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Fear	of	Radiation
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HypothesisHypothesis
•• Radiation therapy should improve outcomes Radiation therapy should improve outcomes 

in patients with primary and metastatic liver in patients with primary and metastatic liver 
cancer, unsuitable for standard local cancer, unsuitable for standard local 
th ith itherapiestherapies

RT StrategiesRT Strategies

•• External beam radiotherapy External beam radiotherapy 
.
.
.
.

– 2D low dose palliative radiotherapy 
– 3D conformal radiotherapy 
– Intensity modulated radiotherapy
– Stereotactic radiotherapy 

•• BrachytherapyBrachytherapy
–– InterstitialInterstitial
–– InterluminalInterluminal

•• IntraIntra--operative RT (IORT) operative RT (IORT) 
–– Mobile electron unitMobile electron unit

• Radioisotopes
– Iodine 131 Lipiodol 
– Yttrium 92 microspheres

– Protons, Carbon ions

Roles of Radiation TherapyRoles of Radiation Therapy
•• Palliative (low dose focal / whole liver RT)Palliative (low dose focal / whole liver RT)

–– To delay recurrenceTo delay recurrence
–– To improve symptoms and quality of lifeTo improve symptoms and quality of life

•• Radical (tumorcidal/ high focal dose RT)Radical (tumorcidal/ high focal dose RT)
–– Definitive therapy to improve survivalDefinitive therapy to improve survival
–– To downstage borderline resectable tumorsTo downstage borderline resectable tumors
–– In conjunction with other liver treatmentIn conjunction with other liver treatment

TROG Palliative RT for Liver MetastasesTROG Palliative RT for Liver Metastases

•• N=28N=28
•• 10 Gy in 2 # over 2 days10 Gy in 2 # over 2 days
•• Symptoms:Symptoms:

–– Pain (27)Pain (27)
–– Distension (19)Distension (19)Distension (19)Distension (19)
–– Night sweats (12)Night sweats (12)
–– Nausea (18)Nausea (18)
–– Vomiting (8)Vomiting (8)

•• Premedication: steroid and antiPremedication: steroid and anti--emeticemetic
•• Med survival 10 weeksMed survival 10 weeks

Bydder S, Australasian Radiology, 47, 284-288, 2003

TROG Palliative RT for Liver MetastasesTROG Palliative RT for Liver Metastases

•• N=28N=28
•• 10 Gy in 2 # over 2 days10 Gy in 2 # over 2 days

•• Symptoms scored by MDs (+/Symptoms scored by MDs (+/-- telephone telephone 
assessment): Symptom scale 0assessment): Symptom scale 0 –– 44assessment):  Symptom scale 0 assessment):  Symptom scale 0 44
–– Symptom response rates: 53Symptom response rates: 53--66% at 2 weeks66% at 2 weeks
–– Partial/ complete global symptom responses 54%Partial/ complete global symptom responses 54%

•• Patient assessment: Patient assessment: 
–– 12 / 17 “better” on at least 1 occasion12 / 17 “better” on at least 1 occasion

Bydder S, Australasian Radiology, 47, 284-288, 2003



Radiation	Therapy	Has	Evolved

Yu, et al. Dig Dis. 2014;32(6):755-63.



ABLATIVE TUMOR	DOSE
MINIMAL	LIVER	DOSE

Yoon et al. PLoS One. 2016 Nov 22;11(11):e0166927



Dawson, et al. IJROBP. 2002 Jul 15;53(4):810-21.

High	Dose	to	Partial	Liver	Volumes	Is	SAFE

MEAN and 
LOW dose 
are most 
important



Ablative	SBRT	Cures	Lung	Cancer
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Introduction: We report lung stereotactic-body radiotherapy (SBRT) 
outcomes for a large pooled cohort treated using daily online cone-
beam computed tomography.
Methods: Five hundred and five stage I–IIB (T1-3N0M0) non–small-
cell lung cancer (NSCLC) cases underwent SBRT using cone-beam 
computed tomography image guidance at five international institu-
tions from 1998 to 2010. Median age was 74 years (range, 42–92) 
whereas median forced expiratory volume in 1 second/diffusing 
lung capacity for carbon monoxide were 1.4 liter (65%) and 10.8 ml/
min/mmHg (53%). Of the 505 cases, 64% were biopsy proven and 
87% medically inoperable. Staging was: IA 63%, IB 33%, IIA 2%, 
and recurrent 1%. Median max tumor dimension was 2.6 cm (range, 
0.9–8.5). Median heterogeneously calculated volumetric prescription 
dose (PD) was 54 Gy (range, 20–64 Gy) in three fractions (range, 
1–15) over 8 days (range, 1–27). Median biologically equivalent PD 
biological equivalent doses (BED10) was 132 Gy (range, 60–180).
Results: With a median follow-up of 1.6 years (range, 0.1–7.3), the 
2-year Kaplan–Meier local control (LC), regional control, and dis-
tant metastasis (DM) rates were 94%, 89%, and 20%, respectively, 
whereas cause-specific and overall survival were 87% and 60% (78% 
operable, 58% inoperable, p = 0.01), respectively. Stage, gross-tumor 

volume size (≥ 2.7 cm) and PD(BED10) predicted local relapse (LR) 
and DM. LR was 15% for BED10 less than 105 Gy versus 4% for 
BED10 of 105 Gy or more (p < 0.001); DM was 31% versus 18% 
for BED10 less than 105 versus 105 Gy or more (p = 0.01). On mul-
tivariate analysis, PD(BED10) and elapsed days during radiotherapy 
predicted LR; gross-tumor volume size predicted DM. Grade 2 or 
higher pneumonitis, rib fracture, myositis, and dermatitis were 7%, 
3%, 1%, and 2%, respectively.
Conclusions: In the largest early-stage NSCLC SBRT data set to 
date, a high rate of local control was achieved, which was correlated 
with a PD(BED10) of 105 Gy or more. Failures were primarily distant, 
severe toxicities were rare, and overall survival was encouraging in 
operable patients.

Key Words: Non–small cell lung cancer, Stereotactic body radio-
therapy, Image-guided radiotherapy.

(J Thorac Oncol. 2012;7: 1382–1393)

Surgical resection including anatomic pulmonary resection 
or lobectomy with mediastinal lymph node dissection or 

systematic sampling is the preferred treatment for patients 
with stage I (T1-2 N0 M0) and selected stage IIB (T3 N0 
M0) non–small-cell lung cancer (NSCLC). In patients with 
poor pulmonary reserve or other major medical comorbidities 
that preclude lobectomy, sublobar resections including 
segmentectomy or wedge resection are acceptable lower-risk 
surgical options, particularly for patients with small peripheral 
tumors.1 For patients deemed medically inoperable after 
multidisciplinary evaluation, nonsurgical treatment options 
include fractionated radiotherapy or three-dimensional (3D) 
conformal radiotherapy (3DCRT), stereotactic radiotherapy 
(also called stereotactic-body radiotherapy [SBRT] or 
stereotactic ablative radiotherapy), or less commonly, 
radiofrequency ablation or cryotherapy. Only SBRT or 
stereotactic ablative radiotherapy (RT) is currently described 
as the nonsurgical treatment option of choice and is advocated 
in the National Comprehensive Cancer Network guidelines 
(version 2.2012) for the management of early-stage medically 
inoperable NSCLC. This is because of the high local control 
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Introduction: We report lung stereotactic-body radiotherapy (SBRT) 
outcomes for a large pooled cohort treated using daily online cone-
beam computed tomography.
Methods: Five hundred and five stage I–IIB (T1-3N0M0) non–small-
cell lung cancer (NSCLC) cases underwent SBRT using cone-beam 
computed tomography image guidance at five international institu-
tions from 1998 to 2010. Median age was 74 years (range, 42–92) 
whereas median forced expiratory volume in 1 second/diffusing 
lung capacity for carbon monoxide were 1.4 liter (65%) and 10.8 ml/
min/mmHg (53%). Of the 505 cases, 64% were biopsy proven and 
87% medically inoperable. Staging was: IA 63%, IB 33%, IIA 2%, 
and recurrent 1%. Median max tumor dimension was 2.6 cm (range, 
0.9–8.5). Median heterogeneously calculated volumetric prescription 
dose (PD) was 54 Gy (range, 20–64 Gy) in three fractions (range, 
1–15) over 8 days (range, 1–27). Median biologically equivalent PD 
biological equivalent doses (BED10) was 132 Gy (range, 60–180).
Results: With a median follow-up of 1.6 years (range, 0.1–7.3), the 
2-year Kaplan–Meier local control (LC), regional control, and dis-
tant metastasis (DM) rates were 94%, 89%, and 20%, respectively, 
whereas cause-specific and overall survival were 87% and 60% (78% 
operable, 58% inoperable, p = 0.01), respectively. Stage, gross-tumor 

volume size (≥ 2.7 cm) and PD(BED10) predicted local relapse (LR) 
and DM. LR was 15% for BED10 less than 105 Gy versus 4% for 
BED10 of 105 Gy or more (p < 0.001); DM was 31% versus 18% 
for BED10 less than 105 versus 105 Gy or more (p = 0.01). On mul-
tivariate analysis, PD(BED10) and elapsed days during radiotherapy 
predicted LR; gross-tumor volume size predicted DM. Grade 2 or 
higher pneumonitis, rib fracture, myositis, and dermatitis were 7%, 
3%, 1%, and 2%, respectively.
Conclusions: In the largest early-stage NSCLC SBRT data set to 
date, a high rate of local control was achieved, which was correlated 
with a PD(BED10) of 105 Gy or more. Failures were primarily distant, 
severe toxicities were rare, and overall survival was encouraging in 
operable patients.

Key Words: Non–small cell lung cancer, Stereotactic body radio-
therapy, Image-guided radiotherapy.

(J Thorac Oncol. 2012;7: 1382–1393)

Surgical resection including anatomic pulmonary resection 
or lobectomy with mediastinal lymph node dissection or 

systematic sampling is the preferred treatment for patients 
with stage I (T1-2 N0 M0) and selected stage IIB (T3 N0 
M0) non–small-cell lung cancer (NSCLC). In patients with 
poor pulmonary reserve or other major medical comorbidities 
that preclude lobectomy, sublobar resections including 
segmentectomy or wedge resection are acceptable lower-risk 
surgical options, particularly for patients with small peripheral 
tumors.1 For patients deemed medically inoperable after 
multidisciplinary evaluation, nonsurgical treatment options 
include fractionated radiotherapy or three-dimensional (3D) 
conformal radiotherapy (3DCRT), stereotactic radiotherapy 
(also called stereotactic-body radiotherapy [SBRT] or 
stereotactic ablative radiotherapy), or less commonly, 
radiofrequency ablation or cryotherapy. Only SBRT or 
stereotactic ablative radiotherapy (RT) is currently described 
as the nonsurgical treatment option of choice and is advocated 
in the National Comprehensive Cancer Network guidelines 
(version 2.2012) for the management of early-stage medically 
inoperable NSCLC. This is because of the high local control 
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Abstract

A best evidence topic in thoracic surgery was written according to a structured protocol. The question addressed was ‘Is stereotactic abla-
tive radiotherapy equivalent to sublobar resection in high-risk surgical patients with Stage I non-small cell lung cancer?’. Altogether over
318 papers were found, of which 18 represented the best evidence to answer the clinical question. The authors, journal, date and country
of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. Stereotactic ablative radio-
therapy (SABR) and sublobar resection (SLR) offer clear survival benefit in the treatment of early-stage non-small-cell lung cancer (NSCLC)
in high-risk patients unsuitable for lobectomy and SABR has shown good results in medically operable patients. No randomized data are
available comparing SLR and SABR, and therefore, data from prospective studies were compared. Overall survival at 1 year was similar
between patients treated with SABR and SLR (81–85.7 vs 92%); however, overall 3-year survival was higher following SLR (87.1 vs 45.1–
57.1%). There was no statistically significant difference in local recurrence in patients treated with SABR compared with SLR (3.5–14.5 vs
4.8–20%). Both treatment modalities are associated with complications. Fatigue (31–32.6%), pneumonitis (2.1–12.5%) and chest wall pain
(3.1–12%) were common following SABR; however, serious grade 3 and 4 toxicity were rare. Morbidity following SLR was reported
between 7.3 and 33.7%. Thirty-day mortality following SABR was 0%, while predicted 30-day mortality following a lung resection, using
the thoracoscore predictive model ranges between 1 and 2.6%. Treatment for early-stage NSCLC should be tailored to individual patients.
SABR is an acceptable alternative to SLR in high-risk patients but comparative data are required.

Keywords:Stereotactic ablative radiotherapy • Sublobar resection • Non-small-cell lung cancer • Survival

INTRODUCTION

A best evidence topic was constructed according to a structured
protocol. This is fully described in the ICVTS [1].

THREE-PART QUESTION

In [high-risk surgical patients with early stage non-small cell lung
cancer], is [stereotactic ablative radiotherapy] equivalent to [sublo-
bar resection]?

CLINICAL SCENARIO

You are at a conference hearing about the benefits of stereotactic
ablative radiotherapy (SABR) over surgical treatment in high-risk
surgical patients with early-stage non-small-cell lung cancer
(NSCLC). You have a patient who has been diagnosed with Stage I
NSCLC and wonder how best to proceed with treatment. You
decide to do a literature search.

SEARCH STRATEGY

An English language literature review was performed on MEDLINE
1948 to March 2012 using the Ovid interface: [sublobar resection.mp.
OR segmentectomy.mp. OR wedge resection.mp. OR segmental re-
section.mp OR stereotactic radiotherapy.mp. OR stereotactic ablative
radiotherapy.mp. OR stereotactic body radiation therapy.mp.] AND
[non small cell lung carcinoma.mp. OR Carcinoma, Non-Small-Cell
Lung] AND [survival/OR toxicity.mp. OR control rate.mp].

SEARCH OUTCOME

The search returned 318 papers. Nineteen papers provided the best
evidence to answer the question. These are presented in Table 1.

RESULTS

No published studies were identified comparing surgical treat-
ment with SABR in medically operable patients. However, a
number of studies reported outcomes following SABR or sublobar

© The Author 2013. Published by Oxford University Press on behalf of the European Association for Cardio-Thoracic Surgery. All rights reserved.
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Outcomes of Stereotactic Ablative Radiotherapy for
Centrally Located Early-Stage Lung Cancer

Cornelis J. A. Haasbeek, MD, PhD, Frank J. Lagerwaard, MD, PhD, Ben J. Slotman, MD, PhD,
and Suresh Senan, MRCP, FRCR, PhD

Introduction: The use of stereotactic ablative radiotherapy (SABR) in
centrally located early-stage lung tumors has been associated with
increased toxicity. We studied outcomes after delivery of risk-adapted
SABR of central tumors.
Methods: SABR was delivered in eight fractions of 7.5 Gy to 63
such patients between 2003 and 2009. Of these, 37 patients had a
tumor at a central hilar location, whereas 26 patients had tumors
abutting the pericardium or mediastinal structures. Survival out-
comes were compared with patients with peripheral tumors treated
during the same time period using fewer fractions of SABR.
Results: Median follow-up was 35 months. Late grade III toxicity
was limited to chest wall pain (n ! 2) and increased dyspnoea (n !
2). No grade IV/V toxicity was observed, but grade V toxicity could
not be excluded with certainty in nine patients who died of cardio-
pulmonary causes. Distant metastases were the predominant cause
of death; cardiovascular deaths were not associated with a paracar-
dial tumor location. No significant differences in outcomes were
observed between these 63 patients and 445 other SABR patients
treated for peripheral early-stage lung tumors. Three-year local
control rates were 92.6% and 90.2% (p ! 0.9). Three-year overall
survival rates were 64.3% and 51.1% with median survival rates of
47 and 36 months, in favor of the group of patients with central
tumors (p ! 0.09).
Conclusions: Use of risk-adapted SABR delivered in eight fractions
of 7.5 Gy did not result in excess toxicity for centrally located
early-stage lung tumors, and clinical outcomes were comparable
with those seen for peripheral lesions.

Key Words: Stereotactic radiotherapy, SABR, SBRT, Early stage
lung cancer, Toxicity.

(J Thorac Oncol. 2011;6: 2036–2043)

Non-small cell lung cancer (NSCLC) is the leading cause
of cancer related mortality worldwide, with more than 1

million deaths every year.1 Surgery is widely considered to be
the treatment of choice in fit patients who present with
early-stage disease.2 In patients with significant comorbidity
who are at increased risk of surgical morbidity and mor-
tality, stereotactic body radiation therapy (SBRT), nowa-
days known as stereotactic ablative radiotherapy (SABR),
is increasingly considered as a standard treatment alterna-
tive.3– 6 SABR is a form of high-precision radiotherapy,
characterized by the use of extremely high biological doses
of radiation delivered in a few fractions, usually between 3
and 8 in a 2- to 3-week period.7

Most available data on SABR outcomes has been
derived from treating small, peripherally located early-
stage lung tumors, where local control rates in excess of
85% were reported with very low toxicity.8,9 Studies eval-
uating SABR for peripheral lesions have reported an inci-
dence of total toxicities, both acute and late, of less than
10%.4 Nevertheless, some reports of outcomes after treat-
ment for centrally located lung tumors with SABR suggest
cause for concern. One cited a 2-year freedom from severe
toxicity of only 54% when SABR fraction doses ranging
from 20 to 23 Gy were used.10 Another group reported a
33% incidence of grades III to IV toxicity in nine patients
with central tumors.11

The effect of radiation schedules can be recalculated
and expressed as biologically effective dose (BED10 for
tumor and BED3 for normal tissues).12 The total dose ex-
pressed as BED can be used to compare different dose
schedules. Conventionally fractionated schedules typically
use doses with a BED10 for tumor tissue of approximately 70
to 80 Gy. Modern SABR schedules use dose schedules
equivalent to a BED10 of at least 100 to 105 Gy to achieve
very high local control rates.9,13 Achieving this BED10 with-
out excessive toxicity for central tumors requires the use of
lower doses per fraction, as fractionation relatively decreases
the dose (BED3) for normal tissues. Since 2003, we consis-
tently applied such a “risk adapted” SABR approach using
smaller fraction sizes for tumor locations that overlapped
normal organs at risk for toxicity.8 For target volumes over-
lapping the central hilus, heart, or mediastinal structures, we
applied eight fractions of 7.5 Gy. The present report analyzes
the clinical outcomes of this treatment schedule.
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associations between two categorical variables. We used 
the Wilcoxon rank sum test to evaluate the diff erence in 
a continuous variable between two patient groups. We 
used the Kaplan-Meier method to estimate overall 
survival and recurrence-free survival, and time to local 
recurrence, regional recurrence, and distant metastasis, 
and used log-rank tests to evaluate diff erences in time-
to-event outcomes between surgery and SABR with two-
sided p values. We classifi ed p values less than 0·05 as 
statistically signifi cant. We also calculated hazard ratios 
(HRs) with 95% CIs with a Cox proportional hazards 
model. We used statistical software SAS 9.1.3 and S-Plus 
8.0 for the analyses. Complete statistical methods are 
given in the appendix.

Both trials are registered with ClinicalTrials.gov 
(STARS: NCT00840749; ROSEL: NCT00687986).

Role of the funding source
This analysis was designed by the principal and 
coprincipal investigators of both trials. The design and 
analysis of the STARS protocol involved biostaticians 
funded by Accuray and Varian Medical Systems. Follow-
up analyses of the STARS protocol were funded by a 
grant from Varian Medical Systems. The STARS trial was 
funded by Accuray and the ROSEL study by the 

Netherlands Organisation for Health Research and 
Development. For the STARS protocol, Accuray specifi ed 
that the CyberKnife platform was the sole platform to be 
used for the study, but did not have a role in any other 
aspect of the study design. The funding body of ROSEL 
solicited responses from national and international 
external reviewers, but did not otherwise have any role in 
the design of the trial. Beyond providing fi nancial 
support, neither funder was involved in accessing the 
raw data, collection, analysis, or interpretation of the 
data, or writing of the report. The corresponding author 
had full access to all of the data and the fi nal responsibility 
for the decision to submit for publication.

Results
58 patients were enrolled and randomly assigned in the 
combined studies (31 to SABR and 27 to surgery; fi gure 1). 
We did not note any diff erences in age, sex, performance 
status, histology, T stage, or tumour location between the 
two treatment groups (table) or between the two trials 
(appendix). Median follow-up for all patients was 
40·2 months (IQR 23·0–47·3) in the SABR group and 
35·4 months (18·9–40·7) in the surgery group. All patients 
had stage I NSCLC (<4 cm), and were thought medically 
operable for lobectomy with performance status of 0 to 2. 
¹⁸F-FDG-PET was used for the staging but information 
about maximal standardised uptake value was not collected 
because of substantial variation in the PET procedures. Of 
the 27 patients who received surgery, 19 had open 
lobectomies, fi ve had video-assisted thora cotomy 
lobectomies, one had video-assisted thoracotomy biopsy 
(mediastinal lymph node biopsy positive for metastatic 
lung cancer), one had open wedge resection (benign lung 
nodule), and one had an aborted resection during the 
surgery due to disease progression. In the STARS trial, 16 
patients had peripherally located lesions and so received 
54 Gy in three fractions, and four had central lesions and 
so received 50 Gy in four fractions. In the ROSEL trial, 
six patients received 54 Gy in three 18 Gy fractions over 
5–8 days, and fi ve patients received 60 Gy at fi ve 12 Gy 
fractions over 10–14 days due to variation in centre protocol.

Pooled estimated overall survival at 1 year and 3 years 
was 100% (95% CI 100–100) and 95% (95% CI 85–100) 
in the SABR group, and 88% (95% CI 77–100) and 79% 
(95% CI 64–97) in the surgical group (fi gure 2). The 
diff erence in overall survival between the two groups 
was statistically signifi cant (log-rank p=0·037; HR 0·14 
[95% CI 0·017–1·190]). The diff erence in overall survival 
between two groups was signifi cant in STARS alone 
(log-rank p=0·0067) but not in ROSEL alone (log-rank 
p=0·78; appendix). Seven patients died during study 
follow-up: six in the surgery group (two from cancer 
progression, one from secondary primary lung cancer, 
one from a surgical adverse event, and two from 
comorbidities) and one in the SABR group (from cancer 
progression). Median overall survival was not reached 
for either treatment group.

Figure 2: Overall survival (A) and recurrence-free survival (B)
One patient died and fi ve had recurrence in the SABR group compared with six 
and six patients, respectively, in the surgery group. SABR=stereotactic ablative 
radiotherapy. HR=hazard ratio.
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Stereotactic ablative radiotherapy versus lobectomy 
for operable stage I non-small-cell lung cancer: a pooled 
analysis of two randomised trials
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Summary
Background The standard of care for operable, stage I, non-small-cell lung cancer (NSCLC) is lobectomy with 
mediastinal lymph node dissection or sampling. Stereotactic ablative radiotherapy (SABR) for inoperable stage I 
NSCLC has shown promising results, but two independent, randomised, phase 3 trials of SABR in patients with 
operable stage I NSCLC (STARS and ROSEL) closed early due to slow accrual. We aimed to assess overall survival for 
SABR versus surgery by pooling data from these trials.

Methods Eligible patients in the STARS and ROSEL studies were those with clinical T1–2a (<4 cm), N0M0, operable 
NSCLC. Patients were randomly assigned in a 1:1 ratio to SABR or lobectomy with mediastinal lymph node dissection 
or sampling. We did a pooled analysis in the intention-to-treat population using overall survival as the primary 
endpoint. Both trials are registered with ClinicalTrials.gov (STARS: NCT00840749; ROSEL: NCT00687986).

Findings 58 patients were enrolled and randomly assigned (31 to SABR and 27 to surgery). Median follow-up was 
40·2 months (IQR 23·0–47·3) for the SABR group and 35·4 months (18·9–40·7) for the surgery group. Six patients 
in the surgery group died compared with one patient in the SABR group. Estimated overall survival at 3 years was 
95% (95% CI 85–100) in the SABR group compared with 79% (64–97) in the surgery group (hazard ratio [HR] 0·14 
[95% CI 0·017–1·190], log-rank p=0·037). Recurrence-free survival at 3 years was 86% (95% CI 74–100) in the SABR 
group and 80% (65–97) in the surgery group (HR 0·69 [95% CI 0·21–2·29], log-rank p=0·54). In the surgery group, 
one patient had regional nodal recurrence and two had distant metastases; in the SABR group, one patient had local 
recurrence, four had regional nodal recurrence, and one had distant metastases. Three (10%) patients in the SABR 
group had grade 3 treatment-related adverse events (three [10%] chest wall pain, two [6%] dyspnoea or cough, and one 
[3%] fatigue and rib fracture). No patients given SABR had grade 4 events or treatment-related death. In the surgery 
group, one (4%) patient died of surgical complications and 12 (44%) patients had grade 3–4 treatment-related adverse 
events. Grade 3 events occurring in more than one patient in the surgery group were dyspnoea (four [15%] patients), 
chest pain (four [15%] patients), and lung infections (two [7%]).

Interpretation SABR could be an option for treating operable stage I NSCLC. Because of the small patient sample size 
and short follow-up, additional randomised studies comparing SABR with surgery in operable patients are warranted.

Funding Accuray Inc, Netherlands Organisation for Health Research and Development, NCI Cancer Center Support, 
NCI Clinical and Translational Science Award. 

Introduction
Standard therapy for operable, clinical stage I, 
non-small-cell lung cancer (NSCLC) is lobectomy with 
sampling or dissection of mediastinal lymph nodes. 
During the past decade, stereotactic ablative radiotherapy 
(SABR; also called stereotactic body radiotherapy) has 
resulted in local control in excess of 90% of tumours with 
medically inoperable and operable clinical stage I 
NSCLC.1–14 Overall survival after SABR is better than after 
conventional radiation.12 SABR delivers ablative doses of 
radiation (biologically eff ective dose [BED] >100 Gy) to 
tumours in one to ten fractions. Several radiation fi elds 
(or arcs) are delivered from various angles to converge on 
a target, and the dose distribution is further adjusted so 
that the dose is sharply reduced within a few mm beyond 

the target, sparing nearby, crucial, normal structures 
from radiation-induced damage. Findings from 
retrospective and phase 2 prospective studies have shown 
that SABR is associated with overall survival similar to 
that of surgery in patients with operable stage I NSCLC.6–9 
Findings from population-based studies and propensity-
matched analyses suggest that overall survival and 
disease-specifi c survival after SABR are similar to those 
after surgery.10,11,13,14 However, concerns remain about the 
risk of local or nodal recurrence after SABR, either of 
which could lead to worse overall survival than after 
standard surgery. So far, three phase 3 randomised 
studies have been initiated to compare SABR with 
surgery in patients with early-stage NSCLC (the STARS 
trial [NCT00840749], the ROSEL trial [NCT00687986], 
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A B S T R A C T

Purpose
To evaluate the efficacy and tolerability of high-dose stereotactic body radiation therapy (SBRT) for
the treatment of patients with one to three hepatic metastases.

Patients and Methods
Patients with one to three hepatic lesions and maximum individual tumor diameters less than 6 cm
were enrolled and treated on a multi-institutional, phase I/II clinical trial in which they received
SBRT delivered in three fractions. During phase I, the total dose was safely escalated from 36 Gy
to 60 Gy. The phase II dose was 60 Gy. The primary end point was local control. Lesions with at
least 6 months of radiographic follow-up were considered assessable for local control. Secondary
end points were toxicity and survival.

Results
Forty-seven patients with 63 lesions were treated with SBRT. Among them, 69% had received at
least one prior systemic therapy regimen for metastatic disease (range, 0 to 5 regimens), and 45%
had extrahepatic disease at study entry. Only one patient experienced grade 3 or higher toxicity
(2%). Forty-nine discrete lesions were assessable for local control. Median follow-up for
assessable lesions was 16 months (range, 6 to 54 months). The median maximal tumor diameter
was 2.7 cm (range, 0.4 to 5.8 cm). Local progression occurred in only three lesions at a median of
7.5 months (range, 7 to 13 months) after SBRT. Actuarial in-field local control rates at one and two
years after SBRT were 95% and 92%, respectively. Among lesions with maximal diameter of 3 cm
or less, 2-year local control was 100%. Median survival was 20.5 months.

Conclusion
This multi-institutional, phase I/II trial demonstrates that high-dose liver SBRT is safe and effective
for the treatment of patients with one to three hepatic metastases.

J Clin Oncol 27:1572-1578. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Stereotactic body radiation therapy (SBRT) involves
a brief, intensified regimen of tightly focused exter-
nal radiotherapy that targets one or more discrete
extracranial lesions. The major dose-limiting con-
cern in the use of SBRT for liver tumors is the risk of
radiation-induced liver disease (RILD). However,
because the liver obeys the parallel architecture
model of radiobiology,1 the risk of RILD is generally
proportional to the mean dose of radiation delivered
to normal liver tissue.2 Therefore, it should be pos-
sible to safely treat small hepatic lesions with high
doses of radiation by using SBRT, provided the
mean dose to normal liver can be limited.

Hepatic resection has become an accepted
standard therapy for medically and technically oper-
able liver metastases from colorectal cancer (CRC).
Several retrospective studies have reported long-

term survivorship in selected patients treated with
hepatic metastasectomy.3-5 For example, Fong et al3

reported a 10-year survival rate of 22% in 1,001
patients with CRC who underwent liver resection
for hepatic metastases. Among patients in this series
without any unfavorable prognostic features, 5-year
survival was 60%. Moreover, local control of hepatic
metastases appears to be a key determinant of overall
survival. Aloi et al5 compared radiofrequency abla-
tion (RFA) and resection among patients with soli-
tary CRC hepatic metastases. RFA was associated
with a seven-fold increased risk of local failure and a
three-fold increased risk of death compared with
hepatic resection, despite similar rates of distant in-
trahepatic and extrahepatic failure in both groups.

University of Heidelberg investigators reported
one of the earliest prospective studies to use single-
fraction SBRT (dose, 14 to 26 Gy) for the treatment
of liver metastases.6 At a median follow-up of 5.7
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inferior-lateral right lobe carcinoid metastases treated to 60 Gy in
three fractions by using four coplanar opposing static fields. Approx-
imately 6 months after the completion of treatment, this patient de-
veloped skin erythema and pain, which progressed to require narcotic
analgesic. Subsequently, the patient developed soft tissue breakdown,
which required surgical debridement and a trial of hyberbaric oxygen.
On review of the SBRT plan, there was an area in the anterior abdom-
inal wall, near the entry of one of the static beams, that received 48 Gy
and that corresponded to the site of soft tissue breakdown. This tox-
icity was scored as grade 3 in accordance with Common Terminology
Criteria of Adverse Events version 3.0.20 The actuarial rate of any
grade ! 3 toxicity was 2% at last follow-up. Normal liver tissue
constraints were met in all patients enrolled, and no instances of RILD
have been observed.

DISCUSSION

In this study, we report the final results of a prospective, multi-
institutional, phase I/II trial to demonstrate the safety and efficacy of

SBRT for the treatment of patients with one to three hepatic metasta-
ses. For the 49 assessable discrete lesions treated, LC at 2 years was
92%. Grade 3 and higher toxicity occurred in only 2% of patients.

Milano et al21 recently reported the results of a prospective, phase
II trial that used SBRT to a dose of 50 Gy in 10 fractions in the
treatment of oligometastases, which was defined in that study as five or
fewer discrete metastatic lesions. Hepatic metastases were treated in
45% of patients. LC was not reported by site, but 2-year LC for all
treated lesions was 67%. LC was higher in the current trial (92%)
compared with both the Rochester and Heidelberg series (66%). Al-
though patient selection may contribute to the observed differences,
the 2-year survival rate in the Rochester trial was considerably higher
than in our trial (50% v 30%), which suggests that our patients might,
in fact, have had worse prognostic features.

The higher, more intense dose of SBRT used in this series likely
contributed to the higher rate of LC observed. The single fraction
equivalent dose (SFED) methodology has been proposed by Park et
al22 as a way to compare the relative biologic potency of hypofraction-
ated radiotherapy schedules. This study’s SFED of 60 Gy given in three
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the statistical evaluation. The influence of patient, disease, and
treatment characteristics on OS were evaluated by using Cox
proportional hazards regression. Covariates evaluated in the
Cox model included primary tumor site, number of liver
metastases, maximum lesion diameter, presence of extrahepatic
disease, and treatment with prior systemic therapy for meta-
static disease.

Results

This ongoing study includes 61 enrolled patients with 76 liver
metastases from solid tumors treated between February 2010
and September 2011. The median follow-up was 12 months
(range, 2-26 months). Baseline patients and treatment charac-
teristics are summarized in Table 1. Figure 2 describes a typical
case of patient with isolated liver metastasis included in the
protocol.

Mean of the mean dose to CTV was 73.2 ! 5.6 Gy; the same to
PTV was 69.6 ! 6.7 Gy. The mean D98% was 71.0 ! 6.2 Gy for
CTV. The mean of the total liver mean dose was 12.7 ! 5.1 Gy;

the mean volume of total liver receiving less than 15 Gy was 1050
! 318 cm3.

Local control

The radiographic/metabolic crude response rate of the radiated
lesions (complete response þ partial response þ stable disease)
treatment was 94.7% (72/76); in-field progression was observed
for 4 lesions (5.3%). A summary of the analysis of patterns of
response is provided in Table 3. Of the 4 in-field progressions, 2
occurred in the same patient, and none correlated with under-
dosage to the CTV (V95% from 94% to 100%) Actuarial local
control rates for treated lesions at 6, 12, and 22 months were
100%, 94.0% (95% confidence interval [CI] Z 0.82%-0.98%),
and 90.6% (CI Z 0.76%-0.96%), respectively (Fig. 3a). A
subgroup analysis for lesions with maximum diameter of 3 cm or
less, compared with those greater than 3 cm, revealed no statistical
differences in local control rates (PZ.90). A further subset anal-
ysis revealed that tumors typically considered radio-resistant
(including melanoma, renal carcinoma, pancreatic and biliary

Fig. 2. Patient treated with stereotactic body radiation therapy for recurrence of liver metastasis after surgery. (a) Positron emission
tomography (PET)ecomputed tomography (CT) pretreatment image showing the lesion in the region of the surgical bed, defined by metal
surgical clips. (b) Visualization of dose distribution on the planning target volume. (c) PET-CT image at 3 months after radiation therapy,
showing complete metabolic response.

Fig. 3. (a) In-field local control after stereotactic body radiation therapy (SBRT). (b) Overall survival after SBRT.

Volume 86 # Number 2 # 2013 SBRT for liver metastases 339

76 lesions (~2/3 colon or breast)

75 Gy in 3 fractions

Local control: 1-year 94%, 2-year 91%

No grade 3+ acute toxicity

Scorsetti M, et al. Int J Radiat Biol Phys. 2013;86(2):336-342.
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Stereotactic ablative radiotherapy versus standard of care 
palliative treatment in patients with oligometastatic cancers 
(SABR-COMET): a randomised, phase 2, open-label trial
David A Palma, Robert Olson, Stephen Harrow, Stewart Gaede, Alexander V Louie, Cornelis Haasbeek, Liam Mulroy, Michael Lock, 
George B Rodrigues, Brian P Yaremko, Devin Schellenberg, Belal Ahmad, Gwendolyn Griffioen, Sashendra Senthi, Anand Swaminath, Neil Kopek, 
Mitchell Liu, Karen Moore, Suzanne Currie, Glenn S Bauman, Andrew Warner, Suresh Senan

Summary
Background The oligometastatic paradigm suggests that some patients with a limited number of metastases might be 
cured if all lesions are eradicated. Evidence from randomised controlled trials to support this paradigm is scarce. We 
aimed to assess the effect of stereotactic ablative radiotherapy (SABR) on survival, oncological outcomes, toxicity, and 
quality of life in patients with a controlled primary tumour and one to five oligometastatic lesions.

Methods This randomised, open-label phase 2 study was done at 10 hospitals in Canada, the Netherlands, Scotland, 
and Australia. Patients aged 18 or older with a controlled primary tumour and one to five metastatic lesions, Eastern 
Cooperative Oncology Group score of 0–1, and a life expectancy of at least 6 months were eligible. After stratifying by the 
number of metastases (1–3 vs 4–5), we randomly assigned patients (1:2) to receive either palliative standard of care 
treatments alone (control group), or standard of care plus SABR to all metastatic lesions (SABR group), using a 
computer-generated randomisation list with permuted blocks of nine. Neither patients nor physicians were masked to 
treatment allocation. The primary endpoint was overall survival. We used a randomised phase 2 screening design with 
a two-sided α of 0∙20 (wherein p<0∙20 designates a positive trial). All analyses were intention to treat. This study is 
registered with ClinicalTrials.gov, number NCT01446744.

Findings 99 patients were randomised between Feb 10, 2012, and Aug 30, 2016. Of 99 patients, 33 (33%) were assigned to 
the control group and 66 (67%) to the SABR group. Two (3%) patients in the SABR group did not receive allocated 
treatment and withdrew from the trial; two (6%) patients in the control group also withdrew from the trial. Median 
follow-up was 25 months (IQR 19–54) in the control group versus 26 months (23–37) in the SABR group. Median overall 
survival was 28 months (95% CI 19–33) in the control group versus 41 months (26–not reached) in the SABR group 
(hazard ratio 0∙57, 95% CI 0∙30–1∙10; p=0∙090). Adverse events of grade 2 or worse occurred in three (9%) of 33 controls 
and 19 (29%) of 66 patients in the SABR group (p=0∙026), an absolute increase of 20% (95% CI 5–34). Treatment-related 
deaths occurred in three (4∙5%) of 66 patients after SABR, compared with none in the control group.

Interpretation SABR was associated with an improvement in overall survival, meeting the primary endpoint of this 
trial, but three (4∙5%) of 66 patients in the SABR group had treatment-related death. Phase 3 trials are needed to 
conclusively show an overall survival benefit, and to determine the maximum number of metastatic lesions wherein 
SABR provides a benefit.

Funding Ontario Institute for Cancer Research and London Regional Cancer Program Catalyst Grant.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Historically, the treatment of patients with metastatic 
solid tumours has been based on systemic therapies 
that aim to delay progression and extend life, but not to 
eradicate the disease completely.1,2 The oligometastatic 
paradigm, formally defined in the 1990s3 but anecdotally 
reported as early as the 1930s,4 suggests that in some 
patients, metastatic disease is not widespread, but 
is constrained to develop in only a small number of 
sites because of anatomical and physiological fac-
tors.3 This paradigm suggests that patients with oligo-
metastases should be amenable to a curative treatment 
approach.3

Clinical evidence to support improved treatment out-
comes in the oligometastatic state has generally been 
limited to non-randomised observational studies.5 Many 
of these studies, but not all, suggest that the treatment of 
oligometastatic disease with ablative therapies can lead 
to better-than-expected survival, compared with a general 
population of patients with metastatic disease.6,7 However, 
these promising results could be due to selection bias, 
with the inclusion of fit patients with low-burden, indolent 
cancers.5,7 Nevertheless, the use of ablative therapies has 
increased in many jurisdictions worldwide, albeit with 
substantial geographical variability in practice.8,9 Interest 
in treating oligometastatic disease is also increasing 
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deaths occurred in three (4∙5%) of 66 patients after SABR, compared with none in the control group.

Interpretation SABR was associated with an improvement in overall survival, meeting the primary endpoint of this 
trial, but three (4∙5%) of 66 patients in the SABR group had treatment-related death. Phase 3 trials are needed to 
conclusively show an overall survival benefit, and to determine the maximum number of metastatic lesions wherein 
SABR provides a benefit.
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Introduction
Historically, the treatment of patients with metastatic 
solid tumours has been based on systemic therapies 
that aim to delay progression and extend life, but not to 
eradicate the disease completely.1,2 The oligometastatic 
paradigm, formally defined in the 1990s3 but anecdotally 
reported as early as the 1930s,4 suggests that in some 
patients, metastatic disease is not widespread, but 
is constrained to develop in only a small number of 
sites because of anatomical and physiological fac-
tors.3 This paradigm suggests that patients with oligo-
metastases should be amenable to a curative treatment 
approach.3

Clinical evidence to support improved treatment out-
comes in the oligometastatic state has generally been 
limited to non-randomised observational studies.5 Many 
of these studies, but not all, suggest that the treatment of 
oligometastatic disease with ablative therapies can lead 
to better-than-expected survival, compared with a general 
population of patients with metastatic disease.6,7 However, 
these promising results could be due to selection bias, 
with the inclusion of fit patients with low-burden, indolent 
cancers.5,7 Nevertheless, the use of ablative therapies has 
increased in many jurisdictions worldwide, albeit with 
substantial geographical variability in practice.8,9 Interest 
in treating oligometastatic disease is also increasing 
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Progression events occurred in 67 patients: 39 (59%) of 
66 patients in the SABR group and 28 (85%) of 33 patients 
in the control group. Of the 39 patients in the SABR 
group with progression of disease, 31 (79%) developed 
new metastases only, one (3%) had progression of treated 
lesions only, and seven (18%) had both. Similarly, of 
the 28 patients in the control group, 13 (46%) developed 
new metastases only, eight (29%) had enlargement of 
lesions only, and seven (25%) patients had both. Median 
progression-free survival was 6∙0 months (95% CI 
3∙4–7∙1) in the control group vs 12 months (6∙9–30∙4) in 
the SABR group (HR 0∙47, 95% CI 0∙30–0∙76; stratified 
log-rank p=0∙0012; figure 2B)

The proportion of patients with lesional control (ie, the 
absence of progression in the lesions initially present 
at randomisation) was 49% (28 of 57 assessable lesions) 
in the control group and 75% (75 of 100 assessable 
lesions) in the SABR group (p=0∙0010), represented 
by an absolute increase of 26% (95% CI 10–41). For 
the 100 assessable lesions treated in the SABR group, 
44 (44%) remained stable, 15 (15%) showed a partial 
response, and 16 (16%) showed a complete response

There were no significant differences in overall mean 
FACT-G scores at 6 months (82∙5 [SD 16∙4] in the control 
group vs 82∙6 [16∙6] in the SABR group; p=0∙99), or in 
any of the physical, social, functional, or emotional QOL 
subscales (all p>0∙40; appendix).

Adverse events are shown in table 2. Adverse events 
of grade 2 or more related to treatment occurred in 
three (9%) of 33 patients in the control group and 19 (29%) 
of 66 patients in the SABR group (p=0∙026), an absolute 
increase of 20% (95% CI 5–34). The most common 
treatment-related toxic effects of grade 2 or worse in the 
SABR group were fatigue (n=4), dyspnoea (n=2), and pain 
(including muscle, bone, and other, total n=8). There were 
three treatment-related grade 5 events in the SABR group 
(4∙5%, 95% CI 0–10), due to deaths from radiation pneu-
monitis (n=1), pulmonary abscess (n=1), and subdural 
haemorrhage after surgery to repair a SABR-related 
perforated gastric ulcer (n=1); see appendix for further 
details of treatment-related grade 5 events. After ran-
domisation, 53 (54%) of 99 patients received palliative 
systemic therapy, and 34 (34%) of 99 patients received 
palliative, standard of care (non-SABR) radiotherapy. The 
two groups did not differ in the receipt of systemic therapy 
(19 [58%] of 33 patients in the control group vs 34 [52%] of 
66 patients in the SABR group; p=0∙57). Palliative radio-
therapy was more commonly delivered in the control 
group (21 [64%] of 33 patients) than in the SABR group 
(13 [20%] of 66 patients).

Discussion
The use of ablative treatments in patients with 
oligometastatic cancers has been the subject of substantial 
debate.5 Although the use of metastasis-directed surgery 
and stereotactic radiation has increased in the past 
10–15 years,8,9 the reliance on single-arm data of well 

selected patients without adequate controls has led to 
suggestions that the use of ablative treatments might be 
futile.16,17 The main findings of the present study are that 
SABR was associated with a 13-month improvement 
in median overall survival and a doubling of median 
progression-free survival, at the cost of an increase in 
toxicity and a 4∙5% treatment-related mortality in the 
SABR group. To our knowledge, the findings herein 
represent the strongest clinical evidence available in 
support of the oligometastatic state.

Several recent systematic reviews have examined 
the effect of ablative therapies in patients with 
oligometastatic cancers.6,18–21 We did not identify any 
randomised trials in patients who were oligometastatic 

Figure 2: Overall survival (A) and progression-free survival (B)
SABR=stereotactic ablative radiotherapy. HR=hazard ratio.
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Patients SBRT PTV % Childs A/B Local Control

Wahl 
(2015)

63 30-37.5 Gy/3
22 Gy/1

47 Gy/10

GTV + 5mm axial, 
8mm sup-inf

69/29 97.5% - 12 months

Andolino 
(2011)

60 30-48 Gy/3 – CPA
40 Gy/5 - CPB

GTV + 5mm axial, 
10mm sup-inf

60/40 90% - 2 years

Bujold
(2013)

102 24-54 Gy/6 GTV+8mm+margin
PTVprimary = 
GTV+5+mm

100/0 87% - 12 months

Huertas
(2015) 

77 45 Gy/3 GTV+5-10 mm (CTV)
CTV + 2-4 mm

86/14 99% - 12 months

Jang
(2013)

82 33-60 Gy/3 ITV + 2mm axial, 
4mm sup-inf

90/10 87% - 2 years

Sanuki 
(2014)

16 20-50 Gy in 5-8 fractions GTV+2-6 mm (ITV)
ITV + 2 mm 

85/15 91% - 3 years

HCC	Outcomes

Wahl et al. JCO 2016 Feb 10;34(5):452-9.

Andolino et al. IJROBP 2011 Nov 15;81(4):e447-53.

Bujold et al. JCO 2013 May 1;31(13):1631-9.

Huertas et al. Radiother Oncol 2015 May;115(2):211-6.

Jang et al. Radiat Oncol 2013 Oct 27;8:250.

Sanuki et al World J Gastroenterol 2014 Apr 21;20(15):4220-9.
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• U.	Michigan
– 161	treated	with	RFA	to	249	tumors
– 63	treated	with	SBRT	to	83	tumors
– FFLP-1

o RFA	- 84%
o SBRT	- 97%

– FFLP-2
o RFA	- 80%
o SBRT	- 84%

– OS-1
o RFA	- 70%
o SBRT	- 74%

– Gr	3+	tox
o RFA	- 11%
o SBRT	- 5%
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Radiofrequency Ablation Versus Stereotactic Body
Radiotherapy for Localized Hepatocellular Carcinoma in
Nonsurgically Managed Patients: Analysis of the National
Cancer Database
Devalkumar J. Rajyaguru, Andrew J. Borgert, Angela L. Smith, ReggieM. Thomes, Patrick D. Conway, Thorvardur R.
Halfdanarson, Mark J. Truty, A. Nicholas Kurup, and Ronald S. Go

A B S T R A C T

Purpose
Data that guide selection of optimal local ablative therapy for the management localized hepato-
cellular carcinoma (HCC) are lacking. Because there are limited prospective comparative data for
these treatment modalities, we aimed to compare the effectiveness of radiofrequency ablation
(RFA) versus stereotactic body radiotherapy (SBRT) by using the National Cancer Database.

Methods
We conducted an observational study to compare the effectiveness of RFA versus SBRT in
nonsurgically managed patients with stage I or II HCC. Overall survival was compared by using
propensity score–weighted and propensity score–matched analyses based on patient-, facility-, and
tumor-level characteristics. A sensitivity analysis was performed to evaluate the effect of severe
fibrosis/cirrhosis. In addition, we performed exploratory analyses to determine the effectiveness of
RFA and SBRT in clinically relevant patient subsets.

Results
Overall, 3,684 (92.6%) and 296 (7.4%) nonsurgically managed patients with stage I or II HCC re-
ceived RFA or SBRT, respectively. After propensity matching, 5-year overall survival was 29.8%
(95% CI, 24.5% to 35.3%) in the RFA group versus 19.3% (95% CI, 13.5% to 25.9%) in the SBRT
group (P , .001). Inverse probability–weighted analysis yielded similar results. The benefit of RFA
was consistent across all subgroups examined and was robust to the effects of severe fibrosis/
cirrhosis.

Conclusion
Our study suggests that treatment with RFA yields superior survival compared with SBRT for
nonsurgically managed patients with stage I or II HCC. Even though our results are limited by the
biases related to the retrospective study design, we believe that, in the absence of a randomized
clinical trial, our findings should be considered when recommending local ablative therapy for
localized unresectable HCC.

J Clin Oncol 36. © 2018 by American Society of Clinical Oncology

INTRODUCTION

The incidence of hepatocellular carcinoma (HCC)
has steadily increased over recent decades.1,2 Mor-
tality as a result of HCC mirrors this trend, which
makes it the third leading cause of cancer death
worldwide.3,4 In localized disease, cure can be
achieved with surgical resection or transplantation;
however, the majority of patients are not candidates
for surgery and are instead treated with local
ablative therapies,5,6 including radiofrequency

ablation (RFA), microwave ablation, cryoablation,
and stereotactic body radiation therapy (SBRT).

RFA is themostwidely practiced intervention for
small (, 3 cm) unresectable lesions, provides ex-
cellent local control rates reported at 70% to 90%, and
is considered a curative treatment in some cases.7,8

Other interventional techniques, such as microwave
ablation or combined thermal and transarterial che-
moembolization have been used to improve these
local control rates, particularly for HCC tumors
between 3 cm and 5 cm.9,10 SBRT is an emerging
alternative to RFA and seems to provide similar local
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• 3980 nonsurgical HCC patients

• 3684 (93%) RFA

• 296 (7%) SBRT

• Stage I or II

relationship between local control rate and eventual outcomes after
SBRT.24,25 In our study, RFAwas superior to SBRT, even if the tumor
was . 3 cm. We believe that improved local control rates achieved
with SBRT for large tumors do not necessarily translate into superior
survival, and future studies should focus on more clinically relevant
end points such as survival when examining the comparative ef-
fectiveness among local ablative therapies.

Advancement in navigation technology and multimodality
image fusion represents an important development in interven-
tional radiology.31-33 It has the potential to enhance the accuracy
and effectiveness of RFA. However, no data currently exist sup-
porting the idea that these improvements in interventional radiology
techniques have actually improved the outcomes of patients with
HCC who were treated with RFA. In our analysis, patients treated
with RFA between 2009 and 2013 had significant improvement in OS

compared with those treated between 2004 and 2008, although
survival with SBRT remained unchanged over the years.

Our study has several limitations related to its design and data
source. Although propensity score–based analyses are efficient for
minimizing the effect of observed confounders, such analyses do
not address unobserved confounders (ie, unmeasured patient
selection factors associated with survival in HCC such as cirrhosis/
advanced fibrosis). We attempted to address this by conducting
a sensitivity analysis to assess the potential effect of underlying
advanced fibrosis/cirrhosis. We demonstrated that our results were
robust regarding the effect of this potential confounder. We were
unable to distinguish between patients with a solitary lesion with
vascular invasion and multifocal tumors (all , 5 cm) in our
analysis because the NCDB groups these together under T2 disease.
In addition, the information about Child-Turcotte-Pugh score or
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Table 1. Demographic and Clinical Characteristics of Patients with Hepatocellular Carcinoma

Characteristic

SBRT
(n = 296)

RFA
(n = 3,684)

PNo. % No. %

Age, years , .001
# 49 12 4.05 262 7.11
50-59 77 26.01 1,236 33.55
60-70 84 28.38 1,225 33.25
$ 71 123 41.55 961 26.09

Race .008
White 35 12 2,740 74
Black 16 5 462 13
Unknown/other 245 83 482 13

Sex .49
Male 207 69.96 2,645 71.8
Female 89 30.07 1,039 28.2

Era of diagnosis , .001
2004-2008 58 20 1,151 31
2009-2013 238 80 2,533 69

Insurance status , .001
Private 69 23.31 1,154 31.32
Medicaid 32 10.81 486 13.19
Medicare 182 61.49 1,771 48.1
Other government 5 1.69 86 2.33
Not insured 7 2.36 131 3.56
Unknown 1 0.34 55 1.49

Median income level, $ .13
, 38,000 62 20.9 771 20.93
38,000-47,999 75 25.34 788 21.39
48,000-62,999 89 30.07 1,004 27.25
. 63,000 67 22.64 1,061 28.8
Missing data

Education/without high school degree, % .13
$ 21 50 16.89 824 22.37
13-20 78 26.35 991 26.9
7-12.9 102 34.46 1,064 28.88
, 7 63 21.28 753 20.44

Facility location , .001
New England 36 12.16 380 10.32
Middle Atlantic 38 12.84 481 13.06
South Atlantic 48 16.22 652 17.7
East North Central 113 38.18 538 14.61
East South Central 3 1.01 134 3.64
West North Central 10 3.38 188 5.1
West South Central 16 5.41 384 10.43
Mountain 8 2.7 131 3.56
Pacific 24 8.11 795 21.59

Geographic location .39
Metro 249 84.12 3,117 84.61
Urban 38 12.84 392 10.64
Rural 1 0.34 19 0.52
Unknown 8 2.7 156 4.23

Facility type .31
Community 8 2.7 63 1.71
Comprehensive 63 21.28 679 18.44
Academic/research 197 66.55 2,532 68.75
Integrated network 258 9.46 409 11.11

Case volume, quartile , .001
Highest 255 86.15 3,324 90.23
Second/third 33 11.15 340 9.23
Lowest 8 2.7 20 0.54

Charlson-Deyo comorbidity score , .001
0 190 64.19 1,594 43.27
1 52 17.57 1,045 28.37
2+ 54 18.24 1,045 28.37

Clinical TNM stage .038
1 202 68.24 2,718 73.78
2 94 31.76 966 26.22

(continued on following page)
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Integrated network 258 9.46 409 11.11

Case volume, quartile , .001
Highest 255 86.15 3,324 90.23
Second/third 33 11.15 340 9.23
Lowest 8 2.7 20 0.54

Charlson-Deyo comorbidity score , .001
0 190 64.19 1,594 43.27
1 52 17.57 1,045 28.37
2+ 54 18.24 1,045 28.37

Clinical TNM stage .038
1 202 68.24 2,718 73.78
2 94 31.76 966 26.22

(continued on following page)
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of 12% (P, .001; Fig 2), and most patients (79.7%) received three
to five fractions of treatment. The information about radiation
dose is listed in Appendix Table A2 (online only). Patients who
received SBRT were older ($ 71 years), more frequently white
compared to nonwhite/non African American, and had fewer
comorbid conditions. SBRTuse was also more frequent in patients
with tumor size$ 3cm and those with a low fibrosis score (0 to 4)
or no fibrosis information recorded. Those treated in New En-
gland, Middle Atlantic, and East North Central regions were more
likely to receive SBRT (P , .05 for all comparisons; Table 2).

Survival Analysis
The median follow-up for the entire cohort was 25.3 months

(interquartile range, 14.1 to 41 months). In the propensity-score–
and time-to-treatment–matched Cox proportional hazard re-
gression analysis, RFA was associated with a significant OS benefit
(hazard ratio [HR], 0.67; 95% CI, 0.55 to 0.81; P , .001); the
5-year OS was 29.8% (95% CI, 24.5% to 35.3%) in the RFA
group versus 19.3% (95% CI, 13.5% to 25.9%) in the SBRT group
(P , .001). IPTWanalysis revealed similar results (Fig 3; Appendix
Table A3 [online only]). Stage-specific OS curves are shown in
Appendix Figure A1 (online only). In exploratory subgroup an-
alyses of the matched cohort, the salutary effects of RFA onOSwere
consistent across all subgroups examined, and no significant
heterogeneity in HR was observed. Figure 4 demonstrates
propensity-matched HRs of RFAversus SBRTon the basis of various
demographic, clinical, and facility factors. Survival curves stratified
by year of diagnosis (2004-2008 v 2009-2013) are shown in Appendix
Figure A2 (online only).

Effect of Severe Fibrosis/Cirrhosis
The patients with fibrosis scores of 5 to 6 or severe fibrosis/

cirrhosis were more likely to receive RFA (24.6%) as initial

treatment when compared with patients who received SBRT
(10.8%). Kaplan-Meier survival curves based on fibrosis score are
reported in Appendix Figure A3 (online only). However, un-
derlying fibrosis data were not available for the majority of the
patients (71.7%), so a sensitivity analysis of the potential effects of
unmeasured severe fibrosis was performed. On the basis of an
observed HR of 1.6 for treatment with SBRT, hypothetical adjusted
HRs for treatment with SBRT were calculated over a range of
potential survival effects (HR for severe fibrosis) and differential
exposure (relative risk of severe fibrosis for patients who received
SBRT v those who received RFA) of unmeasured severe fibrosis
(Figure A4 [online only]). For example, assuming an HR of 2 for
advanced fibrosis/cirrhosis, the prevalence of advanced fibrosis/
cirrhosis in the SBRT group would need to be at least four times
larger compared with that in the RFA group (relative risk of ad-
vanced fibrosis/cirrhosis, 4) to completely explain the observed
survival detriment currently attributed to SBRT (a true HR of 1.0

Table 1. Demographic and Clinical Characteristics of Patients with Hepatocellular Carcinoma (continued)

Characteristic

SBRT
(n = 296)

RFA
(n = 3,684)

PNo. % No. %

Grade .086
Well differentiated 52 17.57 676 18.35
Moderately differentiated 29 9.8 550 14.93
Poorly differentiated/undifferentiated 13 4.39 135 3.66
Not determined 202 68.24 2,323 63.06

AFP tumor marker .75
Normal 80 27.03 1,071 29.07
Elevated/borderline 151 51.01 1,833 49.76
Unknown 65 21.96 780 21.17

Fibrosis score , .001
0-4 (none-moderate) 16 5.41 173 4.7
5-6 (severe fibrosis/cirrhosis) 32 10.81 906 24.59
Unknown 248 83.78 2,605 70.71

Tumor size, cm , .001
, 2 46 15.54 940 25.52
2-3 98 33.11 1,494 40.55
3-4 78 26.35 823 22.34
4-5 74 25 427 11.59

Mean time to treatment in days 6 SD 91.4 6 78.2 63.9 6 72.7 ,.001

Abbreviations: AFP, alpha-fetoprotein; RFA, radiofrequency ablation; SBRT, stereotactic body radiation therapy; SD, standard deviation.
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Fig 2. Use of radiofrequency ablation (RFA) versus stereotactic body radio-
therapy (SBRT) for nonsurgically managed stage I and II hepatocellular carcinoma
over time in the unmatched study population from the National Cancer Center
Database, 2004-2013.
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Advantages	of	MRI	Guidance

• Smaller	margins

• Beam	turns	on/off	based	on	location	of	tumor

• Can	modify	treatment	plans	daily	based	on	
changes	in	tumor	or	anatomy	



MRI-Guided	Radiation	Therapy





Solitary	Liver	Metastasis	Near	Bowel



10	Gy x	5	(BED10 =	100	Gy)

Initial Plan Adaptive 
Fxn 1 Adaptive 

Fxn 2 Adaptive 
Fxn 3 Adaptive 

Fxn 4 Adaptive 
Fxn 5



2	Months	after	SBRT



Why	Protons?

• Protons
– Defined	range	in	tissue

oProportional	to	their	energy
oNo	dose	distal	to	the	target

• Photons	(X-rays)
– No	defined	range	in	tissue

o Exponential	decrease	in	dose
o Some	lower	dose	distal	to	the	target





 Normal liver sparing by PBT for HCC   

The D mean  of remaining normal liver was signifi-
cantly lower for PBT than for H-IMRT and VMAT 
(p    !    0.05). These irradiated volumes of the 
remaining normal liver were significantly lower for 
PBT than for H-IMRT and VMAT at lower dose 
levels from V 5  to V 45  and from V 5  to V 35 , respec-
tively (p    !    0.05) (Table I) (Figure 2B). In con-
trast, the irradiated volumes of the remaining 
normal liver for PBT did not differ significantly 
with those of for VMAT at V 55  and H-IMRT at 
V 45  and V 55  (p    "    0.05) (Table I). The mean differ-
ences in relative (absolute) irradiated volumes of 
the remaining normal liver at higher dose levels 
from V 45  to V 55  differed between PBT and either 
H-IMRT or VMAT by less than about 3% (25 cm 3 ) 
(Supplementary Figure 1A and B, available online 
at http://www.informahealthcare.com/doi/abs/

were 72.1 cm 3  (range 25.7 – 444.7 cm 3 ), 1086.7 cm 3  
(range 583.3 – 1903.4 cm 3 ) and 1211.8 cm 3  (range 
626.1 – 1944.4 cm 3 ), respectively (Supplementary 
Table I, available online at: http://informahealthcare.
com/doi/abs/10.3109/0284186X.2015.1009637). 

 Comparisons of PTV coverages, conformity and 
homogeneity among the three plans are summarized 
in Table I. All PTV coverages (V 95% , V 100%  and V 105% ) 
and HI were similar for the three plans (Table I) 
(Figure 2A). The CI values for VMAT and H-IMRT 
differed signifi cantly (p    !    0.05), whereas neither dif-
fered signifi cantly with the CI value for PBT 
(p    "    0.05), indicating that the conformity of PBT 
was not signifi cantly different from the conformities 
of VMAT and H-IMRT. 

 The dose volumetric parameters of the three 
plans are summarized in Table I and Figure 2B. 

  Table I. Comparison of dose-volumetric parameters for helical intensity modulated radiotherapy 
(H-IMRT), volumetric modulated arc therapy (VMAT), and proton beam therapy (PBT).  

H-IMRT VMAT PBT p-Value  *  

PTV V 95%  (%) 99.7    #    0.5 100    #    0.2 99.9    #    0.4 NS
V 100%  (%) 93.5    #    3.3 93.5    #    3.3 93.5    #    3.3 NS
V 105%  (%) 0.8    #    3.7 5    #    12.8 0.8    #    1.9 NS

CI 1.52    #    0.15 a †  1.38    #    0.20 b †  1.45    #    0.12 a,b †  0.005
HI 1.03    #    0.01 1.03    #    0.02 1.03    #    0.01 NS

RNL D mean  (Gy) 17.6    #    4.0 a †  15.0    #    4.0 b †  6.7    #    2.4 c †   !    0.001
V 5  (%) 81.0    #    14.5 a †  70.0    #    17.4 b †  23.0    #    9.9 c †   !    0.001

V 15  (%) 46.1    #    11.7 a †  40. 4    #    12.4 a †  17.1    #    7.7 b †   !    0.001
V 25  (%) 23.8    #    8.4 a †  20.3    #    7.7 a †  10.3    #    3.8 b †   !    0.001
V 35  (%) 13.5    #    6.1 a †  10.4    #    4.4 b †  7.9    #    3.1 c †   !    0.001
V 45  (%) 7.8    #    3.8 a †  5.5    #    2.5 b †  5.7    #    2.5 b †  0.007
V 55  (%) 3.7    #    1.9 a †  2.50    #    1.3 b †  3.1    #    1.5 a,b †  0.023

Stomach D 2cm3  (Gy) 15.1    #    6.5 a †  13.3    #    7.2 a †  1.8    #    3.1 b †   !    0.001
Intestine D 2cm  3  (Gy) 13.3    #    12.2 12.8    #    12.7 7.1    #    12.5 NS
Spinal cord D 2cm  3  (Gy) 14.7    #    5.0 a †  14.0    #    6.1 a †  2.8    #    5.2 b †   !    0.001
Right kidney V 20  (%) 5.2    #    10.9 3.1    #    8.3 1.8    #    6.4 NS
Left kidney V 20  (%) 0.0    #    0.2 0.1    #    0.6 0.0    #    0.0 NS

   CI, conformity index; D 2cm  3 , dose delivered dose to 2 cm 3  normal tissue; D mean , mean dose delivered to 
normal tissues; HI, homogeneity index; NS, not signifi cant; PTV, planning target volume; V 95% , V 100% , 
and V 105%  , percentage of the PTV receiving 95%, 100% and 105% of the prescribed dose; RNL, re-
maining normal liver; V 5 , V 15 , V 25 , V 35 , V 45  and V 55 , percentage of irradiated volume receiving    $    5,  $    15, 
 $    25,  $    35,  $    45 and    $    55 Gy, respectively.   
   *  By one-way analysis of variance among three groups;   †  The same letters indicate non-signifi cant 
difference among groups based on Tukey ’ s multiple comparison tests.   

  Figure 1.     Axial isodose distributions of helical intensity modulated radiotherapy (A), volumetric modulated arc therapy (B), and proton 
beam therapy (C).  
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Protons	vs	X-rays

ZERO DOSEX-RAYS X-RAYS

Kim JY, et al. Acta Oncol. 2015;54(10):1827-1832.







Proton	
Therapy	Is	
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Consensus Report From the Miami
Liver Proton Therapy Conference
Michael D. Chuong1*, Adeel Kaiser 2, Fazal Khan1, Parag Parikh 3, Edgar Ben-Josef 4,
Christopher Crane5, Thomas Brunner 6, Toshiyuki Okumura 7, Niek Schreuder 8,
Søren M. Bentzen2, Alonso Gutierrez 1, Alejandra Mendez-Romero 9,10, Sang Min Yoon11,
Navesh Sharma12, Tae Hyun Kim13, Kazushi Kishi 14, Fred Moeslein 15, Sarah Hoffe 16,
Tracey Schefter 17, Steven Hanish 2, Marta Scorsetti 18 and Smith Apisarnthanarax 19

1 Baptist Hospital of Miami, Miami Cancer Institute, Miami, FL, United States, 2 University of Maryland Medical Center,

Baltimore, MD, United States, 3 Henry Ford Health System, Detroit, MI, United States, 4 Department of Radiation Oncology,

University of Pennsylvania, Philadelphia, PA, United States, 5 Department of Radiation Oncology, Memorial Sloan Kettering

Cancer Center, New York, NY, United States, 6 Freiburg University Medical Center, Freiburg, Germany, 7 Department of

Radiation Oncology, University of Tsukuba, Tsukuba, Japan, 8 Provision CARES Proton Therapy, Knoxville, TN, United States,
9 Erasmus Medical Center, Erasmus University Rotterdam, Rotterdam, Netherlands, 10 Holland Proton Treatment Center,

Rotterdam, Netherlands, 11 Asan Medical Center, University of Ulsan College of Medicine, Seoul, South Korea, 12 Department

of Radiation Oncology, Pennsylvania State University, University Park, PA, United States, 13 National Cancer Center,

Goyang-si, South Korea, 14 Hokkaido Hospital, Sapporo, Japan, 15 Sarasota Memorial Hospital, Sarasota, FL, United States,
16 Moffitt Cancer Center, Tampa, FL, United States, 17 University of Colorado Anschutz Medical Campus, Aurora, CO,

United States, 18 Department of Radiation Oncology, Humanitas University, Rozzano, Italy, 19 Department of Radiation

Oncology, University of Washington, Seattle, WA, United States

An international group of 22 liver cancer experts from 18 institutions met in Miami, Florida

to discuss the optimal utilization of proton beam therapy (PBT) for primary and metastatic

liver cancer. There was consensus that PBT may be preferred for liver cancer patients

expected to have a suboptimal therapeutic ratio from XRT, but that PBT should not be

preferred for all patients. Various clinical scenarios demonstrating appropriateness of PBT

vs. XRT were reviewed.

Keywords: proton therapy, liver cancer, hepatocellular carcinoma (HCC), cholangiocarcinoma (CC), liver

metastases

Radiation therapy (RT) for liver cancer has become increasingly utilized as technological
advancements have permitted highly conformal delivery of even ablative doses. Although RT is
most commonly delivered using photons (x-rays), protons may also be considered.

In contrast to an x-ray beam, there is little to no exit dose distal to the target in a proton
beam, thereby reducing low and moderate doses to normal organs. Although the clinical benefit
of proton beam therapy (PBT) over x-ray therapy (XRT) has been proposed for some liver cancer
patients, there is a lack of consensus to guide decision making regarding utilization of PBT.
Important clinical considerations for PBT selection, however, have become better understood in
recent years (1).

In January 2018, a group of 22 experts from 18 institutions across North America, Europe,
and Asia congregated in Miami, Florida to discuss the role of PBT for liver cancer. Participants
included thought leaders from radiation oncology, medical physics, interventional radiology,
surgical oncology, and biostatistics. With the intent of conducting a balanced discussion,
approximately half had PBT experience while the remainder purposefully did not. The conference
goals included: (1) clarifying the role of PBT vs. XRT for liver cancer; (2) reaching consensus
about clinical scenarios for which PBT provides the most significant benefit vs. XRT for liver
cancer patients; and (3) identifying barriers to broader adoption of PBT for liver cancer.

22	liver	cancer	experts	
• 17	radiation	oncologists
• 2	physicists
• 1	liver	surgeon
• 1	interventional	radiologist
• 1	biostatistician

Chuong MD, et al. Front Oncol. 2019;9:457.





Large	HCC	is	Appropriate	for	Proton	Therapy

22	patients	

50%	PVTT

Median,	11	cm
(range,	10-14	cm)

Median,	72.6	GyE	in
22	fractions

No	grade	3+	toxicity

with HCC larger than 10 cm of only 27%, 23.3%, and 9.6%,
respectively, when multimodality nonsurgical therapies were
used. In contrast, the overall survival rates at 1 year and
3 years after surgery are markedly better at 64% and 24.5%, re-
spectively. In our series, 21 of 22 patients were not suitable for
surgery because of liver impairment (n = 13), limited residual
liver volume (n = 2), intercurrent diseases (n = 4), and old
age (n = 2). However, because of improved dose localization
related to the Bragg peak properties of the proton beam, we
were able to safely deliver high doses of radiation (median,
72.6 GyE in 22 fractions) and achieve a high local control
rate of 87% during the limited observation period. On the basis
of these results, PBT seems to be a potential comparable, less-
invasive alternative to surgery for patients with large tumors
who are poor candidates for surgical resection.

Traditionally, radiotherapy has played a minor role in the
treatment of HCC because antiquated dose localization tech-
niques required the delivery of lower doses to larger volumes
and did not routinely achieve tumor eradication. However,
improvements in radiologic imaging and radiotherapy tech-
niques have made it possible to irradiate smaller, well-defined
targets within the liver. Emami et al. (42) estimated liver doses
associated with a 5% risk of RILD with uniform irradiation of
one third (D33), two thirds (D66), and the entire volume of the
liver (D100) at 50 Gy, 35 Gy, and 30 Gy, respectively. Law-
rence et al. (43) presented a normal tissue complication prob-
ability model and estimated D33, D66, and D100 to be 75 Gy, 45
Gy, and 35 Gy, respectively. According to this model, high-
dose radiotherapy up to 90 Gy can be delivered safely if a sub-
stantial part of normal liver is spared. In our study, D33, D66,
and D100 (dose equivalent if given in 2 Gy per fraction [a/b =
10]) were low at 30.1 GyE, 0.8 GyE, and 0 GyE, thereby
minimizing the risk of RILD.

Liang et al. (44) reported that a target volume greater than
500 mL is a risk factor for RILD, and the tolerance volumes
for 5 Gy (V5), 10 Gy (V10), 20 Gy (V20), 30 Gy (V30), and 40
Gy (V40) are 86%, 68%, 49%, 28%, and 20% of the normal
liver volume. For our patients, V0, V10, V20, V30, and V40, if
doses are calculated in 2 GyE per fraction equivalents, were
53%, 39.5%, 36%, 33.5%, and 23%, respectively. Our V0,
V10, and V20 values were sufficiently low, but V30 and V40

values were high compared with the tolerance volumes delin-
eated by Liang et al. Additionally, we delivered high doses to

large target volumes (median, 992 mL) yet found no evidence
of RILD.

The improved dose localization of sophisticated techniques,
such as intensity-modulated radiotherapy or stereotactic body
radiotherapy, permit dose escalation to tumor tissue with spar-
ing of surrounding functional liver (21, 44–46). However, these
doses are generally insufficient to eradicate very large lesions,
in which case PBT may be the radiotherapy modality of choice.

The majority of patients who develop HCC have concur-
rent hepatitis B virus and/or hepatitis C virus infections
(27). In this study, approximately half of the patients showed
no evidence of active viral infection. Therefore, these patients
may have fared better than their HCC counterparts in the gen-
eral population because of a relatively lower prevalence of
coexistent viral hepatitis.

Tateishi et al. (47) reported that tumor markers for HCC,
such as AFP or PIVKA-II, can complement imaging modal-
ities in the evaluation of treatment efficacy. In our study, tu-
mor marker levels in most patients markedly decreased
during PBT, suggesting a response to therapy.

A major limitation of the present investigation involves the
small number of patients treated over a protracted period.
Thus, additional studies incorporating large numbers of pa-
tients are necessary to more clearly define the role of PBT
in HCC greater than 10 cm in maximal dimension.

In the present cases, 20 of 22 had large hepatocellular car-
cinoma located adjacent to the porta hepatis. According to
our current protocols, we recommend a protocol of 72.6
GyE in 22 fractions to reduce the risk of bile duct stenosis
for large HCC except adjacent to the gastrointestinal tract.
If the tumor was located adjacent to the gastrointestinal tract,
we choose a protocol of 74.0 GyE in 37 fractions at present.

Recently novel regimens, such as systemic chemotherapy
and interferon and molecular targeted therapy, have im-
proved progression-free survival or overall survival in pa-
tients with HCC (48, 49). Further study will be necessary
to determine whether these strategies can be used in conjunc-
tion or in sequence with PBT to improve HCC outcomes.

CONCLUSION

Proton beam therapy is an effective and safe intervention for
patients with HCC greater than 10 cm in maximal dimension.

Fig 3. Typical dose distributions and dose–volume analyses.
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After defining the number of beams and beam directions for each
beam, the following parameters were automatically calculated by
the treatment planning software (Hitachi Planning version 1.72):
dose distribution, beam delivery device parameters, such as length
of spread-out Bragg peak, proton beam energy for each port,
range-shifter thickness, shape of compensating chemical wood
bolus, and brass collimator shape. The CTV was homogeneously
encompassed with more than 95% and less than 108% of the pre-
scribed dose of the isocenter by selecting adequate ports and mar-
gins. Before the initiation of treatment for each patient, reliability
of the proton beam dose distributions was confirmed using a water
phantom.

A median total dose of 72.6 gray equivalents (GyE) in 22 frac-
tions (range, 47.3–89.1 GyE in 10–35 fractions) was given with a rel-
ative biological effectiveness value of 1.1. At present, our protocol is
as follows: 72.6 GyE in 22 fractions for tumors adjacent to hepatic
portal fissure, 74 GyE in 37 fractions for tumors adjacent to the di-
gestive tract, and 50–60 GyE in 25–30 fractions for palliative intent.
Fractionation schemes used in this study were variable owing to re-
stricted clinical use of the proton beam at the National Laboratory
facility.

Because various fractionation regimens were used for treatment,
the equivalent dose when delivered at 2.0 GyE per fraction was
calculated for comparison using the linear-quadratic model, with
a/b ratios of 10 and 3 for early- and late-responding tissues, respec-
tively (30). Median total equivalent doses for 2.0 GyE per fraction
were 91.5 GyE (range, 49.7–125.9 GyE) when the a/b ratio was
assumed to be 3 and 80.5 GyE (range, 48.3–98.8 GyE) when the
a/b ratio was 10. The median overall treatment time was 34 days
(range, 16–73 days). Dose–volume histogram analyses were
performed for 12 patients.

Follow-up and evaluation criteria
Patients underwent abdominal imaging studies (CT or MRI) 1–4

months after completion of treatment. Additionally, patients were
monitored at 1–3-month intervals for recurrence or late radiation
toxicities by follow-up visits to our department, to the referring phy-
sician, or by mail and/or phone.

Acute and late toxicities associated with treatment were evaluated
using the National Cancer Institute Common Toxicity Criteria
version 3 and the Radiation Oncology Study Group/European

Organization for Research and Treatment of Cancer late radiation
morbidity scoring scheme (31).

Statistical analysis
Actuarial survival and disease control rates were calculated from

the beginning of PBT using the Kaplan-Meier method (32). Differ-
ences in survival were evaluated with the log–rank test (33). A value
of #0.05 was considered statistically significant. All statistical anal-
yses were performed using commercial statistical software (SPSS,
Chicago, IL).

RESULTS

The median follow-up period was 13.4 months for all 22
patients (range, 1.5–85 months). Nineteen patients died be-
tween 1.5 and 85 months after treatment, and 3 were alive
with no evidence of recurrence at last follow-up in December
2007. Causes of death included progressive HCC outside the
irradiated volume in 10 patients, liver failure with viable
HCC in 3 patients, liver failure without viable HCC in 2
patients, cerebral infarction in 2 patients, cardiac arrest in
1 patient, and cerebral hemorrhage in 1 patient. The overall
survival rates at 1 and 2 years were 64% (95% confidence
interval [CI], 44–84%) and 36% (95% CI, 15–56%), respec-
tively (Fig. 1). Age, Child-Pugh class, use of more than one
treatment modality, tumor size, and tumor number did not
affect survival rates.

Six patients survived for more than 2 years after treatment.
All 6 of these patients had single-focus, nodular-type disease.
By the time of analysis, 5 of these 6 patients had died from
cerebral hemorrhage, cerebral infarction, liver failure (n = 1
each), and uncontrolled HCC (n = 2).

Fourteen patients (64%) suffered from disease progression
outside the irradiated volume after PBT. Eleven developed
new hepatic tumors, 1 developed lymph node metastasis,
and 6 developed distant metastasis. Of the 6 patients with me-
tastases, 3 developed bone involvement and concomitant
new hepatic tumors, whereas the remaining 3 had lung metas-
tases without new hepatic tumor development. Of the 11
patients who developed new hepatic tumors, 2 received

Fig. 1. Overall survival and progression-free survival rates for 22
patients with hepatocellular carcinoma exceeding 10 cm.

Fig. 2. Local control rates in 22 patients with hepatocellular carci-
noma exceeding 10 cm treated with proton beam therapy.
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Conclusions

• Liver tumors can be safely treated to ablative doses with excellent control using 

modern X-ray technology (SBRT)

• Proton therapy delivers less dose to the normal liver, allowing for safe dose 

escalation and outstanding long-term tumor control, especially in large tumors

• We should continue to explore combination therapies for more advanced disease 

(eg, TACE + SBRT)

• There are not high-level data to guide decision-making for liver-directed therapies
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