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Abstract
AIM
To evaluate this parameter in patients registered within the Surveillance Epidemiology 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.
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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 factors. 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 adenocarcinoma, 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.

[bookmark: OLE_LINK478][bookmark: OLE_LINK481][bookmark: OLE_LINK483][bookmark: OLE_LINK674]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 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 considerations
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).
Moreover, patients with isolated distant lymph node involvement but not those with lung metastases have better outcomes compared to patients with isolated bone metastases (for overall survival: lung vs. bone metastases: P = 0.051; distant nodal vs. bone metastases: P = 0.001) (for pancreatic cancer-specific survival: lung vs. bone metastases: P = 0.076; distant nodal vs. bone metastases: P = 0.015) (Figure 1A and B). Because of the very small number of patients with brain metastases (90 patients), they were not included in this analysis.
Overall survival was assessed according to whether or not surgery to the primary tumor was performed in patients with isolated liver, lung and distant nodal metastases. There was evidence of benefit for patients with isolated liver or distant nodal metastases but not for patients with isolated lung metastases (Figure 2A-C).
Overall survival was also evaluated according to whether or not surgery to the metastatic disease was performed in patients with isolated liver, lung or distant nodal 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).

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 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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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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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.


A
[image: ]
B
[image: ]
C[image: ]
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.




Table 1 Clinical features and metastatic sites n (%)
	Features
	Bone metastases
	P value
	Liver metastases
	P value
	Lung metastases
	P value
	Distant lymph nodes
	P value
	Brain metastases
	P value

	
	Yes
	No
	
	Yes
	No
	
	Yes
	No
	
	Yes
	No
	
	Yes
	No
	

	Age (yr)
	
	
	0.002
	
	
	< 0.0001
	
	
	0.008
	
	
	< 0.0001
	
	
	0.636

	 < 65
	396 (7.7)
	4724 (92.3)
	
	3996 (78)
	1124 (22)
	
	961 (18.8)
	4159 (81.2)
	
	569 (11.1)
	4551 (88.9)
	
	37 (0.7)
	5083 (99.3)
	

	≥ 65 
	514 (6.3)
	7599 (93.7)
	
	6092 (75.1)
	2021 (24.9)
	
	1677 (20.7)
	6463 (79.3)
	
	677 (8.3)
	7436 (91.7)
	
	53 (0.7)
	8060 (99.3)
	

	Race
	
	
	0.076
	
	
	0.001
	
	
	0.312
	
	
	0.059
	
	
	0.314

	White 
	727 (9.6)
	9734 (93.1)
	
	7974 (76.2)
	2487 (23.8)
	
	2106 (20.1)
	8355 (79.9)
	
	1005 (9.6)
	9456 (90.4)
	
	71 (0.7)
	10390 (99.3)
	

	Black
	105 (5.9)
	1661 (94.1)
	
	1388 (78.6)
	378 (21.4)
	
	329 (18.6)
	1437 (81.4)
	
	140 (7.9)
	1626
(92.1)
	
	16 (0.9)
	1750 (99.1)
	

	Others
	928 (93)
	78 (7)
	
	726 (73)
	280 (27)
	
	203 (19)
	803 (81)
	
	905 (90)
	101 (10)
	
	3 (0.2)
	1003 (99.8)
	

	Gender 
	
	
	0.002
	
	
	<0.0001
	
	
	0.020
	
	
	0.028
	
	
	0.770

	Male 
	636 (7.5)
	6613 (92.5)
	
	5565 (77.8)
	1584 (22.2)
	
	1372 (19.2)
	5777 (80.8)
	
	710 (9.9)
	6439 (90.1)
	
	50 (0.7)
	7099 (99.3)
	

	Female 
	374 (6.1)
	5710 (93.9)
	
	4523 (74.3)
	1561 (25.7)
	
	1266 (20.8)
	4818 (79.2)
	
	536 (8.8)
	5548 (91.2)
	
	40 (0.7)
	6044 (99.3)
	

	Location of the primary
	
	
	0.001
	
	
	0.084
	
	
	<0.0001
	
	
	0.003
	
	
	0.024

	Head 
	269 (5.8)
	4387 (94.2)
	
	3580 (76.9)
	1076 (23.1)
	
	828 (17.2%)
	3828 (82.2)
	
	480 (10.3%)
	4176 (89.7)
	
	21 (0.5)
	4635 (99.5)
	

	Body/tail
	340 (7.2)
	4408 (92.8)
	
	3638 (76.6)
	1110 (23.4)
	
	961 (20.2)
	3787 (79.8)
	
	394 (8.3%)
	4354 (91.7)
	
	33 (0.7)
	4715 (99.3)
	

	Unknown
	301 (7.9)
	3528 (92.1)
	
	2870 (75)
	959 (25)
	
	849 (22.2)
	2980 (77.8)
	
	372 (9.7)
	3457 (90.3)
	
	36 (0.9)
	3793 (99.1)
	

	Marital status
	
	
	0.083
	
	
	0.895
	
	
	0.083
	
	
	0.014
	
	
	0.189

	Married
	512 (7.1)
	6720 (92.9)
	
	5510 (76.2)
	1722 (23.8)
	
	1402 (19.4)
	5830 (80.6)
	
	722 (10)
	6510 (90.0)
	
	43 (0.6)
	7189 (99.4)
	

	Unmarried
	398 (6.6)
	5603 (93.4)
	
	4578 (76.3)
	1423 (23.7)
	
	1236 (20.6)
	4765 (79.4)
	
	524 (8.7)
	5477 (91.3)
	
	47 (0.8)
	5954 (99.2)
	

	T stage
	
	
	< 0.0001
	
	
	< 0.0001
	
	
	0.003
	
	
	< 0.0001
	
	
	< 0.0001

	T1
	29 (8.9)
	296 (91.1)
	
	242 (74.5)
	83 (25.5)
	
	59 (18.2)
	266 (81.8)
	
	23 (7.1%)
	302 (92.9)
	
	3 (0.9)
	322
(99.1)
	

	T2
	209 (6.7)
	3079 (93.6)
	
	2705 (82.3)
	583 (17.7)
	
	595 (18.1)
	2693 (81.9)
	
	277 (8.4%)
	3011 (91.6)
	
	17 (0.5)
	3271
(99.5)
	

	T3
	200 (5.5)
	3460 (94.5)
	
	2699 (73.7)
	961 (26.3)
	
	711 (19.4)
	2949 (80.6)
	
	345 (9.4)
	3315 (90.6)
	
	11 (0.3)
	3649 (99.7)
	

	T4
	153 (6.8)
	2106 (93.2)
	
	1611 (71.3)
	648 (28.7)
	
	504 (22.3)
	1755 (77.7)
	
	278 (12.3)
	1981 (87.7)
	
	13 (0.6)
	2246 (99.4)
	

	Tx
	319 (9.0)
	3382 (91.0)
	
	2831 (76.0)
	870 (24.0)
	
	769 (20.5)
	2932 (79.5)
	
	323 (10)
	3378 (90)
	
	46 (1.2)
	3655 (98.8)
	

	N stage
	
	
	< 0.0001
	
	
	0.788
	
	
	< 0.0001
	
	
	< 0.0001
	
	
	0.089

	N0
	395 (5.8)
	6424 (94.2)
	
	5210 (76.4)
	1609 (23.6)
	
	1143 (16.8)
	5676 (83.2)
	
	310 (4.5%)
	6509 (95.5)
	
	36 (0.5)
	6783 (99.5)
	

	N1
	354 (8.7)
	3729 (91.3)
	
	3097 (75.9)
	986 (24.1)
	
	1018 (24.9)
	3065 (75.1)
	
	811 (19.9)
	3272 (80.1)
	
	34 (0.8)
	4049 (99.2)
	

	Nx
	161 (6.9)
	2170 (93.1)
	
	1781 (76.4)
	550 (23.6)
	
	477 (20.5)
	1854 (79.5)
	
	125 (5.4)
	2206 (94.5)
	
	20 (0.9)
	2311 (99.1)
	

	Surgery of the primary
	
	
	0.035
	
	
	< 0.0001
	
	
	0.006
	
	
	0.265
	
	
	0.422

	Yes 
	7 (3.1)
	218 (96.9)
	
	112 (49.8)
	113 (50.2)
	
	26 (11.6)
	199 (88.4)
	
	15 (6.7)
	210 (93.3)
	
	0 (0)

	225 (100)
	

	No 
	903 (7)
	12105 (93)
	
	9976 (76.7)
	3033 (23.3)
	
	2612 (20.1)
	10369 (79.9)
	
	1231 (9.5)
	11777 (90.5)
	
	90 (0.7)
	12918 (99.3)
	

	Surgery of the metastases
	
	
	0.808
	
	
	< 0.0001
	
	
	0.002
	
	
	< 0.0001
	
	
	0.503

	Yes 
	38 (6.6)
	534 (93.4)
	
	288 (50.3)
	284 (49.7)
	
	81 (14.2)
	491 (85.8)
	
	91 (15.9)
	481 (84.1)
	
	6 (1.0)
	566 (99.0)
	

	No 
	872 (6.7)
	11789 (93.3)
	
	9800 (77.4)
	2861 (22.6)
	
	2557 (20.2)
	10104 (79.8)
	
	1155 (9.1)
	11506 (90.9)
	
	84 (0.7)
	12577 (99.3)
	





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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