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Abstract. Background/Aim: Distant organ metastases do
not occur at random in lung cancer. A retrospective study
was conducted in order to evaluate 1) what kinds of
metastatic patterns exist in three different types of lung
cancer, and 2) whether metastatic patterns affected prognosis
in the different types of lung cancer. Patients and Methods:
Data were collected from all consecutive patients with
diagnosed lung cancer between April 2009 and October
2018 in our hospitals. Cluster analysis was performed to
classify patients. Kaplan-Meier analysis, log-rank test, and
Cox proportional hazards model were used. Results:
Epidermal growth factor-mutated adenocarcinoma, small
cell lung cancer, and squamous cell lung cancer had
different ‘metastatic patterns’, survival, and unfavorable
prognostic factors, respectively. Conclusion: There might be
different metastatic patterns, survival, and unfavorable
prognostic factors in each pathological and genetic type of
lung cancer. It is worthwhile carrying out diagnostic imaging
and treatment considering information on metastatic
patterns.

Distant organ metastases do not occur at random, and they
do not occur uniformly, even if there is hematogenous and
lymphogenous metastasis (1-4). It is clear that metastases
located near the primary site are more frequent than sites
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distant from the primary site considering hematogenous and
lymphogenous routes (1-3). Patients with solitary metastasis
are rare (5), and the majority of patients have metastases in
several organs at the time of diagnosis or during their clinical
course (6). However, patients may develop solitary brain and
metacarpal bone metastases (7, 8). We have been interested
in distant organ metastases from lung cancer (4, 8-11), and
if it turns out that certain metastatic patterns are associated
with a good or poor prognosis, there is an opportunity to
implement improved examination and treatment; appropriate
medical resources could be efficiently introduced that would
be clinically meaningful. In lung cancer, treatment types,
response to treatment, and prognosis differ by tissue type. In
lung cancer patients with well-defined driver genes, specific
treatments exist, and there are subtypes for which long-term
prognosis can be expected. When examining the relationship
between metastasis patterns and prognosis, it should be
considered according to subtypes classified by tissue type
and driver gene.
Here, we conducted a study with the aim of obtaining
answers to these two questions: 1) what kinds of metastatic
patterns exist in each group of lung cancer patients, and 2)
whether metastatic patterns affect prognosis in the different
types of lung cancer.

Patients and Methods

Patients. Patients who presented with pathologically diagnosed lung
cancer between April 2009 and October 2018 at three tertiary
hospitals in Japan; University of Tsukuba Mito Medical Center-Mito
Kyodo General Hospital, Ryugasaki Saiseikai General Hospital, and
Tsukuba Kinmen General Hospital, were identified retrospectively
via computerized searches of tumor registry data. In addition, we
included all consecutive patients diagnosed with these three lung
cancer types, stages IA-IIIC, in order to compare survival with
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different metastatic clusters. Medical record information from
diagnostic imaging, including chest CT, brain MRI or enhanced
head CT, bone scan and ultrasonography and/or CT of the abdomen,
was used to identify the location of metastatic tumors. Information
on distant metastases was collected in detail, with the most common
metastatic sites being lung, bone, brain, liver, adrenal gland and
distant lymph nodes. Clinical data regarding age, gender, smoking
habit, primary site of lung cancer, maximum diameter of the
primary tumor, and N-stage of lung cancer were also collected.
This study was approved by the institutional ethics committee of
each Hospital (Project approval number: NO16-66-NO18-17).
Written comprehensive informed consent at the time of admission
for obtaining pathological specimens was obtained from each
patient.

Statistical analysis. Cluster analysis was performed to classify
patients (12). Briefly, pre-clusters to reduce the size of the matrix
that contained the distances between all possible pairs of cases were
performed. Then, a standard hierarchical clustering algorithm was
applied to the pre-clusters to explore a range of solutions with
different numbers of clusters. At this point, hierarchical cluster
analysis was performed using Ward’s method to generate a
dendrogram for estimation of the number of likely clusters within
the population. Cluster boundaries were defined by large differences
between successive fusion levels. At each cluster, samples were
merged into larger clusters to minimize the within-cluster sum of
squares, or to maximize the between-cluster sum of squares in
Euclidean distance. Variables for cluster analysis included the
common metastatic sites described above. The type of EGFR
mutation was also included as a variable in patients with EGFR
mutant tumors. Statistical analyses were performed using BellCurve
for Excel (version 3.0). Differences in proportions between two and
among three independent groups were compared using the chisquare test.
Each cluster name used was that of the metastatic organ which
met the following requirement: the cluster name was the metastatic
organ(s) that more than half of the patients were assigned to in each
cluster.
Kaplan-Meier analysis was used to assess survival curves, and
the log-rank test was used in the univariate analysis to evaluate the
statistical significance of survival between two groups. The survival
time was defined as the interval (in months) between the date of
initial therapy or supportive care until the date of death or the date
of the last follow-up. Significant variables identified in the
univariate analysis were included in the multivariate survival
analysis using the Cox proportional hazards model to investigate the
effects of clinicopathological factors, including metastatic patterns
on survival. p<0.05 was considered a statistically significant
difference.

Results

Patients. All 313 consecutive and pathologically diagnosed
lung cancer patients with metastatic disease (99 patients with
EGFR-mutated adenocarcinoma, 127 patients with SCLC,
and 87 patients with squamous cell carcinoma) were included
in the study. The most common metastatic sites were the lung,
bone, brain, liver, and adrenal gland. We included 228
consecutive lung cancer patients with stage IA to IIIC in the
422

Table I. Characteristics of patients with EGFR mutated adenocarcinoma,
those with small cell lung cancer, and those with squamous cell lung
cancer.
Metastatic
Age (median, range),
year
Gender, M/F
Metastatic site
Lung
Bone
Brain
Liver
Adrenal grand
Lymph nodes other
than regional nodes
Other sites
Pleural effusion
Non-metastatic
Age (median, range),
year
Gender, Male/Female

Adeno

Small

Squamous

71.4, 44-89

72.4, 52-96

73.7, 55-91

51
40
36
25
10
13

32
47
43
44
36
37

28
26
17
17
23
25

M33/F66

44
41

73.2, 50-88
M10/F19

M105/F22

31
47

74.8, 56-89
M43/F9

M73/F14

16
37

73.8, 34-94
M130/F17

EGFR: Epidermal growth factor receptor; Adeno: EGFR mutated
adenocarcinoma; Squamous: squamous cell cancer; Small: small cell
lung cancer.

survival analysis. Clinicopathological characteristics of these
patients are shown in Table I.

Metastatic patterns. Patients with EGFR-mutated
adenocarcinoma were divided into four clusters: cluster I (26
patients), cluster II (24 patients), cluster III (27 patients), and
cluster IV (22 patients; Figure 1A). SCLC patients were
divided into four clusters: cluster I (37 patients), cluster II
(32 patients), cluster III (20 patients), and cluster IV (38
patients; Figure 1B). Patients with squamous cell carcinoma
were divided into four clusters: cluster I (31 patients), cluster
II (10 patients), cluster III (17 patients), and cluster IV (29
patients; Figure 1C). There was no difference in patient
background among the four clusters of each of the three
types of lung cancer, except for gender in patients with
EGFR-mutated adenocarcinoma, and age in SCLC patients
and those with squamous cell carcinoma. The respective
metastatic patterns are shown in Figure 2A-C. The four
clusters of metastatic patterns in the three types of lung
cancer patients were significantly different (p<0.001).

Survival. The survival curves of the four clusters of
metastatic patterns in the three types of lung cancer, and that
of patients without metastasis, are shown in Figure 3A-C.
The results of the univariate analysis are shown in Table II.
Among patients with cluster I, II, III, and IV, and those without
metastasis in each of the three types of lung cancer, there was
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Figure 1. Patients with EGFR mutated adenocarcinoma were divided into 4 clusters: cluster I, cluster II, cluster III, and cluster IV (A). SCLC
patients were divided into 4 clusters: cluster I, cluster II, cluster III, and cluster IV (B). Patients with squamous cell carcinoma were divided into
4 clusters: cluster I, cluster II, cluster III, and cluster IV (C). EGFR, Epidermal growth factor receptor (EGFR); SCLC, Small cell lung cancer.

a significant difference in survival (p<0.001). In EGFR-mutated
adenocarcinoma patients, survival in patients with cluster II was
significantly better than those with cluster I, II, and III. In this
type of lung cancer, survival in cluster IV (liver-other sites type)
was poorer than in clusters I, II, and III. In SCLC patients,
survival in cluster IV was poorer than in cluster I, II, and III.
However, in patients with squamous cell cancer, no difference
in survival was observed between the different clusters.
The results of the multivariate analysis are shown in Table
III. In EGFR-mutated adenocarcinoma patients, age, Nfactor, and presence of pleural fluid were unfavorable
prognostic factors. On the other hand, being in cluster II was
a favorable factor. In SCLC patients, smoking and maximum
size of the primary lesion were unfavorable prognostic
factors. In addition, being in cluster IV tended to be a poor
prognostic factor, although this did not reach statistical
significance (p=0.0694). In squamous cell cancer patients,
age and N-factor were unfavorable prognostic factors, but
being in a particular cluster was not a prognostic factor.

Discussion

In bone and brain metastases, for example, symptoms such
as pain and paralysis reduce the patient’s quality of life (13,

14). It is important to control metastasis and not leave
sequelae by detecting metastasis early and applying
appropriate systemic chemotherapy and local therapy, such
as radiation (13). Such multimodal treatment strategies may
lead to an improved prognosis. On the other hand, in liver
metastasis, even cases with multiple metastases initially
proceed asymptomatically (11). Patients with liver
metastases have been reported to have a poor prognosis (9,
10, 15). It is not easy to control liver metastatic lesions, even
in the era of immune checkpoint inhibitors (16), and it may
be especially difficult to successfully treat recurrent liver
metastatic lesions after chemotherapy (15).
Interestingly, a study on the prognosis of patients with
lung cancer using cluster analysis has been reported recently
(17). This study was carried out to clarify whether there
were prognostic factors other than TNM classification.
According to the study, among NSCLC patients, "nonsmoking, female, adenocarcinoma" were good prognostic
factors other than TNM classification (17). However, these
findings were considered indicative of patient groups in
which the presence of a driver gene was revealed, such as
EGFR-mutated. To the best of our knowledge, no studies
have examined the prognosis of lung cancer patients based
on metastatic patterns. When examining prognosis using a
423
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Figure 2. The respective metastatic patterns: Patients with EGFR mutated adenocarcinoma (A), patients with small cell lung cancer (B), and patients
with squamous cell carcinoma (C). EGFR, Epidermal growth factor receptor (EGFR).

Figure 3. Survival curves of 4 clusters of metastatic patterns in three types of lung cancer patients and that of patients without metastasis: Patients
with EGFR mutated adenocarcinoma (A), patients with small cell lung cancer patients (B), and patients with squamous cell carcinoma (C). EGFR,
Epidermal growth factor receptor (EGFR).

statistical analysis method, there are two main methods for
grouping patients. One is a method of analyzing all patients
with a disease together, such as lung cancer as a whole or
non-small cell lung cancer as a whole. The other is by
dividing patients into groups based on histological type and
driver gene. Using the former method, Viadana et al.
reported the relationship between metastasis and prognosis
in a large number of autopsied adenocarcinoma patients,
regardless of the primary site (18). It is important to know
which organ metastasis makes the prognosis worse.
However, considering that the response to treatment differs
depending on the primary site, even for the same
adenocarcinoma, it may be easier to interpret the results
separately by primary organ, histologic type and driver gene.
Therefore, in this study, we examined metastatic patterns and
prognosis in each of the three lung cancer subsets divided
by tissue type and driver gene.
424

In this study, the following two points became clear. First,
four clusters of metastatic patterns existed in each of the
three lung cancer subset groups, and there were significant
differences between these clusters of metastatic patterns.
Second, in the univariate analysis, a significant difference in
survival was identified among the four clusters in metastatic
patterns and those without metastasis in each of the three
lung cancer types. Additionally, in EGFR-mutated
adenocarcinoma patients, ‘better survival’ was found in
cluster II. In SCLC patients, being in cluster IV tended to be
a poor prognostic factor (p=0.0694). In squamous cell cancer
patients, age and T-factor were unfavorable prognostic
factors, but none of the cluster types were significant
prognostic factors. Our results suggested that it might be
possible to identify groups of patients with good or poor
prognosis using metastatic pattern analyses. In squamous cell
carcinoma patients, however, the difference was not
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Table II. Comparison results of among each cluster type of lung cancer
patients and those without metastasis evaluated with logrank test.
Cluster type

Cluster I and cluster II
Cluster I and cluster III
Cluster I and cluster IV
Cluster I and patients
without metastasis
Cluster II and cluster III
Cluster II and cluster IV
Cluster II and patients
without metastasis
Cluster III and cluster IV
Cluster III and patients
without metastasis
Cluster IV and patients
without metastasis
Cluster I and cluster II+III+IV
Cluster II and cluster I+III+IV
Cluster III and cluster I+II+IV
Cluster IV and cluster I+II+III

Adeno

p-Value
Small

Squamous

0.6127
0.0191
0.3875

0.4775
0.3587
0.1854

0.0132
0.7995
0.0688
0.0048

0.3018
0.6928
0.13
0.031

0.1244
0.0023

0.0975
0.1615

0.0137
<0.001
0.4162

<0.001

0.8128
0.0015
0.5825
0.0045

<0.001

0.9685
0.0887
0.5841
0.0165

0.2759
0.7397
0.9919
<0.001

0.6239
0.0139

<0.001

0.5564
0.2922
0.777
0.642

Adeno: EGFR mutated adenocarcinoma; Squamous: squamous cell lung
cancer; Small: small cell lung cancer.

confirmed in multivariate analysis. It is beyond our
knowledge why there were no significant differences among
squamous cell carcinoma patients. In squamous cell
carcinoma patients, N-factor was a significant prognostic
factor. Taking these results into consideration, we supposed
that the primary lesion might be more important for
prognosis in these patients.
Although this study has provided some novel information,
there were certain limitations. Firstly, there was no
pathological confirmation of distant metastases due to the
diagnostic imaging methods employed. Secondly, although
our study included consecutive patients with pathologically
proven lung cancer, our small patient base might not reflect
the overall patient population in the community. Thirdly, this
was a retrospective analysis of only metastatic data from the
time of the initial diagnosis of lung cancer, and there was no
evaluation of metastases which developed during the clinical
course of the disease. The results might be different if we
were able to consider data on the metastases that developed
during the clinical course. However, the type of diagnostic
imaging techniques carried out, and the intervals at which
they were performed, may be problematic. Lastly, this was
not a study examining the biological mechanism of distant
metastasis or evaluating them microscopically. We studied
‘clinically’ meaningful metastases, and metastases observed
in available images, with clinically defined symptoms.
Despite these limitations, however, data obtained from

Table III. Multivariate analysis of prognostic factors using Cox’s
proportional hazard model.
Factors

Adeno
Age
Size
N-factor
Pleural effusion
Cluster II
Small
Smoking
Size
Cluster IV
Squamous
Age
N-factor
Pleural effusion

Odds ratio

95% confidence interval

p-Value

1.0339
1.0121
1.5345
2.4102
0.2513

1.0025-1.0662
0.9942-1.0302
1.2067-1.9514
1.3925-4.1720
0.1049-0.6017

0.0341
0.1859
<0.001
0.0017
0.0019

1.0331
1.5437
1.441

1.0044-1.0626
1.1365-2.0968
0.8761-2.3701

0.0236
0.0054
0.1502

0.9995
1.0082
1.4537

0.9991-0.9998
1.0006-1.0158
0.9708-2.1769

0.003
0.0334
0.0694

Adeno: EGFR mutated adenocarcinoma; Squamous: squamous cell lung
cancer; Small: small cell lung cancer.

research approaches such as this may inform molecular
biological studies on metastatic patterns.
In this study, we revealed that each of the three lung
cancer subset groups had a specific pattern of metastasis. It
might become clear that there are patient groups whose
metastatic patterns are associated with prognosis. It is
worthwhile carrying out diagnostic imaging and treatment in
consideration of metastasis patterns.
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