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1 Introduction

This review focuses on patients who have hepatocellular carcinoma (HCC) which is the most
common type of primary liver cancer. The incidence of HCC is increasing worldwide due to the
increase in hepatitis C infection ratesand a rise in non-alcohol fattyliver disease (Parikh et al.
2018).

Treatment of HCC depends on a number of factors associated with the patient’s performance
status, the size, and location of the lesion in the liver and prior liver function (Bruix and Sherman,
2011). Surgical resection, liver transplant, and local ablative treatmentsare available choices to
treat early stage disease (Bruix et al. 2011). In some cases, however, severe comorbidities or
advanced disease exclude treatment with surgeryand liver transplantis not always available.
More advanced disease can be treated with transarterial chemoembolization (TACE) but
responses are often incomplete, and the treatment is associated with cumulative toxicity
imposing a limit in the number of times a patient can undergo TACE?. Systemic chemotherapy
such as the use of the oral tyrosine kinase inhibitor sorafenib can be used with palliative intent
offering small improvements in local control (LC). For patients with HCC that are not candidates
for any of the previously mentioned treatments SABR can be used to offer local ablation.

SABR for people with hepatocellular carcinoma has been investigatedin the NHS England
Commissioning through Evaluation (CtE) programme.

The objective of this review is to examine the clinical effectiveness, safety and cost effectiveness
of SABR for the treatment of HCC compared with no treatment, local or systemic treatment.

2 Summary of results

Following a systematic search of medical databases (see section 3: Methodology), 7 studies were
identified which met the inclusion criteria for this review. These included:

e 5 retrospective comparative cohort studies: one comparing SABR with sorafenib
((Bettinger et al., 2018)- 1023 patients) and 4 comparing SABR with radiofrequency
ablation (RFA) ((Wahl etal., 2016, Rajyaguruet al., 2018, Parikh et al., 2018, Kim et al.,
2019)- 224, 796, 64 and 773 patients respectively).

e 1 systematic review and meta-analysis of non-comparative studies ((Rim et al., 2019)-
1950 patients).

e 1 non-comparative prospective cohort study ((Klein et al., 2015)- 205 patients).

e There wasno evidence that compared SABR with either standard fractionated
radiotherapy or no treatment/best-supportive care.

! Note — TACE is excluded from this review inline with the inclusion criteria in the CtE project. See also section
10.
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All five included comparative studies were selected because they used at least one statistical
method to account for baseline imbalances betweenthe two groups.

One of the included studies compared SABR with sorafenib reporting that SABR resulted in
superior overall survival (OS) in comparison to sorafenib witha median OS of 17.0 (95% CI 10.8-
23.2) months compared to 9.6 (95% Cl 8.6-10.7) months, respectively (Bettinger et al. 2018).
Progression-free survival (PFS) was a secondary outcome in patients with metastatic HCC. After
propensity score matching, patients treated with SABR had animproved progression-free survival
compared to patients treated with sorafenib (9.0vs. 6.0 months).

The comparison of SABR and RFA showed that the two modalities result in equivalent 1- and 2-
year OS of 70-80% and 40-50%, respectively. Higher OS rates for both SABR and RFA were
reported by Kim et al. (2019). This finding suggeststhat differences in OS are mostly driven by
patient characteristics and not due to the treatment effect. The results reported by the four
studies examining this comparison (Wahl et al., 2016, Rajyaguruet al., 2018, Parikh et al., 2018,
Kim et al., 2019) arein agreement withthe pooled non-comparative results for SABR reported in
the systematicreview by Rim et al. (2019).

The strongest evidence from non-comparative studies on OS, LC and safety came from the Rim et
al. (2019) systematic review which reported the analysis of 32 studies including 1950 patients with
HCC and found that SABR resulted in 1-, 2-, and 3-year OS rates of 72.6% (95% Cl 65.7-78.6),
57.8% (95% Cl 50.9-64.4), and 48.3% (95% Cl 40.3-56.5), respectively. The pooled analysis of LC
rates, using random effects analyses, showed 1-, 2-, and 3-year LC ratesof 85.7% (95% Cl 80.1-
90.0%), 83.6% (95% Cl 77.4-88.3%), and 83.9% (95% Cl 77.6-88.6%), respectively.

One non-comparative prospective cohort study reported quality of life (QoL) with SABR (Klein et
al., 2015). The study included patients with HCC, intrahepatic cholangiocarcinoma, and liver
metastases but presented separate results for the three cohorts. Treatment with SABR did not
significantly affect QoL.

The meta-analysis reported toxicity rates from 23 of 33 included studies. The most commonly
reported complications of grade >3 were gastrointestinal (Gl) or hepatic toxicities with a pooled
rate of 3.9% (95% Cl 2.6-5.6%) for the former and 4.7% (95% Cl 3.4-6.5%) for the latter. An
association between Child-Pugh score and toxicity was found but not with either tumour size or
radiation dose.

The meta-analysis also looked at separatelythe results of the three studies that reported high
ratesof grade 23 toxicity. The authors concluded that considering the pooled rates of
complications and the fact that complications at high rates were mostly due to transient liver
enzyme elevation and possibly caused by chronic liver disease, the use of SABR to treat patients
with HCC was safe.

There are severe limitations to the evidence for SABR in people with HCC, with the evidence base
mainly composed by retrospective non-comparative studies and high levels of heterogeneityin
the included patient population and study designs. The inherent bias of retrospective comparisons
cannot be completely addressed with statistical methods as evident by the Rajyaguruet al. (2018)
study where failure to capture all important baseline characteristics during propensity-score
matching resulted in wrong conclusions subsequently disproved by the literature.




3 Methodology

The methodology to undertake this review is specified by NHSEngland in their ‘Guidance on
conducting evidence reviews for Specialised Commissioning Products’ (2016).

A description of the relevant Population, Intervention, Comparison, and Outcomes (PICO) to be
included in this review was prepared by NHS England’s Policy Working Group for the topic (see
section 9 for PICO table).

The PICO criteria were used to search for relevant publications in EMBASE, MEDLINE and
Cochrane CDSR and CENTRAL (see section 10 for search strategy).

The search datesfor publications were between 01/01/2009 and 21/05/2019.

The searches retrieved 1275 records. Following de-duplication in EndNote X7, 859 records were
assessed for relevance using the criteria from the PICO. Full text versions of papers which
appeared potentially useful were obtained and reviewed to determine whether they were
appropriate for inclusion. Papers which matched the PICO were selected for inclusion in this
review.

Evidence from all 7 papers included was extracted andrecorded in evidence summary tables,
critically appraised and their quality assessed using National Service Framework for Long term
Conditions (NSF-LTC) evidence assessment framework (see section 7 below).

The body of evidence for individual outcomes identified in the papers was graded and recorded in
grade of evidence tables (see section 8).

4 Results

1. Inpatients with HCC, what is the clinical effectiveness of stereotactic ablative body
radiotherapy compared with no treatment, localtreatment to the liver or systemic
treatment?

All 7 included studies reported on at least one clinical effectiveness outcome (Rim etal., 2019,
Wahl et al., 2016, Rajyaguruet al., 2018, Parikh et al., 2018, Bettinger et al., 2018, Klein et al.,
2015, Kim et al., 2019).

e SABRVvs.sorafenib (1023 patients)

Overall survival




Bettinger et al. (2018) compared OS in 1023 patients treated with SABR with patientstreated
with sorafenib. After propensity matched scoring 190 patients (95 in each cohort) were analysed.
Median OS in the SABR group was 18.1(95% Cl 10.3-25.9) months compared to 8.8 (95% Cl 8.2-
9.5) in the sorafenib group. After propensity-matched scoring adjusting for different baseline
characteristics, the OS benefit for patients treated with SABR wasstill preserved with a median
0OS of 17.0 (95% Cl 10.8-23.2) months comparedto 9.6 (95% Cl 8.6-10.7) months in sorafenib
patients.

Progression free survival

Bettinger et al. (2018) also reported PFS with SABR as a secondary outcome in patients with
metastatic HCC. PFS was defined from the day of starting sorafenib or SABR treatment until death
or radiological progression. Data concerning PFS were available in 76.8% of patientstreated with
sorafenib and 75.5% of patients treated with SABR. After propensity score matching, patients
treated with SABR had an improved progression-free survival compared to patients treated with
sorafenib (9.0vs. 6.0 months).

e SABRvs. RFA (3033 patients)

Overall survival

Wahl et al. (2016) performed propensity score matching in 224 patientsto account for baseline
characteristicsimbalances between the two groups and reported OS at 1 and 2 years of 69.6%
and 52.9% after RFAand 74.1% and 46.3% after SABR in patients with inoperable and not
metastatic HCC, with no significant difference betweentreatment groups. Although the two
groups were well balanced with respect to multiple clinical characteristics, patients undergoing
SABR had received more prior treatmentsand were less likely to proceed to transplantation.
There wasalso shorter follow-up in the SABR group, which could obscure late effects.

Kim et al. (2019) performed propensity score matchingin 773 (668 in the RFA group and 105 in
the SABR group) patients to account for baseline characteristicsimbalances between the two
groups and reported their analysis in patients with inoperable HCC. In the unmatched cohort, the
1- and 2-year OS rateswere 88.5% and 74.8% for patientsin the SABR group and 91.1% and
79.8% for patientsin the RFA group, respectively (p= 0.504). Inthe matched cohort (190 patients,
95 in each cohort) the 1- and 2-year OS rateswere 87.1% and 71.8% for the SABR group and
86.9% and 76.4% for the RFA group, respectively (p =0.667).

Parikh et al. (2018) performed propensity score matching in 440 patients (408 treated with RFA
and 32 with SABR) to account for baseline characteristicsimbalances between the two groups
and reported their analysis of patients with non-metastaticstage | or Il HCC treated with SABR or
RFA. In the unmatched cohort, patients undergoing SABR had worse survival than RFA-treated
patients (p < 0.001). The 1-year OS for SABR-treated patientswas78.1% and 79.4% for RFA-
treated patients. The 2-year OS was approximately 50% for both groups. However, 3-year survival
was significantly longer in the RFA-treated cohort. After propensity-matched scoring (64 patients,
32 in each cohort), there was no significant difference in survival between SABR-treated and RFA-
treated patients(p = 0.30) (Parikh et al., 2018).




Rajyaguruet al. (2018) performed propensity score matching in 796 patients to account for
baseline characteristicsimbalances between the two groups and analysed patients’ data with
inoperable non-metastatic HCC using the National Cancer Database, whichincludes about 70% of
all newly diagnosed patients with cancerin the United Statesthat undergone SABR or RFA as
their primary treatment. Inthe propensity score matchedand time to treatment matched
analysis, RFA was associated with a significant OS benefit (HR 0.67;95% Cl, 0.55-0.81; p<0.001);
the 5-year OS was 29.8% (95% Cl, 24.5%-35.3%) in the RFA group versus 19.3% (95% Cl, 13.5%-
25.9%)in the SABR group (p<0.001).

Apart from one study (Rajyaguruetal., 2018), after adjusting for imbalances in the patients’
characteristics with propensity matched scoring, SABR and RFA resulted in similar OS rates. In
Rajyaguruet al. (2018), although propensity-score was used to match patients’ baseline
characteristics this did not include Child Pugh (CH-P) status, a variable associated with OS. In
addition, 36% of the patients in the SABR cohort (n = 296) were treated with lower than standard
radiotherapy dose (either 50-54 Gy in five fractions). A follow-up study that re-analysed the same
data only including patients who received standard dose showed no difference in OS between
the two cohorts (Shinde et al. 2018)2.

Local control
Two of the included studies comparing SABR with RFA provided results on local control.

One retrospective comparative cohort study by Wahl et al. (2016) compared the LC rate between
SABR and RFA. The 1- and 2-year LC was 83.6% and 80.2% for RFA-treated tumours and 97.4%
and 83.8% for tumours treated with SABR. Twenty tumours (8%) treated with RFA showed
residual disease after first ablation. Eight of these were re-ablated within 3 months of first
treatment and were not counted as local failures. The authors used inverse probability of
treatment weighting (IPTW) to adjust for potential imbalances in treatment assighment between
the two groups. In IPTW univariate analysis, treatment modality was associated with local
progression (HR, 2.63; p = 0.016). After adjusting for treatment type, tumour size was the only
covariate predictive of local progression (HR, 1.36 per cm; p =0.029).

The retrospective comparative cohort study by Kim et al. (2019) also compared the LC rate
between SABR and RFA. In the matched cohort, the 1- and 2-year LC was 76.1% and 64.9% for
RFA-treated tumours and 83.7% and 74.9% for tumours treated with SABR. In the multivariate
analysis, treatment modality was significantly associated with LC, in favour of SABR (p = 0.004).
Other independent predictors included alpha-fetoprotein (AFP) and Protein Induced by Vitamin K
Absence or Antagonist-II (PIVKA-II) levels, tumour location (subphrenic region), and size (>2.0
cm).

¢ Non-comparative SABR studies (2155 patients)

Overall survival

2The study was published as a letter to the editor and therefore, notincluded inthis review.
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The meta-analysis by Rim et al. (2019) thatincluded 32 observational single-arm studies involving
1950 patients with HCC who underwent SABR examined this outcome. Although the meta-
analysis included studies with heterogeneous patient populations and study designs, the pooled
analysis resulted in a patient cohort with similar characteristicstothe scope of the review with a
median proportion of patientswith Child-Pugh class A of 82.3% (range: 47.9-100) and an overall
median tumour size of 3.3 cm (range: 1.6-8.6). Pooled 1-, 2-, and 3-year OS rateswere 72.6%
(95% Cl 65.7-78.6), 57.8% (95% Cl 50.9-64.4), and 48.3% (95% Cl 40.3-56.5), respectively.

Local control

The meta-analysis by Rim et al. (2019) also reported pooled 1-, 2-, and 3-year LC rates of 85.7%
(95% Cl 80.1-90.0%), 83.6% (95% Cl 77.4-88.3%), and 83.9% (95% Cl 77.6-88.6%), respectively. In
subgroup analysis based on tumour size, lesions with less than 5cm diameter, had statistically
significant better LC for 1-year, 2-year, and 3-year (p < 0.001, 0.001, and 0.001, respectively). In
subgroup analysis based on radiation dose (median EQD2 estimates of 80 Gy10), the difference
was marginally significant for 1-year LC rate (p = 0.071), and not significant for 2- and 3-year LC
rates.

Quality of life

One prospective cohort study reported QoL with SABR (Klein et al., 2015). The study included 205
patients with HCC, intrahepatic cholangiocarcinoma, and liver metastases but presented separate
results for the three cohorts. Although the main cohort consisted of patientswith Child-Pugh A
liver function, a small number of patientswith HCC (n=10) with Child-Pugh B liver function were
also treated. The European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire Core-30 (EORTC QLQ-C30) and Functional Assessment of Cancer Therapy-
Hepatobiliary (FACT-Hep) validated and cancer-specific questionnaires were used to assess QoL.
No difference in baseline QoL (p=0.17) was seen between the HCC, liver metastases, and
intrahepatic cholangiocarcinoma patients. The authors concluded that treatment with SABR in
patients with liver cancer temporarily worsened appetite and fatigue at approximately 1 month
aftertreatment but QoL returned to baseline levels at 1 year post treatment. Other QoL domains
did not show significant change from baseline after SABR.

2. Inpatients with HCC, what is the safety of stereotactic ablative body radiotherapy
compared with no treatment, local treatment or systematic treatment?

Three of the included studies provided results on toxicity as a secondary outcome.

One study was the meta-analysis of observational studies by Rim et al. (2019), one study was a
comparative cohort comparing SABR with RFA (Wahl et al. 2016) and one comparative cohort
study compared SABR with sorafenib (Bettinger et al., 2018). All studies used the Common
Terminology Criteria for Adverse Events (CTCAE) criteria to record toxicity information. In most
cases toxicity outcomes were reported as acute or late toxicity with the definition of the former
varying from 1 to 3 months post treatment.




The most commonly reported toxicities were gastrointestinal (Gl), haematologic, and hepatic. Gl
complications included gastric or duodenal ulcer, nausea and vomiting. Haematologic
complications included abnormalities of white blood cells, platelets, and haemoglobin. Hepatic
complications included abnormalities of liver function profile (alanine transaminase, aspartate
aminotransferase, and bilirubin), albumin abnormalities, and liver decompensation (ascites,
encephalopathy, and varices) (Rim et al., 2019).

e SABRVvs.sorafenib (1023 patients)

Bettinger et al. (2018) compared the toxicity rates between SABR and sorafenib. Overall, 73.6% of
sorafenib-treated patients experienced at least one adverse event at any grade. The most
common adverse event was diarrhoea (39.3%), followed by hand-foot skin reaction (31.2%),
fatigue (29.3%), weight loss (19.0%), and sorafenib-related hypertension (13.3%). A total of 19.4%
of the patients had to stop sorafenib due to adverse events. For the group treated with SABR,
6.5% developed grade 2 toxicity mainly due to an increase in liver enzymes. Grade 3 toxicity was
reported in 10.6% of the SABR-treated patients mainly due to an increase in liver enzymes,
however, there were also 1 case of radiation-induced liver disease, 1 case of cholangitis and 2
cases of hepatic decompensation. Finally, grade 4 toxicity was reportedin 2 cases (1.6%) as
hepatic decompensation in 1 case and liver abscess in the other.

e SABRVvs. RFA (3033 patients)

Wahl et al. (2016) compared the toxicity rates between SABR and RFA. Grade 3+ acute toxicity
was 11% and 5% in the RFA and SABR groups respectively (p=0.31). The RFA complications were
pneumothorax (n = 1), sepsis (n = 2), duodenal and colonic perforation (n = 2), and bleeding (n =
3) and resulted in two deaths. The SABR complications were radiation-induced liver disease (n =
1), Gl bleeding (n = 1), and worsening ascites (n = 1) and there were no toxicity-related deaths.
The rates of late grade 3+ biliary toxicity were similar in the RFA and SABR groups at1(2.3% v
3.3%; p=0.7) and 2 years (6% v 3.3%; p=0.38). The rates of late grade 3+ Gl toxicity were also
similar in the RFAand SABR groups at 1 (3.4% Vv 5.4%; p =0.49)and 2 years (6.4%v 8.3%; p =0.66).
There were no late grade 5 adverse events in either group.

Kim et al. (2019) also compared the toxicity rates between SABR and RFA. Forty-three adverse
events (6.5%) were observed in the RFA group. Complications included pleural effusion (n = 18),
bile duct injury (n = 10), burn injury (n = 6), abscess formation (n = 4), hemoperitoneum (n = 3),
haemothorax (n = 1), and pneumothorax (n = 1). There were 25 patients (3.7%) in the RFA group
with grade 3 or 4 toxicities. All patients in the SABR group completed the scheduled treatment
without severe toxicity. However, seven patients (6.7%) developed radiation-induced liver
disease (RILD)in the SABR group. The overall toxicity rate did not differ significantly between the
two treatment arms (p =0.850) and there were no cases of grade 5 toxicity.

¢ Non-comparative SABR studies (2155 patients)

The meta-analysis reported toxicity rates from 23 of 33 included cohort studies. The most
commonly reported complications of grade >3 were Gl or hepatic toxicities. For Gl toxicities, the
grade 23 events were less than 5% in 16 of 17 cohorts (94.1%) and were not reported in other 6
cohorts. The pooled rate using random effects analysis was 3.9% (95% Cl 2.6-5.6%). For hepatic
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toxicity, the rates of grade >3 complications were <10% in 23 of 24 cohorts (95.8%). The pooled
ratewas 4.7% (95% Cl 3.4-6.5%). When tested in subgroup analysis neither tumour size nor
radiation dose, were found to be statistically significant. Meta-regression analysis showed that
CH-P class was significantly correlated with hepatic complications of grade >3 (p = 0.013).

The meta-analysis also looked at separatelythe results of the three studies that reported high
ratesof grade 23 toxicity. One study that reported high rates of hepatic toxicity (16.3%), all cases
were transient elevation of liver enzymes. The authors assumed that possible risk factorswere
large tumour size and poor liver function (Scorsetti et al., 2015). Two other studies reported high
rates of haematological (approximately 30% in both studies). The study by Kim et al. reported
mostly thrombocytopenia (patients who experienced this complication had prior haematological
problem). The authors concluded that considering the pooled ratesof complications and the fact
that complications at high rates were mostly transient and possibly caused by chronic liver
disease, the use of SABR to treat patients with HCC was safe.

Treatment-related toxicity was a secondary outcome in all studies, therefore, it is unknown if any
of themwas adequately powered to detect a difference relative to a comparator (RFA or
sorafenib). In addition, the retrospective design in most studies maylead to detection bias and
inability to accurately capture toxicity events.

3. Inpatients with HCC, what s the cost effectiveness of stereotactic ablative body
radiotherapy compared with no treatment, local or systematic treatment?

No eligible economic analyses comparing SABR with no treatment, local or systemic treatment
were identified as part of this review.

4. Fromtheevidenceselected, arethere any subgroups of patients who may benefit from
stereotactic ablative bodyradiotherapy more than the wider population ofinterest?

e SABRvs. sorafenib

Bettinger et al. (2018) performed subgroup analyses based on the presence of portal vein
thrombosis and extrahepatic metastases.

o Extrahepatic metastases

In the unmatched cohort, patients with extrahepatic metastasestreated with SABR (only SABR of
the hepatic tumour) showed a significantly improved OS compared to patients with sorafenib
treatment (16.0[6.7—25.4] vs. 7.6 [6.2—8.9] months, HR 0.43 [0.22—0.84], p = 0.014). Also, in the
matched cohort, the survival benefit of SABR treatment in metastatic patients was consistent
(16.0 [6.6—25.4] vs. 10.0 [5.5-14.5] months, HR 0.38 [0.17-0.84], p = 0.018).

o Portal vein thrombosis

Patients with portal vein thrombosis treated with SABR had a median OS of 8.0 (4.3-11.7)
compared to 6.1(5.2-6.9) months in sorafenib-treated patientsin the unmatched cohort (p =
0.330). After propensity score matching, there was no difference in OS between patients treated
in either group (9.0 [2.9-15.1] vs. 6.0[2.7-9.3] months, p = 0.568).
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e SABRvs.RFA

Rajyaguruet al. (2018) performed exploratory subgroup analyses of the matched cohort, using as
variables age, sex, clinical T stage, tumour size, tumour grade, Charlson-Deyo comorbidity score,
and facility type. According to their analyses the overall advantages of RFA over SABR persisted
across all subgroups, and no significant heterogeneityin HR was observed.

Kim et al. (2019) reportedin their subgroup analyses based on tumour size, that SABR correlated
with better local control in tumours largerthan 2.0 cm (p =0.012) but not in tumours smaller
than 2.0cm (p = 0.061).

e Non-comparative SABR studies

The meta-analysis by Rim et al. (2019) performed subgroup analyses based on tumour size and
radiotherapy dose.

o Tumour size

The effect of tumour size (median value of 5 cm) was statistically significant for 1- and 2-year OS
rates, and for 1-, 2- and 3-year LC rates.

o Radiotherapydose

The effect of radiotherapy dose (median EQD23 estimates of 80 Gy10), was not statistically
significant for OS or LC. Neither tumour size or radiation dose influenced toxicity rates. The
authors attributed the effect of tumour size on LC and OS to the fact that they categorised
studies reporting high tumour invasion rates (>30%) into the subgroup of tumour size>5cm, and
the higher tumour vascular invasive (TVI) rate might affect the difference in clinical outcomes.
Largertumours are also more likely to exhibit portal vein thrombosis as previously reported in
other studies (Qi et al., 2014).

It should be noted that all subgroup analyses were retrospective and exploratory. Given the
heterogeneity of study designs and included populations it is not possible from the current
evidence to discern any subgroups of patients who may benefit from SABR more thanthe wider
population.

5 Discussion

Seven studies provide evidence relevant to the scope of this review. Thereis grade C evidence
from one retrospective, observational study that the OS and PFS following treatment with SABR is
better than sorafenib. SABR resulted in superior OS in comparison to sorafenib with a median OS
of 17.0(95% Cl 10.8-23.2) months compared to 9.6 (95% Cl 8.6-10.7), respectively. Despite the

3 Equivalentdosein Gray-2
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use of a statistical method to account for differences in baseline patient characteristics,
treatment allocation was not controlled and may be biased due to different factors such as the
intrahepatic tumour burden, liver function, or the performance status of the included patients. In
addition, it is difficult to overcome the institutional differences of the treatment decision policies
in patients with advanced or recurrent HCCs after prior treatments. Due to the retrospective
nature of data collection, it is difficult to assess the patients’ performance status as well as the
toxicity results. Finally, in both groups approximatelya third of the patients had Child-Pugh score
B and some patients presented with multifocal disease. Both these characteristics make the
population less comparable to the scope of the review.

There is grade B and C evidence, respectively, thatthe OS and LC following treatment with SABR
is similar to that achieved with RFA. All four comparative studies were selected because they
used at least one statistical method to account for baseline imbalances between the two groups.
The comparison of SABR and RFA showed that the two modalities result in equivalent 1- and 2-
year OS of 70-80% and 40-50%, respectively. Higher OS ratesfor both SABR and RFA were
reported by Kim et al. (2019). This finding suggeststhat differences in OS survival are mostly
driven by patient characteristicsand not due to the treatment effect. The SABR results reported
by these studies are similar to the SABR pooled results reported by the meta-analysis.

There is grade B evidence provided by the meta-analysis of non-comparative studies that
treatment with SABR achieves 1- and 2-year OS rates of 65.7-78.6% and 50.9-64.4%, respectively.
Although the meta-analysis included studies with heterogeneous patient populations and study
designs, the median proportion of patients with Child-Pugh class A was 82.3% and the overall
median tumour size was 3.3 cm (range: 1.6-8.6 cm). There is some consistency betweenthe
results reported by Rim et al. (2019) and the evidence from the comparative studies: the 1-year
95% confidence intervals overlap with the same outcome reported in these studies. Differences
in the included population and treatment could account for the different rates observed among
studies. The results were less consistent for the 2-year OS rates.

Although OS was a primary outcome in most studies, none of themreported a sample size
calculation it is therefore, unknown if they were adequately powered to detect a difference in
the effect. In addition, all studies were retrospectively conducted with high risk of bias. The use
of propensity matched scoring can improve the comparability of the two cohorts, however, it
largely depends on the available information, and the clinical variables included in the matching.

Grade B evidence suggests that SABR for HCC is safe with low rates of severe toxicity mainly
linked to transient increase of liver enzyme associated with liver toxicity, in some cases caused by
chronic liver disease. Grade C evidence from a single study, suggests that SABR results in similar
toxicity with RFA and lower toxicity when compared with sorafenib. For the latter, however, it
should be noted that as the two modalities have different toxicity profiles a direct comparison is
difficult. Treatment-related toxicity was a secondary outcome in all studies, therefore, it is
unknown if any of them was adequately powered to detect a difference relative to a comparator
(RFA or sorafenib). Inaddition, the retrospective design in most studies may lead to detection
bias and inability to accurately capture toxicity events.
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There is grade C evidence suggesting that SABR does not significantly influence QoL in patients
with HCC. The evidence is provided by one prospective cohort study thatincluded a
heterogeneous population of patients with HCC, intrahepatic cholangiocarcinoma, and liver
metastases but presented separate results for the three cohorts. The authors used two widely
used and validated tools for concurrent comparison of QoL outcomes increasing the validity of
their results. The maximum follow-up was, however, only 12 months and it is unknown what
proportion of patients completed follow-up. The study did not report any sample size calculation,
therefore, it is unknown if it was adequately powered to detect a difference betweenthe
different cohorts of patients. Multiple imputations were performed to account for missing data
of eligible patientsalive at follow-up. Patient compliance for questionnaire completion fell from
90% at baseline to 60% at 1-year post-treatment.

The main limitation of the current evidence is that most of the evidence comes from non-
comparative observational studies. These studies include heterogeneous patient populations,
and study designs that limit the generalisability of the results. The evidence from retrospective
comparative studies even when using propensity score matching to account for baseline
differences between SABR and its comparatorssuffer from the same limitations as the inherent
biases of retrospective design, such as patient selection bias, lack of information on important
baseline clinical characteristics and toxicity outcomes, cannot be fully addressed by statistical
methods. This is evident by the Rajyaguru et al. (2018) study where failure to capture all
important baseline characteristics during propensity-score matching resulted in wrong
conclusions subsequently disproved by the literature. Inaddition, most studies had a relatively
short follow-up schedule. Although some studies reported subgroup analysis, the low numbers of
patients and the high risk of bias do not allow robust conclusions to be drawn.

The main implication from the available evidence is that the use of SABR in patients with HCC
may result in similar OS rates comparedto RFA and better OS ratescompared to systemic
treatment with sorafenib, however, there is considerable uncertainty about these findings.

In the future, prospective observational comparative studies or phase 3 randomised controlled
trials are needed to confirm the benefits of SABR in comparison with other local or systemic
treatments.
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6 Conclusion

Seven studies provide evidence relevant to the scope of this review. All evidence results
described above are for anadult population. The most significant evidence is provided by the
meta-analysis by Rim et al. (2019) that included 32 observational single-arm studies involving
1950 patients with HCC who underwent SABR. The analysis provides evidence for the clinical
efficacy and safety of SABR. Both OS and LC were affected by tumour size, and radiation dose
marginally affected LC. LC rates were better for smaller HCCs, and moderate efficacy was shown
in treatment of tumours >5 cm. Reported rates of severe toxicity were low, and mainly due to
hepatic or Gl toxicity.

There is also grade B and C evidence, respectively, that the clinical efficacy of SABR is similar to
that achieved with RFA and that is better than sorafenib. Thereis grade C evidence from a single
study suggesting that SABR does not significantly affect QoL.

The main limitation of the current evidence is that most of the evidence comes from non-
comparative (often retrospective) observational studies. These studies include heterogeneous
patient populations, and study designs that limit the generalisability of the results. The evidence
from retrospective comparative studies that used propensity score matching to account for
baseline differences between SABR and RFA, and SABR and sorafenib, also suffer from the same
limitations as the inherent biases of retrospective design, such as patient selection bias, lack of
information on important baseline clinical characteristics and toxicity outcomes, cannot be fully
addressed by statistical methods.

No published evidence exist that fit the scope on the cost-effectiveness of SABR compared with
any of the comparators.
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7 Evidence Summary Tables

Table 1: SABR vs. sorafenib

Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

Bettinger etal (2018)

Retrospective comparative cohort
study

Multi-institution, Switzerland and
Germany (6 centre Sorafenib, 13
centres SABR)

Recruitment period: 2013-2017

1023 patients with primary
unresectable HCC, 1-2
intrahepatic lesions, or multifocal
HCC (3 or morelesions ordiffuse
growth pattern)

SABR median Equivalent Dosein
Gray-2 (EQD2) was 84.4Gy(36-
124)

Median prescribed SABR dose was 44Gy
(range:21-66) Gy in 3-12fractions.

The median biologically equivalent dose
(BED) (BED10) prescribed was 84.4Gy
(range:36-124).

After propensity-score matching, 95
received Sorafenib and 95 SABR (overall
901 received Sorafenib, 122 received
SABR). Following matching, the groups
were similarin baseline characteristics.

The following variables wereincluded to
match the patients: Child-Pughscore,
prior surgery, radiofrequency ablation
(RFA), transarterial chemoembolization
(TACE), hepatictumourburden, portal
vein thrombosis (PVT), extrahepatic
metastases, and Eastern Cooperative
Oncology Group (ECOG) performance
status.

Median follow-upnotreported.

Median overall survival:

16.0-months SABR vs. 9.6-months
Sorafenib (p=0.005).

Multivariable analysis showed SABR
was a significant prognostic factor
for OS (HR0.53 [95%Cl:0.36-0.77],
p=0.005).

Higher EQD2 did not significantly
influence OS rates.

Sub-group extrahepaticlesions,
median overall survival:

16.0-months SABR vs. 10.0-months
Sorafenib; HR0.38[0.17-0.84],
p=0.018.

Progression free survival:

9.0-months SABR vs. 6.0-months
Sorafenib (p=0.004)

Retrospective, observational study and
thereforetreatmentallocation was not
controlled and may be biased due to different
factorssuchastheintrahepatictumourburden,
liver function, andespecially the performance
status (PS)of the patient.

Recruitment periodsuggests thatthecohortis
more likely to be comparable with current
practice.

The propensity score matched analysisis very
clear and the number of matchedpatientsis
relatively high.

In both groups approximately1/3 of the
patients had CH-P score B. Also, some patients
presented with multifocal disease. Both these
characteristics make the population less
comparabletothe scopeofthereview.

Some patients inthe SABR group received less
than standardradiation dose.

33 patients (27%) of the SABR cohort received
additional treatment*, which could have
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Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

Toxicity:

-Grade1=1%SABRVvs.62%
sorafenib

-Grade2 =6.5%SABRvs.50.4%
sorafenib

-Grade3=9.8%SABRvs.30.2%
sorafenib

-Grade4=1.6%SABRvs.2.4%
sorafenib

The mostfrequentside effects with
sorafenib were diarrhoea, hand-foot
skin reaction, fatigue, weightloss,
and sorafenib-related hypertension.
Sorafenib was stopped in 175
patients (19.4%) dueto adverse
events.

Severeside effects associated with
SABR were cholangitis, gastric ulcers
with bleeding, andnecroticabscess.

confoundedthe OS results. However, the
authorsexcluded those patients andthe
significant OS advantage for SABR remained.
The reporting of the toxicity outcomesis very
unclear, and no meaningful comparisons canbe
drawn.

Adverse events were recorded using the CTCAE
criteria.

CP; Child-Pughscore, HR; Hazard ratio PFS; progressionfree survival, OS; overall survival, LC; local control, PVT; portal vein thrombosis RFA; radiofrequency ablation,

95% Cl =95% confidenceinterval
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Table 1: SABR vs. radiofrequency ablation

Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

Rajyaguruetal (2018)

Retrospective comparative cohort
study

Datefrom the National Cancer
Database, USA

Recruitment period: 2004-2013
796 patientsincluded in matched

analyses (from 3,980 eligible
patients) with non-advanced non-

metastatic HCC; tumoursize<5cm.

Child Pugh status was unknown.

Patients who receivedsurgeryor
chemotherapywere excluded.

After propensity-score andtime-to-
treatment matching, 521 received RFA
and 275 received SABR (overall 3684
received RFA, 296 received SABR).
Following matching, the groups were
similar inbaseline characteristics.

42% of SABR patients received dose of
40-49Gy; 80%received their dosein3-5
fractions (fx).

Radiationdose was unknownin 14% of
the patients. Of those with knowndose,
26% received lower than standard
dosing (<40 Gy).

Median 25.3-month follow-up.

Overall survival:

RFA significantly better than SABR
(hazardratio 0.67[0.55-0.81],
p<0.001).

5-yr 0S:29.8% for RFAvs. 19.3% for
SABR (p<0.001).

Sub-group analysis of Tumour-
Node-Metastases (TNM) status
revealed a similar significant
differenceinsurvival between RFA
and SABR.

Retrospective, observational study and
thereforetreatmentallocation was not
controlled and may be biased due to different
clinical factors.

The SABR group was heterogeneous in terms of
radiation dose and fractionation schedule.

As the Child Pugh status was unknown the
analysis mayalsohaveincluded patients outside
the scopeofthereview.

Although propensity-score was used to match
patients’ baseline characteristics this did not
include Child-Pugh status a variable associated
with OS.

26% of the patients withrecordeddosein the
SABR cohort were treated with lowerthan
standardradiotherapy dose (either 50-54 Gy in
fivefractions). Afollow-upstudy thatreanalysed
the samedataonlyincluding patients who
received standard dose showed no differencein
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Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

OS between thetwo cohorts (Shindeetal.,
2018)%

The long recruitment period means that practice
may have changed overthe course of the study,
which could limit generalisability.

The authorsalso carriedoutan inverse
probability—weighted analysis, which confirmed
the significantly different OS outcomes between
the groups.

4 The study was published as a | etter to the editor and therefore, notincluded inthis review.
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Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

Parikh etal (2018)

Retrospective comparative cohort
study

Data from Surveillance,
Epidemiology, and End Results
(SEER)-Medicare linked database,
USA

Recruitment period: 2004-2011

64 patientsincludedin matched
analyses (from 450eligible
patients) with non-metastatic
stagel or Il HCC; tumoursize not
reported.

Child Pugh status was unknown.

SABR dose notreported.

After propensity-score matching, 32
received RFAand 32received SABR
(overall 418receivedRFA, 32 received
SABR). Following matching, the groups
were similarin baseline characteristics.

Median follow-up (propensityscore
matched patients) was 594 days for RFA
and 487 daysforSABR.

Overall survival:
1-year:78.1% SABRvs. 79.4%RFA

2-year:40% SABRvs.40%RFA
(extracted from the Kaplan-Meier
curve)

Under propensity score matching,
OS showed no significant
differences between RFAand SABR
(SABRHR 1.28 [95%Cl 0.60-2.72],
p=0.53).

90-day hospitalisation:

Overall cohortanalysis showed no
significant differences between the
groups.

Retrospective, observational study and
thereforetreatmentallocation was not
controlled and may be biased due to different
clinical factors.

Inthe overall cohort, 1-yr OS was similar (78.1%
SABR, 79.4%RFA), butat 3-yearsthere were
significant differences (lowcertainty dueto
length of follow-up), withOSinthe SABR group
of approximately 16% and 50%* in the RFA
group (SABR hazardratio1.80[95%Cl 1.15-
2.82],p=0.01). However, the propensity score
matched analysis showed no significant
differences.

Itshouldbe noted thatalthough the propensity
score matched cohort contained 64 patients
compared to 450 patients in the overall cohort,
the number treated with SABR wasthesamein
both analyses (n=32).

As the ChildPugh status was unknown the
analysis mayalsohaveincluded patients outside
the scopeofthereview.

The long recruitment period means that practice
may have changed overthe course of the study,
which could limit generalisability.

*estimated from Kaplan-Meier graph
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Study Design Methodology Results Critical Appraisal Summary
and Population Characteristics
Wahl etal. 2016 Patients wereidentifiedfroma FFLP Non-randomised. Due to the nature of the

Retrospective comparative cohort
study

Singlecentre, USA
Recruitment period: 2004-2012

224 patients with inoperable, non-
metastatic HCC (332 discrete liver
tumours)

Mean Child-Pughscore: 6.2 SABR,
6.9 RFA

SABR medianage=62 years,
85.7% men

RFA medianage=60vyears,72.7%
men

prospective departmental database.

Typically, RFAwas thefirstchoicefor
tumours smallerthan3 to 4 cm.SABR
was first choice for tumours not
visualised by ultrasound, abutting a
vessel or the luminal Gl tract, or after
RFA failure.

Freedomfrom local progression (FFLP)
and toxicity were retrospectively
analysed.

SABR median dose: Patients were
treated with either three (46%) or five
(53%) fractions delivered two to three
times per week with mediandoses of 30
or 50 Gy with a range of 27 to 60 Gy,

Median follow up:SABR 13 months, RFA
20 months.

1year=97.4%SABRvs.83.6% RFA
2 years =83.8% SABRvs. 80.2% RFA

Increasing tumoursize predicted for
FFLP in patients treated with RFA
(HR1.54 per cm; P=0.006), but not
with SABR (HR, 1.21 per cm; P=
.617). For tumours 22 cm, there was
decreased FFLP for RFAcompared
with SABR (HR, 3.35;P=0.025).

After adjusting for treatment type,
tumour size was the only covariate
predictive of LC (HR, 1.36 per cm; p=
0.029.

(ON)
1year=74.0%SABRvs.70.0% RFA

2 years =46.0% SABR vs.53.0%
RFAAcute grade 3+complications
occurred after 11% and 5% of RFA

and SABR treatments, res pectively
(P=0.31).

Late Grade 23 biliary:

intervention, blinding was not possible.
However, inverse probability of treatment
weighting was used to control for differencesin
baseline characteristics.

Although the two treatment populations were
well balanced with respect to multiple factors,
patients undergoing SABR had, on theaverage,
received more priortreatments, and wereless
likelyto proceed to transplantation. This may
havebiasedthe OSresults.

The two groups were well matched interms of
tumour size (median 1.8vs. 2.2 cm,RFAand
SABRrespectively). LC was definedas the
absence of progressive disease by the Response
EvaluationCriteriain Solid Tumors (RECIST)
criteriawithin or atthe PTV marginfor patients
receiving SABR andthe absence of recurrence
within or adjacentto theablationzonefor
patients receiving RFA.

Adverse events were defined as grade 3+events
accordingto the CTCAE criteriaduringthe 30
days aftertreatment (acute) or atall later time
points (late biliary and luminal Gl toxicity).

Follow-up was shorter inthe SABR group.
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Results

Critical Appraisal Summary

1-year=3.3%SABRvs.2.3%RFA
2-years=3.3%vs.6.0% RFA
-LateGrade>3 Gl:

1-year=5.4% SABRvs. 3.4% RFA
2-years=8.3% SABR vs. 6.4% RFA
-Late Grade 5=0 for SABR and RFA.

For SABR the toxicities were
radiation-induced liver disease (n =
1),Gl bleeding(n=1),and
worsening ascites (n=1). For RFA
complicationsincluded
pneumothorax (n=1), sepsis (n =2),
duodenal and colonic perforation (n
=2),andbleeding(n=3)and
resulted intwo deaths.
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Study Design Methodology Results Critical Appraisal Summary
and Population Characteristics
Kimetal.2019 The SABR cohortof thisstudyisare- FFLP Non-randomised. Dueto the nature of the

Retrospective comparative cohort
study

Singlecentre, Korea
Recruitment period: 2012-2016

773 patients with inoperable, non-
metastatic HCC (850discrete liver
tumours)

Child-Pugh score A=94.7%

SABR medianage=63 years,
84.2% men

RFA medianage=67 years, 87.4%
men

Median tumoursize: 2.4 in SABR
and2.lintheRFAgroup

analysis of theKimetal. study included
inthesystematicreview by Rimetal.
2019.

FFLP and toxicity wereretrospectively
analysed.

SABR dose: 61.9% of the patients
received a total of 60 Gy in4 fractions
and 21.0% received 52 Gy/4 fractions.

Median follow up:SABR 21.9 months,
RFA 21.6 months.

1year=83.7%SABRvs.74.9%RFA
2 years =76.1%SABRvs. 64.9% RFA

After subgroup analysis based on
tumour sizeinthe matched cohort,
SABR was attributed to better local
control onlyintumours larger than
2.0 cmbutnotintumours smaller
than2.0cm(p=0.635)

(0N

1lyear=87.1%SABRvs.86.9% RFA
2 years =71.8% SABRvs.76.4% RFA
Toxicity

The overall toxicity ratedid not
differ significantly between the two
treatmentarms (p =0.850).

Acute

-Grade 1=28.6%SABRvs. 13.4%
RFA*

intervention, blinding was not possible.
However, inverse probability of treatment
weighting was used to control for differencesin
baseline characteristics.

Recruitment periodsuggests thatthecohortis
more likely to be comparable with current
practice.

Although the two treatment populations were
well balanced with respect to multiple factors,
patients undergoing SABR had, on theaverage,
received more priortreatments. This mayhave
biased the OSresults.

The two groups were well matched interms of
tumour size (median 2.1vs. 2.4 cm,RFAand
SABRrespectively). LCwas definedas the
absence of progressive disease by the RECIST
criteriawithin or atthe PTV marginfor patients
receiving SABR andthe absence of recurrence
within or adjacentto theablationzonefor
patients receiving RFA.

Adverse events were defined according to the
CTCAE criteria.

Follow-up was similar inthe two groups.
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Study Design Methodology Results Critical Appraisal Summary

and Population Characteristics

-Grade2=2.9%SABRvs.13.4%
RFA*

-Grade3 or 4=0%SABRvs.3.6%
RFA

- Grade5 adverseevents =0 in both
groups

Late

-Grade 1=11.5%SABRvs. 7.2% RFA
-Grade2=3.9%SABRvs.3.2%RFA
-Grade3 or 4=0%in both groups

- Grade5 adverseevents =0 in both
groups

*results for RFAare presented
together for gradeland 2 inthe
publication.

CP; Child-Pughscore, FFLP; Freedom from | ocal progression, HR; Hazard ratio PFS; progression free survival, OS; overall survival, LC; local control, PVT; portal vein
thrombosisRFA; radiofrequency ablation, 95% Cl =95% confidence interval
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Table 2: Non-comparative studies

Study Design

and Population Characteristics

Methodology

Results

Critical Appraisal Summary

Rimetal (2019)

Systematicreview and meta-
analysis

32 studies (33 cohorts) including
1950 Patients with HCC with
median tumoursize of 3.3cm
(ranging from 1.6-8.6cm)

Median EQD2was 83.3Gy(ranging
from48-114.8Gy)

Median CP-Ascore: 82.3% (ranging
from47.9-100%)

A systematicsearchof PubMed,
Medline, Embase, and Cochrane was
undertaken. Inclusioncriteria: SABR in
<10fx, atleast 10 patients treated with

SABR, reporting survival or local contral.

No datelimits wereused (searchdate
was 23-Apr-2018)

Pooled analyses usingrandom
effects model

Overallsurvival:

1-yr:72.6%(95% Cl 65.7-78.6)
2-yr:57.8%(95% C150.9-64.4)
3-yr:48.3%(95% C140.3-56.5)

Tumour size >5cm significantly
associated with 1-yr OS (p<0.001)

Under meta-regression tumour size
was significantly correlated with 1-,
2-,and 3-year OSranges (p <

0.0001, p=0.0022,andp =0.0002).

Local control:
1-yr:85.7%(95% C180.1-90.0)
2-yr:83.6%(95%Cl77.4-88.3)

3-yr:83.9%(95%Cl 77.6-88.6)

The systematicreview methods were wel |
reported and reproducible, although the search
strategy used was overlysimplistic. The majority
(85%) of theincluded studies were
retrospective.

The authorsreport potential publication biases
(using Egger’s test quantitativelyandvisual
inspections of funnel plots), which could have
influenced several outcomes. However, the
authors presented trimmed results using the
Duval and Tweedie method.

Recruitment periodsuggests thatthecohortis
morelikely to be comparable with current
practice.

Included studies were mostlyretrospective
single centre studies with highrisk of bias for
patientselectionand outcomes detection.

Complications reported within 3 months after
the end of radiotherapy were classified as acute
complications, and those reported later than3
months or described as ‘late complication’ were
classified as late complications.
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Critical Appraisal Summary

Tumour size >5cm significantly
associated with 1-,2-and 3-yrOS
(p<0.001 for all).

1-year LCwas also influenced by
radiation dose (median EQD2
estimates of 80 Gy10).

Complications:

Grade >3 complications GI:3.9%
(95%Cl 2.6-5.6)

Grade >3 complications hepatic:
4.7%(95%Cl 3.4-6.5)

Under meta-regression, CP-Astatus
was a significant factor for hepatic
toxicity (p=0.013).

Neither tumour size nor dose were
significant factors.

Kleinetal (2015)

Prospective non-comparative
cohortstudy

Singlecentre, Canada

Recruitment period: 2003-2011

Median radiation dose=37Gy (5.1-60)
Radiationdose was unknownin 6
patients of the patients.

Maximumfollow-up 12 months (median
unknown).

QolL:
FACT-Hep:
Baseline=137.4

1-month=129.7

Prospective, observational studyandtherefore
treatmentallocation was not controlled and
may be biased dueto different clinical factors.

The SABR group was heterogeneous including
patients with HCC, cholangiocarcinoma, and
liver metastases.
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Study Design Methodology

and Population Characteristics

Results

Critical Appraisal Summary

205 patients with hepatocellular
carcinoma (HCC=99 patients), liver
metastases, or intrahepatic
cholangiocarcinoma; tumour size
median=133cm.

93% Child-Pughscore A

Medianage=67 years, 66% men

3-months=133.4
6-months=133.6
12-months=135.1
QLQ-C30:
Baseline=65.8
1-month=61.7
3-months=62.9
6-months=58.6
12-months=64.5

Higher baseline QoLscores were
associated with improvedsurvival.

Some of the patients received |low radiation
dose (minimum dose 5.1Gy).

Multipleimputations were performed on
missing data of eligible patients alive at follow-

up.

Two widely used and validated toolsin this
populationwere chosen forconcurrent
comparison of QoL outcomes: FACT-Hep andthe
EORTC QLQ-C30.QolLwas evaluated ateach
visit.

Maximumfollow-up wasonly 12 monthsandit
is unknown what proportion of patients
completed follow-up.

CP; Child-Pughscore, QLQ-C30; European Organization for Researchand Treatment of Cancer (EORTC) Quality of Life Questionnaire Core-30, FACT-Hep; Functional
Assessment of Cancer Therapy-Hepatobiliary , HR; Hazard ratio PFS; progressionfree survival, QoL; Quality of life, OS; overall survival, LC; local control, PVT; portal vein

thrombosisRFA; radiofrequency ablation, 95% Cl =95% confidence interval
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8 Grade of evidence table

Use of SABRto treat HCC (vs. sorafenib)

Outcome Quality of Evidence . - Grade of . .
Measure Reference Score Applicability Evidence Interpretation of Evidence
Overall sunvival Bettinger, 2018 6 Direct C Median overall sunival (OS) is the length of time from

either the date of diagnosis or the start oftreatment, that
half of the patients ina group of patients diagnosed with
the disease are still alive. The best evidence on median
OS is provided by the retrospective observational study
by Bettinger et al. (2018) that included 190 patients in
the matched cohort and compared SABR to sorafenib.
Median OS in the SABR group was 18.1 (95% CI 10.3-
25.9) months compared to 8.8 (95% CI 8.2-9.5) in the
sorafenib group.

Given the alternative treatment options for patients with
HCC owerall sunival is a clinically meaningful outcome.

The study performed a retrospective comparison
between the two groups. Despite the use of a statistical
method (propensity score matching) to account for
baseline differences among the participants, patient
selection bias cannot be excluded between the two
cohorts. In both groups the inclusion of patients with
Child Pugh score B will make the population less
comparable to the scope of the review. Overall, there is
considerable uncertainty about this outcome and
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Use of SABRto treat HCC (vs. sorafenib)

S Reference Quellity of Efesnce Applicability Gr_ade of Interpretation of Evidence
Measure Score Evidence
additional randomised controlled studies will need to
verify this finding.
Progression-free | Bettinger, 2018 6 Direct Progression free sunival (PFS) is the length of time

sunvival

during which the disease does not worsen, or the
proportion of patients without worsening disease at a
defined follow-up point after beginning treatment. PFS
was defined from the day of starting sorafenib or SABR
treatment until death or radiological progression.

The best evidence on PFS is provided by the
retrospective observational study by Bettinger et al.
(2018) that included 190 patients in the matched cohort
and compared SABR to sorafenib. Median PFS in the
SABR group was 9.0-months (95% CI 5.8-12.2) months
compared to 6.0-months (95% CI 4.8-7.2) in the
sorafenib group (p=0.004).In patients with metastatic
disease treatment is not given with curative intent and
secondary outcomes such as PFS are clinicaly
meaningful.

The study performed a retrospective comparison
between the two groups. Despite the use of a statistical
method (propensity score matching) to account for
baseline differences among the participants, patient
selection bias cannot be excluded between the two
cohorts. In both groups the inclusion of patients with
Child Pugh score B will make the population less
comparable to the scope of the review. Owerall, there is
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Use of SABRto treat HCC (vs. sorafenib)

Outcome Reference RO Sl Applicability SIEL; Interpretation of Evidence
Measure Score Evidence
considerable uncertainty about this outcome and
additional randomised controlled studies will need to
verify this finding.
Toxicity Bettinger, 2018 6 Direct Toxicity is defined based on the number and sewerity of

adwerse ewvents a patient can experience after
undergoing treatment. Treatment-related toxicity in
patients with cancer is usually recorded and graded
according to the Common Toxicity Criteria Adverse
Events (CTCAE).

The best evidence on toxicity is provided by the
retrospective observational study by Bettinger et al.
(2018) that included 190 patients in the matched cohort
and compared SABR to sorafenib. 73.6% of sorafenib-
treated patients experienced at least one adverse event
at any grade. For the group treated with SABR, 6.5%
deweloped grade 2 toxicity. Grade 3 toxicity was
reported in 10.6% of the SABR-treated patients.
Howevwer, it should be noted that as the two modalities
have different toxicity profiles a direct comparison is
difficult.

Given that alternative treatment options with different
toxicity profiles exist for patients with HCC, toxicity is
clinically meaningful outcome.

The study performed a retrospective comparison
between the two groups. Despite the use of a statistical
method (propensity score matching) to account for
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Use of SABRto treat HCC (vs. sorafenib)

Outcome
Measure

Reference

Quality of Evidence

Score

Applicability

Grade of
Evidence

Interpretation of Evidence

baseline differences among the participants, patient
selection and outcome detection bias cannot be
excluded between the two cohorts. In both groups the
inclusion of patients with Child Pugh score B will make
the population less comparable to the scope of the
review. Owerall, there is considerable uncertainty about
this outcome and additional randomised controlled
studies will need to verify this finding.

LC = local control

PFS = progression free sunvval

QoL = quality of life

OS = overall sunival

Use of SABRto treat HCC (vs. radiofrequency ablation)

(I\)Alétggur?g Reference Qualltys?:t)[ri(\andence Applicability gi?i%?}gcfe Interpretation of Evidence
Actuarial overall | Rajyaguru, 2018 5 Direct B Actuarial owerall sunvival (OS) is reported as the
sunvval Parikh, 2018 5 Direct proportion of patients suniving at a defined follow-up
Wahl, 2016 6 Direct point, such as 1- or 2-years after beginning treatment.
Kim, 2019 6 Direct
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Use of SABRto treat HCC (vs. radiofrequency ablation)

Outcome
Measure

Reference

Quality of Evidence
Score

Applicability

Grade of
Evidence

Interpretation of Evidence

Studies reported mainly OS at 1- and 2-years post
treatment.

The best evidence on OS is provided by the
retrospective observational study by Wabhl et al (2016),
which included 224 patients and compared SABR with
radiofrequency ablation (RFA). It reported OS at 1 and
2 years of 69.6% and 52.9% after RFA and 74.1% and
46.3% after SABR.

Given the alternative treatment options with the
possibility of curative intent for patients with non-
metastatic HCC owerall sunival is a clinicaly
meaningful outcome for patients.

The study performed a retrospective comparison
between the two groups. Despite the use of a statistical
method (propensity score matching) to account for
baseline differences among the participants, patient
selection and outcome detection bias cannot be
excluded between the two cohorts. The 1- and 2-years
LC rates reported by Wahl et al. (2016) are comparable
to the SABR results reported by the Rim et al. (2019)
meta-analysis of non-comparative studies. Overall,
there is some uncertainty about this outcome.

Local control

Wahl, 2016
Kim, 2019

Direct
Direct

Local control (LC) is the proportion of patients for which
the treated lesion does not increase in size at a defined
follow-up point after beginning treatment.
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Use of SABRto treat HCC (vs. radiofrequency ablation)

Outcome
Measure

Reference

Quality of Evidence
Score

Applicability

Grade of
Evidence

Interpretation of Evidence

The best evidence on LC is provided by the
retrospective observational study by Wahl et al (2016)
that included 224 patients and compared SABR with
radiofrequency ablation (RFA). The study reported LC
at 1 and 2 years of 97.4% and 83.6% with SABR and
83.6% and 80.2% with RFA. After adjusting for tumour
size LC was no statistically different between the two
groups.

The clinical benefit to the patient group is that a less
invasive treatment such as SABR can provide
equivalent results.

The study performed a retrospective comparison
between the two groups. Despite the use of a statistical
method (propensity score matching) to account for
baseline differences among the participants, patient
selection and outcome detection bias cannot be
excluded between the two cohorts. The 1- and 2-years
LC rates reported by Wabhl et al. (2016) are comparable
to the SABR results reported by the Rim et al. (2019)
meta-analysis of non-comparative studies. Owverall
there is some uncertainty about this outcome.

Toxicity

Wahl, 2016
Kim, 2019

Direct
Direct

Toxicity is defined based on the number and sewerity of
adwerse ewvents a patient can experience after
undergoing treatment. Treatment-related toxicity in
patients with cancer is usually recorded and graded

32




Use of SABRto treat HCC (vs. radiofrequency ablation)

Outcome
Measure

Reference

Quality of Evidence
Score

Applicability

Grade of
Evidence

Interpretation of Evidence

according to the Common Toxicity Criteria Adverse
Events (CTCAE).

The best evidence on toxicity is provided by the
retrospective observational study by Wahl et al (2016)
that included 224 patients and compared SABR with
RFA. The rates of late grade 3+ Gl toxicity in the study
were similar in the RFA and SABR groups at 1 (3.4% v
5.4%; p =0.49) and 2 years (6.4% v 8.3%; p =0.66).
There were no late grade 5 adverse events in either
group.

Given the alternative treatment options with different
toxicity profiles for patients with HCC, toxicity is clinically
meaningful outcome. This outcome is ewen more
important for patients with advanced disease that
treatment-related toxicity may result in significant
impairment of their quality of life. The study performed
a retrospective comparison between the two groups.
Despite the use of a statistical method (propensity score
matching) to account for baseline differences among
the participants, patient selection and outcome
detection bias cannot be excluded between the two
cohorts. Owerall, there is considerable uncertainty about
this outcome and additional randomised control studies
will need to verify this finding.
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Use of SABRto treat HCC (vs. radiofrequency ablation)

Outcome
Measure

Reference

Quality of Evidence
Score

Applicability

Grade of
Evidence

Interpretation of Evidence

LC = local control

PFS = progression free sunvval

QoL = quality of life

RFA = radiofrequency ablation

OS = overall sunival

Use of SABR to treat HCC (non-comparative studies)

Outcome Quality of Evidence . - Grade of . .
Measure Reference Score Applicability Evidence Interpretation of Evidence
Actuarial overall | Rim, 2019 7 Direct B Actuarial overall sunival is reported as the proportion of

sunival

patients suniving at a defined follow-up point, such as
1- or 2-years after beginning treatment.

The best non-comparative evidence on actuaria
sunvival is provided by the Rim et al. (2019) systematic
revew and meta-analysis that included 32
observational single-arm studies (n=1950 patients) and
reported 1-year OS of 72.6% (95% CIl 65.7—78.6) and
2-year at 57.8% (95% CI 50.9-64.4).

Given the alternative treatment options with the
potential of curative intent for patients without
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Use of SABR to treat HCC (non-comparative studies)

Outcome
Measure

Reference

Quality of Evidence
Score

Grade of

Applicability Evidence

Interpretation of Evidence

metastatic HCC, owerall sunival is a clinicaly
meaningful outcome.

Actuarial overall sunival was a primary outcome in a
number of the studies included inthe systematic review.
Howewer, almost none of them reported sample size
calculations. There is some consistency between the
results reported by Rim et al. (2019) and the OS
evidence for SABR provided by Wahl et al. (2016) and
Parikh et al. (2018) as the 1-year 95%CI show owerlap
with the same outcome reported in these studies.

Differences in the included population and treatment
could account for the different rates observed among
studies. The results were less consistent for the 2-year
OS rates.

Local control

Rim, 2019

Direct B

Local control (LC) is the proportion of patients for which
the treated lesion does not increase in size at a defined
follow-up point after beginning treatment.

The best non-comparative evidence on LC is provided
by the Rim et al. (2019) systematic review and meta-
analysis that included 32 observational single-am
studies (n=1950 patients) and reported 1-year LC of
85.7% (95% CI 80.1-90.0) and 2-years LC of 83.6%
(95% CI 77.4-88.3).
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Use of SABR to treat HCC (non-comparative studies)

Grade of

Outcome Reference Quality of Evidence _
Evidence

Measure oo Applicability

Interpretation of Evidence

The clinical benefit to the patient group is that a less
invasive treatment such as SABR can provide good LC
results.

LC was a secondary outcome in most of the studies
included in the meta-analysis. There is some
consistency between the results reported by Rim et al.
(2019) and the LC evidence for SABR provided by Wah
et al. (2016) and Parikh et al. (2018) as the 1-year
95%Cl show owverlap with the same outcome reported
in these studies.

Toxicity Rim, 2019 7 Direct B Toxicity is defined based on the number and sewerity of
adwerse ewvents a patient can experience after
undergoing treatment. Treatment-related toxicity in
patients with cancer is usually recorded and graded
according to the Common Toxicity Criteria Adverse
Events (CTCAE).

Treatment-related toxicity was a secondary outcome in
all studies.

The best non-comparative evidence on actuarial
sunvival is provided by the Rim et al. (2019) systematic
reiew and meta-analysis that included 32
observational single-arm studies (n=1950 patients) and
reported grade =3 Gl and hepatic complications of
3.9% and 4.7%, respectively.
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Use of SABR to treat HCC (non-comparative studies)

Grade of

Outcome Reference Quality of Evidence _
Evidence

Measure oo Applicability

Interpretation of Evidence

Given the alternative treatment options with different
toxicity profiles for patients with HCC, toxicity is clinically
meaningful outcome. This outcome is even more
important for patients with advanced disease that
treatment-related toxicity may result in significant
impairment of their quality of life.

There is consistency between the results reported by
Rim et al. (2019) and the evidence from comparative
studies with grade =3 rates <10%.
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Quality of life

Klein, 2015

Direct

Quality of life (QoL) is a composite patient-reported
outcome that captures the impact of an intervention on
a patient’s psychology and everyday life activities.

The best evidence on QoL is provided by the
prospective, non-comparative observational study by
Klein et al (2015) that included 99 patients with
hepatocellular carcinoma and captured QoL outcomes
up to 12 months post SABR treatment.

The study did not report a difference in QoL between
baseline (137.4) and after SABR treatment (3 months =
133.4, 12 months = 135.1) using the Functional
Assessment of Cancer Therapy-Hepatobiliary (FACT-
Hep) checklist. No difference was also reported using
the European Organization for Research and Treatment
of Cancer Quality of Life Questionnaire Core-30
(EORTC QLQ-C30) checklist with baseline=65.8, 3-
months=62.9 and 12-months=64.5.0ne of the factors
weighting intreatment decisions for HCC is the possible
impact that treatment may have on their quality of life.
Given that SABR is less invasive than other forms of
treatment for HCC this is a clinically important outcome.

The SABR group was heterogeneous including patients
with HCC, cholangiocarcinoma, and liver metastases.
Maximum follow-up was only 12 months and it is
unknown what proportion of patients completed follow-
up. Owerall there is considerable uncertainty about this
outcome.

EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core-30




Use of SABR to treat HCC (non-comparative studies)

Grade of

Outcome Reference Quality of Evidence _
Evidence

Interpretation of Evidence
Measure Score P

Applicability

FACT-Hep = Functional Assessment of Cancer Therapy-Hepatobiliary
LC = local control

PFS = progression free sunival

QoL = quality of life

OS = overall sunival
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9 Literature search terms — PICO table

P —Population and Indication
Describetherelevant population and
indicationprovided previously including
if necessary, disease severity or
duration, previous treatment, new or
recurrentsymptoms, any specific co-
morbidities and other population
factors (forexample, agerange).

Add details of any subgroups or
stratifications for which separate
evidence may berequired.

Patients of all ages withlocalised hepatocellular carcinoma (HCC)
with or without low burden metastatic disease who are/ have:

unsuitable for surgery (resectionor transplant)

unsuitable for or refractoryto radiofrequencyablation

unsuitablefor or refractoryto transhepaticarterial
chemo-embolisation (TACE)

havefive or fewer discreteintrahepatic parenchymal foci
of HCC

HCCtumour 6 cmor less

Low burden of disease defined as: extrahepatic
metastases or malignant lymphnodes (thatenhance
with typical features of HCC <3.0 cminsum of maximal
diameters (e.g. 2 lunglesions <3cmin total diameter).

Childs-Pugh Class Aonly(Childs Pugh scoring system
classification).

I - Intervention
Describetheintervention details
provided previouslyincluding if
necessary, details of treatment, mode
of delivery, size/frequency/duration of
dose, positionofinterventionin
treatment pathway (e.g. first/second
line/salvage) and any background/
concomitant medi cation

Stereotactic Ablative Body Radiotherapy (SBRT or SABR) alone

[include studies that deliver SABRin 10 or less fractions; the NHS
uses 5 fractions and studies using 5 fractions are therefore of
particularrelevance]

C-Comparators

Whatis/arethe main alternative/s to
compare withtheintervention being
considered?

Describe the comparator details
provided previouslyincluding if
necessary, details of treatment, mode
of delivery, size/frequency/duration of
dose, positionofinterventionin
treatment pathway (e.g. first/second
line/salvage) and any background/
concomitant medication

e Targeted/ biological agents

o Sorafenib
O Lenvatinib

e Thermal ablation (radiofrequency ablation or microwave
ablation)
Standard fractionated radiotherapy
No treatment (best supportive care)

O —Outcomes

Outcomes should be patient focussed
andrelateto thosedetailed inthe PPP
and the Research Questions covering
clinical effectiveness, safety and cost
effectiveness as required.

Critical to decision-making:

1 year overall survival

2 year overall survival

Median overall survival

Local control (i.e. tumourregression/ resolution OR no
tumour progression within the lesiontreated/ treatment
field)
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Examples willbe topicspecificbut
mightinclude intermediate or short-
term outcomes; mortality; morbidity;
quality of life; treatment complications;
adverse effects; rates of relapse; late
morbidity and re-admission; returnto
work, physical andsocialfunctioning,
resource use.

Progression free survival

Side effects and adverse events (including but not
limited to change (reduction) inliver function (Child-
Pugh score)

e Acuteandlateradiotherapytoxicity (including but not
limited to fatigue, nausea, diarrhoea and gastro-
intestinal ulcers or perforations).

e Qualityof Life.

Important to decision-making:

e Costeffectiveness.

Inclusion criteria

Study design Systematicreviews, randomised controlledtrials, controlled
clinical trials, cohort studies.
If no higher level qualityevidenceis found, case series can be
considered.

Language English only

Patients Human studies only

Age All ages

Date limits 2009-2019

Exclusion criteria

Publication type

Conferenceabstracts, non-systematicreviews, narrative reviews,
commentaries, | etters and editorials

Study design

Casereports, resource utilisationstudies

In addition to the above criteria, any study with a patient population of <30 patients was also excluded.
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10 Search Strategy

Total number of references: 1275
Total following de-duplication: 859

e Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations and
Daily 1946 to May 16, 2019
e 215tMay 2019

(primary and ((hepatocellular or liver) adj3 (cancer* or carcinoma* or tumour* or

! mass* or growth* or lesion*))).tw. 17844
2 |(Fibrolamellar adj3 (HCC or hepatocell* or carcinoma*)).tw. 558

3 |Carcinoma, Hepatocellular/ or HCC.tw. or "hepatocellular carcinoma".kw. 93734
4 lor/1-3 102389

c (SABR or SBRT or SABRT or SRS or stereotactic ablati* or stereotactic body radio* or 17806

stereotactic radio*).tw.

6 [(arctherap* or vmat).tw. 2923

7 |(hypofraction* or hypo-fraction* or hypo fraction*).tw. 3145

8 |(cyber knife* or cyberknife* or gamma knife* or gammaknife*).tw. 5518

9 |exp Radiosurgery/ or radiosurg*.tw. 18195
10|or/5-9 31828
11{4 and 10 537

12 |limit 11 to yr="2009 -Current" 486

13| (editorial or letter or case report or comment or news).pt. 1907311
14112 not 13 465

e Embase 1974 to 2019 Week 20
e 21tMay 2019
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(primary and ((hepatocellular or liver) adj3 (cancer* or carcinoma® or tumour* or

1 26865
mass* or growth* or lesion*))).tw.

2 |(Fibrolamellar adj3 (HCC or hepatocell* or carcinoma*)).tw. 744

3 |liver cell carcinoma/ or HCC.tw. or "hepatocellular carcinoma".kw. 153610

4 |or/1-3 164347

c (SABR or SBRT or SABRT or SRS or stereotactic ablati* or stereotactic body radio* or 30875
stereotactic radio*).tw.

6 |(arctherap™ or vmat).tw. 7757

7 |(hypofraction* or hypo-fraction* or hypo fraction*).tw. 6716

8 |(cyber knife* or cyberknife* or gamma knife* or gammaknife*).tw. 8591

9 gamma knife radiosurgery/ or stereotactic body radiation therapy/ or stereotactic 53796
radiosurgery/

10|or/5-9 53120

11|4 and 10 1451

12 |limit 11 to yr="2009 -Current" 1386
(editorial or letter or case report or comment or news or conference abstract or

13 ) 5838065
Conference Paper or Conference Review).pt.

14112 not 13 712
e Cochrane (CDSR and CENTRAL)
e 21stMay 2019

ID Search Hits

(hepatocellular carcinoma) OR (liver NEAR/3 (cancer* OR carcinoma* OR

#1 tumour* OR mass* OR growth* OR lesion*)) 7334

#2 Fibrolamellar NEAR3 (HCC or hepatocell* or carcinoma*) 7

#3 [mh "Carcinoma, Hepatocellular"] OR HCC OR "hepatocellular carcinoma":kw 3742

#4 (Chenelle etal.-#3) 7661

(SABR or SBRT or SABRT or SRS or "stereotactic ablati*" or "stereotactic body
#5 radio*" or "stereotacticradio*"):ti,ab,kw 1400
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#6 (arctherap* or vmat):ti,ab,kw 816
#7 (hypofraction* or hypo-fraction* or hypo fraction*):ti,ab,kw 833
#8 (cyber knife* or cyberknife* or gamma knife* or gammaknife*):ti,ab,kw 208
#9 [mh "Radiosurgery"] or radiosurg* 789
#10 | (Siva etal.-#9) 3412
#11 #4 and #10 with Cochrane Library publication date from Jan 2009 to present 98

11 Evidence selection

Total number of publications reviewed: 859

Total number of publications considered relevant: 127

Total number of publications selected for inclusion in this briefing: 7

References from the PWG supplied in the PPP

Paper selection decision
and rationale if excluded

1 | Bujold A, Massey CA, Kim JJ, et al. Sequential phase | This study was excluded
I and Il trials of stereotactic body radiotherapy for because it was included in the
locally advanced hepatocellular carcinoma. J Clin systematic review and meta-
Oncol 2013;31(13):1631-1639 analysis by Rim et al. (2019).
2| Yoon, S., Ryoo, B, Lee, S., Kim, J., Shin, J., An, J., This study was excluded
Lee, H. and Lim, Y. (2018). Efficacy and Safety of because it did not meet the
Transarterial Chemoembolization Plus External Beam | scope as outlined in section 9
Radiotherapy vs Sorafenib in Hepatocellular (intervention).
Carcinoma With Macroscopic Vascular Invasion.
JAMA Oncology, 4(5), p.661.
3 | Wahl, D., Stenmark, M., Tao, Y., Pollom, E., Caaili, This study was included in the

E., Lawrence, T., Schipper, M. and Feng, M. (2016).
Outcomes After Stereotactic Body Radiotherapy or
Radiofrequency Ablation for Hepatocellular
Carcinoma. Journal of Clinical Oncology, 34(5),
pp.452-459.

review.
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13 Appendices
13.1 Quality of evidence scores
13.1.1 Comparative studies

Rajyaguruetal.2018

Each quality item is scored as follows:

Yes=2
Inpart=1 Score
No=0
1. Aretheresearchquestions/aims and design clearly stated? 2
2. Istheresearchdesignappropriatefor theaimsandobjectives of theresearch? 1
3. Arethe methods clearlydescribed? 2
4. Isthedata adequateto supporttheauthors’interpretation/conclusions? 0
5. Aretheresults generalizable? 0
Total 5
Parikh etal.2018
Each quality item is scored as follows:
Yes=2
Inpart=1 Score
No=0
1. Aretheresearchquestions/aimsand design clearly stated? 2
2. lIstheresearchdesignappropriatefor theaimsandobjectives of theresearch? 1
3. Arethe methods clearlydescribed? 1
4. Isthedata adequateto supporttheauthors’ interpretation/conclusions? 1
5. Aretheresults generalizable? 0
Total 5
Bettinger etal (2018
Each qualityitem is scored as follows:
Yes=2
Inpart=1 Score
No=0
1. Aretheresearchquestions/aimsand design clearly stated? 2

46




2. Istheresearchdesignappropriatefor theaimsandobjectives of theresearch? 1
3. Arethe methods clearlydescribed? 1
4. |sthedata adequateto supporttheauthors’ interpretation/conclusions? 1
5. Aretheresults generalizable? 1
Total 6
Wahl etal.2016
Each quality item is scored as follows:

Yes=2

Score

Inpart=1

No=0
1. Aretheresearchquestions/aimsand design clearly stated? 2
2. lIstheresearchdesignappropriatefor theaims andobjectives of theresearch? 1
3. Arethe methods clearlydescribed? 1
4. Isthedata adequateto supporttheauthors’ interpretation/conclusions? 1
5. Aretheresults generalizable? 1
Total 6
Kimetal.2019
Each quality item is scored as follows:

Yes=2

Score

Inpart=1

No=0
1. Aretheresearchquestions/aims and design clearly stated? 2
2. lIstheresearchdesignappropriate for theaimsandobjectives of theresearch? 1
3. Arethe methods clearlydescribed? 1
4. |sthedata adequateto supporttheauthors’ interpretation/conclusions? 1
5. Arethe results generalizable? 1
Total 6

13.1.2 Non-comparative studies

Rimetal (2019)
Each quality item is scored as follows:

Yes=2

Score
Inpart=1
No=0
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1. Aretheresearchquestions/aims and design clearly stated? 2
2. Istheresearchdesignappropriatefor theaimsandobjectives of theresearch? 2
3. Arethe methods clearlydescribed? 1
4. |sthedata adequateto supporttheauthors’ interpretation/conclusions? 1
5. Aretheresultsgeneralizable? 1
Total 7
Kleinetal (2015)
Each quality item is scored as follows:

Yes=2

Score

Inpart=1

No=0
1. Aretheresearchquestions/aimsand design clearly stated? 2
2. Istheresearchdesignappropriatefor theaimsandobjectives of the research? 1
3. Arethe methods clearlydescribed? 2
4. Isthedata adequateto supporttheauthors’interpretation/conclusions? 1
5. Aretheresults generalizable? 0
Total 6
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