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Abstract: The management of colorectal cancer liver metastases requires a multidisciplinary approach,
which may incorporate systemic therapy, surgery, or local ablative therapies. Stereotactic body radiation
therapy (SBRT) is a non-invasive highly conformal radiation technique that enables the delivery of large
doses of radiation in a few fractions to well-defined targets using image-guidance and motion management.
For selected patients with colorectal cancer liver metastases, stereotactic body radiation therapy can be
delivered safely, with excellent long-term local control and overall survival. This purpose of this clinical
practice review is to review the background, indications, and treatment details of stereotactic body radiation
therapy for the treatment of colorectal liver metastases. SBRT for colorectal cancer liver metastases may be
considered for patients with oligometastatic colorectal cancer in combination with surgery or other locally
ablative therapies; for patients who are not candidates for surgical resection; or after failure of resection or
other ablative therapies. When planning SBRT both a CT and MRI simulation may be obtained, where
feasible, for target delineation. One or 3 fraction SBRT can be considered for lesions away from the
central liver and luminal organs at risk, whereas 5 fraction SBRT is preferred otherwise. Image-guidance
and motion management strategies are essential components of liver SBRT and will guide the creation of
relevant internal and planning target volume margins. For lesions in close proximity to or overlapping with
OARs, the balance between adequate LC and potential for cure with potential acute and late toxicity must be

carefully considered.
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Introduction

Colorectal cancer is the third most common cancer
worldwide and a leading cause of cancer-related death (1).
Approximately 25% to 30% of patients with colorectal
cancer present with distant metastases and an additional 50%
to 60% develop metastatic disease during the course of their
disease (2-4). The liver is the most common site of metastases
owing to the portal venous drainage of the colon and superior
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rectum (5); roughly 80% of patients with colorectal liver
metastases (CRLM) (6). A multidisciplinary approach is an
essential component of the management of CRLM and may
incorporate surgical resection, systemic therapy, and/or local
ablative therapies.

Hepatic resection is the preferred treatment for resectable
CRLM (7), offering a potentially curative option with an

increase in overall survival (OS) and potential for long-term
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disease control (8,9); 5-year OS ranges from 35% to 60%
in patients who undergo surgery and 10-year survival is
approximately 24% (3,8,9). The reported cure rate following
hepatic resection of CRLM is 20% (8). Ablative techniques
[e.g., thermal ablation—radiofrequency ablation (RFA) or
microwave ablation (MWA)] can be also be considered in
the management of CRLM, either alone or in conjunction
with resection, if all sites are amenable to treatment (7,10).
RFA or MWA may be considered in patients with three or
less CRLM lesions, each with a diameter <3 ¢cm and distant
from vulnerable structures (e.g., major blood vessels, central
biliary tract or gallbladder, just beneath the diaphragm)
(11-13). In a phase II randomized trial, the addition of RFA
to systemic therapy for patients with <10 CRLM resulted in
an improvement in 3-year progression-free survival (PFS:
27.6% wvs. 10.6%, P=0.025) (13).

Stereotactic body radiation therapy (SBRT) is another
locally ablative therapy that enables the delivery of large
radiation doses to a well-defined target, using image-
guidance (IGRT), and motion management (14,15). Steep
dose gradients are created near the tumor edge, enabling
the delivery of a high dose to the target while limiting the
dose delivered to the surrounding organs-at-risk (OARs)
(14,15). Given the rationale for local therapy for the
treatment of CRLM, unresectable CRLM was one of the
first sites to be treated with SBRT. SBRT of metastases has
reported local control rates of 31% to 90% after 2 years
with tumor control correlating to biologically effective dose
and motion management (9).

Current evidence has demonstrated that SBRT can
achieve good local control (LC) and OS, with an acceptable
toxicity profile in patients with CRLM (16-22). The
objective of this review is to summarize the existing
evidence for the use of SBRT in the management of CRLM,
to provide an overview of the clinical indications for SBRT
in CRLM,, and to provide an overview of radiation planning
principles.

Evidence for the use of SBRT in the management
of CRLM

Although there are no phase III randomized clinical trials
evaluating the use of SBRT in the management of CRLM,
several phase I and II prospective studies have demonstrated
promising results in terms of OS, LC, and toxicity
(1able 1). Median OS following SBRT for CRLM ranges
from 16 to 45 months and LC ranges from 50% to 95%
at 1 year (Table I). A meta-analysis of eighteen studies with
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656 patients with CRLM reported a pooled 1-year OS
estimate of 67.2% (95% CI, 42.1-92.2%), pooled median
OS of 31.5 months (range, 15-24.4 months), and pooled
I-year LC estimate of 67% (95% CI: 43.8-90.2%) (22).
In a UK prospective registry on the use of metachronous
colorectal cancer oligometastases (liver and other sites),
the 1- and 2-year OS was of 92% (95% CI: 86.6-95.3%)
and 80.3% (95% CI: 71.8-86.5%) (21). The wide range of
reported outcomes is attributable to patient heterogeneity,
changes in systemic treatment over time including the use
of immunotherapy, variable tumor biology, and variations
in the radiation dose and fractionation schedules used. An
additional consideration when interpreting these results is
that most patients enrolled in the SBRT studies listed were
not eligible for surgery, often refractory to many lines of
systemic therapy, representing a poorer prognosis group at
baseline.

Radiation dose/response relationship

The biologically equivalent dose (BED) has been reported to
be an important prognostic factor for LC of CRLM treated
with SBRT, and improved LC has been observed with higher
prescribed radiation doses (17,20,22). In a retrospective
review of 65 patients with CRLM metastases, a BED,, >75 Gy
was an independent prognostic factor for LC and a BED,,
>117 Gy was required to achieve a 1-year LC of 90% (16).
McPartlin ez al. reported improved LC for patients receiving
BED,, 275 Gy; the LC reported at 1/2/4 years respectively
was: 65%/49%/49% for BED,, 275 Gy vs. 44%/23%/14%
for patients treated with lower doses (21). In another
retrospective analysis of 70 patients, the 2-year LC rates
were: 52% for BED,, <80 Gy; 83% for BED,, 100-112 Gy;
and 89% for BED, >132 Gy (29). Although delivery of a
high BED appears to be associated with favourable outcomes
in terms of LC, it may not always be achievable due to tumor
factors (number of lesions, size of lesions, tumor location and
proximity of target lesion to OARs such as stomach or small
bowel), patient factors (volume of normal liver, motion of
liver and OARs, e.g., due to breathing) and treatment factors
(radiation technique, dose, motion management, image
matching).

Role of biomarkers

The accumulation of in genomic mutations and deregulation
of multiple signalling pathways play a major role in the
development and progression of colorectal cancer (30-34).
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Table 1 Summary of selected phase 1-2 prospective studies evaluating the use of SBRT in the treatment of CRLM

Overall survival

Dose fractionation Median Local
Author N* (Gy) (BED,q) Lesion size follow-up Median 1 year/ control Toxicity [%]
B (months) (months) 2 year (%) (1 year) (%)
Scorsetti, 2015, 29/42 75 Gy/3 fr 1.1-5.4 cm/ 24 29 72/65 95 Fatigue [55]; transient
2018 (17) (262.5 Gy) 1.8-134.3 mL hepatic transaminase
increase [25]; nausea [12]
Herfath, 2004 (23) 18/35 14-26 Gy/1 fr <6 cm/10 5.7 25 72/NR 71 No significant toxicity
(33.6-93.6 Gy) (1to 132) mL
Lee, 2009 (24) 40/68  27.7-60 Gy/6 fr 134.8 10.8 17.6 63/NR 71 Rib fracture [3]; gastritis
(40.44-120 Gy) (6.7-3,090) mL [2]; nausea [2]; grade 4
thrombocytopenia [1]
Hoyer, 2006 (25) 44/64 45 Gy/3 fr 3.5 52 19.2 67/38 - Grade 1-2 nausea [34],
(112.5 Gy) (1-8.8) cm grade 1-2 diarrhea [23];
G8 intestinal toxicity [5],
liver failure [2], death [17]
Chang, 2011 (16) 65 22-60 Gy/1-6 fr 134.8 14 - 72/38 62 Grade 1-2 Gl toxicity [17];
(40.5-180 Gy) (6.7-3,090) mL Grade 3+ Gl toxicity [3]
McPartlin, 60 22.7-62.1/5-6 fr 40.8 28.1 16 63/26 50 Grade 3 nausea [2]
2017 (21) (31.28-126.37 Gy)  (0.6-3,089) mL
Mendez Romero, 14/15  30-37.5 Gy/3 fr 3.2 (0.5-7.2) cm/ NR NR NR/62 86 (2 years)  G3 liver toxicity [2]
2008 (26) 22.2 (1.1-322) mL
Ambrosino, 11/27 25-60 Gy/3 fr NR 13 NR NR 74 No significant toxicity
2009 (27)
Goodman, 6/29 18-30 Gy/1 fr 2.7 (0.9-10.2) cm/ 17 28.6 NR/50 77 G2 late toxicity (n=4)
2010 (28) 29.7 (3.4-149.8) mL

', number of patients with CRLM/total number of patients included
liver function. CRLM, colorectal liver metastases; Gl, gastrointestinal.

Assessment of biomarker status is an important component
of personalized management as they have predictive and
prognostic potential (7,9,32). KRAS and TP53, for example,
are predictive of LC; compared with KRAS wild-type
tumors, those with KRAS mutations have inferior LC at
1 year (43% wvs. 72%; P=0.02) (33). LC is further decreased
in tumors with both KRAS and TP53 mutations (1-year
LC 20% wvs. 69%; P=0.001) (33). Jethwa et a/. similarly
reported an increased risk of local failure in tumors with a
TP53 mutations (HR =3.1; 95% CI: 0.9-10.6; P=0.06) an
even higher in those with both TP53 and KRAS mutations
(HR =4.5; 95% CI: 1.1-18.7; P=0.04) (34). Conversely, a
prospective multicenter cohort study of colorectal cancer
oligometastases at various sites (liver, node, lung, bone)
found no difference in local control between KRAS wild-
type and mutant cases (log rank P=0.63) although there
was an improvement in PFS (HR =0.42, 95% CI: 0.2-0.87;

© Journal of Gastrointestinal Oncology. All rights reserved.

in the study; ¥, patient with many comorbidities and poor underlying

P=0.02) (35). Although not yet validated in prospective
studies, when planning SBRT, the molecular genomic
subtype of the tumor should be incorporated into decision-
making. Where possible, consideration should be given to
dose escalation for patients with either TP53 mutations,

KRAS mutations, or both.

Toxicity

Liver SBRT is generally well tolerated; the most common
treatment related toxicities include fatigue, mild nausea,
and transient elevation of liver enzymes (Table 1). The risk
of significant Grade 3+ liver toxicity [including radiation-
induced liver disease (RILD)] is less than 10%, with most
studies reporting no incidence of Grade 3+ liver toxicity
(Table 1). Gastrointestinal toxicity has been reported
and is generally secondary to the proximity of luminal
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structures to the target lesion in the liver. In a phase I
study of individualized SBRT for liver metastases, 11%
of patients treated developed Grade 3 intestinal toxicity
within 6 months following SBRT (24). Hoyer et 4. reported
two duodenal ulcerations (conservative management),
one colonic perforation (surgically managed), and one
treatment-related death due to hepatic failure (patient has
significant pre-existing comorbidities) (25). These early
clinical trials have helped to consolidate dose/volume/
toxicity risk constraints, and adherence to liver and luminal
gastrointestinal radiation dose constraints is needed to keep
the risk of serious toxicity low. Notably, this may necessitate
a reduction in the prescribed dose to CRLM targets
adjacent to the stomach or small bowels and resultantly,
may lead to reduced LC for metastases at those sites,
especially for KRAS/TP53 mutant CRLM. Other OARs
to be considered include kidney, heart, lung, and central
biliary tract (36). In particular, there are data to suggest that
the risk of biliary toxicity increases with increasing doses
per fraction of radiation to the central biliary tract (37,38).

Radiation treatment planning and technical
considerations

Patient selection

Multidisciplinary case conference discussion is encouraged,
where possible, for patients with CRLM. Although a
mandatory discussion is not expected for every case
undergoing standard management as per the NCCN
guidelines, it should be strongly considered for complex
cases where the role of local therapy is not established or
where there are multiple therapeutic options based on the
aforementioned guidelines (7).

SBRT for CRLM may be considered for patients with
oligometastatic colorectal cancer in combination with surgery
or other locally ablative therapies. It may also be considered
in patients who are not candidates for surgical resection
(e.g., due to disease location/extent, medical comorbidities,
or patient preferences) or after failure of resection or other
ablative therapies (7,9). Patients should have an Eastern
Cooperative Oncology Group (ECOG) status <2 and
expected survival greater than 3 months, and no or treatable
extrahepatic disease (39). Ideally, there should be at least
700 cc of uninvolved liver [e.g., liver minus gross tumor
volume (GTV)]. Finally, there should be no chemotherapy
delivered within two weeks of SBRT (39). Although
there are some preclinical and phase I trials investigating
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the combination of immunotherapy and SBRT, the
optimal timing and dose/fractionation schedules of these
combinations remain unknown (40-42); for patients on any
systemic therapy, including immunotherapy, multidisciplinary
discussion should take place to determine sequencing and
if wash out periods are recommended. Lastly, biomarkers
(KRAS, TP53) may be useful in patient selection for
treatment and dose selection during SBRT planning.

Treatment planning principles

There are several important considerations when
proceeding with SBRT for CRLM including: patient
positioning and CT/MRI simulation, treatment planning,
and motion management strategies. Patients are generally
positioned supine with their arms above their head.
Where possible and resources permit, both a CT and MRI
simulation are obtained for treatment planning purposes
and include a 4D CT simulation with assessment of motion.

Dose fractionation can be individualized taking into
account the strong dose response relationship for CRLM (43).
Technical considerations for dose selection include location
within the liver, proximity to OARs, motion management
technique, and type of on treatment image-guidance used.
Single fraction or three fraction SBRT may be considered for
lesions at least 1 cm away from the central biliary tract and
away from luminal OARs. For lesions where the planning
target volume (PTV) is in contact with or overlaps with the
central biliary tract or a luminal OAR, 5 fraction SBRT is
preferred.

SBRT may additionally be used to treat multiple liver
metastases simultaneously if technically possible and if
clinically appropriate. It is important to ensure adequate
hepatic reserve (>700 cc of unaffected liver) and that OARs
can be adequately spared (43). Another option is for mult-
modality treatment, treating lesions well suited for thermal
ablation with thermal ablation and those better suited for
SBRT with SBRT.

In terms of contouring, MRI may aid in target definition
due to its superior soft tissue contrast resolution compared
with CT. An MRI simulation or alternatively a diagnostic
MRI may be fused to the planning CT. The GTV is
typically defined using all available imaging and review
with a dedicated upper abdominal radiologist may be
helpful. The GTV is subsequently expanded to account
for microscopic disease, generating a clinical target
volume (CTV); a margin of 0 mm is generally appropriate.
Consideration may be given for a larger margin in areas
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Table 2 OAR constraints at the Princess Margaret Cancer Centre for 3 and 5 fraction SBRT planning for colorectal cancer liver metastases

+

OAR (dose-limiting toxicity)

3 fraction constraints (2,400 to 4,500 cGy)

5 fraction constraints (2,750 to 5,000 cGy)

Liver* (radiation-induced liver disease)

Bowel (chronic ulcer, fistula, perforation)

Stomach (chronic ulcer, fistula, perforation)
Esophagus (stenosis, fistula, perforation)
Kidney (renal dysfunction)

Rib (chronic pain, fracture)

Mean <1,300 cGy

Duodenum: D0.5cc <2,220 cGy
Small bowel: D0.5cc <2,400 cGy
Large bowel: D0.5cc <2,520 cGy
D0.5cc <2,220 cGy

D0.5cc <2,400 cGy

Bilateral D200cc <1,500 cGy*

No hot spot > prescription dose

Mean for specific prescription®:
5,000 cGy: <1,300 cGy
4,500 and 4,000 cGy: <1,500 cGy
3,500 cGy: <1,550 cGy
3,000 cGy: <1,600 cGy
2,750 cGy: <1,700 cGy
Duodenum: D0.5cc <3,500 cGy
Small bowel: D0.5cc <3,500 cGy
Large bowel: D0.5cc <3,500 cGy
DO0.5cc <3,500 cGy
DO0.5cc <3,500 cGy
Bilateral mean: <1,000 cGy"

No hot spot > prescription dose

Spinal cord (myelopathy) DOcc <1,800 cGy

Heart (pericarditis) D0.5cc <2,400 cGy
Skin (chronic ulceration)

PTV D95 >100%

DOcc <135% prescription dose

DOcc <2,500 cGy

DOcc <3,800 cGy; D15cc <3,000 cGy
No hot spot > prescription dose

D95 >100% prescription dose

DOcc <130% prescription dose

', these are current 2023 constraints and may change in the future as new dose/response and toxicity data become available. * calculated
as “liver minus gross tumor volume”. %, these are the primary ideal constraints at Princess Margaret; depending on the clinical situation
higher doses may be acceptable. ', if one of the kidneys has a mean dose >1,000 cGy, the remaining kidney V10Gy <10%; if the patient
only has one kidney, V10Gy <10%. *, if the total bilateral kidney volume is <200 cc, then the bilateral kidney Dmean <600 cGy. If there is a
solitary kidney then the Dmean <600 cGy. OAR, organ-at-risk; PTV, planning target volume.

of uncertainty, or for CRLM that may have responded to
previous systemic therapy (44).

When defining OARs, where possible, standardized
protocols and naming conventions should be adopted (45).
OAR constraints that are currently used at the Princess
Margaret Cancer Centre for 3 and 5 fraction SBRT for liver
metastases are provided in 7able 2. Additional constraints
are summarized by Mohamad ez a/. (18). For lesions in
close proximity to or overlapping with OARs, the balance
between adequate LC and potential for cure with potential
acute and late toxicity must be carefully considered.

The planning target volume (PTV) is generated as an
expansion of the CTV and accounts for internal organ
motion and daily set up variation. There are a number
of considerations for determining the appropriate PTV
margin, including motion management and image guidance.

© Journal of Gastrointestinal Oncology. All rights reserved.

The amplitude of breathing motion may be reduced by using
abdominal compression (46), breath hold techniques (23),
or medications such as lorazepam (47). The use of on
treatment image guidance also has the potential to
substantially decrease PTV margins by accounting for daily
changes in the relative position of the liver, variation in
shape and position of neighbouring organs, and breathing
motion (48). Finally, the use of new technologies, such as
the MRI-guided Radiation Therapy (MRgRT) may also
allow for planning target volume reduction by improving
target visualization and facilitating adaptive RT; this is
discussed in another article in this special series. Finally,
in terms of PTV coverage, a minimum of 95% coverage is
recommended and a hot spot in the GTV of up to 130% is
acceptable and can be used to create steep dose gradients.
Additional treatment considerations include, for
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Figure 1 Axial CT slice demonstrating the target volumes and isodose distribution for a colorectal cancer liver metastasis. The target

volumes are best seen in (A). The axial CT simulation slice (IV-contrast enhanced, venous phase) demonstrates the GTV (red) and PTV
(blue). The CTV is equal to the GTV and not shown. The OARs that are shown include the liver (yellow), heart (red), stomach (pink). The
spinal canal is orange along with the PRV for the spinal canal in green. (B) The isodose distribution for an SBRT plan delivering 50 Gy in
5 fractions (BED,, 100 Gy). Note that the 100% isodose line (50 Gy) conforms to the PTV. The maximum dose in this plan is 60.56 Gy
(121%) and is within the GTV. GTV, gross tumor volume; PTV, planning target volume; CTV, clinical target volume; OAR, organs-at-risk;

PRV, planning risk volume; SBRT, stereotactic body radiation therapy; BED, biologically equivalent dose.

patients where the stomach is irradiated, to prescribe pre-
medication with anti-emetics prior to radiation therapy (e.g.,
ondansetron 8 mg, 30-60 min prior to radiation therapy).
We routinely prescribe a proton pump inhibitor as well if
the stomach or duodenum is irradiated. Finally, alternate
day dosing may also be considered if there is concern about
luminal structure, central liver toxicity, or other OAR doses.

Reirradiation

There is a paucity of high-level data on re-irradiation
of CRLM including limited data on dose constraints for
normal liver tolerance. A retrospective review of 49 patients
[with either recurrent hepatocellular carcinoma or recurrent
liver metastases (52% CRLM)] reported on the safety
of re-irradiation with only 2 patients (4.1%) developing
RILD (49); in their study the normal liver parenchyma
received <15 Gy and the luminal structures did not exceed
tolerance from the combined courses (49). In another study
evaluating cumulative dose and toxicity following SBRT
in the abdomen or pelvis reported no Grade 3+ toxicity
when the cumulative bowel dose was BED; 90-98 Gy (50).
Important considerations when “adding” two courses of
radiation include liver deformation and organ motion, both
of which add uncertainty to the tolerance calculations (48).

For patients who have previously had Yttrium-90
ablation, the delivered dose should be taken into account
when planning further SBRT with a particular focus on
total dose absorbed by the liver (51).

© Journal of Gastrointestinal Oncology. All rights reserved.

Clinical example

A clinical example of CRLM treatment is demonstrated
in Figure 1. A 76-year-old patient completed curative
intent treatment for a T3N1MO moderately differentiated
colon adenocarcinoma in September 2019. In April 2021,
a new liver lesion was noted on follow-up CT and biopsy
was consistent with adenocarcinoma of colonic origin.
Given the patient’s comorbidities surgical resection was
deemed too high risk. The patient additionally expressed
a preference for a non-invasive treatment option and
resultantly, multidisciplinary consensus was to proceed with
SBRT. Figure 14 demonstrates the gross tumor volume on
the radiation planning CT (venous phase). Figure 1B shows
the isodose distribution—the lesion was treated to a dose
of 50 Gy in 5 fractions (BED,, 100 Gy). The treatment
was delivered using an active breathing control device for
motion management. On his most recent follow-up CT,
treatment-related changes were evident in the liver and
there were no new nor recurrent lesions.

Future directions

There are a number of ongoing clinical trials evaluating
the role of SBRT in the management of CRLM. These
include evaluation of different techniques, such as proton
beam therapy and MR-guided radiation therapy, which
aim to increase the therapeutic ratio. Additional studies are
also exploring SBRT in the context of immunotherapy and
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chemotherapy. In terms of treatment planning, more data
are required to better define the tolerance of some OARs,
such as the central biliary tree as well as the tolerance of the
liver and OARs in the setting of re-irradiation. An exciting
research opportunity is to exploit the unique immune
microenvironment of the liver, that appears to reduce LC
of liver metastases versus non-liver metastases, treated with
immunotherapy. The most appropriate dosing, sequencing,
and combination of SBRT with immunotherapy remains
to be determined to overcome this apparent resistance to
immunotherapy for liver metastases.

Conclusions

SBRT is an effective non-invasive local treatment for
patients with CRLM, providing high rates of local tumor
control without significant toxicity, in well selected
patients. Patients presenting with CRLM should undergo
multidisciplinary discussion, where possible, to obtain a
consensus regarding the optimal treatment plan.
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