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42.1  Introduction

SBRT emerged in the 1990s, due to advances not only in the 
radiation linear accelerator treatment technology itself, but 
also due to the addition of onboard linear accelerator imag-
ing, improvements in the quality of the onboard imaging, 
advancements in the immobilization of patients, and refine-
ments of treatment algorithms (calculations to deliver high 
doses of radiation accurately) [1]. The past decade has seen 
increased use of SBRT because it is a well-tolerated and 
effective treatment in selected patients with early-stage and 
metastatic cancers, including liver metastases [2–7].

Prior to SBRT, radiation therapy was rarely utilized in the 
treatment of liver metastases due to the liver being a radio- 
sensitive organ. For example, conventional radiation of the 
whole liver posed a high risk of radiation-induced liver dis-
ease (RILD), which is irreversible liver injury that can lead 
to organ failure and death [6, 7]. As seen in Fig. 42.1, SBRT 

differs from whole liver radiation in that SBRT applies fewer 
fractions (3–5) and higher doses of radiation (8–20  Gy) 
focally and precisely to the tumour, whereas the antiquated 
approach of whole liver radiation applied more fractions at 
conventional doses of radiation (1.5–2  Gy per day) to the 
entire liver volume. The Radiation Therapy Oncology Group 
(RTOG) carried out studies in the 1970s and 1980s to evalu-
ate the effect of whole liver radiation on hepatic metastases 
[8]. In an RTOG Phase I/II dose-escalation trial of whole 
liver radiation in 1.5  Gy twice-daily fractions, no patient 
developed classic RILD after treatment with 27–30  Gy, 
while 10% of patients developed classic RILD after treat-
ment with 33 Gy [9]. When the whole liver was treated with 
30  Gy in 2  Gy per fraction, the risk of classic RILD was 
estimated to be 5% [10, 11].

Important studies from the University of Michigan 
showed that the use of focal high doses of radiation to the 
liver could be done safely and effectively [12, 13]. These 
studies paved the way for more modern radiation trials that 
showed good rates of local control for liver metastases. 
Here, we review the role of SBRT for colorectal liver 
metastases.

In the 1970s, whole liver radiation was tested as a treat-
ment for liver metastases but resulted in unacceptable rates 
of RILD. In the 1990s, it was demonstrated that focal high 
doses of radiation using 3D conformal technique was safe 
and effective. The advents of SBRT and IMRT have resulted 
in additional treatment options for patients with unresectable 
liver metastases [10, 11].
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Fig. 42.1 Evolution of radiation treatment techniques for liver metastases

42.2  Radiation Therapy for Colorectal Liver 
Metastasis

A limited number of high-dose precision ablative radiation 
treatments are used for SBRT. The term “stereotactic” refers 
to the relationship of the tumour target position with known 
fiducials that provide a series of reference points to designate 
a coordinate system. This can be used to identify the target 
tumour, direct the treatment planning process, and guide the 
treatment toward the target location in the body intended for 
therapy. Liver metastases are challenging to treat due to the 
sensitivity of the liver parenchyma to radiation, respiratory 
motion, and intra- and inter-fraction motions of the sur-
rounding bowel. To overcome these challenges, SBRT fun-
damentally relies on controlling respiratory motion to avoid 
variability in treatment delivery, and fractionation to achieve 
ablative radiation doses [14].

Accounting for internal organ motion during radiotherapy 
is an inherent challenge since the liver follows the motion of 
the diaphragm during respiration. Although the general param-
eters of movement have a degree of predictability [15], this 
amplitude of motion can vary greatly between patients which 
necessitates unique attention to each patient’s respiratory pat-
tern. The motion also depends on the location of tumour, 
whether within the liver or biliary tree, as well as near the 
dome of the liver or more inferiorly [14]. Differences in day-
to-day bowel position and shape are other variables that must 
be monitored and taken into account to ensure safe and consis-
tent treatment. Image-guided radiation therapy (IGRT) has 
made considerable advancements in recent years. Numerous 
options for target verification and motion control [14] enable 
greater certainty in target alignment, which can help reduce 
dose to normal tissues and escalate dose to tumours. Common 
IGRT strategies include tracking liver tumour targets using 
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implanted fiducials [16], CT-on-rails, cone beam CT, and 
magnetic resonance linear accelerators. Motion management 
can be achieved with breath hold [17–20], respiratory gating 
[21, 22], and abdominal compression [23].

Administering SBRT treatment safely to large liver 
tumours (>6  cm) has been challenging. Use of an SBRT 
technique with control of organ motion and high-quality 
image guidance is an essential starting point. Nevertheless, 
even with the assistance of these technologies, safe delivery 
of ablative doses in 3–5 fractions without overdosing the 
liver, GI mucosa, or main bile ducts often proves difficult. An 
SBRT technique coupled with the time-honored principle of 
fractionation permits ablative doses to be given (90–100 Gy 
BED) and leads to a substantial survival benefit for patients 
with large liver tumours [14]. For most large central tumours 
(>6  cm), giving 15–25 fractions with an SBRT technique 
may be necessary to deliver an ablative dose and stay within 
the tolerance of the OARs (organs at risk). The alternative is 
to give five fractions and reduce the dose, which may no lon-
ger be ablative (Fig. 42.2) [14].

Clinical studies using SBRT to treat CRLM are ongoing. 
Results of phase I and II studies demonstrated promising 
local control and occasional long-term survivors [6, 24, 25]. 
Petrelli F et al. [26] performed a systematic review in 2018 
of published trials to evaluate the efficacy of SBRT as a pri-
mary modality therapy for CRC liver oligometastases. This 
review covered a comprehensive search of the Cochrane 
Central Register of Controlled Trials, Pubmed, and EMBASE 
for publications regarding SBRT for CRC liver metastases. 
The results can be seen in Table 42.1, along with updated 
information to reflect recent advances.

Although SBRT has not been directly compared with 
other liver-directed treatments in prospective randomized 
studies, the outcomes from the reported studies to date com-
pare favorably  to other types of liver-directed treatments. 
Local-regional treatment with RT consists of conventional 
RT, SBRT, TARE, and brachytherapy [27]. Alternative meth-
ods of delivering high doses of radiation focally to the target 
area while limiting dose to surrounding normal liver tissue 
include TARE and brachytherapy. Early trials on the addition 

Patient with
Colorectal Liver
Metastases

surgical candidate? Surgery the best curative treatment
for colorectal liver metastasis

Non-surgical

Ablation TACE HAI

EBRTCryotherapy
Alcohol or Acetic

Acid Injection
RFA

radiofrequency
ablation

transarterial
chemoembolization

hepatic artery infusion

radiation
therapyRT

SBRT TARE BT

external beam
radiotherapy

stereotactic body
radiation therapy

transarterial
radioembolization

brachytherapy

SBRT is an ideal procedure for patients with:
limited number of hepatic lesions (≤3)
limited lesion size (ideally ≤6cm)
healthy liver function
appropriate for tumours with favorable 

anatomic location (away from critical
organs such as bowel, central liver,
diaphragm, vascular supply)

ability to meet dose standards

Fig. 42.2 Treatment algorithm for selecting loco-regional modalities 
for patients with colorectal liver metastases. Please note that this algo-
rithm depends greatly on available resources and institutional practice 

and expertise. Patients with tumours >6 cm can receive EBRT in abla-
tive doses using 15–25 fractions [14]
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of TARE to first-line systemic therapy suggested a role in 
selected patients, but additional data is needed to clearly 
define the role of TARE in different settings (surgically 
resectable, unresectable, salvage treatment [28]). Although 
infrequently used, brachytherapy represents an additional 
method of conformal radiotherapy that can offer patients 
with CLM moderate rates of liver control [27].

More broadly, aggressive local treatment of liver oligo-
metastases may be an effective option with encouraging sur-
vival rates. In a 2017 randomized phase II trial [29], 119 
patients with unresectable colorectal liver metastases (n < 10 
and no extrahepatic disease) received systemic treatment 
alone or systemic treatment plus aggressive local treatment 
by radiofrequency ablation ± resection. The long-term over-
all survival (OS) results showed that there was a statistically 
significant difference in OS in favor of the combined modal-
ity arm compared to systemic treatment alone. Median OS 
was 45.6 months (95% CI = 30.3–67.8 months) in the com-
bined modality arm vs 40.5  months (95% CI  =  27.5–
47.7 months) in the systemic treatment arm.

This was the first randomized study to demonstrate that 
aggressive local treatment can prolong OS in patients with 
unresectable CLM. This trial had limitations. However, most 
notably the small sample size and selection of patients are 
considerations for wider applicability. Although the study’s 
results show promising impacts on LC and OS, definitive 
validation in larger randomized studies is warranted. The 
extension of this concept to SBRT in patients with oligomet-
astatic disease.

In addition to aggressive liver-directed therapies that may 
include SBRT, future prospective trials will test the impact of 
molecular characteristics, radiation dose, and novel systemic 
and immune-based therapies [48]. A 2017 phase II single- 
arm study evaluated the efficacy and safety of risk-adapted, 
proton-based SBRT for liver metastases from solid tumours 
[47]. This is the largest prospective study of liver SBRT for 
hepatic metastases to date with protons. Proton beam therapy 
utilizes charged particles as opposed to high-energy photons. 
Protons can offer a clinical advantage over photon-based 
radiation in certain patients, particularly those with tumours 
on the right side of the liver [49, 50].

Protons were well tolerated and proved effective even for 
metastases that were greater than or equal to 6  cm. 
Radioresistant subgroups were identified based on genotype. 
Mutation in the KRAS oncogene was found to be a strong 
predictor of poor LC (P = 0.02). Tumour with both mutant 
KRAS and TP53 were particularly radioresistant, with a 
1-year LC rate of only 20.0%, compared with 69.2% for all 
others (P = 0.001). This stresses the need for tumour geno-
typing prior to SBRT and treatment intensification in this 
patient subset. Future efforts will investigate how to achieve 
more durable local control in KRAS- and TP53-mutant 
tumours [47]. Future studies may select patients for proton 

radiation based on molecular characteristics or in combina-
tion with other novel therapies to overcome resistance.

There is also potential for future investigation into the 
role of liquid biopsies to guide the field of radiation oncol-
ogy. Liquid biopsies are characterized by the isolation of 
cancer-derived components and provide a rich source of non-
invasive tumour-specific biomarkers. These biomarkers 
could have a substantial impact on cancer treatment by cate-
gorizing patients into risk groups, tracking radiation therapy 
impacts before, during, and after treatment, and identifying 
patients with radioresistant tumours. The liquid biopsy is a 
minimally invasive, inexpensive, and easily repeatable tech-
nique that can enable efficient screening and early diagnosis 
[51]. The concept of this type of personalized medicine is 
becoming more readily incorporated into clinical practice 
and research studies and could serve as a solution to the 
much-needed predictive biomarkers to guide therapeutic 
management [52].

Patients should be considered for participation in random-
ized clinical trials when possible because the efficacy of liver 
metastasis SBRT has not yet been fully established. SBRT 
can treat liver metastases safely; studies have shown that 
radiation doses >47 Gy (3–6 fxs) can improve local control. 
The optimal fractionation has yet to be clearly defined [25, 
53, 54].

42.3  Conclusion

Currently, the best curative treatment for colorectal liver 
metastasis is surgical resection. However, many patients are 
not viable surgical candidates. Stereotactic body radiother-
apy (SBRT) is a well-established alternative treatment option 
for patients with liver metastases that are unsuitable candi-
dates for surgical resection. Advancements in technology 
have allowed SBRT to deliver high dose radiation precisely 
to the tumour, sparing surrounding normal liver tissue. 
Numerous recent studies have shown evidence of encourag-
ing local control and OS rates after treatment with SBRT, 
without increased rates of RILD. The safety and success of 
liver SBRT rely heavily on ensuring appropriate patient 
selection and attention to normal tissue dose tolerances.
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