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Background: Stercotactic body radiation therapy (SBRT) is a safe and effective option for treatment
of liver metastases. However, existing data are mostly reported by high-volume centers. There have been
reports that advanced radiotherapy techniques performed at low-volume centers result in inferior outcomes.
Our goal was to assess the implementation of SBRT for the treatment of liver metastases at a low-volume
center by studying the efficacy and toxicity of this technology through retrospective database review at a
single, community-based institution.

Methods: We performed an IRB approved patient registry study. Patients had a median age of 65, KPS
of at least 70 (median 90) and primary tumor controlled. All patients underwent fiducial marker placement
under CT-guidance 1-2 weeks prior to planning scans. Gross tumor volume (GTV) was delineated using
contrast enhanced CT scans, as well as fusion with PET and/or MRI scans. GTV was expanded by 5 mm
to create the planning target volume (PTV). Treatment was delivered by image guided stereotactic robotic
radiosurgery with respiratory motion tracking. Lesions were treated with 3 fractions to a median total dose
of 54 Gy. Overall survival, progression-free survival (PFS) and local failure-free survival were estimated using
the Kaplan-Meier method. Log-rank statistic was used to compare local control based on GTV volume.
Results: Between 2006 and 2016, 42 consecutively treated patients with 81 metastatic liver lesions were
treated with SBRT. Median follow-up was 25 months. Major primary tumor sites were colon (n=18) and lung
(n=7). Synchronous extrahepatic disease was present in 15% of the treated lesions and 46% had prior local
treatment of liver metastases. The number of lesions treated concurrently ranged from 1 to 4. Lesions had a
median maximum diameter of 2.5 cm (range, 0.5-9.5 cm), and a mean volume of 53 cc (range, 0.5-363.0 cc).
Kaplan-Meier estimated 1- and 2-year overall survival was 72% and 62%. Estimated 1- and 2-year
progression free survival was 32% and 23%. Estimated 1- and 2-year local control was 86% and 80%.
Two-year local control was worse for lesions >50 cc compared to lesions <50 cc (62% vs. 84%, P=0.04).
Toxicity occurred in 26% of treatment courses and included grade 1 (n=12) and grade 2 toxicity (n=3).
Conclusions: These results are comparable to available published data regarding the safety and efficacy
of liver metastasis SBRT on trial at high volume institutions. Our findings, therefore, demonstrate the
successful implementation of a liver metastasis SBRT program in the low-volume, community-hospital
setting. These findings suggest that low-volume and high-volume centers are both options for liver
metastasis SBRT.
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Introduction

Aggressive local treatment with surgical resection of
oligometastatic liver metastases results in long-term
survival in many patients (1). However, not all patients
are medically suitable for metastasectomy or partial
hepatectomy. Alternative non-surgical ablative approaches
for treatment of isolated liver metastases have been
developed, including radiofrequency ablation, cryotherapy,
and yttrium 90 microsphere therapy. One such technology,
stereotactic body radiation therapy (SBRT), has become
an increasingly important option in the treatment of liver
metastases as it focuses a high dose of radiation to a small
planning target volume (PTV) while sparing the majority
of liver tissue (2,3).

SBRT has been shown to be a safe and effective non-
invasive option for treatment of liver metastases through
both retrospective and phase I/II prospective studies that
show 2-year local control (LC) ranging from 67% to 100%
(Table 1) (4-13). A phase I/II prospective trial conducted
by Rusthoven ez 4l. showed LC at 1 and 2 years to be 95%
and 92%, respectively. Lesions with a maximum diameter
of 3 cm or less had a 2-year LC of 100%, while lesions
with a maximum diameter greater than 3 cm had 2-year
LC of 77%. Median progression free survival (PFS) was
6.1 months and the 2-year overall survival (OS) rate
was 30%. In this study, toxicity was minimal—1 patient
developed a grade 3 soft tissue toxicity, and no grade 4 or 5
toxicities were reported. When analysis was limited to only
metastatic lesions, Toesca et /. found 11.7% of patients
developed grade 3 toxicities including ALT/AST elevation
with one death related to hepatobiliary toxicity.

When considering the implementation of SBRT for the
treatment of liver metastases, it is notable that most of these
current published reports are from high-volume referral
centers that perform large numbers of these procedures
(14,15). Some studies have suggested that patients who
undergo technically challenging surgery for advanced
cancers at high-volume centers have better overall survival
when compared to low-volume centers (16-22). Further,
some have suggested that, analogous to surgery, advanced
radiotherapy techniques performed at low-volume centers
result in inferior outcomes and in head and neck cancer
was even shown to negatively affect overall survival of
patients (23). Others have recently asserted that certain
cancers should be preferentially treated at academic centers
because treatment at community hospitals was found to be
associated with an increased risk of death (24-27).
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Implications of this assertion are wide-ranging and
therefore, additional studies on the implementation of
advanced radiotherapy techniques in these various settings
are warranted. To our knowledge there are no studies that
demonstrate significantly different liver SBRT outcomes
based on the experience or volume of the treating cancer
center. In this study, we assess SBRT for the treatment of
liver metastases at a low-volume, community-based hospital
by studying the efficacy and toxicity in 42 consecutively
treated patients over a 10-year period through the use of
retrospective, database analysis.

Methods
Study population

The patient cohort used in this study consisted of subjects
entered into an institutional review board approved registry
at a community-based hospital. Written informed consent
was obtained from patients undergoing stereotactic body
radiotherapy for liver metastases from various primary
tumor sites between 2006 and 2016. Patients were then
entered into the registry, which was periodically updated to
reflect a current status of treatment outcomes. Patients with
primary liver neoplasms were excluded from analysis.

Treatments

All patients underwent fiducial marker placement under
CT-guidance 1-2 weeks prior to planning scans. Gross
tumor volume (GTV) was delineated using contrast
enhanced CT scans, as well as fusion with positron emission
tomography (PET) and/or magnetic resonance imaging
(MRI) scans. GTV was expanded by 5 mm to create the
PTV. Treatment was delivered by image guided stereotactic
robotic radiosurgery with respiratory motion tracking.
Lesions were treated with 3 consecutive fractions to a
median total dose of 54 Gy.

Data collection

Data from each patient was collected and entered into
the patient registry database. These data consisted of age,
sex, primary tumor location and control status, time since
diagnosis of primary tumor, prior local treatment, number
of liver metastases, presence of extrahepatic metastases,
Karnofsky performance score (KPS) prior to treatment,
maximum diameter of lesion treated, GTV volume,
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Table 1 Literature review on SBRT for liver metastases

% patients with

% patients with

Study Year grade 1-2 toxicity grade 3-5 toxicity 1-year local control 2-year local control
Lee et al. 2009 Not reported 13% 71% Not reported
Rusthoven et al. 2009 Not reported 3% 95% 92%
Vautravers-Dewas 2011 Not reported 2% 90% 86%
Rule et al. 2011 Not reported 0% 100% (50 Gy cohort) 89% (50 Gy cohort)
Scorsetti et al. 2014 78% 0% 95% 91%
Mendez Romero et al. 2016 96% 20% 100% (metastases only) 86% (metastases only)
Meyer et al. 2016 Not reported 0% 100% 100%
Goodman et al. 2016 54% 0% 7% Not reported
Anstadt et al. 2018 26% 0% 86% 80%
Published outcome data after SBRT for liver metastases.

total dose, isodose line to which dose was prescribed and Results

fractions used, date of treatment and date of latest follow-
up, overall cancer status, maximum local control achieved
(stability, partial regression or complete regression), local
control status and last date with local control, as well as
toxicity reported. Radiation toxicities were graded according
to the Radiation Therapy and Oncology Group (RTOG)

common toxicity criteria.

Statistical analysis

Forty-two consecutively treated patients with 81 individual
liver lesions were analyzed. Outcomes measured were 1-
and 2-year overall survival (OS), progression-free survival
(PFS) and local failure-free survival. All outcomes were
defined as the time from the date of delivery of the first
fraction of treatment to death (OS), progression of disease
at any site (PFS), or local progression of the treated liver
lesion (local failure-free survival). Other outcomes measured
were maximum local control achieved, presence of and time
to new liver metastases and toxicity grade and frequency.
Opverall survival, PFS and local failure-free survival were
estimated using Kaplan-Meier method. To investigate the
relationship between tumor volume and local control, we
dichotomized our data set at the mean. Log-rank statistic
was used to compare local control based on gross tumor
volume. All statistical analyses were carried out using SPSS
version 20 (IBM Corp., Armonk, NY, USA). Statistical tests
were considered significant at P values <0.05.
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Patient and disease characteristics

Between 2006 and 2016, 42 consecutively treated patients
with a total of 81 metastatic liver lesions were treated with
SBRT at this non-academic, community hospital (7able 2).
The median age at treatment was 65 years old and ranged
from 39 to 87 years old. The patient population consisted
of 50% female and 50% male patients. The primary tumor
site was colon for 18 patients (42.9%), lung for 7 patients
(16.7%), breast for 3 patients (7.1%) and uterine for
3 patients (7.1%). Other primary sites consisted of anal,
bladder, cervical, peritoneal, prostate, rectal, renal, pancreas
and stomach cancers. At the time of SBRT, the median
elapsed time from primary diagnosis was 26 months and
ranged from 6 to 216 months. Synchronous extrahepatic
disease was present with 14.8% of the treated lesions at the
time of SBRT. The KPS score was at least 70 (median of 90)
in each patient treated. The primary tumor was controlled
in all patients at the time of SBRT.

Lesion and treatment characteristics

Of the 81 total lesions treated with SBRT, 33.4% had
prior local treatment for liver metastases at a different
liver site consisting of SBRT in 19.8%, resection in
2.5%, cryoablation in 1.2%, and multiple modalities in
9.9% (Table 3). The majority (66.7%) had no prior local
treatment. The median number of lesions that were treated
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Table 3 Lesion and treatment characteristics

Characteristic Value Characteristic Value
Total patients 42 Prior local therapy, n (%)
Total lesions evaluated 81 SBRT 16 (19.8)
Age at treatment of each lesion (years) 65 [39-87] Resection 2 (2.5)
Gender, n [%] Cryoablation 1(1.2)
Male 21 [50] Multiple 8(9.9)
Female 21 [50] None 54 (66.7)
Primary tumor location, n (%) Liver lesions treated at one time 1[1-4]
Anal 1(2.4) Liver lesions treated per patient 1 [1-6]
Bladder 1(2.4) Max diameter of each lesion (cm) 2.5[0.5-9.5]
Breast 3(7.1) Fraction and dosage (Gy) 3x18 [14-20]
Cervical 1(2.4) Isodose line 78% [56-86%]
Colon 18 (42.9) Characteristics of each local lesion undergoing SBRT as well
Lung 7 (16.7) as details of the treatment utilized were ascertained from the
Pancreas 2 48) patient registry database.
Peritoneal 1(2.4)
Prostate 1(2.4) Table 4 Outcome characteristics
Rectal 1(2.4) Parameter Value
Renal 2 (4.8) Time of follow-up (months) 24.9 [2.9-100.9]
Stomach 1(2.4) New liver metastases, n (%) 27 (33.3)
Uterine 3(7.1) Time to new liver metastases (months) 6 [1-52]
Presence of extrahepatic disease at treatment of each lesion, n (%) New extrahepatic metastases, n (%) 12 (15.6)
Yes 12 (14.8) Maximum local response, n (%)
No 65 (80.2) Stable 7 (8.6)
Time since primary diagnosis (months) 26 [6-216] PR 17 (21.0)
Primary tumor control, n [%)] CR 45 (55.6)

Yes 42 [100]
No 0
90% [70-100%)]

Characteristics of each patient undergoing treatment with SBRT
as well as the status of their primary disease were ascertained
from the patient registry database.

Karnofsky performance score

at one time was 1 and ranged from 1-4. The median
number of lesions treated per patient was also 1 but
ranged from 1-6. Some of these patients developed new
liver metastases years after treatment and had additional
treatment with SBRT. Lesions had a median maximum
diameter of 2.5 c¢cm (range, 0.5-9.5 c¢m), and a mean
volume of 53 cc (range, 0.5-363.0 cc). Three fractions
were used for all treatments and a dose of 14-20 Gy
(median 18 Gy) per fraction was prescribed to a median
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Outcome characteristics were defined as the time from the first
fraction of treatment delivered to each parameter measured.
Maximum local response was assessed and defined as stable
if there was no change in lesion size, partial regression (PR) if
the lesion was smaller than prior to treatment and complete
regression (CR) if the lesion was no longer detectable on
imaging during follow-up at any point.

isodose line of 78% (range, 56-86%).

Treatment outcomes

The median follow up was 24.9 months and the longest
follow-up time was 100.9 months (7zble 4). During
follow-up, 33.3% developed new liver metastases with
a median time to new liver metastases of 6 months after
treatment. In addition, 15.6% of patients developed new
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Table 5 One and 2-year survival and local control

Parameter 1 year (%) 2 year (%)
Overall survival 72 62
Progression free survival 32 23
Local control 86 80
Local control of lesions < 50 cc - 84
Local control of lesions > 50 cc - 62

One- and 2-year overall survival (OS), progression free survival
(PFS) and local control (LC) were defined as the time from first
fraction of treatment to death (OS), progression of disease at
any site (PFS), or local progression of treated lesion (LC) and
calculated using Kaplan-Meier’s method.
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0.6 -

0.4 4

Proportion surviving

0.2 4

0.0 1

T T T T T
0 12 24 36 48 60

Follow up (months)
Figure 1 Overall survival was graphed using Kaplan-Meier’s
method and defined as the time from the first fraction of treatment

to death from any cause.

extrahepatic metastases during follow-up. The maximum
local response rate was complete regression in 55.6% of
treated lesions, partial regression in 21% of treated lesions,
and stability in 8.6% of treated lesions (Table 4). Local
failures occurred in 12 lesions. However, most patients who
experienced local failure had poor initial follow-up and
eventual compliance was many months or even years later,
introducing the potential for undetected treatment success
in some individuals. Only 2 of these 12 lesions progressed
within the first 3 months after treatment, representing true
non-responders. Kaplan-Meier estimated 1- and 2-year
outcomes are compiled in Table 5. Estimated 1- and 2-year
overall survival was 72% and 62 %, respectively (Figure I).
Estimated 1- and 2-year progression free survival was 32%
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Figure 2 Progression-free survival was graphed using Kaplan-
Meier’s method and defined as the time from the first fraction of

treatment to progression of disease at any site.
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Figure 3 Local recurrence free survival was graphed using Kaplan-
Meier’s method and defined as the time from the first fraction of

treatment to local progression of the treated lesion.

and 23%, respectively (Figure 2). Estimated 1- and 2-year
local control was 86% and 80%, respectively (Figure 3). Two-
year local control was significantly lower for lesions >50 cc
compared to lesions <50 cc (62% vs. 84%, P=0.04; Figure 4).
Although the two lesions that progressed within three
months of treatment were both from primary colon cancer.

Safety

The majority (71.9%) of treatments were not associated
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with any toxicity. Toxicity did occur in 26.4% of treatment
courses with grade 1 toxicity (n=12) including fatigue,
diarrhea, nausea, skin irritation and pneumonitis reported
as well as grade 2 toxicity (n=3) with chest wall pain and
vomiting with mildly elevated transaminase levels (7uble 6).
"Two of the occurrences of grade 2 toxicity were in the same
patient treated again years later for new liver metastases.
No other side effects were reported.

Conclusions

The concept of regionalized care, where patients travel
from local hospitals to regional hospitals to receive care, has
gone in and out of favor over the last several decades (22).
More recently, studies have found that low-volume or
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Figure 4 Local recurrence free survival dichotomized at the mean
(50 cc). Local recurrence free survival dichotomized at the mean
was graphed using Kaplan-Meier’s method and defined as the time
from the first fraction of treatment to local progression of the
treated lesion; P=0.04 when analyzed with log-rank test.

335

non-academic institutions may produce inferior outcomes
when it comes to technically challenging radiotherapy
treatments (24-27). Some have even suggested that the most
complex cases should routinely be referred for treatment
exclusively at high volume centers. These data were
somewhat concerning, since we perform many technically
complex treatments, including SBRT, in our non-academic
low-volume community based hospital.

In the present study, we applied these questions to our
10-year patient registry database to evaluate the efficacy
and safety of SBRT for liver metastases at a low-volume,
community-based hospital. To accurately determine the
treatment outcomes of SBRT for liver metastases, we
excluded patients with primary liver cancer from this
study. Additionally, we focused our treatment plans to
3 fractions for all patients and kept the total dose within a
tight range. The results found are not only comparable to
available published data at academic institutions regarding
the efficacy of this technology but also show a low toxicity
profile. Current published studies from high-volume
institutions on SBRT for liver metastases show LC at
2 years ranges from 86% to 100% (Table 1) (4-10,12-14).
In this analysis, LC at 2 years was found to be 80%. In the
phase I/1I prospective trial published by Rustheven ez /.,
the LC rate at 2 years was 92%), however, this study did
not include 7 patients who died prior to analysis of LC. In
this analysis, smaller lesions treated resulted in better local
control (lesions <50 cc showed 2 year LC of 84%) as is also
seen in the available published literature (Rustheven er al.
showed lesions <3 cm with 2-year LC of 100%). We found
that toxicities associated with SBRT for liver metastases
did not exceed grade 2, while previously published studies
showed examples of grade 3-5 toxicities including soft
tissue toxicities, gastritis, nausea, radiation pneumonitis and
radiation-induced liver disease (6,14,28). Studies that have

Table 6 Toxicities

Toxicity grade and type Number (%)

0 41 (71.9)

1 12 (21.1) (4 fatigue, 1 diarrhea, 2 skin irritation, 4 nausea, 1 pneumonitis)

2 3 (6.3) (1 chest wall pain, nausea/vomiting/RUQ pain/rib fracture/elevated LFTs; 2 same person,
two rounds of treatment)

3 0 (0)

4 0 (0)

5 0 (0)

Toxicities were graded using the RTOG common toxicity criteria and entered into the database during follow-up with each patient.

© Journal of Gastrointestinal Oncology. All rights reserved.
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found disparities between high volume and low volume
centers acknowledge that demographic differences may at
least in part account for the difference in outcomes. Subtle
differences in demographics that relate to social support
and financial stability are difficult to measure and are
beyond the scope of this study. However, insofar as these
factors do matter, at our institution we are able to achieve
excellent results despite demographic differences unique
to our community that could lead to health disparities.
Opverall, this analysis shows that SBRT for the treatment
of oligometastatic liver metastases at our single-institution
is an effective and safe option with outcomes that are
comparable to high-volume institutions.

Some complex cases should be referred to high volume
centers. For instance, referrals are appropriate when standard
of care technology or subspecialty training are not available
locally. Indeed, it is our practice to refer for second opinion
when appropriate. On numerous occasions our patients
have benefitted greatly from specialized care at regional
centers not available in our community. However, there
are costs associated with referral to high volume centers.
For many patients, traveling long distances to receive
radiation treatment may simply not be logistically feasible.
Additionally, financial costs associated with transportation,
food and housing may either be prohibitive or at least a
significant source of stress. Further, out of pocket costs of
medical care can be limiting for patients who seek treatment
outside their network of providers. Finally, for patients with
metastatic cancer, quality time spent with family is typically
a high priority and traveling for treatment may introduce
excess psychological morbidity related to feelings of isolation
and missed opportunities for companionship. Therefore, if
outcomes are comparable, then it is preferable for patients to
undergo complex treatments closer to home.

Our results should not be applied broadly across
community-based practices. Instead, we recommend
community practices evaluate their own outcomes for
complex radiation treatments in the context of available
data from high volume centers. For centers with inferior
results or with limited experience, disparities in outcomes
may be reduced by utilizing online contouring resources
like econtour.org, tele-oncology, remote planning and
immersion courses sponsored by medical specialty societies.
Radiation oncology is a unique specialty in which treatments
are planned and delivered entirely through computer-
based programs. Unlike surgery, where proficiency can only
be achieved through participating in the operating room,
radiation therapy lends itself to online training tools. There

© Journal of Gastrointestinal Oncology. All rights reserved.

is fertile ground for the expansion of such programs either
in the private sector, or through our professional societies.

We believe it is imperative that we maintain high quality
programs at low-volume centers to provide state-of-the-art
technology directly to the communities that we serve. Over
the last decade, we have developed a stereotactic radiation
program that adheres to American Association of Physicists
in Medicine standards and is American College of Radiology
certified. All physicians in our group are certified by the
American Board of Radiology. Dissemination of the concept
that, despite adherence to these standards and certifications,
our patients are best served by referral high volume
centers for complex treatments will erode the relevance
and necessity of such standards and certifications. In this
scenario, patient safety will decline. Instead, we advocate for
more active engagement between the academic community
and accrediting bodies with community-based practices
to establish standards of care for complex treatments. The
alternative—routine referral to high volume centers—will
inevitably widen the gap where disparities do exist.

The strengths of this study are the consistency of the
treatment parameters each patient received, the specificity
of the liver lesion being metastatic and not primary liver
cancer, and the long follow-up time achieved for many
of the patients in this study. The limitation of this study
is the modest patient population at a single institution.
However, for our goal of determining the efficacy and
safety of SBRT for liver metastasis in a small-volume,
community-based hospital, these data are compelling.
These findings demonstrate the successful implementation
of a liver metastasis SBRT program in a low-volume
setting. Therefore, at this institution, referral to a high
volume academic center for liver metastasis SBRT is likely
not worth the monetary cost and inconvenience. This work
suggests that while referral to high-volume centers may be
justified for certain treatments, that each situation warrants
investigation to determine if the benefits associated will
outweigh the costs incurred by the patients living in the
communities we serve.
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