.4%. While extrapolating from small-volume case
series is not ideal, the consensus from all articles included in this review is that patients with RCC

metastasising to the pancreas benefit from resection.

Metastasectomy for metastatic RCC is a well-established treatment modality, particularly in the case
of lung metastases [34]. The most recent guidelines from the European Organisation for Research
and Treatment of Cancer’s Genito-Urinary group on the management of metastatic RCC are in
favour of metastasectomy, without reference to any particular metastatic site [35]. The
management of RCC has recently been revolutionised with the advent of tyrosine kinase inhibitors,
and it has been hypothesised that these may augment or even obviate the need for metastasectomy
in the future. To our knowledge, only one study thus far has specifically looked at the effect of
tyrosine kinase inhibitors in the setting of pancreatic metastases: Medioni et al performed a
retrospective chart review at three sites involving 15 adult patients and concluded that sunitinib was
effective in the treatment of RCC with pancreatic metastases [36]. However, median follow-up was
only 20 months, and the authors themselves conceded that surgery remains the only potentially
curative management option in this disease. Furthermore, given the heterogenous genetic makeup
of RCC, with extreme genetic variability in different regions of the same tumour, there are obvious

advantages in surgically removing the entire tumour mass [37].



Several groups have used the revised Memorial Sloan Kettering risk stratification tool to characterise
their patients with RCC metastases; this risk calculator allocates a score based on the presence or
absence of six adverse prognostic indicators in order to stratify patients with metastatic RCC into
‘favourable’, ‘intermediate’ and ‘poor’ risk groups [32, 33]. While Reddy and Zerbi found that those
patients with pancreatic metastases from RCC, who were found retrospectively to have been in the
“favourable” category, appeared to benefit most from resection [18, 23], Konstantinidis et al found

no such correlation [12].

A thorough systematic review in 2009 examined all available case reports and patient series of RCC
with pancreatic metastases available at that time, and concluded that patients with such metastases
who are fit for surgery should be considered for curative resection [27]. The authors cautioned that
patients with early multi-organ metastases might be better managed with observation and
neoadjuvant therapy, as early recurrence seemed to predict a more aggressive clinical course. Our
review yielded limited information regarding this scenario. Few papers have examined this issue of
multi-organ metastases in any depth. Niess et al directly compared the outcome of patients with
extrapancreatic metastases at the time of their resection, versus those with isolated pancreatic
metastases. They reported a median survival of 11 months in their eight patients with multi-organ
disease, while the 18 patients without extrapancreatic metastases had a median survival of 64
months (p = 0.05) [17]. Strobel et al found an association between extrapancreatic disease and
shorter median survival on univariate analysis (p = 0.0386) but not on multivariate analysis.
Interestingly, Zerbi et al excluded 11 patients with simultaneous lung and pancreatic metastases
from their total patient cohort on the grounds of unresectability [23]. Based on data extracted from
all the papers cited in this study, patients presenting with extrapancreatic metastases appeared to
have a significantly shorter median survival than those with isolated pancreatic metastases.
Therefore, despite the temptation to perform a multivisceral resection in such patients, it could be
argued that these presentations represent aggressive, widespread disease, and that a poor

oncological outcome is to be expected.

It was not possible to extract any meaningful data from our systematic review to compare outcomes
in patients with short versus long DFls, or to compare the DFls of different primary tumours.
Furthermore, no papers directly compared the survival of patients with synchronous versus
metachronous metastases. It was possible to extract some data from the included studies to
compare these outcomes, but no statistically significant difference could be demonstrated between

the two groups. In general, metastasectomies for synchronous metastases are associated with



shorter median survival than resection of metachronous metastases; this has been shown in the
case of hepatectomy for colorectal metastases [28, 29], pulmonary resection for RCC metastases
[30] and adrenalectomy for metastatic non-small-cell lung cancer [31]. The previously-mentioned
review of case reports and series of pancreatectomy for metastatic RCC suggest that the same
principle applies [27]; our data are not consistent with this, but a dedicated study looking specifically
at this question remains to be performed. The reason for this association between synchronous
metastases and shorter overall survival following metastasectomy remains to be elucidated—it may
indicate a more aggressive underlying biology in the primary tumour, or else reflect the increased
morbidity following resection of both the primary and the metastasis either simultaneously or in

quick succession.

There are fewer data supporting metastasectomy for non-RCC primaries. Three studies directly
compared outcomes of resection for metastatic RCC versus all others; all showed a trend towards a
shorter median survival for non-RCC metastasectomies [7, 11, 20]. However, given the aggressive
nature of the other primaries in question, this is not to suggest that no survival benefit at all is
gained from such resections. Given the well-established practice of metastasectomy in sarcoma
[38], it is reasonable to attempt resection of pancreatic metastases in such patients if they may thus
be rendered disease free. The only study to have exclusively evaluated colorectal metastases to the
pancreas analysed data from nine patients, and hence did not meet the inclusion criteria for this
review. The authors found a median survival of 17.4 months after pancreatic metastasectomy for
colorectal carcinoma [39]. They concluded that, bearing in mind the minimal data available,
resection of such metastases provides good palliation of symptoms, while not conferring any
particular survival benefit over conventional chemotherapy. There are far too few examples of

metastasectomy for other malignancies to make any recommendations.

Several papers have considered the various operative approaches to resection of secondary tumours
of the pancreas, comparing “standard” recections (Whipple, distal or total pancreatectomy) to

IM

“atypical” resections (enucleation, middle pancreatectomy etc). Bassi et al found a higher rate of
morbidity and local recurrence after atypical resections, and consequently advised standard
resections for all pancreatic metastases [6]. However, other authors did not find any statistically
significant difference in outcomes when comparing standard versus atypical resections [12, 21, 23] .
Zerbi et al concluded that a thorough search for multifocal pancreatic metastases (including both

manual palpation and intraoperative ultrasound) was a critical intra-operative step in deciding the

type of resection to perform [23]. Reddy and Strobel both found peripancreatic lymph node
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involvement in 20-30% of patients and hence advocated lymphadenectomy in all patients [18, 19].
Other case series and reviews did not find such a high rate of lymph node involvement. Ability to
perform lymphadenectomy is one advantage in performing a standard resection; at this point, there
is insufficient evidence to advocate whether or not a lymphadenectomy is required in this setting—
all that is certain is that the overwhelming majority of surgeons have favoured “typical” resections
up to this point. Meanwhile, surgical technique continues to evolve in new and exciting directions,

with reports emerging of single-incision laparoscopic pancreatectomy for RCC metastases [40].

Pancreatic metastases are often assumed to represent primary pancreatic carcinoma, at least
initially. Hyperenhancement on CT scan following the administration of intravenous contrast was
found to be a distinguishing feature of metastatic RCC on one of the earliest case series we reviewed
[10]. This has since been refined by reports from a number of other institutions—for example,
metastatic lesions are best viewed during the early phases of three-phase helical CT [41], and more
lesions are detected on arterial than on portal venous phase imaging [42]. However, the above
reports only apply to metastatic RCC. More recently, several institutions have reported a high level
of accuracy when using endoscopic ultrasound with fine-needle aspiration to diagnose pancreatic

metastases from a wide range of different primary tumours [43, 44].

A degree of publication and selection bias is likely to be present in the studies we reviewed. The
median MINORS score of 10/16 indicated a degree of methodological flaw in these papers, and is
consistent with MINORS scores found in a recent systematic review of hepatic metastasectomy [24].
The criteria used in devising this score should act as a guide to future researchers designing studies
examining outcomes following pancreatic metastasectomy. Nevertheless, it would be difficult to
conceive of a study of metastasectomy that did not rely on a retrospective, non-randomised case
series, and hence an element of methodological imperfection may be inevitable. However, this
should not deter clinicians from striving to improve our methods of assessing outcomes following

these procedures.

Our systematic review is therefore limited by the design of the studies available for inclusion,
potential publication bias, heterogeneity of reported results and the lack of comparative studies
whereby patients who undergo metastasectomy of pancreatic secondaries are compared to patients
who undergo non-operative management of these lesions. However, it should be pointed out that
there are no randomised studies of metastasectomy in any setting [24-26, 35]. A further limitation is

the short duration of follow-up—11 of 18 studies reported 5-year survival data, but new data are
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emerging to suggest that, in the case of liver metastases at least, 10-year survival may a more

pertinent measure, as cancer-related death only appears to plateau after 10 years [45, 46].

In conclusion, radical resection of metastases to the pancreas is feasible and safe, and may confer a
survival benefit for selected patients. We advocate such resections in patients for whom no
contraindication to surgery exists; this recommendation is particularly strong in the case of
metastatic renal cell carcinoma. However, presentation with multiorgan metastases may be an
adverse prognostic indicator. Decisions regarding the choice of operative approach should be made
on a case-by-case basis. The evidence base for the management of pancreatic metastases is quite
poor at present, and a multicentre prospective trial comparing resection of secondary pancreatic
tumours with conservative management would be required to provide a more definitive conclusion.
Given the rarity of this clinical entity, our current practice when confronted by a patient with
isolated pancreatic metastases can only be guided by clinical acumen and the best available

evidence, all of which point in favour of resection.
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