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Abstract

Integration of locoregional therapies such as stereotactic body radiation therapy (SBRT) is increasing in the
treatment of hepatocellular carcinoma (HCC), the most common primary cancer of the liver. A 68-year-old man
with hepatitis C was diagnosed with American Joint Committee on Cancer stage 2 (cT2NOMO), Child-Pugh class
A, multifocal HCC. He completed adaptive MR-guided stereotactic body radiation therapy (MRgSBRT) for a total
dose of 50 Gy in 5 fractions. At the 3-month follow-up, a three-phase abdominal CT showed a decrease in the size
of the treated lesion and a new gastric fistula was noted. He started a proton pump inhibitor and remained under
close observation. At the 6-month follow-up, imaging showed a decrease in tumor size with continued evidence
of a contained fistula. Severe side effects are possible following MRgSBRT to the liver, even with the utilization of
adaptive treatment, highlighting the importance of attention to high-dose isodose lines near normal tissues and

adherence to dose constraints.
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Case Summary

The patient is a 68-year-old man
with a history of hepatitis C,
hypertension, hyperlipidemia, and
an initial diagnosis of Ameri-
can Joint Committee on Cancer
stage 2 (cT2NOMO), Child-Pugh
class A, multifocal hepatocellu-
lar carcinoma (HCC). Eight years
prior, he received multiple courses
of chemoembolization. A surveil-
lance follow-up CT scan recently
demonstrated a solitary, active
tumor in segment 2/3 abutting the

stomach. Following his presenta-
tion at a multidisciplinary tumor
board, he was referred for possible
stereotactic body radiation therapy
(SBRT). The patient reported
feeling well overall, although he
did endorse mild, intermittent
episodes of nonradiating abdominal
pain. Upon physical examination,
there was no evidence of jaundice,
ascites, or abdominal tenderness.
His recent lab values included

an international normalized ratio
(INR) of 1.05, albumin of 4.2

g/dL, bilirubin of 0.8 mg/dL, and
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an AFP of 21.2 ng/mL. INR was
measured to evaluate blood clotting
and anticoagulation, and AFP was
measured as a liver tumor marker.

Imaging Findings

His most recent CT scan
of the abdomen demonstrated
a single site of active disease
within segments 2 and 3 of
the liver measuring up to 7
cm with an exophytic component
causing abutment of the stomach
(Figure 1), confirming the
recommendation for MRI-guided
SBRT. Given the proximity of the
stomach to the tumor, endoscopic
evaluation was performed within 3
months of the referral for radiation
consideration and no invasion of
the tumor into the stomach was
observed. He underwent a planning
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Figure 1. Patient’s initial CT scan showing active disease within segments 2 and 3 of CT and MRI simulation the
the liver measuring up to 7 cm. following week. He was instructed
to have nothing to eat for 3 hours
prior to simulation and daily
treatment. He received 50 Gy in 5
fractions with an adaptive workflow
on the MRI linac (Figure 2).
Overall time on the treatment table
was roughly 1-1.5 hours, with no
routine imaging post-treatment per
institutional protocol. He tolerated
treatment well, denying any acute
side effects. All normal tissue
constraints were met as per
BR-001' with the exception of the
5 cc constraint for duodenum,
which we do not commonly
use; however, all constraints
were met based on Radiation
Therapy Oncology Group (RTOG)
1112% (Table 1).

At the 3-month follow-up,
the patient endorsed intermittent
episodes of nausea without

vomiting and mild, intermittent

Figure 2. Isodose lines for MR-guided stereotactic body radiation therapy (MRgSBRT) treatment (A-E). (L= left, R = right, A in the bottom
left corners = anterior)

Isodose Lines
Rx Dose = 50.00 Gy

Dose (Gy) Rx (%)
55.00 110.00

25.00 50.0

10.00 20.0
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Table 1. Dosimetric Constraints

ACHIEVED
RTOG 1112 PATIENT
V35 at.0lcc
V30 at.5cc
V35<.5¢cc V30<.5cc V25 at 2.65 cc
Stomach V26.5<5cc V25 <5cc V26.5 at 1.75 cc
V30<.5cc V30 at .14 cc
Duodenum V18.3<5cc V30 <.5cc V28 at 5 cc
V40 < .03 cc V30 at .00 cc
Bowel v28.5 <20 cc V30 <.5cc Vv28.5 Gy at .00 cc

Abbreviation: RTOG, Radiation Therapy Oncology Group.

episodes of nonradiating abdominal
pain that had remained stable
since before treatment. The patient
denied any fever or chills, and
there was no evidence of ascites

or abdominal tenderness. Lab work
revealed a decrease in AFP to

10.6 ng/mL. A triple-phase CT scan
of the abdomen showed a slight
decrease in size of the treated left
liver mass measuring 4.6 X 5.3 cm
with gas and fluid components and
communication to the lumen of
the stomach.

Diagnosis

The patient in this case

completed adaptive MRgSBRT for
50 Gy in 5 fractions (Figure 2).
Each of the 5 plans had luminal
structures exceeding tolerance,
requiring daily adaptation. Looking
back at each predicted dose based
on daily anatomic changes, the
bowel/duodenum tolerance would
have been exceeded on all days
and the stomach tolerance would
have been exceeded on days
2 and 4. To adapt the treatment,
a 50-Gy optimization structure was
created. The optimization structure
was defined by the planning target
volume (PTV) 50 minus planning
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organ at risk volume (PRV)

of gastrointestinal (GI) structures
(bowel, duodenum, and stomach
plus 5 mm). With the adaptive
workflow, we were able to meet
all constraints daily and achieve
reasonable coverage of the gross
tumor volume (GTV) and PTV. At
least 90% of the GTV received

50 Gy daily, and the area that
was undercovered was the area
abutting the stomach. The patient
was treated with automatic beam
gating and deep inspiratory breath
hold for motion management.

The results of the triple-phase
CT at the 3-month follow-up
were consistent with gastric
wall invasion and fistulization
(Figure 3). The fistula appeared
to be asymptomatic, and close
observation was pursued after
review with a surgical oncologist.
The patient was recently placed
on a proton pump inhibitor (PPI)
therapy with his primary care
provider and was advised to
continue this medication.

At the 6-month follow-up, the
patient reported feeling well, the
abdominal examination was without
abnormality, and the lab work
revealed an alpha-fetoprotein (AFP)
value of 16.1 ng/mL. A repeat
triple-phase CT of the abdomen

demonstrated continual decrease in
size of the treated segment 2/3 left
hepatic lobe mass, with an internal
air-fluid level, and stable fistulization
to the stomach that measured
2.1 x 3.4 cm (Figure 3). The soft-
tissue thickening of the involved
stomach wall was not significantly
changed. There was an interval
increase in size of a new arterial-
enhancing segment 4A lesion, now
measuring 2.2 x 2.6 cm, likely
suggestive of disease progression.
As the fistula had not changed
significantly upon imaging and
he remained asymptomatic, the
patient was advised to continue
PPI therapy and seek medical
care should symptoms. He was
referred to interventional radiology
for consideration of percutaneous
ablation for his progressive hepatic
segment 4A lesion given the
favorable location and size.

Discussion

Hepatocellular carcinoma is the
most common primary cancer of
the liver.®? The preferred mode
of treatment is transplant or
resection with locoregional therapies
such as ablation and external
beam radiation therapy (EBRT) as
bridging treatments.? Only 10% to
30% of patients at diagnosis are
surgically eligible.* In nonsurgical
cases, locoregional therapy is used
as a primary treatment. These
established local treatments include
interventional radiology ablation,
arterially directed therapies, and
EBRT.>>*

Stereotactic body radiation
therapy is a form of EBRT that
delivers precise high doses of
radiation to a tumor—typically
in the dose range of 30-50 Gy
in 3-5 fractions.” SBRT for HCC
has potential benefits that include
a decreased amount of normal
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Figure 3. A 3-mo follow-up CT scan showing axial (A) and coronal views (B). A 6-mo follow-up CT scan showing axial (C) and

coronal views (D).

tissue irradiation, a shorter overall
treatment, and high 1-, 2, and 3-year
control rates of 87% to 93%, 74%

to 89%, and 86%, respectively.”*
Although prospective studies have
reported high rates of local control
and low rates of morbidity, until
recently there was no reported
increase in survival.’ In the recently
reported RTOG 1112 trial, there is
now a reported survival advantage
of SBRT plus sorafenib (median
overall survival, OS, = 15.8 mo)
compared with SBRT alone (median
0S =12.3 mo).” With the recent
evidence supporting the role of
immunotherapy (I0) in HCC, there
is now also interest in exploring
SBRT in combination with IO,

but currently, there are little data
regarding outcomes.'**

Due to the proximity of GI
organs-at-risk (OARs), there is an
increased risk for toxicity after SBRT
to the liver. Late reactions and
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toxicities from SBRT occur 3 or

more months after the completion
of radiation therapy and include
gastritis, ulceration, perforation, and
significant GI bleeding." Fistulation
is a rare secondary consequence of
ulceration that occurs at a rate of
>5%. In a meta-analysis involving
1950 HCC patients treated with
SBRT, grade 3 or higher hepatic and
GI toxicities were 4.7% and 3.9%,
respectively.’ Within GI toxicity,
10.5% of patients experienced a
grade 3 or higher toxicity, including
grade 4 gastric ulcer perforation in
4.3% of patients.’ Tolerance doses
for structures such as the esophagus,
stomach (Table 1), or intestine

are much lower than ablative

doses used for SBRT, requiring
special consideration for tumors
close to luminal structures." Current
treatments for ulcers and fistulas
include PPIs, hyperbaric oxygen, and
partial gastrectomy."*

New technologies that improve
the precision of SBRT delivery,
such as MRgSBRT, have allowed
for a reduced risk of toxicity
for abdominal SBRT."*** The MR
linac produces superior soft-tissue
contrast and imaging while enabling
daily imaging with sufficient
quality that allows for daily
plan adjustments according to
interfraction organ motion."”"” The
target volume and OARs are
recontoured daily.’ The use of an
onboard cine-MRI during treatment
allows for direct visualization of
tumor motion, ensuring accuracy of
radiation delivery while minimizing
irradiating nondiseased tissue."
For tumors with respiratory
motion, guided breath holds allow
for maintenance of the tumor’s
position within the boundary for
treatment and optimized target
positioning."” Studies have shown
that 66% of liver fractions have
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benefited from online adaptation
and that the online-adaptive
planning revealed unintended OAR
constraint violations that would have
occurred in nonadaptive fractions
at a rate of 63%."” MRgSBRT
optimizes the dose targeting the
tumor while minimizing normal
tissue irradiation, thus potentially
widening the therapeutic index.
Studies evaluating the extent of
intrafractional and interfractional
liver motion on conventional linear
accelerators (linacs) before and
after SBRT have reported small
variation, with Case et al showing
that 80% of patients had a maximum
amplitude of motion < 3 mm in any
direction.”® However, in this study
they did not have the capability to
study motion continuously during
treatment and tried to keep the
treatment time < 25 minutes. There
is little literature on the effects
of intrafractional movement during
MRI-guided radiation treatment. In
a study that explored the effects of
inter- and intrafraction movement,
benefits from plan adaptations were
noted.” The results showed that
the intrafractional adaptation was
especially useful for high-dose OAR
sparing.” It is important to note that
small variations—such as differences
in respiratory phases and contouring
variations—may influence high-dose
OAR sparing. At our institution,
we do not routinely track possible
intrafractional movement of OARs
throughout the course of treatment;
however, we do track the tumor and
that is a strength of the technology.
With the upgrades that came after
this patient was treated, clinicians
have the ability to track intrafraction
movement of multiple structures
(tumor, isodose lines, and OARs).
Due to our patient’s Child-Pugh
class A status and the large tumor
size, we opted for a plan of 50
Gy in 5 fractions to maximize
local control given his only site of
disease. The biologically equivalent
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dose of 50 Gy in 5 fractions is
analogous to the 3-fraction approach
used in Child-Pugh A; if the patient
was Child-Pugh B, the chosen dose
would be 40 Gy in 5 fractions.”
While recognizing different lower
dosage options in the RTOG 1112
trial (27.5-50 Gy), the radiosensitizer
sorafenib used could allow for
lower-dose sensitivities.” Constraints
under RTOG 1112 were still met
under the utilized dosing scheme
for this case. The entire time to
adapt and deliver the treatment
exceeded 1 hour daily. Although
his stomach was contoured at

the beginning of treatment, there
was no mechanism to ensure

that his stomach volume remained
constant throughout. It is possible
that he had additional gastric
filling during his prolonged daily
treatment times, and that the
change could have accounted for
increased cumulative dose to this
region. At our institution, we do
not have the capacity to do routine
post-treatment imaging. However,
in cases such as this with disease
immediately adjacent to normal GI
mucosal structures, perhaps mid-
and post-treatment imaging should
be routine so that the cumulative
dosimetry can be confirmed.

Conclusion

This case demonstrates that
despite the adoption of technological
advancements that improve SBRT,
incidents of severe side effects,
such as fistulation, can still occur.
MRgSBRT provides an adaptive
method of treatment that allows
for real-time, optimized normal
tissue visualization to provide
highly conformal, high-dose isodose
lines that strictly adhere to dose
constraints. More studies are
needed to determine the extent of
intrafraction tumor/normal tissue
movement for upper abdominal

tumor sites with treatment times
approaching 1 hour.
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