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Abstract

Background In the eighth edition of the TNM classification of lung cancer, the M1b and M1c descriptors are newly defined
by the number of extrathoracic metastases. To verify the prognostic value of these descriptors in Japan, we reclassified our
cases and re-evaluated prognosis in M1b and M1c patients.

Methods All non-small cell lung cancer (NSCLC) patients with extrathoracic metastases who visited Saitama Medical Center
from 2010 to 2016 were evaluated, divided according to the eighth edition of the TNM classification criteria into two groups
(M1b, patients with single extrathoracic metastasis, and M1c, patients with multiple extrathoracic metastases), and followed
up until December 31, 2017. Survival time analysis was performed using the Kaplan—Meier method, and between-group
differences in overall survival time (OS) were evaluated by the log-rank test.

Results A total of 231 NSCLC patients were divided into 57 patients with M1b and 174 with M1c. Median OS was
15.2 months (95% confidence interval [CI]: 9.3-19.9) and 7.3 months (95% CI 5.7-10.7) for M1b and MIlc, respectively,
with no significant between-group difference (P =0.239). However, after excluding patients with epidermal growth factor
receptor (EGFR) mutation or echinoderm microtubule-associated protein-like 4 and anaplastic lymphoma kinase (EML4—
ALK) fusion gene, median OS was 12.9 months (95% CI 7.2-19.9) for M1b and 5.4 months (95% CI 3.8-6.3) for M1c,
respectively, showing a significant difference (P =0.029).

Conclusions The effect of therapy directed toward EGFR mutation or EML4-ALK fusion gene might obscure the significant
prognostic difference between M1b and Mlc.

Keywords Eighth edition - TNM classification of lung cancer - M Descriptor - Oligometastasis - EGFR mutation - EML4-
ALK fusion gene

Introduction

The eighth edition of the TNM classification of lung cancer
has been used for lung cancer treatment since January 1,
2017. It includes new M descriptors defined by the number
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of extrathoracic metastases and adds a new T descriptor for
small nodule with ground-glass attenuation. Although all
extrathoracic metastases were reckoned as M1b in the sev-
enth edition, the eighth edition regards a single extrathoracic
metastasis as M1b, and multiple extrathoracic metastases as
MIec. Lung cancer patients with a limited number of metas-
tases have been treated as if they had oligometastatic dis-
ease [1-3], which is still not clearly defined. In the eighth
revision, the International Association for the Study of
Lung Cancer (IASLC) tries to define oligometastasis and to
encourage the development of treatment strategies for oli-
gometastatic lung cancer.

The IASLC was the principal source of data for this revi-
sion. There were 2411 non-small cell lung cancer (NSCLC)
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cases registered between 1999 and 2012 in their database,
and median overall survival time (OS) per M descriptor in
the eighth edition was M1a 11.5 months; M1b 11.4 months;
and M1c 6.3 months (P <0.0001). The IASLC is trying to
clarify oligometastasis prognosis by this new classification,
and suggests prospective investigation of prognosis for
metastasis of each local organ [4].

This IASLC data used for this latest revision of the TNM
classification may not necessarily reflect the current situation
in Japan for two reasons. First, the 2411 cases in the database
did not include patients from Japan, where adenocarcinoma
with epidermal growth factor receptor (EGFR) mutation is
more prevalent than in most other parts of world represented
in the IASLC database [5]. Second, the data were collected
mainly in the 2000s, when standard treatments for lung can-
cer differed from current standard practices.

To validate the M descriptors of the eighth edition of
the TNM classification for lung cancer, M1b disease clas-
sified according to the seventh edition at Saitama Medical
Center, Saitama Medical University, was reclassified, before
prognostic evaluation, as M1b or M1c disease according to
the eighth edition. Saitama Medical Center covers 800,000
people and is the only designated regional cancer treat-
ment hospital in the Kawagoe-Hiki healthcare catchment
area. Since the number of physicians per 100,000 popula-
tion in Saitama prefecture was 160.1 in 2016, which was the
smallest in Japan, our hospital accepted many patients from
other catchment areas in the vicinity; therefore, in fact, our
hospital services 1,960,000 people. This investigation was
conducted in a physician-depopulated area in Japan.

Patients and methods
Patients

The evaluated patients had (1) visited Saitama Medical
Center, Saitama Medical University, from January 1, 2010 to
December 31, 2016; (2) received a diagnosis of NSCLC with
extrathoracic metastases (M 1b according to the seventh edi-
tion of the TNM classification of lung cancer criteria); and
(3) received inpatient treatment. Extrathoracic metastases
had been diagnosed using computed tomography (CT), pos-
itron emission tomography-CT, brain magnetic resonance
imaging, bone scintigraphy, and abdominal ultrasonogra-
phy before treatment. This study was approved by the ethics
board of Saitama Medical Center, Saitama Medical Univer-
sity (application number: 1730).

Procedures

Patients’ pretreatment imaging findings in electronic medi-
cal records were used to re-classify M1b based on seventh
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edition criteria into M1b or M1c based on eighth edition
criteria. Accordingly, patients in the M1b group had a single
extrathoracic metastasis, and those in the M1c group had
multiple extrathoracic metastases. OS was retrospectively
measured from the date of treatment initiation to the date
of death for any cause, and follow-up was conducted until
December 31, 2017. Patients who were lost to follow-up
were included in this study because of maintaining continu-
ity in our hospital.

Statistics

The distribution of patients’ characteristics (sex, Eastern
Cooperative Oncology Group performance status [ECOG-
PS], histology, and gene mutation) between the M1b and
MIc groups were analyzed by the Fisher accuracy test, and
that of age was evaluated by the Mann—Whitney U test.
Survival time was estimated by the Kaplan—Meier method,
and differences in OS were evaluated by the log-rank test.
Statistical analyses were performed using the EZR software
program (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) [6], with the level of significance set
at P<0.05.

Results

In all, 231 NSCLC patients with extrathoracic metastases
were enrolled into this single institutional investigation.
Among them, 23 patients were alive, 159 patients were dead,
and 49 patients were lost to follow-up because of transfer to
other hospitals during the observation period. Median OS
was 9.5 months (95% confidence interval [CI]: 6.8-13.0).

Among 231 patients, 57 patients (24.7%) with a single
metastasis were classified as M1b by the eighth edition of
the TNM system, and 174 patients (75.3%) with multiple
metastases were classified as M1c. The metastasis in the
57 M1b patients was located in the brain, 15 cases (26.3%);
bone, 24 (42.1%); liver, 5 (8.8%); adrenal gland, 4 (7.0%);
lymph node, 6 (10.5%) (neck, 4; axillary, 1; abdominal para-
aortic, 1); muscle, 2 (3.5%); and meninges, 1 (1.8%).

Patients’ characteristics such as sex, age, ECOG-PS,
histology, and gene mutations are shown in Table 1. There
was no significant difference in sex, age, histology, and gene
mutations between the M 1b and M1c groups. The patients in
the M1b group had significantly better ECOG-PS than those
in the M1c group (P=0.024).

Characteristics of NSCLC patients with EGFR mutation
or echinoderm microtubule-associated protein-like four and
anaplastic lymphoma kinase (EML4-ALK) fusion gene are
shown in Table 2. There was no significant difference in sex,
ECOG-PS, and histology. The patients in the M 1b group had
significantly older than those in the M1c group (P=0.0213).
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Table 1 Characteristics of patients with extrathoracic metastases
Characteristic Variable All (n=231) MIlb (n =57) Mlc (n =174) P
Sex Male 158 (68.4%) 39 (68.4%) 119 (68.4%) 1.000
Female 73 (31.6%) 18 (31.6%) 55 (31.6%)
Age Median (range) 67 (32-86) 69 (47-86) 67 (32-83) 0.080
Performance status 0 16 (6.9%) 9 (15.8%) 7 (4.0%) 0.024
1 99 (42.9%) 27 (47.4%) 72 (41.4%)
2 56 (24.2%) 10 (17.5%) 46 (26.4%)
3 52 (22.5%) 9 (15.8%) 43 (24.7%)
4 8(3.5%) 2 (3.5%) 6 (3.4%)
Histology Adenocarcinoma 153 (66.2%) 38 (66.7%) 115 (66.1%) 0.571
Squamous-cell carcinoma 42 (18.2%) 13 (22.9%) 29 (16.7%)
Non-small cell carcinoma 21 (9.1%) 4 (7.0%) 17 (9.8%)
Others 15 (6.5%) 2 (3.5%) 13 (7.5%)
Gene mutation EGFR Ex19 Del 34 (14.7%) 6 (10.5%) 28 (16.1%) 0.369
L858R 28 (12.1%) 5(8.8%) 23 (13.2%)
G719X 2 (0.9%) 0(0%) 2 (1.1%)
EML4-ALK 3(1.3%) 2 (3.5%) 1 (0.6%)

EGFR epidermal growth factor receptor, Ex/9 Del exonl9 deletion, L858R point mutation in exon 21 resulting in an amino acid substitution at
position 858 from leucine to arginine, G719X point mutation in exon 18 resulting in an amino acid substitution at position 719 from glycine to
serine, cysteine, or alanine, EML4-ALK echinoderm microtubule-associated protein-like 4 and anaplastic lymphoma kinase

Table 2 Characteristics of

8 . . Characteristic Variable All(n=67) MIlb(n=13) Mlc(n=54) P
patients with EGFR mutation or
EMLA-ALK fusion gene Sex Male 25(37.3%)  4(30.8%)  21(389%)  0.753
Female 42 (62.7%) 9 (69.2%) 33 (61.1%)
Age Median (range) 67 (32-83) 71 (47-83) 66 (32-80) 0.0213
Performance status 0 6 (9.0%) 2 (15.4%) 4 (7.4%) 0.478
1 30 (44.8%) 7 (53.8%) 23 (42.6%)
2 15 (22.4%) 1(7.7%) 14 (25.9%)
3 13 (19.4%) 3(23.1%) 10 (18.5%)
4 3(4.5%) 0 (0) 3(5.6%)
Histology Adenocarcinoma 60 (89.6%) 12 (92.3%) 48 (88.9%) 1
Squamous-cell carcinoma 0(0) 0(0) 0(0)
Non-small cell carcinoma 5(7.5%) 1(7.7%) 4 (7.4%)
Others 2 (3.0%) 0(0) 2 (3.7%)

EGFR epidermal growth factor receptor, EML4-ALK echinoderm microtubule-associated protein-like 4

and anaplastic lymphoma kinase

Characteristics of NSCLC patients without EGFR mutation
or EML4-ALK fusion gene are shown in Table 3. There
was no significant difference in sex, age, and histology. The
patients in the M 1b group had significantly better ECOG-PS
than those in the M1c group (P=0.0122).

Treatments for NSCLC patients with EGFR mutation or
EML4-ALK fusion gene and those without these mutations
are summarized in Tables 4 and 5, respectively. Locoregional
therapies were also included in Tables when these therapies
were performed for control of intrathoracic or extrathoracic
metastases before starting second-line chemotherapy. Most

of patients with EGFR mutation or EML4-ALK fusion gene
had been treated with tyrosine kinase inhibitors (TKIs) for
the first systemic treatment. Locoregional therapies for
extrathoracic metastases were performed in 92 (56.1%) of
the 164 patients without EGFR mutation or EML4-ALK
fusion gene, and in 29 (43.3%) of the 67 patients with these
gene mutations (P =0.0832). In the patients without EGFR
mutation or EML4-ALK fusion gene, 4 (9.1%) of the 44
patients in the M 1b group and 2 (1.7%) of the 120 patients in
MIc group were concurrently treated by chemotherapy with
radiotherapy for local control of thoracic lesion (P =0.0449).
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Table 3 Characteristics of

. . . Characteristic Variable All(n=164) Mlb(m=44) Mlcn=120) P
patients without EGFR mutation
or EML4-ALK fusion gene Sex Male 133 81.1%)  35(79.5%) 98 (81.7%) 0.823
Female 31 (18.9%) 9 (20.5%) 22 (18.3%)
Age Median (range) 67 (36-86) 68 (51-86) 67 (36-83) 0.556
Performance status 0 10 (6.1%) 7 (15.9%) 3(2.5%) 0.0122
1 69 (42.1%) 20 (45.5%) 49 (40.8%)
2 41 (25.0%) 9 (20.5%) 32 (26.7%)
3 39 (23.8%) 6 (13.6%) 33 (27.5%)
4 5 (3.0%) 2 (4.5%) 3(2.5%)
Histology Adenocarcinoma 93 (56.7%) 26 (59.1%) 67 (55.8%) 0.676

Squamous-cell carcinoma 42 (25.6%) 13 (29.5%) 29 (24.2%)
Non-small cell carcinoma 16 (9.8%) 3 (6.8%) 13 (10.8%)
Others 13 (7.9%) 2 (4.5%) 11 (9.2%)

EGFR epidermal growth factor receptor, EML4-ALK echinoderm microtubule-associated protein-like 4
and anaplastic lymphoma kinase

Table 4 Summary of treatments

for the patients with EGFR M descriptor (n) Treatment Systemic therapy Locoregional therapy®
mutation or EMLA-ALK fusion First line After second line
gene
1b (13) Systemic therapy

Platinum-based chemotherapy 1 4

Docetaxel + Ramucirumab 1

Single cytotoxic agent 3

Gefitinib 9 1

Erlotinib 5

Afatinib 1 1

Osimertinib 1

Alectinib 1 1

Nivolumab 1

Locoregional therapy

Radiotherapy for thoracic lesion 1
Resection of brain tumor and 1
WBRT

SRT for brain metastasis

Radiotherapy for bone metastasis 2
1c (54) Systemic therapy

Platinum-based chemotherapy 15

Docetaxel + Ramucirumab 1

Single cytotoxic agent 1 12

Gefitinib 34 4

Erlotinib 10 21

Afatinib 7

Osimertinib 8

Erlotinib + Bevacizumab

Crizotinib 1

Pembrolizumab 1

Locoregional therapy

WBRT 17
Radiotherapy for bone metastases 9

EGFR epidermal growth factor receptor, EML4-ALK echinoderm microtubule-associated protein-like 4
and anaplastic lymphoma kinase, WBRT whole-brain radiotherapy, SRT stereotactic radiotherapy

“Regarding locoregional therapies, some patients had a few of therapies
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Table 5 Summary of treatments
for the patients without EGFR
mutation or EML4-ALK fusion
gene

M descriptor (n) Treatment

Locore-
gional
therapy®

Systemic therapy

After second
line

First line

1b (44)

Systemic therapy

Platinum-based chemotherapy 24 3

Platinum-based chemotherapy +RT for 4
thoracic lesion

Single cytotoxic agent 6 14

Erlotinib

Nivolumab

Locoregional therapy

Radiotherapy for thoracic lesion

WBRT

Resection of brain tumor
Resection of brain tumor and WBRT
Radiotherapy for bone metastasis

Laminectomy

lc (120)

— N W W W A

Systemic therapy

Platinum-based chemotherapy 59 10

Platinum-based chemotherapy + RT for 1 1
thoracic lesion

Docetaxel + Ramucirumab 1

Single cytotoxic agent 14 36

Gefitinib
Erlotinib

Pembrolizumab

Nivolumab

Locoregional therapy

Radiotherapy for thoracic lesion 19

WBRT

42

Resection of brain tumor and WBRT

SRT for brain metastases 3

Radiotherapy for spinal cord

Radiotherapy for bone metastases 28

Radiotherapy for lymph nodes
Partial resection of small intestine
Laminectomy

Internal fixation for femur

—_ = =

EGFR epidermal growth factor receptor, EML4-ALK echinoderm microtubule-associated protein-like 4
and anaplastic lymphoma kinase, RT concurrent radiotherapy, WBRT whole-brain radiotherapy, SRT stereo-

tactic radiotherapy

“Regarding locoregional therapies, some patients had a few of therapies

Median OS was not significantly different between
the M1b group (15.2 months [95% CI 9.3-19.9]) and
MIlc group (7.3 months [95% CI 5.7-10.7]) (P =0.239)
(Fig. 1a). However, after excluding patients with EGFR
mutation or EML4-ALK fusion gene, the between-group
difference in median OS was significant (13.0 months
[95% CI 7.2-19.9] for the M1b group [44 cases] and
5.4 months [95% CI 3.8-6.3] for the Mlc group [120
cases]; P=0.029; Fig. 1b). For ECOG-PS 0-2 patients,

who are more likely to be treated with cytotoxic agents,
median OS was 17.3 months (95% CI 13.0-26.9) in the
M1b group (46 cases) and 11.2 months (95% CI 6.9-14.7)
in the M1c group (125 cases), with no significant differ-
ence between the groups (P =0.334) (Fig. 2a). By exclud-
ing patients with EGFR mutation or EML4-ALK fusion
gene from all the ECOG-PS 0-2 patients, the between-
group difference in median OS became significant:
15.2 months (95% CI 7.2-23.6) in the M1b group (36
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Fig. 1 Kaplan—Meier curves of overall survival by M status (M1b
or Mlc) in the eighth edition of the TNM system of non-small cell
lung cancer classification in patients with extrathoracic metastases
(a), and in patients with extrathoracic metastases after exclusion of

Survival Time (month)

those with epidermal growth factor receptor gene mutation or echino-
derm microtubule-associated protein-like 4 and anaplastic lymphoma
kinase fusion gene (b). CI confidence interval
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Fig.2 Kaplan—-Meier curves of overall survival by M status (M1b or
MIc) in the eighth edition of the TNM system of non-small cell lung
cancer classification in patients with ECOG performance status (PS)
0-2 (a), and in patients with PS 0-2 after exclusion of those with epi-

cases), as compared with 6.2 months (95% CI 4.2-10.1)
in the M1c group (84 cases) (P=0.0198) (Fig. 2b). Even
after excluding the patients who were lost to follow-up,
OS was still significantly different between the M1b and
the M1c groups only by excluding the patients with EGFR
mutation or EML4-ALK fusion gene.

For patients with ECOG-PS 0—4 and EGFR mutation or
EML4-ALK fusion gene, median OS was 19.6 months (95%
CI 4.8-not applicable [NA]) in the M1b group (13 cases)
and 18.9 months (95% CI 13.3-24.0) in the M1c group (54
cases) (P=0.952) (Fig. 3a). On the other hand, for patients
with ECOG-PS 0-2 and EGFR mutation or EML4-ALK
fusion gene, median OS was 33.5 months (95% CI 3.1-NA)
in the M1b group (10 cases) and 20.7 months (95% CI
16.6-39.6) in the M1c group (41 cases) (P=0.879) (Fig. 3b).
From these results, for ECOG PS 0—4 or 0-2 patients with
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Survival Time (month)

dermal growth factor receptor gene mutation or echinoderm microtu-
bule-associated protein-like 4 and anaplastic lymphoma kinase fusion
gene (b). CI confidence interval

EGFR mutation or EML4—-ALK fusion gene, OS was not
significantly different between the M1b and M1c groups.
By metastasis location, ECOG-PS 0-4 patients in the
MI1b group had the following median OS: adrenal gland
(4 cases), 23.4 months (95% CI 0.2-NA); brain (15),
10.5 months (95% CI 3.1-NA); liver (5), 7.2 months (95%
CI 0.5-NA); lymph node (6), 13.0 months (95% CI 1.5-NA);
meninges (1), 1.6 months (95% CI NA-NA); muscle (2),
4.2 months (95% CI 4.2-NA); and bone (24), 19.6 months
(95% CI1 7.5-30.8) (P=0.0884) (Fig. 4a). After excluding
patients with EGFR mutation or EML4-ALK fusion gene,
the median OS by metastasis location was as follows in the
M1b group: adrenal gland (3 cases), 19.8 months (95% CI
0.2-NA); brain (12), 12.3 months (95% CI 2.1-NA); liver
(4), 6.8 months (95% CI 0.5-NA); lymph node (5: neck,
3; axillary, 1; abdominal para-aortic, 1), 13.0 months (95%
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Fig.3 Kaplan—-Meier curves of overall survival by M status (M1b or
MIc) in the eighth edition of the TNM system of non-small cell lung
cancer classification in patients with epidermal growth factor recep-
tor gene mutation or echinoderm microtubule-associated protein-like
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Fig.4 Kaplan-Meier curves of overall survival by metastatic site
of non-small cell lung cancer in patients with a single extrathoracic
metastatic lesion (a), and in patients with a single extrathoracic met-
astatic lesion after exclusion of those with epidermal growth factor

CI 1.5-NA); muscle (2), 4.2 months (95% CI 4.2-NA);
and bone (18), 19.9 months (95% CI 3.1-27.7) (P=0.483)
(Fig. 4b). Therefore, the location of the single metastasis did
not significantly affect OS.

There was no significant difference in OS between
patients with common EGFR mutations: exonl9 dele-
tion vs point mutation in exon 21 resulting in an amino
acid substitution at position 858 from leucine to arginine
(L858R) (Fig. 5). Median OS was 20.7 months (95% CI
13.8-38.9) in patients with exon19 deletion (34 cases), and

Survival Time (month)

4 and anaplastic lymphoma kinase fusion gene (a), and in those with
ECOG performance status 0-2 (b). CI confidence interval, NA not
applicable

b
Median 95% ClI
metastasis (month) (month) P Value
—— Adrenal gland (n=3) 19.8 0.2-NA 0.483
— — Bone (n=18) 19.9 3.1-27.7
=== Brain (n=12) 12.3 2.1-NA
- == Liver (n=4) 6.8 0.5-NA
— - Lymph node (n=5) 13.0 1.5-NA
=— Muscle (n=2) 4.2 4.2-NA
1.0 g
Mi_
T
0.8} -z ———+
> "
= 0.61 i el sy
% '....,,...,'....,___
3 :
O 0.4 : -
o ; by
i | !
0.2 i | t--
i ! N B
0. i : :
0 10 20 30 40

Survival Time (month)

receptor gene mutation or echinoderm microtubule-associated pro-
tein-like 4 and anaplastic lymphoma kinase fusion gene (b). CI confi-
dence interval, NA not applicable

16.6 months (95% CI 6.9-23.6) in those with L858R (28
cases) (P=0.179).

Among 67 patients with EGFR mutation or EML4-ALK
fusion gene, 64 patients received TKI as the first-line treat-
ment, and 59 patients had progressive disease. Among the
59 patients with progressive disease, 20 patients (33.9%)
had no second-line treatment, 15 patients received addi-
tional TKI therapy, and one patient received an immune
check point inhibitor; 36 patients (61.0%) did not receive
cytotoxic agents.
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Fig.5 Kaplan—Meier curves of overall survival by the type of epider-
mal growth factor receptor gene mutation in non-small cell lung can-
cer patients with single or multiple extrathoracic metastases. EGFR
epidermal growth factor receptor, Ex/9 Del exonl9 deletion, L85SR
point mutation in exon 21 resulting in an amino acid substitution at
position 858 from leucine to arginine, CI confidence interval

Discussion

Data from the IASLC showed that lung cancer patients with
a single metastasis had significantly longer survival than
those with multiple metastases [4]. In addition, reports from
a few countries have indicated the same [7—-10]. In the pre-
sent single-institution (designated regional cancer treatment
hospital) study, the OS of patients with a single metastasis
tended to be longer than those with multiple metastases;
however, the difference in OS was not significant. When
patients with EGFR mutation or EML4-ALK fusion gene
were excluded, the OS was significantly longer in the sin-
gle metastasis group than in the multiple metastases group.
The difference of OS between the M1b and M1c groups in
Fig. 1b might partly be attributed to imbalance of ECOG-
PS as shown in Tables 1 and 3. Therefore, we analyzed the
patients with ECOG-PS 0-2 in Fig. 2. OS of the M1b group
was still significantly longer than M1c group only by exclud-
ing the patients with EGFR mutation or EML4-ALK fusion
gene (Fig. 2b). We speculated that the difference between
our study and the IASLC study was related to the geographic
location and timing of data collection.

First, more than half of 2411 patients in the database of
the IASLC were Turkish, and only 271 patients were Asians
(all from China) [4]. Since NSCLC with EGFR mutation
is more prevalent in Asians [5], the study including only
10% Asians might not adequately reflect the effect of EGFR
mutation on prognosis.

Second, the database of the IASLC was compiled between
1999 and 2012. During this period in Japan, EGFR-TKI had
become the preferred treatment over cytotoxic agents for
non-small cell lung cancer with EGFR mutation; and, in
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2014, the clinical practice guideline for treating lung cancer
eventually recommended EGFR-TKI as a first-line therapy
for these patients. Since our investigation included patients
who had visited our hospital from 2010 to 2016, a time dur-
ing which new EGFR-TKIs were being launched and their
use became prevalent, EGFR-TKIs were the first-line treat-
ment for 64 (95.5%) of the 67 patients with EGFR mutation
in our study. However, it is unclear to what extent EGFR-
TKIs were used worldwide for these patients between 1999
and 2012. That is why our results are different from those
of the TASLC.

Our results also suggested that in patients with EGFR
mutation or EML4-ALK fusion gene, prognosis is unaf-
fected by whether extrathoracic metastasis is single or mul-
tiple. On the other hand, in patients without these gene muta-
tions, prognosis differed significantly between patients with
extrathoracic single vs multiple metastases, suggesting the
importance of defining and treating oligometastasis. Because
the therapeutic effects of TKIs may obscure prognostic dif-
ferences between patients with one extrathoracic metastasis
and those with more than one, it is difficult to predict these
patients’ prognosis from only M descriptors of an anatomy-
based TNM system.

There was no significant difference in prognosis based
on single metastasis location. Organ-specific treatments for
brain or adrenal gland metastasis have improved prognosis
in the past [1-3]. However, we had difficulty in showing
a prognostic difference depending on metastatic location,
because the organ-specific treatment of tumor metastases
is determined for individual patients. If we investigate the
efficacy of local treatment for oligometastasis in the future,
we will need to exclude patients with EGFR mutation or
EML4-ALK fusion gene; otherwise, TKI treatment might
make a difference in prognosis difficult to detect.

Current treatment includes immuno-checkpoint inhibi-
tors [11-13], third-generation EGFR-TKIs [14], and ALK
inhibitors [15-17]. Furthermore, for patients with common
EGFR mutations, EGFR-TKISs effectiveness is expected to
be enhanced by the addition of cytotoxic agents or a vas-
cular endothelial growth factor (VEGF) antibody [18]; and
for patients with EML4-ALK fusion gene, the sequence of
use of various ALK inhibitors may be important [19, 20].
Therefore, the first-line treatment will be more complicated
in the near future [18, 21]. In these situations, it becomes
difficult to evaluate lung cancer outcomes using anatomic
(TNM) information.

We recognize the following limitations in our study. First,
it is a retrospective and single-institution study. However,
especially in single institutions, evaluation of M descrip-
tors in the TNM classification might reflect practical cir-
cumstances. Second, the risk of serious complications such
as cardiovascular events or interstitial pneumonia (IP) was
not assessed. Third, we did not assess the contribution of
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programmed death-ligand 1 (PD-L1) status to lung cancer
prognosis since examination of PD-L1 status had not been
available in routine clinical practice during most of the
period of this research. PD-L1 status and the use of PD-1/
PD-L1 antibodies may also alter the impact of M descrip-
tors. To overcome these limitations, we suggest conducting
clinical studies that include several regional cancer treatment
hospitals, similar to our hospital which covers a relatively
diverse population, to estimate the impact of M descriptors
on lung cancer outcomes and whether comorbidities (such as
cardiovascular disease and IP) and other factors (including
PD-L1 status) affect this impact.

The OS of patients with a single metastasis tended to be
longer than those with multiple metastases in our research,
but the difference was not significant. When patients with
EGFR mutation or EML4-ALK fusion gene were excluded,
OS in the single metastasis group was significantly longer
than in the multiple metastases group, which suggests
that treatment with drugs targeting EGFR mutation or
EML4-ALK fusion gene obscured this prognostic differ-
ence between the groups. This finding has not been previ-
ously reported. Through this retrospective study in Japan,
we provide two proposals. First, estimating the prognosis
of lung cancer patients in Japan using only the anatomy-
based TNM classification is difficult and thus requires taking
into account gene mutation status. Second, to investigate
the clinical significance of oligometastasis, patients with
either EGFR mutation or EML4-ALK fusion gene should
be excluded before examining patients’ outcomes, and these
patients should be dealt with as a separate group.
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