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Abstract: Over the years, early diagnosis of metastatic disease has improved and the prevalence of
oligometastatic patients is increasing. Liver is a most common site of progression from gastrointestinal, lung
and breast cancer and in the setting of oligometastatic patients, surgical resection is associated with increased
survival. Approximately 70-90% of liver metastases, however, are unresectable and an effective and safe
alternative therapeutic option is necessary for these patients. The role of stereotactic body radiation therapy
(SBRT) was investigated in the treatment of oligometastatic patients with promising results, thanks to the
ability of this procedure to deliver a conformal high dose of radiation to the target lesion and a minimal dose
to surrounding critical tissues. This paper was performed to review the current literature and to provide
the practice guidelines on the use of stereotactic body radiotherapy in the treatment of liver metastases.
We performed a literature search using Medical Subject Heading terms “SBRT™ and “liver metastases”,

considering a period of ten years.
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Background

Over the years, the concept of metastatic disease has
evolved and the therapeutic approach has changed. In 1907
Halsted described his theory on the spread of breast cancer,
perhaps the first modern theory on cancer metastasis. He
proposed an orderly spatial and temporalprogression from
primary site to locoregional lymphatics and ultimately
to disseminated disease. Radical locoregional therapy
was thought reduce the risk of metastatic disease by
removing the source of metastases (1). Subsequently, other
researchers, notably Dr. Bernard Fisher, who also studied
breast cancer, proposed that metastasis was a systemic
phenomenon, and that local therapy could do little to affect
a patient’s survival once the cancer had metastasized (2).
Since then, the historical concept of metastic disease
as an incurable state for which only systemic therapies
and palliative interventions are appropriate has been
questioned. In the 1990’s Weichselbaum and Hellman
formulated a new hypothesis, according to which the
metastatic disease is exists as part of a “spectrum” of clinical

© Pioneer Bioscience Publishing Company. All rights reserved.

states. The intermediate state, called “Oligometastatic
disease”, represented a condition between the absence of
metastases and widespread dissemination (3). Patients with
oligometastatic disease might potentially enjoy extended
survival or even be cured with aggressive local therapy
to their metastatic tumor sites. Recent improvements
in diagnostic imaging have allowed the early diagnosis
of metastatic disease in a higher number of patients and
nowadays the prevalence of patients in the oligometastatic
state is increasing (4).

Colorectal cancer (CRC) is one of the tumors that most
often presents with solitary or oligometastasic disease,
commonly in the liver. It is estimated, indeed, that 30% to
70% of patients with CRC will develop liver metastases and
in this subset, hepatic progression is an important cause of
morbidity and mortality (5,6). In patients with untreated
colorectal liver metastases the overall survival (OS) is about
31% at 1 year, 8% at 2 years, 3% at 3 years, and 1% at
4 years, with a median survival ranging from 6 to 12 months (7).
The introduction of modern chemotherapy regimens
in the current treatment for colorectal liver metastases
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has improved the progression free survival rate and to a
lesser extent the OS, due tolimited local control (LC)
of disease (8-10). Historically, surgical resection of CRC
liver metastases improves OS, with 1 and 5-year rates of
90-95% and 30-60%, respectively and with a median OS
of 40-53 months (11-14). In 1999, Fong er a/. defined
the main favorable prognostic factors for oligometastatic
CRC patients treated with surgery of liver metastases and
included the absence of extrahepatic disease, metachronous
presentations with extended disease-free intervals (DFI)
>12 months, single metastasis <5 cm, early-stage primary
tumors, low carcinoembryogenic antigen (CEA) and
negative hepatic surgical margins, suggesting that the
LC of liver oligometastases can improve the systemic
control of the disease, in selected patients (13). More
recently, a published study by Tomlinson ez 4/. showed an
increase long-term cancer-specific survival at 10 years after
resection, confirming the achievement of cure in this subset
of oligometastatic CRC patients (15).

The role of ablation of non-CRC liver metastases is
controversial. Many reports examined outcomes for patients
with non-colorectal liver metastases treated with hepatic
resection and initially showed that only neuroendocrine
metastases subgroup had a better prognosis (16-19). A
recent study analyzed the outcomes of 1,452 patients
with limited liver metastases from non-CRC, non-
neuroendocrine metastasis and concluded that “in current
practice, liver surgery [...] should be considered only when
the metastatic disease is well controlled or responding to
systemic therapy. When applied in these situations, surgery
may be able to offer selected patients a real benefit in long-
term survival (20).

However, only 10-20% of patients were suitable
for surgical resection because of technical difficulties,
unfavorable tumor factors or patient comorbidities (12,13).

In the last decade, minimally-invasive loco-regional
approaches were introduced as an alternative to surgery,
including radiofrequency ablation (RFA) or trans-catheter
arterial chemo-embolization (TACE). The results in terms
of LC and OS rates are promising, but these techniques
present some limitations related to lesion size and location
(lesions higher than 3 c¢m of diameter or in proximity of
major blood vessels, the main biliary tract or the gallbladder,
or just beneath the diaphragm) (20-24). An effective, safe
and non-invasive alternative therapeutic option is necessary
in the 60-80% of oligometastatic patients, who can benefit
from locally ablative therapy of liver metastases, but
probably never fit to surgery.
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Stereotactic body radiation therapy (SBRT)
as an alternative ablative treatment of liver
metastases

Historically, radiation therapy has had a limited role in the
treatment of liver metastases. The low tolerance of liver
tissue to irradiation raises the risk of the radiation-induced
liver disease (RILD). RILD syndrome is characterized
by anicteric ascites with elevation of alkaline phosphatase
and liver transaminases, which occurs two weeks to four
months after radiotherapy and can results in liver failure
and death (25). According to a radiobiological model,
the liver has a parallel architecture; therefore the risk of
RILD is proportional to the mean radiation dose delivered
to normal liver tissue (25). Safe radiation treatment of
liver metastases should be possible with a technique that
delivers a very conformal radiation dose to the tumor
and a minimal radiation dose to surrounding critical
tissues. This technique is known as SBRT or stereotactic
ablative radiotherapy (SABR). In contrast to conventional
radiotherapy, which delivers low-dose fractions (ranging
from 1.5-3 Gy) to a larger volume for a higher number
of daily fractions, SBRT entails precise delivery of high-
dose in a single or a few fractions (1 to 6 fractions), with
tumor ablation and maximal normal-tissue sparing. Practice
guidelines for the performance of SBRT were published
in 2010 by ASTRO and ACR. To ensure the delivery
accuracy, the target position is checked before or during
SBRT treatment, by an integrated image acquisition system
(image-guided radiation therapy or IGRT) (26,27).

SBRT for liver metastases: state of the art

In the last years, SBRT was used as non-invasive loco-
regional treatment for many primary and secondary tumors,
with promising results (28,29). Five retrospective (30-34)
and eight prospective (35-41) studies have investigated the
efficacy of SBRT in the treatment of liver metastases from
various primary tumors. No randomized phase III data have
been published. We reviewed in detail the heterogeneous
prospective reports (Tuable 1), with regard to patients
selection, dose prescription, toxicity and outcome, in terms
of LC and OS.

In all studies, liver metastases from colorectal, breast and
lung cancer were most frequently treated, with a number
less than 5 and maximum tumor size of 6 cm. Only two
studies focusing on SBRT for liver metastases from a single
primary tumor type (CRC) were published, including
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Study No. of . No. of Total . Local Overall
Authors . . Histology . Toxicity .
design patients lesions dose/frs control survival

Hoyer, etal. Phase Il (CRC 64 (44 Mets) CRC [44] 141 (lung + 45 Gy/3 frs 1 liver failure, 2-yr LC, 79% 1-yr OS,
2006 (40) oligomets) liver + other 2 severe late  (by tumor) 67%;
sites) Gl, toxicities and 64% (by 2-yr OS,
patient) 38%

Lee, et al. Phase I-ll 68 CRC [40], 143 Individualized  No RILD, 1-yrLC, 71% Median
2009 (35) breast [12], dose, 27.7- 10% G3/4, survival,
gallbladder [4], 60 Gy/6 frs acute toxicity, 17.6 mo
lung [2], no G3/4 late
anal canal[2], toxicity
melanoma [2],
other [6]

Ambrosino,  Prospective 27 CRC [11], Not 25-60 Gy/3 frs No serious Crude LC rate Not
et al. 2009 cohort other[16] reported toxicity 74% reported
(38)

Scorsetti, Phase I 61 CRC [29], 76 75 Gy/3 frs No RILD, 1-yrLC, 94% 1-yr OS,
etal. 2013 breast [11], 1 case G3 late 83.5%
41) gyn [7], toxicity (chest

other [14] wall pain)
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Patient evaluation and
multidisciplinary assessment

Simulation:

\ Immobilization devices

\ 3 phases contrast-enhanced CT scan

J 4D CT scan

\J Multi-imaging: PET-CT total body and/or MRI

Treatment planning:

\J Counturing: target and organs at risk

\J Dose prescription

|/ Treatment planning

\J Review of dose distribution and plan approval

Treatment delivery:
|/ Verify patient position and radiation delivery
Follow-up:

\/ Clinical evaluation
\/ Laboratory tests and tumor markers
\ Imaging: CT, MRI or PET-CT total body

Figure 1 Patient’s treatment algorithm. CT, computed tomography;
PET, positron emission tomography; MRI, magnetic resonance

imaging.

44 and 20 treated patients respectively (39,40). Regardless
of age, enrolled patients had a good performance status
(Eastern Cooperative Oncology Group 0-1 or Karfnosky
>70), with absentt or stable extrahepatic disease and
adequate hepatic volume and function.

Prescription doses, generally ranged from 30 to 60 Gy in
3 fractions, although in one published phase II trial a higher
prescription dose of 75 Gy in 3 fractions was delivered (41).
In two prospective studies a single fraction of 14-30 Gy was
employed (35,36) and in one phase I trial an individualized
radiation doses ranging from 27.7 to 60 Gy in 6 fractions
was delivered (35).

Most studies showed a low toxicity profile with a > G3
toxicity rate of 1-10% and the incidence of RILD less than
1%. Lee et al. (35), did not experience RILD in 68 patients
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treated with 6 fractions and median liver dose of 16.9 Gy
(range, 3-22 Gy). In a phase I/II study by Rusthoven ez a/. (37)
on 47 patients and in a phase II trial by Scorsetti e al. (41)
on 61 patients, no RILD was observed using a dose
constraint allowing no more than 700 mL of uninvolved
liver to receive 15 Gy or greater in 3 fractions. The
most common G2 toxicities included a transient hepatic
transaminase increase within 3 months of SBRT (39,41)
and gastrointestinal, soft-tissue and bone complications,
related to lesions close to the duodenum, bowel, skin and
ribs. Duodenal ulceration and intestinal perforation were
observed in 3 patients with maximum doses greater than
30 Gy in 3 fractions to the duodenum and bowel (40).
One case of Grade 3 soft-tissue toxicity was observed for
dose of 48 Gy in 3 fractions to a subcutaneous tissue (37).
In 2 patients, nontraumatic rib fractures were experienced
for maximum doses of 51.8 Gy and 66.2 Gy in 6 fractions to
0.5 ecm’ of rib (35). One patient suffered from chronic chest
wall pain G3, which resolved within 1 year after SBRT for a
prescription dose of 75 Gy in 3 fractions (41).

LC rates varies from 70% to 100% at 1 year and 60% to
90% at 2 years and correlated to lesion size <3 c¢m, as showed
by Rusthoven et 4l. (37) and to higher prescription dose, as
suggested by Lee et 4l. (35). In a phase 1I study, Scorsetti ez /.
revealed no significantly increased risk of local recurrence
for lesion diameter >3 cm compared with smaller metastases,
using an ablative prescription dose of 75 Gy in 3 fractions (41).

Two-years OS rate was 30-83%, with a median OS rate
ranging from 10 to 34 months. OS correlation with lesion
size higher than 3 cm and metachronous presentation for
CRC liver metastases was demonstrated by Hoyer ez a/. (40).

SBRT for liver metastases: practice guideline

Patient selection

Selection criteria for patients with liver metastases candidate
to SBRT are controversial and a multidisciplinary tumor
board discussion is recommended. Figure 1 shows the patient’s
treatment algorithm. According to the current literature,
patients who may be candidates for SBRT can be separated
into three categories: suitable, cautionary and unsuitable
patients. Tuble 2 shows the characteristics for all groups.

The best candidates for SBRT are oligometastatic patients
with a good performance status (Eastern Cooperative
Oncology Group 0-1 or Karfnosky >70), controlled or absent
extra-hepatic disease, number of hepatic lesions <3, size
lesions <3 cm, lesion distance from organs at risk (OARs)
>8 mm, good liver function (Childs A) and healthy liver
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Table 2 Selection criteria for SBRT

Patients categories

Selection criteria - - -
Suitable Cautionary Unsuitable

Lesion number <8 4 >4

Lesion diameter (cm) 1-3 >3 and <6 >6

Distance from OARs (mm) >8 5-8 <5

Liver function Child A Child B Child C

Free liver volume (cc) >1,000 <1,000 and <700
>700

SBRT, stereotactic body radiation therapy; OARs, organs at risk.

Table 3 Prescription dose in 3 fractions recommended according

to lesion diameter

Lesion diameter Prescription dose
48-60 Gy

60-75 Gy

<3cm
3-6 cm

Table 4 Recommended OARs dose constraints for liver SBRT
in 3 fractions

Dose-volume limits
>700 cm?® at <15 Gy

Organ

Healthy liver (total liver volume minus
cumulative GTV)

Spinal cord D 1cmé <18 Gy

Kidneys (R + L) V15 Gy <35%

Stomach, duodenum, small intestine D 3 cm? <21 Gy

Heart D 1 cm® <30 Gy

Rib D 30 cm?® <30 Gy

SBRT, stereotactic body radiation therapy; OARs, organs at
risk; GTV, gross tumor volume.

volume >1,000 cc. In patients with 4 liver metastases,
diameter ranging from 3 to 6 cm, OARs distance between
5 and 8 mm, moderate liver function (Child B) and healthy
liver volume ranging from 700 to 1,000 cc, the use of SBRT
must be evaluated with caution. Patients with =5 hepatic
lesions, diameter greater than 6 cm, OARs distance less than
5 mm, inadequate liver function (Child C) and healthy liver
volume <700 cc, are unsuitable for SBRT. Histopathology
is not considered an inclusion or exclusion criteria and in
several studies patients with different radioresistant and
radiosensitive primary tumor were treated with similar LC
rates. Similarly, age is not a selection criteria. SBRT, indeed,
is a non-invasive and safe therapy ideal for elderly patients,
who are often unsuitable for surgery.
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Treatment planning and delivery

SBRT requires highly precise dose planning and delivery.
In the Simulation phase, the patient is immobilized with
a personalized device to ensure maximal accuracy and
reproducibility of treatment. An abdominal compression
device should be used to reduce the organ motion related
to respiratory excursion (41). The latter can be evaluated
by 4D-CT scan. A contrast-free computed tomography
(CT) scan and a three-phase contrast-enhanced CT
scan are acquired. Multi-modal imaging with contrast-
enhanced Magnetic resonance imaging (MRI) and/or
positron emission tomography (PET) is useful for better
target definition. The clinical target volume (CTV) is
defined as equal to the gross tumor volume (GTV). In all
patients who underwent 4D-CT scan, an internal target
volume (ITV) is defined as the envelope of all GTVs in the
different respiratory phases. The planning target volume
(PTV) is generated from either the GTV or the ITV by
adding margin to compensate for the uncertainties of set-up
and organ motion (43). Treatment planning SBRT requires
a highly conformal dose distribution, with multiple
beams using either coplanar or non-coplanar geometries.
Intensity modulated RT (IMRT) and, more recently,
Volumetric Arc Radiation Therapy (VMAT) improves the
homogeneous distribution of dose around concave targets
and reduces irradiation of OARs (26,27). Patient position
check is necessary before each treatment session. Image
guided radiation therapy (IGRT) should be performed
before each daily session to reduce set-up uncertainties.
Fiducial markers are employed for target localization in
selected patients. Percutaneous fiducial implantation is a
mildly-invasive procedure with a related risk of seeding
and migration (44). Surgery was administrated in 40-50%
of patients treated with SBRT in some series and in these
patients, surgical clips can be used as fiducial markers (41).

Dose prescription and OARs dose constraints

An ablative dose prescription is related to LC rates (40,45).
For SBRT in 3 fractions, a prescription dose greater than
48 Gy should be considered, if granted by normal tissue
constraints (46). A total dose of 60 Gy is recommended for
lesions with a diameter <3 cm (37), while for lesions with a
diameter >3 cm a higher prescription dose is necessary to
obtain similar LC (41) (Table 3).

Recommended dose constraints for OARs are listed in
Table 4 (37,41). In case of overlap between the PTV and
gastrointestinal tract or heart, the priority should be given
to OARs (41).
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Table 5 EORTC-RECIST and PERCIST criteria for evaluation of tumor response

EORTC-RECIST

CR: non-measurable disease, disappearance of all known disease, confirmed at >4 wk

PR: estimated decrease of =50%, confirmed at 4 wk
PD: estimated increase of >25% in existent lesions
NC: neither PR nor PD criteria met

PERCIST
CMR: disappearance of all 18F-FDG-avid lesions
PMR: significant reduction in SUV in tumors

PMD: unequivocal progression of 18F-FDG-avid non-target lesions or appearance of new 18F-FDG-avid lesions typical of cancer

SMD: no visible change in metabolic activity of tumors

CMR, complete metabolic response; PMR, partial metabolic response; PD, progressive disease; SMD, stable metabolic disease;
PMD, progressive metabolic disease; CR, complete remission; PR, partial remission; NC, no change; EORTC-RECIST, Research
and Treatment of Cancer Response Evaluation Criteria In Solid Tumors; PERCIST, Response Criteria in Solid Tumors.

Figure 2 Example of complete metabolic response in a single

hepatic lesion treated with SBRT. SBRT, stereotactic body

radiation therapy.
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Response evaluation

Assessment of tumor response can be performed based
on European Organization for Research and Treatment
of Cancer Response Evaluation Criteria In Solid Tumors
(EORTC-RECIST) criteria (45) and MRI can be used during
the follow up especially for hepatic lesions poorly detected
on CT. The radiographic response after SBRT are typically
slow, as demonstrated by Herfath ez /. which showed the
progressive radiographic response and the characteristic
reduction of focal liver reaction after 2-4 months and
11-15 months respectively, in our series (42). If PET-CT
is performed before SBRT, it is recommended to employ
PET Response Criteria in Solid Tumors (PERCIST) (47),
as showed in Table 5. Figure 2 shows the complete metabolic
response (CMR) in a single hepatic lesion after SBRT.

Future directions

The role of liver SBRT for metastatic disease needs to
be evaluated by randomized clinical trials comparing the
various alternative therapies.

Combination with chemotherapy and targeted therapy
could be investigated to reduce the incidence of extra-field
recurrences that are seen in a significant number of patients
post SBRT. Selection of patients with favorable prognosis
and further studies on histopathology-specific treatment to
evaluate SBRT impact on survival is recommended.
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Conclusions

SBRT is a non-invasive, well-tolerated and effective

treatment for patients with liver metastases not suitable to

surgical resection. Prospective randomized clinical trials are

required to confirm clinical evidence and long term results.
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