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Abstract
Background: The intent of this pooled analysis as part of the German society for radiation oncology (DEGRO)
stereotactic body radiotherapy (SBRT) initiative was to analyze the patterns of care of SBRT for liver oligometastases
and to derive factors influencing treated metastases control and overall survival in a large patient cohort.
Methods: From 17 German and Swiss centers, data on all patients treated for liver oligometastases with SBRT since
its introduction in 1997 has been collected and entered into a centralized database. In addition to patient and
tumor characteristics, data on immobilization, image guidance and motion management as well as dose
prescription and fractionation has been gathered. Besides dose response and survival statistics, time trends of the
aforementioned variables have been investigated.
Results: In total, 474 patients with 623 liver oligometastases (median 1 lesion/patient; range 1–4) have been
collected from 1997 until 2015. Predominant histologies were colorectal cancer (n = 213 pts.; 300 lesions) and breast
cancer (n = 57; 81 lesions). All centers employed an SBRT specific setup. Initially, stereotactic coordinates and CT
simulation were used for treatment set-up (55%), but eventually were replaced by CBCT guidance (28%) or more
recently robotic tracking (17%). High variance in fraction (fx) number (median 1 fx; range 1–13) and dose per
fraction (median: 18.5 Gy; range 3–37.5 Gy) was observed, although median BED remained consistently high after
an initial learning curve. Median follow-up time was 15 months; median overall survival after SBRT was 24 months.
One- and 2-year treated metastases control rate of treated lesions was 77% and 64%; if maximum isocenter
biological equivalent dose (BED) was greater than 150 Gy EQD2Gy, it increased to 83% and 70%, respectively.
Besides radiation dose colorectal and breast histology and motion management methods were associated with
improved treated metastases control.
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Conclusion: After an initial learning curve with regards to total cumulative doses, consistently high biologically
effective doses have been employed translating into high local tumor control at 1 and 2 years. The true impact of
histology and motion management method on treated metastases control deserve deeper analysis. Overall survival
is mainly influenced by histology and metastatic tumor burden.
Keywords: Stereotactic body radiotherapy, Liver oligometastases, Outcome, Treated metastases control,
Oligometastases, Oligo-recurrence, Sync-oligometastases

Background
Stereotactic body radiation therapy (SBRT) is a dedicated form of external beam radiotherapy which is characterized by a steep dose gradient outside the irradiated
tumor volume while escalating the dose inside the target
volume. Combined with high precision patient setup and
image guidance, this is a highly effective local treatment
while achieving a very low toxicity profile. Usually, treatment protocols include higher single doses and the fraction number ranges from a radiosurgery (1 fraction)
procedure up to 10 fractions.
Established for treating brain metastases, SBRT has
been expanded to treat tumors and metastases at numerous body sites including the lung, liver, bone and
prostate. Most experience has been gathered so far for
the treatment of NSCLC stage I in inoperable patients
where it is now considered standard of care [1].
Very early, SBRT has been evaluated in patients with lung
and liver oligometastases as well, though published series
only report small patient numbers and different treatment
protocols. Recently, with the widespread adoption of the
concept of oligo-metastases [2], interest has been increased
and larger series have been published [3]. In addition, the
terms of oligo-recurrence (metastases detected while primary tumor controlled) and sync-oligometastases (primary
tumor and limited number of metastases detected simultaneously) have been coined to depict the occurrence of
metastases in the course of oligometastasic disease [4, 5].
In contrast to lung tumors where consistent rates of
treated metastases control above 85% have been reported in recent studies, results with regard to treated
metastases control of liver lesions are more heterogeneous ranging from 60 to 100% and 55%–90% at 1 and
2 years, respectively [6–13]. Currently, SBRT is mainly
being used if a patient is not medically fit for surgery,
not technically resectable or declines surgical intervention as well as if other local therapies like radiofrequency
ablation are not possible due to size or location near larger vessels, and is has been added to the possible armentarium of local therapies to be considered besides
resection in metastasized CRC [14, 15]. Still, results of
liver SBRT are very encouraging especially considering
the larger size and the critical location of the lesions
compared to other local ablative therapies [8, 10, 16, 17].

Patient selection for treatment is a critical issue. Most
benefit regarding progression free survival and possibly
overall survival is expected in the state of oligorecurrence, as witnessed in small prospective series for
oligometastatic NSCLC [18, 19]. In addition, the recently
presented outcome data of the EORTC-NCRI CCSGALM Intergroup 4004 trial could demonstrate in a randomized fashion a positive effect of a local ablative therapy in the form of radiofrequency ablation on OS in
patients with liver oligometastases from CRC in addition
to chemotherapy [20]. Currently, up to 4 metastases is
considered a safe and reasonable number to treat [7], although most series reported a median number of metastases treated of one. Patients should be in a reasonable
performance status (KPS ≥70) and the projected survival
should be beyond 6 months. The optimal treatment, including the use of SBRT, should be ideally discussed and
recommended in a multidisciplinary tumor board [14].
Still, relevant questions remain open regarding optimal
patient selection, radiation dose and fractionation or
radio-sensibility of different histologies which cannot be
answered satisfactorily with the current available data
due to the small sample size of the prospective and
retrospective reports.
The intent of this pooled analysis is to set-up an
outcome-based database and analyse the pattern of care
of liver SBRT in Germany and Switzerland. We herein
report on the evolution of SBRT, treatment characteristics as well as outcome with respect to treated metastases control and overall survival in 474 patients with 623
liver oligometastases.

Methods
Patient eligibility

All patients treated with SBRT for liver oligometastases
after its introduction into the clinic in Germany and
Switzerland between 1997 and June 2015 were eligible to
be included in this pattern of care analysis. Patient,
tumor and treatment characteristics were retrospectively
collected and entered in a centralized database. Centers
were eligible to provide patient data, if they were performing liver SBRT. No formal inclusion criteria for participation were mandatory.
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Inclusion criteria were patients with liver oligometastases from any histology-proven primary solid tumor.
Clinical diagnosis was based on radiological imaging without mandatory biopsy of the liver metastasis. Patients receiving liver SBRT were included when they were
medically inoperable, presented with non-resectable metastases which were not qualifying for alternative focal
treatment such as radiofrequency ablation (RFA) or if they
refused invasive therapies. SBRT definition was based on
the target volume concept, application of conformal treatment planning and stereotactic or image-guided patient
setup as well as hypo-fractionated treatment application.
The participating centers used, based on available technology and tumor size and location in correlation to organsat-risk, a center-specific fractionation schedule.
Patient data was reported anonymously and pooled in
a common database by the coordinating center (Department of Radiation oncology, University Hospital of Zurich, Zurich, Switzerland). The database consisted of
more than 50 parameters including patient characteristics, primary tumor characteristics and oncological
course of disease and further therapies. Additionally,
technical data on radiotherapy delivery as well as clinical
outcome were collected and further analyzed.
The multicenter data collection, database and analysis
was approved by the Ethics committee of the Kanton
Zurich, Switzerland (BASEC-Nr. 2016–00744). The data
collection of the individual participating centers was approved according to local regulations and approved by
the respective local ethics committees.
Endpoints and toxicity definitions

Local failure of a metastatic lesion was defined as either
reappearance after complete remission or re-growth
after initial partial response to SBRT in follow-up CT or
MRI scans. PET-CT scans were used by some centers in
equivocal cases to confirm local recurrence. Extrahepatic
tumor status was classified as either no evidence of disease (NED), stable (SD) or progressive disease (PD).
Acute toxicity was scored according to the National
Cancer Institute CTCAE v3.0 criteria during and up to
3 months after SBRT. Late toxicity was graded using the
RTOG/EORTC criteria.
Statistical analysis

Actuarial survival time and freedom from local failure
(called “treated metastases control”) were calculated according to the Kaplan-Meier method. For univariate and
multivariable analysis of prognostic factors (listed in
Table 3) the Cox proportional hazard model was used.
Comparison of survival between groups was performed
using the log-rank test.
For overall survival, any death and for disease specific
survival death from the underlying cancer was defined
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as an event. For actuarial local tumor control, progression of the treated lesion was defined as stated in the
methods section. For this endpoint, patients who died
from other diseases without tumor regrowth or progression at that time were censored. All time intervals were
calculated from the last day of SBRT.
Biological effective doses were calculated according to
the LQ formalism:
!
d
BED ¼ n  d  α 
β
with n being the number of fractions, d the daily single
fraction dose and using an alpha-beta for tumor tissue of
10 Gy.
BEDisocenter of 150 Gy10 has been determined as
descriminator for treated metastases control in a separate ROC analyis (data not shown) and is in line with a
previous report from our group [21].
PTV volumes have been used as surrogates for the
GTV volumes in the multivariable Cox regression
model. This was based on the approach that the results
of the multivariable Cox proportional hazard model after
imputation of missing GTV values using the R package
“mice” were comparable with the respective results after
inclusion of PTV instead of GTV (data not shown). As
the same variables had been chosen by the model on the
respective endpoints, PTV was chosen for use in multivariable cox regression analysis instead of GTV to work
with real data, instead of imputed one. Statistical analysis
was performed with the R statistical environment version 3.3.1.

Results
Patient and tumor characteristics

In total, 17 German and Swiss academic and nonacademic centers participated and collected data on 474
patients with a total of 623 metastases. Patient data was
collected from university (n = 13), public (n = 2) and private centers (n = 2) in Germany and Switzerland including overall data from 474 patients with 623 liver
oligometastases treated with SBRT. The most frequent
primary tumor was colorectal cancer (48.1%), followed
by breast cancer (13.3%), non-small cell lung cancer
(6.1%) and pancreatic cancer (5.1%). In most patients,
one liver metastasis was treated (n = 369). In the remainder cohort two to four metastases (n = 2: 75 pts.; n = 3,
15 pts.; n = 4: 9 pts) have been treated simultaneously.
Repeat stereotactic radiotherapy for new liver oligometastases was performed in only 4 patients. Median
follow-up was 15 months (range: 1–178 months). SBRT
treatment of the liver metastasis was performed at a median time of 27 months (range: 0–392 months) after
diagnosis of the primary tumor.
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The median number of patients per institution was 13
(range: 2–178), the median number per institution per
year was 5 (range: 1–13). Patient and treatment characteristics are summarized in detail in Tables 1 and 2.
Patterns of care

SBRT for liver oligometastases was first introduced in
1997 and adopted for clinical evaluation by three university centers between 1997 and 2000. All three centers
used a vigorous patient immobilization for setup and a
stereotactic frame for target localization. General adoption of SBRT for liver oligometastases developed slowly
and broader introduction into clinical routine started in
2008 (see Fig. 1a).
Time trends in dose prescription

Despite careful introduction into clinical routine, no
standardized dose and fractionation protocol has
emerged over time. On the contrary, significant interinstitutional variation in the single fraction, total dose

prescribed, number of fractions and the respective prescription isodose could be observed (Fig. 1b).
There was as significant time-trend in total dose prescribed in the initial phase after introduction of SBRT.
The mean BEDisocenter before 2003 was 102.5 Gy,
whereas it significantly rose to 134.3 Gy thereafter and
remained constant (p < 0.001; Fig. 1b).
Treated metastases control

Treated metastases control in the total cohort with 607
evaluable metastases was 76.1%,63.8% and 55.7% at 1,2
and 3 years (Fig. 3a). In univariate analysis, maximum
BED, histology, systemic therapy before SBRT, GTV and
PTV volume were all significant predictors for treated
metastases control (Fig. 3b-d; Table 3). Patients receiving
systemic therapy before SBRT had a worse treated metastases control rate compared to patient who had received no pretreatment therapy. Metastases from
colorectal cancer had a significantly worse treated metastases control rate at one year (67%) compared to
breast cancer (91%), NSCLC (88%) or other histologies

Table 1 Patient Characteristics
No. of Patients/ Metastases

Perent

Median

Minimum

Maximum

474 pts.
Age (yr)

64

15

93

90

40

100

1

1

4

Sex
male

268 pts.

56.7%

female

206 pts.

43.3%

Pretreatment performance scale (Karnofsky index) (%)
Histology
Colorectal cancer

228 pts.

48.1%

Breast cancer

63 pts.

13.3%

NSCLC

29 pts.

6.1%

Pancreatic cancer

24 pts.

5.1%

Others

130 pts.

27.4%

Yes

325 pts.

65.6%

No

80 pts.

16.9%

Unknown

68 pts.

17.6%

Chemotherapy prior to SBRT

Number of liver metastases per patient

474 pts. / 623 mets

n=1

372 pts.

78.5%

n = 2–4

102 pts.

21.5%

Oligo-recurrence group

119 pts.

25.1%

Sync-oligometastases group

235 pts.

49.6%

Unknown

120 pts.

25.3%

Status of extrahepatic disease

Time interval between primary tumor diagnosis
and SBRT treatment (months)

27.0

0.0

391.0

Follow-up (months)

15

1

178
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Table 2 SBRT Treatment Characteristics
No. of Lesions

Percent

Median

Minimum

Maximum

623
GTV volume (ccm)

27

0.6

699

PTV volume (ccm)

71.3

4.5

1074.0

Single fraction dose (PTV encompassing) in Gy

12

2.1

30.0

Single fraction dose (isocenter) in Gy

18.48

Total BED (PTV encompassing) in Gy

69.4

10.4

187.5

125.9

27.2

292.4

80.0

42.0

100.0

3

1

13

Total BED (Isocenter) in Gy
Prescription isodose (%)

2.95

46.9

Most common prescription isodoses
95% isodose

70

11.2%

80% isodose

199

31.9%

65% isodose

131

21.0%

60% isodose

38

6.0%

Number of SBRT fractions
1-fraction SBRT

189

30.3

3-fraction SBRT

207

33.2

5-fraction-SBRT

158

25.4

69

11.1

other fractionation schemes

GTV gross target volume, PTV planning target volume, BED biological effective dose

(80%). Patients treated after 2003 had a significant better
treated metastases control rate compared to patients
treated before. Local control for metastases treated with
advanced motion management methods defined as either gating (active breathing control; free breathing gating) or tracking (fiducial based) was significantly higher
compared to methods relying on target localization during free breathing, including CBCT based strategies.
As sufficient events were available, all variables investigated in univariate analysis were entered in the multivariable proportional hazard cox regression model. As a

considerable proportion of GTV volumes (49%) were
missing, PTV volumes have been entered in multivariate
analysis instead. Systemic therapy before SBRT, PTV volume, BEDisocenter, motion management methood, and
SBRT treatment before 2003 remained as independently
significant variables.
Overall survival

Overall survival in the total cohort was 70%, 29% and
15% at one, 3 and 5 years (Fig. 2a). Seven patients experienced a long-term survival and could be observed at

Fig. 1 a Cumulative number of centers practicing liver SBRT and number of treated lesions from 1997 to 2014. b Change of prescribed
biologically effective dose (BED) for SBRT liver oligometastases from 1997 to 2014
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Table 3 Univariate and multivariate analysis for local control and overall survival according to patient and tumor characteristics
Univariate

Multivariate

HR (CI)

p-value

HR (CI)

p-value

Prior CTxa

2.19 (1.23–3.91)

0.008

2.19 (1.18–4.06)

0.13

Histology (CRC)

1.99 (1.31–3.04)

0.001

1.71 (1.04–2.80)

0.03

Histology (BCa)

0.53 (0.25–1.13)

0.10

0.45 (0.19–1.02)

0.06

Histology (NSCLC)

0.86 (0.26–2.85)

0.81

0.67 (0.19–2.35)

0.54

c

GTV Volume

1.004 (1.002–1.005)

< 0.001

–

PTV Volumec

1.002 (1.001–1.003)

< 0.001

1.001 (1.00–1.002)

Local control

c

0.003

BED Isocenter

0.993 (0.989–0.997)

< 0.001

0.99 (0.98–1.00)

0.002

BED prescriptionc

0.72 (0.51–1.01)

0.003

1.00 (0.99–1.01)

0.970

Advanced Motion managementa

0.46 (0.29–0.72)

< 0.001

0.57 (0.33–0.96)

0.04

Before 2003a

1.50 (1.04–2.16)

0.031

1.02 (0.61–1.70)

0.932

KIc

0.69 (0.51–0.94)

0.02

0.74 (0.53–0.98)

0.06

Gender

0.80 (0.63–1.01)

0.06

0.76 (0.54–1.06)

0.10

Histology (CRC)

0.61 (0.46–0.79)

< 0.001

0.64 (0.45–0.92)

0.01

Histology (BCa)

0.52 (0.36–0.76)

< 0.001

0.60 (0.36–0.99)

0.05

Histology (NSCLC)

1.42 (0.87–2.33)

0.16

1.14 (0.64–2.07)

0.65

a

Prior CTx

0.91 (0.65–1.27)

0.58

1.17 (0.76–1.80)

0.47

Extrahepatic statusb

0.81 (0.60–1.1)

0.18

0.83 (0.49–1.43)

0.52

Solitary

0.73 (0.57–0.92)

0.007

1.12 (0.61–2.03)

0.72

# of liver metastases (1 vs. 2–4)

0.94 (0.72–1.23)

0.65

0.80 (0.52–1.23)

0.32

c

GTV Volume

1.003 (1.002–1.004)

< 0.001

–

PTV Volumec

1.002 (1.001–1.002)

< 0.001

1.002 (1.001–1.003)

< 0.001

Local recurrence after SBRT

0.88 (0.68–1.51)

0.36

0.82 (0.56–1.19)

0.29

BED isocenterc

0.997 (0.994–1.00)

0.06

1.00 (0.99–1.004)

0.97

Overall survival

a

a

CTx chemotherapy, BCa breast cancer, BED biologically effective dose, GTV gross tumor volume, PTV planning target volume, PS performance status, HR hazard
ratio, CI 95% confidence interval), CRC corolrectal caner, NSCLC non-small cell lung cancer
a
binary coded variables with yes vs. no; bcomplete remission/stable disease vs progressive disease; cvolume and minimum biologically effective dose as
continuous variables

10 years of follow-up. In univariate Cox regression analysis, KPS, histology (breast and colorectal cancer having
a better prognosis) and GTV volume were all significant
predictors for overall survival (Table 3). Interestingly,
pre-SBRT chemotherapy, number of metastases treated
and extrahepatic disease status were not associated with
overall survival.
Also, achieving treated metastases control did not influence overall survival in univariate analysis. In contrast, early local recurrence (within 6 months of SBRT)
versus late local recurrence was significantly associated
with worse survival (Table 3; Fig. 2b).
In multivariable cox regression, only tumor volume,
histology (specifically colorectal histology) and early vs.
delayed local recurrence remained independent predictors of overall survival.

Toxicity

Acute toxicity data was available for 73% of the patients
(n = 347). Grade 1–2 toxicity was observed in 23% and
consisted mostly of fatigue, nausea and diarrhea. Grade
3 acute toxicity occurred in less than 1% with one gastric
ulcer being the most severe side effect. No toxicity
greater grade 3 was observed.
Chronic toxicity data was available for 44% of the patients (n = 208) and consisted of fatigue, nausea, diarrhea, liver enzyme elevation and jaundice. Chronic grade
1–2 was observed in 10% and chronic grade 3 toxicity in
1.4% with no chronic toxicity greater than grade 3 reported. Grade 3 toxicity was due to radiation hepatitis
with enzyme elevation (n = 1), liver fibrosis (n = 3; one
with consecutive varicosis and bleeding) and necrotic reaction of treated metastases (n = 1).
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Fig. 2 Kaplan-Meier estimated overall survival a) for the whole patient cohort and b) stratified for patients with local recurrence within 6 months

Discussion
In this mutli-center database centralized data on patient,
tumor and treatment characteristics of a large body of patients treated with SBRT for liver oligometastases to describe the evolution and patterns of care of liver SBRT
between 1997 and 2015 in Germany and Switzerland has
been collected. In addition, outcome data including factors predicting for treated metastases control and overall
survival as well as toxicity could be successfully gathered:
for treated metastases control, systemic therapy before
SBRT, PTV volume, BEDisocenter, motion management
methood, could be identified as independently significant
variables; for overall survival, PTV volume, histology
(colorectal histology exhibiting a better prognosis) and
early vs. delayed local recurrence were independent predictors of overall survival.
Implementation of liver SBRT started in 1997 with
CT-simulated frame-based stereotactic approach. With
the advent of 4D CT and CBCT based image-guidance
in addition to reports on safety and efficacy of liver
SBRT, a steady and continued adoption of this technology started in 2005 (Fig. 1a). Over time, more advanced
motion management methods were introduced, mainly
implemented with robotic tracking systems, and − although scarcely − other motion mitigation approaches
like active breathing control or gating.
Although SBRT had been introduced at a high-quality
level across all centers, the applied fractionation scheme
greatly varied with regards to fractionation and total
dose (Table 2). Nevertheless, the applied mean BEDisocenter was consistently high and reflects the general notion
of the initial dose finding learning curve (Fig. 1b). In
these first years, a consistent shift to higher prescription

doses was observed around 2003 (Fig. 1b) which translated in a noticeable improvement in treated metastases
control. This indicates that centers starting SBRT for
liver oligometastases after 2003 did not include a strategy of dose escalation to gain experience, but adopted if possible in the individual patient situation - an effective BED at the time of individual clinical introduction of
SBRT. Inhomogeneous dose prescription - i.e. lower prescription doses at the PTV periphery allowing significantly higher doses to build up towards the iso-center –
were applied with the 80%- and 65%- isodoses being the
most common prescription isodoses.
Unfortunately, most of the previously published studies only report the PTV prescription dose and no details
on the dose distribution within the PTV or GTV, so that
a direct comparison of the different doses applied is difficult [8, 10, 11, 22–26]. Therefore, despite a consistent
dose response relationship reported in most of these
publications, a clear conclusion on the minimally required PTV prescription dose or the relevance of inhomogeneous dose distribution within the PTV to
achieve a certain level of treated metastases control is
difficult.
A clear dose response relationship could be established
within our dataset over all histologies for the PTV prescription dose as well as the dose at the isocenter recalculated to the BED using the LQ-formalism. Finally,
BEDisocenter remained the strongest factor influencing
treated metastases control in MVA. Consistent with our
dose-response analysis in primary and secondary lung
tumors [21], we believe that the dose distribution and
the BED within the GTV is clinically more relevant than
the minimally PTV prescribed dose and BEDisocenter
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serves as the most robust GTV dose surrogate in this respect. In our liver SBRT cohort, If a BEDisocenter of
greater than 150 Gy10 was applied (Fig. 3d), a treated
metastases control of > 80% at 2 years could be achieved
which is comparable to the published literature [21].
As reported by other groups, tumor volume (GTV)
and planning target volume (PTV) were predictive of
local failure as well [27, 28], though this has not been
found in other reports [10, 11]. Most interestingly, preSBRT chemotherapy and colorectal histology appeared
as negative predictive factors for treated metastases control. This has been separately addressed by our group
where we could show that the negative influence of preSBRT chemotherapy on treated metastases control was
the major confounding factor of the inferior treated metastases control in colorectal histology [16]. In contrast,
breast cancer histology appears to be more responsive to
SBRT irrespective of the pre-SBRT chemotherapy status.
Due to the small numbers of patients with breast cancer
in our cohort, this finding was only borderline significant in multivariable analysis (Table 3).
Considering the general negative selection of patients
which were not considered as surgical candidates, overall
survival appears to be reasonable and indicates that longer term survival beyond 5 years is possible after SBRT.
In multivariable only histology, tumor volume and early
vs. delayed local recurrence remained independent predictors of overall survival. Interestingly, pre-treatment
chemotherapy did not influence overall survival in our cohort. This is in contrast to the recent update of the
EORTC 40004 trial where the addition of RFA to systemic
therapy improved overall survival and the report by Fode
et al. on SBRT for oligo-metastatic solid cancer where preSBRT chemotherapy was associated with improved
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survival as well. Most probably, patient selection is the
dominating factor for these contrary findings and reflects
the difficulties in comparing different series for oligometastatic solid tumors: in our series, 75% of patients had
a singular liver oligometastases in contrast to 15% [20]
and 50% [29].
The finding is the most intriguing finding: patients developing local recurrence within 6 months compared to
later time points had a significant worse overall survival.
As developing a local recurrence per se (not taking a
time factor into account) had no impact on overall survival, this finding is most probably a reflection of a more
aggressive tumor phenotype in these patients and can
not necessarily be attributed to the effect of treated metastases control (in the liver) on overall survival. Therefore, it would be desirable to be able to predict the
projected individual OS to define which patient would
benefit most from local therapies such as SBRT. Further
analysis of the dataset will focus on developing predictive models to estimate individual patient’s survival.
Reported toxicity profile for acute and late toxicity was
very favorable. Documentation for acute toxicity was
very good with 73% and dropped considerable for late
toxicity with 44%. We are aware that due to the retrospective nature of the reporting, especially late toxicity
scoring must be viewed with caution. Still, no reported
grade 4 or 5 toxicity within the follow-up period and a
grade 3 rate of less than 2 % seems to be very encouraging and reflects the careful introduction of SBRT with
reasonable fractionation schemes for abdominal SBRT.

Conclusions
After an initial learning curve with regards to total cumulative doses, consistently high biologically effective

Fig. 3 Kaplan-Meier estimated treated metastases control for all patients (a) and stratified by (b) pre-SBRT chemotherapy, (c) histology,
(d) BEDisocenter

Andratschke et al. BMC Cancer (2018) 18:283

doses have been employed translating into high local
tumor control at 1 and 2 years. Through the continuous
technical development, the implementation of advanced
motion management techniques such as gating with active breathing control, tracking and use of fiducial
markers have increased during the last years and contributed to the improvement in treated metastases control over time while minimizing the excellent therapyrelated toxicity profile. Besides radiation dose, tumor
volume, pre-SBRT chemotherapy and histology have
been identified as predictive factors for treated metastases control. OS is mainly governed by histology and
tumor volume. Most intriguingly, local recurrence per se
did not influence prognosis, but the time-dependent occurrence: patients with early recurrence within 6 months
had a significantly worse OS.
Abbreviations
BED: Biologically effective dose; CT: Computed tomography;
CTCAE: Common Terminology Criteria for Adverse Events; DEGRO: Deutsche
Gesellschaft für Radiologische Onkologie; EORTC: Eurpean Organization for
Research and Treatment of Cancer; EQD2Gy: Equivalent dose in 2 Gy;
Fx: Fraction; GTV: Gross tumor volume; Gy: Gray; NED: No evidence of
disease; PD: Progressive disease; PTV: Planning target volume;
RFA: Radiofrequency ablation; RTOG: Radiation Therapy Oncology Group;
SBRT: Stereotactic body radiation therapy; SD: Stable disease
Acknowledgments
Not applicable.
Funding
None.
Availability of data and materials
The data that support the findings of this study are available from the AG
Stereotaxie und Radiochirurgie of the German Society of Radiation Oncology,
but restrictions apply to the availability of these data, which were used
under license for the current study, and so are not publicly available. Data
are however available from the authors upon reasonable request and with
permission of AG Stereotaxie und Radiochirurgie of the German Society of
Radiation Oncology.
Authors’ contributions
NA and DH drafted the manuscript, analyzed and interpreted the data. NA
and RK performed and approved the statistical analysis. NA, DH, MD, OB, AP,
CP, RS, SG, SW, MA, HA, GB, TS, CO, JB-H, TB, MG, VL, GH, RK took part in the
data collection, interpretation procedure, drafting and reviewing of the article. All authors approved the presented article before submission and take
responsibility for the integrity of the analysis and the respective manuscript.
Authors’ information
Not applicable.
Ethics approval and consent to participate
The multicenter data collection and analysis was approved by the Ethics
committee of the Kanton Zurich, Switzerland (BASEC-Nr. 2016–00744) and in
addition to local regulations also covered the following institutions:
1. University Hospital Zürich, Department of Radiation Oncology,
University of Zurich, Zurich, Switzerland.
2. Strahlentherapie Bautzen, Department of Radiation Oncology,
Bautzen, Germany
3. University of Munich – LMU Munich, Department of Radiation
Oncology,Munich, German
4. University Hospital Basel, Department of Radiation Oncology, Basel,
Switzerland

Page 9 of 11

5. University Medical Center Hamburg-Eppendorf, Department of Radiation Oncology, Hamburg, Germany
6. Strahlenzentrum Hamburg, Department of Radiation Oncology,
Hamburg, Germany
7. University Hospital of Cologne, Department of Radiation Oncology,
Cologne, Germany
8. University Hospital Würzburg, Department of Radiation Oncology,
Würzburg, Germany
9. University Hospital Halle, Department of Radiation Oncology, Halle,
Germany
10.Klinikum Passau, Radiation Oncology, Passau, Germany
If necessary, the data collection of the individual participating centers was
approved according to local regulations and approved by the respective
local ethics committees. The following ethics committees and regulatory
bodies were involved in this local approval process:
1. Medizinische Ethik-Komission II, Medizinische Fakultät Mannheim;
2014-413 M-MA-§23bMPG: University Hospital Mannheim, Department of Radiation Oncology, University of Heidelberg, Mannheim,
Germany.
2. Ethikkommission der Medizinischen Fakultät Heidelberg; S459–2010:
3. Ethikkommission der Medizinischen Fakultät der Technischen
Universität München; 84/16S: Klinikum rechts der Isar- Technische
Universität München, Department of Radiation Oncology, Munich,
Germany
4. Ethikkommission an der Medizinischen Fakultät der Universität
Rostock, A2016–0008:
a. Universitätsklinikum Schleswig-Holstein, Department of Radiation
Oncology, Kiel/Lübeck, Germany.
b. University Hospital Rostock, Department of Radiation Oncology,
Rostock, Germany.
5. Ethikkommission der Universität Freiburg, 462/12: University
Hospital Freiburg, Department of Radiation Oncology, Freiburg,
Germany
6. Ärztekammer: Bezirksärztekammer Nord-Württemberg, Jahnstr. 5,
70,597 Stuttgart: RadioChirurgicum CyberKnife Südwest, Radiation
Oncology, Göppingen, Germany.
7. Ethikkommission der Bayerischen Ärztekammer, mb BO 16002:
Krankenhaus Barmherzige Brüder, Department of Radiation
Oncology, Regensburg, Germany
The participants consent was written as part of the main ethics approval.
Consent for publication
Not applicable.
Competing interests
Marciana Duma is a member of the editorial board (Associate editor) of BMC
Cancer. NA confirms that all other authors have nothing to declare at the
time of submission and that there are no competing interests to declare.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
University Hospital Zürich, Department of Radiation Oncology, University of
Zurich, Rämistrasse 100, 8091 Zurich, Switzerland. 2Department of Radiation
Oncology, Strahlentherapie Bautzen, Bautzen, Germany. 3Department of
Radiation Oncology, Krankenhaus Barmherzige Brüder, Regensburg, Germany.
4
RadioChirurgicum CyberKnife Südwest, Radiation Oncology, Göppingen,
Germany. 5Department of Radiation Oncology, Universitätsklinikum
Schleswig-Holstein, /Lübeck, Kiel, Germany. 6University Hospital Mannheim,
Department of Radiation Oncology, University of Heidelberg, Mannheim,
Germany. 7Department of Radiation Oncology, University Hospital Freiburg,
Freiburg, Germany. 8Department of Radiation Oncology, Klinikum rechts der
Isar- Technische Universität München, Munich, Germany. 9Department of
Radiation Oncology, University of Munich – LMU Munich, Munich, Germany.
10
Department of Radiation Oncology, University Hospital Rostock, Rostock,

Andratschke et al. BMC Cancer (2018) 18:283

Germany. 11Department of Radiation Oncology, Leopoldina Hospital
Schweinfurt, Schweinfurt, Germany. 12Department of Radiation Oncology,
University Hospital Würzburg, Würzburg, Germany. 13Department of
Radiation Oncology, University Hospital Halle, Halle, Germany. 14Department
of Radiation Oncology, University Hospital Basel, Basel, Switzerland.
15
Department of Radiation Oncology, University Medical Center
Hamburg-Eppendorf, Hamburg, Germany. 16Department of Radiation
Oncology, Strahlenzentrum Hamburg, Hamburg, Germany. 17Department of
Radiation Oncology, University Hospital of Cologne, Cologne, Germany.
18
Klinikum Passau, Radiation Oncology, Passau, Germany. 19Department of
Radiation Oncology, University Hospital Heidelberg, Heidelberg, Germany.

Page 10 of 11

16.

17.

Received: 24 October 2017 Accepted: 6 March 2018
18.
References
1. Timmerman R. Stereotactic body radiation therapy for inoperable early stage
lung cancer. JAMA. 2010;303:1070. https://doi.org/10.1001/jama.2010.261.
2. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 1995;13:8–10.
https://doi.org/10.1200/JCO.1995.13.1.8.
3. Tree AC, Khoo VS, Eeles RA, Ahmed M, Dearnaley DP, Hawkins MA, Huddart
RA, Nutting CM, Ostler PJ, van As NJ. Stereotactic body radiotherapy for
oligometastases. Lancet Oncol. 2013;14:e28–37. https://doi.org/10.1016/
S1470-2045(12)70510-7.
4. Niibe Y, Hayakawa K. Oligometastases and oligo-recurrence: the new era of
cancer therapy. Jpn J Clin Oncol. 2010;40:107–11. https://doi.org/10.1093/
jjco/hyp167.
5. Niibe Y, Yamashita H, Sekiguchi K, Takahashi W, Shiraishi K, Okuma K,
Terahara A, Kawamori J, Nakagawa K. Stereotactic body radiotherapy results
for pulmonary Oligometastases: a two-institution collaborative investigation.
Anticancer Res. 2015;35:4903–8.
6. Andratschke NH, Nieder C, Heppt F, Molls M, Zimmermann F. Stereotactic
radiation therapy for liver metastases: factors affecting local control and
survival. Radiat Oncol. 2015;10:287. https://doi.org/10.1186/s13014-015-0369-9.
7. Herfarth KK, Debus J, Lohr F, Bahner ML, Rhein B, Fritz P, Höss A, Schlegel
W, Wannenmacher MF. Stereotactic single-dose radiation therapy of liver
tumors: results of a phase I/II trial. J Clin Oncol. 2001;19:164–70.
8. Katz AW, Carey-Sampson M, Muhs AG, Milano MT, Schell MC, Okunieff P.
Hypofractionated stereotactic body radiation therapy (SBRT) for limited
hepatic metastases. Int J Radiat Oncol Biol Phys. 2007;67:793–8. https://doi.
org/10.1016/j.ijrobp.2006.10.025.
9. Scorsetti M, Clerici E, Comito T. Stereotactic body radiation therapy for liver
metastases. J Gastrointest Oncol. 2014;5:190–7. https://doi.org/10.3978/j.issn.
2078-6891.2014.039.
10. Vautravers-Dewas C, Dewas S, Bonodeau F, Adenis A, Lacornerie T,
Penel N, Lartigau E, Mirabel X. Image-guided robotic stereotactic body
radiation therapy for liver metastases: is there a dose response
relationship? Int J Radiat Oncol Biol Phys. 2011;81:e39–47. https://doi.
org/10.1016/j.ijrobp.2010.12.047.
11. Lee MT, Kim JJ, Dinniwell R, Brierley J, Lockwood G, Wong R, Cummings B,
Ringash J, Tse RV, Knox JJ, Dawson LA. Phase I study of individualized
stereotactic body radiotherapy of liver metastases. J Clin Oncol. 2009;27:
1585–91. https://doi.org/10.1200/JCO.2008.20.0600.
12. Wulf J, Guckenberger M, Haedinger U, Oppitz U, Mueller G, Baier K, Flentje
M. Stereotactic radiotherapy of primary liver cancer and hepatic metastases.
Acta Oncol. 2006;45:838–47. https://doi.org/10.1080/02841860600904821.
13. Klement RJ. Radiobiological parameters of liver and lung metastases derived
from tumor control data of 3719 metastases. Radiother Oncol. 2017;123:
218–26. https://doi.org/10.1016/j.radonc.2017.03.014.
14. Sterzing F, Brunner TB, Ernst I, Baus WW, Greve B, Herfarth K,
Guckenberger M. Stereotactic body radiotherapy for liver tumors:
principles and practical guidelines of the DEGRO working group on
stereotactic radiotherapy. Strahlenther Onkol. 2014;190:872–81. https://
doi.org/10.1007/s00066-014-0714-1.
15. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D,
Aranda Aguilar E, Bardelli A, Benson A, Bodoky G, Ciardiello F, D'Hoore A,
Diaz-Rubio E, Douillard J-Y, Ducreux M, Falcone A, Grothey A, Gruenberger
T, Haustermans K, Heinemann V, Hoff P, Köhne C-H, Labianca R, LaurentPuig P, Ma B, Maughan T, Muro K, Normanno N, Osterlund P, Oyen WJG,
Papamichael D, Pentheroudakis G, Pfeiffer P, Price TJ, Punt C, Ricke J, Roth
A, Salazar R, Scheithauer W, Schmoll HJ, Tabernero J, Taïeb J, Tejpar S,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wasan H, Yoshino T, Zaanan A, ARNOLD D. ESMO consensus guidelines for
the management of patients with metastatic colorectal cancer. Ann Oncol.
2016;27:1386–422. https://doi.org/10.1093/annonc/mdw235.
Klement RJ, Guckenberger M, Alheid H, Allgäuer M, Becker G, Blanck O,
Boda-Heggemann J, Brunner T, Duma M, Gerum S, Habermehl D,
Hildebrandt G, Lewitzki V, Ostheimer C, Papachristofilou A, Petersen C,
Schneider T, Semrau R, Wachter S, Andratschke N. Stereotactic body
radiotherapy for oligo-metastatic liver disease - influence of pre-treatment
chemotherapy and histology on local tumor control. Radiother Oncol. 2017;
https://doi.org/10.1016/j.radonc.2017.01.013.
Rusthoven KE, Kavanagh BD, Cardenes H, Stieber VW, Burri SH, Feigenberg SJ,
Chidel MA, Pugh TJ, Franklin W, Kane M, Gaspar LE, Schefter TE. Multi-institutional
phase I/II trial of stereotactic body radiation therapy for liver metastases. J Clin
Oncol. 2009;27:1572–8. https://doi.org/10.1200/JCO.2008.19.6329.
Iyengar P, Wardak Z, Gerber DE, Tumati V, Ahn C, Hughes RS, Dowell JE,
Cheedella N, Nedzi L, Westover KD, Pulipparacharuvil S, Choy H,
Timmerman RD. Consolidative radiotherapy for limited metastatic nonsmall-cell lung cancer: a phase 2 randomized clinical trial. JAMA Oncol.
2018;4:e173501. https://doi.org/10.1001/jamaoncol.2017.3501.
Gomez DR, Blumenschein GR, Lee JJ, Hernandez M, Ye R, Camidge DR,
Doebele RC, Skoulidis F, Gaspar LE, Gibbons DL, Karam JA, Kavanagh BD,
Tang C, Komaki R, Louie AV, Palma DA, Tsao AS, Sepesi B, William WN,
Zhang J, Shi Q, Wang X-S, Swisher SG, Heymach JV. Local consolidative
therapy versus maintenance therapy or observation for patients with
oligometastatic non-small-cell lung cancer without progression after firstline systemic therapy: a multicentre, randomised, controlled, phase 2 study.
Lancet Oncol. 2016;17:1672–82. https://doi.org/10.1016/S14702045(16)30532-0.
Ruers T, Punt CJA, van Coevorden F, Pierie JP, Borel Rinkes I, Ledermann J,
Poston G, Bechstein W, Lentz MA, Mauer M, Van Cutsem E, Lutz M,
Nordlinger B. O-018 * Radiofrequency ablation (RFA) combined with
chemotherapy for unresectable colorectal liver metastases (CRC LM): Longterm survival results of a randomised phase II study of the EORTC-NCRI
CCSG-ALM Intergroup 40004 (CLOCC). Ann Oncol. 2015;26:iv114–5. https://
doi.org/10.1093/annonc/mdv235.17.
Guckenberger M, Klement RJ, Allgäuer M, Andratschke N, Blanck O,
Boda-Heggemann J, Dieckmann K, Duma M, Ernst I, Ganswindt U, Hass
P, Henkenberens C, Holy R, Imhoff D, Kahl HK, Krempien R, Lohaus F,
Nestle U, Nevinny-Stickel M, Petersen C, Semrau S, Streblow J, Wendt
TG, Wittig A, Flentje M, Sterzing F. Local tumor control probability
modeling of primary and secondary lung tumors in stereotactic body
radiotherapy. Radiother Oncol. 2015;0:485–91. https://doi.org/10.1016/j.
radonc.2015.09.008.
Schefter TE, Kavanagh BD, Timmerman RD, Cardenes HR, Baron A, Gaspar
LE. A phase I trial of stereotactic body radiation therapy (SBRT) for liver
metastases. Int J Radiat Oncol Biol Phys. 2005;62:1371–8. https://doi.org/10.
1016/j.ijrobp.2005.01.002.
Swaminath A, Massey C, Brierley JD, Dinniwell R, Wong R, Kim JJ, Velec M,
Brock KK, Dawson LA. Accumulated delivered dose response of stereotactic
body radiation therapy for liver metastases. Radiat Oncol Biol. 2015;93:639–
48. https://doi.org/10.1016/j.ijrobp.2015.07.2273.
Høyer M, Swaminath A, Bydder S, Lock M, Méndez Romero A, Kavanagh B,
Goodman KA, Okunieff P, Dawson LA. Radiotherapy for liver metastases: a
review of evidence. Int J Radiat Oncol Biol Phys. 2012;82:1047–57. https://
doi.org/10.1016/j.ijrobp.2011.07.020.
Chang EL, Shiu AS, Mendel E, Mathews LA, Mahajan A, Allen PK, Weinberg JS,
Brown BW, Wang XS, Woo SY, Cleeland C, Maor MH, Rhines LD. Phase I/II study
of stereotactic body radiotherapy for spinal metastasis and its pattern of failure.
J Neurosurg Spine. 2007;7:151–60. https://doi.org/10.3171/SPI-07/08/151.
Goodman KA, Wiegner EA, Maturen KE, Zhang Z, Mo Q, Yang G, Gibbs IC,
Fisher GA, Koong AC. Dose-escalation study of single-fraction stereotactic
body radiotherapy for liver malignancies. Int J Radiat Oncol Biol Phys. 2010;
78:486–93. https://doi.org/10.1016/j.ijrobp.2009.08.020.
Stintzing S, Hoffmann R-T, Heinemann V, Kufeld M, Rentsch M, Muacevic A.
Radiosurgery of liver tumors: value of robotic Radiosurgical device to treat
liver tumors. Ann Surg Oncol. 2010;17:2877–83. https://doi.org/10.1245/
s10434-010-1187-9.
Scorsetti M, Comito T, Tozzi A, Navarria P, Fogliata A, Clerici E, Mancosu P,
Reggiori G, Rimassa L, Torzilli G, Tomatis S, Santoro A, Cozzi L. Final results
of a phase II trial for stereotactic body radiation therapy for patients with

Andratschke et al. BMC Cancer (2018) 18:283

Page 11 of 11

inoperable liver metastases from colorectal cancer. J Cancer Res Clin Oncol.
2015;141:543–53. https://doi.org/10.1007/s00432-014-1833-x.
29. Fode MM, Høyer M. Survival and prognostic factors in 321 patients treated
with stereotactic body radiotherapy for oligo-metastases. Radiother Oncol.
2015;114:155–60. https://doi.org/10.1016/j.radonc.2014.12.003.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

