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Abstract. A prospective study has previously reported on 
the incidence of bone metastasis (BM) and skeletal-related 
events (SREs) in patients with advanced lung cancer. The 
aim of the present study was to prospectively investigate 
how the quality of life (QOL) of patients with advanced lung 
cancer was affected by SREs. Patients with stage IIIB or IV 
non-small cell lung cancer (NSCLC) or small cell lung cancer 
(SCLC) at any stage were followed up every four weeks to 
determine if they had developed SREs. QOL questionnaires 
were conducted at enrollment, at 3- and 12-months later and at 
1 month after the onset of SREs, using QOL scores including 
the EuroQOL-5 Dimension (EQ-5D), Functional Assessment 
of Cancer Therapy-General (FACT-G) and activities of daily 
living (ADL) scores obtained by the Barthel Index. A total 
of 274 patients were enrolled in the study. At enrollment the 

EQ-5D and Barthel Index scores were lower in patients with 
SREs compared with patients without SREs. A chronological 
analysis revealed no statistically significant changes in either 
QOL or ADL in any of the patients. For 14 patients in whom 
QOL data was collected following the onset of SREs, the 
evaluation undertaken on the four subscales of the FACT-G 
revealed a significant decline in emotional functioning 
following the onset of SREs.

Introduction

Lung cancer is one of the most common malignant neoplasms 
worldwide. The majority of patients diagnosed with lung 
cancer already have distant metastases, and are diagnosed as 
in an advanced-stage disease (1). The skeleton is one of the 
most frequent metastatic sites in patients with advanced lung 
cancer (2,3), and the incidence of bone metastasis (BM) is 
approximately 30-40%, when diagnosed in a clinical course 
of lung cancer.

Cancer patients with BM should prevent skeletal compli-
cations that increase suffer and may require high medical 
costs (4). Such complications are usually indicated as skeletal 
related events (SREs). However, incidence of SREs in patients 
with lung cancer has varied across several reports that investi-
gated their clinical courses (5-7). While SREs are also thought 
to exert a negative impact on quality of life (QOL) in patients 
with lung cancer, few reports regarding the association 
between SREs and QOL have been published (8-10).
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In the previous work, we reported the incidence of BM and 
SREs in patients with advanced lung cancer, as a prospective 
study (11). The aim of the current study was to prospectively 
investigate how QOL was affected by SRE in patients with 
advanced lung cancer, as well as incidence of BM and SRE.

Materials and methods

Patient enrollment and study design. This study was a prospec-
tive multicenter cohort study. The eligibility criteria included 
newly-diagnosed patients with stage IIIB or IV non-small cell 
lung cancer (NSCLC) or small cell lung cancer (SCLC) in 
any stage, whose ages were over 20-years old, and who had 
provided written informed consent. All patients were required 
to have  not received chemotherapy or bisphosphonate therapy.

Treatment for lung cancer and the administration of 
zoledronate were at the discretion of the investigator, for the 
enrolled patients. Denosumab was not approved during the 
study period in Japan. The present study was approved by the 
institutional review boards of the respective institutions, and 
was conducted in compliance with international guidelines 
regulating patient safety.

Evaluation of BM, SREs, and date collection. The physicians 
and clinical research coordinators (CRCs) collected data every 
four weeks during the six month periods following enrollment, 
and every three months thereafter. The data included Eastern 
Cooperative Oncology Group Performance Status (ECOG-PS), 
body weight, blood sampling (to check hypercalcemia, bone, 
or other metastases), use of zoledronate or analgesics, and pain 
scale. We checked chest CT, bone scintigraphy, and roentgeno-
grams of the thoracic and lumbar bones at the time of study 
enrollment. A chest CT was performed every three months and 
bone scintigraphy was performed every six months. Treatment 
for lung cancer and use of zoledronate were undertaken at the 
discretion of the investigators. When bone metastases were 
suspected, the patient underwent a CT to determine bone 
conditions or an MRI and X-ray for the diagnosed BM sites.

QOL assessment and definition of SREs. QOL was assessed 
via the EuroQOL-5 Dimension (EQ-5D) (12) and Functional 
Assessment of Cancer Therapy-General (FACT-G) (13). 
ADL was evaluated via the Barthel Index (14). These QOL 
questionnaires were conducted at the time of enrollment, at 
both three- and twelve-months later, and also one month after 
the onset of SREs. SREs are defined as pathologic fracture, 
radiation or surgery to bone lesion, spinal cord compression, 
or hypercalcemia. Each QOL questionnaire was analyzed only 
in patients from whom all answers were collected.

Statistical analysis. The sample size has been described in 
the previous report (11). The target number of cases was set 
at 50, as a number of cases for which descriptive statistics 
of some accuracy can be calculated, even for patients with 
stage IIIB NSCLC, which is anticipated to have compara-
tively small enrollment, for a total of roughly 400 cases from 
the percentage of each cancer type. The sample size was 
determined to answer another research question about the 
incidence of SREs, and the present analysis was a secondary 
use of those data.

Background characteristics and types of SREs are summa-
rized by frequency and proportion. The mean values of the 
EQ-5D, FACT-G, and Barthel index, among the baseline BM 
and SRE status types, were drawn by box-whisker plot and 
compared by one-way analysis of variance. In the patients 
who had SRE for the first time within the follow‑up period, 
the changes in EQ-5D, FACT-G, and Barthel index by SRE 
occurrence were compared by paired t-test. In addition, the 
changes in the subscales of the FACT-G were evaluated in the 
same manner. P-value for comparisons between SRE +/- and 
between BM +/- were calculated concurrently using contrasts. 
At two-sided P<0.05 was considered to indicate a statistically 
significant difference. All statistical analyses were performed 
using SAS v9.2 (SAS Institute, Cary, NC, USA).

Results

Patients backgrounds at enrollment. A total of 274 patients 
were enrolled in this study from April 2007 to December 
2009. The patients characteristics are summarized in Table I. 
Patient ages ranged from 35 to 89 years (median age, 68 years), 
and male/female=193/81, ECOG-PS0/1/2/3=76/171/23/4, 
BM+/-=78/196, SREs+/-=24/250, SCLC/NSCLC=77/197, and 
Stage IIIB/IV=73/124.

Table I. Patients characteristics at enrollment (n=274).

Characteristics Total

Sex
  Male 193
  Female 81
Median age (range) 68 (35-89)
Histology
  NSCLC 197
    Stage IIIB 73
    Stage IV 124
  SCLC 77
    LD 30
    ED 47
ECOG-PS
  0 76
  1 171
  2 23
  3 or 4 4
BM
  + 78
  - 196
SRE
  + 24
  - 250

ECOG-PS, Eastern Cooperative Oncology Group performance status; 
BM, bone metastasis; ED, extensive disease; LD, limited disease; 
NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer; 
SRE, skeletal-related event.
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Incidence of BM and SREs. BM and SREs both at enrollment 
and during the follow-up periods are summarized in Fig. 1. 
As previously reported (11), the median follow-up period was 
13.8 months (0-28.5 month). A total of 78 patients (28% of all 
enrolled patients and 62% of stage IV patients) already had 
BM at enrollment. Among these patients, 24 had accompa-
nying SREs, while an additional 12 developed SREs during 
the follow up. Among the 196 patients without initial BM, 34 
developed BM. Among these 34 patients, 16 developed SREs 
during the follow-up.

The types of SREs at enrollment were: Pathologic fracture 
in nine patients; radiation to bone lesion in 22; spinal cord 
compression in two; and hypercalcemia of malignancy in one. 
The types of new SREs during the follow-up period were: 
Pathologic fracture in five patients; radiation to bone lesion 
in 23; spinal cord compression in one; and hypercalcemia of 
malignancy in five.

QOL of the patients. The EQ-5D, FACT-G, and Barthel 
Index scores at enrollment were summarized according 
to three patient groups classified by BM and SRE, and are 
respectively shown in Fig. 2A-C. QOL data were obtained 
from nearly all patients at the enrollment. Among patients 
with BM at enrollment, those who already had SREs had 
lower EQ-5D (mean=0.7) and Barthel Index (mean=94.8) 
scores than those without SREs (mean of EQ-5D=0.8, mean 
of Barthel Index=98.9), and the differences were statistically 
significant (P=0.013 for EQ‑5D, P=0.006 for Barthel Index). 
Such significant lower scores in patients who already had 
SREs were observed when compared to either those who did 
not have BM or those had BM but no SREs. No significant 
difference was observed for FACT-G between patients with 
(mean=66.8) and without (mean=71.6) SREs at enrollment 
(P=0.225). In addition, none of the EQ-5D, FACT-G, or 
Barthel Index scores showed a significant difference between 
patients who did not have BM and those had BM but no SREs.

Changes in QOL and ADL in the patients during the study 
period are summarized in Fig. 3A-C. A chronological analysis 
showed no statistically significant change in the EQ-5D, 
FACT-G, or Barthel Index scores of all patients for whom the 
QOL or ADL evaluation was performed.

QOL data were collected for 14 (EQ-5D) or 13 (FACT-G 
and Barthel Index) patients out of 28 who had SREs during the 

Figure 1. Numbers of BM and SREs at enrollment and during the follow-up periods. BM, bone metastasis; SREs, skeletal-related events.

Figure 2. (A) EQ-5D, (B) FACT-G and (C) Barthel Index scores at enroll-
ment, according to three patient groups classified by BM and SREs using 
one-way analysis of variance. P-value for comparisons between SRE +/- and 
between BM +/- were calculated from post-hoc orthogonal contrast test of 
(2, -1, -1) and (0,1, -1) in one-way analysis of variance. Multiplicity was not 
adjusted because of exploratory analysis. Thick horizontal lines delineate 
median values, while the box boundaries represent the 25th and 75th percen-
tiles. ‘x’ represents mean values. Whiskers outside the boxes delineate the 
maximum or minimum of 1.5 times the interquartile range. BM, bone metas-
tasis; EQ-5D, EuroQOL-5 Dimension; FACT-G, Functional Assessment of 
Cancer Therapy-General; SREs, skeletal-related events.
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follow-up. Changes in QOL after the SREs are summarized in 
Fig. 4A-C. For those 13 or 14 patients, QOL and ADL scores 
changed by -0.05 in EQ-5D, by -8.5 in FACT-G, and by -4.6 in 
Barthel Index. However, none of these decreases were statisti-
cally significant.

Changes in the QOL by the FACT-G after the onset of 
SREs, for each functioning subscale are summarized in 
Fig. 5. An analysis of FACT-G by its four subscales (physical, 
social/family, emotional, and functional) showed that the 
emotional subscale decreased by 3.77 (95%CI: 6.83, 0.71), 
which was statistically significant (P=0.02). However, physical, 
social/family, and functional subscales showed no significant 
changes.

Discussion

This is another analysis which focuses on the QOL of the 
patients with lung cancer, in whom the incidence of BM and 
SREs were prospectively investigated. In the present study, 
QOL data of the patients were also prospectively collected, 
according to the methods. As shown in the results, we reported 
their incidence at enrollment, as well as those occurred subse-
quently during the follow-up.

The association between SRE and QOL has frequently been 
studied from the point of an administration of zoledronate. 
While a number of reports have shown that its administra-
tion resulted in a decline of SRE, the accompanying effect 

Figure 3. Changes in the (A) EQ-5D, (B) FACT-G and (C) Barthel index 
of all patients, by using one‑way analysis of variance with subject‑specific 
random intercept. Thick horizontal lines delineate median values, while the 
box boundaries represent the 25th and 75th percentiles. ‘x’ represents mean 
values. Whiskers outside the boxes delineate the maximum or minimum of 
1.5 times the interquartile range. EQ-5D, EuroQOL-5 Dimension; FACT-G, 
Functional Assessment of Cancer Therapy-General.

Figure 4. Changes in the (A) EQ-5D, (B) FACT-G and (C) Barthel index 
after the onset of SREs by using paired t-test. Thick horizontal lines 
delineate median values, while the box boundaries represent the 25th and 
75th percentiles. ‘x’ represents mean values. Whiskers outside the boxes 
delineate the maximum or minimum of 1.5 times the interquartile range. 
EQ-5D, EuroQOL-5 Dimension; FACT-G, Functional Assessment of Cancer 
Therapy-General; SREs, skeletal-related events.
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on QOL remains controversial (8-10,15,16). In all three of the 
studies that reported a positive effect of zoledronate on QOL 
in patients with cancer, the number of patients was rather small 
and the studies were retrospective (6,17,18). To our knowledge, 
the present study is the first that prospectively investigated the 
QOL of the patients, by scheduled evaluation, including after 
the occurrence of SRE.

Several previous studies have been planned to observe 
QOL. However, the analyses were performed on a limited 
population of patients, such as those who were undergoing 
adjuvant chemotherapy (19), in the advanced or recurrent 
stage (20,21), or who were undergoing maintenance chemo-
therapy (22). None of those studies reported a definite decline 
of QOL, and the present study showed a similar result. With 
regard to QOL during the one year after study enrollment, a 
definite change in QOL was not observed, in spite of a slight 
decline indicated by an evaluation with the Barthel index.

In the present study, the effect of SREs on QOL was 
analyzed using two methods. First, QOL was compared at 
study enrollment, between patients who already had and did 
not have SREs, and the patients with SREs showed worse QOL 
or ADL scores. This result suggests that SREs had a negative 
impact on QOL and ADL in the patients, for whom various 
types of supportive care was not sufficiently given.

In addition, the change in QOL and ADL was analyzed by 
comparing values before and after the onset of SREs, however, 
a significant decline was not observed after SRE onset. This 
result may be due to the small number of cases in which an 
evaluation of QOL was performed, and may also be due to the 
evaluation in patients with some limited types of SREs. All of 
the fourteen patients, in whom QOL was evaluated, had either 
radiation therapy to skeletal lesion or hypercalcemia as SREs, 
which could be relatively manageable to keep good QOL. 
On the other hand, QOL could be evaluated in none of five 
patients, who had a pathologic fracture after the enrollment 
and might cause functional impairment.

There was a tendency for QOL or ADL to decline in the 
fourteen evaluated patients. This result may suggest that SREs 

exerted a more serious impact on QOL and ADL in the patients 
as a whole, as it is possible that those who did not receive  
evaluations had worse QOL or ADL compared to those for 
whom an evaluation was performed due to the maintenance of 
relatively better conditions.

One notable finding in the present study is that the 
emotional score was declined after the onset of SREs, even 
though the total FACT‑G scores did not indicate a significant 
decline in QOL. Although SREs would appear to be more 
associated with physical function, the results did not match 
such expectations. It is possible that the significant decline in 
FACT-G emotional score could be due to the multiplicity of 
comparisons.

The present study has some limitations, the most notable 
of which is that QOL could be evaluated in only fourteen 
cases after the onset of SREs, although 28 patients experi-
enced various types of SREs. We could not evaluate nearly 
half of patients with SREs after the enrollment. As previously 
mentioned, this lack of QOL assignment might under-evaluate 
the decline in QOL after the onset of SREs, by only evaluating 
patients in good health and excluding patients who might have 
had more serious impairments and could not have a QOL 
evaluation. It is possible that the 14 patients did not represent 
the whole population who newly had SREs after the enroll-
ment. Some patients might have multiple SREs, but we could 
not analyze the association between QOL and each SRE, 
although the association may differ according to type of SREs.

Such elimination might also result in under-evaluation in 
the chronological analyses of QOL and ADL at enrollment, 
and at three- and twelve-months later. It is possible that 
a non‑significant change in QOL or ADL was due to some 
patients having serious impairments, so that they could not 
have assignments.

Another limitation is that the selected population of 
patients who were predominantly enrolled in this study, 
already had the support of a palliative care team, including 
a clinical research coordinator (CRC), as the enrollment was 
not consecutive. It is possible that such support by various 

Figure 5. Changes in QOL by the FACT-G after the onset of SREs for each functioning subscale, by using paired t-test. Thick horizontal lines delineate median 
values, while the box boundaries represent the 25th and 75th percentiles. ‘x’ represents mean values. Whiskers outside the boxes delineate the maximum or 
minimum of 1.5 times the interquartile range. FACT-G, Functional Assessment of Cancer Therapy-General; QOL, quality of life; SREs, skeletal-related events.
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professionals resulted in the maintenance of  relatively 
good QOL even after the onset of SREs, so that this popu-
lation did not represent the whole population of patients 
with lung cancer, although we do not have concrete data of  
supportive care which the patients had taken during the study 
period.

Finally, the present analysis was performed only in 
Japanese population and could not be enough to discuss about 
international relevancy.

In Conclusion, QOL and ADL in the patients with advanced 
lung cancer was negatively affected by SREs just after the 
diagnosis, when measured by the EQ-5D and the Barthel 
Index. Although it was not proven that their QOL and ADL 
was affected by the onset of SREs, when FACT-G was evalu-
ated by the four factors, emotional functioning significantly 
declined after SREs.
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