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Abstract
AIM
To evaluate the prognostic value of site-specific 
metastases among patients with metastatic pancreatic 
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carcinoma registered within the Surveillance, Epide-
miology and End Results (SEER) database.

METHODS
SEER database (2010-2013) has been queried through 
SEER*Stat program to determine the presentation, 
treatment outcomes and prognostic outcomes of 
metastatic pancreatic adenocarcinoma according to the 
site of metastasis. In this study, metastatic pancreatic 
adenocarcinoma patients were classified according to the 
site of metastases (liver, lung, bone, brain and distant 
lymph nodes). We utilized chi-square test to compare 
the clinicopathological characteristics among different 
sites of metastases. We used Kaplan-Meier analysis and 
log-rank testing for survival comparisons. We employed 
Cox proportional model to perform multivariate analyses 
of the patient population; and accordingly hazard ratios 
with corresponding 95%CI were generated. Statistical 
significance was considered if a two-tailed P value < 0.05 
was achieved. 

RESULTS
A total of 13233 patients with stage Ⅳ pancreatic cancer 
and known sites of distant metastases were identified in 
the period from 2010-2013 and they were included into 
the current analysis. Patients with isolated distant nodal 
involvement or lung metastases have better overall and 
pancreatic cancer-specific survival compared to patients 
with isolated liver metastases (for overall survival: lung 
vs  liver metastases: P  < 0.0001; distant nodal vs  liver 
metastases: P  < 0.0001) (for pancreatic cancer-specific 
survival: lung vs  liver metastases: P  < 0.0001; distant 
nodal vs  liver metastases: P  < 0.0001). Multivariate 
analysis revealed that age < 65 years, white race, being 
married, female gender; surgery to the primary tumor 
and surgery to the metastatic disease were associated 
with better overall survival and pancreatic cancer-specific 
survival.

CONCLUSION
Pancreatic adenocarcinoma patients with isolated liver 
metastases have worse outcomes compared to patients 
with isolated lung or distant nodal metastases. Further 
research is needed to identify the highly selected subset 
of patients who may benefit from local treatment of the 
primary tumor and/or metastatic disease.

Key words: Pancreatic cancer; liver metastases; lung 
metastases; bone metastases; Surveillance Epidemiology 
and End Results database
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Core tip: Pancreatic adenocarcinoma patients with 
isolated liver metastases have worse outcomes 
compared to patients with isolated lung or distant nodal 
metastases. Further research is needed to identify the 
highly selected subset of patients who may benefit 
from local treatment of the primary tumor and/or 
metastatic disease.
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INTRODUCTION
Pancreatic cancer is a global health burden with a poor 
prognosis and a difficult to treat biology in the majority 
of cases[1]. Histologically, pancreatic adenocarcinoma 
represents the majority of pancreatic cancer cases; 
and unfortunately the worst prognosis[2].

Treatment decisions for pancreatic adenocarcinoma 
differ according to patient- and disease-related fac-
tors. For fit patients with localized disease, surgical 
resection should always be considered, to be followed 
by or preceded by systemic chemotherapy[3]; while for 
locally advanced disease, personalized multimodality 
treatment strategies may be proposed[4]. For patients 
with metastatic disease, the primary treatment 
is systemic therapy (which may include systemic 
chemotherapy and more recently targeted therapy)[5].

Unfortunately, population-based studies in many 
parts of the world have shown a limited improvement 
in survival for non metastatic pancreatic cancer 
patients over years[6]. The situation is even worse for 
advanced stages of the disease[7]; and this calls for 
reconsideration of the current therapeutic strategies 
for this disease.

In the setting of metastatic pancreatic adenocar-
cinoma, liver is the most common site of metastasis. 
However, some cases may experience a change of the 
metastatic pattern and involve other distant organs 
without involving the liver. These cases may represent 
a different subset of patients with different biology 
and prognosis and subsequently different therapeutic 
approach[8-10].

Population-based data on the prognostic value of 
site-specific metastases for pancreatic adenocarcinoma 
are lacking. And thus, the objective of this study is 
to review the presentation and treatment trends of 
metastatic pancreatic cancer patients registered within 
the surveillance epidemiology and end results (SEER) 
database with a particular focus on the prognostic 
value of different sites of metastases.

MATERIALS AND METHODS
This study was based on the publicly available 
SEER-18 registry of the United States national cancer 
institute[11]. We retrieved data using the SEER*Stat 
software Version 8.3.2. Because this study is based on 
a publicly available database, it was exempted from 
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IRB approval.

Data collection
We restricted our search to SEER database (2010-2013) 
because detailed information about the site of distant 
metastases was not available before 2010.

To identify metastatic pancreatic cancer patients, 
we included cases with a primary site of “pancreas”, 
with ICD-O-Histology/behavior codes of 8140/3, 
8141/3, 8142/3, 8143/3, 8144/3 and 8145/3 (variants 
of adenocarcinoma) and with AJCC stage Ⅳ. We 
excluded patients without sufficient survival data or 
data about the site of the metastases.

Data extracted for each case included age at 
diagnosis, gender, race, marital status, T stage, N 
stage, site of metastases, surgery to the primary 
and metastases, cause-specific death classification, 
survival months and vital status. For the sake of the 
current analysis, pancreatic cancer-specific survival was 
defined as time from diagnosis to death from pancreatic 
adenocarcinoma. Data about systemic therapy were not 
available in the SEER database. 

Statistical analysis
In this study, metastatic pancreatic adenocarcinoma 
patients were classified according to the site of 
metastases (liver, lung, bone, brain and distant lymph 
nodes). We utilized chi-square test to compare the 
clinicopathological characteristics among different sites 
of metastases. We used Kaplan-Meier analysis and log-
rank testing for survival comparisons. 

We employed Cox proportional model to perform 
multivariate analyses of the patient population; and 
accordingly hazard ratios with corresponding 95%CI 
were generated. Statistical significance was considered 
if a two-tailed p value < 0.05 was achieved. All of 
the statistical analyses were performed using SPSS 
Statistics 20.0 (IBM, NY, United States).

RESULTS
Patients' characteristics
A total of 13233 patients with stage Ⅳ pancreatic 
cancer at the time of initial diagnosis and known sites 
of distant metastases were identified in the period 
from 2010-2013 and they were included into the 
current study. Table 1 summarizes the distribution 
of different metastatic sites for all included patients. 
10088 (76%) patients were diagnosed with liver 
metastases, 2638 (19.9%) patients were diagnosed 
with lung metastases, and 910 (6.8%) patients were 
diagnosed with bone metastases, 90 (0.6%) patients 
were diagnosed with brain metastases, 1246 (9.4%) 
patients were diagnosed with distant (non regional) 
lymph nodes. 8786 (66.3%) patients have a single 
organ site of metastases while 4447 patients (33.7%) 
patients have multi-organ metastases. Statistically 
significant correlations between different baseline 
characteristics and different sites of metastases are 
shown in Table 1.

Surgical resection of the primary tumor was 
performed in 225 (1.7%) patients while surgical 
resection of the metastatic lesions was performed in 
572 (4.3%). No information was provided in the SEER 
database about systemic treatment.

Survival outcomes
Overall and pancreatic cancer-specific survival were 
compared according to the site of metastases; for both 
endpoints, patients with isolated distant lymph node 
involvement or lung metastases have better outcomes 
compared to patients with isolated liver metastases 
(for overall survival: lung vs liver metastases: p < 
0.0001; distant nodal vs liver metastases: p < 0.0001; 
lung vs bone metastases: p = 0.051; distant nodal vs 
bone metastases: p = 0.001) (for pancreatic cancer-
specific survival: lung vs liver metastases: p < 0.0001; 
distant nodal vs liver metastases: p < 0.0001; lung vs 
bone metastases: p = 0.076; distant nodal vs bone 
metastases: p = 0.015) (Figure 1A and b).
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Figure 1  Kaplan-Meier curve of: overall survival (A), and pancreatic cancer-
specific survival (B) according to the site of single site metastases.
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metastases. There was evidence of benefit for patients 
with isolated liver metastases but not for patients with 
isolated lung or distant nodal metastases (Figure 3A-c).

Multivariate analysis revealed that age < 65 years, 

white race, being married, female gender; surgery 
to the primary tumor and surgery to the metastatic 
disease were associated with better overall survival 
and pancreatic cancer-specific survival (Table 2).
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Figure 2  Kaplan-Meier curve of overall survival according to whether 
or not surgery to the primary has been done: (A) patients with isolated 
distant nodal deposits; (B) patients with isolated liver metastases; (C) 
patients with isolated lung metastases.
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Figure 3  Kaplan-Meier curve of overall survival according to whether 
or not surgery to the metastatic disease has been done: (A) patients 
with isolated distant nodal deposits; (B) patients with isolated liver 
metastases; (C) patients with isolated lung metastases.
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DISCUSSION
The main findings of this study are: (1) patients with 
distant nodal and lung metastases from pancreatic 
adenocarcinoma have a statistically significant better 
prognosis than patients with liver metastases; and (2) 
surgical resection could play a role in the management 
of a highly selected subset of patients with pancreatic 
adenocarcinoma and isolated resectable liver or distant 
nodal metastases.

Knowledge of the prognostic consequences of 
having one site of metastases rather than the other 
may help in the informed discussion with the patients 
about the overall outlook of their disease; moreover, 
this could help tailor systemic therapy strategies for 
this disease.

Despite the differences in our analysis between 
patients affected with different isolated sites of 
metastases, there was no difference in general 
between patients affected with single site versus 
multiple sites of metastases. This is in contrast to lung 
cancer where prognostic differences have been found 
according to this parameter[12,13]. 

The current analysis showed that married patients 
have better overall and pancreatic cancer specific 
survival compared to unmarried patients. This is 
in line with previous SEER analyses for pancreatic 
cancer patients[14] as well as for many other solid 

tumors[15,16]. Moreover, the current analysis showed 
an evidence for age and racial differences in survival 
outcomes. This confirms the findings from previous 
SEER analyses[17-19] and the racial differences may be 
explained by disparities in the access to care; while 
the impact of age may be explained by differences in 
baseline co morbid conditions. Our analysis showed 
also that male patients have poorer survival outcomes 
compared to female patients. This may be explained 
by unreported differences in co-morbid conditions.

Value of local treatment of the primary in cases 
of a metastatic solid tumor has been shown for 
metastatic renal cell carcinoma[20], metastatic non-
functioning pancreatic neuroendocrine tumors[21,22] 
and hepatocellular carcinoma[23]. Similar strategy 
is currently being explored in a number of ongoing 
studies for patients with metastatic breast cancer[24,25]. 

For pancreatic adenocarcinoma, there is no 
evidence-based consensus about whether and when 
to use surgery in the setting of metastatic disease. 
While older retrospective studies suggested no 
benefit from surgical resection to the primary tumor 
and synchronous liver metastases[26,27], more recent 
retrospective studies suggested that primary tumor 
resection following favorable response to systemic 
chemotherapy in stage Ⅳ patients may be considered 
in highly selected patients[28,29]. However, the number 
of patients in all these studies was not large enough to 

Table 2  Multivariate analyses of overall survival and pancreatic cancer-specific survival in metastatic pancreatic cancer patients

Features Overall survival Pancreatic cancer-specific survival

Hazard ratio(95%CI) P  value Hazard ratio (95%CI) P  value

Age (yr)
   < 65 1.00 (reference) 1.00 (reference)
   > 65 1.343 (1.292-1.396) < 0.0001 1.131 (1.083-1.181) < 0.0001
Race
   Black 1.00 (reference) 1.00 (reference)
   White 0.913 (0.865-0.965)   0.001 0.924 (0.869-0.983)   0.013
   Others 0.891 (0.818-0.971)   0.009 0.956 (0.870-1.052)   0.360
Gender
   Female 1.00 (reference) 1.00 (reference)
   Male 1.117 (1.075-1.160) < 0.0001 1.087 (1.042-1.135) < 0.0001
Marital status
   Married 1.00 (reference) 1.00 (reference)
   Unmarried 1.243 (1.196-1.291) < 0.0001 1.222 (1.170-1.276) < 0.0001
T stage
   T1 1.00 (reference) 1.00 (reference)
   T2 1.151 (1.015-1.304)   0.028 1.170 (1.015-1.349)   0.030
   T3 1.014 (0.895-1.149)   0.826 1.033 (0.896-1.191)   0.652
   T4 0.974 (0.857-1.107)   0.688 0.986 (0.853-1.141)   0.851
N stage
   N0 1.00 (reference) 1.00 (reference)
   N1 1.004 (0.962-1.049)   0.841 1.001 (0.954-1.051)   0.958
Surgery of the primary
   No 1.00 (reference) 1.00 (reference)
   Yes 0.573 (0.489-0.671) < 0.0001 0.537 (0.448-0.643) < 0.0001
Surgery of the metastases
   No 1.00 (reference) 1.00 (reference)
   Yes 0.773 (0.703-0.851) < 0.0001 0.782 (0.703-0.871) < 0.0001
Distant metastases 
   Multiple metastases 1.00 (reference) 1.00 (reference)
   Single metastasis 1.080 (0.900-1.297)   0.409 1.049 (0.867-1.270)   0.619
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derive clear recommendations. Moreover, these studies 
still carry the methodological defects of a retrospective 
analysis.

The presence of liver metastases was shown in our 
analysis as a poor prognostic factor compared to lung 
or distant nodal metastases. This result is in line with 
the post-hoc analysis of the MPACT phase Ⅲ study as 
well as another retrospective study[30,31]. However, our 
analysis differs in being on a much larger sample size 
which may give a more representative picture of the 
routine daily practice.

The results of this analysis have to be interpreted 
with caution given the inherent difficulties in conducting 
retrospective studies in general and SEER analyses in 
particular; most notably the lack of information about 
the co-morbidities in evaluated patients as well as the 
absence of systemic therapy information. Patients who 
are offered surgical resection are more likely to have 
better general health and less co- morbidities; thus, 
potential selection bias could not be totally excluded. 
Moreover, an important site of metastasis from 
pancreatic cancer-that is peritoneal deposits- is not 
detailed in the SEER database which may confound 
further the conclusions from this analysis.

Prospective controlled studies are thus needed in 
order to evaluate the best way to integrate local and 
systemic therapies in the management of pancreatic 
cancer patients with good general condition and 
limited resectable extrapancreatic disease. This is 
especially important given the plethora of newer 
systemic therapy agents approved or evaluated in the 
management of this disease.

The current analysis evaluated surgical options for 
metastatic patients; however, other local therapies 
(which are not detailed in the SEER database) should 
also be evaluated within clinical trials in these patients 
including interventional radiology ablative techniques 
(e.g., radiofrequency or microwave ablation) as well as 
stereotactic body radiotherapy.

The biological behavior of pancreatic cancer 
patients presenting with a first site of metastasis 
other than the liver needs to be interpreted in light of 
our recent understanding of the different molecular 
subtypes of pancreatic cancer[32]. Those patients may 
have a peculiar molecular phenotype and thus may 
benefit from a different course of systemic therapy.

In conclusion, based on the SEER analysis, 
pancreatic adenocarcinoma patients with isolated 
liver metastases have worse outcomes compared to 
patients with isolated lung or distant nodal metastases. 
Further research is needed to identify the highly 
selected subset of patients who may benefit from local 
treatment of the primary tumor and/or metastatic 
disease.
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