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ABSTRACT

Introduction: To report on SBRT as a bridge to OLT for patients with HCC and Child-Pugh >8 cirrhosis.

Methods: Retrospective review of 15 patients, treated from 2010-2017. Three patients excluded
secondary to delisting from prohibitive substance. Twelve patients (17 lesions) included for final
analysis. Hepatic SPECT functional treatment planning utilized.

Results: The median age of 60 years with a median CP 9 and MELD 14. The median SBRT dose was
40 Gy in 5 fractions, and median tumor size was 2.3cm (1.2-5.3cm). Median follow-up and survival
was 40-months and 46-months, respectively. One patient succumbed to renal/hepatic failure before
OLT. Radiographic response was 80%. pCR at explant was 46%. No grade > 3 acute toxicities. Median
time to progression of CP > 2 was 9.7-months and MELD progression was not met before OLT.

Conclusion: SBRT with functional treatment planning can be used safely as a bridge to OLT in select

patients with CP >8 cirrhosis.

Keywords: stereotactic body radiation treatment, hepatocellular carcinoma, bridge to transplant,

downsizing, liver transplantation, hepatic cirrhosis

INTRODUCTION

Liver cirrhosis predisposes to the development of
hepatocellular carcinoma (HCC), with 80-90% of HCC
cases occurring in cirrhotic livers. (1) The gold standard
treatment of HCC is liver transplant, which addresses
both the underlying cirrhosis and the HCC. In the
United States the Organ Procurement and Transplanta-

tion Network/United Network of Organ Sharing (OPTN/
UNOS) is the organization that manages the allocation
of the limited donor livers to patients on the transplant
list. (2) A seminal publication in 1996 by Mazzaferro
et al. from the University of Milan defined a restrictive
selection or “Milan criteria”, of a solitary HCC < 5 cm
or up to 3 HCCs < 3 cm, without vascular invasion or
metastasis based on pathological review of the explanted
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livers which resulted in a 4-year survival of 85% and a
recurrence-free survival of 92%, much better than prior
experiences with liver transplantation. (3-5)

The waitlist process is based on medical urgency,
with factors in the risk of death from liver dysfunction
and HCC progression incorporated into the priority of
liver transplant allocation. The median waiting time
for all patients for a liver transplant in 2016 was 11.3
months, however there are geographical disparities in
organ allocation. (2, 6) During this wait time the pro-
gression of tumor is unpredictable, resulting in a drop-
out rate of approximately 25% at 12 months. (7, 8)

Given the above, local therapy for HCC has been
investigated as a bridge to liver transplant in order
to decrease tumor progression and the dropout rate.
The dropout rate of patients within the Milan criteria
for transplantation is estimated to decrease to 0-10%
when bridging therapy is utilized. (9) The American
Association for the Study of Liver disease guidelines
that locoregional therapies should be considered as
a bridge to transplant if the anticipated wait time is
above 6 months and if they are an appropriate candi-
date based on hepatic dysfunction. (10) In addition,
patients marginally outside of the UNOS criteria can
be evaluated for tumor downsizing treatment in order
to meet Milan criteria and if successful orthotopic liver
transplant (OLT) can be considered. (11) Many local
and locoregional therapies have been investigated as a
bridge to transplant, including radiofrequency ablation,
intra-arterially directed therapies, resection, as well as
ever-growing data on stereotactic body radiotherapy
(SBRT). (11-16) However, in the setting of progressive
cirrhosis it is critical that treatment is balanced against
worsening a patient’s liver function. In patients with
HCC and CP scores =8 the role of SBRT as a bridge to
OLT has not been established. Thus, we evaluated clini-
cal outcomes and toxicity of using SBRT as a bridg-
ing therapy or for tumor downsizing prior to OLT in
selected patients with CP scores >8.

MATERIALS AND METHODS

After obtaining Institutional Review Board approval,
a retrospective review was performed on 15 patients
with CP scores >8 treated with SBRT (<6 fractions)
as a bridge or tumor downsizing to OLT from 2010
to 2017 at a single institution. We excluded 3 patients
who were treated as a bridge to OLT, however were del-
isted secondary to prohibitive substance. Out of the 12
patients used for final analysis, 11 had successful OLT
with one dying prior to receiving OLT. All the cases
were discussed at a multidisciplinary liver tumor board,
where radiation oncologists, hepatologists, transplant

262 Journal of Radiosurgery and SBRT Vol.5 2018

surgeons, medical oncologists, radiologists, and inter-
ventional radiologists were present. Table 1 and Table
2 summarize the patient characteristics and treatment
details at the time of SBRT, respectively.

Table 1. Clinical details for study patients at time of
SBRT,N=12

Variable No. %
ECOG status

0 6 50

1 3 25
2 3 25
Sex

Male 11 91.66
Female 1 8.33
HCC lesions treated

1 7 58.33
2 5 41.66
Milan Criteria

within 9 75
outside 3 25

Cause of Cirrhosis

Hepatitis C 8 66.66
NASH 2 16.66
Alcoholic Liver disease 1 8.33
Iron Overload 1 8.33
Child Pugh Score

8 5 41.66
9 2 16.66
10 4 33.33
11 1 8.33
MELD-Na score

<10 1 8.33
10-19 10 83.33
20-29 1 8.33
>30 0 0
Previous TACE X1

No 10 83.33
Yes 2 16.66

* Abbreviations: ECOG, Eastern Cooperative Oncology
Group; NASH, Non-alcoholic Steatohepatitis; MELD-Na,
Model for end-stage liver disease; TACE, Transarterial
chemoembolization.



Table 2. Treatment details at time of SBRT

Variable Median Range
Tumor dimension (cm) 2.3 1.3-52
Total prescribed dose (Gray) 40 30-50
Planned target volume (cc) 37.5 9-164
Time from SBRT to OLT 5 2-10

(months)

The specifics of the radiotherapy planning have
been previously published. (17) Briefly, each patient
was positioned on a custom-molded vacuum cushion
(Bionix, Toledo, OH) and a treatment planning CT was
obtained to define the gross tumor volume (GTV). This
was immediately followed by a 4D-CT to delineate
the internal target volume accounting for respiratory-
induced tumor motion. A planning target volume (PTV)
was constructed by adding an additional 0.5cm margin
to the internal target volume to account for set-up error.
SBRT dose was prescribed to the isodose line encom-
passing the planning target volume (generally >90%)
allowing up to 120% point dose to the target volume.
Image guided radiation therapy (IGRT) using cone-
beam CT was performed before each daily session to
reduce set-up uncertainties. Implanted fiducial markers
were not used.

Ten of the patients in this study underwent hepatic
3D-CT/SPECT with *™Tc-Sulfur colloid for identi-
fication and subsequent avoidance of well-perfused,
functionally active hepatic parenchyma during SBRT
(Figure 1a and 1b). Details of SPECT/CT co-registra-
tion and treatment planning methodology have been
previously reported for liver SBRT in cirrhotic HCC
patients. (17, 18) Liver dose constraints were imposed
exclusively on residual functional liver volumes defined
on 3D-CT/SPECT with calculation of predicted func-
tional liver volume (pFLV) from an equation used in
transplant surgery and *°Y radioembolization dosim-
etry; (predicted functional liver volume = - 794.41
+1268.28 x body surface area). (19, 20) Next, we speci-
fied that at least 35% of predicted functional liver vol-
ume from treatment-planning 3D-CT/SPECT should
receive no more than 16 Gy (4 fraction SBRT), or 18
Gy (5-6 Fraction SBRT). Thirty-five percent of residual
functional liver to be avoided from threshold irradia-
tion corresponds to a conservative estimate of normal
liver volume to be spared from hepatic resection. (17)
Additional constraints included stomach V25 <10 cc
(maximum < 30 Gy); and small bowel V20 <20 cc
(maximum < 30 Gy) where V25 and V20 are the corre-
sponding organ volumes receiving at least 25 or 20 Gy,
respectively.

SBRT bridge to OLT: HCC and CP 28 cirrhosis

Figure 1. a) Axial image from a patient with ascites
treated with SBRT as a bridge to transplant for a HCC
in segment 4A, 40 Gy in 5 fractions. The pink circle
delineated by black arrows represents the planning
target volume (PTV) with surrounding isodose lines.
Functional treatment planning with 3D-CT/SPECT
was utilized. The blue color wash which is outlined in
a black line demonstrates the SPECT volumes that
represent the functionally active hepatic parenchyma.
The whole liver is delineated by the red color wash. The
radiation plan was constructed with the goal of best
avoidance of the SPECT volume. b) DVH histogram
showing the SPECT_NLV-PTV (blue line) and the
Liver-PTV volume (brown line). For treatment, the liver
dose constraints are imposed exclusively on residual
function liver volumes defined on the 3D-CT/SPECT,
which represents the more restrictive volume.

Toxicity was defined by the Common Terminol-
ogy Criteria for Adverse Events CTCAE (v4.03). (21)
Progressive cirrhosis was defined as either progression
of CP score >2 or a change in MELD-Na score lead-
ing to increased 3-month waiting list mortality. (22, 23)
Radiation induced liver disease (RILD) was defined as
either nonmalignant ascites with elevation of alkaline
phosphatase more than two times the upper limits of
normal, without increase in bilirubin and transaminase
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Figure 2. Overall survival for the entire group

levels (classic RILD) or transaminase levels more than
5 times the upper limits of normal or pretreatment level
(non-classic RILD). (24, 25) Patients were followed by
the multidisciplinary team, including the transplant team,
with imaging and lab work obtained per OPTN policy.
(26) The patient was assessed at 1 month and then at least
at every three-month intervals until liver transplantation
in the radiation oncology department. No patients were
lost to follow-up. The operative notes and the first post-
surgical follow-up were reviewed in detail. Radiographic
Tumor response was determined by MRI or CT imag-
ing of the liver using the Response Evaluation Criteria in
Solid Tumors (RECIST) and modified RECIST (mRE-
CIST). (27, 28) Radiographic local control was defined
as no progression of disease within the planning target
volume. Survival, control, and progressive cirrhosis were
evaluated via Kaplan Meier analysis. Calculations were
performed using SPSS 20.0.

RESULTS

The median age was 60 years (range 48-69 years),
with all patients having an Eastern Cooperative Oncol-
ogy Group performance status of <2. Three patients
required SBRT for tumor downsizing to be listed within
the Milan Criteria for transplant. At the time of SBRT,
the median CP score was 9 (range 8-11) and MELD-
Na 14 (range 9-24) adjusted for the serum sodium con-
centration. Seven patients were CP B score =8 and 5
patients were CP C. The cirrhosis was secondary to
hepatitis C in the majority of the patients (66%), with
nonalcoholic fatty liver disease, iron overload and alco-
hol representing the other causes. There was no other
liver-directed therapy besides two patients who had
undergone a prior transarterial chemoembolization
(TACE). TACE was used one month prior to SBRT for
radiosensitization in one patient with two lesions, with
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an inferior right hepatic lesion precluding dose escala-
tion (delivered 30 Gy in 5 fractions) given adjacency to
the bowel. The other patient did not have radiographic
response to TACE.

Five patients had two HCC lesions treated, result-
ing in a total of 17 HCC lesions treated. The median
tumor max dimension was 2.3 cm (range 1.3-5.2 cm).
The median pre-treatment AFP was 13.5 (range 2.4-
312). The median dose delivered was 40 Gy in 5 frac-
tions (range 30-50 Gy in 4-6 fractions), and the median
Biologically Effective Dose (BED) Gy, was 146. The
median gross tumor volume size was 14.5 cc and
median planning target volume size was 37.5 cc (range
9-164 cc).

The median time between completion of SBRT and
liver transplant was 5 months (range 2-10 months).
Four patient’s operative notes reflected adhesions or
radiation changes, one secondary to previous sponta-
neous bacterial peritonitis, two from spontaneous bac-
terial peritonitis and radiation, and one from radiation
alone. In regards, to the patient with radiation changes
alone the operative note identified the areas of radia-
tion in the margin of segment 4 and the right lobe of
the liver, with some retraction and fibrosis noted on the
surface of the liver. There were no complications expe-
rienced during surgery or in the postoperative period for
this patient. The median follow-up and survival was 40
months (range 3-70 months) and 46 months (range 3-70
months), respectively. Out of the 12 patients treated
with the intent to proceed with OLT, 11 had success-
ful OLT with one dying prior to receiving OLT. The
one patient succumbed to renal/hepatic failure before
obtaining a liver transplant or restaging imaging at 3
months after SBRT to two lesions (planning target vol-
umes of 72 cc and 40 cc). At the time of SBRT, the
patient was 69 years old with CP-C10, MELD-Na 18,
grade 2 encephalopathy and ascites. The patient did
not have liver enzyme elevations to define RILD. The
Kaplan-Meier actuarial overall survival estimates at 1
through 4-years after completion of SBRT were 91%,
91%, 68%, and 57% (Figure 2). After transplant, 4 of
the 11 patients have died. The cause of death included
recurrent hepatitis C and liver failure, chronic kidney
disease resulting in kidney failure, pneumonia causing
septic shock, and metastatic disease from HCC. One
patient developed metastatic disease a year ago from a
neuroendocrine tumor to the lungs and retroperitoneum
and remains alive 3 years and 9 months after SBRT.

Restaging imaging after SBRT was obtained in 11
out of the 12 patients, with 100% radiographic local
control. One patient progressed distantly at 38 months
from SBRT, with no patients recurring in the liver. The
median decrease in size of the HCC lesion was 60%,
with all lesions having a treatment response within the
first 3-6 months on restaging CT or MRI. Only one



patient did not have evidence of radiographic response,
however the lesion lost arterial phase enhancement,
which was deemed to represent a treatment effect
and remained within Milan criteria for transplant.
Radiographic response (complete response and partial
response) as evaluated by the mRECIST criteria was
80%. Five lesions had complete radiographic response
to SBRT by mRECIST criteria. Out of 5 patients
who had elevated pretreatment AFP, 4 normalized by
6 months. Five patients had a pathologic complete
response (pCR) on explanted liver (46%), with two
additional patients having extensive or grossly necrotic
pathologic findings within treated HCC. Neither of the
two patients treated with TACE had a pCR. One patient
had residual HCC on explant pathology that was similar
in size to the pre-SBRT imaging, though radiographi-
cally he did have a 0.7 cm decrease in size of the HCC.

Grade <2 fatigue was the most prevalent acute
adverse event, occurring in 50% of the patients. There
were two Grade 1 gastrointestinal toxicities. No patients
were formally diagnosed with radiation induced liver
disease (RILD), with 4 patients developing grade <2
transient elevation of serum transaminases, alkaline
phosphatase, or bilirubin. The median time to pro-
gression of Child-Pugh score 22 was 9.7 months while
median time to MELD-Na progression was not met
before the liver transplant.

DISCUSSION

To our knowledge this is one of the largest series of
patients evaluating the clinical outcomes and toxicity of
using SBRT as a bridge to transplant or downsizing to
OLT in patients with CP scores 28 hepatic cirrhosis. In
the setting of severe cirrhosis, local control is difficult
to achieve without compromising poor liver function.
In our series, residual hepatic function was preserved
without affecting the patients’ 3-month mortality on the
liver transplant waitlist as the median time to MELD-
Na progression was not met before liver transplant. We
believe this finding is not only attributable to the precise
tumor targeting with SBRT technique but also to the
functional liver planning with SPECT/CT, allowing for
conformal avoidance of functionally active, well-per-
fused hepatic parenchyma. The overall treatment toxic-
ity in our study was below Grade 3, with no evidence
of radiation induced liver disease, and predominately
consisting of Grade <2 fatigue. This toxicity profile is
similar to our recently published data on 15 transplant-
ineligible patients with CP score 28 cirrhosis that were
treated with SBRT and functional treatment planning,
with no Grade <3 toxicity or radiation induced liver
disease. (12, 17, 29, 30) In addition, in a retrospec-
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tive review by Mohamed et. al., the most common side
effect in the 24 patients undergoing SBRT for bridge to
transplant was Grade 1-2 fatigue, with no grade 3 or 4
toxicity seen. (31)

In regard to the effectiveness of treatment, our results
compare favorably to the limited published series on
patients with CP score >8 cirrhosis treated with SBRT
as a bridge to transplant. In an abstract, Culleton et. al.
reported on outcomes in patients with CP B or C cir-
rhosis treated with SBRT, although the majority having
CP B score 7 liver function and the median dose was 33
Gy in 6 fractions. Ten patients were treated as a bridge
to transplant. The median survival of patients treated as
a bridge to transplant was 30.7 months in their series,
compared to 46 months in our series of patients. (15)

The excellent local control, radiographic downsiz-
ing, and response seen on explant liver pathology are
promising, and mirror other results from bridge to
transplant SBRT studies. The 100% radiographic local
control is similar to other studies published, includ-
ing the Indiana University Simon Cancer Center series
which included 21 CP A and B patients who proceeded
to OLT, and had no local failures prior to OLT. (14,
32) In regard to radiographic downsizing, the Mannina
series reported pre-OLT radiographic response rates
(CR + PR) ranging from 52% (RECIST) to 86% (mRE-
CIST), which is consistent with the 70% (RECIST)
and 80% (mRECIST) seen in our series of patients
treated with a similar median dose fractionation. (33)
In a recently published review article by Murray and
Dawson the complete pathologic responses have been
reported in 14%-27% of lesions. (7) Our experience of
a complete pathologic response is higher, with 46% of
patients having complete pathologic response, which
may be due to limited sample size.

It is important to highlight that liver SBRT in
patients with CP score >8 cirrhosis is still controver-
sial. In addition, in our recently published paper on
transplant-ineligible HCC patients with CP score >
8 cirrhosis prognosis after liver SBRT was poor and
broadly similar prognosis would probably be expected
with optimal supportive care. (30) Thus, it is important
to work in a multidisciplinary fashion with severely
cirrhotic patients eligible for liver SBRT being upfront
candidates for OLT. We excluded three patients who
were treated as a bridge to transplant however were del-
isted secondary to relapse on prohibitive substance use.
We recommended continued counseling of the patient
with each physician interaction to reinforce the need for
transplant and the lifestyle changes to remain eligible.

This report has limitations, including retrospective
design and its inherent biases, and a limited sample size.
However, this report has value due to scarcity of previously
published data on the subject, uniformity of our treatment
planning procedures, and completeness of follow-up data.
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Our single institutional review suggests that liver SBRT
with functional treatment planning can be used safely as a
bridge to OLT or for tumor downsizing in select patients
with CP score >8 cirrhosis, who may otherwise progress
prior to undergoing transplant. SBRT demonstrated excel-
lent local control and radiographic response without grade
3 or higher acute toxicity, resulting in successful trans-
plants and an opportunity for long-term survival.
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