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Liver tumors

Stereotactic irradiation of liver tumors — is it worthwhile?

Michat Kurzynski' 2, Marta Urbanska-Ggsiorowska?, Marcin Hetnat' 2

'Department of Oncology, Faculty of Medicine, Andrzej Frycz Modrzewski Krakow University, Krakow, Poland
’Amethyst Radiotherapy Centre, Ludwik Rydygier Memorial Hospital, Krakow, Poland

The standard treatment for metastatic liver lesions as well as primary tumors is surgery. Unfortunately, it is not always

possible and other forms of local ablative treatment can be considered: radiofrequency ablation (RFA), microwave
ablation (MWA), transarterial chemo embolisation (TACE), cryotherapy or stereotactic body radiation therapy (SBRT).
SBRT is a highly focused radiation treatment that gives an intense dose of radiation concentrated on a tumor, while
limiting the dose to the surrounding organs. SBRT is a non-invasive, short in duration (a few days of therapy) treatment
which is feasible also for elderly and fragile patients. This review article presents the role of SBRT in the treatment of liver

metastases and primary liver cancers.
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Introduction
The role of radiotherapy in the treatment of liver lesions has
increased significantly in recent years. For decades, this method
was restricted to palliative treatment only [1]. This was due to
the risk of damaging the liver parenchyma. The development
of irradiation techniques has made it possible to deliver a high
dose to the lesion, while reducing the dose to the healthy part
of the organ. One of these methods is stereotactic ablative
radiotherapy (SABR), also known as stereotactic body radiation
therapy (SBRT).Itis a highly focused local treatment that gives
anintense dose of radiation concentrated on the tumor, while
limiting the dose to the surrounding organs, leading to incre-
ased local lesion control rates with acceptable levels of toxicity.
This type of radiotherapy can be applied using a traditional
linear accelerator, as well as modern devices such as Cyber-
Knife or tomotherapy. It is commonly used for the treatment
of lung lesions, brain tumors, or bone metastases. SBRT can
also be delivered with a curative intent to primary liver tumors

and liver metastases, which happens more often. For patients
diagnosed with liver metastases, the best treatment is surgery.
The most common metastatic tumor in the liver has a colo-
rectal adenocarcinoma origin [2]. It is due to direct drainage
through the portal venous system.

The historical results show that surgical liver metastasecto-
my improves the overall survival (OS) with 1- and 5-year rates
of 90-95% and 30-60%, respectively, with a median overall
survival of 40-53 months [3]. Many patients are not candidates
for such procedures due to tumor burden, multifocality, comor-
bidities, or poor general status. For these selected cases, other
forms of local ablative treatment can be considered: radiofre-
quency ablation (RFA), microwave ablation (MWA), transarterial
chemo embolisation (TACE), cryotherapy or SBRT [4]. In the case
of primary malignancies, the most common tumors are hepato-
cellular carcinoma (HCC, 75-85%) and intrahepatic cholangio-
carcinoma (10-15%) [5]. The problem is patients who are not
eligible for hepatectomy with eventual liver transplantation [6].
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In this case, other forms including radiotherapy are also to be
considered. In the following publication, we outline the potential
use of SBRT in the treatment of liver lesions.

SBRT for liver metastases

Theincidence of liver metastases is increasing of which the most
common primary tumor is colorectal cancer. According to Eng-
strand et al, liver metastases are diagnosed in 26.5% of patients
within five years of the diagnosis of this malignancy [7]. Stereo-
tactic radiotherapy is more commonly used for radiotherapy
of liver metastases. This is related to the theory of metastatic
disease, i.e, the existence of an intermediate form of cancer
between localized and generalized forms — oligometastatic di-
sease. This subgroup of patients could be described as patients
with a limited number of metastases who could be aggressi-
vely treated using local modalities (surgery and/or radiation).
That subgroup can be divided into two; one — synchronous
metastases diagnosed at the same time and metachronic
which occurred after a time interval [8]. It assumes the presen-
ce of a group of patients with quantifiable metastatic lesions
in the lungs, brain, or liver.

According to the guidelines of the American Society of Cli-
nical Oncology (ASCO) and the European Society for Medical
Oncology (ESMO), surgery with/or without perioperative syste-
matic therapy is the first option of local therapy for metastatic
liver tumors. All patients should be discussed with the mul-
tidisciplinary team (MDT). In patients with favorable factors:
fewer metastases (<3 lesions), unilobar disease, no extrahepatic
lesions, and metachronous lesions) upfront surgery (or another
method of local therapy) should be performed [9-11].

Not all patients are eligible for surgical treatment, and po-
ssible induction chemotherapy to downsize the tumor may
significantly worsen liver function [12]. Only 20-30% of liver-
-only metastases patients are potentially resectable. About
30-60% of patients survive 5 years after resection and va-
ries between studies depending mostly on the radicality
of the surgery and adjuvant therapy. Disease-free survival
after 5 years reported is within the range of 4% and 47%
(median 18%) with median postoperative mortality at 2.8%
[13]. Rocca et al. in a systematic review showed that robotic
surgery postoperative mortality was 0.4% with 3-year overall
survival being 55% [14].

Table I. Patient qualification to SBRT according to Comito et al. [19].

Indicated Borderline
number of hepatic lesions <3
size lesions <3 cm

OARs distance >8 mm

good liver function (Child-Pugh A)

free liver volume >1000 cm?

patients with 4 liver metastases
diameter >3 and <6 cm

OARs distance >5 and <8 mm
moderate liver function (Child-Pugh B)

free liver 700 and <1000 cm?

The alternative treatment options are the following: ste-
reotactic body radiotherapy (SBRT), radiofrequency ablation,
microwave ablation, radiolabeled microspheres, transarterial
chemo embolization, cryoablation, and alcohol injection [15].
There are no direct randomized trials comparing SBRT with
these other forms of local treatment and all of them have
advantages and limits. SBRT, because of its non-invasive nature
and short treatment time, is a convenient therapy for elder-
ly and fragile patients.

Stereotactic body radiotherapy and RFA were compared
by Jackson et al. in a retrospective study showing 2-year FFLP
(freedom from local progression) to be 88.2% and 73.9%,
respectively (p = 0.06). For bigger tumors (=2 cm in diame-
ter), SBRT improved FFLP (HR, 0.28; 95% Cl: 0.09-0.93) but
not OS. On multivariate analysis, treatment with SBRT and
a tumor diameter smaller than 2 cm were associated with
improved local control. Grade >3 treatment-related toxicity
was rare, with no difference between SBRT (n = 4) and RFA
(n=3)[16].In another systematic review with meta-analyses
comparing these two treatment forms, Lee et al. showed
improved local control of SBRT compared to RFA (83.6% vs.
60%, p < 0.001) with no statistically significant difference in
overall survival [17].

Patient selection
Imaging studies before a decision on the local treatment form
should be based on a CT of the thorax, abdomen, and pelvis.
Additionally, FDG-PET could be useful in defining the extent
of metastatic disease. An MRI of the liver is also strongly sug-
gested to assess the local extent or to exclude non-typical
lesions in the liver [18]. The treatment method for metastatic
liver lesions should be made as part of a multidisciplinary team.
Only patients with adequate liver function can be candidates
for treatment. Unfortunately, only a few patients qualify for
surgery. For SBRT the following issues should be considered:
+ number of metastases,
. size,
- distance from organs at risk (OARs), and
- laboratory parameters of the liver.

Indications are shown in table I.

Candidates for SBRT are oligometastatic patients with
a good performance status (Eastern Cooperative Oncology

Contra-indicated

patients with >5 hepatic lesions
diameter >6 cm

OARs distance <5 mm

inadequate liver function (Child-Pugh C)

free liver volume <700 cm?
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Group 0-2), extra-hepatic disease should be controlled (absent
or suitable for local treatment). Histopathology should not be
an inclusion nor exclusion factor. The age of the patient is not
a selection factor. SBRT is well tolerated by elderly patients
who are unsuitable for surgery [19].

SBRT planning

Stereotactic body radiotherapy of metastatic lesions can be
performed on conventional linear accelerators and other
devices such as CyberKnife or tomotherapy. The treatment
involves administering several doses of irradiation precisely
to the lesion area while sparing the healthy tissue, which is
an excellent alternative for patients who do not qualify for
invasive treatment methods.

The recommended doses vary in the available publications.
The total dose, the fractional dose, which are planned to be
administered depends on the number of lesions, the volume
of the healthy liver (total liver volume minus cumulative gross
tumor volume [GTV]) and the dose given to the critical organs
such as kidneys, stomach, bowel, spinal cord (OARs) [20]. As
aresult, this technique also has its limitations. This also applies to
lesions that are large in size and close to the organs at risk such as
the bile ducts orlarge blood vessels. In the available publications,
doses ranged from 14 to 70 Gy given in 1-10 fractions. The respi-
ratory mobility of the liver should be taken into account when
planning radiotherapy. It may use a variety of methods such
as gating, tumor tracking or abdominal compression. Another
important element of treatment planning is the establishment
of fiducial markers [21]. Implantation of fiducial markers into
the liver metastases or near the leasion helps by patient set-up
and online treatment verification (fig. 1).

Table Il. Characteristics of studies

Results and toxicity
To date, there is a lack of randomized studies comparing SBRT
with other forms of local treatment (RFA, MWA) or comparing
it with other radiation modalities or fractionation. There are
several prospective studies or retrospective case series which
have shown promising OS and LC results with mild toxicity.
The results of some of them are presented in table II.

One year OS after SBRT in reported studies is higher than
56% in all studies and it reaches a level above 80% in two

of them. Among treated patients, local control ranges from
60-95% at 1 year and 45-90% at 2 years. The publications

Figure 1.Images from the radiotherapy planning system

Author, year [ref.] Type Number Number of Dose Gy/fx Follow-up Overal Local Toxicity

of study of leasions (fractions) -median  survival control

patients (range)

Scorsetti et al,, prospective 61 1-3 (<6.cm) 52.5-75 Gy/3 fx 24 1y -85.0%; 1y-95%; G3-1%
2018 [21] 2y-31.1% 2y-78%
Jooetal, retrospective 70 1-2 (leasion 45-60/3-4 fx 342 2y-75% 1y -93%; G3-0
2017 [22] size — 2.9 cm) 2y-68%
Hoyeretal, prospective 64 leasion size - 45/3 fx 52 1y -67%; 2y -86% 1 patient - liver
2006 [23] 35cm 2y-38% failure
Chang et al, retrospective 65 1-2 22-60/1-6 fx 14 Ty-72 1y-62%, G3 - 3 patients
2011 [24] 2y-38% 2y —-45%
Berberetal, retrospective 53 1-6 43/3 fx 17 1y-56% 1y-60% 1 patient — death
2013 (Cyberknife)
[25]
Leeetal, retrospective 40 1-8 (mean 2) 27.7-60/6 fx 10.8 18 months 1y-71% G3 - 9%, G4 - 1%
2009 [26] -47%
Bodreau et al,, prospective 26 1-2 40-60/5 fx 17 1y-83.1%; 1y —90%; G1-2-34%;
2023 (stereotactic 2y-41.6% 2y -90% G3-0
MR-guided
radiotherapy) [27]

Gy - gray; Fx - fraction; @ - thrombocytopenia
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listed in the table concerned patients with liver metastases
from various cancers, while the majority were from colorectal
cancer. Several studies have evaluated potential prognostic
factors for local control with SBRT for liver metastases.

Smaller tumors and those receiving a higher dose along
with motion management methods have been associated with
better local control. Mutations of p53 and KRAS detected among
patients suffering from colon cancer are associated with lower
local control [28]. Data regarding the impact of histology on LC
are ambiguous [29]. Moreover, the German Society of Radiation
Oncology database trial showed that liver metastases from breast
cancer are more radioresistant than other histologies [30]. Studies
have also shown that a higher dose of radiation therapy is asso-
ciated with better outcomes. A biological equivalent dose (BED)
could be an independent prognostic factor of local control [22].

Joo etal.showed that BED, ,80 Gy or less is associated with
2 year LC 52%, BED, , 100-112 Gy with 83% and BED, , 132 Gy
or more with 2 years LC 89% [22]. This means that the higher
the dose of radiotherapy given, the better the local control
achieved.

Overall, SBRT of metastatic liver lesions is well tolerated. It is
anon-invasive treatment form and can be offered to elderly pa-
tients [19]. The most common complications (mainly G1-2) are:

fatigue,

nausea,

lack of appetite,

gastritis, or

transiently increased levels of hepatic transaminase which

normalize within 3 months of treatment.

The most serious complications (G3-4) are:

perforation of a colonic or duodenal ulceration deman-

ding surgery,

musculoskeletal discomfort, or

radiotherapy-induced liver failure.

SBRT as a treatment for primary tumors

of the liver

Hepatocellular carcinoma (HCC) is the most common primary
pathological diagnosis for liver cancer patients, and is the fourth
cause of cancer death globally with a dismal prognosis [31].
The treatment of choice is surgery (hepatic resection or trans-
plantation). According to Japanese data, only 38% of patients
qualify for surgery [32]. Depending on the stage of the disease,
the patient’s general status and liver function, either a resection
of the lesion or liver transplantation is the standard of care. Oth-
er local methods used for treatment include radiofrequency
ablation and transarterial chemoembolisation. According to
the guidelines of the American Society of Radiation Oncology
(ASTRO) radiotherapy is an option for patients with unresect-
able and inoperable HCC both as EBRT and SBRT [33]. Stereo-
tactic body radiotherapy can be used as a radical treatment
and could be helpful for patients awaiting liver transplantation
or be used as a palliative treatment. The continuous develop-

ment of radiotherapy techniques and imaging methods for
liver lesions has enabled more precise radiotherapy treatment.
Most publications on SBRT of HCC are retrospective studies
of a relatively small group of patients.

Radical treatment of HCC

The results of SBRT treatment were presented in a meta-anal-
ysis by Rim et al. in which 32 publications assessing 1950
patients were included [34]. Pooled 1-, 2-, and 3-year OS rates
were 72.6%, 57.8%, and 48.3%, respectively. Good LC was also
demonstrated: 1-, 2-, and 3-year LC rates were 85.7%, 83.6%,
and 83.9%, respectively. The subgroup analysis showed that tu-
mor size was the most important prognostic factor. This prog-
nostic factor has also been proven in similar studies [35, 36].
Additionally, tumor vascular invasion (TVI) was considered
a negative prognostic factor. This condition is also associated
with an increased risk of developing portal vein trombosis.
The meta-analysis also showed that radiation dose escalation
does not significantly impact OS and LC [34]. Similar results
were obtained by Ohri et al. [37].

Reported SBRT dose is 30-50 Gy in 3-5 fractions [39, 40],
according to ASTRO the recommended dose starts from
50-60 Gy in 3-5 fractions, with more scheduled in case of high-
er burden of the disease [32]. When prescribing the dose
of radiotherapy, the number of lesions, their size, distance
from the OARs, liver function (e.g. Child-Turcotte-Pugh class)
should be taken into account [40, 41]. Guidelines also sug-
gest modern techniques such as SBRT, dynamic techniques
such as arc therapy, proton therapy with respiratory motion
management with daily imaging. Treatment tolerance is very
good and hepatic or gastrointestinal complications >3 grade
appeared in <5% of the patients in nearly every publication
[42-46]. Rajyaguru et al. in a retrospective study that ana-
lyzed 3980 nonsurgically managed patients with stage | or
Il HCC compared SBRT with radiofrequency ablation (RFA).
After propensity matching, 5-year overall survival was 29.8%
in the RFA group versus 19.3% in the SBRT [45]. Another study
comparing SBRT with RFA retrospectively was by Nalee et al,,
showing similar results [46].

On the other hand, Sapir et al. compared SBRT versus TACE
showing statistically a significant beneficial effect of SBRT on
1and 2 year LC (97% and 91% vs. 47% and 23%, respectively).
The grade 3 toxicity rate was higher with TACE (13%) than
SBRT [47].

According to the National Comprehensive Cancer Network
(NCCN) guidelines, radiotherapy along with ablation and arte-
rially directed therapies are valid treatment options for nonre-
sectable patients (without recommendation, one treatment
over another due to the lack of randomized controlled trials
with a comparison between these methods) [48]. Referring to
ASTRO guidelines, in patients with liver-only HCC with incom-
plete response to thermal ablation or catheter-based therapies,
EBRT is recommended as a consolidative treatment option [33].
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Bridge therapy and downstaging therapy

of HCC

Bridge therapy is used in patients qualified for liver transplant.
It is used to prevent tumor progression while the patient
awaits a liver transplantation. Various methods of local treat-
ment of liver tumors may be used: RFA, MWA, TACE or SBRT
[34]. Kulik et al. showed that the forms of local treatment
mentioned above do not significantly improve post-trans-
plantation mortality or overall survival, compared to trans-
plants alone [49]. Bridge therapy is mainly used in centers
with long waiting times for liver transplantation. Downstag-
ing therapy is used to reduce the size of the tumor so that
the patient can fulfil the Milan criteria [50] for surgery with
liver transplantation [51].

SBRT for cholangiocarcinoma

The second most common liver tumor is cholangiocarcinoma
(CCQ). It is highly malignant with an extremely poor diagno-
sis — 70 % of patients have an inoperable tumor [52] and
50% of patients relapse within one year after surgery [53].
Radiotherapy (EBRT) is mainly used as a neoadjuvant, therapy
after a successful operation or palliative treatment. The role of
SBRT is poorly investigated and is an alternative to surgery or
other local treatments. Gkika et al. showed in a retrospective
study that SBRT of CCC reached 1 year 0S: 56% with a median
OS of 14 months from the start of SBRT and 22 months from
diagnosis. Median progression-free survival (PFS) was 9 mon-
ths [54]. Similar results have been achieved in other studies:
Sandler et al. — 1 year LC: 78%, median OS - 15.7 months
[55]; Tse et al. — 1 year LC: 65%, median OS — 15 months [56].
The toxicity of the SBRT was acceptable, with the main severe
complications being bleeding. It should be mentioned that
classical fractionation is recommended in an adjuvant setting
and in combination with systemic treatment.

Conclusions

Here we have presented the role of SBRT in the treatment
of tumors of the liver — either metastases or primary malignan-
cies. Stereotactic body radiotherapy is increasingly popular for
the treatment of all malignancies due to its short treatment
time and acceptable level of toxicity. In addition, it is used for
patients who are often ineligible for surgery. With the develop-
ment of radiotherapy, new equipment (e.g. CyberKnife, MRI-
-guided radiotherapy) is making the treatment more and more
precise. However, there are still many concerns about the dose
of radiotherapy, patient selection and combination with syste-
mic orimmune therapies. Importantly, any decision regarding
treatment should be determined by a multi-specialist team.
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