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Introduction
Stereotactic radiation therapy is a high precision radiation 

technique that uses very high doses of radiation to a single target 
volume in order to achieve a tumor ablative effect. It is characterized 
by a sharp dose gradient thereby sparing organs at risk close to the 
target volume [1]. After implementation as a treatment for cranial 
lesions [2] stereotactic radiotherapy has become increasingly used over 
the last decade as extra cranial stereotactic radiotherapy, also called 
stereotactic body radiotherapy (SBRT). First it was applied in the lung 
for metastatic lesions or primary lung tumors [3,4], but its use for 
lesions in the upper abdominal region soon became another indication 
[5]. One reason for the slower adoption of SBRT in the abdominal 
region compared to lung was the inherent problem of organ movement 
in the abdomen and the proximity of various organs at risk, such as 
liver, small bowel, stomach and kidneys. With conventional radiation 
therapy techniques it was not possible to deliver tumor ablative doses 
to lesions in the upper abdomen. With the introduction of SBRT in 
combination with modern radiation techniques, intensity modulated 
radiotherapy (IMRT) and image-guided radiotherapy (IGRT); it was 
feasible to precisely deliver high ablative tumor doses to the target 
volume to eradicate tumor cells [6]. The abdominal region that is most 
frequently treated is the liver for primary liver tumors or for secondary 
intrahepatic lesions. Lymph nodes, adrenal metastases or pancreatic 
tumors are other areas that can be treated with SBRT. A number of 
studies have shown that the dose can be safely escalated without dose-
limiting toxicity. Encouraging local control and low toxicity rates 
could be achieved [7-10] for primary liver tumors as well as hepatic 
metastasis. 

Improvements in systemic therapy have resulted in better survival 
of patients with metastatic disease and a new treatment paradigm, the 
oligometastatic state, was defined [11,12]. For patients with a limited 
number of metastases the use of aggressive local treatments can result 
in prolonged disease-free survival and a possibility of cure [13]. For 
that reason aggressive local therapies have an increasingly important 
role. So far surgery is the primary treatment modality when opting 
for an aggressive treatment approach resulting in a 5-year survival 
of approximately one third of patients after complete resection of 
liver metastasis [14,15]. However a significant number of these 
tumors are unresectable or patients are not suitable for surgery due 
to comorbidities or low performance status and represent a cohort of 
potential candidates for SBRT.

In the present study we aim to report the outcome and toxicity 
of SBRT in a single center after introduction of SBRT and to identify 
predictive parameters for local control. Since we have used different 
fractionation regimens for lesions with and without proximity to 
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Table 2:�'HWDLOV�IRU�SDWLHQWV�DQG�OHVLRQV�ZLWK�ORFDO�IDLOXUH��LQ�¿HOG�SURJUHVVLRQ��

Figure 3:�$FWXDULDO�SURJUHVVLRQ�IUHH�VXUYLYDO�UDWH��Q� �����IRU�SDWLHQWV�WUHDWHG�
with stereotactic body radiotherapy.

Figure 4a: Actuarial overall survival rate of 33 patients from the start of 
stereotactic body radiotherapy.

studies with a higher total dose report better local control rates of up to 
96% at one and two years without greater toxicities [26]. With the on-
going improvement of radiation techniques and better understanding 
of dose constraints for organs at risk the search for the optimal dose-

toxicity relation continues. 

Important factors that influence the outcome of SBRT and pose 
challenges for comparisons of different studies are patient and 
treatment heterogeneity in terms of patient selection, different tumor 
histologies, hepatic versus extra-hepatic disease, different fractionation 
regimens and total dose resulting in different BED and effects of 
systemic therapies. These factors have to be considered carefully 
when comparing study results in SBRT. Despite of this, one of the 
most intriguing findings of the study was the statistically significant 
relationship between BED and local control. The median prescribed 
dose to the PTV was a BED of 59.5 Gy in our study. This compares 
significantly lower to a pooled analysis on hepatic metastases from 
colorectal carcinoma (CRC) jointly analyzed by Stanford, University of 
Colorado and Princess Margaret hospital [27]. Stratifying local control 
by a dose below 75 Gy BED versus ≥ 75 Gy BED, local control at one 
year was 48% and 84%, respectively. In our analysis all lesions were 
treated with a BED of < 75 Gy. Stratifying our cohort at the median 
BED of 59.5 Gy, a statistically significant difference for local control 
could be observed for the two groups. Local control rate at one year 
for BED ≥ 59.5 Gy was 88% compared to 68% for BED < 59.5 Gy. We 
explain the similar local control rate by the fact that we had a mixture 
of different primaries, including only 12 patients with CRC, whereas 
Chang et al. exclusively reported on liver metastases from CRC. Local 
control of SBRT for metastasis from colorectal cancer has been found 
to have worse in-field control rate, previously. Takeda et al. compared 
CRC with metastases from other primary cancers and also found CRC 
to be less well controlled compared to metastases from NSCLC and 
head and neck primaries [28]. This is further underpinned by a report 
by Kress et al. where the same median BED was used as in our study 
[29]. In their series 1 year local control rate was 72%. We hypothesize 
that the lower control rate is due to the fact that this group was only 
analysing patients with CRC, again. Local control rate for CRC only 
at one year in our cohort was 68%. Of a total of 7 local failures 5 were 
metastasis from CRC. Of note, the follow-up time for patients alive 
was almost identical in our trial compared to the pooled analysis on 
colorectal metastases to the liver by Chang et al. [27].

Another explanation for the comparable local control rates in 
patients treated with a comparably low BED could be the fact that 
more than half of the lesions in our study cohort were treated with 
a prescription dose that was prescribed to the 60% isodose by that 
creating a steep dose gradient resulting in much higher doses in the 
center of the lesion. One could hypothesize that the maximum dose 
being higher than the actual prescription dose might be responsible for 
the observed good local control rates with a rather low BED compared 
to contemporary SBRT series.

Despite of good local control rates the overall survival was low in 
our study, 26% at 2 years. This can be explained by the fact that many 
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