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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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the Kaplan-Meier method using SPSS software version 22.0 (IBM, 
USA). Differences among survival curves were compared using the 
log-rank test. p values and 95% confidence intervals were two-sided, 
and a p < 0.05 was considered as statistically significant. Acute and 
late toxicities were scored according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 4.03. To compare 
different fractionation schedules, irradiation doses were converted into 
biological effective dose (BED) using the linear-quadratic model and a 
α / β-ratio of 10 Gy for tumor with the following formula [16]:

BED  * 1
/
dd n 

= + α β 
where d refers to dose / fraction and n to fraction number.

We will also report the equivalent dose in 2 Gray fractions (EQD2) 
to be able to compare the results to a fraction size of 2 Gy that is usually 
used in clinical practice.

22  / 1EQD BED  
= + α / β 

To analyze the relationship between BED and tumor control rates a 
tumor control probability (TCP) model was implemented [17].
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D refers to dose analysed, TCD50 describes the dose that achieves 
50% local control and coefficient k refers to the slope of the curve. For 
this model patients with a follow-up time shorter than 6 months were 
excluded.

Results
Patient and treatment characteristics

From May 2007 to March 2012, 42 patients underwent treatment 
for 48 lesions using upper abdominal SBRT. Thirty-three patients 
with 39 lesions were eligible for analysis. Reasons for exclusion were 
conventional fractionated percutaneous therapy prior to SBRT (n = 5), 
a prescribed BED < 28 Gy to the tumor (n = 3) and termination of 
therapy after the first fraction because of patient choice (n = 1). The 
patient characteristics and treatment details are summarized in Table 1. 

The median age for the whole population at the time of SBRT was 
70 years (range, 24-87) with a median performance status (Karnofsky) 
of 90% (40-100%). The most common site of SBRT was the liver (26 / 
39). Other sites were the bile ducts (n = 8), lymph nodes (n = 2), adrenal 
gland (n = 2) and pancreas (n = 1). The most common primary tumor 
was colorectal cancer (12 / 33) and cholangiocarcinoma (11 / 33). 58% 
(19 / 33) of the patients had metastasis in other organs that were treated 
and controlled at the start of SBRT. 76% (25 / 33) of patients received 
systemic therapy before the start of radiotherapy.

The maximum tumor diameter ranged from 1.4 cm to 10 cm with 
a mean of 3.5 cm. The tumor volume delineated on the planning CT 
(GTV) had a wide range with a mean of 29.6 cm3 (range, 1.3 cm3 - 
325.5 cm3) resulting in a mean PTV volume of 93 cm3 (range, 7.7 cm3 

- 712.1 cm3). In terms of dose the median prescribed physical dose 
to the PTV was 35 Gy (range, 21 Gy - 48 Gy) in 5 fractions (range, 

critical organs at risk, we were especially interested in the dose-response 
relationship of this cohort.

Methods
Patient’s eligibility

Patients undergoing SBRT in the upper abdomen for 
oligometastatic disease from May 2007 to March 2012 were included 
in the analysis. Patients with any primary tumor were eligible. SBRT 
was defined as radiation therapy using hypofractionation, a stereotactic 
patient setup and image guidance. Histological confirmation of disease 
was obtained in all patients except for patients with Klatskin tumors 
in which diagnosis was based on typical imaging and elevated CA19-
9 values. SBRT was performed in patients who were not eligible for 
other standard local treatments, e.g. resection, chemoembolization 
or radiofrequency ablation. No further sites of tumor activity beyond 
those treated by SBRT were allowed. All patients were discussed at the 
institutional tumor board and informed consent was obtained from 
every patient before the start of treatment. The study was approved by 
the institutional ethic comity and review board.

Stereotactic body radiotherapy treatment planning and 
treatment delivery

Staging was performed by contrast enhanced (IV and oral) 
computed tomography (CT), magnetic resonance imaging (MRI) 
and / or positron emission tomography (PET / CT) to exclude distant 
metastasis or uncontrolled extra-hepatic disease.

Patient immobilization was guaranteed by a customized, external 
vacuum mattress. Breathing-related tumor motion was minimized 
by abdominal compression. Planning CT slice thickness was 2 mm. 
Depending on image quality; CT images were fused with MRI and / or 
PET / CT images in treatment position to facilitate gross tumor volume 
(GTV) delineation. 4-D-information was used to define internal target 
volumes (ITVs) in 27 patients. Finally, ITVs were expanded by 4 mm 
to create planning target volumes (PTVs). Dose was prescribed to the 
60% or 95% isodose line that surrounded the PTV depending on the 
proximity to organs at risk (OARs). Organs at risk were typically the 
stomach, small bowel and kidney. Depending on dose to OARs, 3 × 
12.5 Gy, 5 × 7 Gy, 7 × 5 Gy, 6 × 5 Gy and 12 × 4 Gy were given every 
other day. Image-guidance (IGRT) was performed by cone beam CT 
before each fraction. SBRT was administered by a linear accelerator 
with energies of 6 or 18 MV using intensity-modulated radiotherapy, 
dynamic arcs or multiple coplanar static beams. Patients with stomach 
or duodenum close to the PTV were treated with proton pump 
inhibitors during and after SBRT. 

Study end points and statistical analysis

The primary endpoint was infield local control (LC) defined as 
absence of either growth or increase in metabolic activity of the treated 
lesion. LC and survival rates were calculated from the date of the first 
fraction of SBRT. Follow-up imaging and toxicity evaluation were 
performed at 3 months intervals. Treatment response was assessed 
on CT, MRI, and / or PET / CT scanning. In the case of local relapse, 
follow-up images were registered to the radiation treatment plan. 
All images were re-evaluated for local control by an experienced 
radiologist, nuclear medicine physician and radiation oncologist. 
Re-occurrence or progressive disease within the PTV was counted as 
local failure. Progression outside the irradiated volume was counted as 
distant progression.

Secondary endpoints were toxicity, progression free survival 
(PFS) and overall survival (OS). Survival curves were generated by 
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3 - 12) corresponding to a median BED for all lesions of 59.5 Gy 
(range, 35.7 Gy - 84.4 Gy). Dose was prescribed to the 60% isodose 
and 95% isodose line in 22 / 39 and 17 / 39 cases. The most common 
fractionation regimen was 5 fractions of 7 Gy (21 / 39). To compare the 
differences in dose resulting from different fractionation regimens and 
dose prescription at different isolines, the PTV encompassing dose and 
the PTV encompassing BED were calculated. The median physical dose 
encompassing the PTV was 31.7 Gy (range, 16.8 Gy - 46.4 Gy) and the 
median BED encompassing the PTV was 51.7 Gy (range, 22.4 Gy - 86.4 
Gy). Figure 1 shows a typical treatment plan for an intrahepatic lesion.

Clinical outcomes

The median follow-up was 11.4 months and 15.2 months for 
surviving patients. Actuarial local control rates at 1 and 2 years for the 
whole cohort were 83% and 63% respectively and 79% and 63% for 
liver metastasis only (Figure 2a). The mean recurrence free time was 
25.8 months. Local progression was observed in 7 (18%) lesions with a 
mean time to relapse of 7.3 months (range, 1.5 - 17.9). Five failures were 
in-field recurrences and two failures have to be regarded as marginal 
misses occurring at the field border. Actuarial local control for all 
lesions stratified by BED is shown in Figure 2b. Local control was better 
with higher BED (p = 0.027). The median time to local recurrences was 
28.3 months when the BED was ≥ 59.5 Gy and 11 months when the 
BED was ˂ 59.5 Gy. Local control by histology is shown in Figure 2c.

Progression free survival was poor with a mean of 6.6 months 
(Figure 3). The median survival was 14.5 months (range, 2 - 32.5). 
1-year actuarial overall survival was 66% and 2 year actuarial overall 
survival was 26% (Figure 4a). Patients with colorectal carcinoma had 
a median overall survival of 130 months from initial diagnosis. When 
calculating the tumor control probability we found that a BED of 60 Gy 
resulted in a 90% control probability at one year (Figure 5).

Toxicity

SBRT was well tolerated in all patients without developing high 
grade acute toxicity. The most common acute toxicity was nausea 
grade 2 (n = 3) and upper abdominal pain grade 2 (n = 1). One patient 

Characteristic Variable n (%)
Total No. of patients 33
Total No. of lesions 39

Age (years) median (range) 70 (24 – 87)
Gender

Male 19 (58%)
Female 14 (42%)

KPS ≥ 90 28
< 90 5

Focus of SBRT
Intrahepatic 26 (67%)
Bile ducts 8 (21%)

Abdominal lymph nodes 2 (5%)
Adrenal gland 2 (5%)

Pancreas 1 (3%)
Primary tumor site

Colorectal 12 (37%)
Cholangiocarcinoma 11 (33%)

Pancreatic 3 (9%)
Bronchial 2 (6%)
Gastric 2 (6%)

Urothelial 2 (6%)
Breast 1 (3%)

Active nonhepatic disease Yes 1 (3%)
No 32 (97%)

Chemotherapy prior to radiation 25 (76%)
post radiation 20 (61%)

Staging PET-CT 15
MRT 7
CT 24

Stereotactic Setup 39 (100%)
Respiratory gating 31 (79%)

RT volumes Mean (range) n = 39 (%)
GTV, ccm 29.6 (1.3-325.5)

ITV, ccm (n = 27) 29.3 (2.2-131.4)
PTV, ccm 93 (7.7-712.1)

No. of fractions 6.2 (3-12)
Dose per fraction (Gy) 6.3 (4-12.5)
Prescribed total dose 

PTV (Gy)
Median (range) 35 (21-48)

Total EQD2 (Gy) 46.8 (29.8-70.3)
Total dose PTV-

encompassing (Gy)
32.4 (16.8-46.4)

Total EQD2 PTV-
encompassing (Gy)

42.7 (18.6-72)

D75% (Gy) 40.4 (24.6-53.2)
Isodose line 60% 22 (56%)

95% 17 (44%)

Table 1: Patient and treatment characteristics.

 
 

 

Figure 1: Treatment plan of a patient with a synchronous metastasized 
pT3 pN2 pM1 G3 rectal cancer. Stereotactic radiotherapy 15 months after 
resection and palliative FOLFOXIRI chemotherapy leading to good response 
except of a liver metastasis in segment 7. Local control achieved until 
death from extrahepatic progression 14 months after therapy. (A) Isodose 
distribution SBRT (3 × 12.5 Gy) prescribed to the 60% Isodose in axial, 
coronal and sagittal planes; yellow = 12.5 Gy, green = 10 Gy, light blue = 6.25 
Gy, dark blue = 3.75 Gy isodose lines (B) Dose-volume histogram depicting 
dose coverage of the internal target volume (ITV) and the planning target 
volume (PTV) as well as organs at risk as labelled.
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developed cholangitis one week after completion of radiotherapy 
which resolved completely. Another patient died three months after 
irradiation for an adrenal metastasis from colon cancer because of liver 
failure. He had pre-existing liver disease (cirrhosis Child-Pugh stage 
B with 9 points) and thrombocytopenia after multiple chemotherapy 
cycles. The mean liver dose was 5 Gy with a total liver volume of 1565 
mL. Therefore we classified this as a non-treatment related death. 
Concerning late toxicity there was one patient with a single 3 cm × 2 
cm × 2 cm intrahepatic metastasis from breast cancer close to the hilum 
in segment VI / VIII who developed a bile duct stenosis at the hepatic 
bifurcation diagnosed by MRI 2 years after completion of radiotherapy 
(Grade 2). This was treated by endoscopic papillotomy and balloon 
dilatation followed by a temporary bile duct endoprothesis. The 
hilum of the liver received a maximum dose of 55.6 Gy (median of 
46.4 Gy in 3 fractions 0.5 ml received 50 Gy). At follow-up imaging of 
the liver complete response was observed. Further follow-up showed 

partial resolution of cholestatic parameters in temporal relationship 
with termination of fulvestrant medication. This estrogen receptor 
antagonist is cleared by the hepatobiliary route and the observed 
complication was categorized to be partly treatment related and partly 
drug related. At latest follow-up the patient was alive and free-from 
disease.

Discussion
The aim of this study was to evaluate our experience using SBRT 

for lesions in the upper abdominal area. The results of the present 
study demonstrate that SBRT is safe and effective for the treatment of 
metastases to upper abdominal organs, predominantly the liver and 
the liver hilum. This cohort of patients represents the first experience 
with SBRT in our center. LC at 1 and 2 years were 83% and 63%. 
Grade 3 toxicity occurred in only one patient (3%). We observed 7 
local failures in 39 treated lesions with a mean time to relapse of 7.3 
months. Progression occurred inside the PTV in five lesions and on the 
field border in two cases that could have potentially been avoided by 
increasing the treatment margin (Table 2).

These results compare favorable to other studies. There are 5 
prospective phase I / II trials investigating the role of SBRT in the upper 
abdomen including hepatic and extra- hepatic lesions [18-22]. Trials 
using a BED of 75-93.6 Gy reported a similar LC rate of 67% - 82%. 
The best LC rate could be achieved in a trial by Rusthoven et al. with 
LC rates of 92% and 91% at one and two years. An explanation for the 
superior LC rate may be the fractionation regimen of 3 Gy × 20 Gy 
resulting in a BED of 180 Gy.

The largest retrospective studies were published by Dewas et al. 
and Fumagalli et al. reporting on a series of 78 and 113 hepatic lesions 
treated with SBRT in a comparable time period showing dose as the 
major prognostic factor for local control as well as tumor diameter 
and volume [23,24]. Nonetheless the influence of tumor size remains 
controversial in the literature with other studies showing no influence 
of tumor size in lesions treated with high single doses [25]. In our study 
correlation of tumor size to local control did not show a significant 
result. The reason for this may be the quite heterogeneous population. 
Local control rates were comparable in all studies, however recent 

Figure 2a: Actuarial local control by lesion (n = 39). All treated lesions in 
different anatomic locations and from different primary tumors were included 
into the analysis.

Figure 2c: Actuarial local control by lesion (n = 39) stratified by histology. 
X-axis shows time in months and Y-axis shows cumulative local control; solid 
lines = liver metastases from colorectal cancer (n = 12); dotted-dashed line = 
cholangiocarcinoma (n = 11); dashes = other histologies (n = 16). 

Figure 2b: Actuarial local control by lesion (n = 39) stratified by BED 
(biological equivalent dose). The group was divided at the median (59.5 Gy).
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Patient No. Primary Lesion Location Lesion size (max. 
Tumor diameter)

PTV volume 
(ccm)

Fractionation 
regimen

Prescribed EQD2 
(Gy)

PTV-
encompassing 

EQD2 (Gy)

Time to local 
Progression 

(months)
1 NSCLC Adrenal gland 22 mm 77.77 9 × 4 Gy 42 33.4 1.5
2 CRC Liver 26 mm 15.70 5 × 6 Gy 40 31.3 2.2
3 CRC Liver 38 mm 66.15 7 × 5 Gy 43.75 35.8 4.8
4 CRC Liver 32 mm 30.68 5 × 7 Gy 49.6 53.8 5.5
5 CRC Liver 38 mm 80.77 5 × 7 Gy 49.6 23.8 7.2
6 CCC Liver 45 mm 97.68 10 × 4 Gy 46.7 43.7 12.0
7 CRC Liver 16 mm 18.70 5 × 7 Gy 49.6 38.6 17.9

NSCLC: Non-Small Cell Lung Cancer, CRC: Colorectal Cancer, CCC: Cholangiocellular Carcinoma <alpha>/<beta> ratio was assumed to be 10.

Table 2: Details for patients and lesions with local failure (in-field progression).

Figure 3: Actuarial progression-free survival rate (n = 33) for patients treated 
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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Figure 4b: Actuarial overall survival stratified by primary tumor (All vs. 
colorectal cancer (CRC) vs. cholangiocellular carcinoma (CCC)) from initial 
diagnosis.

Estimate Standard 
Error

T-
statistic

P-value

D50 32.70 1.52 21.46 6.69 * 10-7

MyK 6.85 1.31 1.31 0.002

Figure 5: Tumor control probability (TCP) depending on dose (BED and 
EQD2, standard linear quadratic model, α / β = 10). Each dot corresponds 
to a case of local recurrence at the given dose and the local control rate 
corresponds to the ratio of local recurrences divided by the number of lesions 
treated at that specific dose level. 

patients with poor prognostic factors (extrahepatic disease, multiple 
chemotherapy regimens) have been included. Seventy-six percent of 
the patients received chemotherapy prior to SBRT reflecting advanced 
disease stages negatively influencing the outcome results. In this patient 
cohort no strict rules concerning additional systemic therapies were 
applied. Most of the patients had multiple systemic therapies before or 
after stereotactic radiotherapy. All patients except one had controlled 
primary tumor or other controlled metastasis. 

Treatment was very well tolerated in this trial with a low rate of 
acute and late toxicities. The only relevant late toxicity observed, was a 
grade 3 bile duct stricture requiring stenting two years after SBRT in a 
patient with a centrally located liver metastasis from breast cancer. As 
discontinuation of fulvestrant led to resolution of toxicity, we postulate 
a combined cause between radiation and drug induced cholestasis in 
our patient. Grade three bile duct obstruction was also reported in two 
patients in the series from Stanford using single fraction SBRT (1 Gy 

× 25 Gy) in 77 patients with pancreatic cancer and in two patients in 
a report from the Mayo Clinic [30,31]. This group indicates the doses 
given to the porta hepatis being Dmax of 55 Gy and 51.6 Gy as well as 
D5cc 54.0 and 47.8 Gy in 3 Gray fractions in the absence of constraints 
for the porta hepatis. This corresponds to BED (α / β 10 Gy) values of 
155.8, 140.4, 151.2 and 124.0 Gy. We have changed practice for tumours 
in the porta hepatis since the occurrence of this complication to 
hypofractionated treatment with 12 Gy × 4 Gy corresponding to a BED 
(α / β 10 Gy) of 67.2 Gy and did not observe this type of complication 
again since the new fractionation regimen has been introduced [32].

The current study has the characteristic limitations inherent 
to a retrospective analysis, concerning inclusion criteria, potential 
underestimation of toxicity and treatment inhomogeneity. To account 
for fractionation heterogeneity we calculated the BED. Furthermore 
we are aware that small sample size and heterogeneity of the patient 
cohort, such as different localizations of the lesions, as well as different 
primary tumors are other aspects to keep in mind when analyzing the 
results. Systemic therapies may have also contributed to local control 
of treated sites as most of the patients had multiple systemic therapies 
before or after stereotactic radiotherapy.

Conclusion
In conclusion this trial demonstrates that local control after SBRT 

correlates with BED. Lower doses than reported in the literature 
recently have been sufficient to achieve acceptable local control rates 
in patients with upper abdominal lesions treated with SBRT. A BED 
of at least 59.5 Gy should be used for SBRT. This cautious approach to 
abdominal SBRT was generally very well tolerated and will therefore be 
evaluated in a prospective randomized trial.
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