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Background: The remaining lifespan of patients with metastatic lung cancer should be considered when
designing a personalized treatment program. To facilitate the estimation survival in lung cancer patients with
bone metastases, a specific scoring system was created.

Methods: One-hundred-and-fifty-three patients receiving fractionated radiotherapy for bone metastases
without spinal cord compression from lung cancer were included in this retrospective study. Age, gender,
Eastern Cooperative Oncology Group (ECOG) performance score, histology, interval from lung cancer
diagnosis until irradiation of bone metastases, visceral metastases, additional bone metastases, type and
number of irradiated sites, pathological fracture, upfront surgery and previous systemic treatment were
evaluated for potential associations with survival. Those factors that were significant (P<0.05) or showed a
trend (P<0.10) on multivariate analysis were used to create the scoring system.

Results: On multivariate analysis, ECOG performance score was significant (risk ratio: 2.77, P<0.001), and
age showed a trend (risk ratio: 1.34, P=0.10). The following scoring points were assigned: age <65 years =1
point, age >66 years =0 points, ECOG performance score of 0-1 =1 point, and ECOG performance score of
>2 =0 points. Three prognostic groups were obtained: 0 points (n=38), 1 point (n=71) and 2 points (n=44).
Six-month survival rates were 21%, 41% and 75%, 12-month survival rates 7%, 27% and 56% (P<0.001).
Conclusions: This scoring system can help estimate the remaining lifespan of lung cancer patients to be

irradiated for bone metastases and will contribute to the personalization of their treatment.
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Introduction

In patients with bone metastases, lung cancer is one of the
most frequent primary tumors (1). To administer optimal
care for individuals with bone metastases from lung cancer,
personalized treatment programs are very important. Since
many of these patients receive radiotherapy, these programs
often include a choice of the most appropriate radiation
regimen. Radiation regimens used for treating of bone
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metastases range from single-fraction to longer-course
multi-fraction programs lasting weeks (2). When choosing
a personalized radiation regimen, several aspects should be
considered including the indication for radiotherapy and
the patient’s remaining lifespan. In case of uncomplicated
painful bone metastases, a single fraction of radiotherapy
is as effective as multi-fraction radiotherapy in achieving
pain relief (3-7). However, single-fraction radiotherapy is
less effective than multi-fraction programs with respect to
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Table 1 Distribution of the factors evaluated for a potential impact

on survival
Factor N patients [%]
Age
<65 years 77 [50]
>66 years 76 [50]
Gender
Female 66 [43]
Male 87 [57]
ECOG performance score
0-1 83 [54]
>2 70 [46]
Histology
SCLC 21[14]
NSCLC 132 [86]

Interval from diagnosis of lung cancer until
irradiation of bone metastases

<2 months 92 [60]

>3 months 61 [40]
Visceral metastases

No 56 [37]

Yes 97 [73]
Additional bone metastases

No 37 [24]

Yes 116 [76]
Site(s) of irradiated bone metastases

Spine 55 [36]

Extra-spinal 56 [37]

Both 42 [27]
Number of irradiated metastatic sites

1 70 [46]

>2 83 [54]
Pathological fracture

No 118 [77]

Yes 35 [23]
Upfront surgery

No 124 [80]

Yes 29 [20]
Previous systemic treatment

No 72 [47]

Yes 81 [53]

ECOG, Eastern Cooperative Oncology Group.
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longer-term symptom control, particularly when compared
longer-course programs. Longer-course multi-fraction
radiotherapy resulted in significantly better recalcification
of the osteolytic bone than single-fraction treatment
in a randomized trial (8). Since the risk of local failure
increases with lifetime, patients with bone metastases and
favorable survival prognoses can benefit from longer-
course radiotherapy programs. In contrast, patients with
a poor survival prognosis, who likely will die before
local recurrence, are good candidates for single-fraction
radiotherapy (2). These considerations illustrate that it is
very important to take into account a patient’s remaining
survival time when designing a personalized treatment
approach.

Prediction of individual survival prognoses can be
considerably facilitated with the use of scoring systems. To
achieve the best possible personalization of the treatment
for patients with bone metastases, specific scoring systems
are desirable for each primary tumor with metastatic
spread to the bone including lung cancer. The concept of
developing specific survival scores for lung cancer patients
irradiated for metastatic disease has already been realized for
patients with brain metastases and patients with metastatic
epidural spinal cord compression (9-11). The current study
was performed to create a specific survival score for lung
cancer patients irradiated for bone metastases.

Methods

A total of 153 patients who received fractionated
radiotherapy for bone metastases without spinal cord
compression from lung cancer between January 2009 and
April 2019 were included in this retrospective study. Twelve
factors (Table 1) were evaluated for a potential impact on
survival including age (<65 vs. 266 years, median age: 65
years), gender, Eastern Cooperative Oncology Group
(ECOQG) performance score (0-1 vs. >2), histology (SCLC
vs. NSCLC), interval from first diagnosis of lung cancer
until irradiation of bone metastases (<2 vs. >3 months,
median interval: 2 months), visceral metastases at the time
of radiotherapy (no vs. yes), additional bone metastases (no
vs. yes), site(s) of irradiated bone metastases (spine vs. extra-
spinal vs. both), number of irradiated metastatic sites (1
vs. 22), pathological fracture (no vs. yes), upfront surgery
of irradiated bone metastases (no vs. yes), and previous
systemic treatment (no vs. yes).
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Patients included in this study had complete data
regarding the twelve investigated potential prognostic
factors and survival. In order to reduce a selection bias
due to the dose-fractionation regimen of radiotherapy,
only patients treated with multi-fraction longer-course
radiotherapy (the standard regimen in the centers
participating in this study) were included. The dose-
fractionation regimens were either 10x3 Gy over 2 weeks
(n=76), 12x3-13x3 Gy over 2.5 weeks (n=4), 14x2-15x2 Gy
over 3 weeks (n=12), 14x2.5-15x2.5 Gy over 3 weeks (n=49)
or 18x2-20x2 Gy over 2.5-3 weeks (n=12).

Time to death has been calculated from the first day
of radiotherapy. Univariate analyses of survival were
performed with the Kaplan-Meier-method and the log-rank
test. The potential prognostic factors that were significantly
(P<0.05) associated with survival on univariate analyses were
subsequently included in a Cox regression analysis. Those
factors that were significant (P<0.05) or showed a trend
(P<0.10) in the Cox regression analysis were used to create
the scoring system for estimation of survival.

All procedures performed were in accordance with
ethical standards and the Helsinki declaration from 1964 as
revised in 2013. The study was approved by an institutional
review board (IRB), namely the Ethics Committee of the
University of Liibeck, (reference number 18-254A). Due to
its retrospective design, informed consent specifically for
this study was not required by the IRB. For protection of to
the patient’s personal data, only anonymized data have been
used for the analyses of this study.

Results

Median follow up times were 5 months (range, 0-155
months) in the entire cohort and 13 months (range, 4-155
months) in those patients who were still alive at the last
follow up. In the entire cohort, the survival rates were
59%, 46%, 36% and 30%, respectively, at 3, 6, 9 and 12
months. On univariate analysis, age <65 years (P=0.017)
and an ECOG performance score of 0-1 (P<0.001) were
significantly associated with survival. The results of the
complete univariate analyses are summarized in Tuble 2.
In the Cox regression analysis, ECOG performance score
remained significant (risk ratio: 2.77, 95% confidence
interval: 1.93-4.00, P<0.001), and age showed a trend (risk
ratio: 1.34, 95% confidence interval: 0.94-1.89, P=0.10).
Both factors were used to create the scoring system for
estimation of survival. The following scoring points were
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assigned: age <65 years =1 point, age >66 years =0 points,
ECOG performance score of 0-1 =1 point, and ECOG
performance score of >2 =0 points. Thus, three prognostic
groups were obtained, i.e. 0 points (n=38), 1 point (n=71)
and 2 points (n=44). The survival rates of these groups at
3, 6, 9 and 12 months are summarized in Table 3, and the
corresponding Kaplan-Meier curves are given in Figure 1.

Discussion

The survival prognoses of patients irradiated for bone
metastases vary between a few weeks and several years.
This should be taken into account when tailoring a
treatment regimen to an individual patient. Patients with
uncomplicated painful bone metastases, i.e., without
a pending or existing pathological fracture, metastatic
epidural spinal cord compression or an extensive soft-tissue
component, and a short survival time appear optimally
treated with single-fraction radiotherapy such as 1x8 Gy
or 1x10 Gy (2-7). This regimen would allow the patients
to spend more time without treatment for other important
issues. Reviews and meta-analyses of randomized trials
demonstrated single-fraction radiotherapy to be as effective
in relieving pain as multi-fraction radiation regimens (3-7).
Fifteen years ago, Sze er al. presented a systematic review
of 11 trials and 3,435 patients with uncomplicated painful
bone metastases (6). The overall pain response rates were
60% after single-fraction and 59% after multi-fraction
radiotherapy, respectively (odds ratio: 1.03, 95% confidence
interval: 0.89-1.19). Complete pain relief was achieved
in 34% and 32% of the patients, respectively (odds ratio:
1.11, 95% confidence interval: 0.94-1.30). More recently,
Chow et al. presented an updated systematic review that
included 25 randomized trials with a total of 5,617 patients
with bone pain from uncomplicated metastases (7). Overall
pain relief was achieved in 60% of patients after single-
fraction radiotherapy compared to 61% after multi-fraction
treatment (P=0.36). Complete pain relief rates were 23%
and 24%, respectively (7).

The systematic reviews revealed that re-treatment of the
same bone metastases was required significantly more often
after single-fraction than after multi-fraction radiotherapy.
In the review of Sze et al., the re-treatment rates were
21.5% and 7.4%, respectively (odds ratio: 3.44, 95%
confidence interval: 2.67-4.43) (6). In the updated review
of Chow et al., the re-treatment rates were 20% and 8%,
respectively (P<0.00001) (7). Moreover, a randomized trial
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Table 2 Univariate analyses of survival rates of the 12 potential prognostic factors

Survival (%) at

Factor P value
3 mos. 6 mos. 9 mos. 12 mos.

Age 0.017*
<65 years 66 52 44 36
>66 years 53 39 28 25

Gender 0.85
Female 61 44 36 29
Male 59 47 37 32

ECOG performance score <0.001*
0-1 75 65 55 48
22 4 23 14 10

Histology 0.40
SCLC 71 57 48 41
NSCLC 58 44 34 29

Interval from diagnosis of lung cancer until irradiation of bone metastases 0.91
<2 months 62 45 38 33
=3 months 56 46 34 27

Visceral metastases 0.12
No 70 53 40 32
Yes 54 41 34 30

Additional bone metastases 0.80
No 59 51 39 26
Yes 59 44 35 32

Site(s) of irradiated bone metastases

Spine 58 45 35 26 0.55
Extra-spinal 63 48 38 31
Both 57 43 36 36

Number of irradiated metastatic sites 0.16
1 66 50 41 34
>2 54 42 33 28

Pathological fracture 0.45
No 57 43 36 32
Yes 69 54 37 25

Upfront surgery 0.81
No 56 42 33 30
Yes 76 62 50 29

Previous systemic treatment 0.56
No 64 47 37 30
Yes 59 46 36 30

*, significant P values. ECOG, Eastern Cooperative Oncology Group.
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Table 3 Survival rates of the prognostic groups 0 points, 1 point
and 2 points

Survival (%) at

Prognostic group P value
3 mos. 6 mos. 9mos. 12 mos.

0 points (n=38) 37 21 11 7 <0.001*

1 point (n=71) 56 41 32 27

2 points (n=44) 84 75 66 56

*, significant P value.

1.0

P<0.001

0.8

0.6
0 points

0.4 1 point

Surviving fraction

0.2

2 points

0.0 i
0 40 80 120 160

Time to death (months)
Figure 1 Kaplan-Meier curves for survival of the prognostic
groups 0 points, 1 point and 2 points. The P value was calculated

using the log-rank test.

demonstrated that re-calcification of the osteolytic bone
was significantly more pronounced after 10x3 Gy over 2
weeks than after 1x8 Gy (173% ws. 120%, P<0.0001) (8).
Since re-calcification takes time and can generally be
expected only several months following radiotherapy, it
becomes more of an issue in longer-term survivors (2).
Also the risk of recurrent bone pain in the irradiated
regions rises with lifetime. Therefore, patients with bone
metastases and favorable survival prognoses appear better
treated with multi-fraction radiotherapy. It has been shown
for patients with vertebral bone metastases associated with
spinal cord compression and favorable survival prognoses
that radiotherapy with total doses beyond 30 Gy (e.g.,
15x2-15x5 Gy or 20x2 Gy) resulted in improved local
control (12). If these findings can be transferred to patients
with bone metastases without spinal cord compression, one

may consider using longer-course radiotherapy with doses
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beyond 30 Gy also for long-term survivors of this group.

To be able to select the most appropriate dose-
fractionation regimen and to avoid over- or under-
treatment, it would be very helpful if one could predict
an individual patient’s survival time prior to the start of
treatment. A few scoring system already exist for patients
irradiated for bone metastases (13-16). However, these tools
were developed in cohorts of patients with many different
primary tumor types. In order to account for the individual
biology and other individual characteristics of a particularly
tumor type, specific scoring systems for single tumor
entities would be important. In the current study, a scoring
system has been developed specifically for bone metastases
from lung cancer. Based on the prognostic factors age and
performance status, which can be assessed easily and fast,
three prognostic groups were designed. Patients with 0
points had poor survival prognoses; only 37% and 21% of
the patients survived for 3 and 6 months, respectively. Thus,
patients of this group with symptomatic bone metastases
appear good candidates for single-fraction radiotherapy.
Patients with 1 point had an intermediate survival prognosis
with 41% of the patients surviving for 6 months and 27%
for 12 months. They may be considered for multi-fraction
radiotherapy of intermediate duration, for example with
10x3 Gy. Patients with 2 points had the most favorable
survival prognoses with 75% surviving for 6 months and
56% for 12 months. These patients may be candidates for
longer-course radiotherapy with total doses beyond 30 Gy.
However, when considering these suggestions, one
should bear in mind the retrospective design of this study.
Although only patients treated with longer-course multi-
fraction radiotherapy were included to reduce the risk of
a selection bias due to the dose-fractionation regimen, the
risk of hidden selection biases still exists. The findings of
this study may not be applicable to patients treated with
single-fraction or short-course multi-fraction irradiation,
because these patients were not included. Moreover, it
has to be noticed that patients with complicated bone
metastases should always be considered for multi-fraction
radiotherapy (2).

Conclusions

The new scoring system including three prognostic groups
may help estimating the lifespan of lung cancer patients to
be irradiated for bone metastases. It can be used easily and
fast during clinical routine. It may be useful for physicians
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when tailoring the treatment regimen to the individual.
Moreover, it can be valuable in the stratification of patients
with bone metastases from lung cancer in future trials.
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