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ABSTRACT

Background

Hepatocellular carcinoma is the most common liver neoplasm, the sixth most common cancer worldwide, and the third most common
cause of cancer mortality. Moreover, its incidence has increased dramatically in the past decade. While surgical resection and liver
transplantation are the main curative treatments, only around 20% of people with early hepatocellular carcinoma may benefit from these
therapies. Current treatment options for unresectable hepatocellular carcinoma include various ablative and transarterial therapies in
addition to the drug sorafenib.

Objectives

To assess the benefits and harms of external beam radiotherapy in the management of localised unresectable hepatocellular carcinoma.

Search methods

We searched the Cochrane Hepato-Biliary Group Controlled Trials Register, Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library, MEDLINE (OvidSP), Embase (OvidSP), Science Citation Index Expanded (Web of Science), and clinicaltrials.gov registry.
We also checked reference lists of primary original studies and review articles manually for further related articles (cross-references) up
to October 6, 2016.

Selection criteria

Eligible studies included all randomised clinical trials comparing external beam radiotherapy either as a monotherapy or in combination
with other systemic or locoregional therapies versus placebo, no treatment, or other systemic or locoregional therapies for people with
unresectable hepatocellular carcinoma.

Data collection and analysis

We used standard methodological procedures expected by Cochrane. We used a random-effects model as well as a fixed-effect model
meta-analysis but in case of discrepancy between the two models (e.g. one giving a significant intervention effect, the other no significant
intervention effect), we reported both results; otherwise, we reported only the results from the fixed-effect model meta-analysis. We
assessed risk of bias of the included trials using predefined risk of bias domains; assessed risks of random errors with Trial Sequential
Analysis; and presented the review results incorporating the methodological quality of the trials using GRADE.

Main results

Nine randomised clinical trials with 879 participants fulfilled our inclusion criteria. All trials were at high risk of bias, and we rated the
evidence as low to very low quality. All of the included trials compared combined external beam radiotherapy plus chemoembolisation
versus chemoembolisation alone in people with unresectable hepatocellular carcinoma; moreover, three of the trials compared external
beam radiotherapy alone versus chemoembolisation alone. All trials were conducted in China. The median age in most of the included
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trials was around 52 years, and most trial participants were male. The median follow-up duration ranged from one to three years. None of
the trials reported data on cancer-related mortality, quality of life, serious adverse events, or time to progression of the tumour. For the
comparison of radiotherapy plus chemoembolisation versus chemoembolisation alone, the risk ratio for one-year all-cause mortality was
0.51 (95% confidence interval (CI) 0.41 to 0.62; P < 0.001; 9 trials; low-quality evidence); for complete response rate was 2.14 (95% CI 1.47
to 3.13; P < 0.001; 7 trials; low-quality evidence); and for overall response rate defined as complete response plus partial response was
1.58 (95% Cl 1.40 to 1.78; P < 0.001; 7 trials; low-quality evidence), all in favour of combined treatment with external beam radiotherapy
plus transarterial chemoembolisation and seemingly supported by our Trial Sequential Analysis. Additionally, the combined treatment
was associated with a higher risk of elevated total bilirubin and elevated alanine aminotransferase. The risk ratio for the risk of elevated
alanine aminotransferase was 1.41 (95% CI 1.08 to 1.84; P = 0.01; very low-quality evidence), while for elevated total bilirubin it was 2.69
(95% ClI 1.34 to 5.40; P = 0.005; very low-quality evidence). For the comparison of radiotherapy versus chemoembolisation, the risk ratio
for one-year all-cause mortality was 1.21 (95% CI 0.97 to 1.50; 3 trials; 12 = 0%; very low-quality evidence) which was not supported by our
Trial Sequential Analysis.

In addition, we found seven ongoing randomised clinical trials evaluating different external beam radiotherapy techniques for people with
unresectable hepatocellular carcinoma.

Authors' conclusions

We found very low- and low-quality evidence suggesting that combined external beam radiotherapy and chemoembolisation may be
associated with lower mortality and increased complete and overall response rates, despite an increased toxicity as expressed by a higher
rise of bilirubin and alanine aminotransferase. A high risk of systematic errors (bias) as well as imprecision and inconsistency suggest
that these findings should be considered cautiously and that high-quality trials are needed to assess further the role of external beam
radiotherapy for unresectable hepatocellular carcinoma.

PLAIN LANGUAGE SUMMARY

Radiotherapy administered externally for advanced hepatocellular carcinoma (primary liver cancer)
Review question

What are the benefits and harms of radiotherapy administered externally in people with advanced liver cancer compared with other
available therapies or no therapy?

Background

Hepatocellular carcinoma (primary liver cancer) is the most common cancerous tumour of the liver and the sixth most common cancerous
tumour worldwide. In the majority of people with hepatocellular carcinoma, the disease is diagnosed at the advanced stage. Treatment
options for these people include ablation (which destroys the tumour), embolisation (the use of substances to block or decrease the flow
of blood through the hepatic artery to the tumour), radiotherapy, or sorafenib, which is a targeted drug therapy (a treatment that uses a
substance to identify and attack cancer cells while avoiding normal cells).

Study characteristics

We searched the medical literature for randomised clinical trials (where people are allocated at random to one of two or more treatment
groups) in order to perform an analysis of the role of radiotherapy administered externally for advanced liver cancer. We found nine
randomised clinical trials including a total of 879 people with advanced liver cancer. All of the included trials were conducted in China. The
average age in most of the included studies was around 52 years, and most trial participants were male. The average follow-up duration
ranged from one to three years. All trials were at high risk of bias, and we rated the evidence as low to very low quality. Most of the
included trials compared combined radiotherapy and chemoembolisation versus chemoembolisation alone. We also identified seven
ongoing randomised clinical trials. The evidence is current to October 2016.

Key results

When compared with chemoembolisation alone, combined radiotherapy plus chemoembolisation may be associated with fewer deaths
and more tumour size reduction, despite being associated with an increased risk for non-life-threatening adverse effects such as a higher
rise of bilirubin and alanine aminotransferase.

Quality of the evidence and conclusions

Combined radiotherapy and chemoembolisation may be associated with fewer deaths and increased overall response, but also an
increased risk of adverse effects, when compared with chemoembolisation alone.

The low quality of evidence suggests that these results should be considered cautiously and that high-quality randomised trials should be
performed to assess further the role of external beam radiotherapy for unresectable hepatocellular carcinoma.

External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. External beam radiotherapy (EBRT) plus transarterial chemoembolisation (TACE) versus TACE alone

for unresectable hepatocellular carcinoma

External beam radiotherapy (EBRT) plus transarterial chemoembolisation(TACE) versus TACE alone for unresectable hepatocellular carcinoma

Patient or population: people with unresectable hepatocellular carcinoma

Setting: specialist hospitals
Intervention: EBRT + TACE
Comparison: TACE

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Ne of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with TACE  Risk with EBRT + TACE (studies) (GRADE)
All-cause mortality (at maximum 1- Study population RR0.51 786 PO
year follow-up) (0.41t00.62) (9 RCTs) Low1
456 per 1000 233 per 1000
(187 to 283)
Health-related quality of life No data were available for this outcome.
Serious adverse events No data were available for this outcome.
Complete response plus partial re- Study population RR 1.58 620 DDOO
sponse (1.40t0 1.78) (7 RCTs) Low !
518 per 1000 819 per 1000
Length of follow-up: 1 year (726 to0 923)
Elevated alanine aminotransferase Study population RR1.41 232 BEOO
(1.08 to 1.84) (3 RCTs) VERY LOW 2
Length of follow-up: 1 year 319 per 1000 449 per 1000
(344 to 586)
Elevated total bilirubin Study population RR 2.69 172 B0
(1.34 to 5.40) (2 RCTs) VERY LOW 3
Length of follow-up: 1 year 108 per 1000 292 per 1000
(145 to 586)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).
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Cl: confidence interval; RR: risk ratio; RCT: randomised clinical trial

GRADE Working Group grades of evidence
High quality: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-

stantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

1Downgraded two levels (-2) due to: i) within-study risk of bias: high risk of bias in all included trials; ii) publication bias: cannot be assessed.

2Downgraded three levels (-3) due to: i) within-study risk of bias: high risk of biasin allincluded trials; i) publication bias: cannot be assessed; iii) heterogeneity: large heterogeneity
index (93%); iv) imprecision: small number of trials.
3Downgraded three levels (-3) due to: i) within-study risk of bias: high risk of bias in all included trials; ii) publication bias: cannot be assessed; iii) imprecision: small number

of trials.

Summary of findings 2. External beam radiotherapy (EBRT) versus transarterial chemoembolisation (TACE) for unresectable hepatocellular

carcinoma

External beam radiotherapy (EBRT) versus transarterial chemoembolisation(TACE) for unresectable hepatocellular carcinoma

Patient or population: people with unresectable hepatocellular carcinoma

Setting: specialist hospitals
Intervention: EBRT
Comparison: TACE

Outcomes Anticipated absolute effects* (95% Cl) Relative effect N2 of partici- Quality of the Comments
(95% Cl) pants evidence
Risk with TACE Risk with EBRT (studies) (GRADE)
All-cause mortality (at 1 year) Study population RR1.21 152 OO
(0.97 to 1.50) (3RCTs) VERY LOW1
570 per 1000 689 per 1000
(553 to 854)
Serious adverse events No data were available for this outcome.
Complete response plus partial 10 out of 20 trial partici- 3 out of 21 trial partici- - 41 (1 RCT) B0
response pants attained partial re- pants attained a response VERY LOW1
sponse in the TACE arm. in the EBRT arm.

Length of follow-up: 1 year

Elevated alanine aminotrans-
ferase

No data were available for this outcome.
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Elevated total bilirubin No data were available for this outcome.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

Cl: confidence interval; RR: risk ratio; RCT: randomised clinical trial

GRADE Working Group grades of evidence

High quality: We are very confident that the true effect lies close to that of the estimate of the effect.

Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is sub-
stantially different.

Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect.

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

1Downgraded three levels (-3) due to i) within-study risk of bias: high risk of biasin allincluded trials; i) publication bias: cannot be assessed; iii) imprecision: small number of trials.
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BACKGROUND

Description of the condition

Liver cancer is the sixth most common cancer worldwide and the
second most common cause of cancer mortality, with more than
500,000 deaths annually (Globocan 2012). Rarely detected early,
hepatocellular carcinoma, which comprises most primary liver
cancers, is usually fatal within a few months of diagnosis (Hassan
2011). According to guidelines from the American Association
for the Study of Liver Diseases and the European Association
for the Study of the Liver (Bruix 2011; EASL/EORTC 2012),
hepatocellular carcinoma diagnosis can be based on biopsy or
imaging techniques fulfilling some well-defined criteria. However,
given recent modifications on diagnostic algorithm and different
sensitivities of some investigation techniques such as magnetic
resonance imaging (MRI), some heterogeneity in the classification
of patients and in the prognostic assessment may have been
introduced.

Hepatocellular carcinoma is preceded by cirrhosis of the liver in
most patients, and, unsurprisingly, common causes of cirrhosis
have been identified as key risk factors for hepatocellular
carcinoma. Of particular importance is chronic infection with
hepatitis B or C virus, as well as chronic alcohol consumption.
Indeed, it has been estimated that hepatitis B virus is responsible
for 50% to 80% of hepatocellular carcinoma cases worldwide,
with 10% to 25% of cases thought to be the result of hepatitis C
virus infection (Venook 2010; Maida 2014). Such aetiological issues
raise additional safety concerns and considerations with the use of
various locoregional (particularly radiation) and systemic therapies
and, accordingly, this may limit the available therapeutic options
for these patients.

Potentially effective treatments for hepatocellular carcinoma
include liver resection, transplantation, radiofrequency ablation,
transarterial chemoembolisation and radioembolisation, external
beam radiotherapy, in addition to systemic treatment (Oliveri 2011;
Taefi 2013; Weis 2013; Abdel-Rahman 2016). Surgical resection
and liver transplantation are the main curative treatments.
Unfortunately, only around 20% of patients, mostly diagnosed by
regular screening, may benefit from these therapies (Yau 2008;
Abdel-Rahman 2013).

Description of the intervention

Historically, radiotherapy has always played a limited role in the
treatment of hepatocellular carcinoma due to the low radiation
tolerance of the liver and the subsequent risk of radiation-
induced liver disease (Lee 2014). Technological advancement in
radiation planning and treatment delivery, such as stereotactic
body radiotherapy combined with image-guided radiotherapy,
has permitted a further increase radiation dose while maximally
sparing the surrounding non-involved liver tissue (Jihye 2012). This
alongwith the growing knowledge of radiobiological modelsin liver
disease have facilitated several mono-institutional retrospective
and prospective series, which are reporting encouraging results.
Consequently, external beam radiotherapy might play a significant
role for the treatment of unresectable hepatocellular carcinoma,
alone or combined with another locoregional treatment such
as transarterial chemoembolisation (Oliveri 2011; Ursino 2012).
Available techniques currently employed for external beam
radiotherapy in hepatocellular carcinoma include conformal

radiotherapy, intensity-modulated radiotherapy, and stereotactic
body radiotherapy coupled with image-guided technologies to
account for tumour and normal tissue motion (Dawson 2011; Klein
2013; Tsai 2013).

How the intervention might work

The basic strategy of radiotherapy is based on tumour control
and consideration of normal tissue toxicity. In radiotherapy
of hepatocellular carcinoma, radiosensitivity of tumour and
normal tissues has not been traditionally considered in favour of
therapeutic success (Hoffe 2010). Until recently, radiosensitivity of
hepatocellular carcinoma was considered low, a notion based on
the poor clinical outcomes of early trials that used an insufficient
radiation dose for fear of radiation-induced liver toxicity (Wigg
2010). However, accumulated experience using image-guided
radiotherapy technology with substantially increased radiation
doses has resulted in a reconsideration of hepatocellular as
radiosensitive, and thus with potential of therapeutic success
(Seong 2009).

Why it is important to do this review

Both three-dimensional conformal radiotherapy and stereotactic
body radiation therapy have emerged as promising non-invasive
therapeutic modalities for people with unresectable hepatocellular
carcinoma and may potentially serve as a bridging therapy
for patients awaiting transplantation (Cardenes 2009; Ma 2010).
External beam radiotherapy can thus be considered as a potentially
competitive alternative to other available locoregional therapies
such as radiofrequency ablation, transarterial chemoembolisation,
and radioembolisation. Moreover, external beam radiotherapy
can be used in combination with any of the above mentioned
modalities as well as systemic therapies like sorafenib (Abdel-
Rahman 2013). A limited number of clinical trials examining the use
of both three-dimensional conformal radiotherapy and stereotactic
body radiation therapy in people with hepatocellular carcinoma
have reported very good local tumour control and acceptable
toxicities (Merle 2009). Therefore, we considered the conduct of
a well-designed systematic review on the benefits and harms of
three-dimensional conformal radiotherapy or stereotactic body
radiotherapy in the management of hepatocellular carcinomato be
of paramount significance. We have been unable to identify meta-
analyses or systematic reviews on the topic based on randomised
clinical trials only.

OBJECTIVES

To assess the benefits and harms of external beam radiotherapy
in the management of localised unresectable hepatocellular
carcinoma.

METHODS

Criteria for considering studies for this review
Types of studies

Randomised clinical trials comparing external beam radiotherapy
used as a monotherapy or in combination with other treatment
modalities (if they are also used in the control group) versus
placebo, no treatment, or other treatment modalities, and
irrespective of publication status (unpublished or published as an

External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 6
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article, abstract, or letter), language (both English and non-English
trials), or blinding.

If our searches for randomised clinical trials retrieved quasi-
randomised studies or other observational studies, we considered
these for the report on harms.

Types of participants

All trial participants with histologically or radiologically diagnosed
advanced (unresectable) hepatocellular carcinoma who were 18
years of age or older.

Types of interventions

External beam radiotherapy (whether used as monotherapy or
in combination with other systemic or locoregional therapies
and whether used as fractionated three-dimensional conformal
radiotherapy or stereotactic body radiotherapy) versus placebo, no
treatment, other systemic therapies, or locoregional therapies.

We included trials using co-interventions if they were administered
equally to all trial intervention groups.

Types of outcome measures
Primary outcomes

1. All-cause mortality.

2. Health-related quality of life (as reported by the participants and
assessed by a standard grading systems).

3. Serious adverse events as defined according to the International
Conference on Harmonisation of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) Guidelines
for Good Clinical Practice as any untoward medical occurrence
that at any dose resulted in death, was life-threatening,
required inpatient hospitalisation or prolongation of existing
hospitalisation, or resulted in persistent or significant disability
or incapacity, or was a congenital anomaly/birth defect, or
any medical event that might have jeopardised the patient, or
required intervention to prevent it (ICH-GCP 1997).

Secondary outcomes

1. Cancer-related mortality.

2. Time to progression of the tumour (reported as median time to
progression).

3. Tumour response assessments (as recommended by the
Response Evaluation Criteria In Solid Tumours (RECIST))
(Eisenhauer 2009).

a. Complete response: disappearance of all target lesions. Any
pathological lymph nodes (whether target or non-target)
must have reduction in short axis to less than 10 mm.

b. Partial response: at least a 30% decrease in the sum of
diameters of target lesions, taking as reference the baseline
sum diameters.

c. Progressive disease: at least a 20% increase in the sum of
diameters of target lesions, taking as reference the smallest
sum on study (this includes the baseline sum if that is the
smallest on study). In addition to the relative increase of 20%,
the sum must also demonstrate an absolute increase of at
least 5 mm. (Note: the appearance of one or more new lesions
is also considered progression.)

d. Stable disease: neither sufficient shrinkage to qualify for
partial response nor sufficient increase to qualify for
progressive disease, taking as reference the smallest sum
diameters while on study.

4. We also planned to consider the European Association for the
Study of the Liver disease response evaluation criteria and the
positron emission tomography RECIST whenever appropriate
(Riaz 2011; Maffione 2013). Note that we planned to use these
criteria as the main tool, and will report if the authors have used
other methods.

5. Non-serious adverse events: all adverse events not fulfilling the
above definition of serious adverse events were considered as
non-serious adverse events.

6. Liver-related adverse events: these involved clinical (e.g.
encephalopathy or ascites) or laboratory (e.g. elevated total
bilirubin, elevated alanine aminotransferase) evidence of liver-
related morbidity.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Hepato-Biliary Group Controlled Trials
Register (Gluud 2017), the Cochrane Central Register of Controlled
Trials (CENTRAL) in the Cochrane Library (2016, Issue 9), MEDLINE
(OvidSP), Embase (Ovid SP), Science Citation Index Expanded (Web
of Science), and clinicaltrials.gov registry (Royle 2003), from their
dates of inception to October 6, 2016. Search strategies with the
time spans of the searches can be found in Appendix 1.

Searching other resources

We checked reference lists of primary original studies and
review articles manually to identify further related articles (cross-
references).

Data collection and analysis

We performed the review according to the recommendations of
the Cochrane Handbook for Systematic Reviews of Interventions and
the Cochrane Hepato-Biliary Group Module (Higgins 2011; Gluud
2017). We performed data analysis using the Cochrane statistical
software, Review Manager 5, RevMan 2014, and Trial Sequential
Analysis software (TSA 2011). Any disagreements were resolved by
consensus.

Selection of studies

The two review authors independently identified the trials for
inclusion. We listed the excluded studies with their reasons for
exclusion. We excluded duplicate records based on review of titles.
We reviewed the abstracts of the remaining, excluding studies using
duplicate participant data sets. We reviewed the full text of the
remaining articles for relevancy to the review.

Data extraction and management

The two review authors independently extracted the required
data. We extracted details of study population, interventions,
and outcomes using a standardised data extraction form, which
included at least the following items.

« Publication year
« Country
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« Year of conduct of the trial

« Inclusion and exclusion criteria

«  Whether sample size calculation was performed

« Population characteristics such as age and sex ratio

« Baseline characteristics including proportion of cirrhosis
expressed as the Child-Pugh class, Eastern Cooperative
Oncology Group (ECOG) performance status, Barcelona Clinic
Liver Cancer stage, proportion of participants positive for
hepatitis B or C virus, or both

« Outcomes (Types of outcome measures)
« Risk of bias (Assessment of risk of bias in included studies)
« Whether intention-to-treat analysis was performed

« Radiotherapy modality, target tumour dose, and criteria used for
toxicity grading

Assessment of risk of bias in included studies

The two review authors independently assessed the risk of bias of
each included trial according to the recommendations given in the
Cochrane Handbook for Systematic Reviews of Interventions and the
Cochrane Hepato-Biliary Group Module (Higgins 2011; Gluud 2017).
We used the following definitions in the assessment of risk of bias
(Schulz 1995; Moher 1998; Kjaergard 2001; Wood 2008; Lundh 2017;
Savovic¢ 2012; Savovic 2012a).

Allocation sequence generation

« Low risk of bias: sequence generation was achieved using
computer random number generation or a random number
table. Drawing lots, tossing a coin, shuffling cards, and throwing
dice are adequate if performed by an independent person not
otherwise involved in the trial.

« Unclearrisk of bias: the method of sequence generation was not
specified.

« High risk of bias: the sequence generation method was not
random. Such studies were included only for assessments of
harms.

Allocation concealment

« Low risk of bias: the participant allocations could not have been
foreseen in advance of, or during, enrolment. Allocation was
controlled by a central and independent randomisation unit.
The allocation sequence was unknown to the investigators (e.g.
ifthe allocation sequence was hidden in sequentially numbered,
opaque, and sealed envelopes).

« Unclear risk of bias: the method used to conceal the allocation
was not described, so that intervention allocations may have
been foreseen in advance of, or during, enrolment.

« Highrisk of bias: the allocation sequence was likely to be known
to the investigators who assigned the participants. Such studies
were included only for assessments of harms.

Blinding of participants and personnel

« Low risk of bias: it was mentioned that both participants
and personnel providing the interventions were blinded, and
the method of blinding was described, so that knowledge of
allocation was prevented during the trial.

« Unclearrisk of bias: it was not mentioned if the trial was blinded,
or the trial was described as blinded, but the method or extent

of blinding was not described, so that knowledge of allocation
was possible during the trial.

« High risk of bias: the trial was not blinded, so that the allocation
was known during the trial.

Blinded outcome assessment

« Low risk of bias: outcome assessment was carried out blinded
for all relevant outcomes, and the method of blinding was
described, so that knowledge of allocation was prevented.

« Unclear risk of bias: blinding of outcome assessment was
not described, or the outcome assessment was described as
blinded, but the method of blinding was not described, so that
knowledge of allocation was possible.

« High risk of bias: outcome assessment was not blinded, so that
the allocation was known to outcome assessors.

Incomplete outcome data

» Low risk of bias: missing data were unlikely to make treatment
effects depart from plausible values. Sufficient methods, such as
multiple imputation, were employed to handle missing data.

« Unclear risk of bias: there was insufficient information to assess
whether missing data in combination with the method used to
handle missing data were likely to induce bias on the results.

« High risk of bias: the results were likely to be biased due to
missing data.

Selective outcome reporting

« Low risk: the trial reported the following predefined outcomes:
all-cause mortality, serious adverse events, and cancer-related
mortality. If the original trial protocol was available, the
outcomes should be those called for in that protocol. If
the trial protocol was obtained from a trial registry (e.g.
ClinicalTrials.gov), the outcomes sought should have been those
enumerated in the original protocol if the trial protocol was
registered before or at the time that the trial was begun. If the
trial protocol was registered after the trial was begun, those
outcomes were not considered reliable.

» Unclearrisk: not all predefined outcomes were reported fully, or
it was unclear whether data on these outcomes were recorded
or not.

+ Highrisk: one or more predefined outcomes was not reported.

For-profit bias

« Low risk of bias: the trial appeared to be free of industry
sponsorship or other type of for-profit support that may
manipulate the design, conductance, or results of the trial.

+ Unclear risk of bias: the trial may or may not be free of for-profit
bias, as no information on clinical trial support or sponsorship
was provided.

« High risk of bias: the trial was sponsored by industry or received
other type of for-profit support.

Other bias
« Lowrisk of bias: the trial appeared to be free of other factors that
could put it at risk of bias.

« Unclear risk of bias: the trial may or may not have been free of
other factors that could put it at risk of bias.

External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 8
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« High risk of bias: there were other factors in the trial that could
put it at risk of bias.

We considered trials assessed as having 'low risk of bias' in all of
the specified individual domains as 'trials at low risk of bias' We
considered trials assessed as having 'uncertain risk of bias' or 'high
risk of bias' in one or more of the specified individual domains as
trials at 'high risk of bias".

Measures of treatment effect

For dichotomous variables, we planned to calculate risk ratios (RR)
with 95% confidence intervals (Cl). For continuous variables, we
planned to calculate mean differences (MD) or standardised mean
differences (SMD) with 95% Cl. We planned to base time-to-event
data analyses on hazard ratios (HR) (Parmar 1998). As no time
to event data were reported in the included trials, we could not
calculate HRs in this systematic review.

Unit of analysis issues

The unit of analysis were the participants with unresectable
hepatocellular carcinoma according to the intervention groups
they were randomised to. In the case of cross-over trials, we
planned to use the data from the first trial period only. In case
of trials with more than two intervention groups, we produced
two different analyses, comparing the intervention group with the
common control group.

Dealing with missing data

When we could not extract data from the text, or a statistic was
missing, we contacted the authors of the original article to provide
the necessary information.

Intention-to-treat analyses

Regarding the primary outcomes, we planned to include
participants with incomplete or missing data in sensitivity analyses
by imputing them according to the following scenarios (Hollis
1999).

« Poor outcome analysis: assuming that dropouts/participants
lost from both the experimental and control arms experienced
the outcome, including all randomised participants in the
denominator.

« Good outcome analysis: assuming that none of the dropouts/
participants lost from the experimental and control arms
experienced the outcome, including all randomised participants
in the denominator.

« Extreme case analysis favouring the experimental intervention
('best-worse' case scenario): none of the dropouts/participants
lost from the experimental arm, but all of the dropouts/
participants lost from the control arm experienced the outcome,
including all randomised participants in the denominator.

« Extreme case analysis favouring the control ('worst-best' case
scenario): all dropouts/participants lost from the experimental
arm, but none from the control arm experienced the outcome,
including all randomised participants in the denominator.

Assessment of heterogeneity

We used the Chi? test to assess between-trial heterogeneity. In
addition, we quantified the degree of heterogeneity observed in
the results using the 12 statistic, which can be interpreted as the

percentage of variation observed between the trials attributable
to between-trial differences rather than sampling error (chance).
We planned to perform a subgroup analysis in order to compare
the intervention effect in trials with low risk of bias to that of trials
with unclear or high risk of bias (i.e. trials that lack one or more
adequate domain). We based analysis on intention-to-treat data, to
the degree permitted by the published data.

Assessment of reporting biases

We carried out a comprehensive search in order to minimise
publication bias. We planned to use a funnel plot to explore bias in
the case of at least 10 included trials (Egger 1997; Macaskill 2001).
However, as the number of included trials was less than 10, we did
not perform funnel plot analysis.

Data synthesis
Meta-analysis

For meta-analyses, we used a random-effects model as well as a
fixed-effect model meta-analysis (Mantel 1959; DerSimonian 1986;
DeMets 1987). In case of discrepancy between the two models (e.g.
one giving a significant intervention effect, the other no significant
intervention effect), we reported both results; otherwise, we
reported only the results from the fixed-effect model meta-analysis.

Trial Sequential Analysis

We examined apparently significant beneficial and harmful
intervention effects and neutral effects with Trial Sequential
Analysis in order to evaluate if these apparent effects could be
caused by random error ('play of chance') (Brok 2008; Wetterslev
2008; Brok 2009; Thorlund 2009; Wetterslev 2009; Thorlund 2010;
Thorlund 2011; TSA 2011).

We applied Trial Sequential Analysis (as cumulative meta-analyses
are at risk of producing random errors due to sparse data and
repetitive testing of the accumulating data) (Wetterslev 2008;
Wetterslev 2009). To control random errors, we calculated the
required information size (i.e. the number of participants needed
in a meta-analysis to detect or reject a certain intervention effect).
The required information size calculation should also account for
the diversity present in the meta-analysis (Wetterslev 2009). In our
meta-analysis, the diversity-adjusted required information size was
based on the event proportion in the control group; assumption
of a plausible risk reduction of 20%; a risk of type | error of
5%; a risk of type Il error of 10%; and the assumed diversity of
the meta-analysis. The underlying assumption of Trial Sequential
Analysis is that testing for significance may be performed each
time a new trial is added to the meta-analysis. We added the trials
according to the year of publication, and if more than one trial
had been published in a year, trials were added alphabetically
according to the last name of the first author. On the basis of
the diversity-adjusted required information size, we constructed
the trial sequential monitoring boundaries (Thorlund 2011). These
boundaries determine the statistical inference one may draw
regarding the cumulative meta-analysis that has not reached the
required information size. If the cumulative Z-curve crosses the
trial sequential monitoring boundary for benefit or harm before
the diversity-adjusted required information size was reached, firm
evidence may perhaps be established and further trials may turn
out to be superfluous. On the other hand, if the boundary is not
surpassed, it is most likely necessary to continue performing trials
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in order to detect or reject a certain intervention effect, which could
be determined by assessing if the cumulative Z-curve crossed the
trial sequential monitoring boundaries for futility.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analysis to explore treatment
effect differences by comparing:

« trials at low risk of bias compared to trials at high risk of bias;

« participants with  Child-Pugh class A unresectable
hepatocellular carcinoma compared to participants with Child-
Pugh class B unresectable hepatocellular carcinoma;

« ECOG performance score 0 compared to score 1 or 2;

« trials using stereotactic body radiotherapy compared to trials
using three-dimensional conformal radiotherapy;

« trials using radiotherapy as a monotherapy compared to trials
using a combination of radiotherapy and other modalities.

Sensitivity analysis

We planned to perform sensitivity analyses according to identified
clinical and methodological variations, such as tumour response
assessments, adequacy of allocation concealment, and incomplete
reporting of the first primary outcome. However, we were unable to
perform these sensitivity analyses due to missing data.

Summary of findings tables

We presented the evidence in 'Summary of findings' tables
using GRADEprofiler software (GRADEpro 2008). For the GRADE
outcomes, we used the definitions given in Table 1. We evaluated
the quality of the evidence for outcomes reported in the review

considering the within-study risk of bias (methodological quality),
indirectness of evidence, heterogeneity, imprecision of effect
estimate, and risk of publication bias (Balshem 2011; Guyatt
2011; Guyatt 2011a; Guyatt 2011b; Guyatt 2011c; Guyatt 2011d;
Guyatt 2011le; Guyatt 2011f; Guyatt 2011g; Guyatt 2013; Guyatt
2013a; Guyatt 2013b; Guyatt 2013c; Mustafa 2013). We presented
the following outcomes in the 'Summary of findings' tables: all-
cause mortality at one year, health-related quality of life, serious
adverse events, complete response plus partial response, elevated
alanine aminotransferase, and elevated total bilirubin (Summary of
findings for the main comparison; Summary of findings 2).

RESULTS

Description of studies

We identified 6415 citations from our database searches. See:
Characteristics of included studies; Characteristics of excluded
studies.

Results of the search

Among the identified 6415 citations, we removed 3304 references
that were duplicates. We scanned a final number of 3111
references. We excluded 3097 references based on titles and
abstracts and retrieved 14 full-text papers for review (Figure 1).
Based on the full papers, we found nine randomised clinical trials
eligible for inclusion in our systematic review (Xue 1995; Leng 2000;
Peng 2000; Wang 2000; Zhao 2006; Shang 2007; Xiao 2008; Liao
2010; Zhang 2012). All trials were conducted in China. The median
age in most of the included trials was around 52 years, and most
of the trial participants were male. The median follow-up duration
varied among the trials, ranging from one to three years.
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Figure 1. Study flow diagram.
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We excluded the five remaining studies (Li 2003; Lan 2005; Wang
2006; Kang 2014; Bush 2016). We identified no additional trials from
other sources. Seven trials are still ongoing (see Characteristics of
ongoing studies)

Included studies

We included and analysed nine trials in this systematic review:
six trials randomised participants to two treatment groups, two
trials randomised participants to three treatment groups, and
one trial randomised participants to four treatment groups.
The trials included a total of 879 randomised participants.
All of the included trials compared combined external beam
radiotherapy plus chemoembolisation versus chemoembolisation
alone in people with unresectable hepatocellular carcinoma.
Additionally, three of the nine trials compared external beam
radiotherapy alone versus chemoembolisation alone (Xue 1995;
Leng 2000; Wang 2000). Five trials with 371 participants compared
three-dimensional conformal radiotherapy plus transarterial
chemoembolisation versus transarterial chemoembolisation (Peng
2000; Zhao 2006; Shang 2007; Xiao 2008; Liao 2010). Two trials
with 167 participants compared three-dimensional conformal
radiotherapy plus transarterial chemoembolisation versus
radiotherapy alone or versus transarterial chemoembolisation
alone (Leng 2000; Wang 2000). Another trial compared gamma
knife irradiation plus transarterial chemoembolisation versus
transarterial chemoembolisation alone (Zhang 2012). The Xue 1995
trial included 82 participants, allocated to four groups evaluating
technically different combinations of external beam radiotherapy
with transarterial chemoembolisation. We contacted the study
authors for whom we found contact emails, but we have not yet
received a reply (see Notes of Characteristics of included studies).

We found no eligible trials that compared external beam
radiotherapy versus best supportive care, systemic chemotherapy,
radioembolisation, cryotherapy, laser-induced thermotherapy,
radiofrequency ablation, or high-frequency ultrasound.

Excluded studies

We excluded five studies as they did not fulfil our inclusion
criteria. Three studies were not randomised clinical trials (Li
2003; Lan 2005; Wang 2006), while the fourth study included
radiotherapy treatment in the three randomised arms, which
prevents meaningful assessment of radiotherapy benefits and
harms (Kang 2014). All participants included in the fifth study were
eligible for transplantation (participants were required to have

disease within the Milan or San Francisco criteria, without vascular
invasion) (Bush 2016).

Risk of bias in included studies
Allocation
Allocation sequence generation

Generation of the allocation sequence was unclearly reported in
six of the included trials (Xue 1995; Leng 2000; Zhao 2006; Shang
2007; Liao 2010; Zhang 2012). Three trials were at low risk of bias for
allocation sequence generation (Peng 2000; Wang 2000; Xiao 2008).

Allocation concealment
Allocation concealment was unclear in the nine included trials.
Blinding

Due to the differences in the nature of the procedures, reasonable
blinding to an investigator or an informed patient could not be
achieved. We thus judged there to be a high risk of performance
bias for all of the included trials. We found detection bias to be
low in four of the included trials (Shang 2007; Xiao 2008; Liao 2010;
Zhang 2012); high in four trials (Xue 1995; Leng 2000; Peng 2000;
Zhao 2006); and unclear in one trial (Wang 2006).

Incomplete outcome data

There was insufficient information to assess whether there were
missing data in all of the included trials except for the Liao 2010
trial, where there were no missing data.

Selective reporting

There was a high risk of reporting bias in all of the included trials.

Other potential sources of bias
For-profit bias

Profit bias was unclearin all included trials except for the Liao 2010
trial, which was assessed as at low risk of bias.

Other bias

We judged the domain other sources of bias as unclear in all of the
included trials.

Overall risk of bias

The overall risk of bias was high in all of the included trials (Figure
2; Figure 3).
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Effects of interventions

See: Summary of findings for the main comparison External
beam radiotherapy (EBRT) plus transarterial chemoembolisation
(TACE) versus TACE alone for unresectable hepatocellular
carcinoma; Summary of findings 2 External beam radiotherapy
(EBRT) versus transarterial chemoembolisation (TACE) for
unresectable hepatocellular carcinoma

All-cause mortality

All nine included trials reported total number of deaths at one
year (and thus, all-cause mortality at one year). We conducted
a meta-analysis of one-year all-cause mortality among all trials
that compared external beam radiotherapy plus transarterial
chemoembolisation versus transarterial chemoembolisation
alone. The meta-analysed risk ratio for one-year all-cause mortality
was 0.51 (95% CI 0.41 to 0.62; 786 participants; 9 trials; 12 =

0%; P < 0.001; low-quality evidence) There was no statistically
significant subgroup difference between treatment with three-
dimensional conformal radiotherapy compared to stereotactic
body radiotherapy (see Analysis 1.1).

In order to detect or reject a risk reduction of 20%, the diversity-
adjusted required information size was n = 1029 trial participants,
calculated based upon a proportion of death of 45% of participants
in the transarterial chemoembolisation group, an alpha (type |
error) of 5%, a beta (type Il error) of 10%, and a diversity of 0%. Using
the random-effects model Trial Sequential Analysis, the resulting
cumulative test statistic (Z-score) crossed the adjusted threshold
for statistical significance, thus confirming the significant difference
between three-dimensional conformal external beam radiotherapy
plus transarterial chemoembolisation compared with transarterial
chemoembolisation monotherapy regarding all-cause mortality at
one year (Figure 4).

Figure 4. Trial Sequential Analysis comparing external beam radiotherapy (EBRT) plus transarterial
chemoembolisation (TACE) versus TACE alone on the outcome 'all-cause mortality at one year'. A subgroup of
studies used three-dimensional conformal radiotherapy. The diversity-adjusted required information size (DARIS)
of n = 1029 patients was calculated based upon a proportion of mortality of 50.3% of patients in the TACE group, a
relative risk reduction of 20% in the EBRT + TACE group, an alpha (type | error) of 5%, a beta (type Il error) of 10%,
and a diversity of 0%. The blue curve presents the cumulative meta-analysis Z-score, and the inward-sloping dotted
red curves present the adjusted threshold for statistical significance according to the two-sided trial sequential

monitoring boundaries.
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Moreover, in three of the nine included trials an additional group
received external beam radiotherapy as a monotherapy (Xue 1995;
Leng2000; Wang 2000). It was thus feasible to compare one-year all-
cause mortality for external beam radiotherapy as a monotherapy
versus transarterial chemoembolisation alone. The risk ratio for
one-year all-cause mortality using a fixed-effect model was 1.21
(95% CI10.97 to 1.50; 152 participants; 3 trials; P = 0.09; I2 = 0%) and
using a random-effects model was 1.22 (95% Cl 1.01 to 1.48; 152
participants; 3 trials; P =0.04; 12=0%) (see Analysis 2.1). The quality
of evidence was very low.

In order to detect or reject a risk reduction of 20%, the diversity-
adjusted required information size was n = 808 trial participants,
calculated based upon a proportion of death of 57% of participants
in the transarterial chemoembolisation group, an alpha (type |
error) of 5%, a beta (type Il error) of 10%, and a diversity of
0%. Using the random-effects model Trial Sequential Analysis,
the resulting cumulative test statistic (Z-score) did not cross the
adjusted threshold for statistical significance (Figure 5).

Figure 5. Trial Sequential Analysis comparing external beam radiotherapy (EBRT) versus transarterial
chemoembolisation (TACE) on the outcome 'all-cause mortality at one year'. The diversity-adjusted required
information size (DARIS) of n = 808 patients was calculated based upon a proportion of mortality of 57% of patients
in the TACE group, a relative risk reduction of 20% in the EBRT group, an alpha (type | error) of 5%, a beta (type Il
error) of 10%, and a diversity of 0%. The blue curve presents the cumulative meta-analysis Z-score, and the inward-
sloping dotted red curves present the adjusted threshold for statistical significance according to the two-sided trial

sequential monitoring boundaries.
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Health-related quality of life

None of the included trials reported health-related quality of life.

Serious adverse events

None of the included trials reported serious adverse events.

Cancer-related mortality

None of the included trials reported cancer-related mortality.

Time to progression of the tumour

None of the included trials reported time to progression of the
tumour.
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Tumour response assessments

Seven of the included trials reported on tumour response (Xue
1995; Wang 2000; Zhao 2006; Shang 2007; Xiao 2008; Liao 2010;
Zhang 2012). We conducted meta-analyses of complete response
rate and overall response rate (defined as complete response plus
partial response) among these seven trials, all of which compared
external beam radiotherapy plus transarterial chemoembolisation
versus transarterial chemoembolisation alone. The risk ratio for
complete response rate was 2.14 (95% Cl 1.47 to 3.13; 620
participants; 7 trials; P < 0.001; 12 = 0%; low-quality evidence).
There was no statistically significant subgroup difference between
treatment with three-dimensional conformal radiotherapy and
stereotactic body radiotherapy (see Analysis 1.2). The risk ratio for
overallresponse rate was 1.58 (95% CI 1.40 to 1.78; 620 participants;
7 trials; P < 0.001; 12 = 0%; low-quality evidence). There was

no statistically significant subgroup difference between treatment
with three-dimensional conformal radiotherapy and stereotactic
body radiotherapy (see Analysis 1.3).

In order to detect or reject a risk reduction of 20% for
overall response rate (complete response plus partial response),
the diversity-adjusted required information size was n = 951
participants based upon a proportion of overall response of 51.8%
of participants in the transarterial chemoembolisation group, an
alpha (type | error) of 5%, a beta (type Il error) of 10%, and a
diversity of 0%. Using the random-effects model Trial Sequential
Analysis, the resulting cumulative test statistic (Z-score) crossed
the adjusted threshold for statistical significance, thus confirming
the significant difference between three-dimensional conformal
external beam radiotherapy plus transarterial chemoembolisation
versus transarterial chemoembolisation alone regarding overall
response rate (Figure 6).

Figure 6. Trial Sequential Analysis comparing external beam radiotherapy (EBRT) plus transarterial
chemoembolisation (TACE) versus TACE alone on the outcome 'complete response plus partial response - subgroup
of studies using three-dimensional conformal radiotherapy'. The diversity-adjusted required information size
(DARIS) of n =951 patients was calculated based upon a proportion of response of 52.5% of patients in the TACE
group, a relative risk reduction of 20% in the TACE + EBRT group, an alpha (type | error) of 5%, a beta (type Il error)
of 10%, and a diversity of 0%. The blue curve presents the cumulative meta-analysis Z-score, and the inward-sloping
red curves present the adjusted threshold for statistical significance according to the two-sided trial sequential

monitoring boundaries.
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Among the three studies comparing external beam radiotherapy as
a monotherapy versus transarterial chemoembolisation alone (Xue
1995; Leng 2000; Wang 2000), only Xue 1995 reported on tumour
response. It was therefore not feasible to establish a meta-analysed
risk ratio for this comparison.

European Association for the Study of the Liver disease
response evaluation criteria and the positron emission
tomography response criteria in solid tumours

None of the included trials reported on this outcome.

Non-serious adverse events

Collectively the reporting of non-serious adverse events in the
included trials was poor and inconsistent, thus formal evaluation of
this outcome was not possible.

Liver-related adverse events

Three trials reported elevated alanine aminotransferase (Zhao
2006; Shang 2007; Xiao 2008), and the meta-analysed risk ratio
for elevated alanine aminotransferase was 1.41 (95% Cl 1.08
to 1.84; P = 0.01; very low-quality evidence) (see Analysis 1.4).
It should be noted that the I2 statistic was 93%, due to the
Xiao 2008 trial reporting more elevated alanine aminotransferase
in the transarterial chemoembolisation group compared with
the combined external beam radiotherapy plus transarterial
chemoembolisation.

Two trials reported elevated total bilirubin (Zhao 2006; Shang
2007), and the risk ratio for elevated total bilirubin was 2.69 (95% ClI
1.34t0 5.40; P =0.005; very low-quality evidence) (see Analysis 1.5).

Clinical liver-related adverse events (e.g. encephalopathy or
ascites) were not consistently reported in the included trials,
preventing their formal evaluation.

None of the three trials comparing external beam radiotherapy
as a monotherapy versus transarterial chemoembolisation alone
reported on liver-related adverse events (Xue 1995; Leng 2000;
Wang 2000). It was therefore not feasible to establish meta-
analysed risk ratio for this comparison.

Subgroup analyses

We could not perform subgroup analysis for risk of bias because all
of the included trials were judged to be high risk of bias.

We could not perform subgroup analyses for the Child-Pugh class
or ECOG performance score due to insufficient data.

We added a separate comparison for all-cause mortality in the three
studies reporting on external beam radiotherapy as a monotherapy
(Analysis 2.1)

We performed subgroup analysis for participants treated with
stereotactic radiotherapy versus those treated with three-
dimensional conformal radiotherapy (Analysis 1.1; Analysis 1.2;
Analysis 1.3).

Harmful effects reported from non-randomised studies

As per our protocol, we additionally evaluated the harmful effects
from the following non-randomised studies.

Hong 2016 is a phase Il study of high-dose hypofractionated proton
beam therapy in people with localised, unresectable hepatocellular
carcinoma and intrahepatic cholangiocarcinoma. Of the 83
evaluable participants (44 participants with hepatocellular
carcinoma, 37 participants with intrahepatic cholangiocarcinoma,
and two participants with mixed histology), 71 participants (85.5%)
experienced at least one radiation-related toxicity event while in
the study, most commonly fatigue (54/83), rash (51/83), nausea
(25/83), or anorexia (21/83). Four participants experienced at
least one grade 3 radiation-related toxicity. One participant with
hepatocellular carcinoma developed grade 3 thrombocytopenia.
There were no grade 4 or 5 radiation-related toxicities.

Kim 2015 is a phase | dose-escalation study of proton beam therapy
for inoperable hepatocellular carcinoma. Of the 27 included
participants, 22 participants showed no change in Child-Pugh
score; four participants showed a one-point decrease, and one
participant showed a one-point increase. A grade 1 late skin and
pulmonary reaction was observed in five and four participants. No
participants experienced a grade = 2 late toxicity associated with
treatment (e.g. mucosal toxicities of the gastrointestinal tract or
radiation-induced liver disease).

Bujold 2013 represents sequential phase | and Il trials of
stereotactic body radiotherapy for locally advanced hepatocellular
carcinoma. No significant (= grade 3) liver enzyme elevation was
observed during treatment. No classic radiation-induced liver
disease was observed. Of participants without progressive disease,
a decline in Child class was seen in 29% at 3 months and in 6% at
12 months.

Bush 2011 is a phase Il study of high-dose proton beam
radiotherapy for hepatocellular carcinoma. Acute toxicity during
proton therapy was minimal and included mild fatigue and skin
reactions consisting of erythema (grade 1). There were no acute
toxicities requiring interruption or discontinuation of the three-
week treatment course.

Kawashima 2005 is a phase Il study of radiotherapy employing
proton beam for hepatocellular carcinoma. Development of
hepatic insufficiency within six months after completion of
therapy was observed in eight participants. Moreover, a total
of 10 participants experienced transient grade 3 leukopenia
or thrombocytopenia, or both without infection or bleeding
necessitating treatment.

Andolino 2011 is a retrospective study evaluating stereotactic
body radiotherapy for primary hepatocellular carcinoma. There
were no = grade 3 non-haematologic toxicities. Thirteen per cent
of participants experienced an increase in haematologic/hepatic
dysfunction greater than grade 1, and 20% experienced progression
in Child class within three months of treatment.

Ben-Josef 2005 is a phase Il trial of high-dose conformal radiation
therapy with concurrent hepatic artery floxuridine for unresectable
intrahepatic malignancies. Overall toxicity was acceptable, with 27
participants (21%) and 11 participants (9%) developing grade 3 and
4 toxicity, and one treatment-related death.

Li 2003 is a study of local three-dimensional
conformal radiotherapy combined with transcatheter arterial
chemoembolisation for people with stage Il hepatocellular
carcinoma. Nine participants developed radiation-induced liver

External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 18
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

disease. Three participants had treatment-related gastrointestinal
bleeding. There were two treatment-related deaths, one from
radiation-induced liver disease and one from gastrointestinal
bleeding.

DISCUSSION

Summary of main results

We found evidence that the combined treatment of external
beam radiotherapy plus transarterial chemoembolisation versus
transarterial chemoembolisation alone appears to be associated
with less probability of one-year all-cause mortality and a higher
complete response rate. The combined treatment seems also to be
associated with a higher risk of elevated total bilirubin and alanine
aminotransferase. By using Trial Sequential Analysis, we saw
that for the analyses of all-cause mortality and overall response,
the cumulative test statistic crossed the adjusted threshold for
statistical significance, thus confirming the significant difference
between external beam radiotherapy plus chemoembolisation
versus chemoembolisation. However, the data for all comparisons
were of very low quality, thus we could not reach any definitive
conclusions.

We await the results of seven ongoing randomised trials to provide
additional data regarding the role of external beam radiotherapy for
unresectable hepatocellular carcinoma (Characteristics of ongoing
studies).

Overall completeness and applicability of evidence

None of the included trials provided data on all the primary
outcomes of interest specified in our review protocol. Moreover,
the global applicability of the evidence is limited, considering that
most relevant comparators are surgery and other non-surgical
ablation methods, and that all of the evidence came from Chinese
populations.

Quality of the evidence

We assessed the overall evidence as low to very low quality using
the GRADE approach (GRADEpro 2008); GRADE factors that support
the judgement of low to very low quality include risk of bias,
substantial heterogeneity (inconsistency) between trial results, and
a small number of trials, which causes imprecision of our effect
estimates. Among the 'Risk of bias' domains, generation of the
allocation sequence was unclearly reported in five included trials,
while allocation concealment was unclearly reported in all of
the included trials. Reporting and attrition biases were unclearly
reported in all of the included trials. We found a high risk of
performance bias in seven of the included trials.

Potential biases in the review process

This review could be atrisk for publication bias, however we did not
perform funnel plot analysis to examine publication bias because
our meta-analyses included fewer than 10 trials.

We did not conduct searches in the US Food and Drug
Administration and European Medicines Agency databases for
trials. However, we will include search results from these databases
in future updates of this review.

Agreements and disagreements with other studies or
reviews

We found three meta-analyses on the combination of radiotherapy
plus transarterial chemoembolisation versus transarterial
chemoembolisation alone for the treatment of hepatocellular
carcinoma (Meng 2009; Zou 2014; Huo 2015). In the meta-analysis
by Huo 2015, the authors stated that they had included 25 studies,
of which 11 were randomised trials. However, when we reassessed
the included trials in their meta-analysis, we found that three of
the 11 studies were not randomised trials and thus could not
be included in our systematic review (Li 2003; Lan 2005; Wang
2006). We have included the other eight trials in our systematic
review. In the meta-analysis by Meng 2009, the authors stated
that they had included 17 studies, of which five were randomised
trials. All of these five randomised studies are included in our
systematic review. In the meta-analysis by Zou 2014, the authors
stated that they had included three randomised studies. All of
these three randomised studies are included in our systematic
review. All three meta-analyses reach similar conclusions to ours,
that is suggesting a beneficial impact of combined external beam
radiotherapy with chemoembolisation. Two of the three meta-
analyses also questioned the overall quality of the evidence, and
hence recommended further randomised clinical trials to better
assess this intervention (Meng 2009; Zou 2014).

AUTHORS' CONCLUSIONS

Implications for practice

This review provides very low- to low-quality evidence that
combined external beam radiotherapy and chemoembolisation
may lower mortality and increase complete and overall response
rates, despite an increased toxicity as expressed by a higher
rise of bilirubin and alanine aminotransferase, in comparison
with chemoembolisation alone. The high risk of systematic error
(bias) in all of the included trials, as well as the imprecision and
inconsistency of the results, suggest that these findings should
be considered cautiously and that high-quality trials are needed
to further assess the role of external beam radiotherapy in the
treatment of unresectable hepatocellular carcinoma.

Implications for research

There is a need for large, high-quality, randomised clinical
trials of external beam radiotherapy for people with
unresectable hepatocellular carcinoma. Currently, the most
relevant comparators are surgery and other non-surgical ablation
methods, especially radiofrequency ablation and percutaneous
ethanol injection (Taefi 2013; Weis 2013). It is also important
that the randomisation process and the interventions are clearly
described. The participant flow and data handling should be well
specified. The trials must be designed following the Standard
Protocol Items: Recommendations for Interventional Trials (SPIRIT)
statement (spirit-statement.org) and reported following the
CONSORT statement (consort-statement.org).

Seven ongoing randomised clinical trials are currently evaluating
different techniques of external beam radiotherapy for people with
unresectable hepatocellular carcinoma. We expect to include their
results in future updates of the present review.
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Methods

Randomised clinical trial with three arms: transarterial chemoembolisation (TACE) (arm A), or radio-

therapy (arm B), or radiotherapy +TACE (arm C). Parrallel group design

Participants
Median age: 46 years

Male/female: 80/27

TACE =39; RT =32; TACE + RT =36

107 people with primary liver cancer

Recruitment: September 1990 to June 1995

Inclusion criteria:

« Thestandard made in 1977 at the First National Liver Cancer Academic Conference

« KPS=65
« Liver function is normal

« No TACE or radiotherapy contraindication

Interventions

TACE: hepatic artery infusion. Two drugs from (cisplatin 60 mg to 120 mg, doxorubicin , THP 50 mg to

100 mg, mitomycin 16 mg to 20 mg, 5-fluorouracil 1.0 g to 2.0 g, and cyclophosphamide 1.2 g) were
chosen. 40% iodinated oil 10 mL to 30 mL, gel foam particles 1 mm to 2 mm every 4 to 8 weeks; average

3.2 times.

Radiotherapy: cobalt-60 exposure, 57.5 ~ 70.0 cGy twice a day, 5 days a week;

average total dose: 50 Gy.

TACE + radiotherapy: first, TACE 1 to 4 times; after 4 to 8 weeks take radiotherapy.

Outcomes 1. Survival rate
2. Complications
Notes Country of the study: China
We were unable to locate a contact email for the corresponding author to request missing data.
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Leng 2000 (Continued)

Funding: unclear

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The authors did not mention the method of randomisation.
tion (selection bias)
Allocation concealment Unclear risk The method used to conceal the allocation was not described
(selection bias)
Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Outcome assessment was not blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk There was insufficient data to assess attrition bias.
(attrition bias)
All outcomes
Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Unclear risk Unclear funding source
Other bias Unclear risk Unclear risk of other biases
Liao 2010
Methods Randomised clinical trial with two arms: transarterial chemoembolisation (TACE) versus three dimen-

sional conformal radiotherapy (DCRT) and TACE). Parrallel group design.

Participants

48 people with unresectable liver cancer
TACE =24; 3-DCRT and TACE =24

Recruitment: November 2005 to November 2007

Interventions

TACE: femoral artery by Seldinger technique. 5-fluorouracil 1000 mg to 1250 mg, DDP 70 mg to 90 mg,
Epi-ADM 50 mg to 60 mg, iodinated oil 5 mL to 20 mL.

Radiotherapy: three-dimensional conformal radiotherapy using 6MV X-ray; total dose: 40 to 66 Gy over
20 to 33 fractions.

Outcomes 1. Survival
2. Response rate
3. Toxicities
Notes Country of the study: China
We were unable to locate a contact email for the corresponding author to request missing data.
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Liao 2010 (continued)

Funding: Quzhou Science and Technology Bureau (NO. 20051120)

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The article mentioned that the study was "randomised", but they did not pro-
tion (selection bias) vide the randomisation method.
Allocation concealment Unclear risk The method used to conceal the allocation was unclearly reported.
(selection bias)
Blinding of participants High risk No blinding of participants and personnel
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcomes were assessed by apparatus.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No missing participants
(attrition bias)
All outcomes
Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Low risk The study was funded by Quzhou Science and Technology Bureau (grant NO.
20051120).
Other bias Unclear risk Unclear risk of other biases
Peng 2000
Methods Randomised clinical trial with 2 arms: hepatic arterial embolisation versus hyperfractionated radio-

therapy and hepatic arterial embolisation. Parallel-group design

Participants

91 people with unresectable liver cancer

Male/female: 82/9

Average age: 52 years

Hepatic arterial embolisation = 48; hyperfractionated radiotherapy and hepatic arterial embolisation =

43

Recruitment: September 1988 to December 1997

Interventions

The total dose is 4000 to 5000 cGy, 34 to 42 fractions, over 3 to 4 weeks.

Outcomes

. Survival

aa b~ W N =

. Tumour regression

. Change of alpha-fetoprotein

. Portal vein tumour thrombus effect
. Side effects and complications
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Peng 2000 (continued)

Notes Country of the study: China
We were unable to locate a contact email for the corresponding author to request missing data.
Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Random sampling

tion (selection bias)

Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)

Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Outcome assessment was not blinded.

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.

(attrition bias)

All outcomes

Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-

porting bias) verse events.

For profit bias Unclear risk Unclear funding source

Other bias Unclear risk Unclear risk of other biases

Shang 2007
Methods Randomised clinical trial with 2 arms: three dimensional conformal radiotherapy (DCRT) + transarterial

chemoembolisation (TACE) versus TACE. Parrallel group design

Participants

76 people with primary liver cancer

3-DCRT + TACE = 40; TACE = 36

Median age: 52 years

Male/female: 48/28

Recruitment: May 2003 to March 2007

Inclusion criteria:

Chinese Medical Association guideline:

« KPS =70; tumourvolume<6cm
« Child-Pugh classAorB
« No liver cancer metastasis
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Shang 2007 (continued)

3-DCRT + TACE:

« hepatitis B virus (+/-: 32/8)
+ Diameter of tumour (< 3/3to 6 cm: 26/14)

TACE:

« hepatitis B virus (+/-: 30/6)
+ Diameter of tumour (< 3/3to 6 cm: 20/16)

Interventions TACE: femoral artery by Seldinger technique.
3-DCRT: 2 Gy once daily, 5 days a week, for 4 to 6 weeks; average < 50 Gy.

Outcomes 1. Short-term effects
2. Survival rate
3. Toxic and adverse effects

Notes Country of the study: China
We were unable to make contact with the corresponding author to provide missing data.

Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk The article was described as a "prospective randomised clinical study", but
tion (selection bias) randomisation method was not mentioned.

Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)

Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcomes were assessed by apparatus.

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.

(attrition bias)
All outcomes

Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Unclear risk Unclear funding source
Other bias Unclear risk Unclear risk of other bias
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Wang 2000

Methods

Randomised clinical trial with 3 arms: radiotherapy versus transarterial chemoembolisation (TACE) ver-
sus radiotherapy + TACE. Parallel-group design

Participants

60 people with histologically proven inoperable/unresectable advanced primary hepatocellular carci-
noma. Radiotherapy = 20 participants; TACE = 20 participants; radiotherapy + TACE = 20 participants.

Median age: 52 years
Male/female: 45/16
Recruitment: January 1990 to January 1998

Inclusion criteria: Histologically or cytologically proven hepatocellular carcinoma and measurable
bipolar disease. Patients with solitary lesion were also included if they were not candidates for surgery.

Exclusion criteria: Patients were excluded if they were older than 75 years, had bilirubin level more
than 3, TLC less than 3000, platelet less than 60,000, creatinine more than 2.

Interventions

Radiotherapy: given as whole-liver irradiation with the moving-strip technique 150 to 180 cGy until
tumour dose at the centre reached 20 to 25 Gy, then the residual foci as localised by ultrasound were
treated with a boost until 50 Gy with cobalt-60 machine.

TACE: Seldinger technique was used. Chemotherapy consisted of cisplatin, adriamycin, and mitomycin
or floxuridine. The embolisation agent was 40% iodised oil. Treatment was repeated at 4, 6, and 8
weeks. Participants received TACE 4 to 5 times.

Radiotherapy + TACE: radiotherapy started 2 weeks after TACE until 20 to 25 Gy, then 1 week rest fol-
lowed by the 2nd TACE. Another 2-week gap, then radiotherapy boost until total dose up to 50 Gy. A fur-
ther 2-week gap, then 3rd TACE was given. 4th TACE was given after 6 to 8 weeks. TACE was adminis-
tered in this group until 5 times.

Outcomes 1. Tumour response
2. Survival
3. Complications
Notes Country of the study: China
We were unable to locate a contact email for the corresponding author to request missing data.
Funding: unclear
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Envelope method
tion (selection bias)
Allocation concealment Unclear risk The method used to conceal the allocation was not described.
(selection bias)
Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Detection bias was unclear.
sessment (detection bias)
All outcomes
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Wang 2000 (Continued)

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.

(attrition bias)

All outcomes

Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-

porting bias)

verse events.

For profit bias Unclear risk Unclear funding source
Other bias Unclear risk Unclear risk of other bias
Xiao 2008
Methods Randomised clinical trial with 2 arms: three dimensional conformal radiotherapy (3-DCRT) plus transar-

terial chemoembolisation (TACE) versus TACE. Parallel-group design

Participants

60 people with unresectable primary hepatic carcinoma. TACE + 3-DCRT = 30; TACE = 30
Median age: not reported

Male/female: 45/15

Recruitment: January 2002 to June 2006

Inclusion criteria:

Chinese Medical Association guideline:

« KPS=T70
» Child-Pugh classAorB
« |-llla with no liver cancer metastasis

Interventions

TACE: femoral artery by Seldinger technique

3-DCRT: total average dose =55 Gy

Outcomes 1. Short-term effects
2. Survival rate
3. Toxic and side effects
Notes Country of the study: China
We were unable to make a contact with the corresponding author to request missing data.
Funding: unclear
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Allocation sequence was generated by random table number.
tion (selection bias)
Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)
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Xiao 2008 (continued)
Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Outcome was assessed by apparatus.

sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.
(attrition bias)
All outcomes
Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Unclear risk Unclear funding source.
Other bias Unclear risk Unclear risk of other bias.
Xue 1995
Methods Randomised clinical trial including 4 arms: transarterial chemoembolisation (TACE) with immediate ad-

ministration of doxorubicin versus TACE with delayed administration of doxorubicin versus TACE plus
external beam radiotherapy (EBRT) versus EBRT alone. Parallel-group design

Participants

82 people with hepatocellular carcinoma
Average age: 48.3 years
Male/female: 69/13

Recruitment: March 1991 to April 1993

Interventions

TACE with immediate administration of doxorubicin (20 participants) versus TACE with delayed admin-
istration of doxorubicin (20 participants) versus EBRT + TACE (21 participants) versus EBRT alone (21
participants)

Outcomes 1. Tumour regression
2. Survival
3. Change of alpha-fetoprotein

Notes Child-Pugh A: 36
Child-Pugh B: 46
Country of the study: China
We were unable to locate a contact email for the corresponding author to request missing data.
Funding: unclear

Risk of bias

Bias Authors' judgement  Support for judgement
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Xue 1995 (Continued)

Random sequence genera-  Unclear risk The study was described as a randomised clinical trial, but the method of ran-
tion (selection bias) domisation was not mentioned.
Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)

Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Outcome assessment was not blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.
(attrition bias)
All outcomes

Selective reporting (re- High risk The trial did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Unclear risk Unclear funding source
Other bias Unclear risk Unclear risk of other bias
Zhang 2012
Methods Randomised clinical trial with 2 arms: transarterial chemoembolisation (TACE) + Gamma Knife versus

TACE. Parallel-group design

Participants 259 people with primary hepatocellular carcinoma. Gamma Knife + TACE = 135; TACE = 124
Median age: 52 years
Male/female: 240/55
Recruitment: not mentioned
Inclusion criteria
Chinese Medical Association guideline:

« Child-Pugh classAorB
« TNM=1I

TACE + Gamma Knife: elevated alpha-fetoprotein: 101; single lesion: 92
TACE: elevated alpha-fetoprotein: 95; single lesion: 86.

Interventions TACE: femoral artery by Seldinger technique. 5-fluorouracil 500 mg to 1000 mg, DDP 200 mg to 300 mg,
Epi-ADM 30 mg to 50 mg, iodinated oil 5 mL to 20 mL.
Gamma Knife: cobalt-60, 3 to 5 Gy once every other day, 8 to 12 times; total average rate 36 to 50 Gy.

Outcomes 1. Short-term effects
2. Survival rate
3. alpha-fetoprotein (+--)
4. Adverse events
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Zhang 2012 (Continued)

Notes Country of the study: China
We were unable to make contact with the corresponding author to request missing data.

Funding: unclear

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk The study is described as a randomised clinical trial, but the method of ran-
tion (selection bias) domisation is not mentioned.

Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)

Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Outcomes were assessed by apparatus.
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.
(attrition bias)
All outcomes

Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.
For profit bias Unclear risk Unclear funding source
Other bias Unclear risk Unclear risk of other bias
Zhao 2006
Methods Randomised clinical trial with 2 arms: three dimensional conformal radiotherapy (3-DCRT) plus transar-

terial chemoembolisation (TACE) versus TACE

Participants 96 people with inoperable primary liver cancer. TACE + 3-DCRT = 49; TACE = 47
Median age: 52 years
Male/female: 59/37
Recruitment: January 1998 to April 2000
Diagnostic criteria:

« KPS=70

« Normal liver function

+ No TACE or RT contraindicated

« Early stage of liver portal area of the liver cancer

« Not suitable for surgery, such as liver cancer merger of liver cirrhosis
+ Voluntary choice of TACE and/or 3-DCRT
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Zhao 2006 (continued)

« No portal vein tumour thrombus
« No distant metastases

« No ascites

« Gross tumour volume < 6 cm

79 participants had pathologic diagnosis; others were diagnosed by clinical symptoms, imaging, and
alpha-fetoprotein.

Interventions Planning scan by spiral computed tomography, design CTV, and PTV.
The machine is 2100C linear accelerator.
3-DCRT: 45 to 55 Gy; treatment is administered every other day

Outcomes 1. alpha-fetoprotein
2. Short-term effects
3. Survival rate
4. Toxic and adverse effects
Notes Country of the study: China
We contacted the corresponding author on 19 March 2016 to provide missing data, but have not yet re-
ceived any feedback.
Funding: unclear
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk The study is described as a randomised clinical trial, but the method of ran-
tion (selection bias) domisation is not mentioned.
Allocation concealment Unclear risk The method used to conceal the allocation was not described.

(selection bias)

Blinding of participants High risk The trial was not blinded, so that the allocation was known during the trial.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Outcome assessment was not blinded.

sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk There were insufficient data to assess attrition bias.
(attrition bias)
All outcomes

Selective reporting (re- High risk The study did not report cancer-related mortality, quality of life, or serious ad-
porting bias) verse events.

For profit bias Unclear risk Unclear funding source

Other bias Unclear risk Unclear risk of other bias

Epi-ADM: doxorubicin and epirubicin; cGy: centigray; CTV: clinical target volume; DDP: cisplatin; Gy: gray; KPS: Karnofsky performance
score; PTV: planning target volume; THP: tetrahydropalmatine; TLC: total leukocytic count; TNM: tumour, node and metastasis.
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Bush 2016 Allincluded participants were eligible for transplantation (participants were required to have dis-
ease within the Milan or San Francisco criteria, without vascular invasion).

Kang 2014 Radiotherapy was part of the therapeutic strategy in the 3 randomised arms, thus it was not possi-
ble to formally assess the added benefit or harm of radiotherapy in these trial participants.

Lan 2005 Not randomised
Li2003 Not randomised
Wang 2006 Not randomised

Characteristics of ongoing studies [ordered by study ID]

NCT01730937

Trial name or title Sorafenib tosylate with or without stereotactic body radiation therapy in treating patients with liv-
er cancer

Methods Phase Ill trial

Participants People with hepatocellular carcinoma unsuitable for resection, radiofrequency ablation, or
transarterial chemoembolisation (TACE)

Interventions Experimental: Arm 1 (sorafenib tosylate): Sorafenib tosylate given orally twice a day on days 1 to
28. Treatment repeats every 28 days for up to 5 years in the absence of disease progression or un-
acceptable toxicity.

Experimental: Arm 2 (stereotactic body radiotherapy and sorafenib tosylate): stereotactic body ra-

diotherapy administered every 24 to 72 hours for a total of 5 fractions over 5 to 15 days. Within 1 to

5 days post-stereotactic body radiotherapy, treatment with sorafenib tosylate commences, given

orally twice a day on days 1 to 28. Treatment repeats every 28 days for up to 5 years in the absence

of disease progression or unacceptable toxicity.

Outcomes Primary outcome measures:

« Overall survival

Secondary outcome measures:

« Time to progression

« Progression-free survival

Health-related quality of life assessments measured by FACT-Hep

Starting date April 2013

Contact information Christopher M lannuzzi; twhite@stvincents.org

Notes Inclusion criteria:

« Patients must have a diagnosis of hepatocellular carcinoma by at least 1 of the following criteria
within 360 days prior to study entry: pathologically (histologically or cytologically) proven diagno-
sis of hepatocellular carcinoma (biopsies are recommended, and are to be submitted for research
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evaluation if patients consent); at least 1 solid liver lesion or vascular tumor thrombosis (involv-
ing portal vein, inferior vena cava, and/or hepatic vein) > 1 cm with arterial enhancement and de-
layed washout on multiphasic computed tomography or MRI in the setting of cirrhosis or chronic
hepatitis B or C without cirrhosis. For patients whose current disease is vascular only: enhancing
vascular thrombosis (involving portal vein, inferior vena cava, and/or hepatic vein) demonstrat-
ing early arterial enhancement and delayed washout on multiphasic computed tomography (CT)
or MRI'in a patient with known hepatocellular carcinoma (diagnosed previously < 720 days) using
the above criteria.

Measurable hepatic disease or presence of vascular tumour thrombosis (involving portal vein,
inferior vena cava, and/or hepatic vein), or both, which may not be measurable as per RECIST on
liver CT or MRI, within 28 days of registration.

Appropriate for protocol entry based upon the following minimum diagnostic workup: histo-
ry/physical examination including examination for encephalopathy, ascites, weight, height, and
blood pressure within 14 days prior to study entry; assessment by radiation oncologist and med-
ical oncologist or hepatologist who specialises in treatment of hepatocellular carcinoma within
28 days prior to study entry; pre-randomisation scan (required for all patients): CT scan chest/ab-
domen/pelvis with multiphasic liver CT scan or multiphasic liver MRI scan within 28 days prior to
study entry. MRI of abdomen with contrast and pelvis is permitted.

Zubrod performance status 0 to 2 within 28 days prior to study entry.
Absolute neutrophil count >= 1500 cells/mm3.
Platelets >= 70,000 cells/mm3.

Haemoglobin >=8.0 g/dL (note: the use of transfusion or other intervention to achieve haemoglo-
bin>=8.0 g/dL is acceptable).

Total bilirubin <2 mg/dL.

International normalised ratio < 1.7.

Albumin>=28g/L.

Aspartate aminotransferase and alanine aminotransferase < 6 times upper limit of normal.

Serum creatinine =< 1.5 x upper limit of normal or creatinine clearance >= 60 mL/min.

Barcelona Clinic Liver Cancer stage: intermediate (B) or advanced (C) within 14 days prior to study

entry.

Child-Pugh score A within 14 days prior to study entry.

Women of childbearing potential and male participants must agree to practice adequate contra-

ception while on study and for at least 6 months following the last dose of radiation therapy and

for at least 28 days following the last dose of sorafenib (whichever is later).

Unsuitable for resection or transplant or radiofrequency ablation.

Unsuitable for or refractory to TACE or drug-eluting beads for any of the following reasons:

o Technical contraindications: arteriovenous fistula, including surgical portosystemic shunt or
spontaneous portosystemic shunt.

o Severe reduction in portal vein flow due to tumour portal vein, inferior vena cava, or atrial
invasion or bland portal vein occlusion.

o Medical contraindications including congestive heart failure, angina, severe peripheral vascu-
lar disease.

o Presence of extrahepatic disease.

o No response post-TACE (or drug-eluting beads) or progressive hepatocellular carcinoma de-
spite TACE; prior TACE or drug-eluting beads is allowed but must be > 28 days from study entry.

o Serious toxicity following prior TACE (or drug-eluting beads); prior TACE or drug-eluting beads
must be > 28 days from study entry.

o Other medical comorbidities making TACE (or drug-eluting beads) unsafe or risky, or both (e.g.
combination of relative contraindications including age > 80 years, tumour > 10 cm, > 50% re-
placement of the liver by hepatocellular carcinoma, extensive multinodular bilobar hepato-
cellular carcinoma, biliary drainage).

People treated with prior surgery are eligible for this study if they otherwise meet eligibility crite-

ria.

Person must be able to provide study-specific informed consent prior to study entry.

Exclusion criteria:
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« Priorinvasive malignancy (except non-melanomatous skin cancer) unless disease-free for a mini-
mum of 2 years (note that carcinomain situ of the breast, oral cavity, or cervix are all permissible).

« Prior sorafenib use > 60 days. Note that prior chemotherapy for hepatocellular carcinoma or a
different cancer is permitted.

« Priorradiotherapy to the region of the liver that would resultin overlap of radiation therapy fields.
« Prior selective internal radiotherapy/hepatic arterial yttrium therapy, at any time.

« Severe, active comorbidity, defined as follows.
o Unstable angina or congestive heart failure, or both requiring hospitalisation within the 6
months prior to registration.

o Transmural myocardial infarction within the 6 months prior to study entry.
o Unstable ventricular arrhythmia within the 6 months prior to study entry.

o Acute bacterial or fungal infection requiring intravenous antibiotics within 28 days prior to
study entry.

o Hepatic insufficiency resulting in clinical jaundice, encephalopathy, and/or variceal bleed
within 60 days prior to study entry.

o Bleeding due to any cause requiring transfusion within 60 days prior to study entry.
« Thrombolytic therapy within 28 days prior to study entry. Subcutaneous heparin is permitted.
« Known bleeding or clotting disorder.
« Uncontrolled psychotic disorder.

« Pregnancy or women of childbearing potential and men who are sexually active and not will-
ing/able to use medically acceptable forms of contraception; this exclusion is necessary because
the treatment involved in this study may be significantly teratogenic.

« Any 1 hepatocellular carcinoma > 15 cm.

« Total maximal sum of hepatocellular carcinomas or a single conglomerate hepatocellular carci-
noma>20cm.

« More than 5 discrete intrahepatic parenchymal foci of hepatocellular carcinoma.
« Direct tumour extension into the stomach, duodenum, small bowel, or large bowel.
« Measureable common or main branch biliary duct involvement with hepatocellular carcinoma.

« Extrahepatic metastases or malignant nodes (that enhance with typical features of hepatocellular
carcinoma) > 3.0 cm, in sum of maximal diameters (e.g. presence of one 3.4-centimetre metastat-
ic lymph node or two 2-centimetre lung lesions); note that benign non-enhancing periportal lym-
phadenopathy is not unusual in the presence of hepatitis and is permitted, even if the sum of en-
larged nodes is>2.0 cm.

« Use of regular phenytoin, carbamazepine, Hypericum perforatum (also known as St. John's wort),
or rifampin.

« Useofcombination antiretroviral therapy for HIV, as these agents may modulate cytochrome P450
isozymes.

o Prior liver transplant.

NCT01901692

Trial name or title

Transarterial chemoembolisation plus radiotherapy or sorafenib in hepatocellular carcinoma with
major vascular invasion (START)

Methods

Randomised phase Il trial

Participants

People with hepatocellular carcinoma invading major intrahepatic vessels

Country: Korea

Interventions

transarterial chemoembolisation (TACE) + external beam radiotherapy versus sorafenib

Outcomes

Primary endpoint
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progression-free survival

Secondary endpoints

Response rate [ Time Frame: at 3 months after randomisation ] [ Designated as safety issue: No ]
Time to failure of treatment

Progression-free survival

Treatment-related adverse events

Overall survival

Starting date

July 2013

Contact information

Young-Suk Lim, Associate Professor, Asan Medical Center

Notes

Estimated enrolment: 90

Inclusion criteria:

Age > 19 years.

Child-Pugh class A liver function.

Performance status: ECOG score 0 or 1.

Hepatocellular carcinoma confirmed by dynamic computed tomography (CT) or MRI, or by biopsy.

Hepatocellular carcinoma invasion of first or second branch portal vein or hepatic vein or inferior
vena cava.

Reserved unilateral portal blood flow at least partially.

Hepatocellular carcinoma size larger than 1 cm and less than 50% of total liver volume.
No extrahepatic metastasis.

Adequate haematopoietic function:

o haemoglobin =8.5 g/dL;

o absolute neutrophil count = 750/mm3;

o platelet count =30,000/mm3.

Creatinine < 1.5 mg/dL.

No plan for pregnancy or breastfeeding. Active contraception.

Willing to give informed consent.

NCT01963429

Trial name or title

Comparison between radiofrequency ablation and hypofractionated proton beam radiation for re-
current/residual hepatocellular carcinoma

Methods

Phase Ill trial

Participants

People with recurrent/residual hepatocellular carcinoma

Interventions

Experimental: Arm A (radiofrequency ablation)

Experimental: Arm B (proton beam radiotherapy)

Outcomes Primary outcome measures:
o Local progression-free survival
Secondary outcome measures:
« Disease-free survival
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Other outcome measures:

« Overall survival

Starting date

October 2013

Contact information

Joong Won Park, PhD; jwparkl@ncc.re.kr

Notes Estimated enrolment: 144

Inclusion criteria:

« hepatocellular carcinoma diagnosed as (i) the presence of risk factors including hepatitis B or C
virus and liver cirrhosis, a serum alpha-fetoprotein level greater than 200 IU/mL and a radiologi-
cally compatible feature with hepatocellular carcinomain 1 or more computed tomography (CT)/
MRI/angiograms, or (ii) the presence of risk factors including hepatitis B or C virus and liver cirrho-
sis, a serum alpha-fetoprotein level less than 200 IU/mL, and a radiologically compatible feature
with hepatocellular carcinoma in 2 or more computed tomography (CT)/MRI/angiograms, or (iii)
histological confirmation.

« hepatocellular carcinoma patients who had recurrent or residual tumour after other treatments.

« No evidence of extrahepatic metastasis.

« The largest diameter of tumour should be less than 3 cm, and the number of tumours < 2.

« No previous treatment to target tumours by other forms of radiotherapy.

« Liver function of Child-Pugh class A or B7 (Child-Pugh score of < 7).

* Age=>18years.

« Performance status of 0 to 2 on the ECOG score.

* White blood cell count = 2000/mm3; haemoglobin level = 7.5 g/dL; platelet count = 50,000/mm3;
and adequate hepatic function (total bilirubin < 3.0 mg/dL; aspartate aminotransferase and ala-
nine aminotransferase < 5.0x upper limit of normal; no ascites).

« No serious comorbidities other than liver cirrhosis.

« Written informed consent.

Exclusion criteria:

« Evidence of extrahepatic metastasis.

» Age<18years.

« Liver function of Child-Pugh class B8-9 and C (Child-Pugh score of > 7) or uncontrolled cases of
active chronic hepatitis B.

« Previous history of other forms of radiotherapy adjacent to target tumours.

o Poor performance status of 3 to 4 on the ECOG score.

« Pregnant or breastfeeding status.

« Previous history of uncontrolled other malignancies within 2 years.

NCT02323360

Trial name or title

A trial on stereotactic body radiotherapy after incomplete transarterial chemoembolisation (TACE)
versus exclusive TACE for treatment of inoperable hepatocellular carcinoma

Methods

Phase Ill trial

Participants

People with inoperable hepatocellular carcinoma

Interventions

Experimental: Stereotactic body radiation therapy

Active comparator: transarterial chemoembolisation (TACE)
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Outcomes

Primary outcome measures:
« Local control
Secondary outcome measures:

« Progression free-survival
o Overall survival
« Toxicity (incidence of acute and late complications)

Starting date

November 2014

Contact information

Marta Scorsetti, MD, PhD; marta.scorsetti@humanitas.it

Notes Estimated enrolment: 80

Inclusion criteria:

« Age>18years.

« Karnofsky index > 70%.

o Child-Turcotte-Pugh A or B liver score.

« Aninitial diagnosis of primary hepatocellular carcinoma or recurrence.

o Atechnically unresectable lesion or medically contraindicated surgery or a case in which surgery
was declined.

« Hepatocellular carcinoma (single nodule =5 cm or max 3 nodules < 3 cm) diagnosed by histology
or non-invasive EASL criteria.

« Baseline computed tomography (CT) or MRI and bone scan without evidence of radiologically de-
finable major vascular invasion or extrahepatic disease.

* Haemoglobin >10.5.0 g/%, white blood cell count>3000 cells/mm3, platelets > 50,000 cells/mm3,
bilirubin <2 mg/dL, aspartate and alanine aminotransferase levels <5 times upper normal limit,
and prothrombin time-international normalised ratio < 2.

« Serum creatinine <1.7 mg/dL.

« Previously incomplete transcatheter arterial embolisation or TACE with radiologically defined
residual disease.

« Informed consent.

Exclusion criteria:

« Extrahepatic disease and refractory ascites.

o Previous abdominal radiation therapy.

« Haemorrhage/bleeding event = grade 3 within 4 weeks of enrolment in the study.

« Pregnant or breastfeeding women.

« People with uncontrolled infections or HIV seropositive patients.

« Mental conditions rendering the person incapable of understanding the nature, scope, and con-
sequences of the study.

NCT02640924

Trial name or title

Proton radiotherapy versus radiofrequency ablation for patients with medium or large hepatocel-
lular carcinoma

Methods

Phase Ill trial

Participants

People with medium (> 3, <5 cm) or large (> 5, < 7 cm) treatment-naive hepatocellular carcinoma
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Interventions

Proton beam radiotherapy versus radiofrequency ablation

Outcomes

Primary outcome measures:
« Local control rate (treatment in-field control rate) (time frame: three years)
Secondary outcome measures:

o Overall survival rate

« Intrahepatic control rate

« Distant metastasis-free survival rate

o Local control rate (treatment in-field control rate) (time frame: five years).

« Number of participants with treatment-related adverse events as assessed by CTCAE v4.0.
« Patient-report outcome: quality of life as assessed by the FACT-Hep.

Starting date

January 2016

Contact information

Bing-Shen Huang, MD; beanson.tw@gmail.com

Notes Inclusion criteria:
« Pathologically confirmed hepatocellular carcinoma or lesion with typical triphasic computed to-
mography (CT) or MRI imaging features for hepatocellular carcinoma.
« Single tumour and tumour size >3 ¢cm, <7 cm in diameter.
« People unsuitable for resection or unwilling to accept surgery.
« Age=20yearsold.
« ECOG performance status score of 0 or 1.
o Child-Pugh score<8.
« Willing to sign informed consent regarding participation in this study.
Exclusion criteria:
« People who have received any prior treatment for hepatocellular carcinoma.
« Pregnant or breastfeeding women.
« Tumour adjacent to bowel <1 cm.
« Extrahepatic metastasis.
o Extrahepatic invasion.
« Portal or hepatic vein tumour invasion/thrombosis.
« Uncontrolled ascites.
« Glomerular filtration rate <30 mL/min*
« Platelet count <50,000/L*
« Priorinvasive malignancy (except non-melanomatous skin cancer) unless disease-free for a min-
imum of 5 years.
« Ongoing, medically significant active infection.
« MRl incompatible devices.
*Baseline laboratories results must be within the protocol range prior to signing informed consent.
Repeat lab tests are permitted to evaluate eligibility during the screening period.
NCT02762266

Trial name or title

Transarterial chemoembolisation compared with stereotactic body radiation therapy or stereotac-
tic ablative radiation therapy in treating patients with residual or recurrent liver cancer undergone
initial transarterial chemoembolisation
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Phase Ill trial

Participants

People with residual or recurrent liver cancer who have undergone initial transarterial chemoem-
bolisation

Interventions

Active comparator: Arm | - transarterial chemoembolisation (TACE)

Experimental: Arm Il (stereotactic body radiotherapy)

Outcomes

Primary objectives:

1. To determine the freedom from local progression of TACE versus stereotactic body radiotherapy
in people with persistent hepatocellular carcinoma after TACE.

Secondary objectives:

1. To determine the progression-free survival of TACE versus stereotactic body radiotherapy in peo-
ple with persistent hepatocellular carcinoma after initial TACE.

2. To determine the overall survival of TACE versus stereotactic body radiotherapy for persistent
hepatocellular carcinoma.

3. To determine the toxicities associated with TACE or stereotactic body radiotherapy for persistent
hepatocellular carcinoma.

Starting date

May 2016

Contact information

Rachel Freiberg; rachelf@stanford.edu

Notes

Inclusion criteria:

« Confirmed hepatocellular carcinoma by 1 of the following: histopathology; 1 radiographic tech-
nique that confirms a lesion >= 1 cm with arterial hyper-vascularisation with washout on delayed
phase.

« Radiographic evidence of persistent, progressive, or recurrent disease in an area previously treat-
ed with TACE and determined from 3 months after initial TACE; this evaluation should be within
6 weeks of date of study eligibility.

« Unifocal liver tumours not to exceed 7.5 cm in greatest axial dimension; multifocal lesions will
be restricted to lesions that can be treated within a single target volume within the same liver
segment and to an aggregate of 10 cm as long as the dose constraints to normal tissue can be met.

« ECOG performance status 0, 1, or 2.

« People with liver disease classified as Child Pugh class A or B, with score =<9.
« Life expectancy >= 6 months.

o Albumin>=2.4g/dL.

o Total bilirubin =<3 mg/dL.

« International normalised ratio =< 1.5.

o Creatinine =<2.0 mg/dL.

« Ability of the research participant or authorised legal representative to understand and be willing
to sign a written informed consent document.

Exclusion criteria:

o Priorradiotherapy to the upper abdomen.

« Prior radioembolisation to the liver.

« Prior radiofrequency ablation to index lesion.

o Livertransplant.

« Active gastrointestinal bleed within 2 weeks of study enrolment.

« Ascites refractory to medical therapy (mild-to-moderate ascites is allowed).
« Women who are pregnant or breastfeeding.
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« Administration of chemotherapy within the previous month.
« Extrahepatic metastases.
« Participation in another concurrent treatment protocol.

« Prior history of malignancy other than hepatocellular carcinoma, dermatologic basal cell or squa-
mous cell carcinoma.

NCT02794337

Trial name or title Transarterial chemoembolisation (TACE) versus TACE + stereotactic body radiotherapy for unre-
sectable hepatocellular cancer (TACE - stereotactic body radiotherapy)

Methods Phase Ill trial

Participants People with unresectable hepatocellular carcinoma

Interventions Active comparator: drug-eluting beads - TACE arm
Experimental: drug-eluting beads - TACE + stereotactic body radiotherapy arm

Outcomes Primary outcome measures:

« In-field progression-free survival

Secondary outcome measures:

« Cause-specific survival

« Response assessment after treatment

« Quality of life

« Toxicity assessment

Starting date December 2014
Contact information Supriya Chopra; schopra@actrec.gov.in
Notes Inclusion criteria:

« Diagnosis of hepatocellular carcinoma. While desirable, tissue diagnosis is not mandatory. In the
absence of tissue diagnosis imaging findings characteristic of hepatocellular carcinoma will be
used, i.e. in high-risk population a nodule with arterial phase enhancement and washout dur-
ing portovenous phase will be considered as diagnostic of hepatocellular carcinoma. In patients
where 1imagingisinconclusive, another imaging modality will be used. However, if second imag-
ing is also inconclusive, and alpha-fetoprotein is within the non-diagnostic or borderline range,
then tissue diagnosis will be deemed mandatory.

« Barcelona Stage B/Barcelona A not deemed suitable for surgery or refuse surgery. Child Pugh A/
Select Child Pugh B (score 7/10).

« ECOG performance status 0 to 1.

« Total number of measurable target lesions < 2, can be encompassed within a single hepatic field
or 2 different hepatic fields without exceeding safe dose limit constraints.

« Optimal predicted liver volume reserve > 700 cc. No contraindication for TACE. Tumour consid-
ered to be sufficiently away from gastrointestinal structures to deliver safe radiation dose (> 1 cm).

« Consenting to molecular banking of tumour tissue (optional).

Exclusion criteria:

« Metastatic or nodal disease on staging investigations.

« Child Ccirrhosis or previous history of liver failure. Expected life span <6 months.
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« Active variceal bleeding or other signs of hepatic decompensation.

Portal venous thrombosis rendering patients unsuitable for TACE. However, if patient is suitable
for superselective TACE, then can be considered for trial inclusion.

CTCAE: Common Terminology Criteria for Adverse Events; EASL: European Association for the Study of the Liver; ECOG: Eastern Cooperative
Oncology Group; FACT-Hep: Functional Assessment of Cancer Therapy - Hepatobiliary; MRI: magnetic resonance imaging; RECIST:
Response Evaluation Criteria in Solid Tumours.

DATA AND ANALYSES

Comparison 1. External beam radiotherapy plus transarterial chemoembolisation (TACE) versus TACE

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 All-cause mortality (at 1 year) 9 786 Risk Ratio (M-H, Fixed, 95% 0.51[0.41,0.62]
Cl)

1.1 Studies using three dimensional 8 527 Risk Ratio (M-H, Fixed, 95% 0.54[0.43, 0.68]

conformal radiation therapy Cl)

1.2 Studies using stereotactic radio- 1 259 Risk Ratio (M-H, Fixed, 95% 0.40 [0.25, 0.64]

therapy Cl)

2 Complete response 7 620 Risk Ratio (M-H, Fixed, 95% 2.14[1.47,3.13]
cl

2.1 Studies using three dimensional 6 361 Risk Ratio (M-H, Fixed, 95% 2.13[1.34,3.37]

conformal radiation therapy Cl)

2.2 Studies using stereotactic radio- 1 259 Risk Ratio (M-H, Fixed, 95% 2.17[1.12,4.21]

therapy Cl)

3 Complete response + partial re- 7 620 Risk Ratio (M-H, Fixed, 95% 1.58[1.40, 1.78]

sponse Cl)

3.1 Studies using three dimensional 6 361 Risk Ratio (M-H, Fixed, 95% 1.53[1.31,1.79]

conformal radiation therapy Cl)

3.2 Studies using stereotactic radio- 1 259 Risk Ratio (M-H, Fixed, 95% 1.65[1.36,1.99]

therapy Cl)

4 Elevated alanine aminotransferase 3 232 Risk Ratio (M-H, Fixed, 95% 1.41[1.08,1.84]
cn

5 Elevated total bilirubin 2 172 Risk Ratio (M-H, Fixed, 95% 2.69[1.34, 5.40]

Cl)

External beam radiotherapy for unresectable hepatocellular carcinoma (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

46



- Coch rane Trusted evidence.
= . Informed decisions.
- Li b ra ry Better health.

Cochrane Database of Systematic Reviews

Analysis 1.1. Comparison 1 External beam radiotherapy plus transarterial

chemoembolisation (TACE) versus TACE, Outcome 1 All-cause mortality (at 1 year).

Study or subgroup EBRT + TACE TACE Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Studies using three dimensional conformal radiation therapy
Leng 2000 9/36 15/39 . —— 8.06% 0.65[0.33,1.3]
Liao 2010 7/24 12/24 S —— 6.71% 0.58[0.28,1.22]
Peng 2000 12/43 23/48 —— 12.16% 0.58[0.33,1.02]
Shang 2007 9/40 18/36 s a— 10.6% 0.45[0.23,0.87]
Wang 2000 12/20 15/20 — 8.39% 0.8[0.52,1.24]
Xiao 2008 4/30 14/30 @ ————+— 7.83% 0.29[0.11,0.77]
Xue 1995 8/21 15/20 . a— 8.6% 0.51[0.28,0.93]
Zhao 2006 11/49 21/47 — 11.99% 0.5[0.27,0.92]
Subtotal (95% Cl) 263 264 L 4 74.34% 0.54[0.43,0.68]
Total events: 72 (EBRT + TACE), 133 (TACE)
Heterogeneity: Tau?=0; Chi?=5.4, df=7(P=0.61); 1>=0%
Test for overall effect: Z=5.31(P<0.0001)
1.1.2 Studies using stereotactic radiotherapy
Zhang 2012 19/135 44/124 — 25.66% 0.4[0.25,0.64]
Subtotal (95% CI) 135 124 e 25.66% 0.4[0.25,0.64]
Total events: 19 (EBRT + TACE), 44 (TACE)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=3.78(P=0)
Total (95% CI) 398 388 <& 100% 0.51[0.41,0.62]
Total events: 91 (EBRT + TACE), 177 (TACE)
Heterogeneity: Tau?=0; Chi*=7.5, df=8(P=0.48); I1>=0%
Test for overall effect: Z=6.52(P<0.0001)
Test for subgroup differences: Chi*=1.34, df=1 (P=0.25), 1>=25.65% ‘ ‘ ‘ ‘ ‘ ‘

Favours EBRT+TACE 01 02 05 1 2 5 10 Favours TACE

Analysis 1.2. Comparison 1 External beam radiotherapy plus transarterial
chemoembolisation (TACE) versus TACE, Outcome 2 Complete response.

Study or subgroup EBRT+TACE TACE Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Studies using three dimensional conformal radiation therapy
Liao 2010 4/24 1/24 L — 3.03% 4[0.48,33.22]
Shang 2007 14/40 7/36 T 22.31% 1.8[0.82,3.96]
Wang 2000 5/20 3/20 e . — 9.08% 1.67[0.46,6.06]
Xiao 2008 5/30 1/30 - 3.03% 5[0.62,40.28]
Xue 1995 2/21 1/20 3.1% 1.9[0.19,19.4]
Zhao 2006 17/49 8/47 | 24.73% 2.04[0.97,4.27]
Subtotal (95% CI) 184 177 <@ 65.28% 2.13[1.34,3.37]
Total events: 47 (EBRT+TACE), 21 (TACE)
Heterogeneity: Tau?=0; Chi*=1.32, df=5(P=0.93); 1>=0%
Test for overall effect: Z=3.21(P=0)
1.2.2 Studies using stereotactic radiotherapy
Zhang 2012 26/135 11/124 —— 34.72% 2.17[1.12,4.21]
Favours TACE alone 002 0.1 1 10 50 Favours EBRT+TACE
External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 47

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Study or subgroup EBRT+TACE TACE Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Subtotal (95% Cl) 135 124 - 34.72% 2.17[1.12,4.21]

Total events: 26 (EBRT+TACE), 11 (TACE)
Heterogeneity: Not applicable
Test for overall effect: Z=2.3(P=0.02)

Total (95% CI) 319 301 L 4 100% 2.14[1.47,3.13]
Total events: 73 (EBRT+TACE), 32 (TACE)

Heterogeneity: Tau?=0; Chi*=1.33, df=6(P=0.97); 1>=0%
Test for overall effect: Z=3.94(P<0.0001)

Test for subgroup differences: Chi?=0, df=1 (P=0.96), I*=0%

Favours TACE alone 002 0.1 1 10 50  Favours EBRT+TACE

Analysis 1.3. Comparison 1 External beam radiotherapy plus transarterial
chemoembolisation (TACE) versus TACE, Outcome 3 Complete response + partial response.

Study or subgroup EBRT+TACE TACE Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.3.1 Studies using three dimensional conformal radiation therapy

Liao 2010 20/24 13/24 — 8.11% 1.54[1.02,2.32]
Shang 2007 30/40 19/36 4+ 12.48% 1.42[0.99,2.03]
Wang 2000 17/20 13/20 T 8.11% 1.31[0.9,1.89]
Xiao 2008 27/30 19/30 — 11.85% 1.42[1.06,1.91]
Xue 1995 19/21 10/20 — 6.39% 1.81[1.14,2.87]
Zhao 2006 35/49 19/47 — 12.1% 1.77[1.2,2.61]
Subtotal (95% Cl) 184 177 : 2 59.03% 1.53[1.31,1.79]

Total events: 148 (EBRT+TACE), 93 (TACE)
Heterogeneity: Tau?=0; Chi*=2.15, df=5(P=0.83); 1>=0%
Test for overall effect: Z=5.39(P<0.0001)

1.3.2 Studies using stereotactic radiotherapy

Zhang 2012 113/135 63/124 - 40.97% 1.65[1.36,1.99]
Subtotal (95% CI) 135 124 < 40.97% 1.65[1.36,1.99]
Total events: 113 (EBRT+TACE), 63 (TACE)
Heterogeneity: Not applicable
Test for overall effect: Z=5.19(P<0.0001)
Total (95% Cl) 319 301 ¢ 100% 1.58[1.4,1.78]
Total events: 261 (EBRT+TACE), 156 (TACE)
Heterogeneity: Tau?=0; Chi*=2.69, df=6(P=0.85); 1>=0%
Test for overall effect: Z=7.48(P<0.0001)
Test for subgroup differences: Chi*=0.32, df=1 (P=0.57), 1>=0%
Favours TACE alone 01 02 0.5 1 2 5 10 Favours EBRT+TACE
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Analysis 1.4. Comparison 1 External beam radiotherapy plus transarterial
chemoembolisation (TACE) versus TACE, Outcome 4 Elevated alanine aminotransferase.

Study or subgroup Favours TACE Risk Ratio Weight Risk Ratio
EBRT+TACE
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shang 2007 12/40 4/36 ‘—0— 11.6% 2.7[0.96,7.62]
Xiao 2008 26/30 28/30 . 77.15% 0.93[0.78,1.1]
Zhao 2006 14/49 4/47 —_—t 11.25% 3.36[1.19,9.47]
Total (95% CI) 119 113 L 4 100% 1.41[1.08,1.84]
Total events: 52 (Favours EBRT+TACE), 36 (TACE)
Heterogeneity: Tau?=0; Chi?=27.24, df=2(P<0.0001); 1*=92.66%
Test for overall effect: Z=2.5(P=0.01) ‘ ‘ ‘
Favours EBRT+TACE 002 01 1 10 50 Favours TACE

Analysis 1.5. Comparison 1 External beam radiotherapy plus transarterial
chemoembolisation (TACE) versus TACE, Outcome 5 Elevated total bilirubin.

Study or subgroup EBRT+TACE TACE Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Shang 2007 12/40 4/36 —— 45.2% 2.7[0.96,7.62]
Zhao 2006 14/49 5/47 —— 54.8% 2.69[1.05,6.87]
Total (95% CI) 89 83 e 100% 2.69[1.34,5.4]
Total events: 26 (EBRT+TACE), 9 (TACE)
Heterogeneity: Tau?=0; Chi?=0, df=1(P=0.99); 1>=0%
Test for overall effect: Z=2.79(P=0.01)

Favours EBRT+TACE 002 0.1 1 10 50 Favours TACE

Comparison 2. External beam radiotherapy versus transarterial chemoembolisation

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 All-cause mortality 3 152 Risk Ratio (M-H, Fixed, 95% Cl) 1.21[0.97,1.50]

Analysis 2.1. Comparison 2 External beam radiotherapy versus
transarterial chemoembolisation, Outcome 1 All-cause mortality.

Study or subgroup EBRT TACE Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Leng 2000 15/32 15/39 KR 30.46% 1.22[0.71,2.1]
Wang 2000 20/20 15/20 }'.' 34.92% 1.32[1.02,1.72]
Xue 1995 17/21 15/20 +‘ 34.62% 1.08[0.78,1.5]
Total (95% Cl) 73 79 P 100% 1.21[0.97,1.5]
1

Favours EBRT

0.01

0.1 10

100 Favours TACE
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Study or subgroup EBRT TACE Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total events: 52 (EBRT ), 45 ( TACE )
Heterogeneity: Tau?=0; Chi?=0.91, df=2(P=0.63); 1>=0%
Test for overall effect: Z=1.68(P=0.09)

Favours EBRT ~ 0.01 0.1 1 10 100 Favours TACE

ADDITIONAL TABLES

Table 1. Explanations for the 'Summary of findings' table

Examples from table Explanation

Outcomes The tables provide the findings for the most important outcomes for someone making a decision.
These include potential benefits and harms, whether the included studies provide data for these
outcomes or not. Additional findings may be reported elsewhere in the review.

Assumed control group risk Assumed control group risks can be based either on the control group risks reported in the includ-
ed studies or on epidemiological data from elsewhere. When only one control group risk is provid-
ed, itis normally the median control group risk across the studies that provided data for that out-
come.

Risk is the probability of an outcome occurring. The control group risk is the risk of an outcome oc-
curring in the comparison group (without the intervention).

Corresponding intervention Risk is the probability of an outcome occurring. The intervention group risk is the risk of an out-
group risk come occurring in the group receiving the intervention.
Relative effect Relative effect or RR (risk ratio)

Relative effects are ratios. Here the relative effect is expressed as a risk ratio.

Risk is the probability of an outcome occurring. A RR is the ratio between the risk in the interven-
tion group and the risk in the control group. If the risk in the control group is 10% (100 per 1000)
and the risk in the intervention group is 1% (10 per 1000), the RR is 10/100 or 0.10.

If the RR is exactly 1.0, this means that there is no difference between the occurrence of the out-
come in the intervention and the control group. It is unusual for the RR to be exactly 1.0, and un-
derstanding what it means if it is above or below this value depends on whether the outcome being
counted is judged to be good or bad.

If the RR is greater than 1.0, the intervention increases the risk of the outcome. If it is a good out-
come (e.g. the birth of a healthy baby), a RR > 1.0 indicates a desirable effect for the intervention,
whereas if the outcome is bad (e.g. death), a RR > 1.0 indicates an undesirable effect.

If the RR is less than 1.0, the intervention decreases the risk of the outcome. This indicates a desir-
able effect if it is a bad outcome (e.g. death) and an undesirable effect if it is a good outcome (e.g.
birth of a healthy baby).

What is the difference between absolute and relative effects?

The effect of an intervention can be described by comparing the risk of the intervention group with
the risk of the control group. Such a comparison can be made in different ways.

One way to compare two risks is to calculate the difference between the risks. This is the absolute
effect.

External beam radiotherapy for unresectable hepatocellular carcinoma (Review) 50
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Table 1. Explanations for the 'Summary of findings' table (continueq)

Consider the risk for blindness in a person with diabetes over a five-year period. If the risk for blind-
ness is found to be 20 in 1000 (2%) in a group of people treated conventionally and 10 in 1000 (1%)
in people treated with a new drug, the absolute effect is derived by subtracting the intervention
group risk from the control group risk: 2% - 1% = 1%. Expressed in this way, it can be said that the
new drug reduces the five-year risk for blindness by 1% (absolute effect is 10 fewer per 1000).

Another way to compare risks is to calculate the ratio of the two risks. Given the data above, the
relative effect is derived by dividing the two risks, with the intervention risk being divided by the
control risk: 1% + 2% = 2 (0.50). Expressed in this way, as the 'relative effect’, the five-year risk for
blindness with the new drug is 1/2 the risk with the conventional drug.

Here the table presents risks as x per 1000 (or 100, etc.) instead of %, as this tends to be easier to
understand. Whenever possible, the table presents the relative effect as the RR.

The absolute effect is usually different for groups that are at high and low risk, whereas the relative
effect is often the same, therefore, when it is relevant, we have reported indicative risks for groups
at different levels of risk. Two or three indicative control group risks and the corresponding inter-
vention group risks are presented when there are important differences across different popula-
tions.

Mean difference

The mean difference (MD) is the average difference between the intervention group and the control
group across studies. Here a weighted MD is used, which means the results of some of the studies
make a greater contribution to the average than the results of others. Studies with more precise es-
timates for their results (narrower confidence intervals) are given more weight.

This way of measuring effect is used when combining or comparing data for continuous outcomes
such as weight, blood pressure, or pain measured on a scale. When different scales are used to
measure the same outcome, e.g. different pain scales, a standardised mean difference (SMD) may
be provided. This is a weighted mean difference standardised across studies giving the average dif-
ference in standard deviations for the measures of that outcome.

Confidence interval

A confidence interval (Cl) is a range around an estimate that conveys how precise the estimate is;
in this example the result is the estimate of the intervention group risk. The Cl is a guide to how
sure we can be about the quantity we are interested in (here the true absolute effect). The narrow-
er the range between the two numbers, the more confident we can be about what the true valueis;
the wider the range, the less sure we can be. The width of the Cl reflects the extent to which chance
may be responsible for the observed estimate (with a wider interval reflecting more chance).

95% confidence interval

As explained above, the Cl indicates the extent to which chance may be responsible for the ob-
served numbers. In the simplest terms, a 95% Cl means that we can be 95% confident that the true
size of effect is between the lower and upper confidence limit (e.g. 0 and 3 in the blindness drugs
example mentioned above). Conversely, there is a 5% chance that the true effect is outside of this
range.

Not statistically significant

Statistically significant means that a result is unlikely to have occurred by chance. The usual
threshold for this judgement is that the results, or more extreme results, would occur by chance
with a probability of less than 0.05 if the null hypothesis (no effect) was true. When results are not
statistically significant, as in this example, this is stated to alert users to the possibility that the re-
sults may have occurred by chance.

No. of participants (studies)

The table provides the total number of participants across studies and the number of studies that
provided data for that outcome. This indicates how much evidence there is for the outcome.

Quality of the evidence

The quality of the evidence is a judgement about the extent to which we can be confident that the
estimates of effect are correct. These judgements are made using the GRADE system, and are pro-
vided for each outcome. The judgements are based on the type of study design (randomised trials
versus observational studies), the risk of bias, the consistency of the results across studies, and the
precision of the overall estimate across studies.

For each outcome, the quality of the evidence is rated as high, moderate, low, or very low using the
following definitions:
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Table 1. Explanations for the 'Summary of findings' table (continueq)
« high quality: further research is very unlikely to change our confidence in the estimate of effect;

« moderate quality: further research is likely to have an important impact on our confidence in the
estimate of effect and may change the estimate;

« low quality: further research is very likely to have an important impact on our confidence in the
estimate of effect and is likely to change the estimate;

« very low quality: we are very uncertain about the estimate.

- A"-" indicates that the information is not relevant.

APPENDICES

Appendix 1. Search strategies

Database Time span

Search strategy

The Cochrane Hepa- October 2016
to-Biliary Group Con-
trolled Trials Register

(radiotherapy) AND (hepato* or liver*) and (carcinom™* or cancer* or neo-
plasm* or malign* or tumo*))

Cochrane Central Reg- 2016, Issue 9
ister of Controlled Tri-

als (CENTRAL) in the

Cochrane Library

#1 radiotherapy

#4 MeSH descriptor: [liver neoplasms] explode all trees

#5 MeSH descriptor: [Hepatocellular carcinoma] explode all trees

#6 MeSH descriptor: [carcinoma,liver] explode all trees

#7 (liver* or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or

tumo?*)
#8 #2 or #3 or #4 or #5 or #6 or #7
#9#1 and #8

MEDLINE (OvidSP) 1946 to October 2016 1. radiotherapy.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol supplementary con-
cept word, rare disease supplementary concept word, unique identifier]
4. exp liver Neoplasms/
5. hepatocellular carcinoma/
6. carcinoma, liver/
7. ((liver* or hepato*) and (carcinom™ or cancer* or neoplasm* or malign* or
tumo*)).mp. [mp-=title, abstract, original title, name of substance word, sub-
ject heading word, keyword heading word, protocol supplementary concept
word, rare disease supplementary concept word, unique identifier]
8.2or3or4or50r6or7
9.1and 8
10. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract,
original title, name of substance word, subject heading word, keyword head-
ing word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier]
11.9and 10

Embase (OvidSP) 1974 to October 2016 1. exp radiotherapy/
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(Continued)

2. radiotherapy.mp. [mp-=title, abstract, subject headings, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword]

3.1or2
6. exp liver tumor/
7. exp liver carcinoma/

8. ((liver* or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo*)).mp. [mp-=title, abstract, subject headings, heading word, drug trade
name, original title, device manufacturer, drug manufacturer, device trade
name, keyword]

9.40or50r6or7or8
10.3and 9

11. (random* or blind* or placebo* or meta-analys*).mp. [mp=title, abstract,
subject headings, heading word, drug trade name, original title, device manu-
facturer, drug manufacturer, device trade name, keyword]

12.10and 11

Science Citation In-
dex Expanded (Web of
Science)

1900 to October 2016

#7 #6 AND #5

#6 TS=(random™* or blind* or placebo* or meta-analys*)
#5 #4 AND #1

#4 #3 OR #2

#3 TS=((liver* or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo™))

#1 TS=(radiotherapy)
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INDEX TERMS

Medical Subject Headings (MeSH)

Alanine Transaminase [blood]; Bilirubin [blood]; Carcinoma, Hepatocellular [enzymology] [pathology] [*radiotherapy]; Cause
of Death; Chemoembolization, Therapeutic [mortality]; Combined Modality Therapy [methods] [mortality]; Liver Neoplasms
[enzymology] [pathology] [*radiotherapy]; Radiotherapy [methods] [mortality]; Randomized Controlled Trials as Topic

MeSH check words
Female; Humans; Male; Middle Aged
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