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Abstract
Purpose To evaluate feasibility and efficacy of Stereotactic Body Radiation Therapy (SBRT) for unresectable liver
metastasis in oligometastatic patients.
Methods Oligometastatic patients with up to three liver metastases of a maximum diameter of 6cm were treated with
SBRT. Total dose was 75Gy in three consecutive fractions. Study endpoints were efficacy of this fractionation in terms of
local control (LC), overall survival (OS), toxicity, and prognostic factors affecting OS and LC.
Results Between February 2010 and December 2016, we enrolled 202 patients, with a total of 268 unresectable liver
metastases. Median follow-up time from SBRT was 33 months (5–87 months). One-, 3-, and 5-year LC rates were 92%,
84%, and 84%, respectively. In univariate analysis, the primary histology and previous local ablative therapies were
significant. Median OS was 21 months and the survival rates were 79%, 27%, and 15% at 1, 3, and 5 years after SBRT,
respectively. At univariate analysis, sex, primary disease histology, intra-, and extra-hepatic progression were significant
prognostic factors. This analysis confirmed the absence of late toxicity >G3.
Conclusion This study confirms the efficacy and safety of SBRT for unresectable liver metastases. Selection of cases may
improve survival and LC.
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Rolle von stereotaktischer Körperbestrahlungstherapie in der Behandlung von Lebermetastasen:
klinische Befunde und prognostische Faktoren

Zusammenfassung
Zielsetzung Bewertung von Durchführbarkeit und Wirksamkeit von SBRT („stereotactic body radiation therapy“), für
nichtresezierbare Lebermetastasen bei oligometastatischen Patienten.
Methoden Oligometastatische Patienten mit bis zu 3 Lebermetastasen mit einem maximalen Durchmesser von 6cm
wurden mit SBRT behandelt. Gesamtdosis war 75Gy in 3 Fraktionen hintereinander. Endpunkt der Untersuchung war die
Wirksamkeit der Fraktionierung bezüglich lokaler Kontrolle (LC), Gesamtüberleben (OS), Toxizität und prognostischer
Faktoren mit Einfluss auf OS und LC.
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Ergebnisse Zwischen Februar 2010 und Dezember 2016 wurden 202 aus 268 Patienten mit nichtresezierbaren Leberme-
tastasen ausgewählt. Mediane Nachbeobachtungszeit nach SBRT war 33 Monate (Spanne 5–87 Monate). Die 1-, 3- und
5-Jahres-LC-Raten lagen jeweils bei 92%, 84% und 84%. In der univariaten Analyse waren die Primärhistologie und die
früheren ablativen lokalen Therapien signifikant. Das mediane OS lag bei 21 Monaten und die Überlebensraten waren
1, 3 und 5 Jahre nach SBRT jeweils bei 79%, 27% und 15%. In der univariaten Analyse waren Geschlecht, primäre
Krankheitshistologie, intra- und extrahepatische Progression signifikante prognostische Faktoren. Diese Analyse bestätigte
die Abwesenheit von Spättoxizität >G3.
Schlussfolgerung Diese Untersuchung bestätigt die Wirksamkeit und die Sicherheit von SBRT für nichtresezierbare
Lebermetastasen. Eine Fallauswahl kann die Überlebensrate und die LC verbessern.

Schlüsselwörter Lebermetastasen · Strahlentherapie · Stereotaktische ablative Strahlentherapie · Ablation ·
Oligometastasen

Introduction

Oligometastatic disease is an intermediate stage between
absence of metastases and systemic dissemination [1]. Ac-
cording to recent literature, oligometastatic patients are
characterized by up to 5 metastases at 1–3 sites, all suitable
for ablative treatment [2].

The liver is one of the sites more often affected by metas-
tases from solid malignancies. Colorectal cancer (CRC) is
one of the most frequently occurring tumors with solitary
or oligometastatic liver disease [3, 4].

In CRC liver metastasis, the introduction of poly-
chemotherapy has increased response rates and median
overall survival (OS) to 40–57% and 15–20 months,
respectively [5]. Afterwards, surgical resection of liver
metastases improved OS, with 1- and 5-year OS rates of
90–95% and 30–60%, respectively, and with a median OS
of 40–53 months [6–9]. The role of surgery of non-CRC
liver metastases is controversial: some papers have shown
a better prognosis only in a subgroup of neuroendocrine
metastases [10–13]. Adams et al. evaluated outcomes of
1452 patients with limited liver metastases from non-CRC
and non-neuroendocrine metastasis [14]. According to this
recent literature, only patients with controlled metastatic
disease and/or response to systemic therapy should be con-
sidered for liver surgery. In these selected patients, surgery
may offer a real benefit in terms of survival.

However, only 10–20% of patients were suitable for sur-
gical resection because of technical difficulties, unfavorable
tumor factors, or patient comorbidities [7, 8]. In the past
decade, minimally invasive loco-regional approaches were
introduced as an alternative to surgery, including radiofre-
quency ablation (RFA), microwave ablation (MWA), trans-
catheter arterial chemoembolization (TACE), and selective
internal RT (SIRT) [15, 16]. Local thermal approaches,
RFA, or MWA can even be a valid option to surgery valid
alternative to surgery in selected patients. Five-year survival
rates following RFA vary between 17 and 51%.

These minimally invasive approaches were characterized
by some limitations: lesions greater than 3cm in diameter

or in the proximity of major blood vessels and main biliary
tract or gallbladder. These minimally invasive approaches
were characterized by some limitations: lesions greater than
3cm in diameter or in the proximity of major blood vessels
and main biliary tract or gallbladder.

Historically, the role of radiotherapy (RT) was only pal-
liative, due to the low whole-liver tolerance to RT. A high
dose of radiotherapy to a large volume of healthy hepatic
tissue was a risk for radiation-induced liver disease (RILD).
According to the radiobiological model, the liver is a par-
allel organ, so the risk of RILD is proportional to the mean
radiation dose delivered to normal hepatic tissue. Develop-
ment of stereotactic body radiation therapy (SBRT) allowed
delivery of a high dose of radiation in few fractions with
maximum sparing of healthy tissues. To date, there are eight
prospective trials published regarding SBRT for the treat-
ment of liver metastases [17–23]. This treatment was well
tolerated, with a low risk of RILD, and very effective, with
local control rates at 1 year of 70–100%.

Materials andmethods

Patient data were retrospectively analyzed after the approval
of our Ethical Review Committee.

Study endpoints were to evaluate the efficacy of liver
SBRT in terms of local control, overall survival (OS), and
radiation treatment-related toxicity. Prognostic factors af-
fecting OS and local control (LC) were investigated.

Inclusion criteria, which were defined in our previously
published study, were as follows: liver metastases consid-
ered not suitable for surgery, technically or medically inop-
erable, or because of patient refusal; maximum tumor di-
ameter less than 6cm; no more than 3 liver lesions; normal
liver volume greater than 1000 cm3; no evidence of progres-
sive or untreated gross disease outside of the liver; no prior
radiation therapy to the target area; adequate liver function;
no concurrent chemotherapy allowed, either within 14 days
before SBRT or until the first follow-up evaluation there-
after; no active connective tissue disorders; Karnofsky per-
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formance status ≥70; minimum age 18 years; and written
informed consent.

Stereotactic body radiation therapy requires highly pre-
cise dose planning and delivery. First of all, each patient
must be immobilized during the simulation phase. A ther-
moplastic mask (Klarity®, Newark, OH, USA) with an ab-
dominal compression is used to maximally reduce organ
motion related to the respiratory cycle. A contrast-free com-
puted tomography scan and a three-phase contrast-enhanced
CT scan are acquired at 3-mm slice thickness. A 4-dimen-
sional CT (4DCT) is acquired if the lesion is located in the
posterior–superior segments, or with a shift greater than
5mm on the different phases of CT. Multi-modal imag-
ing with contrast-enhanced magnetic resonance imaging
(MRI) and/or positron-emission tomography (PET) is used
in doubtful or special cases for better target definition. The
clinical target volume (CTV) is the lesion visualized on CT
images and is equal to the gross tumor volume (GTV). The
internal target volume (ITV), for all patients who under-
went 4D-CT scan, is defined as the envelope of all GTVs
in the different respiratory phases. The planning target vol-
ume (PTV) is generated from either the GTV or the ITV by
adding an overall isotropic margin of 5mm (from ITV) or
of 7–10mm in the cranial–caudal axis and 4–6mm in the
anterior–posterior and lateral axes.

Treatment planning SBRT requires a highly conformal
dose distribution, with multiple beams using either copla-
nar or non-coplanar geometries. Stereotactic body radiation
therapy for liver metastases is performed with volumetric
modulated arc therapy. Before each treatment fraction, pa-
tient and liver lesion position are checked with cone-beam
CT (CBCT). In selected patients, surgical clips or outcomes
of previous treatments are used as fiducial markers.

The prescription dose was 75Gy in three consecutive
daily fractions of 25Gy each. The dose was chosen in order
to overcome the radioresistance of some histologies (such
as colorectal cancer) and to potentially increase LC for big
lesions. The plan objective was to cover at least 98% of
the CTV (ITV) volume with 98% of the prescribed dose
(V98%= 98%) and V95%= 95% for the PTV. According to
ICRU 91, Dmax< 110%, D2%< 107%, and D98%> 98%.

When full doses were not achievable due to OAR, the
total dose was reduced by 10%, 20%, or 30%, with patients
receiving 67.5Gy, 61.89Gy, or 56.25Gy, respectively. Re-
garding constraints for organs at risk, we applied a critical
dose–volume model according to the surgical and radiother-
apy studies [20, 21, 24, 25]. Conservatively, we required
that 700mL of healthy liver were irradiated with a maxi-
mum dose of 15Gy. Spinal cord, heart, and gastrointestinal
organs (stomach, duodenum, and small bowel) must receive
less than 18Gy, 30Gy, and 21Gy in three fractions, re-
spectively. For both kidneys and rib, dose constraints were
V15 Gy< 35% and D30cm3< 30Gy.

We evaluated acute (<6 months) and late toxicity. Com-
mon Terminology Criteria for Adverse Events (CTCAE
version 4.0) was used to score adverse events. Radiation-
induced liver disease is defined by Lawrence’s criteria as
a subacute toxicity occurring within 4 months after the end
of radiation treatment. The diagnosis of RILD is excluded
in the presence of liver disease progression.

In this study, assessment of tumor response was based on
European Organization for Research and Treatment of Can-
cer Response Evaluation Criteria in Solid Tumors (EORTC-
RECIST) criteria version 1.1 [26].

Patients were monitored by physical examination at the
beginning and the last day of the SBRT, and with basal

Table 1 Patient, tumor, and treatment characteristics

Patients No. of patients %

Total no. of patients 202 –

Male 83 41.1

Female 119 58.9

Median age 74.2 years –

Range 38–91 years –

No. of liver lesions 268 –

1 150 74.3

2 38 18.8

3 14 6.9

Primary

Colorectal 104 51.5

Breast 23 11.4

Gynecological 13 6.4

Other 62 30.7

Time since diagnosis

�12 months 116 57.4

>12 months 86 42.6

No. of prior systemic treatment regimens

0 49 24.3

1 43 21.3

2–4 110 54.4

Extrahepatic disease at SBRT time

Yes 23 11.4

No 179 88.6

Prior liver-directed therapy

Yes 130 64.4

No 72 35.6

Treatment No. of lesions %

Lesions diameter (mm)

�30mm 155 57.8

>30mm 113 42.2

Dose prescription (per lesion)

Full dose (75Gy) 155 57.9

90% 21 7.8

80% 47 17.5

70% 45 16.8

SBRT stereotactic body radiation therapy
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Fig. 1 Kaplan–Meyer curve for local control rate (a). Factors affecting local control (LC) are primary histology (b, p< 0.03) and previous local
ablative therapies (c, p< 0.006). CRC colorectal cancer, others breast, gynecological, pancreas and biliary tract, kidney, head and neck

blood chemistry analysis. After conclusion of SBRT, these
examinations were requested 21 days later and then ev-
ery 3 months. Follow-up was performed every 3 months,
which included CT imaging and, in selected cases, MRI.
When a PET scan was available pre-treatment, it was also
required after 6 months to confirm metabolic response or
progression.

Statistical considerations

Actuarial LC and OS curves were generated using the Ka-
plan–Meier method. All enrolled patients were included in
the statistical evaluation. The analysis of LC was defined
as the time from the beginning of SBRT to the progres-
sion of treated metastases or last follow-up. The influence
of patient, disease, and treatment characteristics on OS and
LC were evaluated using Cox proportional hazards regres-
sion. All analyses were performed using STATA version 1
software and a p-value was considered significant if <0.05.

Results

Between February 2010 and December 2016, we analyzed
202 patients with 268 liver metastases from solid tumors
treated with SBRT. Baseline patient and treatment charac-
teristics are listed in Table 1.

Seventy-two patients (35.6%) had synchronousmetastatic
disease at the time of diagnosis and 44 (21.8%) had
metachronous liver metastases with disease-free interval
(DFI) �12 months. Eighty-six (42.6%) had metachronous
liver metastases with extended DFI >12 months. After diag-
nosis of metastatic disease, 153 (75.7%) patients received
one or more different chemotherapy regimens. The major-
ity of patients (64.4%) had undergone a prior local therapy.
Number of treated lesions was 1 in 150 patients (74.5%), 2
in 38 patients (18.8%), and 3 in 14 patients (6.9%). Median
follow-up time from SBRT was 33 months, with range of
5–87 months.

We observed complete and partial response in 126 (47%)
and 29 (10.8%) patients, respectively, and stable disease in
35 (13.1%) patients.

One-, 2-, 3-, and 5-year LC rates were 92%, 87%, 84%,
and 84%, respectively (Fig. 1a). Median local control has
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Table 2 Univariate analysis for
local control

Covariate categories N 1-year LC
(%)

3-year LC
(%)

p-value

Cancer type (for lesions)

Colorectal 141 88 79 0.18

Breast cancer 30 100 87

Gynecological cancer 18 100 93

Other 79 93 93

Cancer type (for lesions)

Colorectal 141 88 79 0.03

Other 127 96 91

Prior local therapy (for colon)

Yes 72 81 77 0.10

No 69 97 82

Size of metastases (for lesions)

<3cm 155 90 85 0.64

>3cm 113 94 84

Prior local therapy (for patient)

Yes 98 85 78 0.006

No 170 96 89

not been achieved. At univariate analysis, two variables af-
fected local control, as shown in Table 2. Primary histology
(Fig. 1b) and previous local ablative therapies (Fig. 1c) were
significant for local control (p< 0.03 and p< 0.006, respec-
tively), but the size of metastasis were not related to local
relapse. We found that 115 patients (56.9%) had a diagnosis
of out-field liver progression and 111 patients (59.4%) had
the appearance of extra-hepatic metastases after SBRT.

At the time of analysis, 61 patients (30%) were alive.
Median follow-up was 21 months (95% CI 18–24). The
OS rates were 79%, 50%, 27%, and 15% at 1, 2, 3, and
5 years after SBRT, respectively. All patients died of out-
field progression. Fig. 2 shows the Kaplan–Meyer curves
for OS.

At univariate analysis, 4 out of 10 examined variables
were significant prognostic factors of survival: sex, primary
disease histology, intra-, and extra-hepatic progression, as
shown in Fig. 2 and Table 3.

This analysis confirmed the absence of late toxicity >G3
in all patients treated with SBRT in our study. Most fre-
quent acute toxicities were G2 fatigue in 38% of patients
and G2 transient transaminase increase in 24% of patients.
In all cases, the increased values normalized within the
3–6 months after SBRT. Two patients presented acute skin
toxicity at about 2 months after the end of SBRT. One pa-
tient experienced G3 skin ulceration. One patient presented
G2 skin induration, able to slide skin, unable to pinch skin.
Six patients presented G2 nausea and/or vomiting. One case
of G2 gastric ulcer was recorded after 2 months of the end
of SBRT during esophagus gastroduodenoscopy for epigas-
tric pain. In terms of chronic adverse effects, we recorded

two cases of G2 rib fractures after 7 and 11 months of the
end of SBRT.

Discussion

This is a report on a large cohort of patients treated with
SBRT for unresectable liver metastases, using the ablative
high dose of 75Gy in three fractions.

Considering the outcome of local control, in our anal-
ysis, a few factors affected local response rate, but not
lesion diameter. Previous studies have demonstrated that
the response rate to liver SBRT is correlated to radiation
dose. In the study by McCammon et al. [27], 246 liver and
lung metastases were treated with SBRT in three fractions.
Three-year local control rates were 89.3%, 59.0%, and 8.1%
for lesions treated with ≥54Gy, 36 up to 53.9Gy, and
<36Gy, respectively. In the phase I–II trial of Rusthoven
et al., a dose escalation of 36–60Gy in three fractions was
analyzed for liver metastases with a maximum diameter
<6cm [20]. Forty-seven patients with 63 hepatic metastases
were treated, local control at 1 and 2 years was 95% and
92%, respectively, with a median survival of 20.5 months.
In this study, dose prescription and lesion diameter affected
local control. In a more recent study byMcPartlin et al. [28],
the relationship between dose and size response was con-
firmed. In this phase I–II study, large lesions were treated
using 33–60Gy in six fractions. Local control and overall
survival at 4 years were 26% and 9%, respectively. So, the
authors concluded that dose escalation is needed to improve
local control and that patient selection is crucial to choose
optimal candidates for liver SBRT. In 2013, the preliminary
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Fig. 2 Kaplan–Meyer overall survival curve (a). Factors affecting overall survival (OS) are primary histology (b, p< 0.0001), extra-field liver
progression (PD; c, p< 0.004), and systemic progression (d, p< 0.05); others pancreas and biliary tract, kidney, head and neck

results of a phase II study on liver SBRT using a higher pre-
scription dose of 75Gy in three fractions showed the safety
and the efficacy of this fractionation, without differences
in LC related to lesion size [21]. In 2013, the preliminary
results of a phase II study on liver SBRT using a higher
prescription dose of 75Gy in three fractions showed the
safety and the efficacy of this fractionation. The relation-
ship between dose and size response was not confirmed
[21].

Our experience in a larger cohort of patients with
a longer follow-up confirmed the efficacy of dose esca-
lation in the treatment of liver metastases from different
primary histologies, with a rate of LC at 3 years of 84%.
Hepatic lesions from colorectal cancer are correlated with
a lower local control rate of 79% at 3 years, which is,
however, comparable to the response rate achieved with
other local ablative therapies. These data are according to
recent literature. In a report by Ahmed et al., a multigene
expression index for tumor radiosensitivity (RSI) was val-
idated. The authors assessed RSI in liver metastases and
clinical outcomes after SBRT-based on primary histology.
Colorectal adenocarcinoma metastases were determined to

be more radioresistant than other histologies such as anal
squamous cell cancer, breast, and lung adenocarcinoma
[29].

Another factor related to worse local control in our study
was prior local liver therapies. One explanation for this
could be found in a long disease history and the primary
histology of these oligometastatic patients. Surgery, RFA,
TACE, and chemotherapy are all directed at reducing the
tumor mass. However, in the majority of cases, tumor re-
growth and relapse of disease after the end of therapy. How-
ever, in the majority of cases, tumor recurs after the end of
these local therapies. Although the concept of tumor stem
cells has been historically investigated, the demonstration of
their existence has only occurred in the last decade. Capac-
ity for self-renewal, production of heterogeneous progeny,
and ability to limitlessly divide seem to be some impor-
tant characteristics of cancer stem cells. CSCs with such
characteristics have been reported for many hematological
and solid tumors correlated to chemo- and radioresistance
[30]. Also in our experience, the worse efficacy of SBRT
in heavily locally pretreated lesions could be explained by
considering these data.
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Table 3 Univariate analysis for
overall survival

N 1-year OS
(%)

3-year OS
(%)

p-value

Age, years

>70 89 79 27 0.57

<70 113 78 26

Gender

Male 83 72 22 0.03

Female 119 88 33

Cancer type

Colorectal 104 87 32 0.0001

Breast cancer 23 96 16

Gynecological cancer 13 92 67

Other 62 54 12

Number of metastases

1 150 77 27 0.80

2–3 52 82 24

Timing of metastasis

Synchronous 72 83 28 0.40

Metachronous 130 76 25

Prior local therapy

Yes 130 89 27 0.33

No 72 73 26

Pre-SBRT chemotherapy

0–1 schedule 92 79 34 0.20

2–3–4 schedules 110 78 21

Extrahepatic disease at SBRT time

Yes 23 87 30 0.64

No 179 77 26

PD intrahepatic extra-field

Yes 115 78 20 0.004

No 87 79 36

PD extra-liver

Yes 112 82 21 0.05

No 90 74 34

SBRT stereotactic body radiation therapy, PD progressive disease, OS overall survival
The boldface values are the p-value referred to statistically significant prognostic factors

Evaluating the outcome of overall survival, in our anal-
yses, the relevant prognostic factors were primary disease
histology of metastases and progression of disease after ra-
diotherapy. Patients with CRC, breast, and gynecological
cancer liver disease had a better OS according to surgi-
cal literature. In CRC liver metastases, surgery is widely
accepted to have a better prognosis. In non-colorectal non-
neuroendocrine liver metastases (NCNNLM), the indication
for hepatic surgery is controversial, owing to the low num-
ber of cases and the heterogeneity of the primary disease
[31]. Prognostic and risk factors associated with NCNNLM
for different histologies were analyzed by Takemura et al.
[31]. The greatest predictor of survival was primary tumor.
The authors reviewed 10 studies with more than 40 pa-
tients who underwent surgery for liver metastases from

breast cancer. The 3- and 5-year OS rates were 49–68%
and 27–53%, respectively, with median survival times of
41–115months [14, 32–39]. Considering the good results of
surgery, an increasing number of experiences about SBRT
on breast and gynecological cancer liver metastases have
been published [40, 41].

Recently, Andratschke et al. published a pooled analy-
sis as part of the German Society for Radiation Oncology.
They evaluated 474 patients with 623 liver oligometastases
treated with SBRT. Median overall survival was 24 months.
Authors confirmed that overall survival is mainly influenced
by histology [42].

The second factor correlated to a worse overall survival
was progression of disease after SBRT. This data is also
evidenced in a recent paper by Klement et al. [43]. The au-
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thors analyzed 388 patients with 500 liver and lung metas-
tases. Median overall survival was 25.4 months in patients
with local failure after SBRT versus 30.6 months in patients
without progression.

Number of lesions, metastases diameter, and extra-hep-
atic disease at the time of SBRT are not statistically sig-
nificant for OS rates. These data suggest that an optimal
selection of patients in multidisciplinary team is manda-
tory.

Conclusion

This study confirms the efficacy and safety of SBRT for un-
resectable liver metastases. Selection of cases with positive
prognostic factors may improve survival and local control
of these oligometastatic patients. A multidisciplinary evalu-
ation is mandatory to define the best treatment for selected
patients, in the outlook in the perspective of tailored thera-
peutic strategy.

Further evaluation of biological and genetic tumor profile
is needed to select oligometastatic patients with indolent
disease who should benefit from local ablative treatment.
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