Introduction: For epidermal growth
factor receptor (EGFR) mutated
non-small cell lung cancer (NSCLC),
no studies have treated the site of re-
currence after first-line tyrosine kinase
inhibitor (TKI) treatment as a “me-
tastasis pattern”. This study aims to
assess whether these patients have
a specific “metastasis pattern” at the
site of recurrence after the treatment.
Material and methods: Data were
collected from all consecutive EGFR
mutated NSCLC patients between
2009 and 2021. Metastatic patterns
were analyzed using cluster analysis
in patients with EGFR mutated NSCLC.
Results: During the study period,
83 EGFR mutated NSCLC patients
were treated with EGFR-TKI. Patients
who had no metastases at the time
of diagnosis were divided into two
groups according to the presence or
absence of recurrence of metastases
after TKI administration. Patients with
metastases at diagnosis were divid-
ed into 4 groups by cluster analysis.
A statistically significant difference
in metastasis frequency was con-
firmed among these 6 groups (3 test,
p =0.0001). Furthermore, when the fre-
quency of metastasis recurrence after
TKI administration in these 6 groups
was examined, a statistically signifi-
cant difference was confirmed (x? test,
p = 0.0001).

Conclusions: Even in EGFR muta-
tion-positive patients, the knowledge
of the recurrent patterns might be
useful for clinical practice in the fore-
seeable future, as it enables more effi-
cient detection of metastatic disease
through imaging, and more effective
treatment at predicted metastatic
sites.

Key words: cluster analysis, deteriora-
tion, metastasis, recurrence, first-line
EGFR-TKI, EGFR mutated NSCLC.
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Introduction

Cluster analysis is a multivariate analytic method that classifies target
groups by creating clusters that are similar to each other, from groups
of subjects with different properties [1, 2]. In clinical research, this type
of analysis has been used in infectious diseases to type pathogens [3] and
to explore the relationship between genotypes and phenotypes of bron-
chial asthma [4]. In lung cancer, it is hypothesized that there are ‘specific
metastatic patterns’ rather than ‘random’ metastasis. According to this
hypothesis, we conducted a study using cluster analysis, and showed
the possibility of specific metastatic patterns in patients with epidermal
growth factor receptor (EGFR) mutated non-small cell lung cancer (NSCLC)
[5]. We also revealed that there were differences in metastatic patterns
among patients with EGFR gene mutation NSCLC, SCLC, and squamous
cell lung cancer [5].

Non-small cell lung cancer patients with EGFR mutations are expected
to have a high response and long duration of response with EGFR-tyrosine
kinase inhibitors (TKls) [6]. However, it is considered difficult to cure by EG-
FR-TKI, and it will recur sooner or later after TKI treatment [6]. Metastases
have been studied based on autopsy data. However, what is needed is infor-
mation that is useful in clinical practice, and the usefulness of this informa-
tion in the clinical setting is limited. Although most of the conventional anal-
ysis of metastasis has been to examine the frequency of metastasis in each
organ, the frequency of each metastasis site is not sufficient information
as clinical information suitable for each patient. It is not pointless to know
the frequency of individual metastatic organs. However, if it is possible
to investigate the pattern of metastatic site after first-line treatment, it may
provide useful information for performing efficient imaging studies and se-
lecting the appropriate treatment method. This time, we analyzed the recur-
rence pattern of distant organ metastasis after first-line EGFR-TKI treatment
using cluster analysis in patients with EGFR mutated NSCLC, who are a group
of patients expected to survive for a long time.

Material and methods
Patients

Patients who presented with pathologically diagnosed lung cancer be-
tween April 2009 and December 2021 at two tertiary hospitals in Japan —the
University of Tsukuba Mito Medical Center and Ryugasaki Saiseikai General
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Hospital — were identified retrospectively via computerized
searches of tumor registry data. Medical record informa-
tion from diagnostic imaging, including chest comput-
ed tomography (CT), brain magnetic resonance imaging
orenhanced head CT,bone scanand ultrasonographyand/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, distant
lymph nodes, and other sites. Clinical data for age, gender,
smoking habit, primary site of lung cancer, maximum diam-
eter of the primary tumor, and N-stage of lung cancer were
also collected.
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Fig. 1. Patients with stage IV A-B epidermal growth factor receptor
mutated adenocarcinoma were divided into 4 clusters

Ethics

This study was approved by the institutional ethics
committee of each hospital. Written comprehensive con-
sent was obtained from each patient regarding the use
of the obtained clinical information for academic research
including presentations at academic societies and publish-
ing academic articles.

Statistical analysis

Cluster analysis was performed to classify patients [1].
Briefly, pre-clusters to reduce the size of the matrix that
contained the distances between all possible pairs of cas-
es were performed. Then, the standard hierarchical clus-
tering 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 esti-
mation of the number of likely clusters within the popula-
tion. Cluster boundaries were defined by large differenc-
es between successive fusion levels [2]. At each cluster,
samples were merged into larger clusters to minimize
the within-cluster sum of squares or to maximize the be-
tween-cluster sum of squares in Euclidean distance. Vari-
ables 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 tu-
mors. 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 y? test. P < 0.05 was considered statistically sig-
nificant.

Results

There were 86 pathologically diagnosed NSCLC pa-

tients with EGFR mutation. Among them, 73 patients
had distant metastasis and 13 patients had locally ad-
vanced NSCLC. The most common metastatic sites were
the lung, pleura, bone, brain, liver, adrenal gland, lymph
nodes other than regional nodes, and other sites. Figure 1
shows the dendrogram of 4 clusters created based on these
metastatic sites in these 73 metastatic patients. In this clus-
ter model, metastatic groups were identified as follows:
« cluster | (bone-other site type, number of patients — 20),
« cluster Il (lung-other site type, number of patients — 21),
« cluster Ill (brain-other site type, number of patients —13),
« cluster IV (pleura-lung type, number of patients —19).

Demographic and baseline clinical and pathological
characteristics of the identified clusters are shown in Table
1. There was a significant difference in frequency of distant
organ metastasis in these 4 clusters of patients (y?test,
p = 0.0001). Thirteen patients who had locally advanced
NSCLC were divided into 4 patients who did not receive
surgery and 9 patients who received surgery, and were
designated as clusters V and VI, respectively.

We investigated the sites of recurrence after first-line
EGFR-TKI treatment in these 6 cluster patients. Table 2
A shows the results of investigating new metastat-
ic sites after the TKI treatment. There was a significant
difference in frequency of newly developed distant or-
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Table 1. Characteristics of patients in six clusters

Variable Cluster
1 2 3 4 5 6

Number of patients 20 21 13 19 4 9
Age, median (range) 73 (50-83) 67 (54-83) 69 (44—86) 75 (56-92) 86 (79-38) 77 (58-85)
Gender 9/11 7/14 6/7 6/13 2/2 3/6
EGFR, Ex19 del/Ex21 L858R/others 9/8/3 10/11 9/4/0 9/8/2 2/1/1 6/2/1
Stage, I1IB/IVA/IVB 0/1/19 0/5/16 0/1/12 0/12/7 4/0/0 9/0/0
Surgical resection, absent/present 20/0 21/0 13/0 19/0 4/0 0/9
Metastatic sites at diagnosis

Lung/pleura/brain 1/5/1 21/2/10 0/1/13 8/19/0 0/0/0 0/0/0

Bone/liver/adrenal gland 17/6/8 9/3/0 4/4/2 0/0/0 0/0/0 0/0/0

Lymph nodes/others 5/5 1/0 1/1 0/0 00 0/0
EGFR-TKI, O/A/others 3/5/12 3/5/13 2/3/8 7/4/8 0/1/3 2/2/5

A-afatinib, EGFR — epidermal growth factor receptor, Ex — exon, O — osimertinib, TKI — tyrosine kinase inhibitor

Table 2. Newly emerged metastatic sites (A) and exacerbation site of metastasis at diagnosis and exacerbation site (B) after first-line tyro-
sine kinase inhibitor therapy

A: Newly metastatic Cluster p-value*

i 1(%) 2 (%) 3 (%) 4 (%) 5 (%) 6 (%)

Lung 2(9.5) 3(15.0) 1(7.7) 6 (31.6) 0 2(22.2) 0.0001

Pleura 6 (28.6) 7 (35.0) 6 (46.2) 2 (10.5) 2 (50.0) 1(11.1)

Brain 4(19.0) 1(5.0) 1(7.7) 4 (21.1) 1(25.0) 2(22.2)

Bone 9 (42.9) 2 (10.0) 6 (46.2) 6 (31.6) 1(25.0) 4 (44.4)

Liver 1(4.8) 0 2 (15.4) 0 0 0

Adrenal gland 0 0 0 0 0 1(11.1)

Lymph nodes 1(4.8) 0 0 0 0 1(11.1)

Others 5(23.8) 8 (40.0) 3(23.) 4 (21.1) 0 1(11.1)

B: Exacerbation site Cluster p-value*
1 (%) 2 (%) 3 (%) 4 (%) 5 (%) 6 (%)

Lung 2(9.5) 5 (25.0) 1(7.7) 7 (36.8) 0 2(22.2) 0.0001

Pleura 9 (42.9) 7 (35.0) 7 (53.8) 14 (73.7) 2 (50.0) 1(11.1)

Brain 4(19.0) 4(20.0) 3(21.3) 4 (21.)) 1(25.0) 2(22.2)

Bone 14 (66.7) 4(20.0) 7 (53.8) 6(31.6) 1(25.0) 4 (44.4)

Liver 2(9.5) 1(5.0) 2 (15.4) 0 0 0

Adrenal gland 0 0 0 0 0 1(11.1)

Lymph nodes 1(4.8) 1(5.0) 0 0 0 1(11.1)

Others 5(23.8) 8 (40.0) 3(23.) 4 (21.1) 0 1(11.1)

*Difference in ratio among six clusters (y? test)

gan metastasis in these 6 clusters of patients (y? test,
p = 0.0001). Table 2 B shows the results of examining
the exacerbation sites, focusing not only on the newly
developed metastatic sites but also on the exacerba-
tion of the lesions diagnosed at the time of initial pre-
sentation. Figure 2 shows the frequency of metastatic
sites. There was a significant difference in frequency
of the exacerbation sites in these 6 clusters of patients

(x*test, p = 0.0001).

Discussion

Cluster analysis is one of the most useful statistical an-
alytical methods, but it is a relatively new method of anal-
ysis in clinical oncology [7, 8]. Recently we studied meta-
static patterns using cluster analysis at the time of initial
diagnosis of NSCLC patients with EGFR mutation, small
cell lung cancer, and squamous cell lung cancer [5, 9].
In those studies, metastatic groups were identified as
follows: lung-liver type, lung-brain type, and bone-liv-
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Six metastatic recurrence patterns after first-line treatment in epidermal growth factor receptor mutated NSCLC patients
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Fig. 2. The newly developed/deteriorated metastatic patterns after first-line epidermal growth factor receptor (EGFR)-tyrosine kinase inhib-

itor therapy in patients with EGFR mutated adenocarcinoma

er-other sites type [5]. We also found that patients with
the bone-liver-other sites type had a poor prognosis [9]. In
patients with EGFR gene mutations, EGFR-TKIs are usually
selected as the first-line standard therapeutic agent [10].
However, the mainstream idea is that EGFR mutated NS-
CLC cannot be completely cured with currently available
TKls [11]. If so, recurrence is inevitable sooner or later, and
if it is possible to infer the pattern of recurrence, efficient
imaging testing might be possible. It was speculated that
useful information could be obtained if the metastasis
pattern could be inferred from the viewpoint of effective
utilization of limited medical resources. The present study
was carried out against this background.

This time, we evaluated the newly developed meta-
static site and the deteriorated sites after the first-line TKI
therapy in patients with EGFR mutated NSCLC patients.
In this study we made four findings. Firstly, we found that
metastatic patterns existed at the time of initial diagno-
sis in EGFR mutated NSCLC patients. Secondly, we found
a significant difference in frequency of newly developed
distant organ metastasis. Thirdly, there was a clear sta-
tistically significant difference in frequency of the exacer-
bation sites. These results suggest that newly developed
metastatic sites did not occur randomly, but had metastat-
ic patterns, and that the presence of metastasis/exacerba-
tion patterns included lesions present at diagnosis. Fourth,
in previous studies investigating metastases after first
and second or later treatment, metastases were classified
into three clusters: lung-liver type, lung-brain type, and
bone-liver-other sites type [5]. In this study, which focused
only on the metastatic pattern after the first-line TKI, me-
tastases were classified into the following four clusters:
bone-other site type, lung-other site type, brain-other
site type, and pleura-lung type. In both results of cluster
analyses, lung, bone, and brain had a high frequency of
distant metastasis. In the present study, the presence of

patients with metastases remaining in the thorax was
particularly noted. Based on these results, cluster analysis
of metastatic patterns might also contribute to personal-
ized medicine.

At the time of initial diagnosis, approximately half
of NSCLC patients have distant metastases [12, 13]. Dis-
tant metastases in NSCLC patients have been evaluated
in many studies [14-16]. These studies have shown that
the most common distant metastatic sites were lung,
bone, brain, liver and adrenal gland [14-16]. Many patients
with distant metastasis had several organ metastases, not
single organ metastasis [13-22]. With regard to metastat-
ic sites, there also have been many studies on metastatic
sites at autopsy. Metastases found at autopsy were clini-
cally undetectable and could include those that were not
clinically relevant [23]. It could be important to diagnose
“clinically” meaningful metastases. Knowledge of ‘metas-
tasis patterns’ could improve the efficiency of detection
of metastatic sites by imaging, enable effective treatment
of metastatic sites, make better use of medical resourc-
es and reduce medical costs. Patients with NSCLC need
to be prepared for metastatic disease that can reduce their
quality of life, such as metastases to the brain and bones.
It seems that patients might develop metastasis to several
sites at the same time or show similar metastatic patterns.
Therefore, it is desirable to develop an evaluation method
regarding metastasis in these patients. Statistical meth-
ods for recognizing and analyzing metastases as a pattern
has not been established. This study has shown that clus-
ter analysis might be useful for the analysis of metastatic
patterns that appear after a particular treatment.

This study provided new information, but with several
limitations. First, there was no pathological confirmation
of distant metastases determined by diagnostic imaging.
Second, although our study used a series of pathologically
proven patients with EGFR mutant NSCLC, our small group
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of patients might not reflect the overall patient population
of the community. Third, this was a retrospective analysis
of metastatic data, including cases treated with several
EGFR-TKIs. Results might differ if there are differences
in the site of recurrence due to different TKls. Fourth,
this study did not focus on the biological mechanism or
microscopic evaluation of distant metastases. Despite
these limitations, we evaluated the “clinically” mean-
ingful metastases found in currently available images
in patients with clinical symptoms. The data obtained
from our approach may contribute to the development of
new research fields.

Newly developed metastatic and metastatic/exacerbat-
ed patterns might be present after the first-line EGFR-TKI
therapy in patients with EGFR mutant NSCLC. These meta-
static patterns revealed by statistical analysis suggest that
the progression of distant metastases includes more than
the “mechanical theory” [24] and the “soil seed hypothe-
sis” [25]. Increasing knowledge about specific metastatic
patterns can help improve individualized treatment.

The authors declare no conflict of interest.
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