
Abstract. Background/Aim: Estimating survival is
important for treatment personalization in patients with
metastatic cancer. In this study, we aimed to develop a
survival score for patients irradiated for bone metastases
from colorectal cancer. Patients and Methods: Eleven factors
were retrospectively analyzed in 25 patients, including age,
gender, Eastern Cooperative Oncology Group performance
score, tumor site, time between diagnosis of colorectal
cancer and irradiation, visceral or other bone metastases,
type and number of irradiated sites, upfront surgery and
previous systemic treatment. Results: On multivariate
analysis, performance score (p=0.005) and previous systemic
treatment (p=0.007) were significantly associated with
survival and used for the score. One point (performance
score 0-1 or no previous systemic treatment) or 0 points
(performance score ≥2 or previous systemic treatment) were
assigned resulting in 0, 1 or 2 points. Six-month survival
rates of these groups were 0%, 64% and 100%, respectively.
Conclusion: This new survival score can support physicians
during personalization of treatment for patients with bone
metastases from colorectal cancer.   

Due to improved treatment of primary tumors and loco-
regional recurrences, many cancer patients have better survival
prognoses and may live long enough to experience metastatic
spread (1). For these patients, personalized treatment
approaches have become more popular during the last decade
aiming to meet the personal needs of an individual patient.
The remaining lifetime is an important aspect that needs to be

considered when designing a personalized treatment concept.
For patients with a short survival time, the treatment regimen
should be little burdensome and as short as reasonably
possible. For patients with more favorable prognoses, longer-
term local control and prevention of late treatment-related
toxicities become more important. Estimation of the survival
prognosis of an individual patient may be considerably
facilitated with survival scores. In order to allow for an
optimal personalization of a treatment program for cancer
patients with metastatic disease, specific scores should ideally
be available for the different metastatic sites and the different
primary tumor types. Colorectal cancer is one of the most
common primary tumor types in industrial nations (1). Bone
metastases from colorectal cancer are comparatively rare and
require more attention (1, 2). The present study was performed
to develop a specific survival score for colorectal cancer
patients with bone metastases. 

Patients and Methods

Twenty-five patients who were treated with radiotherapy for bone
metastases from colorectal cancer without spinal cord compression
were included in the present study. Their data were retrospectively
analyzed to identify significant prognostic factors of survival
following radiotherapy and develop a prognostic score. The study
has been approved by the local ethics committee. Radiotherapy was
administered as a multi-fraction treatment with either 6×4 Gy (n=1),
10×3 Gy (n=5), 12×3 Gy (n=1), 14-15×2.5 Gy (n=16), 15×2 Gy
(n=1) or 20×2.0 Gy (n=1). In this cohort, eleven factors (Table I)
were evaluated for a potential impact on survival, including i) age
(≤65 vs. ≥66 years), ii) gender, iii) Eastern Cooperative Oncology
Group (ECOG) performance score (0-1 vs. ≥2) (3), iv) primary
tumor site (colon vs. rectum), v) time between diagnosis of
colorectal cancer and radiotherapy for bone metastases (≤12 vs. ≥13
months, median=12 months), vi) visceral metastases (no vs. yes),
vii) other bone metastases (no vs. yes), viii) type of metastatic sites
(spinal vs. extraspinal vs. both), ix) number of irradiated sites of
bone metastases (1 vs. ≥2), x) upfront surgery of irradiated bone
metastases (no vs. yes) and xi) systemic treatment prior to
irradiation (no vs. yes). 
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Survival was calculated since the first day of radiotherapy.
Univariate analyses of survival were performed using the Kaplan–
Meier method and the log-rank test. Factors that proved to be
significant (p<0.05) or showed at least a trend (p<0.10) on
univariate analyses were included in the multivariate analysis (Cox
proportional hazards model). Those factors achieving significance
in the multivariate analysis were used for the development of the
prognostic score.  

Results 

In the entire cohort, the median follow-up time was 4 months
(range=0-65 months). The survival rates at 3, 6, 9 and 12
months were 56%, 44%, 32% and 23%, respectively. On
univariate analyses, a better (0-1) ECOG performance score
(p=0.005), absence of other bone metastases (p=0.001) and
a lower number (n=1) of irradiated sites of bone metastases
(p=0.049) were significantly associated with favorable
survival prognoses. In addition, no systemic treatment prior
to radiotherapy showed a trend for a favorable survival
(p=0.067). The results of the univariate analyses are shown
in Table II. 

On multivariate analysis, the ECOG performance score
[hazard ratio (HR)=6.97, 95%confidence interval (CI)=1.75-
36.34, p=0.005] and the systemic treatment prior to
radiotherapy (HR=7.50, 95%CI=1.64-60.17, p=0.007) were
significant. Other bone metastases (HR=2.05, 95%CI=0.51-
9.74, p=0.32) and the number of irradiated sites of bone
metastases (HR=1.25, 95%CI=0.35-4.54, p=0.73) did not
achieve significance in the multivariate analysis.

Thus, the ECOG performance score and the systemic
treatment prior to radiotherapy were used for the
development of the scoring tool. Based on the outcomes with
respect to survival, 1 point (favorable outcome: ECOG
performance score of 0-1 or no previous systemic treatment)
or 0 points (unfavorable outcome: ECOG performance score
of ≥2 or previous systemic treatment) were assigned
resulting in three prognostic groups of 0 points (n=7), 1 point
(n=11) or 2 points (n=2). The survival data of the three
groups are shown in Table III and Figure 1.

Discussion

Many patients with metastatic colorectal cancer have a
comparatively poor survival (1). A considerable number of
studies regarding this situation, including application of
novel anti-cancer agents, have been performed during recent
years to improve the prognoses of these patients (4-9). In
addition, the use of personalized treatment programs taking
into account individual patients’ lifespans may contribute to
the improvement of their prognoses. The design of such
programs can be considerably facilitates with the application
of specific survival scores. A considerable number of patients
with metastatic colorectal cancer receive radiotherapy,

particularly for brain and bone metastases. Prognostic factors
have already been identified and specific survival scores
already exist for colorectal cancer patients with brain
metastases or metastatic spinal cord compression (10-16).
However, no specific survival score has been available so far
for patients with colorectal cancer irradiated for bone
metastases without compression of the spinal cord, hence the
purpose of the present study. All patients included in this
study received multi-fraction radiotherapy with an overall
treatment time longer than one week. Longer-course multi-
fraction radiotherapy is the standard regimen for bone
metastases in the contributing centers. Short-course
radiotherapy with an overall treatment time of one week or
less is generally limited to patients with an extremely poor
survival prognosis. Therefore, patients treated with short-
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Table I. Factors evaluated for a potential impact on survival.

                                                                              Number of patients (%)

Age at RT 
   ≤65 Years                                                                       11 (44)
   ≥66 Years                                                                       14 (56)
Gender
   Female                                                                            10 (40)
   Male                                                                               15 (60)
ECOG performance score
   0-1                                                                                  11 (44)
   ≥2                                                                                     9 (36)
   Unknown                                                                          5 (20)
Tumor site
   Colon                                                                              16 (64)
   Rectum                                                                             9 (36)
Interval between diagnosis of colorectal 
cancer and RT of bone metastases
   ≤12 Months                                                                    13 (52)
   ≥13 Months                                                                    12 (48)
Visceral metastases
   No                                                                                     2 (8)
   Yes                                                                                  23 (92)
Other bone metastases
   No                                                                                   12 (48)
   Yes                                                                                 13 (52)
Type of metastatic sites
   Spinal                                                                               9 (36)
   Extraspinal                                                                     12 (48)
   Both                                                                                  4 (16)
Number of irradiated sites
   1                                                                                      14 (56)
   ≥2                                                                                    11 (44)
Upfront surgery of bone metastases
   No                                                                                   21 (84)
   Yes                                                                                    4 (16)
Systemic treatment prior to RT
   No                                                                                     5 (20)
   Yes                                                                                  20 (80)

RT: Radiotherapy; ECOG: Eastern Cooperative Oncology Group.



course radiotherapy were not included to avoid a selection
bias due to the dose-fractionation program.   

Based on two independent prognostic factors of survival, i.e.
ECOG performance score and systemic treatment prior to

radiotherapy, a scoring tool has been designed that includes
three prognostic groups. Of those patients with 0 points, only
14% survived for 3 months and no patient for 6 months or
more. These patients should be strongly considered for single-
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Table II. Survival rates of the 11 potential prognostic factors (univariate analysis). 

Factor                                                                                                                        Survival rates (in %) at                                                           p-Value

                                                                                            3 months                  6 months                  9 months                  12 months                        

Age at RT 
   ≤65 Years                                                                              64                             55                              45                              45
   ≥66 Years                                                                              50                             36                              21                                7                           0.15
Gender
   Female                                                                                  60                             60                              50                              38
   Male                                                                                      53                             33                              20                              13                           0.61
ECOG performance score
   0-1                                                                                         73                             64                              55                              44
   ≥2                                                                                          33                             22                              11                                0                           0.005
Tumor site
   Colon                                                                                    50                             38                              23                              16
   Rectum                                                                                  67                             56                              44                              33                           0.11
Time between diagnosis of colorectal 
cancer and RT of bone metastases
   ≤12 Months                                                                          69                             54                              37                              37
   ≥13 Months                                                                          42                             33                              25                                8                           0.17
Visceral metastases
   No                                                                                       100                           100                            100                            100
   Yes                                                                                        52                             39                              26                              17                           0.18
Other bone metastases
   No                                                                                         67                             67                              67                              48
   Yes                                                                                        46                             23                                0                                0                           0.001
Type of metastatic sites
   Spinal                                                                                    56                             44                              33                              22
   Extraspinal                                                                            58                             50                              31                              21
   Both                                                                                      50                             25                              25                              25                           0.69
Number of irradiated sites
   1                                                                                            57                             57                              49                              33
   ≥2                                                                                          55                             27                                9                                9                           0.049
Upfront surgery of bone metastases
   No                                                                                         57                             43                              28                              22
   Yes                                                                                        50                             50                              50                              25                           0.91
Systemic treatment prior to RT
   No                                                                                       100                           100                              53                              27
   Yes                                                                                        45                             30                              25                              20                           0.067

RT: Radiotherapy; ECOG: Eastern Cooperative Oncology Group; bold p-value: significant. 

Table III. Survival rates of the three prognostic groups.

Prognostic group                                                                                                      Survival rates (in %) at                                                           p-Value

                                                                                            3 months                  6 months                  9 months                  12 months                        

0 Points                                                                                   14                               0                                0                                0
1 Point                                                                                      73                             64                              45                              27
2 Points                                                                                  100                           100                            100                            100                        <0.001

Bold p-value: significant.



fraction radiotherapy if they have symptoms, such as bone pain,
that need to be relieved. According to a meta-analysis of
randomized trials, single-fraction radiotherapy with 1×8 Gy is
as effective as multi-fraction regimens, mainly 10×3 Gy for two
weeks, with respect to pain relief (17). Patients treated with 1×8
Gy require re-irradiation in the same region significantly more
often compared to patients receiving multi-fraction radiotherapy.
However, patients of the present study with 0 points have such
a short remaining life time that they are unlikely to live long
enough to experience recurrent bone pain in the irradiated
regions. Patients achieving 1 point had a better survival
prognosis; 64% survived for 6 months and 27% for 12 months.
Thus, a considerable proportion of this group will live long
enough to be at risk of developing a local recurrence of the
irradiated bone metastases. If these patients have uncomplicated
painful bone metastases without a (pending) pathological
fracture or a large soft tissue component, they may also be
treated with 1×8 Gy, since a local recurrence can be
successfully treated with another single fraction of radiotherapy
(18, 19). In case of a (pending) pathological fracture or a large
soft tissue component, the patients appear better treated with
longer-course radiotherapy, e.g. 10×3 Gy in two weeks, which
was shown to result in a better re-calcification of the osteolytic
bone compared to 1×8 Gy (20). Patients with 2 points had very
favorable prognoses; all patients survived for at least 12 months.
Since the risk of a local recurrence increases with lifetime, these
patients should be considered for longer-course radiotherapy
with higher doses, such as 14-15×2.5 Gy for three weeks and
20×2 Gy for four weeks. These dose-fractionation regimens
have already been recommended for patients with favorable
survival prognoses and vertebral metastases associated with
symptomatic compression of the spinal cord (12, 14, 20, 21).
When following these recommendations, the limitations of this

study, including the retrospective design and the small number
of patients, must be regarded. Moreover, since patients receiving
single-fraction or short-course multi-fraction radiotherapy were
not included, the recommendations may not be generalized to
these patients.

In conclusion, this new scoring tool includes three
prognostic scores with significantly different survival
prognoses. It can support physicians during the process of
personalization of the radiation treatment for patients with
bone metastases from colorectal cancer.   
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