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Abstract
Purpose Stereotactic body radiotherapy (SBRT) has been firmly established as a treatment choice for patients with
oligometastases, as it has demonstrated both safety and efficacy by consistently achieving high rates of local control.
Moreover, it offers potential survival benefits for carefully selected patients in real-world clinical settings.
Methods Between January 2008 and May 2020, a total of 149 patients (with 414 liver metastases) received treatment.
The Active Breathing Coordinator device was used for 68 patients, while respiratory gating was used for 65 and abdominal
compression was used for 16 patients. The most common histological finding was colorectal adenocarcinoma, with 37.6%
of patients having three or more metastases, and 18% having two metastases. The prescribed dose ranged from 36 to 60Gy,
delivered in 3–5 fractions.
Results Local control rates at 2 and 3 years were 76.1% and 61.2%, respectively, with no instances of local recurrence after
3 years. Factors negatively impacting local control included colorectal histology, lower prescribed dose, and the occurrence
of new liver metastases. The median overall survival from SBRT was 32 months, with the presence of metastases outside
the liver and the development of new liver metastases after SBRT affecting survival. The median disease-free survival
was 10 months. No substantial differences in both local control and survival were observed between the respiratory
motion control techniques employed. Treatment tolerance was excellent, with only one patient experiencing acute grade IV
thrombocytopenia and two patients suffering from ≥grade II chronic toxicity.
Conclusion For radical management of single or multiple liver metastases, SBRT is an effective and well-tolerated
treatment option. Regardless of the technology employed, experienced physicians can achieve similarly positive outcomes.
However, additional studies are required to elucidate prognostic factors that can facilitate improved patient selection.
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Introduction

Since the recognition of a new type of metastatic cancer
patient by Hellman and Weichselbaum in 1995 [1], numer-
ous treatment modalities have been developed to eradicate
oligometastases, as this local control could be related to an
increase in the patient’s survival, as previous studies have
speculated [2] and recent phase II trials have supported
[3–5].

Stereotactic body radiotherapy (SBRT) is a significant
advancement in liver metastases therapies, wherein a non-
invasive radiotherapy technique is employed to deliver high
radiation doses in a limited number of fractions to effec-
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tively ablate the metastases [6]. Previous evidence showed
the harmful potential of conventional radiation techniques
to the liver [7, 8], but, with SBRT, numerous studies have
demonstrated its safety and efficacy [9–15].

Several studies have consistently supported the safety
and demonstrated promising local control and survival rates
for liver oligometastatic patients undergoing SBRT. These
findings remain significant despite variations in dose, frac-
tionation, and patient selection across the studies [16–26].

While there is no precise definition for the total number
of metastases that fall within the oligometastatic scenario,
most studies adopt a definition of one to five metastases
[27]. Ongoing studies such as the SABR-COMET-10 are
evaluating the possibility of treating up to 10 metastases
with radical intention.

Liver metastases are subjected to physiological liver
movements caused by diaphragm displacement during the
respiratory cycle. Since SBRT involves administering high
doses, it is crucial to control target motion during treatment.
Various commercially available options exist for motion
control, such as abdominal compression, which restricts
respiratory motion by exerting pressure on the upper ab-
domen, thus limiting diaphragm displacement. Another
option is respiratory gating, where treatment is delivered
within a specific window of the respiratory cycle, achieved
either in free-breathing or through deep inspiration breath-
holding.

The objective of this study was to analyze the long-term
outcomes (based on a 12-year experience) of liver SBRT
in a real-world setting with patients with oligometastases,
identify prognostic factors, and compare the results among
different motion-control management and treatment plat-
forms utilized. The results obtained were compared with
existing data from the literature.

Methods andmaterials

The study of unresectable liver metastases in patients with
oligometastases received approval from the internal ethics
committee at our institution. All patients who were included
underwent radical-intention liver SBRT treatment. The
treatments were conducted using both the classic Novalis
(Brainlab-Varian™, Munich, Germany; Palo Alto, Califor-
nia, US) and the Versa HD (Elekta™, Stockholm, Sweden)
systems. The treatment decision was made during a mul-
tidisciplinary meeting attended by surgeons, medical and
radiation oncologists, gastroenterologists, radiologists, and
pathologists.

Three distinct tumor motion control techniques were em-
ployed: respiratory gating (RG), Active Breathing Coor-
dinator device (ABC), and abdominal compression (AC).
Treatments were carried out using internal-fiducial-based

RG on a classic Novalis LINAC (Brainlab-Varian™) and
on a Versa HD LINAC (Elekta™), primarily using the ABC
technique, with AC utilized only for patients unable to un-
dergo breath-holding for ABC. The favored options were
RG and ABC as they did not require additional margins to
account for residual movement. In AC, an internal target
volume (ITV) was generated considering residual move-
ments of the treated metastases as measured in simula-
tion 4D-CT and verified on treatment days using 4D-CBCT
(Synergy, Elekta™). A planning target volume (PTV) was
created by adding a 5-mm isotropic margin.

The criteria for SBRT encompassed patients with liver
metastases who were deemed unsuitable for surgery or had
refused it, age 18 years or older, had a Karnofsky Perfor-
mance Scale score of ≥70, showed no evidence of untreated
or progressive gross disease outside the liver, and had ade-
quate liver function: total bilirubin ≤2.5g/dL, normal pro-
thrombin time (PT)/partial thromboplastin time (PTT), as-
partate aminotransferase (AST), and alanine aminotrans-
ferase (ALT) less than three times the upper limit of nor-
mal. Chemotherapy was permissible within 14 days before
or after SBRT, previous local treatment for the targeted
metastases was strictly prohibited, except in cases where
salvage treatment of relapse to the previous therapy was
necessary. All patients provided written informed consent
before treatment.

The prescribed doses for SBRT varied based on the size,
location, and total number of treated liver metastases. Op-
tions included 36, 45, or 60Gy administered in three frac-
tions with a minimum interval of 48h between fractions,
or 50 or 60Gy delivered in five daily fractions. The pre-
scribed dose aimed to cover 90–95% of the target volume,
with a PTV isotropic expansion of 5mm added to the gross
tumor volume/ITV (GTV/ITV) for planning purposes.

Patients were treated either in a Novalis (Brainlab-Var-
ian™) LINAC with internal fiducial-based respiratory gat-
ing technique (RG; [28]) or in a Versa HD (Elekta™)
LINAC, using both AC, 4D-CT simulation and 4D-CBCT
IGRT (Image-Guided Radiation Therapy), or Elekta’s ABC
techniques [29].

The patient monitoring consisted of a physical exami-
nation and a complete blood test before and after SBRT.
Following the completion of SBRT, the patient’s follow-up
involved an interview, a physical examination, and a blood
test 1 month after treatment, followed by subsequent tests
every three months. Tumor response assessment was con-
ducted using contrast-enhanced computed tomography
(CT) scans or positron emission tomography (PET)-CT
scans every 3 months, utilizing the EORTC-RECIST 1.1
[29] and PERCIST [30] criteria for image reporting.

For statistical purposes, local control, disease-free sur-
vival, and overall survival were measured from the conclu-
sion of SBRT treatment.
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Statistical analyses were performed with the Statistical
Package for Social Science (v.20; SPSS Inc. Chicago, IL,
USA). Local control and survival were measured through
the Kaplan–Meier method, the log-rank test was used for
univariate analyses, while a Cox regression model was used
for multivariate comparisons. Group comparisons were per-
formed with analyses of variance (ANOVA) for numeric
variables, and contingency tables for ordinal and nominal
variables. Statistical significance was considered for all val-
ues of p<0.05.

Toxicity was determined according to the CTCAE V 5.0
guidelines. The evaluation of toxicity was conducted in-
dependently for each SBRT treatment course, considering
that certain patients underwent multiple treatments over the
years. Liver function was assessed by measuring the blood
levels of alanine transaminase (ALT), aspartate transam-
inase (AST), bilirubin, and gamma-glutamyltransferase
(GGT).

Results

A total of 149 patients with 414 liver metastases were
treated from January 2008 to May 2020. Baseline patient
and treatment characteristics are summarized in Tables 1
and 2.

The most frequently used motion control techniques
were ABC and RG: ABC 68, RG 65, AC 16 patients;
53%, 39.7%, and 7.3% respectively. Differences between
patients in each respiratory motion control group are rep-
resented in Table 3. The number of metastases per patient
treated with SBRT was significantly lower in the AC group
(p= 0.033): The PTV volume was larger in the AC group
(p= 0.01) and colorectal primaries were less frequent in
the AC group (p= 0.009), while the prescribed dose under
BED10< 100Gy was more frequent in the RG group.

Colorectal cancer was the primary tumor with the high-
est frequency, and the occurrence of two or more metas-
tases was more prevalent than single lesions (55.7% vs-
44.3%, respectively). The majority of patients did not have
metastases in other locations apart from the liver, and most
had only undergone first-line chemotherapy prior to SBRT
treatment.

Acute toxicity was observed in 26.2% of the treatments,
with grade I/II asthenia and abdominal pain being the most
common occurrences (14% and 5.2%, respectively). Among
the patients, one individual experienced grade IV thrombo-
cytopenia following SBRT treatment for four liver metas-
tases. Chronic toxicity was detected in 2.7% of the patients,
including grade I transaminitis in one patient, grade I rib
pain in one patient, grade II muscular pain in one patient,
and grade III rib pain in one patient. Notably, all these

Table 1 Patient characteristics

Age (years) Mean: 64.7 Range (28–88)
Sex Female 64 (43%)

Male 85 (57%)
Primary tumor Colorectal adenocar-

cinoma
96 (64.4%)

Pancreatic adenocar-
cinoma

12 (8.1%)

Breast cancer 8 (5.4%)

NSCLC 7 (4.7%)

Sarcoma 4 (2.7%)

Head and neck 3 (2%)

Others 19 (12.7%)
Number of metastases Single 66 (44.3%)

Two 27 (18.1%)

Three or more 56 (37.6%)

Volume of PTV (cc) Mean: 40.47 Range
(2.4–838.7)

Metastases out of the
liver

Yes 26.2% No 73.8%

PTV location (liver
segment)

I 9 (2.2%)

II 30 (7.2%)

III 20 (4.8%)

IV 73 (17.6%)

V 49 (11.8%)

VI 76 (18.4%)

VII 76 (18.4%)

VIII 81 (19.6%)
Prior chemotherapy No 18 (12.2%)

First line 68 (45.9%)

Second line 44 (29.7%)

Third line or more 18 (12.2%)

NSCLC non-small-cell lung cancer

cases involved individuals who had received treatment for
multiple liver metastases.

With an average follow-up of 24 months (range 1–138),
actuarial local control of the liver metastases at 2 and
3 years was 76.1% and 61.2% respectively, no local relapse
was observed beyond the third year of local control for the
treated lesions, resulting in the median local control not
being reached.

Several factors influenced local control in this study. The
primary tumor histology was found to be significant, with
colorectal cancer associated with poorer local control com-
pared to other histologies (p= 0.002). When assessing local
control based on the number of treated metastases (sin-
gle, two, or three or more), excellent local control rates
were observed for single metastasis in both adenocarcinoma
(80%) and other histologies (90%), with no significant dif-
ferences noted. For two metastases, the mean local control
for colorectal adenocarcinoma was 33 months, significantly
lower than in other histologies where the mean was not
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Table 2 Treatment characteris-
tics

Respiratory management (number of
metastases [%])

Respiratory gating 164 (39.7%)

Active breathing coordinator 219 (53%)

Abdominal compression 30 (7.3%)
Dose (Gy)/Fractionation
(BED)—number of metastases

60Gy/3 (BED10= 180Gy) 80

60Gy/5 (BED10= 132Gy) 107

50Gy/5 (BED10= 100Gy) 108

45Gy/3 (BED10= 112.5Gy) 75

36Gy/3 (BED10= 79.2Gy) 33

Other 11

BED biologically effective dose

Table 3 Differences in patients
according to respiratory motion
control group

Factor RG ABC AC p

Mean age (years) 65.5 63.1 70.2 0.9

PTV volume (cc) 42.9 32.1 87.4 0.01

No. of metastases per patient

Single metastasis 34 21 11 0.033

Two metastases 10 12 3

Three or more metastases 23 34 1

Colorectal primary (%) 70.5% 64.7% 37% 0.009

BED per patient

BED10< 100Gy 16 0 0 0.000

BED10= 100Gy 4 15 6

BED10> 100Gy 47 52 9

RG respiratory gating, ABC Active Breathing Coordinator device, AC abdominal compression

reached. In the case of three or more metastases, colorectal
adenocarcinoma exhibited significantly lower local control
(mean 28 months) compared to other histologies (mean not
reached).

Prescribed dose was related to local control, with a me-
dian local control of 30 months for metastases receiving
≤BED10 (biologically effective dose with an α/β ratio of
10)= 100Gy, and thus median local control was not reached
for those receiving more than BED10= 100Gy (p= 0.000;
Fig. 1). This dose dependence is significant for colorectal
metastases, but not for other histology. The emergence of
new metastases had a detrimental effect on the local con-
trol of previously treated lesions in the liver (p= 0.009),
whereas the presence or absence of new metastases outside
the liver had no impact. Additionally, patients with syn-
chronous oligometastatic disease experienced lower rates of
local control compared to those with metachronous metas-
tases (p= 0.033). The number of treated lesions, the treating
center, the patient’s age, previous chemotherapy, previous
local treatment, respiratory motion control technique, and
liver segment of the treated metastases were not related to
local control.

All significant variables were selected for multivariate
analyses, and only colorectal histology (p= 0.036), pre-
scription dose BED (p= 0.005), and presence of new liver
metastases (p= 0.009) remained significant.

Median overall survival measured from SBRT was
32 months (95% CI= 27.6–36.3; Fig. 2). Primary histology
was found to be a significant predictor of survival, with
colorectal and breast cancer associated with longer sur-

Fig. 1 Local control related to prescribed dose. BED biologically ef-
fective dose, m months
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Fig. 2 Median Overall Survival. m months

vival, while other histologies such as NSCLC or pancreas
exhibited poorer outcomes (p= 0.009). Patients with syn-
chronous metastases outside the liver at the time of liver
SBRT demonstrated worse overall survival, with a median
survival of 36 months compared to 31 months for those
without synchronous metastases (p= 0.018). Furthermore,
patients who developed new metastases after SBRT expe-
rienced lower overall survival (p= 0.000), with a median
survival of 33 months for patients with new metastases
compared to those without new lesions, where median

Table 4 Univariate and multivariate analysis for local control and overall survival

Univariate Multivariate

– Local control Actuarial 36m (in %) p value Significance p
Histology Colorectal adenocarcinoma 50.8 0.002 Yes 0.036

Others 78.5
BED10 <100Gy 39.6 0.000 Yes 0.05

≥100Gy 70.4
New metastases New liver metastases 44 0.009 Yes 0.009

No metastases/metastases outside the liver 75.2/66.6
Time of
appearance

Synchronic 52.9 0.033 No –

Metachronous 69

– Survival Actuarial 36m (in %) p value Significance p
Histology Adenocarcinoma and breast 49 0.009 No –

Others 30
Time of
appearance

Synchronous 26.2 0.018 Yes 0.035

Metachronous 47.5
New metastases Yes 37.7 0.000 Trend toward 0.053

No 88.8

BED biologically effective dose, m months

survival was not reached. The prescribed dose of SBRT,
previous chemotherapy, the presence of local relapse after
SBRT, patient age or sex, and the synchronicity of the pri-
mary tumor and metastases were not found to be associated
with overall survival.

In multivariate analyses, only the presence of syn-
chronous metastases outside the liver at the time of SBRT
remained significant for overall survival (p= 0.035), with
a trend toward the development of new metastases af-
ter SBRT (p= 0.053). Table 4 shows the univariate and
multivariate analysis for local control and overall survival.

The median overall survival from diagnosis was 70 months
(95% CI= 61.2–78.7). Histology, the development of new
metastases, and the metachronal appearance of metastatic
disease were found to be strong predictors of survival
(p= 0.000, p= 0.001, and p= 0.001, respectively). In mul-
tivariate analyses, survival from the time of diagnosis
was significantly influenced by the development of new
metastases and the metachronous appearance of metastatic
disease (p= 0.01, p= 0.001, respectively).

The median disease-free survival was 10 months (95%
CI= 7.7–12.2). Although the presence of metastases outside
the liver at the time of treatment was associated with dis-
ease-free survival, this relationship did not reach statistical
significance (p= 0.054). The use of respiratory gating tech-
niques was correlated with prolonged disease-free survival
(p= 0.02). The number of treated lesions, patient age or
sex, histology, previous chemotherapy, previous local treat-
ment, prescribed dose, liver segment of the metastases, and
the synchronicity of the primary tumor and metastases were
not found to be associated with disease-free survival.
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A secondary analysis was performed, specifically target-
ing patients who received a BED10 greater than 100Gy, with
the aim of identifying potential differences in terms of lo-
cal control, disease-free survival, and overall survival. No
significant differences were found.

Discussion

Over the past decade, the use of SBRT has been estab-
lished as a viable treatment option for liver metastases,
supported by both prospective studies [10–12, 20, 22–25]
and retrospective studies [2, 13–15, 17, 18, 21]. The ESMO
guidelines [30] have recognized SBRT as a treatment option
for liver metastases since 2016. Alongside other techniques
such as radiofrequency ablation or microwaves, SBRT is
considered a viable option for treating liver metastases. Sev-
eral studies have indirectly compared these techniques and
have found that SBRT offers improved local control and
less restriction in terms of metastasis size and location [31,
32]. Table 5 presents a summary of the main findings from
selected studies of liver SBRT, along with the findings from
the present study.

In this study, we presented our real-world experience of
12 years in the treatment of liver metastases using SBRT.
Among the different respiratory management systems em-
ployed, the most utilized technique was ABC, which was
used for 219 metastases (53%). This was followed by RG,
which was employed for 164 metastases (39.7%). Our pri-
mary aim was to minimize the use of AC and ITV due
to its potential impact on meeting dose constraints for the
liver and other organs at risk, especially in cases involving
multiple metastases or sequential treatments within a single
patient. Therefore, only 30 metastases (7.3%) were treated
using the AC technique. No significant differences were
observed in terms of local recurrence, survival, or toxi-
city among the various respiratory management systems.
Additionally, patients treated with AC had a lower num-
ber of metastases, fewer cases of colorectal primaries, and
received higher doses; all these factors may introduce con-
founding variables that potentially contribute to more fa-
vorable overall outcomes associated with this technique.
However, it is important to note that patients treated with
this technique had larger PTVs, which is an inherent char-
acteristic of the technique itself and does not necessarily
indicate the presence of larger tumors (Table 3).

It is important to note that in the RG group, patients more
frequently received BED10 below 100Gy compared to the
other respiratory control groups, to comprehensively inves-
tigate these differences and thoroughly examine the impact
of respiratory motion techniques on local control, disease-
free survival, and overall survival, an additional analysis
was conducted. This analysis involved the exclusion of pa-

tients who received a BED10 below 100Gy. As most of these
patients belonged to the RG group, and lower doses were
associated with poorer outcomes, this modification aimed
to achieve better balance between the groups. However, de-
spite these adjustments, the results once again demonstrated
no significant differences. We observed comparable results
in the existing literature: Esposito et al. conducted an anal-
ysis investigating the impact of treatment planning method-
ologies employed by 14 centers, which included 3-D con-
formal-RT, IMRT, VMAT, CyberKnife, and TomoTherapy.
Their findings indicated nonsignificant differences, leading
them to conclude that the human factor holds more signifi-
cance than technological aspects in SBRT treatments [33].
Moreover, the existing literature provides evidence in favor
of advanced motion management techniques such as RG
and ABC. In a pooled analysis conducted by Andratschke
on behalf of the German Society of Radiation Oncology
(DEGRO), it was observed that patients treated with ad-
vanced respiratory control methods after 2003 achieved bet-
ter local control compared to methods relying on target lo-
calization during free breathing. However, the analysis also
highlighted the shift in treatment doses around 2003 toward
modern high-dose schemes [34]. Van der Being et al. also
reported differences in local control related to respiratory
motion management. In their study, they treated 105 metas-
tases and observed that liver and lung lesions, affected by
diaphragm respiratory displacements, achieved lower local
control rates compared to non-moving lymph nodes (53%
vs. 79% at 1 year, p= 0.01). Since the treatments were per-
formed without specific respiratory motion management,
the authors concluded the necessity of implementing indi-
vidual respiratory motion management techniques for the
treatment of moving tumors [35]. In our study, the lack of
disparities in terms of local control, survival, and toxicity
between the RG, ABC, and AC techniques could be at-
tributed to the technique selection, as all eligible patients
were selected for RG or ABC, leaving AC to those pa-
tients for whom the previous techniques could not be imple-
mented, and also, to the consistent involvement of a highly
experienced team of physicians who performed the respira-
tory control and treatment procedures.

No significant differences were identified in terms of
toxicity between different respiratory motion control tech-
niques. Again, the authors believe that the patient selection
for the treatment technique also plays a significant role in
influencing these results. The authors speculate that if AC
had been utilized for the treatment of multiple metastases,
it may have led to different outcomes and variations in
local control and toxicity might have been observed. Lo-
cal control could have been compromised if the total dose
was reduced to meet organ-at-risk constraints, while toxic-
ity could have increased if the total dose was maintained,
and healthy tissues received higher doses. However, due to
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the specific nature of the patient selection, these potential
differences remained undetectable.

Colorectal adenocarcinoma was the most common his-
tology observed, accounting for 64% of cases. Pancreatic
adenocarcinoma was the second most frequent histology.
There is some controversy regarding the treatment of pan-
creatic liver metastases, with previous studies reporting
poor local and distant control [36]. However, in our series,
we did not observe any significant differences in terms of
local or distant recurrence among selected patients with
oligometastases and pancreatic primaries.

Actuarial local control at 2 and 3 years was 76.1% and
61.2% and median local control was not reached. Other
studies found similar results with local control rates rang-
ing between 67–96% at 1 year and 55–84% at 5 years.
Rusthoven reported 2-year local control of 92% in the
phase I/II trial [10], related to the careful selection of
patients with a low burden of disease, treating only up
to three metastases, which has been the main criterion in
most of the studies. The Dutch–Belgian registry, which
provides real-world data, reports local control rates of
87%, 75%, and 68% at 1, 2, and 3 years, respectively [26].
The local control achieved in our study is consistent with
the findings reported in the existing literature. We found
that patients who remain relapse-free for 3 years following
SBRT are less likely to experience subsequent relapses.
These findings align with similar results reported in the
literature, supporting the hypothesis that the probability of
local relapse tends to decrease over time in patients with
controlled metastases during the follow-up period [12, 22,
24, 34, 36–41].

Despite not imposing specific limits on the number and
size of metastases in our selection criteria, as long as all the
disease could be safely treated with a radical intention and
meet dosimetric constraints, our approach has demonstrated
excellent outcomes in terms of local control and survival
rates, while maintaining low toxicity levels, as previously
reported [42] and maintained in the present study.

Colorectal histology was found to have a negative im-
pact on local control in multivariate analyses (p= 0.036).
This finding has been previously addressed in the literature:
As demonstrated by Andratschke’s pooled analysis, metas-
tases originating from colorectal cancer had significantly
lower control rates at 1 year (67%) compared to breast can-
cer, non-small-cell lung cancer, and other histologies (91%,
88%, and 80% respectively; [34]). The authors acknowl-
edge that they cannot solely attribute the differences in lo-
cal control to colorectal histology, considering the presence
of two or more liver metastases. It is possible that these
observations are merely incidental statistical findings and
may not have a causal relationship.

Furthermore, multivariate analysis indicated that pre-
scription dose BED10< 100Gy (p= 0.005) was associated

with lower control of the treated metastases. McPartlin
conducted a study involving 51 patients with 93 liver
metastases and found that lesions receiving higher doses
(GTVmin≥37.6Gy in six fractions, BED10= 61Gy) achieved
higher local control rates, with 41% at 4 years compared
to 0% for the remaining lesions [24]. Similarly, Méndez
Romero observed differences in local control between
two groups of 40 patients with 55 liver metastases, where
one group received 3× 12.5Gy (BED10= 84.4Gy) and the
other received 3× 16.75Gy (BED10> 130Gy). The low-
dose group exhibited local control rates of 74% and 76%
at 2 and 3 years, respectively, while the high-dose group
showed rates of 90% and 81% at the same time points [37].
Additionally, Fode’s study also found a positive association
between BED10> 100Gy and local control [40].

In our study, we observed a significant negative impact
on the local control of previously treated liver lesions in
the presence of new liver metastases (p= 0.009). Interest-
ingly, the presence or absence of new metastases outside
the liver did not show any influence on local control. Pre-
vious studies have focused on investigating the influence
of new metastatic foci on previously treated tumors, sup-
porting the self-seeding theory. According to this theory,
the intercommunication between tumors can reactivate dor-
mant treatment-resistant cells from the previously treated
lesions [43–45]. While these theories provide an explana-
tion for the increased recurrence rates when new metastases
emerge, the authors acknowledge that the reasons behind
the specific influence of new liver metastases and the lack
of impact from new metastases originating outside the liver
remain unclear and warrant further investigation.

The median overall survival from SBRT treatment was
32 months. The presence of two or more metastases,
whether in the liver or elsewhere, at the time of SBRT had
a significant association with poorer survival (p= 0.035).
Additionally, the development of new metastases exhibited
a trend toward significance (p= 0.053). The overall survival
from the time of initial diagnosis was 70 months, and it
was influenced by multiple factors including histology,
the development of new metastases, and the metachronous
appearance of the metastases (p= 0.000, p= 0.001, and
p= 0.001, respectively). Significantly, these last two fac-
tors are consistent with previous findings reported in the
literature. In an analysis of survival and prognostic factors
involving 321 patients with oligometastatic disease, the
presence of two or more metastases and synchronous ap-
pearance, along with performance status, size of the largest
metastases, and pre-SBRT chemotherapy, were identified as
predictors of worse survival [40]. With a follow-up period
of over 5 years, Scorsetti et al. reported that histology was
significantly associated with overall survival. Specifically,
colorectal, breast, and gynecological primaries were identi-
fied as favorable histologies in terms of survival outcomes
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[22]. A multicenter phase I/II trial showed that patients
with colorectal, breast, sarcomas, and renal cancer treated
with SBRT of liver metastases achieved higher 2-year over-
all survival compared to less favorable tumor types (non-
colorectal gastrointestinal malignancies, lung and ovarian
cancer; [10]). In alignment with the studies conducted by
Scorsetti et al. and Schefter, our own study revealed similar
findings regarding the influence of histology on overall sur-
vival. We observed that patients with colorectal and breast
cancer exhibited the longest survival rates, which is consis-
tent with these histologies being associated with favorable
outcomes in terms of overall survival. These findings rein-
force the importance of considering histology as a crucial
factor in patient selection to optimize the outcomes of liver
SBRT.

The median disease-free survival was 10 months. The
only factor significantly associated with improved disease-
free survival was the RG technique (p= 0.02). However,
we could not provide a definitive explanation for this find-
ing, and it may be attributed to chance, as the RG and
ABC groups were well-balanced and showed no differ-
ences (Table 3). The presence of metastases outside the
liver showed a trend toward poorer disease-free survival
(p= 0.054), indicating a potential association between the
presence of metastases at other sites and earlier relapse.
This finding suggests that more aggressive tumor charac-
teristics may contribute to the occurrence of metastases in
multiple locations, leading to shorter disease-free intervals.

The incidence of treatment-related toxicity was low, with
26.2% experiencing grade I/II acute toxicity, with asthenia
being the most common symptom. Additionally, we identi-
fied one case of grade IV acute thrombocytopenia, which re-
solved after 4 weeks following SBRT. Chronic toxicity was
observed in a small proportion of patients, affecting 2.7%
of the study population. These toxicities included one case
of grade I rib pain, one case of grade III rib pain, grade II
muscular pain, and grade I persistent elevation of liver en-
zymes (transaminitis). In our study, the occurrence of tran-
sient low-grade transaminase increase, muscular pain, and
rib pain was relatively low, despite the treatment of multi-
ple liver lesions. These findings align with previous reports
in the literature, which have associated these toxicities with
specific dose thresholds to subcutaneous tissue and ribs [10,
20, 46]. Notably, all cases of pain in our study received more
than a single course of SBRT to the liver, suggesting that
the utilization of respiratory gating techniques, which spare
healthy tissues, may be crucial to maintain the low rates
of toxicity when treating multiple liver targets in the same
patient.

Importantly, no patient experienced radiation-induced
liver disease (RILD) following single or multiple treat-
ments. This is consistent with the findings of a phase I
trial, which included 68 patients and did not report any

cases of RILD despite a median liver dose of 16.9Gy
(range 3–22) delivered in six fractions [20]. Similarly, the
Rusthoven phase I/II trial also demonstrated the absence of
RILD when a constraint of at least 700mL of healthy liver
receiving 15Gy or greater in three fractions was applied
[10]. In our own study, we adhered to this constraint and
adapted it to different fractionation schemes based on our
experience. These findings further reinforce the safety and
tolerability of liver SBRT, even in cases involving the treat-
ment of multiple liver metastases. Our study demonstrated
low rates of chronic toxicity and a minimal risk of RILD
when appropriate dose constraints were followed.

Previous reports have documented cases of central bil-
iary tract toxicity, such as a grade V biliary stenosis re-
ported in the Dutch–Belgian registry involving a patient
treated for two centrally located metastases [26]. However,
in our experience of treating multiple metastases, we have
not encountered any biliary tract toxicity thus far.

Our findings with respect to toxicity indicate that liver
SBRT can be safely and effectively utilized in the manage-
ment of multiple liver metastases, providing reassurance
regarding its feasibility and favorable toxicity profile.

Limitations

The authors acknowledge several limitations of this study,
including its retrospective nature, the extended data collec-
tion period, and the heterogeneity of systemic treatments.
These factors have the potential to introduce biases in the
findings and should be taken into consideration when in-
terpreting the results. However, this real-world experience
in treating liver metastases, particularly in patients with
multiple metastases, employing modern respiratory motion
control techniques, contributes to a better understanding
of the complex and evolving landscape of patients with
oligometastatic disease and their selection.

Conclusion

The present study offers compelling evidence supporting
the use of modern respiratory motion control in stereotac-
tic body radiotherapy (SBRT) of the liver, demonstrating its
favorable tolerability and efficacy even in patients with mul-
tiple liver metastases. The findings indicate excellent local
control and favorable long-term survival outcomes. Addi-
tionally, prognostic factors have been identified, which can
assist in the selection of patients who are most likely to
benefit from SBRT. Further studies are necessary to con-
firm and validate the results obtained in this study.
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