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An analysis of the survival rate after radiotherapy in lung cancer patients
with bone metastasis: Is there an optimal subgroup to be treated with 
high-dose radiation therapy?
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We investigated the prognostic factors after radiotherapy for bone metastasis from lung cancer while taking the recent
findings in the treatment of such cases into consideration. A total of 132 patients with bone metastases from pathologically
confirmed lung cancer were evaluated regarding the following potential prognostic factors: treatment for primary site (surgery 
vs. other), treatment site (spine vs. other), number of bone metastases (solitary vs. multiple), number of metastatic organs (0 
vs. 1 vs. ≥2), neurological symptoms (no symptoms vs. numbness vs. paresis), degree of pain (no pain vs. mild pain vs. severe 
pain), performance status [PS] (0-1 vs. ≥2), biological effective dose [BED] (≥40 Gy vs. <40Gy), time to distant metastasis (≥1
year vs. <1 year), histology (adenocarcinoma vs. others), and use of epidermal growth factor receptor [EGFR]-targeted agents 
(Yes vs. No). The univariate analysis demonstrated that all factors except for the treatment site were significant. Surgery as 
treatment for primary site, solitary bone metastasis, no visceral organ metastasis, no symptoms or numbness, no pain, PS<2, 
BED≥40 Gy, time to distant metastasis ≥ 1year, adenocarcinoma histology, and use of EGFR-targeted agents were correlated 
with a favorable prognosis. 

In a multivariate analysis, solitary bone metastasis, PS<2, BED≥40 Gy, adenocarcinoma histology, and the use of EGFR-
targeted agents were significantly correlated with a better survival (p = 0.038, 0.006, 0.003, 0.014, and <0.001, respectively). 
A contingency table to assess the relationship between each variable and the median survival time of the patients according 
to the administered BED showed that in patients with the time to distant metastasis ≥ 1year and the use of EGFR-targeted 
agents, the subgroups treated with BED≥40 Gy had a favorable prognosis. Our study suggests that high-dose radiotherapy 
is associated with a better prognosis in combination with other favorable prognostic factors
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Lung cancer is the leading cause of cancer death in the 
world, and the bone is one of the most common metastatic 
site. Bone metastasis occurs in 30-36% of lung cancer pa-
tients, and 65% of these are detected at the time of initial 
staging [1, 2]. Patients with lung cancer who develop bone 
metastasis have a poor prognosis; the median survival time 
[MST] ranges from7.2 to 7.9 months [1, 3]. In addition, bone 
metastases produce considerable morbidity. In cases where 
surgery is performed as the initial treatment, the prognosis is 
also poor, as the MST is approximately 170 days, once bone 
metastasis occurs [4]. The major roles of radiotherapy are the
relief of bone pain, prevention of pathological fracture, and/or 
improvement of neurological symptoms due to spinal cord 

compression. In Japan, 34.3% of patients with bone metastasis 
from lung cancer undergo radiotherapy aimed at maintaining 
or improving their quality of life [1].

Many clinical trials and meta-analyses to identify the op-
timal dose-fractionation schedule of radiotherapy for bone 
metastases have demonstrated the equivalence of different
dose-fractionation schedules for the palliation of pain due to 
bone metastases, and a trend is toward giving a single fraction 
[5-8]. On the other hand, Rose et al. [9] stated that the dose-
fractionation schedule should be decided based on the patient’s 
life expectancy. In Alysa’s research [10], a single fraction was 
not commonly prescribed, and many clinicians gave priority to 
the life expectancy. Almost all of the past studies were reported 
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on bone metastases from various cancers, and did not focus on 
lung cancer alone. The prognosis and response to radiotherapy
are different among each primary site, so it is necessary to
estimate the dose according to the primary site. Although the 
majority of bone metastases arise from primary tumors of 
the breast, prostate, or lungs, the prognosis and response to 
radiotherapy for bone metastasis from lung cancer are inferior 
to those of breast and prostate cancer [2, 5, 6, 8, 11]. 

It has recently been reported that epidermal growth factor 
receptor [EGFR]-targeted agents improve the prognosis of 
lung cancer patients, so the role of radiotherapy in patients 
with bone metastasis from lung cancer may have changed 
[12-14].

Furthermore, the notion of oligometastases merits 
consideration when developing a new treatment strategy. 
Oligometastases indicate the presence of a limited number of 
metastases, and recent studies have revealed the effectiveness
of radiotherapy for such lesions [15, 16]. Nevertheless, the 
prognosis of lung cancer patients is still very poor, so whether 
the notion of oligometastases could be true of metastasis from 
lung cancer or not remains unclear.

For these reasons, we performed a retrospective study of 
the prognostic factors after radiotherapy in patients with bone
metastasis from lung cancer to determine whether there is 
a subgroup of patients who should be treated with high-dose 
radiation therapy.

Materials and methods

Of the patients who underwent their first radiotherapy
treatment for bone metastases at our institute from January 1, 
2004 to January 5, 2009, 132 patients met our study’s eligibility 
criteria (patients with bone metastases from pathologically 
confirmed lung cancer who completed radiotherapy as
planned). Institutional review board approval was obtained for 
this retrospective analysis. The diagnosis of bone metastasis
was confirmed by computed tomography, magnetic resonance
imaging, or bone scintigraphy. The patient characteristics are
summarized in Table1. The median age was 63 years (range,
30-88 years). Ninety-one (69%) patients were male and 41 
(31%) were female. Adenocarcinoma was the most frequently 
observed histologic subtype (68%). There were 41 (31%)
patients with solitary bone metastasis and the remaining 91 
(69%) showed multiple bone metastases. Almost half of the 
patients had no coexisting distant metastasis. We investigated 
the cumulative overall survival rate after radiotherapy and
the prognostic factors in patients with bone metastasis from 
lung cancer.

The following potential prognostic factors were evaluated.
(subgroups are provided in parentheses): treatment for the 
primary site (surgery vs. other), bone metastases treatment 
site (spine vs. other), number of bone metastases (solitary 
vs. multiple), number of metastatic organs (0 vs. 1 vs. ≥2), 
neurological symptoms (no symptoms vs. numbness vs. 
paresis), degree of pain (no pain vs. mild pain vs. severe pain), 

performance status [PS] (0-1 vs. ≥2), biological effective dose
[BED] (≥40 Gy vs. <40Gy), time to distant metastasis (≥1 year 
vs. <1 year), and histology (adenocarcinoma vs. other). In 
addition, to determine whether or not EGFR-targeted agents 
influence survival, we evaluated subgroups of patients with
adenocarcinoma who were treated with and without EGFR-
targeted agents. With regard to the treatment for the primary 
site, video-assisted thoracic surgery [VATS] was included in 
the surgery group, whereas stereotactic body radiotherapy and 
proton therapy were included in the other group.

In cases where patients underwent more than one course of 
radiotherapy for bone metastases, we classified them depend-
ing on the first treatment site. When the spine and other bone
metastases were treated at the same time, the patients were 
classified into the spine group. For the number of bone metas-
tases, the patients with two vertebral metastases were included 
in the multiple group. The number of metastatic organs was
evaluated at the time of starting radiotherapy, and indicated 
the number of metastatic visceral organ sites other than bone 
metastasis. The neurological symptoms were divided into
three categories. Only patients with numbness were defined
as belonging to the numbness group, and those with paresis 
or paralysis were defined as the paresis group. The degree of

Table 1. Patient characteristics

Characteristics n= %

Age (years)
Median (range) 63 (30‒88)

Gender
Male 91 69
Female 41 31

PS
0 30 23
1 49 37
2 34 26
≥3 19 14

Histology
Adenocarcinoma 90 68
Squamous cell carcinoma 18 14
Small cell carcinoma 16 12
Large cell carcinoma 1 1
Other 7 5

Number of bone metastases
Solitary 41 31
Multiple 91 69

Number of metastatic organs
0 70 53
1 47 36
≥2 15 11

Metastatic site
Brain 34
Liver 23
Adrenal gland 9
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pain was also divided into three categories based on the use 
of medication. Mild pain indicated the need for a weak opioid 
analgesic or nonsteroidal anti-inflammatory drug [NSAID],
and severe pain indicated the need for an opioid analgesic. The
degree of pain was assessed when radiotherapy was started. 
The performance status was evaluated according to the Eastern
Cooperative Oncology Group [ECOG] criteria at the start 
of radiotherapy. We used the BED to compare the different
radiation schedules. The BED was calculated using following
formula, as derived from the linear-quadratic model, assuming 
an α/β-ratio of 10Gy for tumor cell killing.

BED=nd(1+d/α/β) 
Where n = fraction number, d = daily dose, nd = total 

dose, α = linear component, β = quadratic component, and 
α/β-ratio = the dose at which both components are equal. The
time to distant metastasis represents the interval between the 
initial diagnosis of lung cancer and the first detection of any
distant metastasis. Pulmonary metastasis and supraclavicular 
lymphnode metastasis were not included as distant metastasis. 

When distant metastasis was present at the first examination,
the time was indicated to be zero.

Patients were followed until death, and surviving patients 
were censored at the time of their last follow-up. The survival
time was measured from the start of first radiotherapy to bone
and the survival rate was calculated using the Kaplan-Meier 
method. Differences between Kaplan-Meier curves were deter-
mined with the log-rank test, and the Cox proportional hazard 
model was used for the multivariate analysis to estimate the 
prognostic factors. All analyses were two-sided. The PASW
statistics 18.0 software program (SPSS Inc, Chicago, IL) was
used for statistical analyses and p<0.05 was considered to be 
statistically significant.

Results

The median follow-up period was 5 months (range, 1‒52
months). The median survival time was 4.8 months. The
overall survival rate was 25% at 1 year and 15% at 2 years. 

The treatment characteristics are shown in Table 2. Irradia-
tion of bone lesions was performed with 15- or 18-MV linear 
accelerator beams. The irradiation field included the tumor
lesions plus an adequate margin of adjacent normal bone and 
soft tissue. The majority of patients were treated using parallel
opposing fields. The dose was basically prescribed to the center
of the planning target volume. Some chemotherapy protocols, 
most of which were platinum-based regimens, were used in 
various settings in this study. The administration of EGFR-
targeted agents was performed before, after and concurrent
to radiotherapy in 19, 19, and 2 patients, respectively. The
other 6 patients were administered the agent both before and 
after radiotherapy.

The outcomes of the univariate analysis are presented in
Table 3. Each variable, excluding the treatment site, showed 
a significant difference. The survival rate was higher for the
following subgroups among these variables in the entire 
population: surgery was better than other treatments for the 
primary site (p = 0.006); solitary metastasis was better than 
multiple metastases (p = 0.023); a PS 0–1 was better than 
a PS≥2 (p < 0.001); BED ≥40 Gy was better than <40 Gy 
(p < 0.001); the time to distant metastasis ≥1 year was better 
than <1 year (p = 0.006); adenocarcinoma was better than 
other types of histology (p = 0.001); no metastatic organ was 
better than 1 and ≥2 metastatic organs(p = 0.02 and < 0.001, 
respectively); no neurological symptoms and numbness were 
better than paresis (p = 0.001 and < 0.001, respectively); and no 
pain was better than mild and severe pain (p = 0.008 and 0.002, 
respectively). The univariate subgroup analysis restricted to
patients with adenocarcinoma revealed that patients who were 
administered EGFR-targeted agents showed a significantly
better prognosis (p = 0.005).

The results of multivariate analysis are shown in Table 4. In
the multivariate analysis of the entire population, the number 
of bone metastases, PS, BED, and histology were found to be 
the independent prognostic factors (p = 0.038, 0.006, 0.003 

Table 2. Treatment characteristics

Characteristics n= dose

Radiotherapy dose completed (Gy)
Median 30
Range 8‒60

Treatment for primary site
Surgery 32
Other 100

Chemoradiotherapy 13
Radiotherapy alone 7
Stereotatic or Proton* 2
Chemotherapy alone 63
Best supportive care 15

Treatment site
Spine 86
Other 61

Skull 1
Scapula 3
Clavicle 5
Rib 17
Sternum 1
Pelvic bone 16
Extremity bone 18

Administration of EGFR-targeted agents
No 86
Yes 46

Gefitinib 34
Erlotinib 3
Gefitinib+Erlotinib 9

* One patient was treated with stereotactic radiotherapy and the other with 
proton therapy EGFR, epidermal growth factor receptor.
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and 0.014, respectively). The presence of solitary bone me-
tastasis, PS<2, BED≥40 Gy, and adenocarcinoma histology 
were significantly correlated with better survival. With regard
to the survival rate among patients with adenocarcinoma, 
a multivariate subgroup analysis restricted to patients with 
adenocarcinoma revealed that the use of EGFR-targeted agents 
was a significant covariate (p <0.001).

To evaluate the influence of the BED in detail, one ad-
ditional analysis was performed. The additional analysis

comprised a contingency table to assess the relationship 
between each variable and the number of patients according 
to the administered BED (table5). The presence of any asso-
ciation between the each factor and the number of patients 
were evaluated using the two-sided Fisher’s exact test. The
results showed the administered BED to be associated with 
some important prognostic factors, such as the treatment 
of the primary site, the number of metastatic organs, and 
the performance status. Table 5 includes the MST of each 

Table 3. The results of a univariate analysis of the potential prognostic factors for overall survival after radiotherapy

characteristics
All patients(n=132) Patients with adenocarcinoma (n=90)

n= MST(Mo) p= n= MST(Mo) p=

Treatment for primary site 0.006 0.025
Surgery 32 15 27 17
Other 100 5 63 5

Treatment site 0.231 0.169
Spine 86 5 61 5
Other 46 7 29 11

Number of bone metastases 0.023 0.019
Solitary 41 7 24 11
Multiple 91 5 66 6

Number of metastatic organs 0.003 0.011
0 70 7 51 7
1 47 4 31 5
≥2 15 3 8 3

Neurological symptoms 0.002 0.024
No 93 6 67 6
Numbness 26 6 17 10
Paresis 13 3 6 2

Degree of pain 0.003 0.011
No pain 10 23 8 *
Mild 46 6 35 7
Severe 76 4 47 5

Performance status <0.001 <0.001
0‒1 79 7 57 10
≥2 53 3 33 4

Biological effective dose <0.001 <0.001
≥40Gy 45 12 32 22
<40Gy 87 4 58 5

Time to distant metastasis 0.006 0.003
≥ 1 year 33 13 24 23
< 1 year 99 5 66 5

Histology 0.001
Adenocarcinoma 90 6
Other 42 4

EGFR-targeted agents 0.005
Yes 44 11
No 46 4

*, not reached
EGFR, epidermal growth factor receptor.
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subgroup. In some subgroups, such as the time to distant me-
tastasis ≥1 year, or the use of EGFR-targeted agents, patients 
treated with high-dose radiotherapy were observed to have 
a prolonged survival.

Discussion

The bone is the most common site for metastasis in can-
cer. Bone metastasis causes considerable morbidity, and the 
prognosis of patients with bone metastasis is in generally 

poor. Radiotherapy is frequently delivered to such patients 
to improve or maintain their quality of life [QOL]. In the 
past, many clinical trials and meta-analyses to identify the 
optimal dose-fractionation schedule of radiotherapy for bone 
metastases demonstrated the equivalence of different dose-
fractionation schedules for the palliation of pain due to bone 
metastases, and there has been a trend toward administering 
a single fraction [5-8]. However, even though the rate of pain 
relief in patients treated with a low total dose was the same 
those who received a high total dose, it was reported that reir-

Table 4. The results of a multivariate analysis of the potential prognostic factors for overall survival after radiotherapy.

Factors
All patients Patients with adenocarcinoma

HR 95%CI p= HR 95%CI p=

Treatment for primary site 0.495 0.188
Surgery
Other 1.23 0.68-2.57 1.80 0.75-4.29

Treatment site 0.850 0.305
Spine
Other 0.96 0.62-1.49 1.38 0.75-2.54

Number of bone metastases 0.038 0.110
Solitary
Multiple 1.66 1.03-2.68 1.81 0.88-3.75

Number of metastatic organs 0.561 0.068
0
1 1.24 0.81-1.90 0.321 1.87 1.01-3.48 0.047
≥2 1.26 0.67-2.40 0.475 2.13 0.87-5.21 0.097

Neurological symptoms 0.751 0.789
No
Numbness 0.94 0.55-1.61 0.813 0.77 0.35-1.68 0.514
Paresis 1.27 0.65-2.48 0.492 1.06 0.39-2.88 0.903

Degree of pain 0.204 0.090
No pain
Mild 1.88 0.71-5.01 0.206 2.72 0.75-9.87 0.127
Severe 2.33 0.88-6.18 0.090 3.90 1.07-14.15 0.039

Performance status 0.006 0.109
0‒1
≥2 1.86 1.19-2.89 1.57 0.90-2.72

Biological effective dose 0.003 0.012
≥40Gy
<40Gy 2.148 1.30-3.54 2.42 1.21-4.85

Time to distant metastasis 0.797 0.982
≥ 1 year
< 1 year 1.08 0.59-1.99 1.01 0.42-2.42

Histology 0.014
Adenocarcinoma
Other 1.74 1.12-2.70

EGFR-targeted agents <0.001
Yes
No 2.965 1.61-5.45

EGFR, epidermal growth factor receptor.
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radiation was needed more frequently in these patients [6-8, 
11]. Rose et al. [9] stated that the radiotherapy dose delivered 
to patients with bone metastases should be determined ac-
cording to their life expectancy. Indeed, research by Alysa et 
al. [10] showed that when clinicians prescribe the dose, they 
place the greatest emphasis on the life expectancy of patient. 
Therefore, the selection of the total radiation dose is a very
important issue to ensure appropriate radiation treatment for 
bone metastasis.

Past studies of bone metastasis from various sites have 
shown that the primary site and existence of metastasis to 
a visceral organ are significant prognostic factors. With regard
to the survival rate after radiotherapy for bone metastasis, it
was reported that the significant prognostic factors are the
PS, number of bone metastases, pain score, and primary site 
[5, 17]. However, the prognosis and response to radiotherapy 
for patients with bone metastases from lung cancer are worse 
than that of breast cancer and prostate cancer [2, 8, 11, 18]. 
In addition, the effects of systemic therapy on each primary
site are different, so it is important to analyze each primary
site separately. There have been a few useful reports about the
prognostic factors of patients with metastasis from lung cancer. 
For example, Sugiura et al. [3] studied the prognosis of 118 
patients with bone metastases from lung cancer in detail, and 
disclosed that the tumor histology, site of bone metastasis, and 
administration of EGFR-targeted agents were independent 

prognostic factors. It has also been reported that the number 
of metastatic organs, time to recurrence, adenocarcinoma 
histology, and local therapy for oligometastatic lesions also 
affect the prognosis of recurrent lung cancer [4, 19, 20]. There
have not been any recent studies focusing on the survival after
radiotherapy for bone metastasis from primary lung cancer, so 
we conducted the present retrospective analysis considering 
the results of the above studies.

In the present study, all factors other than the treatment 
site were significant in the univariate analysis, and the number
of bone metastases, PS, BED, and histology were identified
as independent factors according to a multivariate analysis. 
In the subgroup analysis for patients with adenocarcinoma 
performed to estimate the influence of EGFR-targeted agents,
the administration of EGFR-targeted agents was found to be 
a favorable independent prognostic factor. Although these 
outcomes are in accordance with the above reports, a higher 
BED was unexpectedly found to be significantly associated
with a better survival in the present study.

There have been few studies which demonstrated that the
BED affected the survival of patients treated with radiotherapy
for bone metastasis. We speculate that the following three 
explanations may be responsible for this result. First is the 
possible existence of bias due to the clinicians because of the 
retrospective nature of this analysis. A higher prescription dose 
might be selected on the basis of an expectation of a favorable 

Table 5. Distribution of the number of patients and the MST of each subgroup according to the BED.

Factors
N (MST)

P= Factors
N (MST)

P=
BED<40 BED≥40 BED<40 BED≥40

Treatment for 
primary site

0.034 Degree of pain 0.197

Surgery 16 (4.7) 16 (26.3) No pain 4 (11.0) 6(*)
Other 71 (3.0) 29 (6.6) Mild 31 (4.7) 15 (9.4)

Treatment site 0.248 Severe 52 (2.2) 24 (7.8)
Spine 60 (3.3) 26 (12.2) Performance status 0.009
Other 27 (3.5) 19 (9.7) 0-1 45(5.0) 34(15.0)

Number of bone 
metastases

0.696 ≥2 42(2.0) 11(5.0)

Solitary 26 (3.7) 15 (16.3) Time to distant metastasis 0.139
Multiple 61 (2.9) 30 (9.9) ≥ 1 year 18 (3.6) 15(28.9)

Number of 
metastatic organs

0.003 < 1 year 69 (3.2) 30 (6.2)

0 37 (5.5) 33 (11.4) Histology 0.695
1 37 (3.0) 10 (26.2) Adenocarcinoma 58 (4.4) 32(19.0)
≥2 13 (2.2) 2 (4.0) Other 29 (2.5) 13 (6.7)

Neurological 
symptoms

0.137 EGFR-targeted agents
(n=90)

1.000

No 64 (3.7) 29 (16.1) Yes 28(5.5) 16(27.8)
Numbness 13 (3.8) 13 (11.4) No 30(2.8) 16(4.8)
Paresis 10 (2.0) 3 (3.5)

MST, median survival time. (months) *, not reached
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prognosis. The second possible explanation is that the use of
high dose radiotherapy for oligometastases prevents tumor 
progression by suppressing the release of tumor-stimulating 
factors from the bone microenvironment. In the metastatic 
bone, the microenvironment contains a matrix of tumor 
growth-stimulating factors, such as transforming growth fac-
tor-β and insulin-like growth factors, which promote tumor 
invasion and growth [21, 22]. These factors stimulate the
tumor growth, and therefore bone destruction, thus leading 
to a release of more of these factors from the bone microen-
vironment. High dose radiotherapy may improve the survival 
by reducing these factors. The third explanation is that, under
the particular condition examined in this study, intended 
curative treatment for bone metastasis may affect the survival
of patients.

In patients with breast cancer, Punglia et al. [23] described 
that when effective systemic therapy exists, then local therapy
improved the patient survival. Similarly, regarding bone me-
tastases, it was reported that patients treated with high dose 
radiotherapy who developed oligometastases tended to have 
a favorable prognosis [24]. Therefore, the strategy used to treat
bone metastases may need to be changed as a result of advances 
in imaging diagnosis and systemic therapy.

Oligometastases is a concept proposed by Hellman [25] 
that indicates the presence of limited metastases and suggests 
the existence of an intermediate clinical state between local-
ized disease and widespread disease. It is considered that local 
treatment for oligometastases improves the overall survival 
in some patients. In recent years, a favorable prognosis after
radiotherapy for the oligometastases with curative intent has 
been reported. However, majority of the target diseases in these 
cases are either pulmonary metastases or liver metastases [15, 
16]. Regarding oligometastases of bone, the effectiveness of
high dose radiotherapy for the metastasis from breast cancer 
or prostate cancer has been reported, but no reports have been 
published about the effectiveness of radiotherapy with curative
intent for bone metastasis secondary to lung cancer [26, 27]. 
Murakami et al. [28] performed total en bloc spondylectomy 
for patients with solitary vertebral bone metastasis from lung 
cancer without organ metastasis, and the outcome was en-
couraging. Hirano et al. [29] performed surgery for two case 
of solitary extremity bone metastasis secondary to lung cancer, 
and reported that both of them survived over 5 years. Therefore,
the presence of oligometastases of bone from lung cancer may 
become an indication for delivering high dose radiotherapy.

One limitation of the present study is the potential for bias 
due to its retrospective nature. Indeed, an additional analysis 
showed the administered BED to be associated with some 
important prognostic factors. As a result, the patients with 
a better prognosis tended to have a higher radiation dose. In 
addition, we were unable to estimate the activity of the pri-
mary lesion. If we considered the concept of oligorecurrence 
proposed by Niibe et al., we might elucidate more clearly the 
subgroup of patients who should be treated with curative 
intent [30]. However, in our study, it was difficult to estimate

the activity of the primary lesion, because chemotherapy was 
administered as the principal treatment in many patients. In-
stead, the time to distant metastasis may indicate the activity 
of the primary lesion.

The number of bone metastases, the performance status,
BED, histology, and use of EGFR-targeted agents were in-
dependent prognostic factors. Though we could not clearly
demonstrate the efficiency of high-dose radiotherapy due to
selection bias, our study nevertheless suggests that high-dose 
radiotherapy is associated with a better prognosis in combi-
nation with other favorable prognostic factors. The present
study is therefore considered to provide useful information 
for performance of further prospective studies.
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