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Abstract
Background: Lung adenocarcinoma (ADC) is the main cause of death related to
lung cancer. The aim of this study was to identify poor prognostic factors for overall
survival (OS) in patients with stage IV lung ADC in real-world clinical practice.
Methods: Patients were selected from the Surveillance Epidemiology and End
Results (SEER) database. Chi-square bivariate analysis was used for the associa-
tion of binary qualitative variables. A multivariate Cox regression analysis was
performed to determine the impact of these prognostic factors on OS.
Results: A total of 46 030 patients were included (51.3% men, mean age
67.03 � 11.6), of whom 41.3% presented with metastases in bone, 28.9% in brain,
17.1% in liver and 31.8% in lung. Patients with liver metastases presented with two or
more metastatic sites more frequently than patients without liver metastases
(P < 0.001). Male sex (HR 0.78, 95% CI: 0.76–0.80), age ≥ 65 years (HR 1.37, 95% CI:
1.33–1.40), lack of family support (HR 0.80, 95% CI: 0.78–0.81) and presence of liver
(HR 1.45, 95% CI: 1.40–1.50), bone (HR 1.21, 95% CI: 1.18–1.24) or brain metastases
(HR 1.18, 95% CI: 1.15–1.21) were identified as poor prognostic factors for
OS. Patients with liver metastasis showed the highest hazard ratio value (P < 0.001).
Conclusions: The presence of liver metastases was the worst prognostic factor
for patients with metastatic lung ADC. This factor should be considered as a
stratification factor for future studies evaluating new cancer treatments including
immunotherapy.
Key points
Significant findings of the study:
• Regression analysis identified poor prognostic factors for overall survival. Fac-

tors were male sex, age ≥ 65 years, lack of family support and presence of liver,
bone and brain metastases.

• Patients with liver metastasis showed the highest HR (HR = 1.45 95% CI:
1.40–1.50).

• This study included the highest number of adenocarcinoma patients analyzed
so far (N = 46 030).

What this study adds
• The presence of liver metastases should be considered as a stratification factor

for future studies evaluating new cancer treatments including immunotherapy.
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Introduction

Lung cancer (LC) is the leading cause of cancer-related
mortality worldwide. According to the WHO, of a total of
9.6 million cancer deaths in 2018, 1.76 million were due to
LC.1 The main subtypes of LC based on histology are small
cell lung carcinoma (SCLC) and non-small cell lung carci-
noma (NSCLC), accounting for 15% and 85% of all cases,
respectively.2 NSCLC is further classified into three major
histological subtypes: squamous cell carcinoma (SQCC),
nonsquamous or adenocarcinoma (ADC) and large cell
carcinoma.3 ADC is the most common subtype of
NSCLC,4 and the most common type of LC in smokers
and non-smokers in men and women irrespective of age.5

Overall survival (OS) for all people with all types of LC
at five years is 19%, with great variability and heterogeneity
among the different subtypes, ranging from 24% for
NSCLC patients to 6% in SCLC.6 Given this variability, the
search for prognostic factors has been of great interest in
the field. In NSCLC, prognostic factors include perfor-
mance status measured on the Karnofsky scale or on the
Eastern Cooperative Oncology Group (ECOG) scale, sex,7

tumor biology and molecular characteristics (histology
grade, proliferation rate, pleural and vascular invasion,
mutational status), treatment, age, smoking history, socio-
economic status, ethnicity, comorbidity, presence of pul-
monary symptoms and weight loss.8 However, some of
those have limited reproducibility (ie, histology), except in
the case of neuroendocrine tumors which have the worst
prognosis.9

Notably, the tumor-node-metastasis (TNM) classifica-
tion system for the staging of cancer published by the
Union for International Cancer Control (UICC)10 has been
one of the most reproducible prognostic factors. Stage is
then a powerful prognostic variable that integrates the
information included in the three separate factors that per
se are prognostic factors: tumor size (T) nodal (N) and
metastatic (M) involvement (number of metastasis and
location).7 Importantly, 70% of patients present with
advanced-stage disease at diagnosis.11 Nervous system,
bone, liver, respiratory system and adrenal glands are the
most common sites for LC metastasis, while bone metasta-
sis is the most frequent in patients with ADC (39%).12 The
prognosis and survival rate for patients with stage IVb dis-
ease is very poor, with a median overall survival (mOS) of
five months in individuals with stage IV NSCLC. Specifi-
cally, patients with liver metastasis have the worst progno-
sis with an OS below three months.13

Prognostic factors can be used to construct homogenous
groups of patients, and to obtain information about disease
course, helping guide therapy in some cases by, for exam-
ple, identifying subgroups of individuals in whom more
aggressive therapies are required. They can also be used as

stratification factors.7 However, an agreement on the set of
factors that should systematically be used to adjust the
effect of new factors is lacking. Data arising from clinical
practice and not only from clinical trials are needed to
confirm the power of certain variables as prognostic fac-
tors. With this perspective, the aim of this study was to
identify poor prognostic factors for OS in patients with
stage IV lung ADC in real-world clinical practice.

Methods

Data collection

We used the Surveillance Epidemiology and End Results
(SEER) database14 selecting all patients with stage IV lung
ADC diagnosed between 2010 and 2015 with several meta-
static sites (bone, brain, lung and liver), as well as those
with multiple metastases. Patients with incomplete or miss-
ing information were excluded. Only distant metastatic
lesions of the liver, brain, lung and bone were included.
Other common sites, such as the pleura, adrenal gland and
gastrointestinal tract were excluded. The inclusion codes
and criteria from the SEER database were as follows: ADC
(histological type: 8140), primary site (C34.1-Lung) and
derived AJCC stage group IV. Lung cancer staging deter-
mination was performed according to the seventh edition
of the American Joint Committee on Cancer (AJCC) stag-
ing manual and the future of TNM.15

Demographic characteristics of patients (age, sex, living
arrangements, marital status and race), as well as tumor
location and mOS were collected. The presence of bone
(not including the bone marrow), brain (not including the
spinal cord or other parts of the central nervous system),
lung (not including the pleura or pleural fluid) or liver
metastasis was also reviewed. Survival time was considered
as the time between diagnosis and death or the last follow-
up time according to SEER program definition. OS was the
time from the date of diagnosis to death from any cause.

Statistical analysis

Data are presented as frequencies (percent) or median
deviation (range). Comparisons of continuous variables
were performed using one-way analysis of variance
(ANOVA). Chi-square bivariate analysis was used for the
association of binary qualitative variables. The OS was ana-
lyzed using the Kaplan-Meier method and the log-rank test
comparing survival in two or more groups. A multivariate
Cox regression analysis was performed to determine the
impact of these prognostic factors on OS. A two-sided P-
value < 0.05 was considered statistically significant. All
analyses were conducted using SEER Stat software v.8.3.6
(https://seer.cancer.gov/seerstat/).
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Results

Patient characteristics

A total of 46 030 patients from the SEER database14 diag-
nosed between 2010 and 2015 were included in this study.
Among all patients, 23 609 (51.3%) were men, 25 229
(54.8%) were ≥ 65 years old and 31 524 (68.6%) were
white/non-Hispanic. Most were married (n = 23 212,
52.9%) and lived with others (n = 23 316, 53.1%)
(Table 1).
At diagnosis, 18329 (41.3%) patients presented with

metastases in bone, 12 811 (28.9%) in brain, 7544 (17.1%)
in liver and 13 935 (31.8%) in lung. In total, 19 722
(46.5%) patients had only one metastatic site, 8917 (21%)
had two and 3700 (8.7%) had three or more metastatic
sites (Table 1). Patients with liver metastases presented
with two or more metastatic sites in brain, bone and lung
more frequently than patients without liver metastases (2:
28.9% vs. 17.2%; 3: 9.4% vs. 2.9%; P < 0.001). Among
patients with liver metastases, 78.5% had at least one other
involved site (bone: 76.4%; lung: 47.1%; and brain: 37.2%).
Furthermore, the mean number of metastatic sites was
higher in patients with liver metastases (1.26 vs. 0.95;
P < 0.001) (Table S1).

Survival outcomes

In the overall population, mOS was six (5.90–6.09)
months. Specific survival analyses were performed to deter-
mine putative differences based on different patient charac-
teristics. Thus, worse mOS was found among men
(5 months, 95% CI: 4.88–5.12 vs. 7 months 95% CI:
6.82–7.18, P < 0.001) (Fig 1a and Table S2) and in patients
≥65 years (5 months, 95% CI: 4.89–5.11 vs. 8 months 95%
CI: 7.80–8.20, P < 0.001) (Fig 1b). Among race/ethnicity
characteristics, patients identified as Asian or Pacific
Islander showed the highest mOS (11 months 95% CI:
10.37–11.63, P < 0.001) (Figure S1). In contrast, patients
lacking family support had worse mOS than patients living
with others (5 months 95% CI: 4.88–5.11 vs. 7 months
95% CI: 6.83–7.17, p < 0.001) (Figure S2).
OS was also assessed based on the site of metastases.

The median OS for patients with NSCLC with liver, bone,
brain and lung metastases was four, five, and six months,
respectively (Fig 2). Additionally, patients with liver metas-
tases had worse one-, two-, and five-year survival probabil-
ity than those without liver metastases (Figure S3). For
patients with only one metastatic site, those with liver
metastases showed the lowest mOS values (5 months, 95%
CI: 4.48–5.53), followed by bone (7 months, 95% CI:
6.73–7.27) and brain (7 months, 95% CI: 6.70–7.30). The
highest values were found in patients with only one

metastatic site in the lung (9 months, 95% CI: 8.55–9.45)
(Fig 3). Patients with two or more metastatic sites showed
the worst mOS (≤4 months) only if liver metastases were
present (Table 2), while the presence of liver, brain and
lung metastasis comprised the combination of metastatic
sites with the worst mOS value (3 months, 95% CI:
2.39–3.62) (Fig 3).
Multivariate Cox proportional hazard models were used

to identify prognostic factors in patients with lung ADC
(Table 3). The analysis revealed that male sex, age ≥ 65,
lack of family support and presence of liver, bone or brain
metastases were poor prognostic factors for OS. Overall,
OS was mostly affected by the presence of liver metastases
(HR = 1.45 95% CI: 1.40–1.50), age ≥ 65 years (HR = 1.37
95% CI: 1.33–1.40), and bone metastases (HR = 1.21 95%
CI: 1.18–1.24).

Discussion

NSCLC is frequently diagnosed at advanced stages. Five-year
survival rates in advanced disease are typically poor when
chemotherapeutic-based strategies are implemented,16 but
they have increased in recent years thanks to new therapeutic
approaches such as targeted therapies and immunotherapy.17

Table 1 Characteristics of study patients with stage IV lung
adenocarcinoma

N = 46 030

Age (years) mean (SD) 67.03 (11.6)
>65 years n (%) 25 229 (54.8)
Sex n (%)
Men 23 609 (51.3)
Women 22 421 (48.7)

Race/ethnicity n (%)
White non-Hispanic 31 524 (68.6)
Black non-Hispanic 5953 (13.0)
Asian/Pacific Islander 4814 (10.5)
Hispanic (all races) 3462 (7.5)
Indian/Alaska Native 213 (0.5)
Unknown 64 (0.1)

Marital status n (%)
Single 7436 (16.9)
Married 23 212 (52.9)
Divorced/separated 6708 (13.9)
Widowed 7018 (16.0)
With partner 104 (0.2)
Unknown 2155 (4.7)

Living arrangements n (%)
Alone 20 559 (46.9)
With others 23 316 (53.1)

Metastatic site n (%)
Bone 18 329 (41.3)
Brain 12 811 (28.9)
Liver 7544 (17.1)
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Prognostic factors must be identified to design individualized
treatment plans that not only improve efficacy outcomes and
patients’ quality of life, but also reduce the incidence of
adverse effects.18 In this setting, then, we identified the main
factors affecting the OS of stage IV lung ADC patients in the
largest database to date (SEER database14).
Our results first reveal clear differences associated with

patient baseline characteristics such as sex, age, ethnicity
and living arrangements. Women had longer mOS than
men, and this observation has been reported in several
studies in which NSCLC female patients demonstrated a
decreased risk of progression and death even after
adjusting for age, histology and stage.19–22 Indeed, the
comparison of several studies in a meta-analysis confirmed
that some targeted treatments were influenced by sex,23

and one hypothesis is that the better survival outcomes
shown by women may be due to different hormone and
receptor expression levels.24 Regarding age, our results that
show better mOS values for patients younger than 65 years
of age are in line with previous studies, in which age has
been clearly identified as a factor affecting survival in
NSCLC patients.25–27 Other characteristics, such as living
arrangements, also confirm previous data suggesting that
living with others, along with the corresponding help and
support, are associated with longer mOS compared to indi-
viduals who lack this support.25,28,29 Finally, our study
reveals differences in terms of ethnicity, with the lowest
value found in Asian/Pacific Islanders with NSCLC.

Although other authors have reported similar results with
better outcomes in Asian patients compared to Caucasian
patients,25,30 this topic remains controversial.30–33 The
higher proportion of oncogenic driver mutations found in
Asian patients,34–36 subsequently reflected in better efficacy
outcomes with EGFR tyrosine kinase inhibitors
(TKIs),37–41 could explain these discrepancies. Finally, mul-
tivariate Cox regression analysis confirmed that female sex,
age under 65 years and living with others were indeed
prognostic factors for OS.
In NSCLC patients, the most frequent metastatic sites

are brain, bone, liver, respiratory system, and adrenal
glands.42,43 In our study, the lowest mOS were reported in
patients with liver metastases, the results of which were in
accordance with previous studies.12,42–46 Nakazawa et al.
reported a 2.41-fold higher mortality risk with liver metas-
tasis compared to other distant metastases (P < 0.001).42

Riihimaki et al. found that the mortality risk with liver
metastasis was 1.53-fold higher than with brain metastasis
(P < 0.05),12 while Tamura et al. registered a 1.55-fold
higher mortality risk with liver metastasis in comparison
with other distant metastases (P < 0.001).43 We also
observed poorer mOS values in patients with two or more
metastatic sites, in line with previous data suggesting that
the presence of multiple metastatic sites considerably
reduced survival expectations.45,46 Specifically, in our study
these low values were only observed in patients whose met-
astatic site combinations involved the liver. In fact, patients
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Figure 1 Kaplan-Meier curve of overall survival based on (a) sex or (b) age. CI, confidence interval; mOS, median overall survival.
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with liver metastasis usually present a high disease bur-
den.12,47 Furthermore, the presence of liver, brain and
lung metastasis was identified as the metastatic site com-
bination with the worst mOS value (3 months, 95% CI:
2.39–3.62). However, the sequence of metastasis appear-
ance and its impact on patient outcomes and survival
could not be assessed, since the SEER database only pro-
vided information on patients’ status at diagnosis.
Despite this, our results clearly highlight the negative
effect exerted by the presence of metastases in this organ
and its relevance as a poor prognostic factor in NSCLC
patients, especially in patients with ADC as observed in
other studies.13 Indeed, our data confirmed a worse one-,
two- and five-year survival probability in patients with
liver metastases compared to other patients. Further
analysis by multivariate Cox regression models con-
firmed that the presence of liver, brain and bone metasta-
sis, but not lung metastasis, were poor prognostic factors
for OS, to the extent that liver metastases emerged as the
factor with the worst prognostic value (higher HR). At
present, chemotherapy in combination with immuno-
therapy is the standard treatment for liver metastasis.48

In contrast to bone or brain involvement, few studies
have focused on liver metastasis of lung cancer. Given its
clear negative impact on survival, this form of distant
disease should be specially considered as a stratification
factor in future therapeutic clinical trials.
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mOS 

(months)
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Liver
No 7.00 6.87-7.13
Yes 4.00 3.86-4.14

Bone
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Yes 5.00 4.87-5.14

Brain
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Yes 6.00 5.81-6.19
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Figure 2 Survival of patients by metastatic site. CI, confidence interval; mOS, median overall survival (Π) No, and (Π ) Yes.

Figure 3 Survival of patients by metastatic site combination. mOS,
median overall survival ( ) Lung (Lu), ( ) Brian (Br), ( ) Bone (Bo), and
( ) Liver (Li).
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This study has certain limitations. First, the retrospective
nature of the study limits its conclusions, and it was
impossible to confidently exclude confounding factors,
such as smoking history, mutational status, PD-L1 expres-
sion levels, lactate dehydrogenase (LDH) and treatments
received. Second, some significant patient data were omit-
ted in the SEER program, such as specific chemotherapy
regimens and tumor mutational status, all of which may

have had an impact on patient prognosis. This information
will need to be collected in future prospective studies.
In conclusion, in stage IV lung ADC patients from the

SEER database, increased age, male sex and lack of family
support without support were significantly associated with
poor mOS, while the presence of metastases, and specifi-
cally the presence of liver metastases, were identified as risk
factors for death.
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