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Abstract. Background/Aim: Radiotherapy regimens for brain
or bone metastases vary substantially. This study compared
regimens utilized in Northern Germany and Denmark.
Patients and Methods: Three centers participating in the
Interreg-Project TreaT completed questionnaires regarding
preferred radiotherapy regimens for brain or bone metastases.
Results: Brain metastases: In poor-prognosis patients, all
centers prefer short-course whole-brain irradiation (WBI) for
multiple metastases. For oligometastatic disease, two centers
prefer WBI, one center fractionated stereotactic radiotherapy
(FSRT). For single lesions, all centers use FSRT. In
intermediate- or favorable-prognosis patients, longer-course
WBI is preferred for multiple lesions, sometimes with
simultaneous-integrated boost. For oligo-metastasis, regimens
vary. FSRT is preferred for single lesions. Bone metastases:
For poor-prognosis patients, single-fraction radiotherapy is
used for uncomplicated metastases and short-course
radiotherapy for (impending) fractures, large soft-tissue
components, and spinal cord compression. Multi-fraction
regimens are preferred for intermediate-prognosis and longer-
course regimens for favorable-prognosis patients. Conclusion:
Regimens are relatively similar for bone metastases, single
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and multiple brain lesions, but vary considerably for few brain
metastases. Further cross-border collaboration is required to
provide more uniform and optimized treatment standards.

In cancer patients, brain and bone metastases occur in up to
70% and 40%, respectively. The frequency depends on
survival time and primary tumor type (1-5). Many of these
patients are assigned to radiotherapy, either alone or following
surgery. Different radiotherapy techniques and dose-
fractionation schedules are available. Techniques include 3-
dimensional conformal radiotherapy (3D-CRT), intensity-
modulated radiation therapy (IMRT), volumetric modulated
arc therapy (VMAT), single-fraction stereotactic radiosurgery
(SRS), and fractionated stereotactic radiotherapy (FSRT) (2-
5). Dose-fractionation schedules include single-fraction
treatments and several different multi-fraction radiotherapy
regimens mainly administered over one to four weeks.

Worldwide, the preferred techniques and dose-fractionation
schedules for brain and bone metastases vary considerably,
despite existing international guidelines (3-7). This may hold
true also for neighboring countries or even centers in one
country. A higher degree of standardization could lead to better
research and outcomes. The first step to achieve these goals
would be a survey to get an impression, for which situations
preferred treatment concepts are the same, similar, or different
between radiotherapy centers. Therefore, the present study was
performed as part of the German-Danish Interreg-Project
TreaT. This project allowed us to compare the preferred
concepts of three participating centers located in Northern
Germany and Southern Denmark.

Patients and Methods

Experienced radiation oncologists of the three centers participating
in the German-Danish Interreg-Project TreaT (University of Liibeck;
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Medical Practice for Radiotherapy and Radiation Oncology,
Hannover; Vejle Hospital, University Hospital of Southern
Denmark) completed questionnaires regarding their current
radiotherapy opinions for different situations of brain or bone
metastases. These include single brain metastasis, oligometastatic
situation (2-4 lesions), 5-10 lesions and >10 lesions, as well as
painful bone metastases and bone metastases complicated by
(impending) pathological fractures, large soft-tissue components, or
metastatic spinal cord compression (MSCC). Radiation regimens
preferred by each institution for the situations described above were
specified for patients with poor, intermediate or favorable survival
prognoses. In addition, the radiation oncologists also stated whether
the preferred regimens were different for metastases from less
radiosensitive tumors such as malignant melanoma and renal cell
carcinoma.

Results

Brain metastases.

Poor survival prognosis. In patients with poor estimated
survival, the preferred radiation concept is the same for >10
lesions and 5-10 lesions in all centers, namely whole-brain
irradiation (WBI) with 5x4 Gy over one week (Table I). For
patients with oligometastatic disease (2-4 lesions), two
centers prefer WBI with 5x4 Gy, whereas one center favors
7x5 Gy of FSRT. In case of irradiation alone for a single
brain metastasis, all three centers use local radiotherapy
(FSRT or SRS). However, the preferred dose-fractionation
regimens vary between the centers, and are 5x5 Gy of FSRT,
7x5 Gy of FSRT, and SRS with 1x20 Gy (lesions <3 c¢m) or
3x9 Gy of FSRT (lesions >3 cm), respectively. Following
neurosurgical resection of a single lesion, preferred local
treatments include FSRT with 5x4 Gy, 11x3.8 Gy or 3x9 Gy,
respectively. One center uses 6x4 Gy of WBI instead of 5x4
Gy for metastases from less radiosensitive tumors. Best
supportive care alone including corticosteroids is considered
an option in all centers for patients with very poor survival
prognoses (8).

Intermediate  survival prognosis. In patients with
intermediate prognoses, all three centers prefer WBI with
10x3 Gy over two weeks for >10 lesions (Table II). For 5-
10 lesions, WBI with 10x3 Gy is favored in two centers, and
WBI with 14-15x2.5 Gy in one center. Two centers use a
simultaneous integrated boost (SIB) to metastatic lesions for
selected patients. For patients with 2-4 lesions, the radiation
concepts vary considerably. One center prefers 13x3.8 Gy or
7x5 Gy of FSRT, one center 18x2 Gy of WBI over 3.5
weeks plus a SIB (18x0.5 Gy) or FSRT with 3x10 Gy, and
one center WBI with 10x3 Gy or 5x4 Gy. In case of WBI
for a limited number of lesions, hippocampus sparing should
be offered and discussed with the patients (9, 10). For a
single lesion, all centers prefer local irradiation. Dose-
fractionation regimens are different and include 3x10 Gy (or
5x7 Gy) of FSRT, 13x3.8 Gy (or 7x5 Gy) of FSRT, and
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1x20 Gy of SRS (or 3x9 Gy of FSRT for lesions >3 cm),
respectively. Following resection of a single lesion, all
centers prefer FSRT with 12-13x3 Gy, 11x3.8 Gy (or 10x4
Gy), and 3x9 Gy (or 5x6 Gy), respectively. One center uses
3x11 Gy of FSRT instead of 3x10 Gy for selected patients
with metastases from less radiosensitive tumors.

Favorable survival prognosis. In patients with favorable
prognoses and >10 lesions, two centers consider WBI with
10x3 Gy the first choice of radiotherapy, and one center WBI
with 18-20x2 Gy (Table III). For 5-10 lesions, the same
regimens are preferred as for >10 lesions. Two centers
administer a SIB for selected patients with 5-10 lesions. For
patients with 2-4 lesions, primary choices of treatment vary
and include 10x4 Gy of FSRT, 13x3.8 Gy of FSRT and 1x20
Gy of SRS (or 3x9 Gy of FSRT for lesions >3 cm),
respectively. For radiotherapy alone of a single lesion,
preferred regimens are the same as for patients with
intermediate survival prognoses, i.e., local irradiation with
3x10 Gy (or 5x7 Gy) of FSRT, 13x3.8 Gy (or 7x5 Gy) of
FSRT, and 1x20 Gy of SRS (or 3x9 Gy of FSRT for lesions
>3 cm), respectively. Like for patients with intermediate
prognoses, one center uses 3x11 Gy of FSRT for metastases
from less radiosensitive tumors in selected patients.
Following resection, favored FSRT regimens are almost the
same as for intermediate prognoses, i.e., 12-13x3 Gy, 11x3.8
Gy (or 10x4 Gy) and 3x9 Gy (or 5x6 Gy), respectively.

Bone metastases.

Poor survival prognosis. In patients with poor survival
prognoses and uncomplicated bone metastases, all three
centers prefer 1x8 Gy, two centers use also 5x4 Gy for
selected patients (Table IV). In case of radiotherapy alone
for (impending) pathological fractures, short-course regimens
are preferred (5x4 Gy in two centers, 6x4 Gy in one center).
In addition, two centers use 10x3 Gy and one center 4x5 Gy
for selected patients. Moreover, one center uses 5x5 Gy
instead of 5x4 Gy for metastases from less radiosensitive
tumors. Following surgical stabilization, two centers prefer
the same short-course regimens as without surgery, one
center prefers 10x3 Gy over two weeks instead of 5x4 Gy.
For bone metastases with a large soft tissue component, two
centers prefer the same regimens as for pathological
fractures, namely 6x4 Gy, 5x4, and 5x4 (or 4x5) Gy,
respectively. For radiotherapy alone of MSCC, all centers
consider short-course treatment with 5x4 Gy the first choice.
In addition, two centers use 1x8 Gy for selected patients
with very poor prognoses. Following surgery of MSCC, two
centers prefer 5x4 Gy and one center 10x3 Gy.

Intermediate survival prognosis. For uncomplicated
painful bone metastases in patients with intermediate
survival prognoses, two centers prefer 5x4 Gy, one center
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Table 1. Comparison of radiation regimens for patients with brain metastases and poor survival prognoses. For patients with very poor prognoses,
best supportive care alone including corticosteroids is considered an option in all centers.

Situation Center A Preferred regimen Center B Center C

>10 Brain metastases WBI, 5x4 Gy WBI, 5x4 Gy* WBI, 5x4 Gy

5-10 Brain metastases WBI, 5x4 Gy WBI, 5x4 Gy* WBI, 5x4 Gy

2-4 Brain Metastases (oligo-metastasis) FSRT, 7x5 Gy WBI, 5x4 Gy* WBI, 5x4 Gy

Single brain metastasis (radiotherapy alone) FSRT, 7x5 Gy FSRT, 5x5 Gy SRS, 1x20 Gy (<3 cm)
FSRT, 3x9 Gy (>3 c¢cm)

Single brain metastasis (radiotherapy after resection) FSRT, 11x3.8 Gy FSRT, 5x5 Gy FSRT, 3x9 Gy

(FSRT, 5x6 Gy)

*6x4 Gy for metastases from less radiosensitive tumors; in parentheses: alternative option (second choice). WBI: Whole-brain irradiation; FSRT:
fractionated stereotactic radiotherapy; SRS: stereotactic radiosurgery.

Table II. Comparison of radiation regimens for patients with brain metastases and intermediate survival prognoses. In case of whole-brain
irradiation (WBI), hippocampus sparing should be offered if reasonably possible.

Situation Center A Preferred regimen Center B Center C
>10 Brain metastases WBI, 10x3 Gy WBI, 10x3 Gy WBI, 10x3 Gy
(WBI, 15x2.5 Gy) (WBI, 5x4 Gy)
5-10 Brain metastases WBI, 10x3 Gy + SIB WRBI, 14x2.5 Gy + WBI, 10x3 Gy
(WBI, 15x2.5 Gy =+ SIB) SIB(WBI, 14-15x2.5 Gy) (WBI, 5x4 Gy)
2-4 Brain Metastases (oligo-metastasis) FSRT, 13x3.8 Gy WBI, 14x2.5 Gy + SIB WBI, 10x3 Gy

(FSRT, 7x5 Gy)
FSRT, 13x3.8 Gy
(FSRT, 7x5 Gy)
FSRT, 11x3.8 Gy
(FSRT, 10x4 Gy)

(FSRT, 3x10 Gy*)
FSRT, 3x10 Gy*
(FSRT, 5x7 Gy)

FSRT, 12-13x3 Gy

(WBI, 5x4 Gy)
SRS, 1x20 Gy (=3 cm)
FSRT, 3x9 Gy (>3 cm)

FSRT, 3x9 Gy

(FSRT, 5x6 Gy)

Single brain metastasis (radiotherapy alone)

Single brain metastasis (radiotherapy after resection)

*3x11 Gy for metastases from less radiosensitive tumors; in parentheses: alternative option (second choice). FSRT: Fractionated stereotactic
radiotherapy; SRS: stereotactic radiosurgery; SIB: simultaneous integrated boost.

Table II1. Comparison of radiation regimens for patients with brain metastases and favorable survival prognoses. In case of whole-brain irradiation
(WBI), hippocampus sparing should be offered if reasonably possible.

Situation Center A Preferred regimen Center B Center C

>10 Brain metastases WBI, 10x3 Gy WBI, 18-20x2 Gy WBI, 10x3 Gy
(WBI, 15x2.5 Gy) (WBI, 14-15x2.5 Gy)

5-10 Brain metastases WBI, 10x3 Gy + SIB WBI, 18x2 Gy + SIB WBI, 10x3 Gy

(WBL, 15x2.5 Gy + SIB) (WBL, 20x2 Gy)

2-4 Brain Metastases (oligo-metastasis)
Single brain metastasis (radiotherapy alone)

Single brain metastasis (radiotherapy after resection)

FSRT, 3x10* or 10x4 Gy
(WBI, 18x2 Gy + SIB)
FSRT, 3x10 Gy*
(FSRT, 5x7 Gy)
FSRT, 12-13x3 Gy

FSRT, 13x3.8 Gy
(FSRT, 7x5 Gy)
FSRT, 13x3.8 Gy
(FSRT, 7x5 Gy)
FSRT, 11x3.8 Gy

SRS, 1x20 Gy (<3 cm
FSRT, 3x9 Gy (>3 cm)
SRS, 1x20 Gy (=3 cm)
FSRT, 3x9 Gy (>3 cm)
FSRT, 3x9 Gy

(FSRT, 10x4 Gy) (FSRT, 5x6 Gy)

*3x11 Gy for metastases from less radiosensitive tumors; in parentheses: alternative option (second choice). FSRT: Fractionated stereotactic
radiotherapy; SRS: stereotactic radiosurgery; SIB: simultaneous integrated boost.

1x8 Gy (Table V). In case of impending or existing
pathological fractures, 10x3 Gy is the first choice of all
centers for both, radiotherapy alone and postoperative
radiotherapy. In case of a large soft tissue component, two
centers prefer 10x3 Gy and one center 13-15x3 Gy (15-

18x2.5 Gy). For radiotherapy alone and postoperative
radiotherapy of MSCC, all centers prefer 10x3 Gy. One
center uses also 15x2.5 Gy for selected patients, and one
center 5x5 Gy for radiotherapy alone and 14-15x2.5 Gy
following decompressive surgery.
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Table IV. Comparison of radiation regimens for patients with bone metastases and poor survival prognoses.

Situation Center A Preferred regimen Center B Center C
Uncomplicated painful bone metastases 1x8 Gy (5x4 Gy) 1x8 Gy (5x4 Gy) 1x8 Gy
(Impending) pathological fracture (radiotherapy alone) 5x4 Gy (10x3 Gy) 6x4 Gy (10x3 Gy) 5x4 Gy* (4x5 Gy)
(Impending) pathological fracture 10x3 Gy 6x4 Gy 5x4 Gy*
(radiotherapy after surgery) (10x3 Gy)

Large soft tissue component
Spinal cord compression (radiotherapy alone)

Spinal cord compression (radiotherapy after surgery) 10x3 Gy

5x4 Gy (10x3 Gy)
5x4 Gy (10x3 Gy)

6x4 Gy (10x3 Gy)
5x4 Gy (1x8 Gy#)

5x4 Gy* (4x5 Gy)
5x4 Gy*
(4x5 Gy or 1x8 Gy*)

5x4 Gy (10x3 Gy) 5x4 Gy* (4x5 Gy)

*5x5 Gy for metastases from less radiosensitive tumors; in parentheses: alternative option (second choice). #1x8 Gy for selected patients with very

poor expected survival.

Table V. Comparison of radiation regimens for patients with bone metastases and intermediate survival prognoses.

Situation Center A Preferred regimen Center B Center C
Uncomplicated painful bone metastases 5x4 Gy (10x3 Gy) 5x4 Gy (10x3 Gy) 1x8 Gy
(Impending) pathological fracture (radiotherapy alone) 10x3 Gy (15%x2.5 Gy) 10x3 Gy (14-15x2.5 Gy) 10x3 Gy
(Impending) pathological fracture 10x3 Gy (15x2.5 Gy) 10x3 Gy (14-15x2.5 Gy) 10x3 Gy
(radiotherapy after surgery)

Large soft tissue component 13-15%3 Gy (15-18x2.5 Gy) 10x3 Gy (14-15x2.5 Gy) 10x3 Gy
Spinal cord compression (radiotherapy alone) 10x3 Gy (15x2.5 Gy) 10x3 Gy (5x5 Gy) 10x3 Gy
Spinal cord compression (radiotherapy after surgery) 10x3 Gy (15x2.5 Gy) 10x3 Gy (14-15x2.5 Gy) 10x3 Gy
In parentheses: alternative option (second choice).

Table VI. Comparison of radiation regimens for patients with bone metastases and favorable survival prognoses.

Situation Center A Preferred regimen Center B Center C

Uncomplicated painful bone metastases
(Impending) pathological fracture (radiotherapy alone)
(Impending) pathological fracture

(radiotherapy after surgery)

Large soft tissue component

Spinal cord compression (radiotherapy alone)
Spinal cord compression (radiotherapy after surgery)

10x3 Gy (15x2.5
10x3 Gy (15x2.5
10x3 Gy (15%x2.5

10x3 Gy (15%x2.5

13-15x3 Gy (15-18x2.5 Gy)
18x2.333 Gy (10x3 Gy)

Gy) 10x3 Gy (14-15x2.5 Gy) 10x3 Gy (1x8 Gy)*

Gy) 18-20x2 Gy (14-15x2.5 Gy) 10x3 Gy

Gy) 18-20x2 Gy (14-15x2.5 Gy) 10x3 Gy
18-20x2 Gy (14-15x2.5 Gy) 10x3 Gy
18-20x2 Gy (18x2.333 Gy) 10x3 Gy

Gy) 18-20x2 Gy (14-15x2.5 Gy) 10x3 Gy

In parentheses: alternative option (second choice). *For selected patients.

Favorable survival prognosis. In patients with favorable
survival prognoses and uncomplicated painful bone metastases,
all centers prefer longer-course radiotherapy with 10x3 Gy
(Table VI). One center uses 1x8 Gy in selected patients. In two
centers, alternative options include 15x2.5 Gy and 14-15x2.5
Gy, respectively. For radiotherapy alone or following surgery
in case of (impending) pathological fractures, all centers prefer
longer-course programs with 10x3 Gy (two centers) or 18-
20x2 Gy (one center). The same regimens are used for
postoperative radiotherapy in patients with MSCC. In case of
a large soft tissue component, preferred longer-course regimens
are 10x3 Gy, 13-15x3 Gy (or 15-18x2.5 Gy), and 18-20x2 Gy
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(or 14-15x2.5 Gy), respectively. In patients with MSCC,
preferred regimens for radiotherapy alone include longer-
course radiotherapy with 10x3 Gy, 18x2.333 Gy (or 10x3 Gy),
and 18-20x2 Gy (or 18x2.333 Gy), respectively.

Discussion

Brain and bone metastases are common situations facing
radiation oncologists (11-15). For both situations, different
techniques and dose-fractionation regimens are available.
Preferred treatment regimens vary, even between neighboring
countries.
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Patients would likely benefit from standardized therapies
for brain and bone metastases, since treatment standards are
generally created from evidence-based data and knowledge.
For treating physicians, such standardized treatments would
facilitate selection of a suitable regimen for specific situations,
and can be especially helpful for less experienced physicians.
When considering the benefits of standardized radiotherapy
for brain and bone metastases, it appears likely to improve
patient outcomes. Before treatments can be standardized, it is
important to compare the preferred treatment regimens from
different centers, in order to identify similarities and
differences. The second step would be a consensus conference
to harmonize the favored treatment concepts.

In the present study, preferred radiation regimens for
different situations of brain and bone metastases of three
centers from Germany and Denmark participating in the
Interreg-Project TreaT were recorded and compared. The
radiation regimens preferred in the participating centers are
relatively similar for bone metastases, single brain
metastasis, and multiple brain lesions. For example, in all
centers, the favored regimens for uncomplicated bone
metastases are 1x8 Gy for patients with poor, 5x4 Gy for
patients with intermediate, and 10x3 Gy for patients with
favorable survival prognoses. Several meta-analyses have
shown that 1x8 Gy is as effective as multi-fraction regimens
with respect to pain relief (16, 17). However, re-irradiation
of the same regions for recurrent pain is required
significantly more often after 1x8 Gy than after multi-
fraction treatment. Moreover, multi-fraction treatment was
demonstrated to result in more pronounced re-calcification
of osteolytic bone in a randomized trial (18). Indications for
re-irradiation and significant re-calcification usually occur
only after several months and are, therefore, more important
for patients with intermediate or favorable survival
prognoses. This is reflected by the preferred concepts of the
centers participating in the present study. When bone
metastases are complicated by (impending) pathological
fractures, large soft-tissue components or MSCC, multi-
fraction regimens are generally recommended. For MSCC,
5x4 Gy and longer-course radiotherapy programs are
similarly effective with respect to post-treatment motor
function and ambulatory status (19, 20). Therefore, patients
with poor expected survival should receive 5x4 Gy to keep
the overall treatment time short. In contrast, patients with
intermediate and favorable prognoses can benefit from
longer-course programs in terms of better local control of
MSCC (20, 21). This aspect is reflected by the preferred
concepts of the centers participating in this study, namely
longer-course programs. According to a retrospective
matched-pair study, patients with expected longer-term
survival can achieve better local control of MSCC with doses
>30 Gy compared to 10x3 Gy (22). These results are
considered by two centers of the present study.
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Preferred regimens are relatively similar for single brain
metastasis. All three centers use local radiotherapy (FSRT or
SRS) alone in accordance with international guidelines (4-
7). For multiple brain metastases, WBI with 5x4 Gy is
favored by all centers for patients with poor survival
prognoses, who are not candidates for best supportive care
alone including corticosteroids. These preferences agree with
the results of a previous study that compared 5x4 Gy and
10x3 Gy of WBI in patients with multiple brain metastases
(23). Since patients with intermediate or favorable prognoses
may benefit from longer-course WBI in terms of
intracerebral control and survival, all three centers favor
longer-course WBI for these patients (24). Moreover, lower
doses per fraction are associated with a reduced risk of
neuro-cognitive decline (25). Patients with favorable
prognoses assigned to WBI may even benefit from 20x2 Gy
when compared to 10x3 Gy (24).

In contrast to the situations described above, preferred
radiation regimens vary considerably between the three
centers for the treatment of very few brain metastases
(oligo-metastatic situation). Two centers prefer WBI with
5x4 Gy for poor-prognosis patients, one center FSRT with
7x5 Gy. The preferred treatments are even more
heterogeneous for intermediate-prognosis patients. One
center favors WBI with 10x3 Gy or 5x4 Gy, one center
WBI with 14x2.5 Gy plus SIB (14x0.5 Gy) or FSRT
(3x10-11 Gy), and one center FSRT with 13x3.8 Gy or 7x5
Gy. For favorable-prognosis patients, treatments are less
heterogeneous, since all centers prefer local radiotherapy
with FSRT or SRS. However, the preferred dose-
fractionation regimens are quite different (Table III). The
differences regarding the favored regimens for oligo-
metastatic situations may be explained to a certain extent
by the facts that the definition of the maximum number of
lesions in an oligo-metastatic situation varies between 2-3
and 2-4 in previous studies, that the available guidelines do
not explicitly consider the patient’s survival prognosis, that
the use of FSRT or SRS alone (without WBI) has become
increasingly popular only during the last decade, and that
only a few studies investigated the role of a SIB for oligo-
metastatic brain disease (4-7, 26, 27). The heterogeneity of
the radiotherapy concepts preferred by the centers of this
study demonstrates that it is important to intensify cross-
border collaboration in order to establish and optimize
common treatment standards.

Conclusion

This study revealed that the radiation regimens preferred in the
three participating centers are relatively similar for bone
metastases, single brain metastasis, and multiple brain
metastases. However, radiation regimens vary considerably for
the treatment of very few brain metastases (oligo-metastatic
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situation). Thus, further cross-border collaboration including
consensus development is required for standardization of
radiation regimens, particularly for patients with oligo-
metastatic brain disease. Additionally, future research in
radiotherapy should focus on optimizing outcome in patients
with a few brain metastases.
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