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ABSTRACT

The liver is the first metastatic site in 15-25% of colorectal cancer patients and one of the first metastatic sites for lung and
breast cancer patients.

A computed tomography (CT) scan with contrast medium is a standard procedure for assessing liver lesions but magnetic
resonance imaging (MRI) characterizes small lesions better thanks to its high soft-tissue contrast. Positron emission tomogra-
phy with computed tomography (PET-CT) plays a complementary role in the diagnosis of liver metastases. Triphasic (arterial,
venous and time-delayed) acquisition of contrast-medium CT images is the first step in treatment planning. Since the liver
exhibits a relatively wide mobility due to respiratory movements and bowel filling, appropriate techniques are needed for
target identification and motion management. Contouring requires precise recognition of target lesion edges. Information
from contrast MRI and/or PET-CT is crucial as they best visualize metastatic disease in the parenchyma. Even though differ-
ent fractionation schedules were reported, doses and fractionation schedules for liver stereotactic radiotherapy (SRT) have
not yet been established. The best local control rates were obtained with BED;, values over 100 Gy. Local control rates from
most retrospective studies, which were limited by short follow-ups and included different primary tumors with intrinsic het-
erogeneity, ranged from 60% to 90% at 1 and 2 years. The most common SRT-related toxicities are increases in liver enzymes,
hyperbilirubinemia and hypoalbuminemia. Overall, late toxicity is mild even in long-term follow-ups.
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Introduction in the parenchyma in 40% of cases [3] and occur

synchronously with the primary tumor in 10-20%

The liver is the first metastatic site in 15-25% of of cases [4]. A population study of 3655 patients
colorectal cancer patients [1, 2]. As demonstrated with colorectal cancer reported a higher incidence
by autopsy findings metastases are localized only of liver metastases in patients under 55 years old
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(19.8%), who were males (15.9%) and affected by
colon cancer (14.8%). The cumulative incidences at
1, 2 and 3 years were 4.3%, 12%, and 16.5%, respec-
tively [5]. The liver is also one of the first metastatic
sites for lung and breast cancer. In a study on 912
patients with breast cancer, Hoe et al. [6] showed
a 5.2% risk of developing liver metastases. Liver
metastases are less common for tumors of the blad-
der, esophagus, head and neck, pancreas, and for
rare cancers, such as neuroendocrinal tumors and
ovarian adenocarcinomas [3].

Metastatic disease characteristics impacted upon
overall survival (OS). Metastases from colorectal
cancer, surgical resection for a single metastasis un-
der 5 cm in diameter, metastases arising at least one
year after the primary tumor was diagnosed, low
CEA levels and negative surgical margins, were as-
sociated with a 5-year OS above 60% vs 14% when
such features were absent [7, 8]. Data are less promis-
ing for patients with metastases from breast tumors,
neuroendocrine tumors or cancer of origins other
than colorectal. At five years, median survival after
radical resection for metastases from breast cancer
ranged from 18% to 61%, probably due to meta-
static spread to other sites and different responses to
the associated systemic therapies. However, a recent
analysis of the National Cancer Database reported
that, compared to no metastasectomy, hepatic metas-
tasectomy was independently associated with a 37%
reduction in the risk of death [hazard ratio (HR):
0.63; confidence interval (CI): 0.44-0.91; p = 0.01]
in selected sub-groups of patients [9].

Until recently, irradiation of liver metastases, es-
pecially with ablative doses, was limited by the high
radiosensitivity of healthy liver tissue, the proximity
of organs at risk (OARs), such as the stomach, duo-
denum and right kidney and, consequently, the risk
of unacceptable toxicity. Technological developments
have increased the chances of moving from merely
palliative to ablative intent. Stereotactic radiotherapy
(SRT) reduces the dose to healthy liver tissue and
OARs, thus helping to prevent severe toxicities like
radiation-induced liver disease (RILD) [10, 11].

A recent article [12] showed the metastatic cas-
cade was established either initially by the primary
tumor (linear progression model) or, subsequently,
by metastases (parallel progression model). In the
former instance, genomic analyses revealed the pri-
mary tumor and metastases were very similar while
in the latter, major genetic differences were ob-

served in the primary tumor and metastases, with
earlier occurrence of metastases which evolved in-
dependently of the primary lesion. In both progres-
sion models, a metastatic “cascade” may be gener-
ated in a relatively short time from a progenitor
metastasis. This model highlights different phases
and might explain how SRT on progenitor lesions
(oligometastases) prevents the onset of a polymeta-
static wave, thus extending survival.

This review aims at highlighting the role of SRT
for liver oligometastases, focusing on candidate se-
lection, treatment planning and delivery, response
assessment and outcomes.

Initial staging and candidate
selection for SRT

Accurate assessment of metastatic liver disease
is crucial for decision making [4, 13]. Conven-
tional ultrasound is the first investigation because
it is non-invasive and reproducible. Sensitivity in
its identification of liver metastases ranges from
53% to 84%, dropping to 20% when metastases
are < 1 cm in diameter [14]. Diagnostic accuracy
is increased with echo-color-doppler, which de-
tects and characterizes blood flow, together with
harmonic imaging [15] which improves the sig-
nal-to-noise ratio, reduces image artifacts, increases
contrast resolution and allows real-time full dy-
namic contrast enhancement of focal liver lesions.
Since abnormal blood flow in the hepatic/venous
portal artery is associated with tumor angiogenesis
[16], its evaluation might be helpful for small le-
sions that cannot be visualized on standard exami-
nations. A computed tomography (CT) scan with
contrast medium is standard procedure for assess-
ing liver lesions because of its speed and reduced
susceptibility to motion artifacts. In most cases, the
venous phase easily identifies liver metastases while
the arterial phase detects hypervascularized tumors
such as neuroendocrine carcinoma, melanoma and
clear cell renal carcinoma [17]. Thanks to its high
soft-tissue contrast, magnetic resonance imaging
(MRI) characterizes small lesions better than CT,
especially in a steatotic liver, and better differenti-
ates small cysts from solid lesions [18]. Data on
MRI sensitivity and specificity are, however, often
discordant and influenced by the type of contrast
medium [19]. The fluorodeoxyglucose-positron
emission tomography (FDG-PET) scan was associ-
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ated with wide ranges of sensitivity (54-100%) and
specificity (58-100%) [20] which may depend on
primary tumor histology, metastasis location and
size. Since MRI and CT scans remain the standard
of care because of wide availability and low cost,
PET-CT, although able to identify extrahepatic me-
tastases [21], plays a complementary role in the
diagnosis of liver metastases.

In the decision making process for SRT the num-
ber of metastatic lesions (less than 3 are suggested)
and their size (preferably each lesion should be
lower than 6 cm, and combined lower than 15 cm)
should be taken into account together with liver
function as it may be impaired due to pre-existing
conditions, such as hyperbilirubinemia over 3 or
Child-Pugh 2 or 3 cirrhosis [22], thus reducing
healthy tissue tolerance. Furthermore, sufficient
hepatic reserve parameters were required: ideally
total liver volume more than 1000 mL, with at least
700 mL spared from doses more than 15 Gy [23].
As age under 60 years, good performance status,
no co-morbidities and favorable primary tumor
histology (e.g., colorectal and breast tumors) were
associate with good outcomes after ablative therapy,
these clinical and pathological factors must also be
considered when candidates for SRT are selected
(10, 11, 24, 25].

Contouring, doses, fractionation
and delivery

Appropriate imaging techniques are needed for
target identification and precise recognition of tar-
get lesion/s edges. Information from contrast MRI
and/or PET-CT is crucial as they best visualize the
real extent of metastatic disease in the hepatic pa-
renchyma [26, 27]. Triphasic (arterial, venous and
time-delayed) acquisition of contrast-medium CT
images, is the first step in treatment planning as
liver metastases may display different behavior pat-
terns during contrast perfusion at different image
acquisition stages. Since the liver exhibits a rela-
tively wide mobility due to respiratory movements
and bowel filling, motion management, preferably
with a four-dimensional computed tomography
(4D-CT), is required for high-dose ablation of focal
lesions. Respiratory movements may also be man-
aged by abdominal compression during the plan-
ning CT and treatment delivery. During contouring
the internal target volume (ITV) should include

the tumor volume to be treated as well as its, albeit
small, respiratory ranges. More recent methods use
breath-hold techniques or target tracking systems
that recognize internal fiducials and their respira-
tory displacements [28]. Once the oligometastatic
lesion/s is/are contoured, margins should be de-
fined on the basis of the methodology of contour-
ing, respiratory management and set-up reproduc-
ibility [29]. Besides, the entire liver, OARs also need
to be contoured. These include the right and left
kidneys, the duodenum, the bowel, the esophagus,
the heart and the spinal cord.

Even though different fractionation schedules
were reported [30], doses and fractionation sched-
ules for liver SRT have not yet been established. The
best local control (LC) rates were obtained with
BED,, values over 100 Gy [31, 32]. Joo et al. [33]
demonstrated that BED values between 132 and
180 improved outcomes (89% at 3 years). Chang et
al. [34] proposed a dose higher than, or equal to,
48 Gy in 3 fractions, respecting constraints of the
OARs. For lesions < 3 cm in diameter, a total dose
of 60 Gy in 3 fractions was recommended [35].
For lesions > 3 cm in diameter Scorsetti et al. [36]
escalated the dose up to 75 Gy in 3 fractions. Single
fraction SRT was evaluated in a phase I dose escala-
tion trial: 35 Gy and 40 Gy were delivered to lesions
ranging from 0.5 to 5.0 cm (median size 2 cm).
Constraint of the OARs were respected, e.g. at least
700 cc of normal liver had to receive < 9.1 Gy [37].

In the liver, treatment failure was most observed
outside the irradiation field. After treating 500 liver
and lung metastatic lesions in 388 patients with SRT,
Klement et al. observed that no prior chemotherapy
was associated with higher LC rates. They predicted
that 90% tumor control probability (TCP) at 2 years
could be achieved with BED of 187 Gy,, with no pri-
or chemotherapy but that 300 Gy,, would be needed
in case of prior chemotherapy [38].

Primary tumor histology should be considered
when deciding the prescription dose. Ahmed et al.
[39] developed a multigene expression model of
tumor radiosensitivity, showing it correlated with
tumor radioresistance. It was higher in colorectal
metastases than in, for example, anal squamous
cell cancer, breast and lung adenocarcinoma. Simi-
larly, Klement et al. [40] showed that breast cancer
metastases responded better to SRT than colorectal
liver metastases (a 2-year TCP of 90% with BED,,,
of 157 Gy, vs BED,,,, of 257 Gy).
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Dose prescriptions varied. The dose was usually
prescribed to a peripheral reference isodose or to
the isocenter [41-43]. The isodose prescription sig-
nified a higher dose to the isocentre. For example,
a dose prescription of 36-37.5 Gy in 3 fractions to
the peripheral reference isodose of 67% means that
more than 50 Gy reach the isocenter. The treatment
plan must consequently be optimized so that, even
in isocenter prescriptions, the prescription dose
covers at least 90% of the PTV. Coverage of under
80% is not acceptable.

More agreement exists on OAR dose limits ac-
cording to different fractionations. Data from the
report of American Association of Physicists in
Medicine Task Group 101 (AAPM101) [44] can be
used as references.

Liver SRT is generally delivered using traditional
linear accelerators that are equipped to deliver such
advanced treatments and have image-guided radia-
tion therapy (IGRT) systems. Fiducial markers are
useful as target surrogates for precise daily reposi-
tioning of the patient and assessing target position
on-line [45, 46], due to the poor resolution of por-
tal images and cone beam CT (CB-CT) compared
with diagnostics. Specifically dedicated therapy
units, such as Cyberknife, may also be used. More
recently, liver metastasis SRT has been delivered by
MRI-guided adaptive radiotherapy which allows

for real-time MRI imaging (before and continu-
ously during the treatment). Its use confers clear
advantages, such as improved soft tissue target and
OARs delineation, finer tracking which requires
smaller margins, and minimization or elimination
of external surrogates, such as patient surface anat-
omy, without imaging dose to the patient [47-49].

Response assessment and outcome

Following SRT, monitoring the response to the
treatment is crucial. Some Authors suggested that pa-
tients treated with SRT should undergo imaging fol-
low up at 3, 6 and 12 months after treatment [50, 51].

Although experience with SRT for liver metasta-
ses has been reported for several years, the major-
ity of studies were retrospective, limited by short
follow-ups and included different primary tumors
with intrinsic heterogeneity. Consequently, out-
comes are hard to compare [52, 53]. Tables 1 and 2
summarize the results of the major studies on SRT
for liver metastases. In one long-term experience
Scorsetti et al. demonstrated that the 5-year LC rate
was 78% [54]. After single fraction SRT, 4-year ac-
tuarial LC was 96.6% [37]. Menichelli et al. showed
the LC rate correlated with lesion size, BED,, value,
and primary histology [55].

The use of advanced motion management for
liver metastases improved LC, as demonstrated by

Table 1. Results from retrospective studies on stereotactic radiotherapy (SRT) for liver metastases

Follow-up
\] . Total dose/n . Local Overall P
Nipts lesions Histology fractions [22:';::] control (%) survival (%) Toxicity (%)
Chang et al. 22-60
(2011) [34] 65 102 Colon-rectum Gy/1-6 14.4 1-yr — 62% 1-yr — 72% G=22:3%
Menichelli et al. . i 1-yr —78%
100 173 Colon-rectum, | Median dose 15 y 0 Nr NoG >3
(2012) [55] breast, lung 35Gy 2-yr — 62%
Wulf et al. m o Colon, breast, | 30-37.5 Gy/3; o 1-yr—92% | 1-yr—72% Vo@52
(2006) [56] ovary 26 Gy/1 2-yr—66% | 2-yr—32% -
Lanciano et al. - " Colon-rectum, | 36-60 Gy/3; - 1-yr — 92% 1-yr —73% Ny
(2012) [57] breast, other 50 Gy/5 2-yr — 56% 2-yr —31% =
Colon-rectum, 6 et
Katz et al. -
69 174 breast, 30-55 145 20 months —46% NoG >3
(2007) [65] pancreas, lung, Gy/5-15 —57%
T 1-yr — 24%
Vautravers-Dewas et al. .
42 62 nr 40 Gy/4; 45 14.3 2-yr — 86% 2-yr — 48% Nr
(2011) [66] Gy/3
Colon-rectum, ur OO ur— 700
Habermehl et al. 138 | 138 HLEER 10 Gy/1 217 A I N
(2013) [67] pancreas, Y. . 18 months 18 months r
other — 59% — 59%
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Table 2. Results from prospective trials on stereotactic radiotherapy (SRT) for liver metastases

Total

Follow-up,

N N . ; Local Overall Toxicity
. Histology dose/n median o Al R
pts lesions fractions  [months] control (%)  survival (%) (%)
Colon-rectum,
Rusthoven et al. 1-yr — 95%
m | a7 63 | 'ung esophagus, | 5o o5 16 Y | 2yr—62% | G=3:2%
(2009 [35] hepatocellular 2-yr — 92%
carcinoma, other
- — 0
Scorsetti et al. . 61 76 Colon-rectum, 75 Gy/3 12 1 64% 1yr—83% G3: 2%
(2013) [36] breast, other Y Yr—0%% |18 months ER
— 65%
4-yr (entire
Folkert et al. . 35 Gy/1 2-yr — 82.0%
| | 33 | 39 | Colonrectum, y 259 cohorty — | <7 ’ | G23:0%
(2020) [37] kidney, other | 40 Gy/1 96.6% 4-yr — 49.7%
Colon-rectum T-yr—
Mendez-Romero et al. b = 1-yr — 85%
| 27 34 hepatocellular 3°G 3/25 129 100% J V| G3ia%
(2006) [42] carcinoma, other | 7 2yr—ge% | 2V 0%
Hoyer et al.
(2006) [62] Il 64 44 Colon-rectum 45 Gy/3 51.6 2-yr —79% | 2-yr—38% | G=3:4%
Lee etal. Colon-rectum 27.7-60 Median No
b : A SH®
(2009) [64] ! 68 140 breast, other Gy/6 108 Tyr—71% 18 months toxicity
2-yr — 56%
30 Gy/3, (30 Gy),
Rule et al. o
[ 27 37 C°'°2t:$rt“m' 50 Gy/5; 20 89% (50 Nr G=23:2%
(2011) [68] 60 Gy/5 Gy), 100%
(60 Gy)

Andratschke et al. in 623 metastases (HR: 0.46, 95%
CI: 0.29-0.72; p £ 0.001) [41].

The impact of SRT on OS appears unclear. Even
though LC rates remained stable for years after treat-
ment, survival rates were high in the first two years
(30-70%) but then tended to drop [56, 57]. It is worth
noting that out-field liver progression, i.e. the onset of
new metastases, occurred in 45% of cases [58]. Meta-
static progression in the liver or other organs was re-
lated to the number of lesions (patients with < 3 metas-
tases had a lower risk of subsequent metastatic spread),
lesion size (which should be < 5-6 cm in maximum
diameter to achieve better outcome), type of primary
tumor, histological grading. Furthermore, systemic
treatments during or after SRT [41] that are aimed
at controlling micrometastases may improve outcome
[10, 24]. Randomized trials are needed to define pa-
tient selection better and to integrate SRT with other
loco-regional treatments and systemic therapies [59].

Toxicity

RILD, with ascites, hepatosplenomegaly and in-
creased alkaline phosphatase, has never been re-
ported as an adverse event following SRT for liver
metastases although it was associated with radio-

therapy for hepatocellular carcinoma in cirrhotic
patients [60]. The most common SRT-related toxic-
ities include increases in liver enzymes [45], hyper-
bilirubinemia, and hypoalbuminemia [61]. Liver
failure with the death of the patient was reported
once [62]. Toxicity after SRT is linked to high doses
to the OARs, particularly the right colic flexure and
the gastro-duodenal tract due to their proximity.
Indeed, in 3 patients receiving a total dose to the
bowel that was higher than or equal to 30 Gy in 3
fractions, duodenal ulceration was reported in 2
and colon perforation in 1 [29]. When the target
lesion is located in liver segments IV and V ie.,
near the gastrointestinal tract, or when previous
metastases have been resected, it may be advisable
to reduce the total prescribed dose or to increase
the number of fractions [63]. The ribs are another
OAR. Lee et al. [64] diagnosed rib fractures at 6 and
23 months after SRT in 2 patients who had received
maximum rib doses of 51.8 Gy and 66.2 Gy at 0.5
cm’, respectively. Overall, the pattern of late toxicity
remains mild even in long-term follow-ups. In fact,
as one study reported, only 1 patient experienced
late G3 toxicity at 6 months with severe chest wall
pain while 2 patients complained of G2 moderate
chest wall pain at 5 and 7 months, respectively [36].
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Conclusions and practical remarks

SRT is a valid option for the treatment of oligo-
metastatic liver disease, with very promising results
in terms of LC (1-, and 2-year rates from 66-100%,
and 56-100%, respectively). Contouring for liv-
er SRT should be based on contrast MRI and/or
PET-CT; triphasic CT scan is the first step in the
planning procedures. 4D-CT is required to evaluate
tumor motion.

Doses and fractionation for liver SRT have not
yet been defined and should be tailored for each
patient; although they are currently based on lesion
size, location, and radiosensitivity of primary tu-
mour, schedules with BED,, values over 100 Gy are
commonly suggested. High dose SRT was effective,
safe and well-tolerated.
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