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Summary

To analyze stereotactic body
radiation therapy before
orthotopic liver trans-
plantation for hepatocellular
carcinoma, we first
compared explant pathology
with various radiographic
response criteria revealing
poor concordance. With
extended follow-up, factors
affecting the high response
and local control rates as
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Purpose: To analyze the results of stereotactic body radiation therapy (SBRT) in pa-
tients with early-stage, localized hepatocellular carcinoma who underwent definitive
orthotopic liver transplantation (OLT).
Methods and Materials: The subjects of this retrospective report are 38 patients diag-
nosed with hepatocellular carcinoma who underwent SBRT per institutional phase 1 to
2 eligibility criteria, before definitive OLT. Pre-OLT radiographs were compared with
pathologic gold standard. Analysis of treatment failures and deaths was undertaken.
Results: With median follow-up of 4.8 years from OLT, 9 of 38 patients (24%) recurred,
whereas 10 of 38 patients (26%) died. Kaplan-Meier estimates of 3-year overall survival
and disease-free survival are 77% and 74%, respectively. Sum longest dimension of
tumors was significantly associated with disease-free survival (hazard ratio 1.93,
PZ.026). Pathologic response rate (complete plus partial response) was 68%. Radio-
graphic scoring criteria performed poorly; modified Response Evaluation Criteria in
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well as treatment failure and

death were studied. The an-
alyses ultimately revealed
SBRT to be safe and effec-
tive, with a need for further
stratification of patients ac-
cording to tumor burden and
treatment response
parameters.
Solid Tumors produced highest concordance (k Z 0.224). Explants revealed viable
tumor in 74% of evaluable patients. Treatment failures had statistically larger sum
longest dimension of tumors (4.0 cm vs 2.8 cm, PZ.014) and nonestatistically signifi-
cant higher rates of lymphovascular space invasion (44% vs 17%), cT2 disease (44% vs
21%), �pT2 disease (67% vs 34%), multifocal tumors at time of SBRT (44% vs 21%),
and less robust mean a-fetoprotein response (�25 IU/mL vs �162 IU/mL).
Conclusions: Stereotactic body radiation therapy before to OLT is a well-tolerated treat-
ment providing 68% pathologic response, though 74% of explants ultimately contained
viable tumor. Radiographic response criteria poorly approximate pathology. Our data
suggest further stratification of patients according to initial disease burden and treatment
response. � 2017 Elsevier Inc. All rights reserved.
Introduction

Collectively denoted “liver cancer,” invasive neoplasms of
the liver parenchyma (hepatocellular carcinoma, HCC) and
intrahepatic bile ducts (intrahepatic cholangiocarcinoma)
have an estimated incidence of 35,660 new cases in 2015,
75% arising from hepatocytes (1). The estimated number of
people succumbing to these malignancies in 2015 is
24,550, for a crude mortality rate of 68.8%. Statistics from
the American Cancer Society illustrate a 3.4% increased
yearly incidence from 2007 to 2011, with the mortality rate
climbing 2.5% per year during that time, now with 5-year
survival rates of 18% (1).

At our institution, once localized HCC is confirmed,
cases are reviewed by a multidisciplinary team. Surgical
candidates are evaluated for partial resection versus trans-
plantation. Select operable or inoperable patients are can-
didates for local therapies, such as radiofrequency ablation,
arterial catheter-directed therapies, or external beam radi-
ation therapy. Operable patients with advancing cirrhosis
by the model for end-stage liver disease (MELD) score and
a diagnosis of HCC within expanded Milan criteria are
directed toward orthotopic transplantation. Stratification for
these therapies is largely based on Child Pugh classification
(CPC) degree of cirrhosis.

Stereotactic body radiation therapy (SBRT; also stereo-
tactic ablative radiation therapy) as a viable treatment
strategy has emerged, with our own phase 1 to 2 trials
demonstrating excellent local control, >90% at 6 months,
with estimated sustained local control at 3 years of 82%
(CPC-B) up to 91% (CPC-A) with acceptable 11% grade 3/
4 liver toxicity in CPC-A patients (2-4). Grade 3/4 liver
toxicity of 38% was seen in class B patients, with toxicity
best predicted by low dose volumes (5). Only patients who
received SBRT then subsequent orthotopic transplantation
were analyzed as the subject of this publication.

Methods and Materials

Eligibility criteria, simulation, immobilization tech-
niques, and treatment methods have been previously
described (2-4). Briefly, for the institutional review
boardeapproved phase 1-2 SBRT trial patients were
eligible with: (1) a diagnosis of primary HCC with
CPC-A or -B liver dysfunction of any etiology; (2) an
Eastern Cooperative Oncology Group performance status
of 0 to 2 (Karnofsky performance status �70%); (3)
greater than 18 years of age; and (4) a minimum life
expectancy of 3 months. All patients were considered
ineligible for resection by a dedicated liver surgeon then
discussed in a Liver Oncology Multidisciplinary Group,
where nonsurgical options were considered, including
radiofrequency ablation, transarterial chemoembolization,
bland embolization, and 90Y radioembolization. For the
phase 1 component, CPC-A or -B patients with scores
<10 were initially allowed. After interim analysis only
patients with scores �7 were allowed, owing to excessive
toxicities (2). Subsequent non-protocol patients met the
above criteria and had CPC score �7. For this report,
SBRT took place from October 2006 to July 2014, and
follow-up was through September 2015.

Hepatocellular carcinoma was diagnosed per interna-
tional guidelines on the basis of imaging characteristics,
pathology, and/or a-fetoprotein (AFP) value (6). Patients
were required to have either a solitary tumor with a
maximum diameter �6 cm or up to 3 lesions with sum
diameter �6 cm, located at least 0.5 cm from hollow
viscera, with no evidence of progressive or untreated gross
extrahepatic disease and no evidence of acute hepatitis.
Liver-directed treatment within 14 days of SBRT was not
allowed. Additional requirements included adequate liver,
renal, and hematologic function. Protocol patients signed a
study-specific informed consent form. Lesions that could
not meet dosimetric constraints owing to proximity to the
porta hepatis or hollow viscera did not receive SBRT and
thus are not included in this report (2-4).

At simulation, patients underwent triple phase CT
(TPCT) while immobilized in the stereotactic frame with
abdominal compression using 4-dimensional technology to
account for respiratory motion. The gross tumor volume
(GTV) was defined as the gross disease in each phase of the
TPCT and/or diagnostic MRI; with rare exceptions based
on clinical suspicion, GTV Z clinical target volume. The
planning target volume included the GTV with a minimum
5-mm axial and 10-mm cranio-caudal expansion. In
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patients with segmental portal vein thrombosis, the length
of the thrombus with a 1-cm margin was included in the
GTV. Multiple (range, 7-12) nonopposing, noncoplanar
fields were designed to cover the planning target volume,
with dose prescribed to the 80% to 90% isodose line.
Normal tissue constraints and dose-escalation protocols
have been previously described (2). Patients with multiple
lesions were treated in one course.

Patients were evaluated for transplant at time of diag-
nosis of HCC, but because of medical comorbidities, sub-
stance abuse, low MELD score, or presence of segmental
portal vein thrombus were not listed; 3 patients were
diagnosed with HCC after being listed. After SBRT, pa-
tients were medically cleared, shown to have radiographic
thrombus response, or developed higher MELD scores
before successful appeal to undergo orthotopic liver trans-
plantation (OLT) with methods previously described (7-11).
Explants were sectioned and assessed pathologically for
residual or new malignancy by a dedicated liver pathologist
(R.S.). Pre-SBRT and pre-OLT imaging was compared to
assess for radiographic response using criteria from the
European Association for the Study of the Liver (EASL),
World Health Organization (WHO), Response Evaluation
Criteria in Solid Tumors (RECIST), and modified RECIST
(mRECIST), with all grading performed by 2 clinical ra-
diation oncologists (E.M., J.Z.) and verified by institutional
abdominal radiologists (12-15). Pathologic and radio-
graphic response concordance rates were assessed by the k
statistic. Stratification by imaging modality (CT or MRI)
was done to assess for crude response agreement with
pathologic grading. Sensitivity, specificity, and positive and
negative predictive values (PPV, NPV) were tabulated for
each radiographic grading criteria (response Z complete
and partial response, CR þ PR; nonresponse Z stable or
progressive disease, SD or PD), using pathology as the gold
standard. Radiographic and pathologic grading criteria are
shown in Table 1. After stratifying by T stage and CPC,
response was investigated against demographic and treat-
ment variables using logistic regression. Local control was
defined as absence of progression (CR þ PR þ SD).

Overall survival (OS) and disease-free survival (DFS; alive
without evidenceof recurrent disease)were estimated from the
day of OLT using Kaplan-Meier methodology, with treatment
failure documented by date, biopsy confirmation, site, and
Table 1 Radiographic and pathologic response grading criteria

Parameter WHO EASL

Measurement Product of long
dimensions

% with enhancement L

CR Disappearance Disappearance D
PR 50% decrease 50% decrease 30
SD Not CR/PR/SD Not CR/PR/SD N
PD 25% increase 25% increase 20

Abbreviations: CR Z complete response; EASL Z European Associa

PD Z progressive disease; PR Z partial response; RECIST Z Response Eva

Health Organization.
salvage therapy. Overall survival and DFS were studied by T
stage, CPC, etiology of cirrhosis, pathologic confirmation of
HCC, and total pathologic and radiographic response (by all 4
grading criteria), as well as the presence of any viable disease
at explant (<CR residual þ new HCC) using the logerank
test, signifying that the presence of viable disease would drive
ultimate outcome. Patients were determined disease free ac-
cording to the last surveillance imaging, oncology, or trans-
plant hepatologyappointment. Exploratory univariate analysis
of demographic, treatment, and response variables against OS
and DFS was undertaken for hypothesis generation. An anal-
ysis of those patients who failed SBRT þ OLT against those
who remained disease free was completed using logistic
regression. All statistics were calculated using SAS software,
version 9.4 (SAS Institute, Cary, NC).

Results

Demographics

Thirty-eight patients are the subject of this retrospective
report, with median follow-up of 4.8 years since OLT,
when the mean age of the cohort was 58 years (range,
46-71 years). Of 38 patients, 16 (42%) were treated on the
phase 1 to 2 protocols. Demographics are shown in Table 2.
Seventy-one percent of patients did not have pathologically
proven HCC. At SBRT, 55% of patients had CPC-B7. Sev-
enty-one percent of patients had portal hypertension, and
16% were noted to have radiographic evidence of segmental
portal vein thrombus. Seventy-four percent of patients had
T1 disease. Seventy-six percent of patients were not listed
owing to medical comorbidities or substance abuse. Mean
sum longest dimension of tumors was 3.1 cm (range, 1.0-
6.1 cm), and mean AFP level before SBRTwas 197.2 IU/mL
(range, 2.2-2996.2 IU/mL). Twenty-eight patients (74%) had
1 lesion, 7 (18%) had 2 lesions, and 3 (8%) had 3 lesions
treated, for a total of 51 lesions.

Treatment

An SBRT dose of 16 Gy� 3 fractions was reserved for CPC-
A patients and used in 10 patients (26%), whereas 8 Gy � 5
fractions was used most commonly, in 23 patients (61%),
RECIST mRECIST Pathology

ongest dimension Longest enhancing
dimension

% with necrosis

isappearance Disappearance �90%
% decrease 30% decrease 1%-89%
ot CR/PR/SD Not CR/PR/SD 0%
% increase 20% increase Enlargement

tion for the Study of the Liver; mRECIST Z modified RECIST;

luation Criteria in Solid Tumors; SD Z stable disease; WHO Z World



Table 2 Patient demographics

Variable Value

Age at OLT (y) 58.5 (46-71)
Gender
Female 10 (26)
Male 28 (74)

Race
Caucasian 28 (74)
Non-Caucasian 10 (26)

KPS
100 10 (38)
90 13 (50)
80 3 (12)

Etiology of cirrhosis
Hepatitis B 4 (11)
Hepatitis C 28 (74)
NASH 7 (18)
Alcoholism 11 (29)
Cryptogenic 1 (3)

Child Pugh classification
A (score 5-6) 17 (45)
B (score 7) 21 (55)

Pre-SBRT T-stage
cT1 28 (74)
cT2 10 (26)

Presence of segmental PVT 6 (16)
Presence of portal hypertension 27 (71)
Pre-SBRT pathology (þ) 11 (29)
Pre-SBRT AFP level (IU/mL) 197.2 (2.2-2996.2)
Individual tumor maximum

dimension (cm)
2.4 (0.6-5.0)

Sum tumors maximum
dimension (cm)

3.1 (1.0-6.1)

No. of lesions
1 28 (74)
2 7 (18)
3 3 (8)

Reason not listed for OLT (nZ35)
Not medically cleared 24 (63)
Substance abuse 5 (13)
Low MELD score 6 (16)

Abbreviations: AFP Z a-fetoprotein; KPS Z Karnofsky perfor-

mance status; MELD Z model for end-stage liver disease;

NASH Z nonalcoholic steatohepatitis; OLT Z orthotopic liver

transplantation; PVT Z portal vein thrombus; SBRT Z stereotactic

body radiation therapy.

Values are number (percentage) or mean (range).
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including all CPC-B patients. Remaining dose-fractionation
schedules (from the phase 1 dose-escalated cohort) used in
CPC-A patients were 12 Gy� 3 (2 patients, 5%), 14 Gy� 3
(2 patients, 5%), and 9 Gy � 5 (1 patient, 3%).

Mean time from completion of SBRT until final pre-OLT
imaging was 8.1 months or 242 days (range, 26-1207 days),
with 35 of 38 patients imaged: 22 by TPCT (63%) and 13
by MRI (37%). Mean time from completion of SBRT until
OLT was 8.8 months or 263 days (range, 13-1220 days).
Before proceeding to OLT, laboratory evaluation revealed a
3-fold reduction in AFP to a mean 67.2 IU/mL (range, 2.6-
860.7 IU/mL) and a shift in CPC as follows: A/A (34%),
A/B (8%), A/C (3%), B/A (8%), B/B (29%),
B/C (18%), resulting in 16 (42%) CPC-A, 14 (37%)
CPC-B, and 8 (21%) CPC-C patients undergoing OLT.
Although 63% of the patients’ CPC status remained stable,
29% of patients’ CPC declined by 1 category (26%) or 2
(3%). Of 10 patients transplanted <90 days after SBRT, 2
had declined CPC-B/CPC-C.

Explant pathology

Sectioned explanted livers revealed 16 patients (42%) had
pT2 (14) or pT3 (2) disease, compared with just 10 patients
(26%) having a maximum of cT2 disease at SBRT. Fifty
percent of patients had no change in T stage, whereas 24%
were downstaged at pathology, largely owing to 8 of 34
evaluable patients classified as pT0 (100% tumor kill and
no new tumors). No patients were noted to have evidence of
metastatic spread to porta hepatis lymph nodes, with 66%
of patients confirmed pN0. Of 51 tumor locations, 19 were
reported: �1 cm from capsule (15), >1 cm from capsule
(3), and �1 cm from porta hepatis (1). In 6 patients initially
with segmental portal vein thrombi, 50% had lymphovas-
cular space invasion and 50% had new tumors at pathology,
whereas 6 of 7 evaluable treated tumors showed pathologic
CR or PR. New tumors were uncovered at pathology in 17
patients (45%), 41% of whom had more than 1 new tumor
(2, 2, 3, 3, 6, 10, 10); this drove a 26% upstaging of T stage.
Taking new HCC and treated HCC <pCR together reveals
that 25 of 34 evaluable patients (74%) had viable tumor in
their explant; 4 patients were unevaluable for this variable,
1 patient classified as a pT1/CR with 10% residual.

Response and local control

Pathologic response was documented in 44 of 51 lesions.
Mean maximum dimension size for individual lesions was
2.4 cm (range, 0.6-5.0 cm). Taking complete (20 of 44,
45%) and partial (10 of 44, 23%) responses together yiel-
ded a crude pathologic response in 30 of 44 lesions (68%).
No patients had pathologic progression of the treated
lesion, with stable disease accounting for the remaining
32% of lesions; thus, crude pathologic local control was
100%. Pre-OLT CT or MRI evaluations of response were
86% by mRECIST, 82% by EASL, 56% by WHO, and 52%
by RECIST. Only 2 patients demonstrated PD as assessed
only by WHO criteria; neither received additional therapy.
At imaging, mean maximum tumor dimension had
decreased to 1.5 cm (range, 0.0-5.0 cm), for a mean 41%
reduction. Univariate analysis of demographic and treat-
ment variables revealed no significant predictors of radio-
graphic response, with a diagnosis of hepatitis C associated
with pathologic response (PZ.05). Time from SBRT to
pre-OLT imaging trended to significance for responses
graded by mRECIST (PZ.06), RECIST (PZ.07), and
WHO (PZ.09). Assigning the worst lesion response to
each patient reveals patient response values of 64% (path-
ologic), 47% (RECIST), 48% (WHO), 76% (EASL), and
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82% (mRECIST). Pathologic responding patients’ mean
time from SBRT to OLT was 11.2 months (5% underwent
OLT within 90 days of SBRT), compared with 7.1 months
in patients exhibiting stable disease (50% underwent OLT
within 90 days of SBRT).

Radiographic versus pathologic response grading

Analysis of each radiographic response scoring criteria
against gold standard pathology is shown in Table 3.
Sensitivity ranged from 54% (RECIST) to 90% (mRE-
CIST), whereas specificity ranged from 18% (EASL,
mRECIST) to 50% (WHO, RECIST). The PPV was similar
among all criteria at 71% to 74%, whereas NPV ranged
from 29% (EASL) to 40% (mRECIST). A weighted k
statistic used to analyze concordance ranged from 0.090
(RECIST) to 0.224 (mRECIST) and was unable to be
calculated for WHO criteria owing to an imbalance in
categories resulting from 2 patients judged as having PD by
WHO. The CT agreement (22%-39%) and MRI agreement
(31%-39%) with pathologic findings was poor, irrespective
of radiographic criteria used.

Survival

Kaplan-Meier actuarial overall survival estimates at 1, 2, 3,
and 5 years after OLT were, respectively, 92%, 86%, 77%,
and 73% (Fig. 1). Median survival was not estimable.
Univariate analysis failed to uncover demographic, treat-
ment, or response variables significantly associated with
OS. Kaplan-Meier actuarial DFS estimates at 1, 2, 3, and
5 years after OLT were, respectively, 91%, 85%, 74%, and
74% (Fig. 2). Stratification by CPC, pre-SBRT T stage, or
by patient response assignment did not reveal significant
differences in OS or DFS. Univariate analysis revealed a
significant association between DFS and sum longest
dimension of tumors (hazard ratio 1.93, PZ.026).

Analysis of deaths and treatment failures

As summarized in Table 4, 10 of 38 patients (26%) were
deceased at the time of this report, 6 without evidence of
Table 3 Evaluation of radiographic response criteria versus
pathologic gold standard

Parameter WHO EASL RECIST mRECIST

Sensitivity (%) 59 83 54 90*

Specificity (%) 50* 18 50* 18
Positive predictive

value (%)
73 73 71 74*

Negative predictive
value (%)

35 29 32 40*

Weighted k statistic y 0.174 0.090 0.224*

Abbreviations as in Table 1.

* Best value.
y Nonevaluable.
recurrent disease. The first peri-transplant death was due to
cardiac arrest, with elevated liver function enzymes and
Doppler-confirmed vessel and hepatic duct flow. The sec-
ond peri-transplant death was in a patient with segmental
nonobstructing portal venous clot whose posttransplant
portal anastomosis thrombosed, leading to organ failure and
immediate re-OLT without evidence of rejection or
thrombus, with the patient dying thereafter of cardiac
arrest. Neither peri-transplant death was attributed to SBRT.
The patient who died of end-stage liver disease had
recurrence of hepatitis C, inducing failure of the trans-
planted liver. In all, 9 of 38 patients (24%) had recurrent
hepatocellular carcinoma, all pathologically confirmed.
Seven of nine (78%) had hepatitis C, and 3 patients un-
derwent biopsies before SBRT, 1 patient ultimately failing
at the chest wall biopsy tract 5.5 years after OLT. Four
patients were classified cT2, and 5 patients had CPC-B
cirrhosis at SBRT. The CPC-A patients received
12 Gy � 3, 14 Gy � 3, and 2 received 16 Gy � 3. Four of
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Fig. 2. Kaplan-Meier actuarial disease-free survival.
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Table 4 Timeline and descriptors of treatment failures and deceased patients

ID
Time to

failure (mo)
Failure site(s)
(*biopsy site) Salvage therapies

Time to
death (mo) Cause of death

Alive after
OLT (mo)

1 <1 Peri-transplant <1
2 <1 Peri-transplant <1
3 18 End-stage liver disease 18
4 25 Lymphoma 25
5 34 Unknown 34
6 65 Subdural hematoma 65
7 4.5 Subcutaneous*, lung, liver,

bone, spleen, adrenal
Palliative Care 5 Widespread metastases 5

8 16 Right middle lobe* VATS metastatectomy 18 ARDS following VATS
metastatectomy

18

9 17 Right middle lobe*, right
upper lobe

VATS metastatectomy,
SBRT

24 Unknown 24

10 36 Left adrenal gland* Adrenalectomy 49 Small bowel obstruction 49
11 19 Left adrenal gland Adrenalectomy 26
12 32 Clavicle*, T1 Palliative RT 42
13 34 Retroperitoneal LN* Palliative Care 34
14 34 Manubrium*, T11, femur Palliative RT, sorafenib,

Phase I clinical trial
56

15 67 Chest wall* Palliative RT 81

Abbreviations: ARDS Z acute respiratory distress syndrome; RT Z radiation therapy; SBRT Z stereotactic body radiation therapy; VATS Z video-

assisted thorascopic surgery.
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nine patients (44%) had >1 tumor targeted, and mean sum
longest dimension of tumors was 4.0 cm (range, 1.7-
6.1 cm), compared with 2.8 cm (range, 1.0-5.1 cm) in
disease-free patients (PZ.014). Mean AFP level fell from
60.3 IU/mL to 35.2 IU/mL over a mean 7.7 months be-
tween SBRT and OLT. Six patients declared pT2 at OLT. 8
of 9 (89%) patients had viable tumor in their explant: 3 PR, 3
SD, 5 patients with new tumors (1 patient with 3 tumors,
another with 10 tumors). There was a trend toward higher
percentage of lymphovascular space invasion appreciated in
failure patients (44% vs 17%; PZ.07) Only 1 patient
initially with segmental portal venous thrombus failed.
Discussion

Modern SBRT provides the ability to spare uninvolved
liver parenchyma, thereby reducing the incidence of
radiation-induced liver disease, while providing an ablative
dose to the tumor (2-5, 16, 17). Several clinical trials have
demonstrated the safety, tolerability, and efficacy of SBRT
for HCC, albeit in a nonrandomized fashion (3, 18, 19). In
the cohort herein presented, patients with �CPC-B7
cirrhosis underwent SBRT before definitive OLT. Fifty-five
percent had CPC-B7 cirrhosis, and just 29% of patients
experienced a decline in CPC over a mean 8.8 months. At
explant, 100% of tumors demonstrated pathologic local
control, with 68% of tumors with at least a partial response,
consistent with published radiographic local control data
(3, 19, 20). The association between hepatitis C and
pathologic response is unclear and needs further study.
O’connor et al (21) reported on 10 patients who underwent
SBRT followed by OLT, revealing no patients with path-
ologic PD (100% local control) and 3 of 10 (27%) with
complete necrosis (all 3 received 18 Gy � 3). Facciuto et al
(22) found 37% of explants to display at least 70% tumor
necrosis after SBRT.

Three-fold reduction in AFP occurred between SBRT
and OLT. Radiographic response rates (CR þ PR) ranged
from 52% (RECIST) to 86% (mRECIST), compared with a
pathologic response of 68%. Using a lower SBRT dose and
RECIST criteria, Facciuto et al (22) found a radiographic
response rate of just 37%. Both TPCT and MRI demon-
strated poor concordance with pathologic results. Radio-
graphic grading criteria globally performed better in
sensitivity (54%-90%) and PPV (71%-74%) than in speci-
ficity (18%-50%) or NPV (29%-40%); mRECIST did seem
to be the most reliable, albeit with k agreement of just
0.224. Time from SBRT to imaging trended with response
for mRECIST, RECIST, and WHO. Forty-five percent of
patients had new tumors uncovered at OLT, 41% of which
were multifocal; 74% of evaluable patients had viable HCC
in their explant, illustrating that until better staging studies
exist to define any and all targets for local therapy, OLTwill
remain a critical part of the treatment algorithm.

Radiofrequency ablation has been shown to produce
pathologic CR rates of 47% to 63%, with higher rates in
tumors <3 cm and, like SBRT, was well tolerated (23, 24).
Bland transarterial embolization has also shown efficacy as
neoadjuvant therapy, with pathologic CR rates of 33% (25).
Both transarterial chemoembolization and 90Y embolization
have shown a propensity for downstaging tumors,
expanding OLT eligibility (26, 27), as demonstrated in
patients with segmental portal vein thrombus reported here.
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Randomized trials comparing these bridging modalities
with SBRT are warranted.

Kaplan-Meier actuarial overall survival estimates at 1,
2, 3, and 5 years after OLT were 92%, 86%, 77%, and
73%, respectively. Published in 1996, Mazzaferro et al
(7) found a 4-year OS of 85% when performing OLT in
patients with cirrhosis and HCC limited to single
tumors �5 cm or �3 nodules each �3 cm, no extrahe-
patic disease, and no vascular involvement. Despite our
cohort’s risk factors (expanded Milan criteria �6 cm and
16% segmental portal vein thrombus), results approach
historical controls. Herein, sum longest tumor dimension
was predictive of DFS (hazard ratio 1.93, PZ.026).
Failure patients had nonestatistically significant higher
rates of cT2 disease (44% vs 21%), �pT2 disease (67%
vs 34%), multifocal tumors at SBRT (44% vs 21%),
and less robust AFP response (�25 IU/mL vs �162 IU/
mL).

Limitations include those inherent to retrospective
analyses, namely selection bias because only patients
treated with SBRT followed by OLT were analyzed.
Additionally, SBRT prescription heterogeneity was
evident in 5 of 38 patients (13%) from the phase 1 to 2
cohort. A significant limitation was the interpretation of
“pathologic stable or progressive disease” on the basis of
pretreatment clinical radiographs. However, this yielded
4 response categories, permitting more robust analysis of
the radiographic criteria. Proposed reasons for poor
concordance between pathologic and radiographic
response include difficulty interpreting post-SBRT
changes in the (cirrhotic) liver, no SBRT-specific
grading criteria, and heterogeneity in time from SBRT
until pre-OLT imaging and OLT. Notably, 50% of
patients with pathologic stable disease were transplanted
within 90 days of SBRT.

Concluding, this article illustrates the safety and effi-
cacy of SBRT before OLT for patients with HCC in the
setting of liver cirrhosis. With pathologic response rates of
68%, improved staging studies are needed to better
delineate targets, and radiographic response criteria need
refining. In this series, Kaplan-Meier 3-year estimates of
OS and DFS were 77% and 74%, respectively. Deter-
mining which patients require therapy intensification
remains a challenge, with our data suggesting stratification
of patients according to initial burden of disease (AFP,
sum longest tumor dimension), pathologic response of
treated lesions, and presence of viable HCC in explanted
livers.
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