
Abstract. Background/Aim: Patients with bone-only metastases
survive longer than patients with widespread visceral disease.
We analyzed the prognostic impact of different baseline
parameters, such as abnormal blood tests and receptor status in
patients who received local radiotherapy, in addition to
contemporary systemic treatment, according to national
guidelines. Patients and Methods: Retrospective uni- and
multivariate analyses of 57 consecutive female patients treated
in the time period 2007-2014 (median follow-up=29 months).
Results: The median age was 59 years and the median time
interval from the initial diagnosis of breast cancer was 57
months. The median survival was 23 months from radiotherapy
and 32 months from initial diagnosis of metastatic disease. Five-
year survival rates were 13 and 21%, respectively. Survival after
radiotherapy was significantly longer in patients who were
prescribed higher radiation doses; 29 months after ≥30 Gy and
10 months after <30 Gy, p=0.02. Multivariate analysis
confirmed 4 independent prognostic factors for shorter survival:
triple-negative histology (p=0.0001), high serum lactate
dehydrogenase (LDH) (p=0.001), high serum alkaline
phosphatase (ALP) (p=0.015) and intended radiation dose <30
Gy (p=0.028). A 3-tiered prognostic score with median survival
of 48, 21 and 12 months was developed. Conclusion: Prognosis
varied widely with many patients surviving for several years. The
results of simple blood tests provided important prognostic
information. Prospective studies are necessary to confirm that
more aggressive radiotherapy improves survival in patients with
bone-only disease suitable for local therapy. 

Patients with metastatic breast cancer often have widespread
disease in various locations, such as lungs, pleura, liver, lymph
nodes and bones (1). Relatively few patients present with
limited organ involvement, e.g. brain-only or bone-only disease
(2, 3). Use of radiotherapy is common in this subgroup (4, 5).
While the chance of long-term survival is higher in patients with
smaller tumor burden, large individual variation exists (6).
Performance status, organ function, biological disease
characteristics and eligibility for effective local and systemic
treatment are important prognostic and predictive factors (7).
Prognostic models might be helpful in pre-treatment
assessment. In this regard, patients with bone-only metastases
have not been studied extensively. Therefore, we evaluated the
survival and prognostic factors, including a panel of blood tests,
in patients treated with radiotherapy for bone-only metastases. 

Patients and Methods
Patients and treatment. This retrospective intention-to-treat study
included 57 consecutive female patients with bone metastases from
breast cancer who received palliative external beam radiotherapy at
Nordland Hospital Bodø, Norway (2-D or 3-D treatment planning, no
stereotactic ablative radiotherapy). All patients were treated between
2007 and 2014 and identified from an electronic database (ARIA;
Varian Medical Systems, Inc., Palo Alto, CA, USA). Some patients
presented with bone metastases at first cancer diagnosis, others later
during the disease trajectory; all had histological confirmation of
malignancy. Staging included computed tomography of the thorax,
abdomen and pelvis and radioisotope bone scan, supplemented by
magnetic resonance imaging and/or ultrasound to clarify equivocal
findings. If necessary to confirm the diagnosis of metastatic disease,
bone biopsy was performed. Systemic treatment was given according
to the guidelines of the Norwegian Breast Cancer Group (NBCG),
which are stratified by biological subtype and available online
(www.nbcg.no). Nationwide adherence to these guidelines is
excellent. Radiotherapy fractionation was at the discretion of the
treating oncologist. Radionuclide treatment was not available. 

Blood tests. Lactate dehydrogenase (LDH), albumin, hemoglobin,
C-reactive protein (CRP), calcium, creatinine and alkaline
phosphatase (ALP) were part of routine blood chemistry and
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imaging assessment in patients with metastatic breast cancer.
However, some patients had missing values for one or two of these
analyses. Tumor marker analyses were left to the discretion of the
treating oncologist. The hospital’s electronic patient record system
DIPS (DIPS ASA, Bodø, Norway) was used to collect all baseline
data, including blood tests. The latter had to be no older than 2
weeks before the first fraction of radiotherapy. Elevated LDH was
defined as ≥205 U/l according to the hospital’s reference value (low
albumin <34 g/l; high ALP ≥105 U/l; normal CRP <5 mg/l; low
hemoglobin <11.7 g/dl; high calcium >2.55 mmol/l; low creatinine
<45 μmol/l). Low creatinine was included because it might indicate
low muscle mass and impaired nutrition. Normal cancer antigen
(CA) 15-3 was defined as 0-25 kIE/l. 

Statistical methods. All analyses were performed with SPSS 22
(IBM, New York, NY, USA). Actuarial survival from the first day
of radiotherapy was calculated with the Kaplan-Meier method and
compared between different groups with the log-rank test.
Multivariate analysis consisted of Cox regression (forward stepwise
method). A p-value ≤0.05 was considered statistically significant.
Sixteen patients were alive at last follow-up (November 01, 2015)
with a median follow-up of 29 months. Date of death was known
in all other patients. As a retrospective quality of care analysis, no
approval from the Regional Committee for Medical and Health
Research Ethics (REK Nord) was necessary. This research project
was carried out according to our Institution’s guidelines and with
permission to access the patients' data.

Results

Patients’ characteristics. Five patients (9%) had no previous
history of cancer, i.e. bone metastases at initial diagnosis or
de novo stage IV disease, and 52 developed metastases at
later time points. The median age was 59 years (range=33-
86). The median time interval from the initial diagnosis of
breast cancer was 57 months (range=1-348) and the median
time interval from metastatic disease to radiotherapy was 3
months (range=1-72). Patients’ characteristics are shown in
Table I. The most common fractionation regimen was 10
fractions of 3 Gy (56%) followed by 5 fractions of 4 Gy
(18%). Sixteen percent received a single fraction of 8 Gy and
9% doses higher than 30 Gy. Thirty patients (53%) had
spinal target volumes. Thirty-four patients (60%) received
radiotherapy to one target volume and 40% to, at least, two
target volumes during the same treatment course. All but one
patient completed their prescribed course of radiotherapy.  

Overall survival. The median survival was 23 months from
radiotherapy and 32 months from initial diagnosis of
metastatic disease. Five-year survival rates were 13 and 21%,
respectively (Figures 1 and 2). Survival after radiotherapy
was significantly longer in patients who were prescribed
higher radiation doses; 29 months after ≥30 Gy and 10
months after <30 Gy, p=0.02. As shown in Table I, a large
number of other patient-, disease- and treatment-related
baseline characteristics were associated with survival after

radiotherapy. These included, for example, triple-negative
breast cancer histology, LDH, albumin, ALP and
performance status. All parameters with a p-value <0.1 in
univariate log-rank analyses were included in a multivariate
regression model. The latter confirmed 4 independent
prognostic factors for shorter survival: triple-negative
histology (p=0.0001), high LDH (p=0.001), high ALP
(p=0.015) and intended radiation dose <30 Gy (p=0.028). 

Discussion

Patients with metastatic breast cancer often present with bone
metastases or develop skeletal involvement during the disease
trajectory (8). A Danish study reported by Jensen et al.
estimated the overall and annual incidence of bone metastases
and skeletal-related events (SRE) in newly-diagnosed breast
cancer patients (1999 to 2007) using the National Patient
Registry (9). Of the 35,912 patients, 178 (0.5%) presented with
bone metastases at the time of primary breast cancer diagnosis
and, of these, 43% developed an SRE during follow-up. The
term SRE relates to pathological fractures, orthopedic surgery,
spinal cord compression and utilization of radiotherapy. A total
of 1,272 of 35,690 (3.6%) patients without bone metastases at
diagnosis developed bone metastases during a median follow-
up time of 3.4 years. Among these patients, 46% subsequently
developed an SRE. The 5-year survival rate of Danish patients
with bone metastases was 8% (10). 

A limited number of studies have focused on patients with
bone-only metastases. Turanli and Cetin reported a cohort of
129 patients treated between 2004 and 2007 (11). Only 24
patients received palliative radiotherapy. A limited number of
baseline characteristics were reported and analyzed as
potential prognostic factors for improved survival. Two of
these were statistically significant: normal serum CA 15-3
level and postmenopausal status. Hormone receptor and HER2
status were not significant. Blood tests other than 
CA 15-3 were not included. In a later article, this group
reported on 101 postmenopausal hormone receptor-positive
patients, treated between 2001 and 2007, who were classified
into two groups according to initial treatment modalities;
patients who received endocrine therapy only (group I) and
chemotherapy followed by endocrine therapy (group II) (12).
All patients received bisphosphonates, whereas only 24
patients required palliative radiotherapy during the course of
their disease. In groups I and II, the median time to
progression was 12 and 16 months (p=0.96) and median
overall survival 41 and 40 months (p=0.79), respectively. In
a different study, median survival after bone metastases
diagnosis was 28 months in women with bone-only metastases
(13), largely comparable to the present data (32 months). 

Our study shares limitations with previous ones, e.g. the
retrospective study design. Only 57 patients could be included,
resulting in small subgroups and limited statistical power. A
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typical patient in our study was a postmenopausal woman with
estrogen receptor-positive and HER2-negative disease and
good performance status who developed metachronous
metastases (Table I). According to the national guidelines,
such patients receive zoledronic acid and several lines of
sequential hormonal and cytotoxic therapy, depending on
tumor load, response to previous therapy and other parameters.
We based our survival analyses on the start of radiotherapy

rather than diagnosis of metastases because fewer patients had
available baseline blood tests at this earlier point in time. In
other words, we prioritized group size and completeness of
data. As a drawback, blood test results were affected by
ongoing systemic treatment. Given that most patients received
early radiotherapy, we believe that largely comparable results
may be expected in either scenario. Patterns of progression
and cause of death were not evaluated. 
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Table I. Patients’ characteristics before radiotherapy (RT) and survival outcomes (n=57).

Parameter                                                                              n                                 %                          Median survival, months                          p-Value

Age <60 years                                                                     30                               53                                             17                                                  
Age ≥60 years                                                                     27                               47                                             29                                               0.06
ER- and/or PR-positive                                                      47                               82                                             27                                                  
ER- and PR-negative                                                          10                               18                                             15                                               0.27
HER2-positive1                                                                    9                                17                                             42                                                  
HER2-negative1                                                                  45                               83                                             21                                               0.25
Triple-negative1                                                                   8                                15                                             14                                                  
Other than triple-negative1                                                 46                               85                                             27                                               0.01
Metastases at first diagnosis                                               5                                 9                                      Not reached                                          
Metachronous metastatic disease                                       52                               91                                             21                                               0.27
Solitary bone metastasis                                                     23                               40                                             42                                                  
Multiple bone metastases                                                   34                               60                                             17                                               0.05
ECOG PS 0                                                                         23                               40                                             32                                                  
ECOG PS 1                                                                         17                               30                                             26                                                  
ECOG PS 2                                                                         11                               19                                             17                                                  
ECOG PS 3                                                                          6                                11                                              5                                               0.012
Spinal target volume                                                           30                               53                                             20                                                  
No spinal target volume                                                     27                               47                                             23                                               0.75
Metastatic spinal cord compression                                    7                                12                                             16                                                  
No metastatic spinal cord compression                             50                               88                                             26                                               0.99
One target volume                                                              34                               60                                             30                                                  
At least 2 target volumes                                                   23                               40                                             15                                               0.03
Serum albumin normal1                                                     51                               93                                             27                                                  
Serum albumin low1                                                            4                                 7                                               7                                                0.02
Serum LDH normal1                                                          29                               58                                             41                                                  
Serum LDH high1                                                               21                               42                                             13                                             0.0001
Serum ALP normal1                                                           29                               58                                             31                                                  
Serum ALP high1                                                                21                               42                                             15                                              0.002
Serum calcium normal1                                                      49                               89                                             27                                                  
Serum calcium high1                                                           6                                11                                             16                                               0.67
Serum CRP normal1                                                           37                               67                                             29                                                  
Serum CRP high1                                                                18                               33                                             13                                               0.02
Serum creatinine normal or high1                                      51                               91                                             27                                                  
Serum creatinine low1                                                         5                                 9                                               8                                                0.01
Serum hemoglobin normal1                                               45                               80                                             26                                                  
Serum hemoglobin low1                                                     11                               20                                             10                                               0.08
Serum CA 15-3 normal1                                                     10                               22                                             41                                                  
Serum CA 15-3 high1                                                         35                               78                                             26                                               0.06
Opioid analgesics1                                                             36                               68                                             20                                                  
No opioid analgesics1                                                         17                               32                                             26                                               0.40
Charlson comorbidity index 0                                            35                               61                                             23                                                  
Charlson comorbidity index ≥1                                         22                               39                                             21                                               0.21

1Information not available in all patients. 2p-value calculated over all strata. ER, Estrogen receptor; PR, progesterone receptor; ECOG PS, Eastern
Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; CRP, C-reactive protein; CA, cancer
antigen.



We found several disease characteristics to be associated
with survival after radiotherapy. These included, for example,
breast cancer type (shortest survival for triple-negative status;
median=14 months), LDH and ALP, but not age.
Interestingly, prescription of higher radiation doses was
associated with improved survival in multivariate analysis. It
has long been hypothesized that patients with oligometastases
may benefit from more aggressive local therapy (14, 15).
However, only randomized trials can provide high level
evidence for or against combined modality treatment. In the
present study, different sources of bias may have been
involved as radiation dose was at the discretion of the treating
physician. Experienced oncologists are likely to identify
patients with favorable prognosis (16). Subtle imbalance in
baseline characteristics and radiation field sizes/expected
bone marrow compromise, which were not captured in the
multivariate analysis, could be responsible for the outcomes
observed. Therefore, we decided to develop a preliminary
prognostic model based on the remaining three parameters,
which are objectively measurable. Figure 3 shows the
survival outcomes for patients in the respective risk groups
(median=48, 21 and 12 months, p=0.0001). This model
should be validated in larger studies and may afterwards be
used for stratification when performing prospective studies of
different radiotherapy regimens.    

A drawback of most studies, resulting in difficulties with
inter-study comparisons, is that not all potential prognostic
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Figure 1. Actuarial Kaplan-Meier survival curve for 57 patients with
bone-only metastases from breast cancer, calculated from the start of
radiotherapy. 

Figure 2. Actuarial Kaplan-Meier survival curve for 57 patients with
bone-only metastases from breast cancer, calculated from the diagnosis
of metastatic disease. 

Figure 3. Actuarial Kaplan-Meier survival curves for patients with
bone-only metastases from breast cancer stratified by risk score. Median
survival was 48 months in patients without risk factors (normal lactate
dehydrogenase (LDH) and alkaline phosphatase (ALP), not triple-
negative, n=16), 21 months in patients with one risk factor (n=15) and
12 months in patients with more than one risk factor (n=14), p=0.0001
(log-rank test over all three strata). 



factors were included, e.g. LDH and ALP. Emerging
prognosticators, such as circulating tumor cells have not yet
been studied in the present setting (17). These considerations
are also true for a relatively large series from the M.D.
Anderson Cancer Center (18). The analysis included 314
patients managed between 1997 and 2008. A considerable
proportion of all patients with bone metastases had bone-
only disease (33.5%). The multivariate analysis of the latter
group showed that survival was influenced by the presence
of solitary bone metastases and absence of bone pain.  

Conclusion

Prognosis was highly variable but long-term survival was not
uncommon. Especially patients with receptor-positive
disease and normal LDH and ALP survived for several years.
The results of simple blood tests provided important
prognostic information. Prospective studies are necessary to
confirm that more aggressive radiotherapy improves survival
in patients with bone-only disease suitable for local therapy.      
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