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Abstract

Background

The prognostic impact of different distant metastases pattern in liver cancer is unexplored
still now. The aim of this study is to analyze the metastasis patterns and prognosis differ-
ences for patients with stage IV liver cancers.

Methods

A SEER analysis was performed. Overall survival and cancer-specific survival were calcu-
lated by the Kaplan-Meier method. Multivariable Cox regression models were used to fur-
ther analyze survival outcome and other prognostic factors.

Results

A total of 37526 eligible cases were retrieved in the Surveillance, Epidemiology, and End
Results database. Among these patients, stage of |V liver cancer accounted for 14.80%
(5555/37526) at initial diagnosis. Patients who suffered bone, brain or lung metastasis occu-
pied 55.61% (3089/5555). Comparing with other two single metastases, the patients with
brain metastasis exhibited worst overall survival whose mean of survival was 4.758 months.
Multivariate analysis with Cox hazard regression model showed that metastatic site was an
independent prognostic factor of overall survival and cancer-specific survival in patients with
single metastasis (P<0.05). The results of univariate analysis showed that metastatic pat-
tern was significantly correlated with overall survival (P = 0.038) and cancer-specific survival
(P =0.035) of patients with two sites.

Conclusions

Lung was the most common site of single metastasis for liver cancers. Patients with bone
metastasis had best survival outcome comparing with other two distant metastases.
Patients with two metastatic sites, where one of them is the lung tends to have a slight trend
to a worse outcome.
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Introduction

Primary liver cancer (LCa) is estimated to be one of the most common cancers worldwide, as
well as one of the most common causes of cancer-related mortality. In the United States, LCa
represents the fifth most common cancer deaths in men and the eighth most common deaths
in women [1]. Hepatitis C virus infection is the leading cause of LCa in the United States,
whereas hepatitis B virus infection is the leading cause worldwide, particularly in regions of
Asia and Africa [2]. Other relevant risk factors consist of heavy alcohol drinking, tobacco,
overweight, metabolic syndrome, and selected aspects of diet [3-7]. In countries without
nationwide LCa surveillance programs, up to 30%-35% of patients present with macrovascular
invasion and/or extrahepatic spread at initial diagnosis and the most common sites of distant
metastasis are lungs, bones and adrenal glands [8-11]. The survival time of untreated meta-
static LCa rarely exceed 62 days (IQR, 31-153 days) [12]. As a multi-kinase inhibitor, sorafe-
nib, has become the standard treatment for metastatic LCa patients[13]. However, among
patients with decompensated cirrhosis, the median survival benefit was 31 days, and it was not
cost-effective (ICER, $224,914 per life year gained) [12]. One of the main issues related to the
cost of LCa is that treatments and testing do not equate with equivalent benefit. Hence, further
understanding of outcome of LCa, especially metastatic LCa, might help make suitable medical
decision and save the unnecessary expend on the LCa.

However, to date little attention has been focused on the prognostic significance of distant
metastatic patterns of LCa patients at the initial diagnosis. Since knowledge of prognosis of
these patterns is crucial for pre-treatment evaluation, our study aimed to describe the distant
metastatic site, frequency of occurrence and pattern of these metastases based on a large popu-
lation using SEER database. In addition, with the considerable advances in treatment for LCa,
such as surgical resection, percutaneous ablation, transcatheter arterial chemoembolization
(TACE), and liver transplantation, the survival of LCa patients has improved much in recent
years[14-18]. As a result, likelihood of encountering distant metastases from early stage LCa is
rising. Hence, understanding the prognosis of different distant metastatic pattern in LCa
patients at initial diagnosis would provide more evidence for precise medicine for metastatic
LCa patients developed from early stages after diverse treatments.

Materials and methods
Database and patient selection

The Surveillance, Epidemiology, and End Results (SEER) program is a United States popula-
tion-based cancer registry that began in 1973 and is supported by both the National Cancer
Institute and Centers for Disease Control and Prevention. A total of 18 population-based can-
cer registries in the United States were included in the current SEER database. We totally
choose 37526 cases according to the following criteria: (1) pathologically confirmed LCa with
active follow-up and confirmed age. (2) the year of diagnosis from 2010 to 2014; (3) enrolled
patients should have confirmed metastatic information of bone, brain, and lung. Patients with
benign or borderline tumors, unknown age and unknown survival months were excluded.
SEER*Stat software (SEER*Stat 8.2.3) was used to extract the data.

Statistical analysis

Frequency distribution of demographic and clinicalpathogical characteristics across metastatic
groups were compared using Pearson’ s Chi-square tests. Primary end points include overall
survival (OS; defined as the time from diagnosis till death due to any reason) and cancer-spe-
cific survival (CSS; defined as the time from diagnosis till death due to LCa). The Kaplan-
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Meier analyses were used to generate the survival curves and the Log Rank test was applied to
analyze the differences among the curves. Adjusted HRs with 95% CIs were calculated using
Cox proportional hazard regression models to estimate prognostic factors. All statistical tests
were 2-sided, and P<0.05 was considered statistically significant. The statistical software SPSS
22.0 was utilized for all data analyses.

Results

Patients’ characteristics and frequency difference of different metastases
pattern

A total of 37526 eligible cases were retrieved in the SEER database. Among these patients,
stage of IV LCa accounted for 14.80%(5555/37526) at initial diagnosis. The SEER database
only offered metastatic information of bone, brain and lung. Patients who suffered metastasis
to either one of these four organs occupied 55.61%(3089/5555).

Table 1 summarised the distribution of clinical characteristics of these patients. Age at diag-
nosis had substantive differences across the bone metastasis and lung metastasis groups (both,
P<0.05). The distribution of race, histological grade and insurance status among patients with
bone metastasis and without bone metastasis was significantly distinguishing (P<0.05). Simi-
lar phenomenon was observed in lung metastasis (P<0.05) while not in brain metastasis
(P>0.05). As shown in Table 1, there were a series of significant differences among the three
groups of patient samples including nodal status, T-stage, and marital status (all, P<0.05).

The metastatic pattern of LCa was presented in Table 2. There were 7 possible metastatic
forms, including 3 single metastases and 4 combinations of metastases. Among patients with
single metastasis, we found that lung was still the most common site of metastasis for LCa
(30.20%), followed by bone (17.8%) and brain (0.70%) metastasis. As for two sites, the combi-
nation of bone and lung metastases occupied most achieving to 5.65%.

Univariate and multivariate survival analysis of patients with four single
metastases

Moreover, we conducted univariate analysis (Table 3) to evaluate the impact of single metasta-
ses and baseline characteristics on OS and CCS. As was shown, metastatic sites had significant
impact on OS and CCS (both, P<0.05). Comparing with other two single metastases, the
patients with brain metastasis exhibited worst OS whose mean of survival was 4.758 months.
As for CCS, patients with lung metastasis exhibited worst OS whose mean of survival was
7.875 months. Further multivariate analysis with Cox hazard regression model showed that
metastatic site was an independent prognostic factor for both OS and CCS (P<0.05) (Table 4).
Univariate analysis showed that N-classification was significantly associated with OS (P<0.05)
and CCS (P<0.05) while only with OS (P<0.05) in multivariate model. In addition, other fac-
tors including T-stage, differentiated grade and marital status were all distinctly correlated
with OS and CCS in both univariate and multivariate model (all, P<0.05). Fig 1 exhibited the
survival curves generated by Kaplan-Meier analyses using univariate model.

Univariate and multivariate survival analysis of patients with different
combinations of metastases

Patients with two metastatic sites had 3 forms, including bone with brain metastasis, bone
with lung metastasis and brain with lung metastasis. The univariate analysis results showed
that metastatic pattern was associated with OS (Bone and brain metastasis: 8.640 months;
Bone and lung metastasis: 4.107 months; Brain and lung metastasis: 2.542 months; P = 0.038)
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Table 1. Clinical features and metastasis sites.

Features Bone metastasis (%) P Brain metastasis (%) P Lung metastasis (%) P
No Yes No Yes No Yes
Age
Mean (years) 63.60 64.45 0.011 63.63 62.63 0.391 63.72 62.36 <0.001
SD 12.52 11.29 12.47 10.93 12.28 14.84
Race
White 21901(95.5) 1025(4.5) <0.001 22805(99.6) 86(0.4) 0.340 21463(93.8) 1417(6.2) <0.001
Black 4202(94.3) 254(5.7) 4425(99.6) 18(0.4) 4082(92.1) 351(7.9)
Other 5030(96.6) 177(3.4) 5182(99.7) 13(0.3) 4826(92.8) 372(7.2)
Nodal status
Nx 1921(88.6) 246(11.4) <0.001 2124(99.0) 22(1.0) <0.001 1809(84.1) 343(15.9) <0.001
NO 24731(97.0) 778(3.0) 25428(99.7) 64(0.3) 24390(95.8) 1072(4.2)
N1 1846(88.4) 242(11.6) 2070(99.5) 11(0.5) 1738(83.4) 347(6.6)
T-stage
Tx 2462(87.8) 341(12.2) <0.001 2753(99.1) 26(0.9) <0.001 2397(85.9) 395(14.1) | <0.001
T1 12401(97.9) 264(2.1) 12632(99.8) 24(0.2) 12275(97.1) 369(2.9)
T2 6157(97.7) 148(2.3) 6287(99.8) 14(0.2) 6133(97.4) 162(2.6)
T3 6502(93.9) 426(6.1) 6894(99.6) 27(0.4) 6287(90.9) 628(9.1)
T4 963(92.8) 75(7.2) 1032(99.4) 6(0.6) 827(80.4) 201(19.6)
Histological grade
Well 3250(97.5) 84(2.5) <0.001 3319(99.7) 9(0.3) 0.148 3235(97.2) 93(2.8) <0.001
Moderate 5095(97.2) 143(2.8) 5219(99.7) 17(0.3) 4988(95.6) 232(4.4)
Poorly 2615(94.5) 151(5.5) 2757(99.6) 12(0.4) 2455(88.9) 306(11.1)
Undifferentiated 269(95.7) 12(4.3) 278(98.9) 3(1.1) 249(88.0) 34(12.0)
Marital status
Married 15198(95.8) 663(4.2) <0.001 15800(99.7) 42(0.3) 0.008 14843(93.8) 983(6.2) | 0.002
Single 7559(91.4) 715(8.6) 15039(99.6) 67(0.4) 14032(92.9) 1069(7.1)
Insurance
Insured 35901(95.5) 1690(4.5) 0.002 30411(99.7) 102(0.3) 0.055 28548(93.6) 1941(6.4) <0.001
Uninsured 1315(93.7) 88(6.3) 1392(99.4) 9(0.6) 1244(89.1) 152(10.9)
SD: Standard deviation
https://doi.org/10.1371/journal.pone.0200909.t001
Table 2. Frequencies of combination metastasis.
Features Bladder cancer
Number Percentage (%)
One site
Only bone 987 17.8
Only brain 39 0.70
Only lung 1676 30.2
Two sites
Lung and bone 314 5.65
Lung and brain 24 0.43
Bone and brain 24 0.43
Three sites
Bone and brain and lung 18 0.32
https://doi.org/10.1371/journal.pone.0200909.t002
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Table 3. Univariate survival analysis of patients with three single metastases.

Risk Factors Overall Survival Cancer-specific Survival
Mean of survival months 95% CI P Mean of survival months ‘ 95% CI P
Metastasis site <0.001 <0.001
bone metastasis 6.692 (5.944, 7.441) 8.944 (7.796, 10.092)
brain metastasis 4.758 (2.715, 6.801) 9.075 (4.218,13.932)
lung metastasis 5.683 (4.999, 6.367) 7.875 (6.695, 9.055)
Race 0.808 0.444
White 6.161 (5.529, 6.793) 8.703 (7.587,9.819)
Black 5.424 (4.364, 6.483) 7.560 (5.853,9.267)
Other 6.277 (4.926, 6.544) 7.581 (5.788,9.374)
N-classification 0.002 0.002
NO 6.060 (5.428, 6.693) 9.088 (8.013,10.163)
N1 4.191 (3.391, 4.991) 5.941 (4.689, 7.193)
T-stage <0.001 <0.001
T1 6.966 (5.828, 8.105) 10.277 (8.505, 12.048)
T2 7.531 (5.767,9.294) 10.056 (7.669, 12.443)
T3 4.752 (4.143, 5.362) 6.646 (5.716, 7.575)
T4 4.296 (3.119,5.473) 5.296 (3.811, 6.781)
Differentiated grade <0.001 <0.001
Well 9.590 (6.620, 12.531) 13.786 (9.487, 18.086)
Moderate 8.286 (6.519, 10.053) 12.746 (9.898, 15.593)
Poorly 3.449 (2.570, 4.328) 5.628 (3.786, 7.470)
Undifferentiated 10.827 (4.652,17.003) 17.239 (8.584, 25.893)
Marital status 0.003 0.002
Married 6.488 (5.583, 7.393) 9.182 (7.833, 10.531)
Single 5.063 (4.371, 5.755) 7.110 (6.038, 8.182)
Insurance status 0.025 0.530
Insured 5.793 (5.379, 6.567) 8.403 (7.512,9.293)
Uninsured 4.389 (2.524, 6.253) 6.404 (3.486,9.322)

https://doi.org/10.1371/journal.pone.0200909.t003

and CCS (Bone and brain metastasis: 11.437 months; Bone and lung metastasis: 5.553 months;
Brain and lung metastasis: 3.810 months; P = 0.035) of patients (S1 Table). In multivariate
model analysis, the results showed that the patients with combination of brain and lung had
the worse OS than combination of bone and brain (HR, 2.002; 95% CI, 1.081-3.707;

P =0.027). As for CCS, the patients with bone and brain had the best outcome in the three pat-
terns with two sites (Bone and lung: HR, 1.730, 95% CI, 1.002-2.986, P = 0.049; Brain and
lung: HR, 1.322, 95% CI, 1.117-4.508, P = 0.023) (S2 Table). Survival curves for these 3 forms
of metastases using Kaplan-Meier method was shown in Fig 2.

Discussion

In contrast to declining trends of other common cancers in mortality, death rates rose from
2010 to 2014 by almost 3% per year for LCa, particularly for metastatic patients with 5-year rel-
ative survival rates of 3.1%[1,19]. Metastatic LCa represents a heterogeneous disease; clinical
outcomes are highly variable and depend on the underlying tumor biology and patient charac-
teristics[20,21]. The prognostic influence of metastasis at initial diagnosis and factors associ-
ated with specific organ involvement have been understudied[22,23]. Nevertheless, there was
still no study that focused on the prognosis of different distant metastases pattern in LCa. A
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Table 4. Multivariate survival analysis of patients with three single metastases.

Risk Factors Overall Survival Cancer-specific Survival
HR 195% CI P HR 195% CI P
Metastasis site <0.001 <0.001
bone metastasis 1 Ref 1 Ref
brain metastasis 1.194 (0.849, 1.680) 0.309 1.068 (0.720, 1.586) 0.743
lung metastasis 1.391 (1.276,1.517) <0.001 1.322 (1.201, 1.456) <0.001
Race 0.597 0.870
White 1 Ref 1 Ref
Black 1.052 (0.940, 1.177) 0.380 1.055 (0.932,1.194) 0.400
Other 0.966 (0.858, 1.086) 0.561 1.007 (0.885, 1.146) 0.915
N-classification 0.039 0.138
NO 1 Ref 1 Ref
N1 1.135 (1.006, 1.281) 0.039 1.107 (0.968, 1.265) 0.138
T-stage 0.003 0.003
T1 1 Ref 1 Ref
T2 0.978 (0.825, 1.159) 0.794 1.010 (0.836, 1.221) 0.918
T3 1.204 (1.066, 1.359) 0.003 1.237 (1.080, 1.417) 0.002
T4 1.189 (0.994, 1.421) 0.058 1.341 (1.105, 1.627) 0.003
Differentiated grade <0.001 <0.001
Well 1 Ref 1 Ref
Moderate 1.037 (0.826 1.302) 0.756 1.001 (0.774, 1.303) 0.975
Poorly 1.644 (1.314, 2.057) <0.001 1.720 (1.336, 2.216) <0.001
Undifferentiated 1.291 (0.881, 1.892) 0.191 1.233 (0.794, 1.914) 0.351
Marital status 0.008 0.011
Marrried 1 Ref 1 Ref
Single 1.122 (1.031, 1.222) 0.008 1.131 (1.028, 1.244) 0.011
Insurance status 0.016 0.031
Insured 1 Ref 1 Ref
Uninsured 1.222 (1.039, 1.438) 0.016 1.218 (1.019, 1.456) 0.031

https://doi.org/10.1371/journal.pone.0200909.t004

better understanding of patterns of metastases would be valuable to assess prognosis, select
appropriate treatments, and determine disease monitoring.

In our retrospective study, we observed that LCa predominantly metastasize to lung in sin-
gle metastasis which is in line with previous studies[23-25]. Studies have already indicated
that brain is the least common distant metastatic organ in LCa patients[26,27]. Consistent
with these studies, our results also showed that brain also was the least common metastatic site
in all LCa. As for bone metastasis, we found this pattern occupied 17.8% of all, which is lower
than 25.5% to 38.5% reported by previous studies[28,29]. Referring to demographics and clini-
cal features of patients, we found that that elder people seemed to suffer bone and lung metas-
tases more frequently at diagnosis except for brain metastasis. We also found that black people
was associated with more involvement of bone, and lung metastases than white people. Of
note, we found that uninsured patients had more metastases to bone, brain, and lung than
insured patients. Similar phenomenon was observed in aspect of marital status. In addition,
patients with lymph node positive, high tumor stage and poorly differentiated histological
grade were more inclined to suffer distant metastases.

We also made some findings in survival analysis. First, in multivariate survival analysis of
patients with three single metastases, the OS and CCS of isolated bone metastases were the
best. Outcome of patients with lung metastasis was worse than patients with bone metastasis.
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Hence, the presence of lung metastasis was an indicator of poor survival for primary LCa. The
multivariate analysis revealed that patients with lymph node positive plus either one of other

Overall Survival Cancer-specific Survival
| group
1.0 10— group
T =
L2 T
-3 _—3
|
2 L
087 o4 |
}< |
i Log-Rank P =0.038 | Log-Rank P =0.035
S . HR=1.56 (95% CI 0.97-2.51) (2 vs. 1) c | HR=1.73 (95% Cl 1.00-2.99) (2 vs. 1)
s | b HR=2.00 (95% CI 1.08-3.71) (3 vs. 1) S HR=2.24 (95% Cl 1.12-4.51) (3 vs. 1)
G 06 T 06— i
fr ° :
o w :
£ o ,
= 5 L
& 04+ e L
2 5
n 7]
0.2 0o
0.0—= i ..........................
- 0.0
1 I T 1 I

Survival months

Survival months

Fig 2. Kaplan-Meier curves and Log-rank test for overall survival (A) and cancer-specific survival (B) according to different metastasis (two sites). Note:1 = Bone and

brain metastasis; 2 = Bone and lung metastasis; 3 = Brain and lung metastasis.

https://doi.org/10.1371/journal.pone.0200909.9002
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three metastases had worse overall survival than those with only distant organ metastases. Sev-
eral studies reported that tumor cells metastasizing only to lymph nodes might specific epige-
netic modifications that could prevent them spread to visceral organs[30,31]. Recent two
studies from American and Austria have confirmed that tumor cells in lymph node could
spread into vascular circulation and metastasize to distant organ[32,33]. This indicated that
the tumor cells in lymph node of patients with both lymph node and distant organ metastases
had a more aggressive phenotype[34]. Hence, we should focus on both distant organ metasta-
ses and lymph node status in clinical practice. In addition, poorer differentiated grade was
associated with worse OS and CCS.

Some LCa patients developed more than one metastatic site, and few studies have reported
on the combination of metastasis in these patients. In our study, metastasis to two sites most
commonly involved the lung and bone achieving to 5.6%. In survival analysis of patients with
combination of two metastatic sites, we found that patients with bone metastases plus either
one of other two organ metastases had better OS and CCS than those without bone metastases.
This implied that visceral metastases resulted in shorter survival than bone metastases, which
was also confirmed in univariate and multivariate survival analysis of patients with only one
metastasis. Our study also indicated that patients with two metastatic sites, where one of them
is the lung tends to have a slight trend to a worse outcome. We therefore believe that it is
important to classify patients with two metastatic sites involving the lung in order to improve
the prognosis or treatment value in these specific patients.

Despite valuable findings above, there are several limitations in our study due to the retro-
spective nature. First, metastases to only the brain, bone and lung were included in the study.
Metastasis to the adrenal glands or other metastasis sites may also influence the prognosis of
LCa. Second, due to the absence of information on chemotherapy or targeted therapy included
in the SEER database, their effects on survival could not be evaluated. This may cause a certain
bias in our results. Third, some types of imaging that was done for patients might ignore
potential distant metastases. The SEER database didn’t offer the information of the type of
imaging, which could lead to bias.

Conclusion

Lung is the most common site of single metastasis for LCa. Importantly, our results identify
that metastases to the lung alone or in combination with other organs indicated a worse out-
come for patients with distant metastasis. Information on the prognostic impact of different
sites of metastases would provide more evidence for precise medicine and individualized
therapy.

Supporting information

S§1 Table. Univariate survival analysis of patients with two metastatic sites.
(DOCX)

$2 Table. Multivariate survival analysis of patients with two metastatic sites.
(DOCX)
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