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Introduction

Although the standard treatment for stage IV non-small 
cell lung cancer (NSCLC) is chemotherapy, surgeons have 
performed curative resection in patients with NSCLC who 

present with oligometastases, especially with synchronous 
solitary brain or adrenal metastasis (1-4). Endo and 
colleagues (5) reported that the five-year overall survival 
(OS) for clinical T1-2N0-1 lung cancer patients with a 
single-organ metastatic lesion who underwent complete 
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resection of both the primary and metastatic tumors was 
44.7%. Loi and colleagues (6) reported that the five-year 
OS of NSCLC patients with synchronous isolated brain 
and/or adrenal metastases who underwent locally ablative 
treatments (surgery and/or radiotherapy) for both the 
primary lung tumor and distant metastases was 34.4%. 
However, few reports describing the surgical resection of 
the primary lung tumor in NSCLC patients with isolated 
bone metastases exist, and the indication for surgical 
treatment in this population is controversial (7-9). 

The median OS of lung cancer patients with bone 
metastases is reportedly 6–13 months, while their two-year 
OS rates are approximately 13–14% (10-12). Patrini and 
colleagues (13) suggested that bone metastasis cannot be 
considered an oligometastatic condition in any situation 
because of worse outcomes after surgical treatment (9,14). 
On the other hand, Bates and colleagues (12) reported that 
patients with limited metastatic NSCLC to the bone have 
improved OS relative to all other M1b lung tumors with 
lung, liver, or brain metastases. De Felice and colleagues (15)  
indicated that radiotherapy can reduce the volumes of 
metastatic bone lesions, and it was also reported that 
favorable survival rates can be expected in patients with 
oligometastatic NSCLC who achieve complete resection of 
their primary tumor combined with radical control of their 
distant lesions (8). 

Herein, we report the outcomes of curative-intent 
surgical pulmonary resection in NSCLC patients with 
synchronous isolated bone metastases, and review the 
positive predictors of OS and progression-free survival (PFS) 
in such patients who underwent radical treatments for both 
the primary lung tumor and bone metastases.

Methods

Patients

We retrospectively reviewed the medical records of 236 
patients with lung cancer who had bone metastases and who 
underwent treatment of any kind between January 2008 
and December 2013 at the National Hospital Organization, 
Hokkaido Cancer Center, Japan. After excluding those 
with metastases in organs other than the bone, those with 
metachronous bone metastasis (i.e., no bone metastasis 
was present when the lung cancer was first diagnosed), 
those with small cell lung cancer histology, and those 
who underwent first-line palliative treatment, 41 patients 
(17.4%) who had synchronous isolated bone-metastatic 
NSCLC that was managed with radical treatments (surgery 
and/or chemotherapy and/or radiotherapy) for both the 
primary lung tumor and bone metastases were included in 
this study (Figure 1). Nine of these 41 patients underwent 
curative-intent resection of the primary pulmonary 
lesion. Pretreatment evaluation included chest and upper 
abdominal computed tomography (CT), brain magnetic 
resonance imaging, whole-body positron emission 
tomography-CT, and/or 99mTc-bone scintigraphy. The 
tumors were classified according to the World Health 
Organization classification for cell types upon histological 
analysis (16). The clinical or pathological disease stages 
were defined based on the general rules of the TNM 
Classification of Malignant Tumors (7th edition) (17).

Treatments

Radical treatments included surgical resection of the 

Figure 1 Flowchart illustrating the patient selection process. NSCLC, non-small cell lung cancer.
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primary lung tumor, systemic cytotoxic chemotherapy 
and/or tyrosine kinase inhibitor (TKI) therapy, and/or 
surgical resection and/or radiotherapy for bone metastases. 
Systemic cytotoxic chemotherapy and/or TKI therapy were 
standard treatment(s) for patients with stage IV NSCLC 
according to the Guidelines for Diagnosis and Treatment 
of the Lung Cancer established by The Japan Lung Cancer 
Society. Curative-intent surgical resection of the primary 
lung tumor involved lobectomy as well as systematic hilar 
and mediastinal lymph node dissection, which was the 
standard procedure for primary lung tumors at our institute; 
patients who underwent pulmonary wedge resection and 
segmentectomy were excluded from the study. One patient 
who was excluded underwent wedge resection to diagnose 
a lung metastasis and subsequently underwent first-line 
palliative treatment, but died 10 months later; furthermore, 
another patient who was excluded because of missing data 
also underwent wedge resection to diagnose a lung lesion. 
The radiotherapy doses for metastatic bone lesions were 
between 25 Gy in five fractions to 50 Gy in 25 fractions.

Statistical analysis

The Mann-Whitney U-test and Chi-square test were used 
to compare continuous and categorial variables, respectively. 
The Kaplan-Meier method was used to determine the OS, 
PFS, and disease-free survival (DFS). OS was defined as 
the interval between the date of treatment initiation and 
that of death from any cause. PFS was defined as the period 
spanning and following any treatment for cancer until disease 
progression or death from any cause. DFS was defined as 
the duration between anticancer treatment completion and 
disease recurrence or death from any cause other than cancer. 
The comparisons of predicted survival were performed using 
the log-rank test and Cox regression analysis, with a P value 
<0.05 considered statistically significant. Variables shown to 
be significantly associated with survival on univariate analysis 
were entered into a Cox multivariate analysis model to assess 
their independent influences. All statistical analyses were 
performed using the SPSS software version 22.0 (IBM Corp., 
Armonk, NY, USA).

Ethical approval

This retrospective study was approved by the National 
Hospital  Organization,  Hokkaido Cancer Center 
Institutional Review Board (approval number: 302-167); the 
requirement to obtain informed consent was waived. 

Results

Patients’ characteristics and treatment 

Forty-one patients with synchronous isolated bone-
metastatic NSCLC underwent radical treatment for both 
the primary lung tumor and bone metastases between 
January 2008 and December 2013 at the National Hospital 
Organization, Hokkaido Cancer Center, Japan. The 
characteristics of these patients are summarized in Table 1.  
The rate of clinical N0–1 disease among the 9 patients 
who underwent resection of the primary pulmonary tumor 
(100%) was significantly higher than that among the  
32 patients who did not undergo this procedure (34.4%). 
Furthermore, all patients who underwent primary lung 
tumor resection (100%) were administered radiotherapy 
for metastatic bone lesions, whereas a significantly lower 
proportion (56.3%) of the 32 patients who did not 
undergo primary lung tumor resection received the same. 
There were no significant differences between patients 
who underwent resection of the primary lung tumor and 
those who did not in terms of median age, sex, Eastern 
Cooperative Oncology Group (ECOG) performance 
status (PS) scores of 0–1, number of bone metastases, rate 
of vertebral body metastasis, rate of clinical T1–2 disease, 
frequency of adenocarcinoma, and rate of mutations in 
the gene encoding the epidermal growth factor receptor 
(EGFR) (Table 1).

Details of the nine NSCLC patients in our study who 
underwent curative-intent surgical resection of their 
primary tumors are shown in Table 2. They included six 
men and three women with a median age of 65 years (range,  
51–76 years). Eight of the nine patients had ECOG 
PS scores of 0–1 and all had clinical N0–1 disease. Six 
patients (66.7%) had a single metastatic lesion in the 
bone, 1 (11.1%) had two lesions, and 2 (22.2%) had  
3 lesions before undergoing primary tumor resection. 
Two of the nine patients underwent bilobectomies and 
seven underwent lobectomies. The most prevalent 
histological type was adenocarcinoma in 7 patients 
(77.8%); the remaining 2 (22.2%) had squamous cell 
carcinoma. One patient had clinical N0-pathological N2 
lung cancer. Two of the nine patients had been treated 
with chemoradiotherapy preoperatively, 5 were treated 
chemoradiotherapy postoperatively (including one 
preoperative chemoradiotherapy recipient), 3 underwent 
radiotherapy alone for bone metastases, and 1 did not 
receive any adjuvant therapy. Both radiotherapy doses for 
patient number 6 (who received pre- and postoperative 
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chemoradiotherapy) were 45 Gy in 15 fractions (Table 2).

Survival

The median follow-up time was 19.6 months (range, 
1.2–130.4 months) for all patients, 80.4 months (range, 
60.4–130.4 months) for surviving patients, and 12.0 months 
(range, 1.2–71.7 months) for those who had died by the time 
of analysis. The median OS and five-year OS rate among 
all 41 patients were 19.6 months (range, 1.2–130.4 months)  
and 26.8%, respectively. Moreover, the median PFS 

and f ive-year  PFS rate  were  8 .2  months  (range,  
0.6–130.4 months) and 14.6%, respectively. 

The durations of treatment after curative-intent 
surgical resection of the primary lung tumor in our 
patients are shown in Figure 2. The median OS of the 
nine patients who underwent curative-intent surgical 
resection of their primary tumors was 80.4 months (range,  
4.2–132.2 months); 5 patients (55.6%) remain alive as of 
this writing (4 without additional treatment). Furthermore, 
these 9 patients had five-year OS and PFS rates of 66.7% 
and 55.6%, respectively (Figure 3). The five-year DFS rate 

Table 1 Characteristics and treatments of the 41 patients with non-small cell lung cancer and synchronous isolated bone metastases in our study 
who were managed with radical treatments

Characteristic
Underwent pulmonary 

resection (%) (N=9)
Did not undergo pulmonary 

resection (%) (N=32)
P value

Median age in years (range) 65 (51–76) 68.5 (34–82) 0.255

Sex 0.692

Male 6 (66.7) 19 (59.4)

Female 3 (33.3) 13 (40.6)

ECOG PS score 0.374

0–1 8 (88.9) 24 (75.0)

>1 1 (11.1) 8 (25.0)

Number of bone metastasis 0.294

1 6 (66.7) 15 (46.9)

>1 3 (33.3) 17 (53.1)

Number of patients with vertebral body metastasis 5 (55.6) 20 (62.5) 0.706

cT stage 0.489

1–2 7 (77.8) 21 (65.6)

>2 2 (22.2) 11 (34.4)

cN stage 0.001

0–1 9 (100.0) 11 (34.4)

>1 0 (0.0) 21 (65.6)

Histologic type 0.642

Adenocarcinoma 7 (77.8) 27 (84.4)

Non-adenocarcinoma 2 (22.2) 5 (15.6)

EGFR mutation 0.479

Positive 3 (33.3) 7 (21.9)

Negative 6 (66.7) 25 (78.1)

Number of patients who received radiation for bone metastases 9 (100.0) 18 (56.3) 0.014

ECOG PS, Eastern Cooperative Oncology Group performance status.
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of all nine patients was 44.4%, and the median treatment-
free period was 57.1 months (range, 0–123.2 months). 
Among all 41 NSCLC patients with synchronous isolated 
bone metastases in our study, all who achieved five-year 
DFS had undergone resection of the primary pulmonary 
tumor.

Risk factors associated with survival

Results of the analysis of factors that are predictive of OS 
are shown in Table 3. On univariate analysis, the favorable 
prognostic factors were primary lung tumor resection 
[hazard ratio (HR) =4.51, 95% CI, 1.35–15.1, P=0.014], 

Table 2 Characteristics of non-small cell lung cancer patients with synchronous isolated bone metastases who underwent pulmonary resection of 
the primary tumor

Patient No. 
[age (years)/
sex]

Number 
of bone 

metastases

Metastasis in 
the vertebral 

body
PS

Surgical 
procedure

Primary site 
resection

Histology pT pN
Preoperative 

treatment
Postoperative 

treatment
Survival 
(months)

1 (51/M) 3 Yes 0 Bi-Lo R0 Sq 1 0 N CTx + RTx 112.8

2 (52/M) 1 No 0 Bi-Lo R0 Ad 3 0 N CTx + RTx 130.4

3 (52/M) 1 Yes 0 Lo R0 Ad 1 0 N CTx + RTx 53.4

4 (53/M) 1 No 0 Lo R0 Sq 2 0 CTx + RTx N 121.7

5 (65/F) 1 No 0 Lo R1 Ad 1 1 N CTx + RTx 104.8

6 (65/F) 2 No 1 Lo R0 Ad 2 2 CTx + RTx CTx + RTx 70.7

7 (70/M) 1 No 0 Lo R0 Ad 3 0 N RTx 13.6

8 (75/M) 3 Yes 2 Lo R1 Ad 4 0 N RTx 4.2

9 (76/F) 1 Yes 0 Lo R0 Ad 2 0 N RTx 80.4

M, male; F, female; PS, performance status; Bi-Lo, bilobectomy; Lo, lobectomy; R0, microscopically margin-negative resection; R1, 
microscopically margin-positive resection; Sq, squamous cell carcinoma; Ad, adenocarcinoma; N, none; CTx, chemotherapy; RTx, 
radiotherapy.

Time on chemotherapy and/or radiotherapy after surgery

Time since surgical resection for the primary lung cancer (days)

N
O

.

Time on treatments for progression disease

Over all survival off treatment

Alive as of this writing
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6
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8

9
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Figure 2 Swimmer plot showing the duration of chemotherapy and/or radiotherapy treatment(s) after surgical resection of the primary lung 
tumor. The black arrows indicate surviving patients.
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Log rank test, P=0.008 Log rank test, P=0.004

Time after treatments (months) Time after treatments (months)

Patients treated  without surgical resection of the primary lung cancer
Patients undergoing surgical resection of the primary lung cancer
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Figure 3 Overall survival (A) and progression-free survival (B) of patients with non-small cell lung cancer and synchronous isolated bone 
metastases. A log-rank test was performed to compare patients who underwent surgical resection of the primary lung tumor to those who 
did not.

EGFR mutation (HR =3.60, 95% CI 1.24–10.4, P=0.018), 
and an ECOG PS score of 0–1 (HR =2.73, 95% CI, 1.20–
6.23, P=0.017). On multivariate analysis, the predictors 
of OS were found to be primary lung tumor resection  
(HR =4.18, 95% CI, 1.20–14.6, P=0.025) and EGFR 
mutation (HR =3.30, 95% CI, 1.08–10.1, P=0.036). 
The factors that were predictive of PFS among all 41 
patients are shown in Table 4. Univariate analysis revealed 
that primary lung tumor resection (HR =4.26, 95% CI, 
1.47–12.3, P=0.008) and clinical T1–2 stage lung cancer 
(HR =2.22, 95% CI, 1.10–4.47, P=0.026) were predictive 
of PFS; however, only primary lung tumor resection was 
a significant predictor of five-year PFS on multivariate 
analysis (HR =3.75, 95% CI, 1.27–11.0, P=0.016).

Discussion

Oligometastasis is defined as one or a limited number of 
distant metastases that, along with the primary tumor, can 
potentially be treated with curative strategies including 
multimodal treatments (4,7). Although the outcomes 
of patients who underwent curative-intent pulmonary 
resection for lung cancer with oligometastases have 
been investigated; such studies focused on synchronous 
solitary brain or adrenal metastases. In contrast, only a 

few studies on the outcomes of such patients with isolated 
bone-metastatic lung cancer have been performed (5-9).  
The aforementioned study by Endo and colleagues (5) 
investigated patients with clinical T12N01 lung cancer with 
a single-organ metastatic lesion in the brain, adrenal gland, 
lung, or kidney. Yamaguchi and colleagues (7) reported that 
the five-year PFS and OS rates in patients with synchronous 
M1b-cStage IV NSCLC who underwent curative-intent 
pulmonary resection plus treatment of any kind for their 
metastases were 14.5% and 41.7%, respectively; only 
three of their patients had bone metastases. Congedo and 
colleagues (8) reported that the five-year OS of NSCLC 
patients with oligometastases who underwent curative-
intent treatment (79.2% of whom underwent pulmonary 
resection) was 24%. In our present study, the five-year 
OS and PFS rates of NSCLC patients with synchronous 
isolated bone metastases who underwent curative-intent 
surgical resection of the primary lung tumor were 66.7% 
and 55.6%, respectively; these patients achieved longer 
survival than those in previous studies. Furthermore, 
the five-year DFS of these patients was 44.4%, and 
the median lung cancer treatment-free duration was  
57.1 months (range, 0–123.2 months). As such, NSCLC 
patients with clinical N0–1 stage who have synchronous 
isolated bone-metastatic disease are good candidates for 
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Table 3 Factors that predict overall survival among 41 patients with non-small cell lung cancer and synchronous isolated bone metastases who 
were managed with radical treatments

Predictor No. of patients
5-year survival 

(%)
Univariate analysis* 

HR (95% CI), P
Multivariate analysis* 

HR (95% CI), P

Age (years): median 66 (range 34–82) 0.91 (0.44–1.87), 0.801 –

<66 19 26.3

≥66 22 27.3

Sex 0.750 (0.35–1.60), 0.458 –

Male 25 20

Female 16 37.5

ECOG performance status 2.73 (1.20–6.23), 0.017 1.40 (0.58–3.35), 0.452

0–1 32 31.3

>1 9 11.1

Number of bone metastasis 1.34 (0.65–2.75), 0.425 –

1 21 28.6

>1 20 25

cT stage 1.51 (0.72–3.18), 0.279 –

1–2 28 32.1

>2 13 15.4

cN stage 1.89 (0.92–3.92), 0.084 –

0–1 20 30

>1 21 23.8

Histologic type 1.08 (0.41–2.83), 0.874 –

Adenocarcinoma 34 26.5

Non-adenocarcinoma 7 28.6

EGFR mutation 3.60 (1.24–10.4), 0.018 3.30 (1.08–10.1), 0.036

Positive 10 60

Negative 31 16.1

Resection of primary lung cancer 4.51 (1.35–15.1), 0.014 4.18 (1.20–14.6), 0.025

Yes 9 66.7

No 32 15.6

Radiation for bone metastases 1.70 (0.81–3.59), 0.164 –

Yes 27 29.6

No 14 21.4

*, Cox analysis. HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.
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Table 4 Factors that predict progression-free survival among 41 patients with non-small cell lung cancer and synchronous isolated bone 
metastases who were managed with radical treatments

Predictor No. of patients 5-year PFS (%) Univariate analysis* 
HR (95% CI), P

Multivariate analysis* 
HR (95% CI), P

Age (years): median 66 (range 34–82) 0.84 (0.43–1.66), 0.622

<66 19 21.1

≥66 22 9.1

Sex 1.03 (0.52–2.03), 0.938

Male 25 16

Female 16 12.5

ECOG performance status 2.02 (0.94–4.35), 0.073

0–1 32 18.8

>1 9 0

Number of bone metastasis 1.32 (0.68–2.57), 0.414

1 21 19

>1 20 10

cT stage 2.22 (1.10–4.47), 0.026 1.76 (0.87–3.56), 0.117

1–2 28 21.4

>2 13 0

cN stage 1.84 (0.94–3.61), 0.077

0–1 20 25

>1 21 4.8

Histologic type 0.77 (0.30–2.00), 0.597

Adenocarcinoma 34 11.8

Non-adenocarcinoma 7 28.6

EGFR mutation 2.16 (0.93–5.01), 0.072

Positive 10 30

Negative 31 9.7

Resection of primary lung cancer 4.26 (1.47–12.3), 0.008 3.75 (1.27–11.0), 0.016

Yes 9 66.7

No 32 15.6

Radiation for bone metastases 1.70 (0.85–3.37), 0.132

Yes 27 22.2

No 14 0

*, Cox analysis. HR, hazard ratio; CI, confidence interval; PFS, progression-free survival.
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curative-intent surgical resection of the primary lung tumor.
Primary lung tumor resection and EGFR mutation 

were significant predictors of OS in our patients on 
multivariate analysis; the former was also a significant 
predictor of PFS. It was previously reported that patients 
with EGFR mutations have high response rates and long 
PFS intervals when treated with EGFR TKIs (18). On 
the other hand, previous studies suggested that local 
treatment can extend OS in patients with oligometastatic 
lung cancer more effectively than chemotherapy and/
or EGFR-TKIs without local treatment (19,20). In our 
study, patients who underwent curative-intent surgical 
resection of their primary lung tumors achieved acceptable  
five-year OS and PFS rates (66.7% and 55.6%, respectively). 
On the other hand, three of the 32 patients who did not 
undergo primary lung tumor resection were treated with 
chemoradiotherapy for primary lung tumor; all progressed 
within five years and only one (who had adenocarcinoma) 
was alive five years after primary treatment. These data 
suggest that surgical resection of the primary lung tumor is 
beneficial for NSCLC patients with synchronous isolated 
bone metastasis, although it is difficult to directly compare 
the outcomes of patients who underwent curative-intent 
surgical resection of their primary lung tumors to those who 
did not undergo this procedure because of our small sample 
size and differences in patient characteristics.

The complete excision of the primary lung tumor 
combined with local tumor control of the bone metastases 
using high-dose radiation significantly extended the survival 
of our patients. Li and colleagues (21) reported that the 
initial site of progression was the lung in 66.7% of all their 
patients with NSCLC who were treated with EGFR-
TKIs. In our study, 48% of patients who were treated 
with chemotherapy and/or radiotherapy without having 
undergone surgical resection of the primary lung tumor had 
initial progression in the lung.

De Felice and colleagues (15) reported that radiotherapy 
for bone metastasis is performed primarily to relieve 
pain as well as to control bone fractures and spinal cord 
compression. Their recommended radiotherapy schedules to 
achieve these aims are 18–36 Gy in 3–6 fractions for painful 
uncomplicated bone metastases and either 20 Gy in five 
fractions or 30 Gy in 10 fractions for pathological fractures 
or spinal cord compression. Zang and colleagues (20)  
reported that OS tended to improve in patients with 
stage IV NSCLC and bone metastases who underwent 
radiotherapy, although they did not specify their dosing 
regimen. In our study, the median total radiotherapy dose 

for bone metastases was 40 Gy (range, 25–50 Gy), which 
was a higher dose than that used in previous studies. 
Moreover, the median total radiotherapy dose for vertebral 
body metastases was 39 Gy (range, 25–50 Gy). No patients 
in our study experienced complications severe enough to 
require stopping treatment. This indicated that one or a 
small number of isolated NSCLC bone metastases can be 
partially controlled via high-dose radiotherapy.

There were several limitations associated with our 
study. First, it was of a retrospective design; hence, the 
patients who underwent surgical resection of the primary 
lung tumor may have been subject to selection bias. 
However, the criteria for selecting such patients are not 
well defined; in our study, these criteria were an ECOG 
PS score of 0–1, having one or a small number of isolated 
bone metastases, clinical N0–1 stage, and an expectation 
of successful complete resection. Second, the present study 
was of a relatively small population; for this reason, our 
cohort may not be adequately representative of broader 
pools of patients with synchronous isolated bone-metastatic 
NSCLC. Additional studies of patients with synchronous 
isolated bone-metastatic NSCLC who undergo resection of 
the primary lung tumor will be necessary to acquire robust 
evidence to confirm the benefit of this radical intervention.

In conclusion, both surgical resection of the primary 
tumor and EGFR mutation positivity predict longer survival 
times in NSCLC patients with synchronous isolated bone 
metastases. As such, clinical N0–1 NSCLC patients with 
such metastases may be good candidates for resection of the 
primary pulmonary tumor.
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