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GLOSSARY

Cholangiocarcinom@ancer of the bile ducts which drain bile from lirer into the small
intestine.

Cirrhosis A consequence of liver disease, most contyralcoholism, hepatitis B
and C, or fatty liver disease. It is characteriggdeplacement of liver
tissue with fibrosis and scar tissue, leading 83 lof liver function.

Computed A medical imaging technique using tomography creéatecomputer
tomography processing to generate a three-dimensional intemade from a series of
two-dimensional x-ray images.

Contrast enhanced The application of a contrast agent to conventioftehsonography.
ultrasound Ultrasound contrast agents rely on the differentsathat sound waves are
reflected from interfaces between substances eogobubbles and
human tissue. The difference in echogenicity (ghib reflect ultrasound
waves) between microbubbles and surrounding tissue=y high and
intravenous contrast injection can be used to liseiblood perfusion and
to distinguish between benign and malignant tissue.

Cost-effectiveness An economic analysis that converts effects intdthéarms and describes
analysis the costs for additional health gain.

Decision modelling A theoretical construct thabels the comparison of the relationship
between costs and outcomes of alternative headthotrventions.

False negative Incorrect negative test result —anrof diseased persons with a negative
test result.

False positive Incorrect positive test result — hanof non-diseased persons with a
positive test result.

Focal nodular A benign, usually asymptomatic tumour of the liwghich rarely grows

hyperplasia or bleeds and has no malignant potential. It isroftharacterised by a
central stellate scar.

Haemangioma The most common benign tumour of tee, lusually of mesenchymal

origin and comprising masses of atypical blood elsss

Hepatocellular The most common type of liver cancer, usually sdaonto scarring of
carcinoma the liver (cirrhosis), or hepatitide viral infeatighepatitis B or C).

Incremental cost- The difference in the mean costs of two intervertim the population of
effectiveness ratio interest divided by the difference in the mean ontes in the population
(ICER) of interest.

Index test The test whose performance is beingiated.
Magnetic resonancé& medical imaging technigue which uses nuclear ratigmesonance to
imaging image the nuclei of atoms inside the body. It plegigood contrast

between the different tissues of the body and eanseful in
distinguishing malignant from benign tumours.

Markov model An analytic method particularly suitednodelling repeated events, or
the progression of a chronic disease over time.
Meta-analysis Statistical techniques used to coentlia results of two or more studies

and obtain a combined estimate of effect.

Meta-regression Statistical technique used to egplwe relationship between study
characteristics and study results.

Metastasis The spread of a disease from one orgaarioto another, non-adjacent
organ or part.




Opportunity costs  The cost of forgone outcomesc¢batd have been achieved through
alternative investments.

Publication bias Bias arising from the preferenpiablication of studies with statistically
significant results.
Quality of life An individual’'s emotional, sociahd physical well-being, and their

ability to perform the ordinary tasks of living.

Quality-adjusted lifeA measure of health gain, used in economic evalnstiin which survival
year (QALY) duration is weighted or adjusted by the patientialiyy of life during the
survival period.

Radiofrequency A medical procedure where tumour tissue is ablagilg the heat

ablation generated from the high frequency alternating citrre
Receiver OperatingA graph which illustrates the trade-offs betweemsg@/ity and specificity
Characteristic which result from varying the diagnostic threshold.

(ROC) curve

Reference standard The best currently availablgndistic test, against which the index test is

compared.

Sensitivity Proportion of people with the targedatider who have a positive test
result.

Specificity Proportion of people without the targétorder who have a negative test
result.

Transarterial A minimally invasive medical procedure to resthtbod flow to the

chemoembolisationtumour; frequently used to treat hepatocellulacicama.
(TACE)

True negative Correct negative test result — nurabapn-diseases persons with a
negative test result.
True positive Correct positive test result — numifediseased persons with a positive

test result.
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LIST OF ABBREVIATIONS

Technical terms and abbreviations are used thraugtinds report. The meaning is usually

clear from the context, but a glossary is provittgdhe non-specialist reader.

AASLD
AFP
ALT
ASP
CcC
CEA
CEAC
CECT
CEMRI
CEUS
Cl
CRC
CT
DPTA
DTA
EASL
FLL

FN
FNB
FNH
FP
Gd-CEMRI
Gd-EOB-DTPA
v-GT
HBV
HCC
HCV
HRQoL
ICER
MDCT
MRI
NA

NR

OR

PEI
PMAT
PMCT
QALY
QUADAS
RFA
RN
ROC

American Association for the Study of LivBiseases
alpha-fetoprotein

alanine aminotransferase

aspartate aminotransferase
cholangiocarcinoma

carcinoembryonic antigen

cost-effectiveness acceptability curve

contrast enhanced computed tomography
contrast enhanced magnetic resonance imagin
contrast enhanced ultrasound

confidence interval

colorectal carcinoma

computed tomography

diethyl triamine pentaacetic acid

diagnostic test accuracy

European Association for the Study of theeli
focal liver lesion

false negative

fine-needle biopsy

focal nodular hyperplasia

false positive

gadolinium contrast-enhanced magnetiomasce imaging
gadolinium ethoxybenzyl diethylenetniae pentaacetic acid
gamma glutamyltransferase

hepatitis B virus

hepatocellular carcinoma

hepatitis C virus

Health-Related Quality of Life

Incremental Cost-Effectiveness Ratio
multi-detector computed tomography

magnetic resonance imaging

not applicable

not reported

odds ratio

percutaneous ethanol injection

percutaneous microwave ablation therapy
percutaneous microwave coagulation therapy
Quality-Adjusted Life Year

Quality Assessment of Diagnostic Accuratydies tool
radiofrequency ablation

regenerative nodule

Receiver Operating Characteristic
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RON
SCT
SPIO-CEMRI

SROC
TACE
TFE
TNM
TSE
TN
TP
us

Romanian New Leu

spiral computed tomography
superparamagnetic iron oxide contrabened magnetic resonance
imaging

Summary Receiver Operating Characteristic
transarterial chemoembolisation

turbo field echo

Tumour lymph Node Metastasis

turbo spin echo

true negative

true positive

ultrasound
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1 EXECUTIVE SUMMARY

1.1 Background

Ultrasound scanning, along with other imaging tetbgies such as computed tomography
(CT) and magnetic resonance imaging (MRI) are ingydrin diagnosing and planning
treatment for many patients with liver disease.ekiimaging will sometimes identify focal
abnormalities in the liver which cannot be chanasgéel initially and another test may
therefore be needed to fully explain the abnormalihe main aim of this subsequent liver
imaging is to distinguish between liver cancers bedign abnormalities which are not likely
to require further treatment. Cancer in the liveerdlatively rare and expert opinion suggests
that 70 to 75% of liver abnormalities investigatedhe NHS are found to be benign. One
important factor in selecting an imaging test idighto provide a rapid diagnosis, both to
facilitate prompt treatment in patients who do haa@cer and to minimise anxiety in the
majority who do not. Most liver lesions are fourtdaa initial un-enhanced ultrasound (US)
scan. If the liver abnormality is not characteribgahis test, the patient is usually referred for
additional imaging using MRI and/or CT. This camadeto waits of several months with
consequent distress to patients and families. blitiad, there are potential drawbacks in
using these other imaging techniques. CT usesimgniadiation and the intravenous contrast
agent can, on rare occasions, cause kidney darSagee patients cannot have an MRI scan

due to pacemakers and others find the examinatiosas claustrophobia.

Imaging technology has developed very rapidly cerg years and contrast agents have been
developed for use with ultrasound scanning. Thesérast agents are injected, but remain in
the patient’s blood and are broken down by the kadthr a few minutes and breathed out as a
gas. The use of contrast agents may improve thigyadii ultrasound to distinguish between
cancer in the liver and benign liver abnormalitesl, because contrast-enhanced ultrasound
can be performed at the same appointment as coonahtltrasound, more rapid diagnoses

may be possible and some CT and MRI examinatiorysbeavoided.

1.2 Objectives

To compare the clinical and cost-effectivenessaonittast enhanced ultrasound (CEUS) using
the contrast agent SonoVuwith contrast-enhanced CT and contrast-enhancet fMRhe
assessment of adults with focal liver lesions (FLin) whom previous liver imaging is

inconclusive.
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1.3 Methods

A systematic review was conducted to summariseetigence on the clinical-effectiveness
of CEUS using the contrast agent SonoY/ummpared with contrast-enhanced CT or MRI,
for the assessment of adults with focal liver lasigFLL) in whom previous liver imaging
has been inconclusive. Search strategies wereabedbon target condition (primary or
secondary liver cancer) and intervention (SondVG&US), as recommended in the Centre
for Reviews and Dissemination (CRD) guidance fodartaking reviews in health care and
the Cochrane Handbook for Diagnostic Test Accurdeyiews'* The following databases
were searched from 2000 to September/October 2UEDLINE; MEDLINE In-Process;
EMBASE; the Cochrane Databases; Database of Albstoddreviews of Effects (DARE);
NHS Economic Evaluation Database (NHS EED); He@tbhnology Assessment Database
(HTA); Science Citation Index (SCI). Research reggis and conference proceedings were
also searched. Systematic review methods followedptinciples outlined in the Centre for
Reviews and Dissemination (CRD) guidance for uradkny reviews in health care and the
NICE Diagnostic Assessment Programme interim mettsidtement.® The risk of bias in
included diagnostic test accuracy (DTA) studies assessed using a modified version of the
QUADAS-2 tool? and the single included controlled clinical trighs assessed using an
adaptation Cochrane Collaboration’s tool for adsgssisk of bias. Results were
summarised in tables and text, stratified by chhindication for imaging (characterisation of
FLLs detected on routine surveillance of cirrhgsadients using un-enhanced US, detection
of liver metastases in patients with known primaurglignancy (colorectal carcinoma (CRC)),
characterisation of incidentally detected FLLs aigsed on un-enhanced US, assessment of
response to treatment in known liver malignancyd &mther stratified by target condition
(primary hepatocellular carcinoma (HCC), liver netdaes, or ‘any liver malignancy’) and/or
comparator test(s) (CECT, CEMRI, both), as appetpri The review included only one
group of four similar studies (comparable clinicalication, index test and comparator, target
condition and diagnostic criteria), and this granpluded one study which used a sub-
optimal reference standard. Pooled estimates dditgty and specificity, with 95% Cls,
were therefore calculated using a random effectdeinand forest plots were constructed,
showing the sensitivity and specificity estimatesnf each study together with pooled
estimates. A sensitivity analysis was undertakeasgess the effect of excluding the large
study which used a sub-optimal reference standhebe analyses were conducted using
MetaDiSc 1.4. Between study clinical heterogeneity was assegsetitatively, statistical
heterogeneity was assessed using the chi-squasteanie inconsistency was quantified using

the F statistic®

14



In the health economic analysis, the cost-effentdgs of contrast enhanced ultrasound using
the contrast agent SonoVue® (CEUS) for the assagsoh@dults with focal liver lesions, in
whom un-enhanced ultrasound or other liver imagminconclusive. The analyses focused
on those populations where clinical opinion indichthere was most likely to be a benefit
from the use of CEUS. These were also the popukatimm which most of the data on test
performance was derived (see above); specificaliyesstudies on the detection of metastases
included patients with primaries other than CRQ, these patients were in the minority, no
separate data were available for accuracy in detptiver metastases from primaries other
than CRC, and clinical opinion advised that liveztastases from CRC were the main focus
of testing as these were considered most likelypaosusceptible to successful treatment.
Therefore, the health economic analysis assessedalbe of CEUS in the following three
populations:

» Detection of hepatocellular carcinoma through sillarece of patients with cirrhosis;

» Detection of liver metastases in patients with mdtal cancer;

* Characterisation of incidentally detected foca¢tilesions.

Three separate models were used to assess theffemsiveness of CEUS in the above
populations:

» Accirrhosis surveillance model;

* Aliver metastases of colorectal cancer model;

* An incidentally detected focal liver lesions (FLinpdel.

In each model, CEUS was compared to contrast eeddacomputer tomography (CECT),
contrast enhanced magnetic resonance imaging wgdglinium as contrast agent (Gd-
CEMRYI) and/or contrast enhanced magnetic resoniameging using superparamagnetic iron
oxide as contrast agent (SPIO-CEMRI). In the motlesaverage costs, expected life years,
and expected quality adjusted life years per patiere calculated for each of the above

mentioned comparators, if evidence on test perfoomavas available.

The cirrhosis surveillance model was a modifiedsiaer of a model produced by the Health
Economics Group, Peninsula Technology AssessmemiiG{PenTAG), Institute of Health
Service Research, Peninsula Medical School (th&R@ncirrhosis surveillance modelj.
The population of interest consisted of persons witdiagnosis of compensated cirrhosis
deemed eligible to enter a surveillance programeged 70 years or less with no pre-existing
medical conditions that would preclude treatmerthviver transplant or hepatic resection

(including current alcohol or intravenous drug a)uslt was a probabilistic state transition
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(Markov) cohort model constructed using Excel. Tihe horizon was lifetime and the cycle

duration was one month. Patients in the model eseldp hepatocellular carcinoma (HCC).

In the base case analysis surveillance takes phaagy six months, and stops for people who
reach the age of 70 years old. During this sumsedé, through un-enhanced ultrasound
combined with CEUS, CECT or CEMRI for inconclusivm-enhanced ultrasound, the

probability of detecting a small (< 2 cm) or mediy*5 cm) HCC is dependent on the

accuracy of each test. In the base case, accurasypased on a study by Leoni et’alarge

(> 5 cm) tumours are always detected at survedlaticthe tumour is not detected (false

negatives), it grows and might be detected at the surveillance, or if the tumour becomes
symptomatic. Patients without HCC who are incotyetgiagnosed with HCC (false positives)

are assumed to be rapidly discovered before tredtme

The liver metastases from colorectal cancer masle modified version of the metastatic
model developed by Brush et'al The model was adapted to assess the cost-etiaetg of
CEUS compared to CECT and CEMRI in detecting masast from colorectal cancer after an
inconclusive un-enhanced ultrasound scan. The ptpal of interest consisted of patients
who had previously had surgical treatment for prif@RC and who, during routine follow-
up assessment, were identified as potentially lgpgimetastatic recurrence. A decision tree
combined with a probabilistic state transition (kar) cohort model, constructed using
Excel, was used. The time horizon was lifetime #mal cycle duration was one year. The
probability of correctly detecting absence or pnegeof metastases depends on the accuracy
of each test. In the base case, accuracy was lmesedstudy by Mainenti et af. In this
model, for patients with undetected metastasese(faégatives) it was assumed that the true
diagnosis would be identified within a year if thatient were still alive. These patients are
expected to have lower quality of life and progepsinly in the first year. In the base case
analysis, ppatients who are inaccurately diagnasedaving metastases (false positives)
receive biopsy through which the incorrect diagsasidiscovered. They are therefore not

unnecessarily treated.

Patients with incidentally detected FLLs can havevasiety of diseases, ranging from
malignant lesions such as HCC and metastases feratit types of benign lesions. The
prognosis and costs seen amongst patients diagnagedHCC were modelled using the
cirrhosis model, whilst the prognosis and costs ragab patients with liver metastases were
modelled using the liver metastases model. The maal in this assessment was a decision
analytic model with a lifetime time horizon. Theusces of diagnostic accuracy were the
findings from the systematic review performed at phthe assessment. The sensitivity and

specificity of CEUS and CECT in detecting any madigcy were based on the results of a
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meta-analysis of four studies. CEUS and CEMRI cauily be compared on the basis of one
study. All in all, the diagnostic accuracy resulfsthe three technologies were very similar.
The costs and prognosis of HCC patients (as welpatsents with other infrequently
occurring malignancies) were estimated using the&CH@bdel described above, whilst the
costs and prognosis of metastasis patients wessllmasthe metastasis model (also described
above). For different reasons, it was assumedpatiénts with an incorrect test result (i.e.,
false positive and false negative results) wouldteectly identified within one year. This

was a conservative assumption biased against CEUS.

The impact of uncertainty about the various inpatameters on the outcomes was explored

through sensitivity analyses.

1.4 Results

Twenty of the 21 studies included in the systemediiew were diagnostic test accuracy
(DTA) studies. The majority of included test acayratudies were judged to be at ‘low’or
‘unclear risk of bias with respect to the ‘indegtte’comparator test’ and ‘reference standard’
domains. Reporting quality was generally poor amdiaber of studies were only reported as
conference abstracts. ‘High'’ risk of bias ratings the ‘patient selection’ domain arose from
the use of a retrospective study design or frorppnapriate exclusions of particular patients
groups (e.g. exclusion of patients with a low philiy of malignancy). ‘High’ risk of bias
ratings for the ‘flow and timing’ domain most frezntly arose from exclusion of >10% of
patients from analyses. Test accuracy studiesdrarieerms of target condition, definitions of
a positive imaging test used by studies of the samgget condition, and lesion size assessed.
Overall, there was no clear indication that anyhef imaging modalities considered (CEUS,
CECT or CEMRI) offered superior performance for amfy the populations or clinical

applications considered.

Studies conducted in cirrhosis patients undergomgine surveillance all concerned the
differentiation of HCC from other lesion types imal to medium (<30 mm) FLLs. The
definition of a positive test for HCC varied acragsdies. Studies assessing CEMRI used
three contrast agents: gadolinium (Gd), a vascotaatrast agent; superparamagnetic iron
oxide (SPIO), a hepatocyte-specific contrast agemadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid-enhanced (GB-BOPA-CEMRI), a ‘combined’
vascular and hepatocyte-specific contrast agengrellwas no consistent evidence for any
significant difference in test performance betwélea three imaging modalities and three
MRI contrast media assessed. However, estimatesewditivity and specificity for each

imaging modality were inconsistent, even whereistidsed similar definitions of a positive
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test for HCC. One study indicated that CEUS inipaldr may be better at ruling out HCC in
FLLs between 11 and 30 mm (sensitivities for CEU8 @d-CEMRI were 91.9% and 94.6%,
respectively) than in small FLLs10mm (sensitivities 27.3% and 72.7%, respectively),
although this study did not use a definition of HG@hsistent with that given in the European
Federation of Societies for Ultrasound in Medicamal Biology (EFSUMB) guideline on the
use of CEUS? Inconsistent estimates of sensitivity across stdmean that it is unclear
whether CEUS alone is adequate to rule out HCElidus <30 mm in this population; CEUS
alone may be adequate to rule out HCC for FLLs @Q¥8n, where very small FLLs (<10

mm) are not considered.

Studies of the diagnosis of liver metastases usorgrast-enhanced imaging with vascular
contrast media (CEUS, CECT, and Gd-CEMRI) gave lamdefinitions of positive criteria

for liver metastases, where reported. In additiao, studies reported data for SPIO-CEMRI.
There was no consistent evidence for any differendest performance between the three
imaging modalities and different contrast mediaeased. Both per patient and per lesion
sensitivity estimates were generally high in alidies (>83% for all imaging modalities and
both MRI contrast agents in two studies of patievith CRC and >95% for both CEUS and
CECT in a third study of patients with various paityn cancers (majority CRC). The limited

data available indicate that CEUS alone may be wateqto rule out liver metastases in

patients with known primary malignancies.

The main target condition reported by studies ¢iepés with incidentally detected FLLs was
‘any malignancy.’ Studies were consistent in thigfinitions of the criteria for HCC, which
were similar to those reported in the EFSUMB guiaet® Studies reported per patient or
equivalent data. All studies reported no significdifference in the accuracy of CEUS and
CECT or CEMRI for the characterisation of focal BLIThe pooled estimates of sensitivity
for the detection of ‘any liver malignancy’ usindeGS or CECT were 95.1% (95% CI 93.3
to 96.6%) and 94.6% (95% CI 92.7 to 96.1%), respelgt and the corresponding specificity
estimates were 93.8% (95% CI 90.4 to 96.3%) antl @%% CIl 89.6 to 95.8), based on data
from four studies. The single study comparing CBAth CEMRI (using Gd-CEMRI in all
patients, with the addition of SPIO-CEMRI in an specified number of cases), reported
sensitivity estimates of 90.0% and 81.8%, respeltivand corresponding specificity
estimates of 66.7% and 63.0%. Data from one stodicated that combined imaging using
both CEUS and CECT, where a positive result oneeitlmodality was treated as ‘test
positive’, did not increase sensitivity. This, cdndad with the high estimates of sensitivity,

indicates that CEUS alone may be adequate to uilive malignancy in this population.
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Two Chinese language studies, comparing imagingafitas for the assessment of response
to treatment (cryosurgery and non-surgical treatjngm patients with HCC, reported per
lesion sensitivity estimates >95% and specificigfireates >80% for complete response,
using CEUS, CECT and CECT or Gd-CEMRI. These vanjtéd data indicate that CEUS
may provide information on response in patientateé@ for HCC. However, these data are
very limited and may not be directly applicabldJig clinical practice; further studies, ideally

conducted in a UK setting are required to confirmaihgs.

The only controlled clinical trial identified indated that the inclusion of CEUS in pre-
treatment imaging protocols for patients undergoadjofrequency ablation (RFA) for HCC

may reduce incidence of disease progression, ne®@ ki@l repeat RFA, and increase local
progression- and new tumour-free survival, compavetl un-enhanced US. However, this
was a small, non-randomised study, which had a earabmethodological weaknesses and
no difference was found in the primary outcomecsssful ablation. High quality RCTs are
needed to determine the relative effectivenessiftdrednt imaging strategies for treatment

planning.

Only one of the DTA studies included in this reviesported any information on adverse
events related to testing; the authors of thissttdted that there were no adverse events
associated with SonoVEieCEUS, but did not report any information about teenparator
technology Gd-enhanced CEMRI. None of the studiestified reported any information on

patient preferences.

The cost-effectiveness analysis of the use of CHbSatients with an inconclusive
unenhanced ultrasound test indicated that the uUS&EUS instead of CEMRI was considered
cost-effective. The use of CEUS instead of CECT wassidered cost-effectiva the

surveillance of cirrhosis and characterisationr@identally detected FLLs, while it
was similar in terms of costs and effects in theeci®n of liver metastases from

colorectal cancer.

In the surveillance of cirrhosis, CEUS was founthéoas effective as, but £379 (95%CI: £324
to £1,060) less costly than CECT. This indicates (BEUS dominates CECT. Gd-CEMRI
was found to be £1,063 (95%CI: £449 to £1,492) noaxgtly than CEUS, and gained 0.022
(95%CI: -0,002 to 0,050) more QALYs. This resuliedan ICER of £48,545 per QALY
gained. This ICER would be deemed unacceptablengivhreshold of £20,000 per additional

QALY. CEUS can therefore be considered the most-efdsctive option when used after
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inconclusive un-enhanced ultrasound. These basereaslts were based on one source for
accuracy, being Leoni et #l.Using the two other studies that compared CEUS GEET
corroborated the dominance of CEUS over CECT, shgvdven lower effectiveness of
CECT. CEUS was cost-effective compared to Gd-CEMRhost sensitivity analyses, except
when all positive un-enhanced ultrasound examinatigere subject to confirmatory testing
instead of only the inconclusive ultrasounds, afnvthe proportion of patients having an
inconclusive ultrasound was lower. In these twoesaSd-CEMRI was cost effective when
compared with. CEUS with ICERs of £12.806 and £28,Yespectively. However, using the
study by Blondin et af* as a source for test accuracy resulted in Gd-CEMRIg dominated
by CEUS.

In the diagnosis of liver metastases from colotezacer, CEUS was found to have similar
costs and effects compared to CECT. While at airfike time horizon they yielded equal
QALYs per patient, CEUS was found to cost £1 (95%€1.26 to £1.28) more than CECT.
Both Gd-CEMRI and SPIO-CEMRI were dominated by CE@This population because
they were more costly and equally effective. Howgewe this base case analysis it was
assumed that patients who were incorrectly diaghegéh liver metastases would receive
biopsy to discover this mistake before they weeatd. If this is not assumed, and patients
could receive unnecessary treatment, the lowerifspgcof CEUS had larger consequences.
Under this assumption, CEUS is both the most castly the least effective option, and Gd-
CEMRI dominates all other tests. However, it is sjiomable whether this would happen in
practice. If the proportion of patients having ns¢dses were higher, CEUS would dominate
the other tests. Based on the two other studieséparted accuracy data in this populafion,
'8 CEUS was found to dominate CECT Gd-CEMRI yielde@l@ (95%Cl: -0.063 to 0.062)
more QALYs, but was also £587 (95%CI: -£1,007 tg488) more costly than CEUS,
resulting in an ICER of £43,318 per QALY gained. thss is above a threshold of £20,000
per QALY, Gd-CEMRI would be deemed not cost-effeettompared to CEUS.

In the characterisation of incidentally detecteckfdiver lesions, CEUS was found to be very
slightly (0.00016 QALYs; 95%CI: -0.00110 to 0.00)4f0re effective than CECT, and £52
(95%CI: -£81 to -£22) less costly. Compared to CEMBEUS was also slightly more
effective (0.0039 QALYs; 95%CI: -0.0058 to 0.013&)d less costly (£131; 95%CI: -£194 to
-£69). An increased prior probability of maligndesions increased the QALYs gained by
CEUS compared to both CECT and CEMRI, thereby cuoniffig its dominance. Also when
the consequences of an incorrect diagnosis of H@Cnaetastases were made more or less
severe, CEUS dominated CECT and CEMRI. When tha slatirce for the performance of
CEUS and CECT was switched from the meta-analgsane of the four studies used in the
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meta-analysis, the cost-effectiveness results athigly slightly, and this did not alter the
dominance of CEUS over CECT.

1.5 Conclusions

The results of our systematic review suggest thmtoSué CEUS could provide similar
diagnostic performance to other imaging modali{@ECT and CEMRI) for the three main
clinical applications considered: characterisabbfLLs detected on surveillance of cirrhosis
patients using un-enhanced US; detection of livetastases in patients with known primary
cancers (CRC); characterisation of incidentallyedttd FLLs identified by un-enhanced US.
However, some caution is required in the interpi@taof these findings as studies were
generally small and heterogeneous with respecrget condition (HCC, liver metastases, or
‘any malignancy’), definitions of a positive imagirtest used by studies of the same target
condition, comparator imaging technologies andolessize assessed. Available data were
insufficient to draw firm conclusions of the effeeness of CEUS in treatment planning and

the determination of treatment response.

The cost-effectiveness analysis of the use of CEHU$atients with an inconclusive un-
enhanced ultrasound test indicated that the useEdfS instead of CEMRI was considered
cost-effective. The use of CEUS instead of CECT waasidered cost-effectiva the
surveillance of cirrhosis and characterisationramidentally detected FLLs, while it
was similar in terms of costs and effects in theeci®n of liver metastases from
colorectal cancerAlthough these conclusions can be very dependentthen actual
management of incorrectly diagnosed lesions, éxjgected that the use of CEUS can reduce
costs without reducing quality of life and survivél should be noted that experience with

using CEUS can have an important impact on diagnasturacy.

If the main use of liver imaging in these populatids considered to be rapid rule-out of
malignancy, equivalent diagnostic performance magiifficient for SonoVUeCEUS to be
preferred over other imaging modalities when unaertled US is inconclusive. A potential
advantage of using SonoVUEEUS would be the option of completing the assessmat the
same time as the initial un-enhanced US examinaiidthough this would be unlikely to
reduce waiting times (compared to other imaging afites) sufficiently to change clinical
outcome, the potential to provide more rapid digimavithout repeat hospital visits is likely

to be preferred by patients and may also reduds.cos
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1.6 Suggested research priorities

Standardisation of the definition positive imagtegt for each target condition (HCC,
liver metastases), followed by further, high qualXTA studies is needed to confirm
our findings, particularly in relation to surveitiee of patients with cirrhosis. Future
DTA studies should ideally compare the performaoicall three imaging modalities
(SonoVu€ CEUS, CECT and CEMRI) in the same patient grouy should also
report the numbers of patients in whom imaging \e#éich modality is non-diagnostic
as well as imaging-related adverse events; studmsparing all three imaging
modalities could provide a useful vehicle for tlodlexction of information of patients’
preferences. Further investigation of the potemtd of CEMRI, using both vascular
and hepatocyte-specific or ‘combined’ contrast &gemay also be warranted. The
ideal study to address questions of clinical effectess would be a large multi-centre
RCT, in which patients are randomised to receivethér testing/monitoring,
therapeutic planning and/or treatment based oneréifit imaging strategies
(SonoVu€ CEUS, CECT, CEMRI); evaluation in more than oneteis preferred,
in order to minimise performance bidsing-term, observational studies assessing the

clinical consequences of incorrect initial diagreos®y also be informative.
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2 OBJECTIVE

To compare the clinical and cost-effectivenessootiast enhanced ultrasound (CEUS) using
the contrast agent Sono\fueith contrast-enhanced CT and contrast-enhancetftfhe
assessment of adults with focal liver lesions (Flib)¥hom previous liver imaging has been

inconclusive.
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3 BACKGROUND AND DEFINITION OF THE DECISION PROBLEM(S )

3.1 Conditions and aetiologies

The indication for this assessment is the charigetgon of FLLs and detection of liver
metastases in adults and the target conditions n@akgnancies of the liver (primary

hepatocellular carcinoma (HCC) or liver metastases)

In the context of this assessment, the term fasabh in the liver refers to any focal area of
perceived difference seen on an imaging study aodrdng in one specific area of the liver.
FLLs can be broadly classified as benign (e.g. laagioma, focal nodular hyperplasia, focal
fatty infiltration or sparing and adenoma) or mahgt (e.g. primary hepatocellular
carcinoma, cholangiocarcinoma or liver metastasedf the detection or exclusion of
malignancy being the primary aim of diagnostic iimgg The distinction between benign and
malignant determines the individual's prognosis ahd subsequent treatment strategy.
Benign, asymptomatic liver lesions usually do remuire any treatment. Depending on the
specific type of lesion, the individual may be nored and the lesion rescanned in 6 to 12
months. Once a malignant lesion is identified itniportant to distinguish between primary
and secondary cancers as this is likely to impaet the individual is managed. Malignant
lesions may be treated by a range of interventinokiding chemotherapy, liver resection
(surgery), and local ablative therapy. The treatneémprimary hepatocellular carcinoma has
been addressed in published guidelife¥, and NICE has issued guidance on a number of
individual interventions for primary hepatocellulaarcinoma and liver metastases (see
Appendix 6). However, expert opinion suggests thaictice within the NHS may vary

significantly across regions based on cliniciarfgnence.

Although liver cancer is rare in the UK, (age-stamiised rates are 4.7 per 100,000 males and
2.9 per 100,000 femaléS)it is the second most rapidly increasing cancemaies and the
third in females, (increases of 38% and 28%, rasmdy, in the last decadéj.However, as

70 to 75% of FLLs assessed in the NHS may be befige possible benefit of CEUS may
therefore be rapid rule-out of malignancy, withaasated reduction in anxiety for patients
and families; current practice of referring pateewith inconclusive un-enhanced ultrasound
(US) for contrast-enhanced magnetic resonance mga@EMRI) and/or contrast enhanced

computed tomography (CECT), may result in a wageferal months.

Because SonoV{econtrast-enhanced ultrasound (CEUS) should be osgdwhere un-
enhanced US is inconclusive, we consider its piymapplication to be for the
characterisation of lesions (benign or malignamtpatients with known FLLs; most patients

who have already undergone un-enhanced US and awegdroceeded to CEUS are likely to
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have FLLs (seen at un-enhanced ultrasound), tharenatf which remains uncertain.
Detection of FLLs at un-enhanced US may be ‘indiden(FLLs detected in patients
undergoing abdominal US for symptoms and/or biodékeyn suggestive of possible liver
disease, or for other reasons un-related to peséilgr disease), or the result of routine
surveillance of patients with cirrhosis. CEUS magoaidentify additional FLLs over and
above those detected on un-enhanced ultrasouner,Q#devant applications include the
detection of specific types of malignant FLL (diger metastases from colorectal carcinoma
(CRC), recurrent or residual disease following timent of a known malignancy). A recent
systematic review reported ranges for the senitamd specificity of SonoV#eCEUS for
the detection of liver metastases from CRC of 76%00% and 95% to 100% respectivély,
but this review did not provide any comparison withe accuracy of other imaging

techniques.

3.2 Description of technologies under assessment (Sonm)

SonoVué& (Bracco UK Ltd) is a second generation contragtnagvhich uses sulphur
hexafluoride microbubbles for contrast enhancedhstiund (CEUS) imaging in adults. It is
used to enhance the echogenicity of the blood andhwus improve the signal to noise ratio in
ultrasound. SonoVdeshould only be used in patients where un-enhantdedsound is
inconclusive:® Low solubility gas contrast agents, such as SoeBVallow imaging at low
mechanical index which, in turn, leads to effectitissue signal suppressibh.First
generation agents have now been superseded bydsgeorration agents and are no longer

available in Europe.

SonoVu€ product information lists its applications as:

» Echocardiography — provision of opacification ofdiac chambers and enhancement
left ventricular echocardial border delineatiorpatients with suspected or known

cardiovascular disease.

» Doppler ultrasound of the macrovasculature — dietectr exclusion of abnormalities

in the cerebral arteries, extra-cranial carotiérégs, or peripheral arteries.

» Doppler ultrasound of the microvasculature — visirad) the vascularity of liver and

breast lesions for lesion characterisation.

The focus of this assessment was CEUS of the liver.
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SonoVue® consists of a kit containing a vial ofpswlr hexafluoride gas and phospholipid
powder, a pre-filled syringe of solvent (sodium aride solution) and a transfer and
ventilation system (mini spike). The saline is @gulnced into the vial by the mini spike
delivery system and once reconstituted, microbubate formed. These microbubbles are the
contrast agent which is injected into a peripheedh at the ante cubital fossa. When the
ultrasound probe is placed on the abdomen, ultrasauaves cause the microbubbles to

resonate so that a signal is picked up by a traresdand an image is formed on a screen.

As this contrast agent is a pure blood pool agemnains within the patient’'s blood vessels
and, depending on the type of lesion, it showstepaof uptake similar to that of CT or MRI
vascular contrast agents. The contrast agent kebrdown by the body after a few minutes
and the sulphur hexafluoride gas is exhaled throtlgh lungs and the phospholipid
component of the microbubble shell is metaboliseee(itering the endogenous phospholipid
metabolic pathway). The adverse event rate associsith the use of SonoViidor liver
imaging is likely to be similar to or lower tharathassociated with other imaging modalities
(CECT or CEMRI); a post-marketing study, published2006, included 23,188 abdominal
investigations and reported adverse events in 38s¢aof which only two were graded as

serious?

The dual blood supply of liver tissue from the hapartery (25-30%) and the portal vein
(70-75%) means that three vascular phases canshaligied using CEUS: hepatic arterial
phase (starting approximately 10 to 20 seconds affection of the contrast agent into a
peripheral vein and lasting for approximately 10 16 seconds); portal venous phase
(following the hepatic arterial phase and lastiilgapproximately 2 minutes after initial
injection); late phase (following portal venous ghand lasting until clearance of the contrast
agent from the hepatic parenchyma, up to 4 to Gtemarfter initial injection). The arterial
phase provides information on the extent and pattérvascularity in the lesion, and the
portal venous and late phases provide informatiothe washout of contrast agent from the

lesion compared with normal liver tisstie.

The European Federation of Societies for UltrasomnMedicine and Biology (EFSUMB)
produced guidelines and good clinical practice maoendations for CEUS in 2004. The
latest version of the guidelines was publishedd@®and is currently being up-datédrhe
2008 EFSUMB guidelines recommend the use of CEU$characterisation of FLL in the

following indications:

» patients with incidental findings on routine ulwasd
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» investigation of lesions or suspected lesions nowric hepatitis or liver cirrhosis

» investigation of lesions or suspected lesions trepts with a history of malignancy

» patients with inconclusive MRI/CT or cytology/hikigy results

» characterisation of portal vein thrombosis

and for the detection of FLL in the following indiwons:

e to rule-out liver metastases

» in selected cases, when clinically relevant foatimeent planning and as a

complement to CECT and/or CEMRI, to assess the puhd location of liver

metastases

» surveillance of patients with known malignancy

» suspected cholangiocarcinoma, where other imagingconclusive

» suspected liver trauma (in some situations

The EFSUMB guidelines provide information on theityl enhancement patterns associated

with various types of benign and malignant livesidms’® Table 1 shows the typical

enhancement patterns described for the malignaione considered in this assessment.

Table 1: Typical enhancement patterns of maligfzsdl liver lesions

Arterial phase Portal venous phase| Late phase
HCC in cirrhosis hyper-enhancing, completeiso-enhancing hypol/iso-enhancing
non-enhancing areas non-enhancing areas
HCC in non-cirrhotic liver hyper-enhancing hypo/non-enhancing  hypo/non-enhgnc
Liver metastases (hypovascular) | rim enhancement hypo-enhancing hypo/non-enhanc

Liver metastases (hypervascular)

hyper-enhancing,compleﬂe hypo-enhancing

hypo/mivasecing

When considering the post-treatment assessment atienps who have undergone

percutaneous ablation therapies, CEUS can potigntiadvide useful information where un-

enhanced ultrasound cannot. This is because ass®ssyh vascularisation and tissue

perfusion is essential to enable differentiatiotisfue necrosis from residual tumdur.
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Other similar ultrasound contrast agents (e.g. hityfi, Lantheus Medical Imaging and
Optisorf, GE Healthcare) are indicated for use in echoogrdphy only. Therefore, no

equivalent alternative technologies were considareldis assessment.

3.3 Comparators

Patients with inconclusive un-enhanced ultrasouredcarrently referred for CECT and/or
CEMRI. The comparators for this assessment arefitrer CECT and CEMRI. Contrast-
enhanced MRI generally uses gadolinium-based vascobntrast agents, which can
differentiate between benign and malignant FLLsedasn vascular enhancement patterns in
a similar way to CECT and CEUS. However, CEMRI loé fiver can also use hepatocyte-
specific contrast agents, such as superparamagrwtioxide (SPIO), which are taken up by
Kupffer cells in the normal liver and benign lesiaeind may therefore aid identification of
malignant lesions, which are generally deficientKinpffer cells, particularly where such
lesions are hypervasculf@r?*or ‘combined’ vascular and hepatocyte-specifictcst agents
such as gadolinium ethoxybenzyl diethylenetrianpeataacetic acid (Gd-EOB-DTPA) A
recent systematic review compared the accuracyondBue® CEUS, CECT and CEMRI for
the differentiation of malignant and benign livesibns. The reported that sensitivities were
88% (95% CI 79% to 84%), 90% (95% CI 88% to 92%) 86% (95% CIl 83% to 88%),
respectively, and corresponding specificities W% (95% CI 79% to 84%), 77% (95% CI
71% to 82%) and 81% (95% Cl 76% t 85%cHowever, these data were based on indirect
comparisons, and estimates for CEMRI combined studsing vascular contrast agent with

studies using hepatocyte-specific contrast agent.

CEUS could be included in the diagnostic pathwayaaseplacement for CECT/CEMRI
(Figure 1), or as a triage step to reduce the USECT/CEMRI (Figure 2).

Expert opinion indicated that biopsy would not lerfprmed on the basis of un-enhanced

ultrasound examination alone, therefore, biopsy me@sconsidered a relevant comparator for
CEUS.
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Figure 1: Diagnostic algorithm for liver imaging GEUS as a replacement test for
CECT/CEMRI
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Figure 2: Diagnostic algorithm for liver imagindCEUS as a triage test to reduce the use of
CECT/CEMRI
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3.4 Care pathways/current practice

FLLs found on un-enhanced ultrasound may be ‘imtiale (FLLs detected in patients
undergoing abdominal US for symptoms and/or biogk&yn suggestive of possible liver
disease, or for other reasons un-related to pes$i@r disease), or appear as the result of
routine surveillance of patients with cirrhosis; both cases investigation is focused upon
characterisation of lesions, primarily to determimbether they are benign of malignant.
Other relevant applications include the detectibspecific types of malignant FLL such as
liver metastases from colorectal cancer. The catleways for each of these applications are

described below.

In general, care pathways for patients with livealignancy are guided by prognosis.
Prognosis depends on both the stage of the tunmalioia underlying liver function. For any
care pathway, survival time of the patient is tley kariable of interest. Improvements in
survival by any therapeutic option are largely dejamnt on the disease stage at diagnosis. The

earlier the diagnosis, the greater the chancesateessful treatment.

3.4.1 Incidentally detected FLL

A focal lesion in the liver refers to any tissuaabmality occurring in one specific area of the
liver. FLLs can be classified into two main catégey namely, benign or malignant. Benign
FLLs include haemangioma, focal nodular hyperplakiaal fatty sparing and adenoma.
Malignant FLLs include primary cancer of the livknown as hepatocellular carcinoma, and
secondary cancers of the liver (metastases) negulfiiom primary cancers occurring

elsewhere in the body (for example colorectal cgnbeeast cancer, lung cancer and

pancreatic cancer).

Once a lesion has beeancidentally detected in an individual the foremost concerrtois
differentiate between benign and malignant lesiobis distinction determines the
individual’'s prognosis and the subsequent treatnsénategy. Benign liver lesions, due to
their asymptomatic nature, often require no treatmm such cases, it is common for the
individual to be monitored and the lesion rescannegt12 months. Once a malignant lesion
is identified it is important to distinguish betweprimary and secondary cancers as this is
likely to impact how the individual is managed. Mahknt lesions may be treated by a range
of interventions including chemotherapy, liver mgmn (surgery), and radiofrequency
ablation.) A fine needle aspiration biopsy to assighe diagnosis is not always needed and
involves the risk of bleeding and the seeding afphastic cells (along the needle tract). It has
been argued that the biopsy provides little adddtioinformation beyond what can be
established from a patient history, medical exationalaboratory testing and imagifg.
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3.4.2 Cirrhosis surveillance

Guidelines form the UK hepatocellular group adwisat for all patients with cirrhosis who
might be suitable candidates for treatment for tegmlular carcinoma (HCC), surveillance
using abdominal ultrasound and alpha-fetoproteitimesion should be considered. If
surveillance is offered, it should involve abdonhinlirasound assessments in combination
with serum alpha-fetoprotein estimation at six rhoribtervals. If the ultrasound is
inconclusive, confirmatory testing will take placsing contrast-enhanced CT (CECT) or
contrast-enhanced MRI (CEMRI). The decision abduttiver to use CEMRI or CECT as the
next imaging modality, following the initial ultrasnd scan, is highly dependent on clinician
preferences and local availability. While CEMRI general has a better sensitivity and
specificity than CECT for the detection and chadsttion of FLLs, the main disadvantage
of MRI is the often long waiting times. This imgig¢hat it can sometimes take up to six
months for the presence or absence of a FLL tooh&rmed. A focal lesion in the liver of a
patient with cirrhosis is highly likely to be HCEBiopsy is rarely required for diagnosis as
this can usually be established radiologically, a@eding of tumour in the needle tract occurs
in 1 to 3%. Therefore, it is advised to avoid bipms potentially operable lesions where
possible. An HCC can be curatively treated withgewy, either hepatic resection or liver
transplantatior’® Palliative treatments include percutaneous ethiajettion, radiofrequency

ablation and transarterial chemoembolisation.

Surgical resection is the treatment of choice f@CHin non-cirrhotic patients. Cirrhotic
patients need to be carefully selected for resedigcause they are especially prone to post-
operative liver failures and increased risk of He&urvival after resection improves if the
disease is diagnosed during the very early stagem liver function is preserved, the patient
is asymptomatic and the nodule size is small (singl2 cm) and can then exceed 50% at 5
years. Taking liver function into account can hlpdentify patients in whom the resection
could lead to decompensation of the liver and dewaffiere resection might not be the
treatment of choice. In contrast more advanced lwmours preclude resection. Commonly
the indication for resection is limited to patientith single tumours in the liver, without
signs of vascular invasion and dissemination byttimour. Benefits from other treatment
options, such as adjuvant chemotherapy, are uirteRacurrence of HCC is very frequent
and exceeds 70% at 5 years. Repeated resectiassthfe if intra-hepatic dissemination of
the tumour has not occurred. Liver transplantaisosn option for early stage HCC (< 5¢cm or
with up to 3 nodules < 3 cm), but is not recommehfiie more advanced stages. If resection
or transplantation are not appropriate, percutami@blation (local tumour cell destruction by

chemicals or temperature) can be applied to patieith early stage HCC.
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Non-curative (palliative) treatment options maycoasidered when disease has progressed to
medium or more advanced stages, and surgery outpesnus ablation are not considered
appropriate. During tumour growth, the tumour beesrhighly arterialised, meaning most
blood that supplies the tumour is from the hepatiery. During transarterial embolisation
(TAE) acute arterial obstruction is provoked, whaauses ischemic tumour necrosis. If TAE
is combined with a chemotherapeutic agent, whidhjected into the hepatic artery prior to
the procedure, the procedure is called transartelemoeembolisation (TACE). TACE is
indicated if the tumour has multiple nodules, withaffecting blood vessels or dissemination
outside the liver. Completeness of necrosis of tilmaour is rarely achieved after one
treatment, thus treatment needs to be repeatedatéimees. Response to treatment improves
survival which varies from 20% to 60% at 2 yeaepehding on tumour stage, liver function
and general health status. Systemic chemotherapgating HCC is sometimes used, though
is not recommended by the American Association tiee Study of Liver Diseases
(AASLD)."

Patients at an advanced stage of the diseasectdrémad by failure of liver function, tumour
growth and dissemination or physical impairment wit benefit from the above treatments
and might therefore be enrolled in trials of neverstg. In the terminal stage symptomatic

treatment is appropriat¥.

3.4.3 Liver metastases for colorectal cancer

For cancers of both the colon and the rectum, sakgesection is the mainstay of definitive
treatment® After surgical resection, patients may presenh wiletastases. Metastases often
first occur in the liver and may be the only sitespread in 30 to 40% of patients with
advanced disead&For a patient discovered to have isolated livetastases, CT of the chest,
abdomen, and pelvis should be performed to determimether metastases at multiple sites
are present. Isolated liver metastases of coldrecigin are commonly resected, with or
without pre-operative chemotherapy. In cases oflistiveer metastases, colon and liver
resection might also be combined in one surgerytabases at multiple sites may also be
resected, with or without chemotherapy, or will gliatively treated. If resection is not
appropriate, systemic treatments, such as chenagtphén combination with other medication
may be performed, however, response to treatmegrrigrally poor. Ablative therapy may
also be considered, however, this is only recomménth the context of randomised
controlled trials. As with HCC, recurrence of mégaes after liver resection occurs in up to
60% of the patients.
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Patients without metastases are advised to undergdar surveillance with a minimum of
two CTs of the chest, abdomen and pelvis in thst fihree years and regular serum
carcinoembryonic antigen tests (at least every 6thwin the first 3 yearsy.Follow-up after
liver resection is very dependent on local protscbut may include CT chest and liver and

carcinoembryonic antigen testing for five years.
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4 ASSESSMENT OF CLINICAL EFFECTIVENESS

A systematic review was conducted to summarisectligence on the clinical-effectiveness
of SonoVué contrast-enhanced ultrasound, for the assessrhémtad liver lesions in adults
with previously inconclusive liver imaging. Systdimareview methods followed the
principles outlined in the Centre for Reviews angssemination (CRD) guidance for
undertaking reviews in health care, the NICE DiagicoAssessment Programme interim

methods statement and the Cochrane Handbook fgnbitic Test Accuracy Reviews: *

4.1 Inclusion and exclusion criteria

Participants
Study populations eligible for inclusion were:
Adults £18 years) in whom previous liver imaging has bewomclusive, including patients
being assessed for:
e Suspected primary hepatocellular carcinoma (HCC)
» Suspected secondary malignancy (liver metastases)

* Response to treatment/recurrence of known livergmahcy

Setting

Relevant settings were secondary or tertiary care.

Interventions

The intervention (index test) was SonoVI@EUS

Comparators
Comparators tests eligible for inclusion were:
* Contrast-enhanced computed tomography (CECT)

» Contrast-enhanced magnetic resonance imaging (CEMRI

Reference standard

Studies reporting the diagnostic accuracy of SomSVQEUS for the detection of liver
malignancies were required to use histology, folimabiopsy or surgical excision, to confirm
diagnosis in patients with positive index test hsslPatients who test negative on the index
test will generally not undergo biopsy or surgit@atment; clinical/radiological follow-up
for a minimum of six months was therefore consideme acceptable reference standard in

these patients.
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Protocol modification — The reference standard esie were extended, for studies on the
characterisation of FLLs only (suspected HCC), malide studies which use European
Association for the Study of the Liver (EASL)/Anaari Association for the Study of Liver

Diseases (AASLD) non-invasive diagnostic criteti@o(concordant imaging test results) as
the reference standard. This modification does aygly to test accuracy studies on the
detection of liver metastases. This extension efititlusion criteria was made because
clinical opinion indicated that biopsy of smallstepositive lesions may be considered un-
ethical in this population and that the originaliterion (biopsy for imaging test positive

patients/lesions and 6 months follow-up for imagiegt negative patients/lesions) may,

therefore, result in important studies being exelid

Outcomes
Studies reporting the following outcomes were co&sd relevant:

» Effect of testing on treatment plan (e.g. surgarainedical management, or palliative
care), where information on the appropriatenestheffinal treatment plan is also
reported

» Effect of pre-treatment testing on clinical outcorfeg. overall survival, progression
free survival)

* Prognosis- the ability of test result to predidhiclal outcome (e.g. overall survival,
progression free survival, response to treatment)

 Test accuracy and number of patients/lesions fiadsias non-diagnostic by
SonoVu€ CES

For included studies reporting any of the aboveaut measures, the following outcomes
were considered, if reported:
» Acceptability of tests to patients or surrogate suees of acceptability (e.g. waiting
time and associated anxiety)
» Adverse events associated with testing (e.g. aiapisbbia, reaction to contrast
media)
* Additional FLLs detected by CEUS, over and aboves¢hseen on un-enhanced

ultrasound
Radiation exposure was not considered a relevanbme, as the population is mostly older

adults in whom additional incident cancers duentading-related radiation are likely to be

minimal. In addition a previous technology assesgnieew generation CT for cardiac
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imaging) showed that including radiation exposurenodelling did not influence the results

of cost-effectiveness analys@s.

Study design
The following study designs were eligible for irgion:

* Randomised or non-randomised controlled trials, re/tparticipants are assigned to
the intervention or comparator tests, for treatmplainning, and outcomes are
compared at follow-up.

» Observational studies which report the results oltimariable regression modelling
with clinical outcome (e.g. survival, responsergatment) as the dependent variable
and index test result as an independent variablduded studies should control
adequately for potential confounders (e.g. age,otumnstage, previous treatment,
results of other imaging).

* Test accuracy studies, where the index test wagpawd with one or more of the
comparators and the reference standard. Test agcsiadies of the index test alone
were included where these were conducted in patigho had previously undergone
one or more of the comparator tests (e.g. a stéitlyecaccuracy of SonoV{idor the

diagnosis of HCC in patients with inconclusive fimgs on CECT).

Included test accuracy studies, were required piortehe absolute numbers of true positive,
false negative, false positive, and true negatidex test results, or sufficient information to

allow their calculation.

The following study/publication types were excluded
* Pre-clinical and animal
* Reviews, editorials, and opinion pieces
» Case reports
» Studies reporting only technical aspects of the t'edmage quality

» Studies with <10 participants

4.2 Search strategy
Search strategies were based on target conditidnirdervention, as recommended in the
Centre for Reviews and Dissemination (CRD) guidafizeundertaking reviews in health

care and the Cochrane Handbook for Diagnostic Aestiracy Reviews:
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The following databases were searched for relestdies from 2000 to September/October
2011:

+ MEDLINE (2000-2011/09/wk 4) (OvidSP)

« MEDLINE In-Process Citations and Daily Update (2€2@1/10/05) (OvidSP)

«  EMBASE (2000-2011/wk 39) (OvidSP)

« Cochrane Database of Systematic Reviews (CDSR) hf@pe Library Issue
10:2011) (Wiley)

« Cochrane Central Register of Controlled Trials (OQEML) (Cochrane Library Issue
4:2011) (Wiley)

- Database of Abstracts of Reviews of Effects (DARRP00-2011/10/06) (via
Cochrane Library)

« Health Technology Assessment Database (HTA) (2@13+20/06) (via Cochrane

Library)

- Database of Abstracts of Reviews of Effects (DARE)11/01/01-2011/10/06) (CRD
website)

« Health Technology Assessment Database (HTA) (2010162011/10/06) (CRD
website)

« Science Citation Index (SCI) (2000-2011/10/06) (Vééscience)
* NIHR Health Technology Assessment (HTA) (2000-201idernet)

Supplementary searches were undertaken on thewintio resources to identify grey

literature, completed and ongoing trials:

* NIH Clinicaltrials.gov (2000-2011/10/07) (Internet)
http://www.clinicaltrials.gov/

e Current Controlled Trials (2000-2011/10/07) (In&n
http://www.controlled-trials.com/

*  WHO International Clinical Trials Registry PlatfordCTRP) (2000-2011/10/07)

(Internet)

e  http://www.who.int/ictrp/en/
* EU Clinical Trials Register (EU CTR) (2000-2011/28) (Internet)

https://www.clinicaltrialsreqgister.eu/

Searches were undertaken to identify studies ob@ai/sulphur hexafluoride CEUS in the
diagnosis of liver cancer (primary and metastasés}. main Embase strategy for each set of
searches was independently peer reviewed by a ddodormation Specialist, using the
PRESS-EBC checklist. Search strategies were developed specificallgéoh database and
the keywords associated with liver cancer (primamng metastases) were adapted according
to the configuration of each database. Searchdsitwo account generic and other product
names for the intervention. No restrictions on laage or publication status were applied.
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Limits were applied to remove animal studies. Bekirch strategies are reported in Appendix

1.

Electronic searches were undertaken for the foligvdonference abstracts:

European Federation of Ultrasound in Medicine & I8y (EUROSON) (2007-
8,2011) (Internet)

2011 =http://www.wfumb2011.org/index.php?pid=70

2008 =https://www.thieme-
connect.com/ejournals/toc/ultraschall/33697/grogf5d161

2007 =http://www.interplan.de/pages/euroson2007/front tepnphp?idcat=82
Radiological Society of North America (RSNA) (202610) (Internet)

2010 =http://rsna2010.rsna.org/search/search.cfm

2009 =http://rsna2009.rsna.org/search/search.cfm

2008 =http://rsna2008.rsna.org/program.cfm

2007 =http://rsna2007.rsna.org/rsna2007/v2007/conferénacdlcvn

2006 =http://rsna2006.rsna.org/rsna2006/v2006/conferémacd.cvn

European Congress of Radiology (ESR) (2006-20té¢i(ihet)

2011 =
http://www.myesr.org/cms/website.php?id=/en/pastgcesses/ecr_2011/ecr_2011
book of abstracts.htm

2010 =

http://www.myesr.org/cms/website.php?id=/en/ecr @Bdok of abstracts.htm
2009 =

http://www.myesr.org/cms/website.php?id=/en/ecr 266r 2009 book of abstract
s.htm

2008 =http://www.abstractsonline.com/viewer/?mkey={9AF335128-444B-
9D15-447022358A3F}

2007 =http://www.abstractsonline.com/viewer/?mkey={9A28685BBE-4366-
AE14-5AC99DF8F8E4}

2006 =http://www.abstractsonline.com/viewer/?mkey={674&5AD7A5-44B0-

B8D4-4E2E51850B06}

We planned to search British Medical Ultrasound i&gc(BMUS) conference abstracts

(2006-2011), but these were not available on-line.

Identified references were downloaded in Endnotes¥f#tware for further assessment and

handling.

References in retrieved articles were checkeddditimnal studies.

4.3

Inclusion screening and data extraction

Two reviewers (MW and VG) independently screenegltities and abstracts of all reports

identified by searches and any discrepancies wispeissed and resolved by consensus. Full

copies of all studies deemed potentially relevaftér discussion, were obtained and the same

two reviewers independently assessed these fansioci; any disagreements were resolved
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by consensus. Details of studies excluded at thep&per screening stage are presented in

Appendix 5.

Studies listed in submissions from the manufactaf&@onoVué&, Bracco UK Ltd, were first

checked against the project reference databas&ndmote X4; any studies not already
identified by our searches were screened for immtullowing the process described above.
Studies referenced by manufacturers and excludétedull paper screening stage are noted
in Appendix 5. Appendix 5 also includes a list tfdies, referenced by manufacturers, which

were excluded at title and abstract screening.

Where there was insufficient information for futiciusion assessment, study authors were

contacted for clarification.

Data were extracted on: study details (study deggrticipant recruitment, setting, funding,
stated objective, and clinical indication for tagtirelevant to this assessment for which data
were reported); study participants (total numberpafticipants and total number of FLLs,
study inclusion criteria, study exclusion criterjgarticipant age and gender distribution,
participant characteristics relevant to liver candsk, lesion size, and final diagnoses);
details of index test, comparator(s) and refereaadard (technical details of the test, details
of who interpreted tests and how, threshold usedefine a positive test); study results. All
but one of the studies included in the review wBTA studies and the results extracted for
these studies were: unit of analysis (patient siol®; numbers of true positive (TP), false
negative (FN), false positive (FP) and true negafiN) test results; numbers of patients, or
lesions classified as non-diagnostic by Son6V@EUS and or comparator(s). The remaining
study was a controlled trial which compared assessmith conventional imaging (CECT or
CEMRYI) plus un-enhanced US to assessment with ctiorel imaging (CECT or CEMRI)
plus SonoVu@ CEUS prior to radiofrequency ablation (RFA); datarevextracted from this
study to calculate odds ratios (ORs) and meanrdifiees for dichotomous and continuous
patient-relevant outcomes, respectively. Data we&teacted by one reviewer, using a piloted,
standard data extraction form and checked by anse@dW and VG); any disagreements
were resolved by consensus. Chinese language stwdie extracted by one reviewer (MW)
working with a native speaker (KL) and the only @an language study was extracted by
one reviewer and checked by a second (VG and HR&ta extraction tables are provided

in Appendix 4.
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4.4 Quality assessment

The evidence-based QUADAS td%f* is recommended for assessing the methodological
quality of test accuracy studié$.A revised version of QUADAS (QUADAS-2) has recgntl
been published www.QUADAS.org QUADAS-2 more closely resembles the approach and

structure of the Cochrane risk of bias tool. Itdisided into four key domains covering
participant selection, index test, reference stahdind the flow of patients through the study
(including timing of tests). Each domain is rated fisk of bias (low, high, or unclear) and
the tool provides signalling questions, in each dimnto aid reviewers in reaching a
judgement. The participant selection, index test eaference standard domains are also,
separately rated for concerns regarding the applittaof the study to the review question
(low, high, or unclear). Thus, QUADAS-2 separates lirom external validity (applicability)
and does not include any items which only assgssrtiag quality. The QUADAS-2 tool
does not currently include domains specific to dssessment of studies comparing multiple
index tests, such as those included in this asssgsfurther development of QUADAS-2 in
this area is planned. A modified version of the QUAS-2 tool, which includes an additional
domain for the comparator test and additional digngaquestions in the ‘flow and timing’
domain, has been used in this assessment. Revimifisgguidance was produced for the use

of the modified version of QUADAS-2 and is reportadippendix 2.

The results of the quality assessment are sumrdaaise presented in tables and graphs in the
results of the systematic review (section 4.6) aredpresented in full, by study, in Appendix
3. No diagnostic accuracy data set included indssessment was of sufficient size to allow
statistical exploration of between study heteroggnmased on aspects of risk of bias. The

findings of the quality assessment were used twimmfrecommendations for future research.

The risk of bias in the controlled clinical trialagr assessed using a table based on the

Cochrane Collaboration’s tool for assessing riskiag®

4.5 Methods of analysis/synthesis

The results of DTA studies included in this revieare summarised by clinical indication for
imaging (characterisation of FLLs detected on rmusurveillance of cirrhosis patients using
un-enhanced US, detection of liver metastases tierga with known primary malignancy,
characterisation of incidentally detected FLLs s@iged on un-enhanced US, assessment of
response to treatment in known liver malignancy] &ather stratified by target condition
(HCC, liver metastases, or ‘any liver malignan@nd/or comparator test(s) (CECT, CEMRI,
both), as appropriate. For all included studies, absolute numbers of true positive, false
negative, false positive and true negative tedtlt®sas well as sensitivity and specificity
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values, with 95% confidence intervals (Cls) weresgnted in results tables, for index test,
comparator and target condition reported. Wheretipheldata sets were reported, (e.g. for
per patient and per lesion data, different diagoastteria, different lesion sizes,) these were
extracted in full. Data on the numbers of non-dait tests were also included in the results
tables and described in text summaries. No stualgrted data on patient preferences and one
study reported absence of index test-associateerselevents; the latter was recorded in the

relevant results table.

Where groups of similar studies (comparable clinigdication, index test and comparator,
target condition and diagnostic criteria) includiedir or more data sets, we planned to
construct summary receiver operating character{8ROC) curves and calculate summary
estimates of sensitivity and specificity, with 95@ls using the bivariate modelling
approach®®’ four data sets are the minimum requirement tméitlels of this type. However,
the review included only one group of four simidmdies, and this group included one study
which used a sub-optimal reference standard (agited in the protocol modification noted
in section 4.1). Pooled estimates of sensitivitgl apecificity, with 95% Cls, were therefore
calculated using a random effects model and fopéstls were constructed, showing the
sensitivity and specificity estimates from eachdgtuogether with pooled estimates. A
sensitivity analysis was undertaken to assess fteet ef excluding the large study which

used a sub-optimal reference standard; these @salyere conducted using MetaDiSc 1.4.

Between study clinical heterogeneity was assessalitatively. Statistical heterogeneity was
assessed, for the one meta-analysis undertakery th@ chi-squared test and inconsistency
was quantified using thé btatistic® though these measures are of limited value giten t
small number of studies involved. There were nadats of sufficient size (minimum ten) to
allow statistical exploration of sources of hetenogjty by including additional co-variables
in the SROC model.

Where meta-analysis was considered unsuitable Her data identified (e.g. due to the
heterogeneity and/or small numbers of studiesyjiestuwere summarised using a narrative
synthesis. Text and tables were stratified by clihiindication and target condition, as
described above. Where appropriate, the resuitsdofidual studies were plotted in the ROC

plane.

4.6 Results of the assessment of clinical effectiveness
The literature searches of bibliographic databadestified 854 references. After initial
screening of titles and abstracts, 175 were corgid® be potentially relevant and ordered
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for full paper screening. No additional papers wangkered based on screening of the industry
submission; all studies submitted had already hidentified by bibliographic database
searches. No additional studies were identifiethfiearches of clinical trials registries. Of
the total of 175 publications considered potentiatllevant, thre&*° could not be obtained
within the time scale of this assessment; these Weld in British Library stacks which are
currently closed for asbestos removal, or werehetd by the British Library. Four studies,
reported as conference abstracts, did not contdiitient information to complete inclusion
assessment and authors were contacted for additiofeamation®** one response was
received and all four studies were finally excludéture 3 shows the flow of studies
through the review process, and Appendix 5 providkgails, with reasons for exclusions, of

all publications excluded at the full paper scragrstage.

Based on the searches and inclusion screeningilblieds@bove, 19 publications of 18 studies
were included in the review. Hand searching of eoerice proceedings resulted in the
inclusion of a further three studies, which weréljsined in abstract form onf§*” A total of

21 studies in 22 publications were, therefore uided in the review.

All but one of the included studies were test aacurstudies; of the 20 test accuracy studies,
seven concerned the use of SonoV@&EUS for the characterisation of FLLs detected at
routine surveillance of patients with cirrho8ls!* “®*2four assessed the performance of
SonoVué& CEUS for the detection of liver metastases in pégievith known primary cancers
(CRC)! > 18 %Sgjx concerned the use of SonoVuBEUS for the characterisation of
incidentally detected FLL%; ***"and three considered the use of SonS\MTEUS to assess
response to treatment in patients with liver cafite? *° The remaining study was a
controlled trial which compared assessment withveational imaging (CECT or CEMRI)
plus un-enhanced US to assessment with conventiomeging (CECT or CEMRI) plus
SonoVu€ CEUS prior to RFA? This study reported the following patient-relevantcomes:
successful ablation, tumour progression, incidesfceew HCC, incidence of repeat RFA,

local progression-free survival, new tumour-freevaal and post-therapy complications.

All included studies were published 2006 or lateixteen of the 21 included studies were
conducted in Europe (the majority in Italy or Spaamd the remaining five studies were
conducted in China (including two Chinese languagelications). Two studies reported
funding from the manufacturer of SonoViu& *” and 13 studies did not report any

information on funding sources.
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Table 2 shows the details of included studies,dh@cal indication for imaging for which
they reported data, and the target conditions @mynHCC, liver metastases, ‘any liver
malignancy’, or response to treatment) and compatasts assessed. Further details of the
characteristics of study participants and the teethmetails of the conduct of the index test
(SonoVué& CEUS), comparator test(s) and reference standaneérévapplicable) and their

interpretation are reported in the data extradiidntes presented in Appendix 4.
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Figure 3: Flow of studies through the review praces
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Table 2: Included studies
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Blondin 2011 Retrospective analysis basgtlo compare the diagnostia v v DTA
on a search of the accuracy of CEUS and Accuracy data
radiological information heptaobiliary contrast- (characterisation
system between January | enhanced MRI of the liver of FLLs detected
2007 and March 2009. in evaluating focal liver at cirrhosis
lesions in patients with live surveillance):
cirrhosis.’ HCC versus
benign.
Catala 2007 Prospective cohort of adult| ‘To compare the diagnosti¢ v |V v v |V DTA

(>18 years) patients with
FLLs detected on US.

December 2002 to August
2003

Single centre

Spain

accuracy of real-time
evaluation by CEUS using
SonoVue versus SCT in th
characterisation of FLL ang
to determine the degree of
correlation between the twi
techniques.’

Accuracy data
(characterisation
of incidentally
detected FLLSs):
Separate data for
HCC, liver
metastases, and
any liver
malignancy.
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One author supported, in
part, by a grant from the
Carolina Foundation
Chen 200? Prospective controlled ‘To evaluate the use of v v v | CCT
related clinical trial of patients with| CEUS in assessing patients
publicatiorf* HCC who were being for RFA and to compare the
excluded as assessed before RFA efficacy of RFA after CEUS
duplicate treatment. with the efficacy of RFA

July 2002 to March 2005
Single Centre
China

Funding NR

after US.’
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Clevert 200% Prospective cohort of To assess the diagnostic v va DTA
consecutive patients with | performance of CHI with Accuracy datg
suspected liver malignan@y. SonoVué& compared with (detection of liver
biphasic multi-slice CECT, metastases).
Recruitment dates NR for the detection of
malignant liver lesions.
Two centre
Germany
Funding NR
Dai 2008° Prospective cohort of ‘To investigate the v v DTA

consecutive patients with
confirmed cirrhosis, withou
extrahepatic malignancy,

diagnostic value for
indeterminate small (1-2
cm) hepatic nodules

who had indeterminate livefr detected by surveillance

nodules on surveillance US

March 2004 to March 2005

.ultrasound in patients with
cirrhosis using CEUS
compared with helical
CECT.

Accuracy data
(characterisation
of FLLs detected
at cirrhosis
surveillance):
HCC versus
benign.
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Single centre
China
Funding NR
Feng 2007 Prospective cohort of ‘To evaluate the role of v v | DTA

Chinese language

patients with known liver
malignancy (21 HCC, 3
metastases), undergoing
cryosurgery.

November 2004 to Februar
2006

Single centre

China

y

Funding NR

CEUS in assessing the short

term therapeutic response
hepatic carcinoma with
cryosurgery.’

of

Accuracy data
(detection of
treatment
success).

48



Study ID Study design Objective cl ol o| ol »| v| = | = |Study design and
Wl g S| 8| 2| 2| @ @ |outcome
~| 31 3| 3| =] 3| 8| 9
O| T | ©| © = | 9 0 S | extracted
= @ Q ) = T n S
¢ 21 3| 3| 3 ol 2 -
QD S5 = = % [%2)
5 3 2 @} c
2| o Ol O g S
«Q m m S o]
3/ 3| 9| 2| 8 o
3 «Q — By Q )
(7))
o
>
<
Flor 2010° Prospective cohort of ‘To evaluate the role of v DTA
(abstract only) patients with known plain US and CEUS in Accuracy data
primary cancer and characterising small (detection of liver
indeterminate liver lesions | indeterminate MDCT- metastases).
on MDCT. detected focal liver lesions
in patients with known
Recruitment dates NR primary cancer.’
Single Centre
Italy
Funding NR
Forner 2008 Prospective cohort of ‘To evaluate the accuracy of v v DTA
asymptomatic patients with CEUS and dynamic MRI Accuracy data
Child-Pugh A-B cirrhosis | for the diagnosis of nodules (characterisation
and no history of HCC, with 20 mm or smaller detected of FLLs detected
a new liver nodule detected during US surveillance.’ at cirrhosis
on surveillance US. surveillance):
HCC versus
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Study design
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November 2003 to August benign

2006
Two centre
Spain and USA

Supported by grants from:

Instituto de Salud Carlos I,

Spain; BBVA foundation;
Fundacion Cientifica de la
Asociacion Espafiola de
Ayuda contra el Cancer,
Spain, grant no.s. P1 05/15
06/132 and 05/645.
NIH-NIDDK grant no.
1R01DK076986-0
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Gierblinski 2008* | Prospective cohort of ‘To determine if CEUS is DTA

patients with incidentally
detected solid liver lesions,
referred for biopsy.

June 2005 to March 2006
Single centre

Poland

Funding NR

an accurate method to
differentiate FLLs and
reduce the need for fine
needle biopsy.’

Accuracy data
(characterisation
of incidentally
detected FLLS):
any malignancy
versus benign

Giorgio 2007°

Prospective study of
consecutive patients with
cirrhosis and a single liver
nodule<30 mm identified
on surveillance US.

September 2003 to June
2004.

the characterisation of sma

enhanced MRI.’

‘To evaluate the role of low
mechanical index CEUS fo

HCC in cirrhotic patients,
by comparing results to
ultrafast gadolinium-

=

DTA

Accuracy data
(characterisation
of FLLs detected
at cirrhosis
surveillance):
HCC versus
benign
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Single centre
Italy
Funding NR
Jonas 201%F Prospective study of ‘To assess the sensitivity v |V v DTA
(abstract only) consecutive patients with | and specificity of 4 imaging Accuracy data
CRC metastases, who werg modalities (CEUS, CECT, (detection of liver
considered candidates for | CEMRI, and FDG-PET) in metastases)
curative surgery and who | detecting liver metastases n

underwent complete pre-
operative work-up.

2005 to 2007
Single centre
Sweden

Funding NR

patients with colorectal
cancer.’
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Leoni 2016° Retrospective analysis of a ‘To assess the diagnostic v |V v DTA
study of consecutive contribution of vascular Accuracy data
patients with cirrhosis 1 to 3 contrast-enhanced (characterisation
liver nodules (1-3 cm) techniques and the possibl of FLLs detected
detected at surveillance US.additional contribution of at cirrhosis
SPIO MRI for the diagnosis surveillance):
September 2003 to of HCC in cirrhosis.’ HCC versus
November 2005 benign
Single centre
Italy
No financial support
Li 2007°° Prospective study of ‘To compare the efficacy o v v DTA

patients with FLLs detected

at US and un-enhanced CT

Recruitment dates NR

contrast-enhanced pulse-
.inversion harmonic
sonography for the
characterisation of focal

liver lesions with that of

Accuracy data
(characterisation
of incidentally
detected FLLS):

any malignancy
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Single centre contrast-enhanced helical versus benign.
CT.
China
Supported by the Clinical
New Technology
Foundation of Southwest
Hospital (SWH2005A004)
Littich 2006° Cohort of patients with v v | DTA

(abstract only)

HCC undergoing RFA
treatment.

Recruitment dates NR
Single centre
Spain

Funding NR

Accuracy data
(detection of
treatment
success).
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Mainenti 201 Prospective study of ‘To compare CEUS, v |V v DTA
consecutive patients with | MDCT, MRI with extra- Accuracy data
histologically proven CRC, | cellular contrast agent (Gdt (detection of liver
who were scheduled for CEMRYI), MRI with intra- metastases).
surgery. cellular contrast agent
(SPIO-CEMRI), and
July 2005 to March 2007 | PET/CT in the detection of
hepatic metastases from
Single centre CRC.
Italy
Funding NR
Quaia 2009 Prospective study of ‘To assess the added v |V v DTA
patients with cirrhosis who | diagnostic value of CEUS Accuracy data
had at least one combined with 64-row (characterisation
hepatocellular nodule MDCT in the assessment of of FLLs detected
detected on surveillance UShepatocellular nodule at cirrhosis

Recruitment dates NR

vascularity in patients with
liver cirrhosis.’

surveillance):

HCC versus
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Two centre benign
Italy
Funding NR
Sangiovani Prospective study of ‘ To assess the sensitivity, v |V |V v DTA
20106* %2 patients with cirrhosis who | specificity and economic

had at least one
hepatocellular nodule
detected on surveillance U
April 2006 to NR

Single centre

Italy

Funded by grant no. PUR
2008, University of Milan

and a personal donation (D

impact of all possible
sequential combinations of
Scontrast imaging technique
in patients with cirrhosis
with 1-2 cm liver nodules
undergoing US
surveillance.’

=

Accuracy data
(characterisation
of FLLs detected
at cirrhosis
surveillance):
HCC versus
benign
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Aldo Antognozzi).
Seitz 2008 Cohort of 267 patients who| ‘To evaluate the diagnostic v v |V DTA
Linked to Seitz underwent SCT from a value of CEUS for the Accuracy data
2010 2018 prospective study of 1349 | characterisation of focal (characterisation

consecutive patients with
newly detected solid liver
mass visible during routine
US. Data extracted for the
subgroup of patients (158)
in whom diagnosis was
histologically confirmed
(2x2 data could not be
extracted for the remaining
patients).

May 2004 to December
2006

Multi-centre

liver lesions in a
prospective multi-centre
study in clinical practice.
For this purpose CEUS wa
compared with SCT the
standard radiological
method.’

of incidentally
detected FLLSs):
Separate data for
HCC, liver
metastases, and
any liver
malignancy.
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Germany, Austria and
Switzerland
Funded by Bracco Research
(Konstanz, Germany) for
the online data forms,
quality control, calculations
and statistical analyses
Seitz 2018 Cohort of 269 who To assess the diagnostic v v |V DTA
Linked to Seitz underwent MRI from a performance of CEUS Accuracy data
2009° prospective study of 1349 | (compared with MRIjn a (characterisation

consecutive patients with
newly detected FLL
identified on US. Data
extracted for the subgroup
of patients (84) in whom
diagnosis was histologically
confirmed (2x2 data could
not be extracted for the

large patient cohort with
FLL recently discovered by
US, but not yet
characterised.

of incidentally
detected FLLSs):
Separate data for
HCC, liver
metastases, and
any liver
malignancy.
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remaining patients).

May 2004 to December
2006

Multicenter
Germany

Funding by Bracco
Research (Konstanz,
Germany) for the online
data forms, quality control,
calculations and statistical
analyses

Solbiati 2006’
(abstract only)

Retrospective analysis of
data from patients with
incidentally detected FLLs.

To assess the diagnostic
performance and cost-
effectiveness of CEUS in
the characterisation of

DTA

Accuracy data
(characterisation
of incidentally
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5-year experience, dates npfFLLs. detected FLLs:
specified. Any malignancy
versus benign.
Single Centre
Italy
Funding NR
Zhou 2007° Retrospective analysis of | ‘To investigate the value of v v | DTA

Chinese language

data from patients
undergoing non-surgical
treatment for HCC.
June 2005 to June 2006
Single centre

China

Funding NR

CEUS for non-surgical
treatment response in
HCC.

Accuracy data
(detection of
treatment
success).
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CCT: controlled clinical trial; CECT: contrast-emite&d computed tomography; CEMRI: contrast-enhantaghetic resonance imaging; CEUS:
contrast-enhanced ultrasound; CHI: contrast-enlthhaamonic imaging; CRC: colorectal carcinoma; DDagnostic test accuracy study; FLL:
focal liver lesion; HCC: hepatocellular carcinorDCT: multi-detector computed tomography; SCT: aptomputed tomography; SPIO:

superparamagnetic iron oxide; US: un-enhancedsoltrad.

a: 52 of the 59 positive diagnoses were liver metastaherefore this study was classifies as ‘detedf metastases’.
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4.6.1 Accuracy of SonoVué€ CEUS for the characterisation of FLLs detected on

surveillance of patients with cirrhosis

Seven studies reported comparisons of SonoVue® QkEitlSother imaging techniques for
the characterisation of focal liver lesions detéaa un-enhanced US surveillance of patients
with known cirrhosig? ** “®20ne study, by Sangiovani et al. was reported as adull
paper? and a conference abstrdtill the studies in this section reported accurdata for
the differentiation of HCC from other liver lesionsly and one study reported that there
were no imaging-related adverse events. In tdialseven studies in this section reported 369
diagnoses of malignant liver lesions, of which 3&@re HCC; the remaining lesions
comprised two cholangiocarcinoma (CCC) and one linetastasis. All studies in this section
reported per lesion data; three studies reportéal fda one lesion per patient, equivalent to
per patient test performante® *?Studies generally focused on the characterisatiemall

to medium FLLs. Four studies pre-specified the siz&LLs considereds30mnt® *° **or
<20mm?>? In two studies, the mean size was 153 mm and m4(range 7 to 20 mmj® *°
The remaining study did not specify lesion sizamsnclusion criterion or report mean lesion
size! Two studies explicitly excluded lesions <10 Hirf and one study reported stratified
data for different lesion sizes 0 mm and 11-30 mmy.Two studies compared SonoVue®
CEUS with CECT*® *'three studies compared SonoVue® CEUS with CEMRY, ®3and the
remaining two studies compared SonoVue® CEUS witth ICECT and CEMRI® ** One
study included in this section explicitly reportdtht patients had an uncertain diagnosis
following un-enhanced U$. Five studies had prior un-enhanced US examinasi®ran
inclusion criterion, and the ‘concern regarding lagability’ criterion for quality assessment
was rated ‘unclear’ for these studies (Tablé’3}:°*The remaining study was a retrospective
analysis of information derived from a radiologytataase; inclusion criteria specified only
that patients should have received both CEUS anmdiRIEand histological confirmation of
diagnosis (examinations prior to contrast enharioeajing were not specified), and the
‘concern regarding applicability’ criterion was théore rated ‘high’ for this study.
Comparators and imaging criteria used to definatipesfor HCC varied across studies and
no meta-analyses were therefore undertaken. Albhdf of the studies in this section used
histological confirmation in all patients or higtgical confirmation of imaging positive

patients and follow-up of imaging negative patieagghe reference standard.

All studies in this section were rated as ‘lowonclear’ risk of bias for the ‘index test’ and
‘comparator test’ domains of the quality assessnmoit Two studies recruited consecutive
samples of patients, without inappropriate exclusiand were rated as ‘low’ risk of bias for

‘patient selection® *° Four studies were rated as ‘high’ risk of biastfar ‘patient selection’
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domain, due to retrospective study desitar inappropriate exclusiort$.*> **Two studies
excluded very small lesions (<10 mf):** as these lesions may be more difficult to
characterise, their exclusion may result in ovdimegtions of test performance. One study
excluded lesions with peripheral enhancement on TCE&hich was considered to be
indicative of a high probability of haemangiold@wo of the three studies were also rated as
‘high’ risk of bias for the ‘flow and timing domdinf the assessment, in one case because the
reference standard used was not independent ofriméest resultd and in the other because

a high proportion of lesions (approximately 40%Yevexcluded because a histopathological
reference standard was not performe@ne study was also rated as ‘high’ risk of biastie
‘reference standard’ domain because a sub-optiefiefence standard (concordance between

at least two imaging test results) was used imthprity of cases’

The two studies which compared CEUS and CECT higthtlyl differing definitions of a

positive imaging test (hyper-enhancement in theriatt phase followed by portal-venous
wash-out® and hyper-enhancement in the arterial phase withithout portal-venous wash-

out)> Neither study reported a significant difference garformance between imaging
modalities for the differentiation of HCC from othlever lesions and neither study specified
exclusion of very small FLLs. However, no data ¥ery small FLLs were reported; in one
study 46% of lesions were 10-15 mm and 54% wer@0l&m?® and in the other study all

lesions were in the size range 10-30 Mrfihe study by Dai et & reported slightly higher

estimates of test performance, particularly for CEecificity (Table 4). The sensitivity
estimates for CEUS and CECT were 91.1% (95% CI 809%.0%) and 80.4% (95% CI 67.6
to 89.8%), respectively, and the corresponding ifipities were 87.2% (95% CIl 74.3 to
95.2%) and 97.9 (95% CI 88.7 to 99.9%)The definition of HCC used by this study
corresponded most closely with that reported in BSUMB guidelines on the use of
CEUS?® Table 1, section 2.2. Quaia et al reported swafficidata to allow calculation of
sensitivity and specificity for the combination ©EUS and CECT, where a positive finding
on either imaging technique was treated as ‘tesitipe’; they reported an increase in
sensitivity for combined imaging compared with eitiCEUS or CECT alone with no change

in specificity™

Three studies compared CEUS and CEMRI; two usedlig@dn-enhanced CEMRI (Gd-
CEMRI),*® *° and one used gadolinium ethoxybenzyl diethyleaetine pentaacetic acid-
enhanced CEMRI (Gd-EOB-DTPA-CEMRI), a ‘combinedsealar and hepatocyte-specific
contrast agerif. The two studies which compared CEUS and Gd-CEM$&ddudifferent
definitions of a positive imaging test result andlyoForner et &F reported data for a
definition of HCC which corresponded with that givim the EFSUMB guideline'S,which
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they described as “conclusive” HCC. Forner et abateported data for a definition of
“suspicious” HCC (hyper-enhancement in the arteplahse without portal-venous wash-
out)* Sensitivity and specificity were similar for CEUshd Gd-CEMRI, using either
criteria. Specificity tended to increase and seavisit to decrease, for both imaging
modalities, where the stricter “conclusive” defioit of HCC was used. This study did not
stratify data by lesion size, however, very smadlions £10 mm) were included; 15% of
lesions were <10 mm, 49% were 10-15 mm, and 36% Wér20 mm. The authors also
stated that use of the American Association forShely of Liver Disease (AASLD) criteria
(concordant, ‘conclusive’ findings on CEUS and CHMRsulted in 100% specificity, but
low sensitivity (33%); data not reported. Giorgioa¢é used (arterial phase) hypervascularity
as the definition of a positive test and stratifitsda by lesion siz€. There was no significant
difference in the performance of CEUS and Gd-CENtRIthe differentiation of HCC from
benign lesions, in FLLs between 11 and 30 mm artth bechniques had sensitivity and
specificity values >85% (Table 4). For very smdlLE (<10 mm), the sensitivity of CEUS
was lower than that of CEMRI (27% versus 73%); both imaging techniques, sensitivity
was poor when the analysis was restricted to vergllsFLLs>® Imaging test performance
estimates were similar for the ‘all lesion’ data §em Georgio et al. and the “suspicious”
diagnostic criteria data set from Forner et algsth data sets were similar in terms of
diagnostic criteria and distribution of lesion siZhe study which used Gd-EOB-DTPA-
CEMRI did not report any information on lesion stz2&he criteria used to define a positive
imaging test result matched the definition of HC®eg in the EFSUMB guidelines.
Sensitivity estimates were similar and high (>90%) both CEUS and Gd-EOB-DTPA-
CEMRI (Table 4). Specificity appeared lower for Cklthan for Gd-EOB-DTPA-CEMRI,
however, the small number of patients with benigsidns in this study, resulted in high
imprecision in specificity estimates; 50% (95% QI 88%) for CEUS and 83% (95% ClI
36 to 100%) for Gd-EOB-DTPA-CEMRI.

The two studies that assessed all three imagingalities® °> both reported data using a
definition of HCC corresponding to that given ir tBFSUMB guideline&® one also reported
data using arterial hyper-enhancement and portaloue wash-out separately as the
definitions of HCC>? Both studies assessed Gd-CEMRI and one studyaasessed CEMRI
using superparamagnetic iron oxide (SPIO), a centtgent which is selectively taken up by
Kupffer cells in the normal liver and benign lesoand can therefore be used to identify
HCC, which are generally deficient in Kupffer cefls Where the EFSUMB-consistent
definition of HCC was used, the two studies regbrsémilar specificity estimates for all
imaging modalities and for both MRI contrast agehtsvever, Leoni et al tended to report

higher estimates of sensitivity. Sensitivity estiesafrom these studies were generally lower
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than those from studies, with an EFSUMB-consistigiinition HCC, which compared only
CECT with CEUS'™ or CEMRI with CEUS* *° Leoni et al reported that Gd-CEMRI had the
highest sensitivity, 81.8% (95% CI 69.1 to 90.9%}he imaging modalities assess@®oth
studies reported sufficient data to allow calcolatdf sensitivity and specificity estimates,
where a positive result on any of the three imagimgdalities was treated as index test
positive. Data from Leoni et al indicated that cammg the three imaging modalities in this
way could increase sensitivity (98.2% (95% CI 9@03100%)) and decrease specificity
(75.0% (95% Cl 50.9 to 91.3%)), relative to anythd three imaging modalities aloHeBy
contrast, combined imaging modality data from Sewani et al did not appear to indicate

significant improvements in sensitivit§.

Table 3 provides a summary of the QUADAS-2 assestsmier studies in this section and

Table 4 summarises individual study results.

Table 3: QUADAS-2 results for studies of the accyraf SonoVue® CEUS for the
characterisation of FLLs detected on surveillarigeatients with cirrhosis

Study ID RISK OF BIAS APPLICABILITY
CONCERNS
PATIENT INDEX COMPARATOR REFERENCE FLOW PATIENT
SELECTION TEST TEST STANDARD AND SELECTION
TIMING

Blondin 2011* ® ? ? © © ®
Dai 20088 © ©) © ? © )
Forner 2008 ? ? © ? ? ?
Giorgio 2007° © © © © © ?
Leoni 2014° ® ©) ) ® ® ?
Quaia 2008 ® © © ? ® ?
Sangiovann? ©2 ® ? ? © © ?

©Low Risk ®High Risk ? Unclear Risk
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Table 4: Accuracy of SonoVue® CEUS, compared witlenimaging techniques, for the characterisatomalf liver lesions detected during routine
surveillance of patients with known cirrhosis

Study ID Patient or Index test or Reference TP | FN | FP | TN | Sensitivity | Specificity ND Adverse | Acceptability
lesion data (n) | comparator standard (95% ClI) (95% CI) events | to patients
HCC
SonoVue® CEUS compared with CECT
Dai 2008° n=103 FLL in | CEUS SonoVue® Histopathology 51 | 5 6 41 91.1 (95% | 87.2 (95% None NR NR
72 patients HCC=+vé following biopsy, Cl80.4to |Cl74.3t0
(per lesion with negative 97.0% 95.27
data) CECT with Somatom biopsy confirmed | 45 | 11 | 1 46 80.4 (95% | 97.9 (95%
Plus 4 (Siemens by a minimum of 6 Cle7.6to | Cl88.7t0
Medical Systems) | months follow-up 89.87 99.9%
HCC=+vé
Quaia 2009 n=121 FLL CEUS sulphur FNB in all lesions | 64 | 8 15| 34 88.9 (95% | 69.4 (95% n=4 NR NR
(€30 mm), in | hexafluoride filled CI79.3t0 |Cl54.6t0 inadequate
106 patients | microbubbles 95.1)2 81.7)% CEUS
(per lesion HCC=+vé (readers 63 | 9 18 | 31 87.5(95% | 63.3 (95% | examination
data) 1&2) Cl776to | Cl48.3t0 s excluded
94.1)2 76.6)% from study
CECT Aquilion, 53 | 19 | 14| 35 73.6 (95% | 71.4 (95% | n=10
Toshiba or Cl61.9to | Cl56.7t0 inadequate
Brilliance, Philips 83.3)* 83.4)% CECT
HCC=+v€ (readers 51 | 21| 14| 35 | 70.8(95% | 71.4 (95% | examination
1&2) Cl 58.9 to Cl 56.7 to s excluded
81.0)* 83.4)% from study
CEUS + CECT 70 | 2 14 | 35 | 97.2(95% | 71.4 (95% | See above
HCC-=either test +ve Cl90.3to | CI56.7t0
(readers 1&2) 99.7)* 83.4)%
70 | 2 15| 34 | 97.2(95% | 69.4 (95%
Cl90.3to | Cl54.6t0
99.7)* 81.7)%
SonoVue® CEUS compared with CEMRI
Blondin 2011* n=47 FLL, in | CEUS SonoVue® | Histology (surgery| 38 [ 3 | 3 [ 3 93 (95% CI| 50 (95% CI | None NR NR
33 patients HCC=+v& or biopsy) in all 80 to 98§ 42 to 88§
Gd- EOB-DTPA lesions 37 | 4 1 5 90 (95% CI| 83 (95% CI
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CEMRI Magnetom 77 to 97§ 36 to 100)
Avanto Siemens
HCC=+vé
Forner 2008 n=89 patients | CEUS SonoVue® FNB for test +, 47 | 13 25 78.3 (95% | 86.2 (95%
(one lesion per| HCC suspiciousor imaging follow-up Cle5.8to | Cl68.3t0
patient) conclusiv8= +ve for test —ve. 87.9% 96.1)
CEUS SonoVue® 31| 29 27 51.7 (95% | 93.1 (95%
HCC conclusivB= Cl38.4to | Cl77.2t0
+ve 64.8} 99.27
Gd-CEMRI Siemens 51 | 9 26 85.0 (95% | 89.7 (95%
Symphony Cl734to |Cl726t0
HCC suspiciouSor 92.9¥ 97.8}
conclusivé= +ve
Gd-CEMRI Siemens 37 | 23 28 | 61.7 (95% | 96.6 (95%
Symphony Cl48.2to | Cl82.2t0
HCC conclusivB= 73.9} 99.9%
+ve
Giorgio 2007° n=73 FLL CEUS Ultrasound-guided| 37 | 11 24 77.1 (95% | 96.0 (95% None No side | NR
(one lesion per| SonoVue® FNB in all patients Cl62.7to0 | Cl79.6t0 effects
patient) HCC=+vé& 88.0)2 99.9)? observe
n=21 FLL 3 8 10 27.3 (95% | 100 (95% CI din any
(10 mm) Cl 6.0 to 69.2 to 100) patients
61.0)% @
n=52 FLL (11- 34 | 3 14 | 91.9(95% | 93.3 (95%
30 mm) Cl781to |Cl68.1t0
98.3)* 99.8)%
n=73 FLL Gd-CEMRI 43 | 5 22 89.6 (95% | 88.0 (95% NR
(one lesion per] HCC=+véd Cl77.3t0o | Cl68.8t0
patient) 96.5)* 97.5)%
n=21 FLL 8 3 9 72.7 (95% | 90.0 (95%
(<10 mm) Cl39.0to | ClI555t0
94.0)* 99.7)%
n=52 FLL (11- 35| 2 13 94.6 (95% | 86.7 (95%
30 mm) Cl81.8to | ClI59.5t0

99.3)

98.3)
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SonoVue® CEUS compared with CECT and CEMRI

Leoni 2007° n=75 FLL in CEUS SonoVue® >2 concordant 37 | 18 18 67.3 (95% | 90.0 (95% None NR NR
60 patients(10{ HCC=+vé imaging results CI53.3to | Cl68.3t0
30 mm) (n=44), FNB 79.3)% 98.8)%
CECT Emotion 6, (n=14) or follow- | 37 | 18 18 67.3 (95% | 90.0 (95%
Siemens up at 3 month Cl53.3t0 Cl 68.3 to
HCC=+ve intervals (n=1) for 79.3)% 98.8)°
Gd-CEMRYI, Signa, | tve test 45 | 10 19 81.8 (95% | 95.0 (95%
GE Cl69.1to | Cl75.1t0
HCC=+vé FNB (n=7), or 90.9)* 99.9)?
n=68 FLL (10- | SPIO-CEMRI, Signa] follow-up at 3 35| 15 17 | 70.0(95% | 94.4 (95% | 7 FLL not
30 mm) GE month intervals CI55.4t0 | Cl72.7t0 | assessed
HCC=+vé (n=9) for test -ve 82.1)?2 99.9)% with SPIO-
MRI
n=75 FLL (10-| CEUS + CECT + 54 | 1 15 | 98.2(95% | 75.0 (95% | None
30 mm) CEMRI Cl90.3t0 | CI50.9to
HCC= any test +ve 100)? 91.3)%
Sangiovani 2018 | n=55 FLL CEUS SonoVue® FNB in all lesions | 9 25 21 26.5(95% | 100 (95% CI| None NR NR
62 selected from | HCC=+vé& Cl12.9to | 83.9to 100)
67 FLL in 64 44.4)% 2
patients (10-20 CEUS SonoVue® 23 | 11 16 67.6 (95% | 76.2 (95%
mm) HCC=+vé Cl49.5t0 | Cl52.8t0
82.6)° 91.8)°
CEUS SonoVue® 13 | 21 20 | 38.2(95% | 95.2 (95%
HCC=+vé Cl222to | Cl76.2t0
56.4)° 99.9)°
CECT Definition, 16 | 18 21 | 47.1(95% | 100 (95% CI
Siemens Cl29.8to | 83.9t0100)
HCC=+vé 64.9) 2
CECT Definition, 22 | 12 17 | 64.7 (95% | 81.0 (95%
Siemens Cl46.5t0 | Cl58.1t0
HCC=+vé 80.3)% 94.6)%
CECT Definition, 18 | 16 21 | 52.9(95% | 100 (95% ClI
Siemens ClI35.1to | 83.9to 100)
HCC=+vé 70.2)* é
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n=53 FLL
(10-20 mm)

Gd-CEMRI Avanto,
Siemens
HCC=+v&

Gd-CEMRI Avanto,
Siemens
HCC=+vé

Gd-CEMRI Avanto,
Siemens
HCC=+ve

CEUS+CECT+CEM
RI

HCC-=at least one
test +v&

14 | 18 21 | 43.8(95% | 100 (95% ClI
Cl26.4t0 | 83.9 to 100)
62.3% a

21 | 11 13 | 65.6 (95% | 61.9 (95%
Cl46.8t0 | Cl38.41t0
81.4)% 81.9)*

19 | 13 20 | 59.4 (95% | 95.2 (95%
Cl40.6t0 | Cl76.21t0
76.3) 99.9)*

22 | 12 21 | 64.7 (95% | 100 (95% CI
Cl46.5t0 | 83.9 to 100)
80.3) a

Liver metastases

No studies identified

Any malignancy

No studies identified

CECT: contrast enhanced computed; CEMRI: contrdsaieced magnetic resonance imaging; CEUS: comrnémsstnced ultrasound; tomography; Cl: confidenceriat; HCC:
hepatocellular carcinoma; FLL: focal liver lesiéiiy: false negative; FNB: fine-needle biopsy; Fisdgositive; Gd-CEMRI: gadolinium contrast-enhahogagnetic resonance
imaging (vascular contrast agent); Gd-EOB-DTPA:ajmium ethoxybenzyl diethylenetriamine pentaacati@ (combined vascular and hepatocyte-specifitrast agent); ND: non-
diagnostic; SPIO-CEMRI: superparamagnetic iron exidntrast-enhanced magnetic resonance imagingtfiefe-specific contrast agent); TN: true negafii: true positive; US:

un-enhanced ultrasound

a: calculated values

b: hyper-enhancement in the arterial phase and-Bppancement in the portal venous and late phasesl venous wash-out)

c¢: hyper-enhancement in the arterial phase andisbyper-enhancement in the portal venous andladses with evidence of peripheral rim-like enleament, or hyper-enhancement

in the arterial phase and hypo-enhancement indhtalpsenous and late phases with or without perighvascular rim

d: hyper-enhancement in the arterial phase, with@sh-out in the venous phase

e: hyper-echogenicity related to hyper-vascularityyS

f: typical pattern of round area of hyper-vascijeaind lack of portal supply
g: hyper-enhancement in the arterial phase, “ty@nhancement pattern for HCC”

h: arterial hyper-vascularity
i: portal venous wash-out
j: two patients were excluded from analyses becthesecould not undergo CEMRI
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4.6.2 Accuracy of SonoVu& CEUS for the detection of liver metastases in paints

with known primary malignancy

Two studies compared SonoVUEEUS with both CECT and CEMRI (SPIO-CEMRI in one
study and both SPIO-CEMRI and Gd-CEMRI in the otsierdy) for the detection of liver
metastases in patients with known colorectal carna'* *° Both studies reported per lesion
accuracy data and one stifdglso reported per patient data. These two stuejgsrted a total
of 46 diagnoses of metastatic liver lesions. Onéhe$e studies included only patients with
known liver metastases who were being considerecdoative surgery and was therefore
rated as having ‘high’ concerns regarding applidgb® One study, which compared CEUS
and CECT and reported data on the detection ofligay malignancy, was included in this
section because the diagnostic status of partitspginbaseline was unclear and 52 of the 59
positive final diagnoses were liver metastasesm@@ry tumours: colon 43; breast 5;
neuroendocrine 2; renal 2); this study was ratedclaar for concerns regarding
applicability’.** One further study, which did not include a comparaest, was included in
this sectiorf”” This study was included in the review becausepbrted inclusion criteria of
‘indeterminate MDCT-detected FLLs in patients wikhown primary cancers’ (various
locations) and could therefore provide informatimm how SonoVu& CEUS performs in
patients who have had previous imaging other th8natdd in whom the diagnosis remains
uncertain. All studies in this section used highadal confirmation in all patients or
histological confirmation of imaging positive patie and follow-up of imaging negative

patients as the reference standard.

Two of the four studies included in this sectiorrevenly reported as conference abstratts,
* resulting a frequent judgement of ‘unclear’ rifkbias on quality assessment domains. Of
the two full papers in this sectitn'® Clevert et df was rated ‘high’ risk of bias for the ‘flow
and timing’ domain of QUADAS-2 because 21% of map@ants were excluded from the
CECT analysis; both studies were judged to beloat ‘or ‘unclear risk of bias for all other
domains. The study by Jonas €f atas rated as ‘high’ risk of bias for the ‘patieeiection’
domain, because it aimed to assess the abilitynafiing modalities to detect liver metastases

whilst including only patients with known liver nastases.

Where definitions of a positive imaging test weeparted, studies which assessed imaging
tests using vascular contrast media (CEUS, CECH GihCEMRI) gave various descriptions
of peripheral rim enhancement as the criteria ificgrl metastases. In addition, two studies
reported data for CEMRI using the hepatocyte-sjecibntrast agent SPI8.° Jonas et al
reported 100% specificity and similar, high (83%®#6) estimates of sensitivity for all three
imaging modalities (CEUS, CECT and SPIO-CEMRI) (€ab)’® Mainenti et al reported
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similar, high (83% to 100%) specificity values fall imaging modalities and for both per
lesion and per patient dafaPer patient sensitivity estimates were also ctersisacross all
imaging modalities (83% in all caséé)However, for both CEUS and CECT, the sensitivity
estimates appeared lower for per lesion data (58868%, respectively) than for per patient
data'? For both CEMRI methods, the per lesion estimatsenfsitivity (81%) was similar to
the per patient estimaté.By contrast, Clevert et al reported per patiertadand found
similar, high (>95%) estimates of sensitivity fatb CEUS and CECT (Table &)However,
specificity appeared lower for CECT than for CEU$,4% (95% CI 47.8 to 88.7%) and 97.6
(95% CI 87.1 to 99.9%), respectively and imagesewem-diagnostic in approximately 15%

of CT examinations.

Table 5 provides a summary of the QUADAS-2 assestsmier studies in this section and

Table 6 summarises individual study results.

Table 5: QUADAS-2 results for studies of the accyraf SonoVue® CEUS for the detection
of liver metastases in patients with known primamalignancy

Study ID RISK OF BIAS APPLICABILITY
CONCERNS
PATIENT INDEX COMPARATOR REFERENCE FLOW PATIENT
SELECTION TEST TEST STANDARD AND SELECTION
TIMING
Clevert 200%° © © © ? ® ?
Flor 201¢° ? ? NA ? ? ©
(abstract only)
Jonas 201%¥ ® ? ? ? ? ®
(abstract only)
Mainenti 20162 © © © ? © ?

©Low Risk ®High Risk ? Unclear Risk  NA not applicable (no @amator test)
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Table 6: Accuracy of SonoVue® CEUS, compared witlenimaging techniques, for the detection of linetastases in patients with known primary

malignancy
Study ID Patient or | Index test or Reference | TP | FN | FP | TN | Sensitivity | Specificity | ND Adverse Acceptability
lesion comparator standard (95% CI) | (95% CI) | (n events to patients
data (n) patients/lesions)
CRC
SonoVue® CEUS compared with CECT and CEMRI
Jonas 2017 n=48 FLL | CEUS Histology | 26 | 4 0 | 18| 86.7 (95% 100 (95% | NR NR NR
(abstract only) in 20 SonoVue® in all Cl69.3to | Cl81.5t0
patients M=+ve resected 96.2} 1007
(by lesion | SPIO-CEMRI test +ve 29 | 1 0 | 18| 96.7(95% 100 (95%
data) M=+ve lesions. Cl82.8to | Cl81.5t0
99.97 100¥
CECT All 25| 5 0 | 18| 83.3(95% 100 (95%
M=+ve patients Cl65.3t0 | CI81.5t0
followed- 94.4} 100¥
up for at
least 36
months
Mainenti 2016 n=34 CEUS FNB for 5 1 4 | 24| 83.3(95% 85.7 (95% | None NR NR
patients SonoVue® imaging Cl35.9to | Cl67.31t0
M = +ve’ test +ve 99.6} 96.0F
n=57 FLL 8 8 5 | 36| 50.0(95%| 87.8 (95%
12 months Cl24.7to | Cl 73.8t0
follow-up 75.3} 95.9%
n=34 CECT with for 5 1 1 | 27 | 83.3(95%) 96.4 (95%
patients | Aquilion 4 imaging Cl35.9to | ClI81.7to0
(Toshiba test 99.6) 99.97
n=57 FLL | Medical negative 11 | 5 7 | 34| 68.8(95% 82.9 (95%
Systems) Cl41.3to | CI67.9t0
M = +ve® 89.07 92.8}
n=34 Gd-CEMRI M = 5 1 0 | 28| 83.3(95% 100 (95%
patients | +ve’ Cl35.9t0 | CI87.7to
99.6} 100}
n=57 FLL 13 | 3 0 | 41| 81.3(95% 100 (959
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Cl54.4t0 | Cl91.4 10
96.0% 1007
n=34 SPIO-CEMRI 5 27 | 83.3(95% 96.4 (95%
patients M = +ve® ClI359to | ClI81.7to0
99.67 99.97
n=57 FLL 13 40 | 81.3 (95% 97.6 (95%
Cl54.4to | CI87.1t0
96.0F 99.97
Other primary tumours
SonoVue® CEUS compared with CECT
Clevert 200%° n=100 CHI SonoVue® | Histology | 58 40 | 98.3(95% 97.6 (95% | None NR NR
patients Any liver for all Cl90.9to | ClI87.1t0
(maximum | malignancy=+ve | FLLs 1007 99.9%
5 lesions
per
patient)
n=9% CECT, Somatom 56 15| 96.6 (95% 71.4% 13 (excluded from | NR NR
patients Sensation 16 or Cl1 88.1to | (95% CI analysis)
(maximum| 64 99.6% 47.8 to
5 lesions | Any liver 88.7¢
per malignancy=+ve
patient)
SonoVue® CEUS following inconclusive CECT/CEMRI
Flor 201d° n=26 FLL | CEUS FNBor3- | 4 21 | 80.0(95% 100 (95% | None NR NR
(abstract only) SonoVue® 6 month Cl28.4to | CI 83.9t0
M=+ve follow-up 99.5% 100Y

CECT: contrast enhanced computed tomography; CERmRItrast enhanced magnetic resonance imaging; C&sBast enhanced ultrasound; CHI: contrast-ergtan
harmonic imaging; Cl: confidence interval; CRC:arelctal cancer; FLL: focal liver lesion; FN: falsegative; FNB: fine-needle biopsy; FP: false pusitGd-CEMRI:
gadolinium contrast-enhanced magnetic resonancgimgdvascular contrast agent); ND: non-diagnost®P10-CEMRI: superparamagnetic iron oxide comteahanced

magnetic resonance imaging (hepatocyte-specifirasinagent); TN: true negative; TP: true positive

a: calculated values

b: lesion with a wide echogenic spectrum, poorffirédel margins and hypo-perfused or with peripherdlancement
c: hypo-dense lesion with poorly defined marginpearing hypo-perfused or with irregular peripherahancement

d: lesion with moderate hypo-intensity on T1-weaghimage and hyper-intensity on T2-weighted imagéso-intense in both, which appeared hypo-pedusarregular
peripheral enhancement
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e: lesion with moderate hypo-intensity on T1-wegghimage and hyper-intensity on T2-weighted imagéso-intense in both, which did not concentrateai-cellular
contrast agent

f: the majority of malignant liver lesions (52/58%re metastases

g: eight patients did not receive CT
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4.6.3 Accuracy of SonoVu& CEUS for the characterisation of incidentally deteted
FLLs

Five studies reported comparisons of SondVGEUS with other imaging techniques for the
characterisation of incidentally detected liverides, identified by un-enhanced US> >’
All of these studies reported accuracy data fordifierentiation of malignant from benign
liver lesions and three studies also provided ifgdtdata for the identification of HCC and
identification of liver metastasé$>® °’All but one of the studies in this section repdrtiata

on one lesion per patient and the remaining $fueported per lesion data for 694 lesions in
686 patients. Therefore, although data are repgotrdliesion, all results reported in this
section can be considered equivalent to per pat@shtperformance. Four studies compared
SonoVué& CEUS with CECT" ** > %and one of theS&also reported data on the combined
performance of SonoVeCEUS and CECT combined, when a positive resuleitirer test
was treated as positive. One study compared Sorffo@EJS with CEMRF® No study
reported comparative accuracy data for all thresging modalities. None of the comparative
accuracy studies described in this section expligtated that patients had an uncertain
diagnosis following un-enhanced US, though all ggad had prior un-enhanced US
examination, therefore the applicability criterifmm quality assessment was rated ‘unclear’ in
all cases (Table 7). One further study, which ditlinclude a comparator test, was included
in this sectior?? This study was included in the review becausegbrted inclusion criteria of
‘previous US and/or CT that had suggested the piissiof malignant liver lesions (not
sufficiently proven benignancy)’ and could therefqrovide information on how SonoVe
CEUS performs in patients who have had previougjingaother than US and in whom the
diagnosis remains uncertain. Altogether, the sixliss included in this section reported 805
diagnoses of malignant liver lesions; these inaudB9 HCC, 333 liver metastases and 13
CCC. It should be noted that overlap between thdyspopulations Seitz 2089and Seitz
2010 is highly likely, as these two publications by th&me group reported a very similar
study design and identical recruitment periods;tzS€009° reported a comparison of
SonoVu& CEUS with CECT and Seitz 200reported a comparison of SonoVu€EUS
with CEMRI in a smaller group of patients. All bome'’ of the studies in this section used
histological confirmation in all patients or higtgical confirmation of imaging positive

patients and follow-up of imaging negative patieagghe reference standard.

Studies were generally poorly reported, resultimg judgement of ‘unclear’ risk of bias for
many of the QUADAS-2 domain assessments. No stadiiis section reported recruiting a
consecutive or random sample of participants angl ‘fhatient selection’” domain of

QUADAS-2 was consequently rated ‘high’ or ‘uncledsk of bias in all cases. In addition,
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one study' excluded patients who were unable to undergo biapsl both Seitz studi®s®’
divided participants into two subgroups based oobable diagnoses after un-enhanced
ultrasound (“suspected benign” and “suspected matitf). For the Seitz studies, accuracy
data could only be extracted for the “suspectedgmant” subgroup; this may have resulted
in a higher than usual prevalence of malignancy @odsible over estimate of test
performance. Two studies were also rated as ‘higii of bias for the ‘flow and timing’
domain, in one ca3tbecause more than half of the participants ifytiaécruited were
excluded from the analyses (either because mone ¢ime month had elapsed between
SonoVu€ CEUS and CECT, or because positive lesions cout be confirmed by
pathology) and in the second cddeecause the reference standard used was not inieye
of index test results. This study was also rategh’hrisk of bias for the ‘reference standard’
domain because a sub-optimal reference standandqoiance between at least to imaging

modalities) was used in the majority of cases.

All of the comparative accuracy studies in thistisecreported no significant difference in
the accuracy of CEUS and CECT or CEMRI for the abtrisation of focal FLLE" %% %7
The primary analysis, in all studies, was for thifedentiation of malignant from benign
lesions. Studies used similar criteria to defineCH@yper-enhancement in the arterial phase
followed by portal venous wash-out) and liver m&tass (peripheral rim enhancement in the
arterial phase, decreasing in the portal venouslaedphases. These criteria are consistent
with the typical enhancement patterns describethénEFSUMB guideline on the use of
CEUS? (Table 1, section 2.2). Pooled estimates of testopmance for distinguishing
malignant from benign FLLs, derived from the fouudies that compared CEUS with
CECT}" ** ***"indicated that sensitivity and specificity werensar for the two imaging
modalities. The pooled estimates for the sensjtioitCEUS and CECT were 95.1% (95% CI
93.3 10 96.6%) and 94.6% (95% CI 92.7 to 96.1%gpeetively. The pooled estimates for the
specificity of CEUS and CECT were 93.8% (95% CH9@ 96.3%) and 93.1 (95% CI 89.6
to 95.8), respectively.” lvalues were moderate (50-75%) for CEUS and higt6%) for
CECT. Figures 4 and 5 illustrate the sensitivityd aspecificity values for each study
comparing CEUS and CT, with pooled estimates. 8eitgianalyses, excluding the study
which used a sub-optimal reference standasthowed a trend towards lower estimates of test
performance and reduced heterogeneftyéllues were low, <50%, in all cases). The new
pooled estimates for the sensitivity of CEUS andCThvere 92.3% (95% CI 88.2 to 95.3%)
and 87.4% (95% CI 82.7 to 91.3%), respectively tnednew pooled estimates for specificity
were 88.2% (95% CI 79.8 to 93.9%) and 82.8% (95%/ &b to 89.8%), respectively. It
should be noted that exclusion of the study by i&tffy resulted in a large reduction in

sample size (694 FLLs from a total sample size,@88 FLLs) and hence greater imprecision
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(wider confidence intervals) in the estimates afs#ivity and specificity. The single study
which compared CEUS with CEMRI found no significadtfference between the
performance of the two imaging modalities for tlifedentiation of malignant from benign
FLLs; the reported sensitivities were 90.0 (95%8GI0 to 97.0%) and 81.8 (95% CI 69.1 to
90.9%), respectively and the reported specificitiese 66.7% (95% CI 46.3 to 83.5%) and
63.0% (95% CI 42.4 to 80.6%), respectively. Thisgdgtused gadolinium-enhanced MRI in
all patients, with the addition of SPIO-MRI in an-specified number of patients. One study
reported sufficient data to allow calculation ohsivity and specificity for the combination
of CEUS and CECT, where a positive finding on eiih@aging technique was treated as ‘test
positive.?® These data indicated that the addition of CECHhéoimaging work-up would not
would not increase the accuracy of diagnosis owet bbtained by CEUS alone; the
sensitivity and specificity of CEUS for differertirag malignant form benign lesions were
91.1% (95% CI 78.8 to 97.5%) and 93.8% (95% CI 78.29.2), respectively, and for CEUS
and CECT combined were 93.3% (95% CI 81.7 to 98.&%g 93.8% (95% CI 79.2 to
99.2%), respectively, (Table 8). Three studies meglosufficient data to derive estimates of
test performance by lesion type (HCC and liver stekes), two comparing CEUS and
CECT®® **and one comparing CEUS and CEMRThe sensitivity and specificity of CEUS
and CECT were similar for the characterisation @G (Table 8). However, one study
indicated that CEUS may be more sensitive than C#®Cihe characterisation of metastases,
92.9% (95% Cl 82.7 to 98.0%) compared with 67.9%%9C| 54.0 to 79.7%) The
sensitivity and specificity of CEUS and CEMRI wesamilar for both HCC and liver

metastases, (Table ).
Table 7 provides a summary of the QUADAS-2 assestsmier studies in this section and

Table 8 summarises individual study results. Figushows the results, for differentiation of

malignant from benign FLLs, for all studies in thiction, plotted in the ROC plane.
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Table 7: QUADAS-2 results for studies of the accyraf SonoVue® CEUS for the
characterisation of incidentally detected FLLs

Study ID RISK OF BIAS APPLICABILITY
CONCERNS
PATIENT INDEX COMPARATOR  REFERENCE FLOW PATIENT
SELECTION TEST TEST STANDARD AND SELECTION
TIMING
Catala 2007 ® © © ? ® ?
Gierblinski 2008* ® ? NA © ? ?
Li 2007°° ? © ©) ? © ?
Seitz 2008° ® ? ? ? ? ?
Seitz 2018’ ® ? ? ? ? ?
Solbiati 2008’ ® ? ? ® ® ?
(abstract only)
©Low Risk ®High Risk ? Unclear Risk  NA not applicable (no @amator test)
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Table 8: Accuracy of SonoVue® CEUS, compared witlenimaging

techniques, for the characterisatidn@dentally detected focal liver lesions

Study ID Patient or Index test or Reference TP | FN | FP | TN | Sensitivity | Specificity | ND Adverse Acceptability
lesion data (n) | comparator standard (95% CI) | (95% CI) events to patients
HCC
SonoVue® CEUS compared with CECT
Catala n=77 patients | CEUS SonoVue® | Histology 41 | 4 2 30 | 91.1(95% 93.8 (95% | None NR NR
20073 (one lesion per | HCC=+vé following Cl78.8t0 | CI 79.2 to
patient) biopsy or 97.5Y% 99.2)
CECT with surgery for test| 39 | 6 2 30 | 86.7 (95% 93.8 (95%
Somatom Plus 4 | +ve, MRI and Cl73.2to | Cl 79.2 to
(Siemens Medical | follow-up >12 94.97 99.2}
Systems) months for test
HCC =+vé& —ve
CEUS + CECT 42 | 3 2 | 30| 93.3(95% 93.8 (95%
HCC=either test Cl81.7to | Cl 79.2 to
+ve 98.67 99.27
Seitz 2008 | Subgroup B CEUS SonoVue® | FNB n=154 34 | 6 4 | 110 85.0(95% 96.5 (95% | None NR NR
related (suspected HCC=+ve (remaining 4 Cl70.2to | CI91.3to
publication” | malignant lesions 94.3} 99.0}
lesion¥ CECT excluded) 28 | 12| 6 | 108 70.0(95% 94.7 (95%
n=158 FLL, HCC=+ve ClI53.5to | CI 88.9to
(one lesion per 83.4% 98.07
patient)
SonoVue® CEUS compared with CEMRI
Seitz 2016” | Subgroup B CEUS SonoVue® | FNBn=82 (n=| 23 | 6 11| 42| 79.3(95% 79.2 (95% | NR NR NR
related (suspected HCC=+ve 2 excluded) Cl 60.3to | CI 65.9 to
publicatiort® | malignant 92.0y 89.2)
lesionf n=84 Gd-CEMRI and 24 | 5 13| 40 | 82.8(95% 75.5 (95%
FLL (one lesion| SPIO-CEMRI in Cl64.2to | CI61.7 to
per patient) some cases 94.2} 86.2f
(number un-
specified)
HCC=+ve
SonoVue® CEUS following inconclusive CECT/CEMRI
Gierblinski [ n=100 patients | CEUS SonoVue® FNBwith | 7 2 [ 9007.8(95% | 98.9 (95%] None NR NR
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2008* (one lesion per | HCC = +v@ clinical and Cl 40.0to | CI94.0 to
patients) imaging 97.2% 100}
follow-up for
biopsy —ve
patients
Liver metastases
SonoVue® CEUS compared with CECT
Catala n=77 patients | CEUS SonoVue® | Histology 11 | 1 0 65 | 91.7 (95% 100 (95% | None NR NR
20073 (one lesion per | M=+ve" following Cl61.5t0 | Cl94.5to0
patient) biopsy or 99.8) 100Y
CECT with surgery for test| 11 | 1 0 65 | 91.7 (95% 100 (95%
Somatom Plus 4 | +ve, MRI and Cl61.5t0 | Cl94.5t0
(Siemens Medical | follow-up >12 99.87 100¥
Systems) months for test
M=+ve’ pattern | —ve
CEUS + CECT 11 |1 0 | 65| 91.7 (95% 100 (95%
M=either test +ve Cl61.5t0 | Cl94.5t0
99.87 100}
Seitz 2008 | subgroup B CEUS SonoVue® | FNB n=154 52 | 4 17| 81 | 92.9(95% 82.7 (95% | None NR NR
related (suspected M=+ve (n=4 excluded) Cl82.7to | CI 73.7 to
publication” | malignant 98.0} 89.6}
lesionf n=158 | CECT 38 | 18 | 23| 75| 67.9(95% 76.5 (95%
FLL (one lesion| M=+ve Cl54.0to | ClI 66.9 to
per patient) 79.77 84.57
SonoVue® CEUS compared with CEMRI
Seitz 2018 | Subgroup B CEUS SonoVue® | FNB 17 | 5 15| 45| 77.3(95% 75.0 (95% | NR NR NR
related (suspected M=+ve n=82 (n=2 Cl54.6to | Cl62.1to
publication® | malignant excluded) 92.2} 85.3}
lesionf n=84 Gd-CEMRI and 14 | 8 14| 46 | 63.6 (95% 76.7 (95%
FLL (one lesion| SPIO-CEMRI in Cl 40.7to | Cl 64.0 to
per patient) some cases 82.8} 86.6)
(number un-
specified)

HCC=+ve
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SonoVue® CEUS following inconclusive CECT/CEMRI

Gierblinski n=100 patients | CEUS SonoVue® | FNB with 13 |1 84 | 92.9(95% 97.7 (95% | None NR NR
2008* (one lesion per | M=+ve® clinical and Cl66.1to | CI91.9t0
patient) imaging 99.8) 99.77
follow-up for
biopsy —ve
patients
Any malignancy
SonoVue® CEUS compared with CECT
Catala n=77 patients | CEUS SonoVue® | Histology 52 | 5 18 | 91.2(95% 90.0 (95% | None NR NR
20073 (one lesion per | any malignancy | following C180.7to | CI68.3t0
patient) (HCC® or MY = biopsy or 97.1% 98.8y
+ve surgery for
CESCT with index test +ve,| 50 | 7 18 | 87.7 (95% 90.0 (95%
Somatom Plus 4 | MRI and Cl76.3to | Cl 68.3to
(Siemens Medical | follow-up >12 94.97 98.8}
Systems) months for
any malignancy | index test —ve
(HCC® or MY =
+ve
CEUS + SCT 53 | 4 18 | 93.0 (95% 90.0 (95%
+ve=either test Cl83.0to | CI 68.3to
+ve 98.17 98.87
Li 2007° n=109 patients | CEUS SonoVue® | Histopathology| 72 | 9 26 | 88.9(95% 92.9 (95% | 3 lesions not NR NR
(one lesion per | any malignancy | following Cl 80.0to | ClI 76.5to | visualised. All were
patient) (HCC, ccc, MM | surgical 94.8Y 99.1) malignant and are
= +ve resection or classified as FN in
FNB this table.
CECT with 67 | 14 22 | 82.7 (95% 78.6 (95% | 7 lesions were not
Somatom Cl72.7to | CI 59.0to | visualized. 5 were
Sensation 90.27 91.7¢ malignant and are

Test +ve=any
malignancy (HCC,
CCC, M)

classified as FN in
this table. 2 were
benign and are
classified as TN in
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this table.

Seitz 2008 | subgroup B CEUS SonoVue® | FNB n=154 104 | 5 7 38 | 95.4 (95% 84.4 (95% | None NR NR
related (suspected any _ (n=4 excluded) Cl89.6to | Cl 70.5to
publication” | malignant malignancy=+ve 98.5} 93.5}
lesionf n=158 | CECT 99 | 10 | 8 | 37 | 90.8(95%| 82.2 (95%
FLL (one lesion| any C183.8t0 | CI67.9t0
per patient) malignancy=+ve 95.57 92.07
Solbiati n=694 FLL in CEUS SonoVue® | Concordant 478 | 17 | 7 191 96.6 (95% 96.5 (95% | 1 (results missing | NR NR
2006 686 patients, any malignancy CEUS and CT Cl94.6to | CI 92.9to | for one lesion)
(abstract one lesion (HCC, M, result (n=656) 98.0% 98.6Y
only) missing from CCC)=+ve or fine needle
analysis (per CECT biopsy where | 486 | 9 4 1941 98.2 (95% 98.0 (95%
lesion data) any malignancy | results were Cl96.6to | Cl94.9t0
(HCC, M, discordant 99.2y 99.4%
CCC)=+ve (n=38)
SonoVue® CEUS compared with CEMRI
Seitz 20186” | subgroup B CEUS SonoVue® | FNB n=82 50 | 5 9 18 | 90.9 (95% 66.7 (95% | 9 lesions (6 benign | NR NR
related (suspected any (n=2 excluded) Cl 80.0to | Cl46.3to | and 3 malignant) ;
publicatiort® | malignant malignancy=+veé 97.0% 83.57 these were
lesionf n=84 classified as FP ang
FLL (one lesion FN, respectively, in
per patient) this table
Gd-CEMRI and 45 | 10 | 10| 17| 81.8(95% 63.0 (95% | 9 lesions (3 benign
SPIO-CEMRI in Cl69.1to | Cl42.4% | and 6 malignant) ;
some cases 90.9% to 80.6% these were
(number un- classified as FP ang
specified) FN, respectively, in
HCC=+ve this table
SonoVue® CEUS following inconclusive CECT/CEMRI
Gierblinski n=100 patients | CEUS SonoVue® | FNB with 21 | 2 3 74 | 91.3(95% 96.1 (95% | None NR NR
2008 (one lesion per | any malignancy clinical and Cl72.0to | CI 89.0 to
patient) (HCC® or M°) = imaging 98.9¥ 99.2¥
+ve follow-up for
biopsy —ve
patients
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CCC: cholangiocarcinoma; CECT: contrast enhancetpated; CEMRI: contrast enhanced magnetic resonamaging; CEUS: contrast enhanced ultrasound; toapiy; Cl:
confidence interval; HCC: hepatocellular carcinoffial : focal liver lesion; FN: false negative; FNfne-needle biopsy; FP: false positive; Gd-CEMRidglinium contrast-
enhanced magnetic resonance imaging (vascularasbrgent); M: metastases; ND: non-diagnostic; SPEMRI: superparamagnetic iron oxide contrast-enbedrmagnetic
resonance imaging (hepatocyte-specific contragttigeN: true negative; TP: true positive

a: calculated values

b: hyper-enhancement in the arterial phase and-fypiso-enhancement in the portal venous andplateses

c: sub-group A (suspected benign lesions) excluded

d: hypo to high enhancement in the arterial phlageo-enhancement, quick wash-out, or rim-like eckament in the portal venous phase; hypo-enhancemém late phase
e: rim-like enhancement in the arterial phase aimbfenhancement in the portal venous and late phase

f: tortuous intra-tumoural vessels and diffuse emleaent in the arterial phase, decreasing in th&lpgenous and late phases

g: variable intra-tumoural vessels and heterogenigeupheral enhancement in the arterial phaseedsiog in the portal and late phases. Dilatiothefbile ducts near the tumour
many be accentuated after enhancement

h: enhancing peripheral rim, variable intra-tumdershancement in the arterial phase, decreasitigeiportal and late phases

i: hypoenhancement in the late phase
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Figure 4: Forest plot of sensitivity and specificf CEUS for the detection of any liver malignarncypatients with incidentally detected FLLs
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Figure 5: Forest plot of sensitivity and specifiaf CECT for the detection of any liver malignannypatients with incidentally detected FLLs
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Sensitivity

Figure 6: ROC plane plot comparing performancentdging tests for the differentiation of
malignant from benign lesions in patients with detally detected FLLs
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black symbols: studies comparing CEUS and CEQTy symbols: studies comparing CEUS and
MRI; ¢: CEUS datag: CECT datapa: CEMRI data

4.6.4 Accuracy of SonoVué€ CEUS for the determination of treatment success in
patients with known liver malignancy
Three studies reported comparisons of Son8\@EUS with other imaging modalities for the
assessment of treatment success (complete responzajents with malignant liver lesions
(mainly HCC)?® %8 **Two were Chinese language publicatfdn¥ and the other was only
published as a conference abstfadthe two Chinese studies reported per lesion avith,
one”® reporting only one lesion per patient and the iamg study reported only per patient
data’® The studies assessed patients following cryosyreRFA*® and ‘non-surgical

treatment™®

Sample sizes were small; in total, studies repaifta for 105 lesions (102 HCC
and 3 liver metastases) in 97 patients. All threelies included only patients who were
undergoing treatment for known liver malignanciesl all studies were therefore rated as

having ‘low’ concerns regarding applicability.

Studies were generally poorly reported and all QWSER risk of bias domains were rated

‘unclear’.
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The two Chinese studies compared CEUS with CECTCBMRI (numbers of patients
receiving CECT and CEMRI, respectively, were noécified)® and with CECT? Both
studies reported similar, high, sensitivity (95.586100%) and specificity (83.3% to 100%)

for all imaging modalities, though small sampleesizesulted in wide confidence intervals

(Table 10). One study reported sufficient data towathe calculation of sensitivity and

specificity for the combination of CEUS and CECThere a negative finding on either

imaging technique was treated as ‘test negativecdmplete responsé These data indicated

that the addition of CECT would not increase theusacy of the assessment of response to

treatment over that obtainable by CEUS alone; #resisivity and specificity of CEUS for
detecting complete response were 97.8% (95% CI1t8898.9%) and 94.4% (95% CIl 72.7 to
99.9%), respectively, and for CEUS and CECT contbimere 97.8% (95% CI 88.5 to
99.9%) and 100% (95% CI 81.5 to 100%). The remagirstudy compared CEUS with Gd-
CEMRI and included only 15 patients undergoing RF#th five final diagnoses of

‘complete ablation?® The results of the two techniques were identisahsitivity for the

detection of complete ablation was 80% (95% CI 28.99.5%) and there were nine false
positives, resulting in a very low estimate of sfieity, 10.0% (95% CI 3.0 to 4.5%).

Table 9 provides a summary of the QUADAS-2 assesfer studies in this section and

Table 10 summarises individual study results.

Table 9: QUADAS-2 results for studies of the accyraf SonoVue® CEUS for the
determination of treatment success in patients kvitswn liver malignancy

Study ID RISK OF BIAS APPLICABILITY
CONCERNS
PATIENT INDEX COMPARATOR REFERENCE FLOW PATIENT
SELECTION TEST TEST STANDARD AND SELECTION
TIMING
Feng 2007 ? ? ? ? ? ©
Littich 2006° ? ? ? ? ?
(abstract only)
Zhou 2007° ? ? ? ? ?
©Low Risk ®High Risk ? Unclear Risk

86



Table 10: Accuracy of SonoVue® CEUS, compared witter imaging techniques, for the assessment atihient response in patients with known liver

malignancy
Study ID Patient or Index test or Reference TP | FN | FP | TN | Sensitivity | Specificity | ND Adverse | Acceptability
lesion data (n) | comparator standard (95% CI) | (95% CI) events | to patients
Feng 2007 | n=26 malignant] CEUS SonoVue® Histopathological 20 | 1 0 5 100 (95% | 83.3 (95% | None NR NR
Chinese (23 HCC, 3 M) | Test +ve=complete diagnosis Cl183.2to | CI 35.9t0
language lesions in 23 response to treatment 1007 99.67
patients treated| CECT or CEMRI 21| 0 1 4 95.5 (95%| 100 (95%
with Test +ve=complete Cl77.2to | CI 39.8 to
cryosurgery response to treatment 99.9% 100Y
Littich n=15 patients | Sulphur hexafluoride | Biopsy 4 1 9 1 80.0 (95%| 10.0 (95% | None NR NR
2006 treated with CEUS Cl28.4t0 | CI3.0to
(abstract RFA Test +ve=complete 99.5Y% 44 5%
only) ablation
Gd-CEMRI 4 1 9 1 80.0 (95%| 10.0 (95%
Test +ve=complete Cl28.4t0 | Cl3.0to
ablation 99.57 44 5%
Zhou 2007° | n=64 HCC CEUS SonoVue® Positive imaging | 45 | 1 | 1 | 17| 97.8(95% 94.4 (95% | None NR NR
Chinese lesions in 56 Test +ve=complete test (no Cl88.5t0 | Cl 72.7 to
language patients who response to treatment | enhancement) 99.9% 99.97
had undergone| (no enhancement) confirmed by
non-surgical CECT Somatom imaging follow- | 45 | 1 3 15| 97.8 (95% 83.3 (95%
treatment balance, Siemens up at 3 months ClI 88.5t0 | Cl 58.6 to
Test +ve=response to | Negative 99.9% 96.4}
treatment(no imaging test
enhancement) (partial
CEUS + CECT enhancement) |45 | 1 0 | 18| 97.8(95% 100 (95%
Either test -ve (partial | confirmed by Cl88.5t0 | ClI81.5t0
enhancement)=negativefine needle 99.97 1007
biopsy

CECT: contrast enhanced computed tomography; CEbi&rast enhanced ultrasound; Cl: confidence iateRN: false negative; FP: false positive; Gd-CBHMgadolinium-

enhanced contrast MRI; HCC: hepatocellular carcimoRD: non-diagnostic; M: metastases; RFA: radmpiiency ablation; TN: true negative; TP: true puositi

a: calculated values
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4.6.5 Effectiveness of SonoVU2CEUS for treatment planning in patients with known
liver malignancy

One controlled clinical compared SonoVu€EUS with un-enhanced US (control), when
added to routine imaging (CECT or CEMRI) for preaiment assessment of patients
undergoing RFA for HCE& This study assessed the effect of CEUS on treatmen
effectiveness (successful ablation) as the prinmricome measure. Secondary outcomes
were incidence of tumour progression, new HCC, aep&FA and post-therapy
complications, and duration of local progressiaefsurvival and new tumour-free survival.
The CEUS and control groups were similar at basalinterms of age, gender distribution,
numbers who had CECT and numbers who had CEMRI, TiNiwbur stage, tumour size and

number, and numbers who had Child-Pugh class Aasis.

This non-randomised study was considered to hagk of bias’ in a number of areas:
Alternate allocation of patients to CEUS and cdnggioups means that clinicians could
predict patient allocation before recruitment. Tla¢ure of the study precluded the blinding of
patients and the blinding of assessors and/orc@ing planning RFA protocols was not clear
(Table 11). Finally 14 patients who were considetaduitable for RFA after imaging
assessment (9 in the CEUS group and 5 in the dogtomp) were excluded from the

analyses.

There were no significant differences in the ratiesuccessful ablation (primary outcome), or
post-therapy complications, between CEUS and cbgiaups. Use of CEUS in the pre-
treatment imaging protocol was found to signifitgnteduce incidence of tumour
progression, new HCC and repeat RFA over a two f@hw-up period; odds ratios were
0.35 (95% CI 0.13 to 0.95), 0.34 (95% CI 0.16 té2).and 0.33 (95% CI 0.17 to 0.66),
respectively (Table 12). The use of CEUS also m®eed local progression free survival, mean
difference 7.2 months (95% CI 6.6 to 7.8), and nemour-free survival, mean difference
11.7 months (95% CI 11.1 to 12.3).

Table 11 provides a summary of the risk of biasss®ent for this study and Table 12

summarises results.

88



Table 11: Risk of bias assessment for studieseoétfectiveness of SonoVue® CEUS for
treatment planning in patients with known liver igaancy

Item Judgement Description

Adequate sequence generation? Yes Alternate dbhocat

Allocation concealment? No Alternate allocation methat
assignment of an individual patient to
a test group can be easily predicted|

Blinding? No Patients could not be blinded to the
tests being undertaken and it was npt
clear whether those assessing the
efficacy of treatment were aware of
test allocations. It was not clear if
those who designed the RFA protodol
knew the results of CEUS and US of
only of one of the tests.

Were patient characteristics Yes

comparable at baseline?

Incomplete outcome data Yes All outcomes assessed appear to be

addressed? reported for all patients.

Free of selective reporting? Yes All outcomes assappear to be
reported for all patients.

Free of other bias? No Patients, in both groups, wére
judged to be unsuitable for RFA were

excluded from the analyses.
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Table 12: Effectiveness of SonoVue® CEUS, comparigiil un-enhanced US, for treatment planning ingrds with known liver malignancy

Study ID Population Intervention | Comparator | Outcomée’ n with n with OR (95% Meantsd | Meantsd | Mean
(n) (n) outcome | outcome | Cl) () © difference
() (© (95% CI)
Chen 2007 Patients with | CEUS US and CECT| Primary 77 71 1.99 (95% | NA NA NA
related publicatiott | HCC, SonoVue® or CEMRI treatment Cl10.70 to
undergoing | and CECT or | before effectiveness 5.66)%
RFA CEMRI treatment (82 | (successful
treatment before patients, 107 | ablation)
treatment (83 | tumours) Tumour 6 15 0.35(95% | NA NA NA
patients, 114 progression Cl0.13to
tumours) 0.95}
New HCC 13 29 0.34 (95% | NA NA NA
Cl0.16 to
0.72f
Repeat RFA 17 36 0.33(95% | NA NA NA
Cl0.17 to
0.66}
Local NA NA NA 40.5+1.9 33.3+2.2 | 7.2 (95%
progression- months months Cl 6.6
free survival t07.8}
New tumour- | NA NA NA 38.1+2.0 26.4+2.0 | 11.7 (95%
free survival months months Cll1i.1to
12.3}
Post-therapy | 1 3 0.32(95% | NA NA NA
complications C10.03to
3.15%

C: comparator (US); CECT: contrast-enhanced CT; ®EMontrast-enhanced magnetic resonance imagiBg,SC contrast-enhanced ultrasound; Cl: confidentsval;
HCC: hepatocellular carcinoma,; I: intervention (CEUNA: not applicable; OR: odds ratio; RFA: radexfuency ablation; US: un-enhanced ultrasound

a: calculated values

b: outcomes were determined by imaging follow-updnth after RFA and every following 2-3 monthshe first year and 4-6 months in the second yeaA R&s
considered successful if there was no contrastrex@ment in or around the tumour, the margins oftlation zone were clear and smooth, the ablatoe extended
beyond the tumour borders
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4.7 Summary of clinical effectiveness results

Twenty of the 21 studies included in the systematiciew were DTA studies: seven
compared the performance of imaging modalitiegHercharacterisation of FLLs detected on
surveillance of cirrhosis patients using un-enhdnds&; four compared the performance of
imaging modalities for the detection of liver méts®s in patients with known primary
cancers (CRC); six compared the performance of imgagnodalities for the characterisation
of incidentally detected FLLs identified by un-enbhad US; three compared the performance
of imaging modalities for the determination of treant response in patients with liver

cancers.

The majority of included test accuracy studies wadged to be at ‘low’or ‘unclear risk of
bias with respect to the ‘index test’, ‘comparatest’ and ‘reference standard’ domains.
‘Unclear’ ratings for these domains most frequergtpse from insufficient detail in the
reporting of how tests were interpreted, partidyldolinding of interpreters to other test
results. Reporting quality was generally poor amtimber of studies were only reported as
conference abstracts, resulting in a high proportd ‘unclear’ risk of bias ratings across
domains (Figure 7). ‘High’ risk of bias ratings fitre ‘patient selection’ domain arose from
the use of a retrospective study design or frorppnapriate exclusions of particular patients
groups (e.g. exclusion of patients with a low ptality of malignancy). ‘High’ risk of bias
ratings for the ‘flow and timing’ domain arose fromxclusion of >10% of patients from
analyses or, in two cases, from incorporation ofintest results in the reference standard.
The latter two studies were also rated as ‘higbk mf bias for the ‘reference standard’

domain.

Figure 7: Summary of QUADAS-2 assessments

Patient selection 20 30 50
Index test 40 60 0
Comparator test 50 50 (0]
Reference standard 15 7 10
Flow and timing 25 45 30
0% 20% 40% 60% 80% 100%
Low risk of bias Unclearrisk of bias Highrisk of bias
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Studies varied in terms of target condition (HCi®el metastases, or ‘any malignancy’),
definitions of a positive imaging test used by &sdf the same target condition, and lesion
size assessed. Overall, there was no clear indicdtiat any of the imaging modalities
(CEUS, CECT or CEMRI) or contrast media consideriéered superior performance for any

of the clinical applications assessed.

Studies conducted in cirrhosis patients undergemgine surveillance all concerned the
differentiation of HCC from other lesion types imall to medium (<30 mm) FLLs. The
definition of a positive test for HCC varied, inding arterial enhancement followed by portal
venous wash-out, arterial enhancement alone, andl p@nous wash-out alone. There was
no consistent evidence for any significant diffeenn test performance between the three
imaging modalities and three MRI contrast media@sssd. Results were inconsistent for the
studies that reported an EFSUMB-consistent definiof HCC (arterial phase enhancement,
followed by portal-venous washout). One study commgaCEUS and CECT reported high
per lesion sensitivity (91% and 80%, respectivebnd specificity (87% and 98%,
respectively) estimates; all lesions in this studgre between 10 and 20 mm. Two studies,
comparing CEUS and Gd-CEMRI reported inconsistensgivity estimates for CEUS (93%
and 52%), with the lower sensitivity estimate agsfrom a study which included very small
(<10 mm) FLLs. Two studies comparing all three imggmodalities reported similar, high
(>90% in most cases) specificity estimates forirathging modalities, however, sensitivity
estimates were inconsistent between the two stu@iessitivity estimates were: 67% and
27% for CEUS; 67% and 47% for CECT; 82% and 44%XdfCEMRI. Sensitivity estimates
from these two studies were generally lower thars¢hfor studies which compared only two
imaging modalities, using a similar definition ofC and similar lesion size. There was
some evidence, from one study comparing CEUS anr@€BMdRI, that these techniques may
be better at ruling out HCC in FLLs between 11 &dmm (sensitivities for CEUS and
CEMRI were 92% and 95%, respectively) than in srRllls <10mm (sensitivities 27% and
73%, respectively), however, this study did not ase EFSUMB-consistent definition of
HCC. There was also some evidence, from two stuti@scombined imaging using CEUS
and CECT or all three imaging modalities where paogitive imaging result was treated as
‘test positive’, that combined imaging may increasmsitivity. Inconsistent estimates of
sensitivity, mean that it is unclear whether CEWe is adequate to rule out HCC for FLLs
<30 mm in this population; CEUS alone may be adegt@arule out HCC for FLLs 11-30

mm, where very small FLLs (<10 mm) are not congder

Studies of the diagnosis of liver metastases usimaging with vascular contrast media
(CEUS, CECT, and Gd-CEMRI), where definitions giasitive imaging test were reported,
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gave various descriptions of peripheral rim enhara# as the criteria for liver metastases.
Two studies reported data for SPIO-CEMRI. There wasconsistent evidence for any
significant difference in test performance betwdsnthree imaging modalities assessed and
different MRI contrast media assessed. Both pdemaand per lesion sensitivity estimates
were generally high in all studies (>83% for allagmg modalities and both MRI contrast
agents in two studies of patients with colorectatmoma (CRC) and >95% for both CEUS
and CECT in a third study of patients with variquémary cancers (majority CRC). The
limited data available indicate that CEUS alone rnayadequate to rule out liver metastases

in patients with known primary malignancies.

The primary outcome measure reported by studieslumied in patients with incidentally
detected FLLs was test accuracy for the differéintiaof malignant from benign liver lesions.
Studies used arterial enhancement followed by pweanaous wash-out to define a positive
test for primary liver cancer (HCC) and periphemal enhancement to define a positive test
for liver metastases; these criteria are consisteth those defined in the EFSUMB
guidelines on the use of CEUSTable 1, section 2.2. All studies reported no ificant
difference in the accuracy of CEUS and CECT or CENR the characterisation of focal
FLLs. All but one study reported data for one lasjger patient and the remaining study
reported data for 694 lesions in 686 patients; datee therefore treated as per patient. The
pooled estimates of sensitivity for the detectibraay liver malignancy’ were approximately
95% for both CEUS and CECT and the pooled estimaitapecificity were 94% and 93%,
respectively, based on data from four studies. $imgle study comparing CEUS with
CEMRI used Gd-CEMRI in all patients, with the additof SPIO-CEMRI in an un-specified
number of cases, and reported sensitivity estimate81% and 82%, respectively, and
specificity estimates of 67% and 63%, respectiv@lata from one study indicated that
combined imaging using both CEUS and CECT, whepestive result on either modality
was treated as ‘test positive’, did not increasasiswity. High estimates of sensitivity

indicate that CEUS alone may be adequate to ruléveumalignancy in this population.

Two Chinese language studies, comparing imagingafites for the assessment of response
to treatment (cryosurgery and non-surgical treatjnem patients with HCC, reported per
lesion sensitivity estimates >95% and specificigfireates >80% for complete response,
using CEUS, CECT and CECT or Gd-CEMRI. These vanjtéd data indicate that CEUS
may provide information on response in patientateé@ for HCC. However, these data are
very limited and may not be directly applicabldJig clinical practice; further studies, ideally

conducted in a UK setting are required to confirmdihgs.
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One controlled clinical trial indicated that theclmsion of CEUS in pre-treatment imaging
protocols for patients undergoing RFA for HCC magult in reduced incidence of disease
progression, new HCC and repeat RFA, and increbszd progression- and new tumour-
free survival, compared with un-enhanced US. Howere difference was found in the
primary outcome, successful ablation. High quaktyTs are needed to determine the relative

effectiveness of different imaging strategies featment planning.
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5 ASSESSMENT OF COST-EFFECTIVENESS

5.1 Search strategy

Searches were undertaken to identify cost-effeatge studies of ultrasound, MRI and CT in

the diagnosis of liver cancer. As with the cliniedlectiveness searching, the main Embase

strategy for each set of searches was independeedy reviewed by a second Information

Specialist, using the PRESS-EBC checKlistSearch strategies were developed specifically

for each database and searches took into accouetigeand other product names for the

intervention. No restrictions on language or pudilan status were applied. Limits were

applied to remove animal studies. Full searchesgras are reported in Appendix 1.

The following databases were searched for relestadies from 2000 to present:

MEDLINE (2000-2011/09/wk4) (OvidSP)

MEDLINE In-Process Citations and Daily Update (2€@11/10/10) (OvidSP)
EMBASE (2000-2011/wk 40) (OvidSP)

NHS Economic Evaluation Database (NHS EED) (200012@via Cochrane
Library)

NHS Economic Evaluation Database (NHS EED) (207/0/D2011/10/12) (CRD
website)

Health Economic Evaluation Database (HEED) (20001200/12) (Wiley)
http://onlinelibrary.wiley.com/book/10.1002/978044M933

Science Citation Index (SCI) (2000-2011/10/07) (V@éBcience)

Supplementary searches on focal liver lesions aret kcancers were undertaken on the

following resources to identify guidelines and @uide:

National Guidelines Clearinghouse (NGC) (2005-201410) (Internet)
http://www.guideline.gov/

GIN: International Guidelines Library (GIN) (200921/11/10)

http://www.g-i-n.net

National Institute for Health and Clinical Excelten (NICE) Guidance (up to
2011/11/10) (Internet)

http://guidance.nice.org.uk/

TRIP database (limited to Guidelines) (2005-2014/Q)L (Internet)
http://www.tripdatabase.com/

Health Technology Assessment Database (HTA) (2@13411/10) (CRD website)

Identified references were downloaded in Endnotesi#tware for further assessment and

handling.

References in retrieved articles were checkeddditimnal studies.
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5.2 Review of Economic analyses of SonoViie

We screened 1194 titles and abstracts, from whiets@lected 40 papers. After full paper
screening we excluded 36 studies and kept 4, winiatched our inclusion criteria of an
economic analysis which related to SonoVueA summary of each of these studies is

provided in Table 13 with a quality check-list bésse Drummond et al. (Table 1%).

Faccioli et a° developed a decision model in order to assessdsis of testing for benign

focal liver lesions (BFLLS) after the introductioh contrast-enhanced ultrasound. 398 BFLL
(angiomas, focal nodular hyperplasias, and pseaduig) patients with suspicious lesions at
baseline US from department of radiology in a hadpn Italy between 2002 and 2005 were
reviewed and entered into the model. All lesiondasmwent CEUS and 98 also underwent CT.
The average follow-up was 22 months and none oflBE)S diagnoses changed during the

follow-up.

Equipment costs (purchase and service contracs)camgjents and related costs (contrast
agents, saline solution, medical supplies, andshijrand human resource costs (radiologist,
technician, nurse, and administrative staff) weralwated within the model. The calculation
of equipment costs was based on utilisation tinreegamination considering both purchase
price and depreciation; these were all obtaineah filve Hospital Administrative Office with a
constant annual depreciation rate. The costs ofmalllical staffs and administrators (per.
Minute) were derived from Societa ltaliana di Raaliga Medica (SIRM) publication. The
formula for the total saving calculation was CT{&EUS-US)*n], with n representing the

number of examinations. The cost year was 2006.

For each US examination, the total costs were 46u86s and disaggregate costs were: 8.43
euros for equipment, 5.96 euros for agents andectlaosts and 31.97 euros for human
resource costs. In each CEUS examination, equipmests were 8.43 euros, agents and
related costs were 43.04 euros, human resources 504 euros. In total the cost was
101.51 euros. For each CECT examination, the agtgempst was 211.48 euros, calculated
by summing equipment costs of 68.27 euros, 62.96sefor agents and related costs, and
80.25 euros for human resource costs. The totahga¥rom replacing CEUS as the second

line diagnostic procedure for the 398 patients rledavere 47,055.33 euros.

Romanini® et al conducted a multicentre prospective studgualuate the economic and

clinical outcomes after the introduction of CEUSdiagnostic procedures for incidentally

96



detected FLLs. Four hundred and eighty five pasigmmesenting with uncharacterised FLLS,
without liver cirrhosis, were recruited in the sguilom January 2002 to October 2005. All
patients underwent two diagnostic strategiespatients were their own control group:

» US—CEUS—(if inconclusive) CECT/CEMRI
* US—CECT/CEMR(if inconclusive)CEMRI

Cost items included diagnostic examinations, headite professional time, pharmaceuticals,
laboratory tests, medical devices and materiaif@ging. Reimbursement for baseline US
was 51.13 euros, CEUS was 76.13 euros, CT withithiowt contrast agent was 164.75 euros
and MRI with or without contrast agent was 259.7roe according to a regional
reimbursement price list. Other variable hospitadts were obtained from hospitals joining
the study. From the Italian NHS perspective, theveational diagnostic pathway with CECT
and CEMRI cost a total of 134,576.60 euros. Altstawing of 78,902 euros could be made
by adopting the CEUS strategy, i.e. 162.70 europagent. From the hospitals’ perspective,
the total expenditure incurred by the conventiamroach was 147,045 euros, compared to
61,979 euros by the CEUS strategy. The reimburserneenhe hospital per person for
conventional strategy was 277 euros, 26 eurosiessthe original spending by the hospital,
for CEUS strategy, reimbursement agency only pa#l79 euros for the hospital, 13 euros

less than the hospital’s spending.

Sirli®” et al conducted a prospective study, in the Depant of Gastroenterology and
Hepatology in a hospital in Romania, to evaluate ¢bst differences when CEUS replaced
CECT/CEMRI as the first line examination for FLLteletion. All the CEUS liver evaluations
performed during September 2009 to March 2010 wesleided in the study. The cost of a
CEUS positive diagnosis was compared with a CEGFarCEMRI positive diagnosis. The-
cost of CECT/CEUS examination was added when tHdSCEesult was inconclusive:

* CEUS—(when inconclusive)CECT

* CEUS- (when inconclusive)CEMRI

« CECT

« CEMRI

CEUS provided conclusive diagnoses for 250 of 3l6si-the remaining 66 required further
imaging (CECT or CEMRI). Therefore, the total exaation cost for CEUS followed by
CECT when necessary was 75,690 Romanian New LeINJRTBO RON (cost for single
CEUS examination)*316+285 RON (cost for single CE€XBmination)*66). The total cost
following the second strategy was 99,780 RON (180NR(cost for single CEUS
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examination)*316+650 RON (cost for single CEMRI mwaation)*66). When using CECT
only, the total cost was 90,060 RON, and 205400 R@NCEMRI. To sum up, by adopting
CEUS as first line FLL detection, the cost savimg person was 45.5 RON compared with
CT as first line and 334.2 RON with MRI as firgtdi

Sangiovanni et & conducted a study to assess the diagnostic agcanacalso the economic
impact of all possible diagnostic strategy comborat in characterising FLLs (including only
1-2 cm lesions) in Italy. Compensated cirrhosisepés diagnosed with liver nodules under
US surveillance were included in this study. Alspible examinations (CT, MRI, CEUS and
US-guided fine needle biopsy (FNB)) were perfornoedil a final diagnosis was obtained.
The study assessed the cost using two approachedir3t was in accordance with American
Association for the Study of Liver Disease (AASL@)ideline, where the final diagnosis of
HCC needed concordant results from at least twaingatechniques; a third examination
only recommended when the previous two were disctrd=NB was only performed when
the vascular pattern observed was different irfitsetwo diagnostic procedures. The second
approach was to perform a single scan and thewmmper§ubsequent scans if the result was
inconclusive; although not stated, it appeared BB was only performed if all 3 scans
were inconclusive.
» The AASLD approach implied 3 possible permutatioas
* CEUS and CH(when inconclusive)MRb (if required)FNB
* CEUS and MR+ (when inconclusive)CH (if required)FNB
* CT and MR¥>(when inconclusive) CEUS(if required)FNB
» The study criteria approach implied 6 possible pgations i.e.
*» CEUS— (when inconclusive)CFH (when inconclusive)MRb (if
required)FNB
*» CEUS— (when inconclusive)MRb (when inconclusive)CH (if
required)FNB
* CT—(when inconclusive)CEUS(when inconclusive)MRb (if
required)FNB
* CT—(when inconclusive)MRb(when inconclusive) CEUS (if
required)FNB
*  MRI—(when inconclusive)CEUS (when inconclusive)CH (if
required)FNB
* MRI—(when inconclusive)CH(when inconclusive) CEUS (if
required)FNB
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Following the AASLD guideline approach, CEUS+CTmi#IRI and FNB when required was
considered the cheapest combination, with a t@gtegate cost of 26,440 euros, equivalent
to 479 per person. This strategy was 79 euros ehneppr person compared with
CEUS+MRI-CT—FNB and 144 euros cheaper per person than CT+MFEUS—FNB.
The most inexpensive strategy by study criteria@ggh was CEUSCT—MRI—FNB: 535

euros per person, within the range of 9 to 45 edhesper compared to the rest of strategies.

The study conducted by Zaim ef®assessed cost-effectiveness when CEUS was apgslied
the second line imaging technique in FLL charas&ion. Patients with an FLL diagnosis
were recruited, between January 2009 and Juneifi(d @nedical centre in The Netherlands.
All participants had at least one baseline US aswtived both the conventional imaging
strategy, which was US followed by MRI or CT, anBWS. Those diagnosed with benign
lesions underwent a minimum of six months of foHop Those with malignant lesions were
treated with curative or palliative treatments. Somcluded diagnostic techniques (US,
CEUS, CT, MRI, laboratory tests, and liver biopssgrgical resection, intensive care stays,
duration of hospitalisation, outpatient visits, ieas treatment strategies (radiofrequency
ablation (RFA), transarterial chemoembolisation CH), chemotherapy, palliative care, and
liver transplantation). All unit prices were based Farmacotherapeutisch Kompas (CVZ)
and Dutch tariffs and Erasmus Medical Centre (EM&H at the 2010 rate. The time horizon
was 24 months with a 1.5% discount rate for healticomes and 4% for costs. Deterministic
and probabilistic sensitivity analyses were pertdnin the study. The discounted cost per.
patient undergoing CEUS was 8,309 euros; this @ss than that for patients following the
conventional strategy, which was 8,761 euros pesgoe The aggregate cost saving was 452
euros per person, of which 160 euros constitutedithgnostic phase and 292 euros treatment
phase. Total discounted life years (LYs) gainedpgagirent were 1.538 for CEUS strategy and
1.536 for conventional strategy. The results obpiilistic sensitivity analyses indicated that,
when the cost-effectiveness threshold was 20,0084, the CEUS strategy was cost-
effective in 90% of the simulation and MRI/CT s&égy was cost-effective in only 10% of

simulation.

Although all the studies were of reasonably goodligy they did not fully address our
research question. Limitations included restriégtédrmation about disease management and
progression, choice of equipment and administragivecedures in different settings,
inclusion of costing elements in the calculatiod &ealth outcomes. Zaim et al was the only
paper which modelled disease management and rdpetevant health outcomes; however,

the follow-up lasted only 24 months.

99



Table 13: Summary of economic studies

Study details

Sirli et al. ®’

Zaim et al®

Romanini et af®

Time horizon

Not available

24 months

NA

Objective

To evaluate if CEUS is a cost-
efficient method for the first-line

To evaluate cost-effectiveness of application otJSEas
a diagnostic imaging technique in the front-line
characterization of FLL in the Netherlands

To evaluate the clinical and economic
consequences of the introduction of CEUS intc
the diagnostic clinical algorithm for the
characterization of incidental FLLs

Source of effectiveness
information/testing
accuracy data

316 FLLs were included in
CEUS evaluation performed
during 6 months period

A total of 170 prospectively enrolled patients oltean
18 years were included in a single centre studsM(,
NL

The inclusion of participants are consecutive
patients with FLL presenting from Jan. 2002 tg
Oct. 2005(In total 575FLLs)

Comparators 1. CEUS-CECT(if the resultis| 1. CEUS 1. US—-CEUS-(if
inconclusive) 2. CEMRI inconclusive) CECT/CEMRI
2. CEUS—-CEMRI(if the result | 3. CECT 2. US—CECT/CEMRI-(if inconclusive)
is inconclusive 4. Reference standard CEMRI
3. CECT
4. CEMRI
Reference standard Not available Imaging (MRI/CT), biopsy/surgicakesimens, and CECT/CEMRI

clinical judgment

Unit costs

Source: mean costs practiced in Source: Farmacotherapeutisch Kompas (CVZ), Dutch

Timisoara

tariffs and Erusmus Medical Centre (EMC)

(all costs reported in 2009 were inflated to 20&les
using Centraal Bureau voor de Statistiek(CBS)
Netherlands website)

NHS Italy and hospitals

Measure of benefit

Is measured by the amount of
money saved

Life year gained

Is measured by the amount of money saved

Study type

Costs comparison study
(prospective study)

Cost-effectiveness study

Cost analysis

Model assumptions

NA

1. The costs and effectiveness calculation for metiast
patients does not include secondary sites

2. Life expectancy of benign group was assume to be

the same

patients undergoing liver transplantation-only
screening for liver transplantation was includethia
analysis

It was assumed that time horizon does not capture

aNA
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Study details Sirli et al. ®’ Zaim et al® Romanini et af®
4. All treatment, follow-up and non-follow-up costscarn
probabilities were assumed based on the reference
standard
Perspective NA Hospital in Netherland NHS and hospitals inytal
Discount rate NA Costs: 4% NA
Effects: 1.5%
Uncertainty around NA *CEUS strategy was cost-effective at a threstaild NA
cost-effectiveness ratio 20,000euro/LY in 90% of the simulation
expressed *MRI/CT strategy was be cost-effective at a thi@dh
20,000euro/LY in 10% of the simulation
Sensitivity analysis NA Resource use and unit costs data were testedrying NA
the costs by +30% and -30% from the mean
Outcome (cost and *CEUS first-line+ CT second *Total discounted per patient costs with CEUS= NHS:
Lys/QALYSs) per line=75,690 8,379euro *US—CT/MRI:134,576.60euro
comparator *CEUS first-line+ MRI second | *Total discounted per patient costs with MRI/CT= *US—CEUS:55,674.30euro
line=99,780 8,761euro Hospitals:
*CT first-line=90,060 *Total discounted per patient life years(LYs) wér638 | *US—CT/MRI:147,045euro
MRI first-line=105,620 for CEUS *US—CEUS:61,979euro
(currency=RON) *Total discounted per patient life years(LYs) wé&r836
for MRI/CT
Summary of *Incremental per patient cost for CEUS was estadat | *Total saving for NHS:78,902euro (162.70eurd

incremental analysis

452euro(-160euro for diagnostic phase and -292euro
treatment phase)

per patient)
*Total saving for hospitals:85,065.96euro
(175.39euro per patient)

Study details

Faccioli et al®®

Sangiovanni et al.2030

Time horizon

NA

NA

Objective

To perform a cost analysis of To assess the sensitivity, specificity, diagnostic

CEUS in the study of benign
FLL with intermediate
appearance on US.

accuracy and economic impact of all possible seiipladombinations of contrast imaging techniquepatients
with cirrhosis with 1-2 cm liver nodules undergoid§

surveillance.

Source of effectiveness

398 BFLL patients between

64 patients with 67 deoriver
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Study details

Faccioli et al®

Sangiovanni et al.2030

information/testing
accuracy data

2002 and 2005

nodules

Comparators

US—CEUS—(when
inconclusive)MRI/CT

» AASLD approach
e CEUS and CF(when inconclusive)MRb (if required)FNB
* CEUS and MR{»(when inconclusive)CH (if required)FNB
» CT and MRI>(when inconclusive) CEUS(if required)FNB

» Study criteria
* CEUS— (when inconclusive)CH (when inconclusive)MRb (if required)FNB
* CEUS— (when inconclusive)MRb (when inconclusive)CH (if required)FNB
e CT—(when inconclusive) CEUS (when inconclusive)MR} (if required)FNB
e CT—(when inconclusive)MRb(when inconclusive) CEUS (if required)FNB
e  MRI—(when inconclusive) CEUS (when inconclusive)CH (if required)FNB
*  MRI—(when inconclusive)CH+(when inconclusive)CEUS (if required)FNB

Reference standard

NA

Histology FNB

Unit costs

*Hospital Administrative
Office

*Societa Italiana di
Radiologia Medica (SIRM)
publication

*Resource Management
Service of this hospital

Italian National Health System

Measure of benefit

Is measured by the amount
money saved

pfls measured by the amount of money saved

Study type Cost analysis Cost analysis

Model assumptions NA NA

Perspective Radiology Department of this Italian NHS
hospital

Discount rate NA NA

Uncertainty around NA NA

cost-effectiveness ratio

expressed

Sensitivity analysis NA NA

Outcome (cost and

Total cost saving from 2002

» AASLD approach
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Study details

Faccioli et al®

Sangiovanni et al.2030

Lys/QALYSs) per

to 2005:47055.33 euros

CEUS and CH(when inconclusive)MRb (if required)FNB: 26440 euros (479 euros per pdfie

comparator » CEUS and MRb(when inconclusive)CHF (if required)FNB: 30922 euros (558 euros per pdlie
e CT and MR>(when inconclusive) CEUS(if required)FNB: 33898 euros (623 euros per paétien
» Study criteria
* CEUS— (when inconclusive)CH (when inconclusive)MRb (if required)FNB: 28667 euros (535 euros
per patient)
* CEUS— (when inconclusive)MRb (when inconclusive)CH (if required)FNB:30215 euros (545 euros
per patient)
* CT—(when inconclusive) CEUS (when inconclusive)MRb (if required)FNB: 28909euros (544 euros
per patient)
e CT—(when inconclusive)MRb(when inconclusive) CEUS (if required)FNB: 29346 euros (553 euros
per patient)
e  MRI—(when inconclusive) CEUS (when inconclusive)CF (if required)FNB: 30970euros (580 euros
per patient)
*  MRI—(when inconclusive)CF(when inconclusive)CEUS (if required)FNB: 30607 euros (577 euros
per patient)
Summary of Equivalent to 118.23 euros

incremental analysis

saving per person
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Table 14: Economic study quality checklist

Sangiovanni et ar. | Sirlietal®. | Romaninietaf’. | Facciolietaf>. | Zaim et af.
2011 2010 2007 2007 2011

Study design
The research question is stated N N v
The economic importance of the research questistaied N N N N N
The viewpoint(s) of the analysis are clearly stated justified v X v X v
The rationale for choosing alternative programnreisterventions N N N N N
compared is stated
The alternatives being compared are clearly desdrib v v v v v
The form of economic evaluation used is stated N v v N v
The choice of form of economic evaluation is justfin relation to the N N N N N
guestions addressed
Data collection
The source(s) of effectiveness estimates usedatrerls N v N v %
Details of the design and results of effectiverstady are given (if based N N N N 9
on a single study)
Details of the methods of synthesis or meta-amalykestimates are NA NA NA NA NA
given (if based on a synthesis of a number of &ffeness studies)
The primary outcome measure(s) for the economituatian are clearly N N N N N
stated
Methods to value benefits are stated X
Details of the subjects from whom valuations wertaimed were given v
Productivity changes (if included) are reportedasately NA NA NA NA NA
The relevance of productivity changes to the siyalystion is discussed x x x

V V x v x

Quantities of resource use are reported separataiytheir unit costs
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Sangiovanni et ar. | Sirlietal®. | Romaninietaf®. | Facciolietaf>. | Zaim et af.
2011 2010 2007 2007 2011

Methods for the estimation of quantities and units are described v X X v X
Currency and price data are recorded N v N v v
Details of currency of price adjustments for inflator currency y 9 y 9 N
conversion are given
Details of any model used are given NA NA NA NA NA
The choice of model used and the key parametevghash it is based arg N N N N N
justified
Analysis and interpretation of results
Time horizon of costs and benefits is stated v v v v v
The discount rate(s) is stated x x x x v
The choice of discount rate(s) is justified x x x x v
An explanation is given if costs and benefits avediscounted x x x x NA
Details of statistical tests and confidence intkraae given for stochasti N
data X X X X
The approach to sensitivity analysis is given NA NA NA NA
The choice of variables for sensitivity analysifuistified NA NA NA NA
The ranges over which the variables are varieguatied NA NA NA NA X
Relevant alternatives are compared v v v v v
Incremental analysis is reported X v v v v
Major outcomes are presented in a disaggregateelagas aggregated N N N N y
form
The answer to the study question is given v v v v v
Conclusions follow from the data reported v v v v v

v v v v v

Conclusions are accompanied by the appropriateataive
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5.3 Model structure and methodology
In the health economic analysis, the cost-effentgs of contrast enhanced ultrasound using
the contrast agent SonoVue® (CEUS) for the assegsoh@dults with focal liver lesions, in
whom un-enhanced ultrasound or other liver imagsgnconclusive. In the analyses we
focused on the clinical applications where the ndasa on test performance was available for
(see previous chapters), and where we are mo#f likesee a clinical benefit from the use of
CEUS. Therefore, the health economic analysis asde$e value of CEUS in the following
three populations:

» Detection of hepatocellular carcinoma through sillarece of patients with cirrhosis;

» Detection of liver metastases in patients with medtal cancer;

* Characterisation of incidentally detected foca¢tilesions.

The comparators included the following liver imagbechniques:
» Contrast enhanced computer tomography (CECT);
* Contrast enhanced magnetic resonance imaging gsidglinium as contrast agent
(Gd-CEMRI);
» Contrast enhanced magnetic resonance imaging 8sipgrparamagnetic iron oxide
as contrast agent (SPIO-CEMRI).

Three separate models were used to assess theffemsiveness of contrast enhanced
ultrasound using the contrast agent Son6\Minghe populations specified above:

e A cirrhosis surveillance model;

* Aliver metastases of colorectal cancer model;

» Anincidentally detected focal liver lesions (FLinpdel.

In all models the mean costs, life years gainedcpradity adjusted life years (QALYS) gained
per patient were calculated for each comparatost<Cand benefits were discounted at 3.5%.

The three models are described, in detail, below.

5.3.1 Cirrhosis surveillance model

The cirrhosis surveillance model is a modified i@rsof a model produced by the Health
Economics Group, Peninsula Technology AssessmemiiG{PenTAG), Institute of Health
Service Research, Peninsula Medical School (th& R@ncirrhosis surveillance modelj.
This model was developed to assess the cost-ef@ess of several surveillance strategies in
cirrhotic patients using periodic seruAfetoprotein (AFP) testing and/or liver ultrasound

examination with CT as a confirmatory imaging tegae, to detect HCC, followed by
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treatment with liver transplantation or resectiovhere appropriate. One of the research
recommendations made by the authors was to askessialue of contrast-enhanced
ultrasound in surveillance strategies for cirrh@tients. For the assessment of the value of
CEUS in cirrhosis surveillance, this model requieglptation because it did not allow for a
confirmatory test with less than perfect accuraégo, the original model did not allow the

comparison of different confirmatory tests.

The population of interest in the cirrhosis sutegite model in this assessment consisted of
persons with a diagnosis of compensated cirrhosesneéd eligible to enter a surveillance
programme (aged 70 years or less with no pre-egisthedical conditions that would
preclude treatment with liver transplant or hepa#ésection (including current alcohol or
intravenous drug abuse)). The model allowed sepaatlysis of each of three cirrhosis
aetiologies: alcoholic liver disease (ALD), hepatiB virus (HBV), and hepatitis C virus
(HCV). In the base case analysis, results were ymed for a mixed cohort weighted
according to the following proportions: 57.6% ALD,3% HBV and 35.1% HCV (expert
opinion; as in the PenTAG modélA probabilistic state transition (Markov) cohorbdel,
constructed using Excel, was used. The time honzas lifetime and the cycle duration was

one month.

The model diagram is shown in Figure 8. Statesshmewvn as boxes, and allowable state
transitions are shown as arrows. The basis of thdeinwas the disease process or ‘natural
history’ of cirrhosis. Within the natural historyoakel, a distinction was made between people
with compensated and decompensated cirrhosis. ®eamjph compensated cirrhosis can
progress to decompensated cirrhosis, which is erstvle and associated with excess
mortality, costs and quality of life decrementseTrate of incidence of HCC is the same in
people with compensated and decompensated cirrhd€l€ can be either diagnosed or
occult. Three classes of tumours were distinguistszdall tumours (< 2 cm), medium
tumours (2-5 cm) and large tumours (>5 cm). Tunsize was used as surrogate measure of
all characteristics of tumour progression. Hencepdur progression was modelled by a
tumour growth rate. Detectability and treatabitifythe tumour are dependent on the tumour
size. For example, for larger tumours there is @atr likelihood of detection.
Incidental/symptomatic presentation of HCC is palssfor people with both compensated
and decompensated cirrhosis, for all tumour sizfiough with significantly lower

probabilities for small and medium sized tumours.

The surveillance programme and treatment comporemetsuperimposed onto the disease

process. The technical performance of each tesirajegy was modelled using decision
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trees. The testing strategies consisted of un-emthaltrasound followed by CEUS, CECT,
Gd-CEMRI or SPIO-CEMRI as a confirmatory imagingstteln the base case analysis
surveillance was every six months, and stoppeg@dople who reached the age of 70 years. It

was also assumed that compliance was 100%. Thsidlesitrees are shown in Figure 9.

Figure 8: Model diagram Cirrhosis Surveillance,dshen Thomson Coon etl.
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health state; Patients who are palliative or utatgla can die from HCC.
Light grey states represent occult HCC; Dotteddirepresent detection of HCC after screening owsigppsymptoms; stacked lines
represent tumour growth; Solid lines representspéant.

The treatments considered in the model are liarsplantation and liver resection. People
can enter the transplant waiting list following gl@asis of either surgically treatable HCC or
decompensated cirrhosis. There is no prioritizatibpeople waiting for a transplant. During
the time on the waiting list people are subjectii® same natural history process as those
prelisting. There is no waiting list for liver resmn for HCC. Some people are deemed
unsuitable for surgical treatment, including thed®se tumours are large, or become large
while on the transplant waiting list. Small tumoan® deemed more amenable to surgical
treatment than medium sized tumours. People whangadsuccessful liver transplant or
resection enter a simplified disease process inclwlhpost-transplant or post-resection
mortality, costs and utilities are taken into aguouPeople with small and medium-sized
tumours that are deemed to be surgically untreatater a series of states to model palliative
care. Palliative care includes percutaneous ethajedtion (PEI), radiofrequency ablation
(RFA) and transarterial chemoembolisation (TACEM asupportive care. Once people

progress to untreatable large HCC, an excess ntpréaid associated costs and utilities are
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applied to reflect the palliation provided by trarisrial chemoembolosation for a proportion
of these people. An overview of the key structasgumptions is provided in below. A more

detailed description of the model structure cafobed in Thompson Coon et &l.

Figure 9: Decision trees for the cirrhosis model
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The confirmatory tests are the comparators inghaysis: CEUS, CECT, Gd-CEMRI, SPIO-CEMRI.

Summary of structural assumptions (adapted frormiismn Coon et al?)
e All tumours are uni-nodular, with diameter used assurrogate index of all
characteristics of tumour progression.
» Progression from compensated to decompensatedsistis irreversible.

» The rate of incidence of HCC is the same in comgtetsand decompensated livers.
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* The presence of an HCC tumour has no direct effacinortality until it becomes
‘large’, at which point it becomes symptomatic asdssociated with an additional
mortality rate.

* Incidental/symptomatic diagnosis is possible alad®sll interventions, including
‘no surveillance’.

» The ceiling age for surveillance is 70 years old.

* Inthe base case, there is 100% compliance witsuheeillance programme.

* There is a small rate of false-positive diagnoses aesult of surveillance, all of
which are assumed to be rapidly discovered befe@rhent, as both resection and
transplant involve further diagnostic work-up.

» There is no waiting list for liver resection.

* There is no prioritisation of people on the traagpwaiting list.

* No ablative therapies are applied to patients ertrémsplant waiting list.

« Some people are deemed to have surgically untieatainours at the time of
diagnosis of HCC.

5.3.2 Liver metastases of colorectal cancer model

The colorectal cancer metastases model is a mddifegsion of the metastatic model
developed by Brush et af* This model was developed to assess the costieffaess of
FDG PET/CT as an add-on device in detecting mdtastancer compared to conventional
imaging (CT). The model was adapted to assessosteeffectiveness of CEUS compared to
CECT , Gd-CEMRI and SPIO-CEMRI in detecting metsastafrom colorectal cancer after an
inconclusive un-enhanced ultrasound scan. In auiditdo changing the comparators in the
model, we added the costs of a whole body CT swaalif patients with positive test to detect
whether metastases at extra sites are presentlstVetnged the way false-positives were
handled,and changed the watch and wait strategy to correspatid latest guidance. The
watch and wait strategy was not only given to pasievithout metastases, but also to those
patients treated and still alive. A final additiaras that we assigned false-negatives poorer
survival in first year because they are not treatadhediately. These adaptations are
described in more detail below. A decision tree loimed with a probabilistic state transition
(Markov) cohort model, constructed using Excel, wasd. The time horizon was lifetime

and the cycle duration was one year.

Figure 10 depicts the decision tree structure fisethe metastases model. Patients who had
previously had surgical treatment for primary CR@i an a routine follow-up assessment

(involving a clinical examination and CEA testinggre found to have rising CEA levels, and
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were identified as potentially having a metastatcurrence, received an un-enhanced
abdominal ultrasound scan. When this ultrasound desmed inconclusive, the patient
entered the decision tree. He could then receiVdSEEECT, Gd-CEMRI or SPIO-CEMRI.

Similarly to the Brush model, the decision tredtsghe patient population according to their
true disease status (metastatic recurrence or astagic recurrence) prior to applying the

diagnostic test accuracy estimates, so that aecarat inaccurate diagnoses can be identified.

Figure 10: Graphical representation of the livetastases from colorectal cancer model
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In this model, imaging (CEUS, CECT, Gd-CEMRI or SRTEMR) will identify either
metastases (test positive) or no metastases (eggttive). After a positive test, patients
receive a whole body CECT scan to identify whetihere are metastases at one site or at
multiple sites. In the base case it was assunsdathpatients in the model receive biopsy to
confirm the metastases before treatment and itagasmed that biopsy is 100% accurate.
Thus, in contrast to the Brush model, patients wifalse-positive test result will not receive
treatment. Patients with a positive biopsy (trusifpees) receive treatment. In line with Brush
et al.,™ it was assumed that all patients with metastases single site will receive pre-
operative chemotherapy and surgery for metastases,that patients with metastases at
multiple sites are assumed to be non-curable andl neceive either pre-operative
chemotherapy followed by surgery and palliativeecar chemotherapy and palliative care. In
line with the Brush model, patients with a negatest result are followed up in a watch and
wait strategy for three years. Also in line withetiBrush model, for patients who are
inaccurately diagnosed as having no metastasese (fagatives), the true diagnosis is
assumed to be identified within a year if the pdtis still alive. These metastases can be
detected during scans in the watch and wait styateg because the patient becomes
symptomatic. This delayed detection involves a sdcecan (either CEUS, CECT, Gd-
CEMRI or SPIO-CEMRI, depending on the compara@myhole body CT and a biopsy.
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After the decision tree phase, a state transitMarkov) model was used to follow up the
patients (Figure 11). After the second year, wheamepatient is correctly diagnosed, patients
can either stay in their health state or die. Infilst three years, patients without metastases
and those who were treated, were assumed to bewfsdl up using the wait and watch

strategy.

Figure 11: Simplified schematic diagram of the Marknodel for follow-up of patients in the
CRC metastases model
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Summary of structural assumptions

* For patients who are inaccurately diagnosed asnpawmo metastases, the true
diagnosis is identified within a year if the patién still alive, either through regular
tests in the watch and wait strategy, or becausenttitastases become symptomatic.

» All patients with a positive test result receivewhole body CT scan to identify
whether metastases are present at multiple sitkss $can does not detect
inaccuracies of the previous (positive) test.

» Patients who are inaccurately diagnosed as havetgstases receive biopsy and are

therefore not treated for their metastases.
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» All patients with metastases at a single site reileive pre-operative chemotherapy
and metastatic surgery.

» Patients with both hepatic and extra-hepatic masastare assumed to be non-curable
and will receive one of two treatment options: pperative chemotherapy followed
by metastatic surgery and palliative care, or citerapy and palliative care.

« All patients identified as having no metastaticureence, as well as patients who
have been treated for their metastases, would dmett with a watch and wait
strategy in which they would be followed up annpédir three years.

« |f there are no metastases at baseline, metastéls&®t occur. The watch and wait
strategy is used to detect local recurrences aedetlare not incorporated in the
model.

5.3.3 Incidentally detected FLL model

Patients with incidentally detected focal liverites (FLLS) can have a variety of diseases,
ranging from malignant lesions such as HCC and steetas to different types of benign

lesions. Figure 12 illustrates the different conaltions of test results and lesion types. The
choice of lesion categories was based on simiaritind differences in treatments, costs and

prognosis.

The prognosis, costs and QALYs seen amongst patibatinosed with HCC were modelled
using the cirrhosis model, while the prognosisisasnd QALYs amongst patients with liver
metastases were modelled using the liver metastaedsl. The incidentally detected FLL
model therefore incorporated elements of the csidanodel described above in section
5.3.1, elements of the liver metastases model ibestm section 5.3.2, as well as some new
elements. The cirrhosis model required adjustmieatsre it could be incorporated into these
analyses. One important issue related to when HGQftagnosed. In particular, while none of
the patients in the cirrhosis surveillance modelehBlCC at the start of the simulation, all

HCC patients in the incidentally detected FLL mod#l have it at the start of the simulation.

The economic and health consequences of falseiy@osind false negative results were
modelled in the following ways. Firstly, it was assed that patients with HCC who were not
correctly identified at baseline would be corredaliagnosed within several months, since
essentially all of these patients will have impbttesk factors (e.g. alcohol misuse, newly
diagnosed cirrhosis or hepatitis) that are idexdifat baseline. Patients with a false positive
diagnosis (in particular, patients with a benigmaour that was misclassified as a malignant

tumour) were assumed to undergo one additionabviellp consult as a result of this
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misclassification. This was viewed as a consergatgsumption which would bias the
assessment against CEUS and in favour of the catquar(CECT, CEMRI), since a false
positive result might lead to even greater cosém tsimply one extra visit and since CEUS

was found to have a lower rate of false positivethe diagnostic test accuracy studies.

The costs, life-years and QALYs seen with patiéraging a malignancy other than HCC or
metastases were assumed to be equal to those sRdHQC patients (see Figure 12). These
other types of malignant lesions (e.g. lymphomajewiafrequently seen amongst patients
with an incidentally detected FLL and the studiesiparing CEUS with CECT or CEMRI
provided little information about these lesionsvési the heterogeneity in costs and QALYs
within this group (and even amongst patients with $ame malignancy), we chose to set the
base-case values to the costs and QALYs seen With phtients and emphasise that this was
an assumption. However, it was known in advancethtgacosts and QALY's of these patients
would have limited effect on the cost-effectivene§€EUS versus the comparators for two
reasons: the values for sensitivity of CEUS anddbeparators were very similar and the
prior probability of other malignancies was smhilfact, the only possible way in which the
values for costs and QALYs of other malignanciesld@dave any effect on the overall cost-
effectiveness was if the costs and QALYs changadhdtically if the malignancy were to be
incorrectly classified as a benign lesion (i.eabd negative test result). The impact of this

false negative effect was therefore examined usemgitivity analysis.
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Figure 12: Description of patient categories anglirthreatments used in the incidentally
detected FLL model
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Summary of structural assumptions made in the emtally detected focal liver lesion model

Patients with HCC have a small HCC lesion and corsgied cirrhosis at the time of
assessment. The cirrhosis surveillance model ntagessible to explore the impact
of assuming that these patients have a mediumnlesid compensated cirrhosis at
time of assessment, and the costs and QALYs assdaidth this alternative were
used in a sensitivity analysis.

Patients with HCC who are incorrectly diagnosedbaseline will be correctly
diagnosed later (within several months). This suased because these patients will
be followed up due to the presence of some ofifiikefactors known to result in HCC
(e.g. history of alcohol misuse, hepatitis B or C).

Patients diagnosed with an apparently benign ledonot undergo treatment unless
they have a (hepatic) adenoma, in which case tfegyundergo a resection.

The mean costs and health outcomes of patientsindgitientally detected focal liver
lesions that are metastatic can be estimated tisenghodel for liver metastasis from
colorectal cancer, because the highest proportidiver metastases will originate
from CRC. For example, Catala et al. 2802ported that 7 of the 12 patients with
metastases in their study had colorectal cancet,tlais corresponds with findings
elsewhere in the literature as well as frequenmperted by one of the clinicians

gueried during this study.
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5.4 Model parameters
5.4.1 Cirrhosis surveillance model
5.4.1.1 Test performance

It was assumed that the surveillance strategyestastith unenhanced ultrasound. The test
performance of ultrasound used in the model wasdas the study by Bennett et al, 2682,

as used in the HTA report by Thompson Coon ef @his study was preferred over other
studies because it distinguished between small,iumednd large tumours, and had a

relatively large sample size (n=200).

Table 15: Test performance of ultrasound usederdttision trees for cirrhosis model (based
on Bennett et al ¥’

Parameter Value | Distribution
TP FN | FP TN
Sensitivity Small 0.11 Dirichlet 3 25 6 11§
Medium 0.29 Dirichlet 2 5 0 2
large 0.75 Dirichlet 3 1 0 0
False positive rate us 0.04 Dirichlet See above

The Dirichlet distribution is the multivariate geakzation of the Beta distribution. The parametefrs
the distribution are the observed test results FR,FN, TN), presented in the table.

Additional imaging takes place following an incamgive un-enhanced ultrasound. The
percentage of un-enhanced ultrasound examinatidichvare inconclusive was estimated to
be 43%, based on information provided by the mantufar of SonoVu&during the scoping
phase of this assessment. In the systematic reséeen studiéd * 5% %that compared
CEUS with at least one of the comparators (CECT-C&MMRI or SPIO-CEMR) for the
characterisation of FLLs detected during routineveillance of cirrhotic patients were
identified.

In the base case analysis the probability of detgad HCC, as well as the proportion of
people with a false positive test result, were nakem the study by Leoni et 8. The main
reason for using this study was that this studyl ubagnostic criteria matching the EFSUMB
guidance on the use of CEUS and reported data on the performance of CEUS, C&@IT
Gd-CEMRI in the same population, while most otlted®s compared CEUS to either CECT
or CEMRI. A potential disadvantage of using Leanakwas the use, in this study, of a sub-
optimal reference standard (concordance betwedsaat two imaging test results) for the
majority of patients. Leoni et al also reporteduaacy data for SPIO-CEMRI, which were
not incorporated in the base case analysis. Thay shcluded patients with liver lesions
between 1 and 3 cm, therefore in the base casesegthese results to model the diagnostic
accuracy for both small (<2 cm) and medium (2-5 ¢ompours. The sensitivity for the
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detection of large HCCs was assumed to be 100%lfaonfirmatory imaging tests and this

assumption was agreed by the clinical experts.

Table 16: Test performance of confirmatory imagiisgd in the decision trees for cirrhosis
model (based on Leoni et af.)

Parameter Value | Distribution
TP FN | FP TN
Sensitivity for detecting CEUS 0.67 Dirichlet 37 18 2 18
small and medium tumours* CECT 0.67 Dirichlet 37 18 2 18
Gd 0.82 Dirichlet 45 10 1 19
CEMRI
False positive rate CEUS 0.03 Dirichlet See above
CECT 0.03 Dirichlet See above
Gd 0.01 Dirichlet See above
CEMRI

The Dirichlet distribution is the multivariate geakzation of the Beta distribution. The parametefrs
the distribution are the observed test results FR,FN, TN), presented in the table.

5.4.1.2 Transition probabilities

The transition probabilities were all taken frone ttirrhosis surveillance model reported in
Thompson Coon et al.A detailed description of the estimates of thegition probabilities
can be found in this HTA report. An overview of {h@ameters used in the model that affect

transition probabilities is provided in Table 17.
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Table 17: Parameters used in cirrhosis Markov maffetting transition probabilities

Parameter Value | Source Distribution Range of values use
in sensitivity analysis
lower upper
Mean age at start ALD| 53.3|Roberts et al”’ Normal Se=0.178) 433 63.3
HBV | 44.0Fattovich et al* Normal Se=0.1789  34.0 54.0
HCV| 54.0Fattovich et al’® Normal Se=0.1789  44.0 64.0
% male ALD| 67.1/ONS™ Beta 0.=2118=90 50.0 90.2
HBV| 86.5|Fattovich et al* Beta 0= 302,8 = 47 82.6 89.7
HCV| 58.1] Fattovich et al’® Beta 0.=223,8 =161 53.1 62.9
Upper age limit for surveillance 70| AA* Lognormal Mean of logs = 4.24% = 60 80
0.006
Composition of mixed aetiology cohort ALUD 57.6|EO# fixed - -
HBV 7.3|EO# fixed - -
HCV| 35.1|EO# fixed - -
Annual incidence of cirrhosis decomposition ALD3.3%| Assumed same as Betal a=5,p=156 - -
HBV
HBV | 3.3%| Fattovich et al’* Betal 0=5,p =156 - -
HCV| 5.3%| Fattovich et al’* Betal 0=7,p=129 - -
Annual incidence of HCC ALD | 1.7%| Fattovich et al” Betal 0=10, =574 - -
HBV | 2.2%|Fattovich et al” Betal 0=9,p =392 - -
HCV| 3.7%| Fattovich et al” Betal o =47,p = 1237 - -
Tumour growth rate Small to] 0.056| Taouli et al.” Beta PERT A=4| 0.036 0.089
medium
Medium to] 0.036| Taouli et al.”® Beta PERT A=4| 0.023 0.056
large
Annual symptomatic /incidental presentation rareH@€C Smal| 1.6%| Rates calibrated to bhe Betal a =160, = 9840 0% 16.2%
Medium| 12.1%in line with Trevisan Beta a=121,3=2879 0% 30.3%
Large| 50%|etal.” Beta a = 500, = 500 0% 100%
Proportion with decompensated cirrhosis who atedigor 90%| AA* Beta PERT# r=4 80% 100%
OLT
Proportion with HCC who receive resection Small20%| AA* Beta PERT" r=4 10% 30%
Medium 5%| AA* Beta PERTA r=4 2% 10%
Proportion with HCC who are listed for OLT Small 75%| AA* Beta PERT" r=4 65% 85%
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Parameter Value | Source Distribution Range of values use
in sensitivity analysis
lower upper

Medium| 85%| AA* Beta PERT/ r=4 80% 88%

Proportion with HCC who are deemed surgically Small 5%]| AA* fixed

untreatable

Medium| 10%|AA* fixed
Monthly probability of receiving OLT once on waigjrist 0.2541] UK Transplanf® Beta o =577, = 1694 - -
Annual mortality rate due to compensated cirrhosis 0%]| AA* fixed - -
Annual mortality rate due to decompensated cirghosi ALD| 17.7%| Average HBV & Betal a=17,=81 12.7% 32.5%

HCV

HBV | 22.5%] Fattovich et al” Betal a=7,=26 18.9% 32.5%
HCV| 12.9%) Fattovich et al’® Betal a=8,=57 12.7% 14.0%
90 day mortality rate for patients undergoing OLT LDN 6.0%| UK Transplant® Beta PERT r=4 0.0% 12.6%
HBV | 15.0%| UK Transplant® Beta PERT A=4] 47% 25.3%
HCV| 7.4%]| UK Transplant® Beta PERT A=4] 3.0% 11.8%
Proportion of patients surviving 1 year followind. © ALD | 92.0%| UK Transplant® Beta PERT A=4| 84.5% 99.5%
HBV | 78.0%| UK Transplant® Beta PERT A=4] 65.9% 90.1%
HCV| 87.6%]| UK Transplant® Beta PERT A=4] 81.9% 93.3%
Proportion of patients surviving 5 year followind. © ALD | 54.7%| UK Transplant”® Beta PERT A=4| 38.2% 71.3%
HBV | 68.5%| UK Transplant® Beta PERT A=4] 54.3% 82.8%
HCV| 55.8%]| UK Transplant® Beta PERT A=4] 41.0% 70.6%)
90 day mortality rate for patients undergoing résec 3.9%] Llovet et al.” Beta PERT r=4 1.3% 10.8%
Proportion of patients surviving 1 year followingsection 85.0%) Llovet et al.” Beta PERT A=4| 79.0% 88.0%
Proportion of patients surviving 3 year followingsection 62.0%) Llovet et al.” Beta PERT A=4| 54.0% 76.0%
Proportion of patients surviving 5 year followingsection 51.0%) Llovet et al.” Beta PERT Ar=4| 36.0% 58.0%
Annual mortality rate associated with occult lakfeC 72.9%) Greten et al-° Beta PERT A=4| 34.6% 97.3%
Annual mortality rate associated with known largeG 64.4%) Greten et al-° Beta PERT A=4| 33.6% 84.8%

* Author assumption in Thompson Coon et’al.
# Expert opinion in Thompson Coon etl.

A In the beta PERT distributidnis the scale parameter that scales the heigheadistribution. If the scale parameter equaléd distribution approximates the normal distribatio
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5.4.1.3 Costs

The costs of CEUS (in addition to un-enhanced stinad) were based on expert opinion,
both from clinicians and the manufacturer. The ast the contrast were assumed to be
£48.70 (estimate supplied by the manufacturer @nelea by clinicians). These costs include
the costs of cannulation. In addition, we expedi#lS to take more time than the un-

enhanced ultrasound. Therefore, we used the diterdetween the reference costs of an
ultrasound of less than 20 minutes (£55) and aasdund of more than 20 minutes (£71) as
the additional time costs of CEUJSThe total additional costs of CEUS were therefore
estimated to be £65. This implies that CEUS isgraréd in the same appointment as the
unenhanced US scan. The costs of the other didgntestts, outpatient appointment,

orthotopic liver transplantation (OLT) and resectiovere based on NHS Reference Costs
(NSRC) 2012

All other cost inputs were based on Thompson Coah 2and recalculated to the 2011 price

|82

level®* A detailed description of these costs can be founthe above referenced HTA

report. The parameters used in the model affectists are listed in Table 18.
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Table 18: Parameters used in cirrhosis Markov maddlies affecting costs

)

Parameter Value Source | Distribution | Range of values use
in sensitivity analysis
lower upper

Unit costs

Ultrasound scan £5%er scan NSRE| Beta PERT £40 £65

SonoVue contrast agent £4%r scan Expert Beta PERT £40 £60

opinion

Additional time for contrast £16|Per scan NSRE& | Beta PERT £0 £39

enhanced ultrasound

CECT (one area) £11®er scan NSR& | Beta PERT £88 £126

Gd CEMRI (one area) £18®er scan NSR& | Beta PERT £137 £226

SPIO CEMRI (one area) £18Per scan NSR& | Beta PERT £137 £226

Outpatient appointment £15Per appointment| NSRE| Beta PERT £72 £228

OLT £26,329 Per operation NSRE | Beta PERT/} £20,169 £38,406

Resection £6,521| Per operation NSRE | Beta PERT} £1,812 £7,246

State costs Thompson Coon et al, updated to 2011

All compensated cirrhosis state £1,3P4r year Beta PERT £867 £1.961

All decompensated cirrhosis £11,335 Per year Beta PERT/} £7,738 £14,93]

states

All known HCC states £1,48®er year* Beta PERT £743 £2,971

Post-OLT (year 1) £11,92Per patient per Beta PERT/} £5,835 £18,021
year

Post-OLT (year 2 onwards) £1,88%er patient per Beta PERT £992 £2,796
year

Post resection £4,26€er patient per Beta PERT/} £2,824 £5,752
year

Palliative care (small & medium £1,958er year* Beta PERT £977 £3,909

Palliative care (large) £214 Beta PERT £106 £428

Event costs Thompson Coon et al, updated to 2011

False-positive diagnosis £6[1Ber false positive diagnosi Beta PERT™ £419 £961

Symptomatic/incidental diagnog £198| Per diagnosis | Beta PERT £94 £287

A In the beta PERT distributioris(the scale parameter that scales the height odligtgbution) equals 4, which
means the distribution approximates the normatidigtion.

5.4.1.4 Utilities

Utilities were taken from the HTA report by ThompsBoon et af.

Table 19: Parameters used in cirrhosis Markov madiities

Parameter Value Source Distribution Range of valuessed in
sensitivity analysis
lower upper
Compensated cirrhosis  0.75 Chong éf'al Beta PERT" 0.66 0.83
Decompensated 0.66 Chong et & | Beta PERT” 0.46 0.86
cirrhosis
Untreatable HCC 0.64 Chong efall Beta PERT” 0.44 0.86
Month of OLT 0.50 AA*| Beta PERT" 0.30 0.60
Post-OLT (year 1) 0.69 Ratcliffe et &.| Beta PERT” 0.64 0.74
Post-OLT (year 1+) 0.73 Ratcliffe et &1.| Beta PERT? 0.67 0.78
Month of resection 0.50 AAY Beta PERT" 0.30 0.60

* Author assumption as reported in Thompson Coal.&t

A In the beta PERT distributioris(the scale parameter that scales the height odligtgbution) equals 4, which

means the distribution approximates the normatidigion.
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5.4.2 Liver metastases of colorectal cancer model

5.4.2.1 Test performance

Chapter 4.6.2 reports the results of two studiestifled that assessed the accuracy of CEUS
compared to CECT and/or Gd-CEMRI and/or SPIO-CEMRdletecting liver metastases in
colorectal cancer patients after inconclusive umagced ultrasound: ™ The test
performance found in the Mainenti study was usea@ &mse case, since this compared all
three alternative tests (CECT, Gd-CEMRI, SPIO-CEMRBICEUS™ In this study, based on

a total of 34 patients, sensitivity was 83% for @imparators. Specificity was lowest for
CEUS (86%), followed by CECT (96%), SPIO CEMRI (96&6d Gd CEMRI (100%). An
overview of the test performance is presented inler20. A Dirichlet distribution based on

the observed counts was used to assess the untesiairounding these results.

Table 20: Test performance of imaging used in #esibn tree, metastases model (based on
Mainenti 2010

Parameter Value | Distribution Observed counts (h=3}%
TP FN FP TN
Sensitivity CEUS 0.83 Dirichlet 5 1
CECT 0.83 Dirichlet 5 1
Gd CEMRI 0.83 Dirichlet 5 1
SPIO CEMRI 0.83 Dirichlet 5 1
Specificity CEUS 0.86 Dirichlet 4 24
CECT 0.96 Dirichlet 1 27
Gd CEMRI 0.96 Dirichlet 0 28
SPIO CEMRI 1.00 Dirichlet 1 27

The Dirichlet distribution is the multivariate geakzation of the Beta distribution. The parametefrs
the distribution are the observed test results FR,FN, TN), presented in the table.

5.4.2.2 Transition probabilities

All transition probabilities used in the model disted in Table 21, and are in line with the
probabilities used in the Brush mod&lThe probability of having metastases after CRC is
expected to be 40%8.Even though the population modelled in the preseralysis has
already had an inconclusive ultrasound and mayefoer be a slightly different population,
we expected this figure to also apply to our pojparta Of those patients with metastases,

approximately 30% have them at one &ite.
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Table 21: Parameters used in the metastases ni@asiition probabilities (from Brush et al.)
11

Parameter Value | Source Distribution
Cancer prevalence

Probability of having metastases 0.40 Saunderk®t a Beta] Se =0.1
Probability of having metastases at one site 0.3Cjeune et a Beta) Se =0.1
Treatments

Metastases: pre-operative chemotherapy and.00 | Assumption based on Fixed
metastatic surgery Brush et al*

Extra metastases: pre-operative 0.20 | MSACY’ Beta| Se = 0.04
chemotherapy and metastatic surgery

Wait and watch 1.00| Assumption based on| Fixed

Brush et al'*

5-year overall survival

No metastases 0.85 American Cancer SogietyBetal Se = 0.01
88

Metastases: surgery for cure 0.24 AJXEC Betal Se = 0.0

Extra metastases: metastatic surgery and| 0.12 | AJCC® Beta Se = 0.04

palliative care

Extra metastases: palliative care 0.06 AJEC Beta| Se = 0.04

In line with Brush et al** we assumed that all patients with metastasesiagte site receive
pre-operative chemotherapy and metastatic surdatients with extra metastases receive
either pre-operative chemotherapy followed by matissurgery and palliative care (20%)
or chemotherapy and palliative care. All patienith@ut a metastatic recurrence are followed

up using a watch and wait strategy.

Five-year overall survival rates were extractedmir@rush et al’ Patients who were
inaccurately classified as having no metastasestendfore failed to receive treatment in the
first year were expected to have a higher proligtmli dying in this first year than those who
were immediately treated for their metastases. &fbeg, in the first year patients who had
undetected metastases at one site had the praopalbilying of those who were treated for
extra metastases with surgery. Similarly, patievite had undetected metastases at multiple
sites who could have been treated with surgery wsseamed to have the probability of dying
of those patients who received palliative careielta with undetected metastases at multiple
sites who would have received palliative care wassumed not to experience increased
mortality. After one year, all patients were assigithe mortality rate that belonged to their
type of metastases and treatment. The survivas matge converted to yearly probabilities
and extrapolated to ten years, after which patieveése assumed to have survived their
disease and returned to the average mortalityfoatéheir age®® To inform this mortality

rate, the model assumed a starting age of 50 yaadsa proportion of 55% maie.
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5.4.2.3 Costs

Both the costs of the imaging techniques and ttstscof subsequent treatment were taken
into account. The costs of CEUS were similar todhmehosis surveillance model. Since all
patients already received an un-enhanced ultrasscam the costs of CEUS consisted of the
extra time used for CEUS as opposed to an un-eedabS (£16) and the costs of the
contrast (£48.70). CECT was assumed to scan theses dchest, abdomen, pelvis), while
CEMRI was assumed to scan two to three areas. ©@bdimpsy, whole body CT and the
watch and wait strategy were based on NSRC refereosts® The watch and wait strategy
consisted of two CECT scans over three years, astuan carcinoembryonic antigen (CEA)
test twice a year for three yedf<Costs of treatment were based on the costs usBdusy et

altt

Table 22: Parameters used in the metastases ncodtd:

Parameter Value| Source Distribution Range of values used
in sensitivity analysis
lowe upper

r

SonoVue contrast agent £/Bxpert opinion| Beta PERT"\=4| £40 £60

Additional time for contrast £16|NSRC* Beta PERT} A=4| £0 £39

enhanced ultrasound

CECT (three areas) £16RSRC™ Beta PERT/ A=4|£120 £192

Gd CEMRI (two to three areas) £386SRC® Beta PERT/ A=4| £175 £374

SPIO CEMRI (two to three areas £366SRC™ Beta PERT/} A=4| £175 £374

Biopsy £1,437NSRC®* Beta PERT/ A=4|£989 £1,798

Whole body CT £16PNSRC™ Beta PERT% A=4[£120 £192

Chemotherapy £11,53BNF 58, Fixed

ISD 2009*
Cancer
Research UR*
Surgery £9,134ISD 2009 Normal| Sd =
1,82
7
Palliative care £2,468Guest et ai° Normal| Sd =
494
Watch and wait £11INSRC NSRC Beta per £82 £130
8 I NICE
guideline CRC
2011%°

5.4.2.4 Utilities

All utility scores used in the model were basedBonsh et df* and are presented in Table 23.
Patients who were inaccurately diagnosed as hammgnetastatic recurrence and who
therefore failed to receive treatment in the fyrshr were assigned a disultility for that year to

account for the negative impact on their qualityifef Likewise, patients without metastases
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who unnecessarily received treatment (in a seitgitanalysis) were assigned a lower utility

score to account for the negative impact of thisamessary treatment on their quality of life.
It was assumed that the average utility experiermegbatients in a particular stage was
constant for 5 years post diagnosis. Patients wére \still alive 5 years post diagnosis were

assigned age-specific utility weights based on Wiupation norms?

Table 23: Parameters used in the metastases nutitité&s (from Brush et al.}*

Parameter Value| Source Distribution

No metastases 0.9Ramsey et af’ Beta| Se = 0.1]
Metastases at one site 0|®Ramsey et af’ Beta| Se = 0.17
Extra metastases: surgery for cure 0I7ngenhoff et al’® Beta| Se = 0.2]
Extra metastases: palliative care 0.52ngs and Wallac® Beta| Se = 0.08
Patients receiving unnecessary metastatiq  0.74] Langenhoff et al”® Beta| Se = 0.14
surgery

Patients receiving unnecessary palliative ¢are 0.61] Tengs and Wallac® Beta| Se = 0.2(
Disutility for patients who fail to receive 0.30{ Assumption based on |Gamma Se = 0.0§
surgery Tengs and Wallac®

Disutility for patients who fail to receive 0.20| Assumption based on |Gamma Se = 0.0§
palliative care Tengs and Wallac®

5.4.3 Incidentally detected FLL model
5.4.3.1 Test performance

As noted in an earlier chapter, different studiesehcompared CEUS with CECT and
CEMRI in its ability to characterise an incidenyafiLLs. Three different types of diagnostic
outcomes have been studied: diagnosis of any naaligny diagnosis of HCC, and diagnosis
of metastases. Of these three, the most commororoetchas been any malignancy. In
addition, while most studies have compared CEU8 @ECT, only one has compared CEUS
with CEMRI. These two factors made it impossiblectmmbine all results into one analysis
without important assumptions (listed in sectioB.5). This issue was resolved by utilising

the test performance results in various ways.

The approach used in the base-case analyses walsetthe results from the meta-analysis,
described in section 4.6.3, of four studies whiompared CEUS with CECT in their ability
to differentiate between malignant and benign lesioThe following results (shown in
section 4.6.1) illustrate how similar the performamf CEUS and CECT are. The confidence

intervals shown were calculated using the exachatkt
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Table 24: Test performance of CEUS and CECT iratfikity to characterise any malignancy,
incidentally detected FLLs

Estimate | 95% confidence interval (exact method)
Sensitivity of CEUS 95.1% 93.3%, 96.6%
Sensitivity of CECT 94.6% 92.7%, 96.1%
Specificity of CEUS 93.8% 90.4%, 96.3%
Specificity of CECT 93.1% 89.6%, 95.8%

In addition to using the sensitivity and specifioialues from the meta-analysis, we also used
the results from the individual studies (see sectid.3 for details). Dirichlet distributions
were applied when the results from these individstidies were used. Use of these
distributions had no influence on the prior proligbiof the different diagnoses since test
performance and prior probability were combinedatculate the post-test probability using

Bayes’ theorem.

In the past, only one study has compared the testracy of CEUS with MRI! As noted in
section 4.6.3, this study reported that all pasienta subgroup (subgroup B) underwent Gd-
CEMRI, and that a subset of these patients alsemweht SPIO-CEMRI. It is therefore
difficult to refer to the accuracy of Gd-CEMRI oP®-CEMRI in the characterisation of
incidentally detected FLL. For this reason, in Heetions relating to the use of MRI in the

characterisation of incidentally detected FLL, wéer to CEMRI.

As noted above, some studies examined the abflityaging tests to correctly identify HCC
and metastases. While modelling, we made it pasdibluse these results instead of the

results based on malignancy versus no malignancy.

With regard to the outcome of malignancy versusnmaignancy, we assumed that any
mistakes in diagnosis were made at random andssotated with any particular lesion type.
For example, if a malignant lesion was incorrectbssified by CEUS as a benign lesion, the
type of benign lesion in that instance was deteeghiaccording to the relative frequencies of

the different benign lesion types.

Nevertheless, a number of different probabilitiesrevused in this model. The first set of
probabilities related to the prior probabilities @evalence) of the different types of lesions
at the time of assessment. The prevalence of naligiesions varied substantially between
the diagnostic accuracy studies included in thetesyatic review. In one study, the
probability of any malignancy was 23% (GierblinsRD08)>* while in another it was 74%
(Catala, 2007% In the final protocol for this study, it was stdtthat expert opinion had
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suggested that as many as 70-75% of FLLs assessttk INHS may be benign. This
percentage might be higher if the population instjoe were to be limited to incidentally
detected FLLs. The clinicians surveyed during thesent study were of the opinion that the
chance of malignancy was rather low in this popoatAs a consequence, we used a low
probability of malignancy in the base-case scendtie values shown in the table were based
on the results of Bartolottd? who reported a low probability of 4.3%. Since Biotta
reported no patients with HCC in their study, wer@ased this to 0.05 to introduce a small

chance that a patient with HCC would appear onsionan the analysis.

As noted above, care was taken to ensure thatstimaages of test performance were kept
separate from the prior probabilities of the défer malignancies by combining prior
probability, sensitivity and specificity using Bay¢heorem. This enabled us to vary the prior

probability of malignancy in sensitivity analyses.

Table 25: Probabilities of the different types@dibns at time of assessment, incidental FLL
model

Type of lesion prior probability alpha beta
Metastases 0.0211 beta 3 139
HCC 0.0141 beta 0.05 141.950
Cholangiocarcinoma 0.0070 beta 1 141
Other malignancy 0.0004 beta 0.05 141.95
Haemangioma 0.4996 beta 70.95 71.05
Focal nodular hyperplasia 0.3169 beta 45 97
Hepatocellular adenoma 0.0141 beta 2 140
Focal fatty sparing 0.0704 beta 10 132
Other benign 0.0563 beta 8 134
Probability of malignant

lesion 0.0426 beta 139
Probability of benign lesion 0.9574 beta 140

The incidentally detected model was a decisionyadicainodel and not a Markov model, and
therefore did not directly involve the modelling lodalth states. The prognosis of patients
following the initial diagnostic assessment wasnested using existing disease models and
background mortality data (national vital statisticThe prognosis associated with the two
most important types of malignant lesions (HCC ardastases) was estimated using the two
other models applied in this HTA (i.e., cirrhosi®del and liver metastases model). The
following assumptions were made regarding the poeignof patients with incidentally
detected FLLs.
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Summary of assumptions made in the incidentallgotied focal liver lesion model regarding
probabilities

» Patients with HCC have a small HCC lesion and corsgied cirrhosis at the time of
assessment. The cirrhosis surveillance model niaplessible to explore the impact
of assuming that these patients have a mediumnlesid compensated cirrhosis at
time of assessment, and the costs and QALYs asedardth this alternative were
used in a sensitivity analysis.

» Patients with HCC who are incorrectly diagnosedbaseline will be correctly
diagnosed later (within several months). This suased because these patients will
be followed up due to the presence of one or niskefactors for HCC such as newly
diagnosed cirrhosis and hepatitis. The impact ¢dyaa treatment is one less life-
year, one less QALY and 5% extra costs. The impadelayed treatment was varied
in sensitivity analyses.

» Patients diagnosed with an apparent benign lestonad undergo treatment unless
they have a (hepatic) adenoma, in which case thesy undergo a resection. (Base-

case chance of resection: 50% (but varied in gemgianalyses).

5.4.3.2 Costs

The costs of diagnostic tests, outpatient appointjr@opsy, OLY and resection were taken
from the NHS National Schedule of Reference CA¥8RC) 201%. Many of the values
used in the incidentally detected FLL analyses veenalar to those used in the cirrhosis
analyses. All other cost inputs were based on Tismm Coon et dland recalculated to the
2011 price level using the Personal and SocialiS&&wResearch Unit (PSSRU) Unit Costs
20117

The costs of treating HCC and metastases were baseithe calculations found in the
cirrhosis surveillance and liver metastases moddtsvever, adaptations of the cirrhosis
model were needed before the results could be fasetiese analyses. In particular, it was
assumed that it was a small tumour was found gndisis. Therefore, the total costs shown
here cannot be compared with the total costs regddr cirrhosis surveillance. In contrast,
the estimated costs of liver metastases treatmerd tbased directly on the base-case results
for liver metastases reported later in this chapféhile it could be argued that some cost
components (such as the costs of the initial diain@ssessment) should be removed since
they are not relevant for the incidentally detedtdl model, we nevertheless chose to leave
the total costs unchanged to allow the reader doetrthe origin of this cost estimate.
Moreover, these costs are greatly overshadowethdyther treatment-related costs and the
standard error.
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Table 26: Parameters used in incidentally detefcteal liver lesions model: values affecting
costs

Value Lower Upper Distribution
Costs of imaging
cost of ultrasound 16 D 39 beta PERT
cost of contrast 48.70 40 60 beta PERT
Cost of CEUS 65
Cost of CECT 116 88.21 126.33 beta PERT
Cost of CEMRI* 189 137.27 225.89 beta PERT
*: type of contrast used in CEMRI not indicatedéhesince both types were used in test accuraqy
studies

Mean Standard Distribution
error
HCC (correctly diagnosed) 24645 3980 normal
HCC (incorrectly diagnosed) 25877 3980 normal
Metastasis (correctly diagnosed) 7518 1808 normal
Metastasis (incorrectly diagnosed) 7894 1808 normal
Follow-up costs (total) 150 [min-max] | beta PERT
£144-156 (when varied)
Resection 6521 [min-max] | beta PERT
£1812-7246

5.4.3.3 Utilities

Patients with an incidentally detected lesion thadienign are expected to lead a normal life
in the future. For this reason, it was assumed ttingit life expectancy and quality of life
would not be different from that of the general plagion. In contrast, patients with a
malignant lesion can have a poorer quality of lifee impact of disease on health utilities
was based on the results found using the cirrfaogidiver metastases models, since these are
two important types of malignant lesion that maydstected. More information about the

impact that these have on utilities is providethia other sections of this chapter.

One factor not included in the analysis was therxbf disutility resulting from the anxiety
caused by an incorrect diagnosis. Another typeisiitidity not explicitly included in the
analysis related to the possible disutility fromyadelay before undergoing the test.
Differences in waiting time between CEUS, CECT &fMRI are expected, since CEUS
can be performed right after the un-enhanced witnag, as part of the same examination.

However, it is uncertain how much disutility maydsised by differences in waiting time.
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Summary of assumptions made in the incidentally detted focal liver lesion model

regarding utilities

» Patients with HCC who are incorrectly diagnosedbaseline will be correctly
diagnosed later (within several months). This suased because these patients will
be followed up due to other risk factors such awlyaliagnosed cirrhosis and

hepatitis. The impact of delayed treatment is 1 AL

» Patients diagnosed with an apparent benign lesitinhave a life expectancy and
guality of life equal to that seen amongst peoplthe general population of the same

age and sex.

5.5 Additional analyses

First, one way sensitivity analyses were perfornf@dall key parameters, especially for
parameters in the models which were based on egpéarion. Next, probabilistic sensitivity
analyses were performed using parameter distribsitinstead of fixed values. The chosen
distributions are presented for each input paramatethe previous Tables. Decision
uncertainty regarding mutually exclusive alternagivis reflected using cost-effectiveness
planes and cost-effectiveness acceptability cuspscific additional analyses (including one

way sensitivity analyses) are listed below for eancidel.

5.5.1 Cirrhosis surveillance model

The proportion of patients receiving confirmatomaging (the proportion of patients with an
inconclusive un-enhanced US scan; 43%) was an tamteparameter in the model.
Therefore, we performed a sensitivity analysis hichh CEUS, CECT and Gd-CEMRI were
used for a proportion of patients equal to the priipn of patients with gositive un-
enhanced ultrasound (as a minimum estimate ofdkiers requiring confirmatory imaging).
Second, we reduced the proportion of inconclusivenhanced US scans considerably (20%
instead of 43%). Next, we conducted sensitivitylyges on the age limit of surveillance (90
years instead of 70), the frequency of screeningrieyear instead of every six months) and
for which tumour sizes the accuracy data were agp{small only instead of small and

medium).

Finally, scenario analyses were conducted usingrahurces for the accuracy of the tests. As
alternative sources we used the articles by Dail.&f Quaia et al’! Blondin et af** and
Giorgio et al (using data for 11-30 mm lesiotfsai et al. and Blondin et al. were included
as other examples of studies which used a star@#8UMB guideline¥) definition of
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HCC, and Giorgio et al. and Quaia et al. were idetuin order to explore the effects of using
other definitions of HCC. The study by Forner €f alas not used because it included a
significant proportion of patients with very smgkl0 mm) FLLs and the study by
Sangiovani et & was not used because it was considered to beudlietb(accuracy results

differed substantially from other, apparently sanistudies.

5.5.2 Liver metastases from colorectal cancer model

First, we analysed the impact of not having a bidpsfore treatment on the expected costs
and effects. This would imply that patients who eveénaccurately detected as having
metastases would receive treatment, as was assim#w Brush modéf: Second, we
examined the impact of a 80% instead of 40% prdibalif having metastases. We did this
because our population of patients who have alreadgived an un-enhanced ultrasound,
may be slightly different from the population inuBh et al' and may consist of more

patients with metastases.

Next, we performed scenario analyses using othercee as input for the accuracy of the
tests. Although the results refer to lesions irtste patients, we used the sensitivity and
specificity reported in Jonas et'ako assess its impact on the expected costs aect®fiNe
also used the sensitivity and specificity repoite€levert et al’® this study included some
patients with primary cancers other than CRC, Ih& majority (>80%) of metastases

diagnosed were from CRC.

5.5.3 Incidentally detected FLL model

A number of different parameters were varied toestigate their impact on the cost-
effectiveness of CEUS. Firstly, we increased thebability of a malignant lesion. We also
examined the impact of basing the values for thesigeity and specificity of CEUS and
CECT using individual studies rather than on theasamalysis. We then examined whether
assuming that all patients with HCC had mediunolesiinstead of small lesions would have
an effect on the results. Lastly, we analysed miygact of changing the costs and health loss

from an incorrect diagnosis of HCC or metastasis.
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5.6 Results
5.6.1 Cirrhosis surveillance model

5.6.1.1 Effectiveness of surveillance

In the base case, we compared CEUS, CECT and GdRTBi&sed on the accuracy data as
found by Leoni et af'? we found that the proportion of patients dyingiirelCC was slightly
higher for CEUS (17%) and CECT (17%) than for GAMEH (16%). This resulted in a
slightly higher number of expected discounted Yiéars (13.76) and QALYs (10.18) gained
by Gd-CEMRI than by CEUS and CECT (13.73 and 10d&pectively).

Table 27: Effectiveness of cirrhosis surveillandis¢ounted)

CEUS CECT Gd-CEMRI
Proportion dying from HCC 17% 17% 16%
Proportion dead by age 75 54% 54% 53%
Number of total life years 13.730 13.730 13.764
Number of total QALYs 10.153 10.153 10.175

5.6.1.2 Costs of surveillance

The total discounted costs were lowest for CEUS(E#), followed by CECT (£36,124)
and Gd-CEMRI (£36,807). The main cost difference wathe imaging costs. Because Gd-
CEMRI had a higher sensitivity than CEUS and CEBTC was detected at an earlier stage,
improving the options for treatment. This also Hegliin higher maintenance and treatment
costs for CEMI compared to CEUS and CECT.

Table 28: Breakdown of discounted costs of cirrhssirveillance (£)

CEUS CECT | Gd-CEMRI

Surveillance 1,559 1,939 2,42(
Imaging 1,436 1,816 2,359
FP 123 123 61
Maintenance 23,631 23,631 23,687
Symptomatic detection 1p 12 11
Compensated cirrhosis 13,043 13,043 13,014
Decompensated cirrhosjs 2,119 2,119 2,092
Known HCC 380 380 379
Post transplan 7,822 7,822 7,931
Post resectior 3 B 56
Palliative 57 57 59
Transplant waiting list 195 196 198
Treatment 10,554 10,554 10,700
Transplantation 10,504 10,504 10,644
Resection 50 5( 56
Total 35,744 36,124 36,80f
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5.6.1.3 Cost-effectiveness of surveillance

CEUS was found to have the lowest discounted tifetcosts per patient (£35,744), followed
by CECT (£36,124) and Gd-CEMRI (£36,807). Compae@EUS, CECT was as effective
and more costly, and was thus considered to berdded by CEUS. Gd-CEMRI was £1,063
(95%CI: £449 to £1,492) more expensive than CEUSpadient, but also yielded 0.022
(95%CI: -0.002 to 0.050) more QALYs, resulting im mcremental cost-effectiveness ratio
(ICER) of £48,454 per QALY gained. As this is abdkie threshold of £30,000 per QALY,

Gd-CEMRI was not deemed cost-effective comparetiB0S.

Table 29: Base-case cost-effectiveness resultdrftiosis surveillance

Strategy Cost | QALY Compared to CEUS Compared to next cost-effectiversttegy
Incr. Incr. | Incr. cost/ | Comparator | Incr. Incr. | Incr. cost/
cost| QALY QALY cost| QALY QALY

CEUS £35,744 10.153

CECT £36,124 10.153| £379| 0.000| Dominated CEUS| £379| 0.000| Dominated

Gd- £36,807| 10.175| £1,063| 0.022| £48,454 CEUS| £1,063| 0.022| £48,454

CEMRI

5.6.1.4 Additional analyses for surveillance

Sensitivity analyses

First, we analysed the impact of using CEUS, CEGd @EMRI as confirmatory imaging for

a proportion of patients equal to the proportionpatients with a positive un-enhanced
ultrasound scan (Table 30). In line with the baasecanalysis, CEUS was as effective and
less costly than CECT. Gd-CEMRI was also more gag$B21) and more effective (0.025
QALYs) than CEUS, resulting in an ICER of £12,80ér QALY gained. Based on a
threshold of £30,000, this indicated that Gd-CEMRIs cost-effective compared to CEUS in

this analysis.

Table 30: Results of sensitivity analysis for oot surveillance: imaging used as
confirmatory after all positive non-enhanced ulbasd examinations

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. Incr. | Comparator | Incr. Incr. Incr.
cost | QALY cost/ cost| QALY cost/

QALY QALY

CEUS 35,828 10.220

CECT 35,867] 10.220 39 0.000 dominated CHUS39 | 0.000{ dominated

Gd- 36,148| 10.244 321 0.025 12,806 CEUS321| 0.025 12,80¢

CEMRI

Second, we changed the proportion of inconclusirasounds from 43% to 20% (Table 31),
changed the age limit of surveillance to 90 yeasseiad of 70 years (Table 32), changed the

frequency of screening to every year instead ofye@emonths (Table 33), and changed the
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accuracy data to use only those which applied w@llsbmours instead of small and medium
tumours (Table 34). Only for the sensitivity an@yshanging the proportion of inconclusive
ultrasounds was Gd-CEMRI found cost-effective coragdo CEUS, at an ICER of £16,121.
In all other sensitivity analyses, CEUS dominatétCT and was cost-effective compared to
Gd-CEMRI.

Table 31: Results of sensitivity analysis for aists surveillance: Proportion inconclusive
ultrasounds 20%

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. Incr. cost/ | Comparator | Incr. Incr. Incr.
cost | QALY QALY cost| QALY cost/
QALY
CEUS 35,784 10.192
CECT 35,959 10.192 176 0.000 dominated CEBU376 0.000| dominated
Gd- 36,408| 10.214 624 0.024 16,121 CEUS624 0.024 16,121

CEMRI

Table 32: Results of sensitivity analysis for aists surveillance: Age limit for screening 90

years

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. | Incr. cost/ | Comparator Incr. Incr. | Incr. cost/
cost | QALY QALY cost | QALY QALY

CEUS 36,163 10.164

CECT 36,593 10.164 43D 0.00 Dominated CEUS 130 D.DOmMinated

Gd- 37,367| 10.184 11,1204 0.023 51,6019 CEUS 1,1204 0,023 51,619

CEMRI

Table 33: Results of sensitivity analysis for airgls surveillance: Annual screening

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. Incr. cost/ | Comparator | Incr. Incr. Incr.
cost | QALY QALY cost| QALY cost/

QALY

CEUS 34,431 10.093

CECT 34,629 10.093 198 0.000 dominated CEU398 0.000| dominated

Gd- 35,025| 10.109 594 0.016 37,619 CEUS594 0.016 37,619

CEMRI

Table 34: Results of sensitivity analysis for aiists surveillance: Accuracy data for small
tumours only

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. | Incr. cost/ Comparator | Incr. Incr. | Incr. cost/
cost | QALY QALY cost| QALY QALY

CEUS 36,054 10.191

CECT 36,432 10.191 378 0.000 Dominated CHUS 378 000,0Dominated

Gd- 36,966 10.195 913  0.004 244,840 CEUS 13 0,004 8264,
CEMRI
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Scenario analyses

Scenario analyses were conducted using other sofocdata on the accuracy of the tests. As
alternative sources we first used the articles by € al.*® and Quaia et &l These studies
both compared CEUS and CECT. Dai et al used aitlefirof a positive test for HCC which
was comparable to that used in the EFSUMB guidgfinevhere as Quaia et al. did not.
Using data from either study, CEUS was found toldss costly and more effective than
CECT (Table 35 and 36).

Table 35: Results of scenario analysis for cirrhesirveillance: Dai et &f® used as source
for accuracy data

Strategy Cost| QALY Compared to CEUS
Incr. Incr. Incr. cost/
cost QALY QALY
CEUS 36,023 10.188
CECT 36,332 10.184 12P -0.004 Dominated

Table 36: Results of scenario analysis for cirtssirveillance: Quaia et #lused as source
for accuracy data

Strategy Cost| QALY Compared to CEUS
Incr. Incr. Incr. cost/
cost QALY QALY
CEUS 36,479 10.185
CECT 36,767 10.180 288 -0.005 Dominated

Next, we used Blondin et & .and Giorgio et al® as input for the accuracy of CEUS and Gd-
CEMRI, Tables 37 and 38. Blondin et al used a d&fim of a positive test for HCC which
was comparable to that used in the EFSUMB guidefiherhere as Giorgio et al. did not.
Based on Blondin et al, Gd-CEMRI was found to berancostly and less effective than
CEUS. Based on Giorgio et al, using only data &sidns between 11 and 30 mm, Gd-
CEMRI was found to be more costly, but also moreative than CEUS. However, the
resulting ICER of £297,695 was very high.

Table 37: Results of scenario analysis for cirthasirveillance: Blondin et &t.used as
source for accuracy data

Strategy Cost| QALY Compared to CEUS
Incr. Incr. Incr. cost/
cost QALY QALY
CEUS 36,034 10.18
Gd-CEMRI 37,078 10.192 1,04 0.004 297,695
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Table 38: Results of scenario analysis for cirrhssirveillance: Giorgio et al.used as

source for accuracy data

Strategy Cost| QALY Compared to CEUS
Incr. Incr. Incr. cost/
cost QALY QALY
CEUS 35,821 10.168
Gd-CEMRI 37,031] 10.186 1,210 0.018 68,940

Probabilistic sensitivity analysis

Over 5000 replications, CEUS has the highest pritibalof being cost-effective for

thresholds lower than £55,000 (Figure 13 CEAC). vibthis threshold, Gd-CEMRI has the
highest probability of being cost-effective. At faréshold of £20,000 the probability that
CEUS, CECT or Gd-CEMRI is cost-effective is 99%, @fd 1%, respectively.

Table 39 provides an overview of the results ofalisitivity and scenario analyses.

Table 39:Overview of sensitivity and scenario asa$/for cirrhosis surveillance

Analysis Comparator Compared to CEUS
Incremental| Incremental| Incremental
cost QALY cost/
QALY
Base case analysis
CECT £379 0.000, Dominated
Gd-CEMRI £1,063 0.022 £48,454
Sensitivity analysis
Imaging used as confirmatory after all CECT 39 0.000] Dominated
positive non-enhanced ultrasound Gd-CEMRI 321 0.025 12,806
examinations
Proportion inconclusive ultrasounds 20%|CECT 176 0.000] Dominated
instead of 43% Gd-CEMRI 624 0.024 16,121
Age limit for screening 90 years instead QfCECT 430 0.00 Dominated
70 years Gd-CEMRI 1,1204 0.023 51,619
Annual screening instead of every 6 mon{fl@ECT 198 0.000] Dominated
Gd-CEMRI 594 0.016 37,619
Accuracy data for small tumours only, CECT 378 0.000] Dominated
instead of for small and medium tumours| Gd-CEMRI 913 0.004 244,840
Scenario analyses
Dai et al.”® used as source for accuracy dpRECT 129 -0.004 Dominated
Quaia et af" used as source for accuracy| CECT 288 -0.005 Dominated
data
Blondin et al** used as source for accuragyzd-CEMRI 1,044 0.004 297,695
data
Giorgio et a® used as source for accuracyGd-CEMRI 1,210 0.018 68,940

data
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Figure 13: Cost-effectiveness acceptability cureashosis surveillance (effects are QALYS,
both costs and effects are discounted)
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5.6.2 Liver metastases of colorectal cancer model

5.6.2.1 Effectiveness of diagnosing liver metastases

As indicated previously, Mainenti et &# found that the sensitivity of CEUS, CECT, Gd-
CEMRI and SPIO-CEMRI was equal. This resulted inegnal number of cases incorrectly
diagnosed without metastases (false negativeshaénbtse case analysis. Due to a lower
specificity, the number of cases incorrectly diaggtbwith metastases (false positives) was
highest for CEUS, followed by CECT, SPIO-CEMRI a&&d-CEMRI. Because false positive
results were assumed to be detected with a bioplydtreatment, differences in specificity
did not affect the expected life years and QALYal{[E 40).

Table 40: Expected number of incorrect casesyéfis and QALY for metastases model

CEUS CECT | Gd- CEMR SPIO-
CEMRI
Number of discounted total life years 10.40 10j40 0.40 10.40
Number of discounted total QALYs 8.36 8.86 8,36 68|3

5.6.2.2 Costs of diagnosing liver metastases

An overview of the total discounted costs in thifedént cost categories per test strategy is
listed in Table 41. Although CEUS is less costlgrittCECT, the total diagnostic costs in the
CEUS strategy are higher than in the CECT stratddys is because all patients with a
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positive test result receive a whole body CT armmp$y, and in the CEUS strategy more
patients have a positive test result. This impliest in the CEUS strategy, unnecessary
additional diagnostic tests are performed. Becaasients without metastases are not treated,
and all metastases are eventually detected, codieaiment are similar. Because of the
higher total diagnostic costs, the average tosdalinted costs of CEUS (£7,547) per patient
are slightly higher than for CECT (£7,545). Therage discounted costs per patient for both
Gd-CEMRI (£7,724) and SPIO-CEMRI (£7,758) are higtian for CEUS and CECT, with
SPIO-CEMRI having the highest costs because of eessary whole body scans and

biopsies.

Table 41: Breakdown of discounted costs (in £) ast@ises model

CEUS CECT | Gd-CEMRI SPIO-
CEMRI
Diagnostics 795 793 971 1,006
Initial imaging 67 169 381 381
Whole body scan 75 64 g1 64
Biopsy 653 560 529 560
Treatment 6,716 6,716 6,716 6,716
Surgery/chemotherapy 3,583 3,583 3,583 3,683
Palliative care 2,901 2,901 2,901 2,901
Wait and watch 232 232 232 232
Total 7,511 7,510 7,688 7,72R

5.6.2.3 Cost-effectiveness of diagnosing liver metastases

In the base case analysis, the different imagiebrigues to detect liver metastases from
colorectal cancer resulted in equal expected fifetQALYs (8.364). CECT was found to be
the least costly test, with expected costs of £ fidr patient. With an expected lifetime cost
of CEUS was only slightly (E1) more costly per pati (£7,511). Gd-CEMRI (£7,688) and
SPIO-CEMRI (£7,722) were both more costly than, déimgds dominated by, CECT and
CEUS. Although technically speaking CECT domina@&JS, their effectiveness is equal

and their expected costs are extremely close (Hhle

Table 42: Costs, effects and cost-effectivenesdteefor metastases detection

Strategy | Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. | Incr. cost/ | Comparator | Incr. Incr. | Incr. cost/
cost | QALY QALY cost | QALY QALY

CEUS 7,511 8,364

CECT 7,510, 8,364 -1 0.000 Dominant CEUS -1 0.000 mbant

Gd- 7,688 8,364 1771 0.00p Dominated CECT 178 0.000 Dated

CEMRI

SPIO- 7,722 8,364 211 0.00p Dominated CECT 212 0.000 Dated

CEMRI
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5.6.2.4 Additional analyses for diagnosing liver metastases

Sensitivity analyses

When it is assumed that patients with a positigeé de not undergo biopsy but are treated for

their disease, implying that patients without metsess can receive unnecessary treatment, the
lower specificity of CEUS leads to loss in QALYsafile 43). CEUS now yields the lowest
number of QALYs (8.343) and is most expensive (88)3while Gd-CEMRI, which is most
accurate, yields the highest number of QALYs (8)384 is least expensive (£7,158). In this

sensitivity analysis, Gd-CEMRI dominates the otiests because of its better accuracy.

Table 43: Results of sensitivity analysis for metass model: No biopsy if test is positive

Strategy | Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. Incr. | Comparator| Incr. Incr. Incr. cost/
cost| QALY cost/ cost| QALY QALY

QALY
CEUS 8,33 8.343
5
CECT 7,32 8.359| 1,01f% 0.016| Dominant CEUS$ 1;01§ 0.016 Dominant
1

Gd- 7,15 8.364| 1,17] 0.021| Dominant CECT -162 0.005 Dominant

CEMRI 8

SPIO- 7,53| 8.359 79¢ 0.016| Dominant Gd-CEMR -379 0.005| Dominated

CEMRI 7

If CEUS is combined with biopsy (see results Tat##¢, and CECT, Gd-CEMRI and SPIO-
CEMRI are not be followed by biopsy (see resultbl&a3), then CEUS and Gd-CEMRI are
most effective, both yielding 8,364 QALYS. Howev@EUS is more costly than, and thus

dominated by, Gd-CEMRI. CECT and SPIO-CEMRI are mmminated by Gd-CEMRI.

If it is assumed that instead of 40%, 80% of theaihpopulation has metastases, the expected
number of QALYs is 4.078 for all tests (Table 4@EUS is now the least costly strategy,
being £71 less costly than CECT. Because there difference between the tests in QALYS,

the least costly test, CEUS, dominates all othsste

Table 44: Results of sensitivity analysis for metass model: Proportion of patients having

metastases 80%

Strategy Cost| QALY Compared to CEUS Compared to next cost-effective reitegy
Incr. Incr. | Incr.cost/ | Comparator| Incr. Incr. Incr. cost/
cost| QALY QALY cost| QALY QALY

CEUS 14,419 4.078

CECT 14,490 4.078 7] 0.000| Dominated CEU$ 71 0.000| Dominated

Gd- 14,700 4.078 28] 0.000| Dominated CEU$ 281 0.000| Dominated

CEMRI

SPIO- 14,711 4.078 294 0.000| Dominated CEU$ 297 0.000| Dominated

CEMRI
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Scenario analyses

We examined the expected costs and effects usffeyatit sources for the accuracy of the
tests. First, we incorporated the accuracy datalasfas 2011 (Table 45).This study
compared CEUS, CECT and SPIO-CEMRI, and found pedpecificity for all tests, with a
sensitivity of 87%, 83% and 97%, respectively. CE®as slightly (£7) more costly and
slightly (0.005 QALYS) less effective than, andshuas dominated by CEUS. SPIO-CEMRI
was more costly and more effective than CEUS, tieguin an ICER of £43,318 per QALY

gained.

Table 45: Results of scenario analysis for metastawdel with Jonas et'dlas source for
accuracy data

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. Incr. cost/ | Comparator | Incr. Incr. Incr. cost/
cost| QALY QALY cost| QALY QALY
CEUS 7,468 8,369
CECT 7,475 8,364 7 -0.005 Dominated CEUS Dominated
SPIO- 8,055 8,382 587 0.014 43,318 CEYS 587 0.014 43,318
CEMRI

The slightly lower sensitivity and specificity oEHCT compared to CEUS found by Clevert et
al *® resulted in CEUS being £300 less costly and yigld).002 more QALYs than CECT
(Table 46).

Table 46: Results of scenario analysis for metastasdel with Clevert et & as source for
accuracy data

Strategy Cost| QALY Compared to CEUS Compared to nexcost-effective strategy
Incr. Incr. | Incr. cost/ | Comparator| Incr. Incr. Incr. cost/
cost| QALY QALY cost QALY QALY

CEUS 7,821 8,384

CECT 8,121 8,382 300 -0,002 Dominated CEUS 30¢ -0,002 Dominateg

Probabilistic sensitivity analyses

Based on the probabilistic sensitivity analysidma000 replications we found that CEUS and
CECT have a similar probability of being cost-effee across all willingness-to-pay
thresholds (Figure 14 CEAC). CEUS has a slightghkr probability of being cost-effective
up to a threshold of £20,000, after which CECT aa®mewhat higher probability of being
cost-effective. At the threshold of £20,000 per QAICECT has the highest probability of
being cost-effective (48%), followed by CEUS (47%)d-CEMRI (3%) and SPIO-CEMR
(2%).
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Figure 14: Cost-effectiveness acceptability curligey metastases (effects are QALYs, both
costs and effects are discounted)
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5.6.3 Incidentally detected FLL model

5.6.3.1 Effectiveness

Table 47 shows effectiveness results from the base-analysis. Two pairs of results are
shown here: the first pair shows the results of SEdrsus CECT, while the other pair shows
the results of CEUS versus CECT. The two sets kepairate since four studies compared
CEUS with CECT while one study compared CEUS witEMRI. Very small differences in

effectiveness (life-years and QALYs) were seen betwCEUS and the two comparators.

This was to be expected as the test performanaéiged the tests were not very different.

Table 47: Base-case effectiveness results (disedufar characterisation of incidentally
detected FLLs

Comparisons Life Years QALYs

CEUS (vs. CECT) 17.205 13.33(0
CECT 17.205 13.33(0
CEUS (vs. CEMRI) 17.204 13.329
CEMRI 17.201 13.327
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5.6.3.2 Costs

As with the effectiveness results, the small dédferes in test performance results resulted in
small differences in overall costs. The criticadtta for any differences in costs is simply the

cost of the initial test.

Table 48: Base-case cost results, incidentallyotiedeFLL model

CE(L:JSC(‘S CECT CELEJIa Fg‘f; CEMRI
Initial assessment 73.9 12% 112.6 242
Initial imaging 64.7 116 64.7 189
False positive costp 8.9 9.9 47.9 53
Treatment 397 397 398 400
Metastaseq 159 159 160 160

HCC 9 9 9 9
Other malignancies 183 183 183 184
Adenoma 46 46 47 47
Total 470 522 511 642

5.6.3.3 Cost-effectiveness

The following results were seen in the base-casdysis. As expected, the lower costs of
CEUS combined with the slightly better test perfante meant that CEUS dominated both
CECT and CEMRI. The main factor in these calcutaiwas the cost of the tests.

Table 49: Base-case cost-effectiveness resuliglieintally detected FLL model

incremental incremental incremental

costs (SE) QALYS (SE) costs/QALYs
CEUS vs. CECT -£52 0.0002 dominant
CEUS vs. CEMRI -£131 0.0026 dominant

5.6.3.4 Additional analyses

While additional analyses changed the absolutescastl effectiveness of the different
strategies, they did not lead to any dramatic ceann the incremental costs and
effectiveness of CEUS versus CECT or CEMRI. The tnaoiical factor in the analyses
related to the costs of the tests. The impact pfatner elements (e.g., prior probabilities of a
particular diagnosis, costs of treatment) was mahisince the test accuracies of the tests

were so similar.

Sensitivity analyses
The first sensitivity analysis involved varying tpdor probability of malignancy to a value

much higher than that used in the base-case soemarthis analysis, the prior probability
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was raised from the base-case value of 2.89% to @#%ed on the highest percentages for
HCC and metastases reported in the individual esuf8% of patients with HCC and 36%

of patients with metastasis,) While this exceptionally high probability of nghancy was
not viewed as realistic in daily practice, it wasels as a way to explore the degree of
robustness of the results. As expected, the highaability of malignancy reduced the
absolute number of QALYs and increased the coswweder, it only increased the
incremental QALYs slightly and had no effect onrgmoental costs and therefore essentially
had no effect on the cost-effectiveness of CEUSuseCECT or CEMRI.

Table 50: Results of sensitivity analysis, inciédigtdetected FLL model: Prior probability of
malignancy increased to maximum observed frequerafielCC and metastasis (any type)

Comparisons QALYs Costs incremental incremental

QALYS costs
CEUS (vs. CECT) 6.654| 17,121 0.0051 -£56 dominant
CECT 6.649| 17,177
CEUS (vs. MRI) 6.614| 17,160 0.0855 -£20pR dominant
CEMRI 6.529| 17,362

When the data source for the performance of CEUSGECT was switched from the meta-
analysis to one of the four studies used in thearaatlysis, the cost-effectiveness results

changed only slightly.

We also examined the effect on the results of asguithat all patients with HCC had
medium lesions instead of small lesions. When weliegh this in the model and also
increased the risk of HCC to the highest value seahe diagnostic test accuracy studies
(58% of patients with HCC¥ we found that it had no effect on the cost-effemtess of
CEUS versus CECT or CEMRI.

When the consequences of an incorrectly diagnosdiggmant lesion were made more severe
(i.e., by reducing QALYs or increasing costs), tiniproved the cost-effectiveness of CEUS
versus CECT and CEMRI. For example, if an incordéagnosis of HCC and metastases led
to a doubling of the costs (compared to the coslieving a correct diagnosis) and the

QALYSs set to zero, CEUS remained the dominantesgsatTable 51 shows the results of this

analysis.
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Table 51: Results of sensitivity analysis, inciddigtdetected FLL model: More severe
consequences of incorrect diagnosis of HCC andstastes

Comparisons QALYs Costs incremental | incremental

QALYS costs
CEUS (vs. CECT) 13.321 486 0.0012 -£54 dominant
CECT 13.320 540
CEUS (vs. MRI) 13.312 541 0.0196 -£162 dominant
CEMRI 13.293 702

As expected, when an incorrect diagnosis of HC@etastases did not result in any health or
economic consequences, there was no differenceictigeness between CEUS, CECT and
CEMRI. However, since there was still a differenteosts observed, this could be viewed as

a situation of extended dominance in both compasiso

Table 52: Results of sensitivity analysis, inciddigtdetected FLL model: Less severe
consequences of incorrect diagnosis of HCC andstates

Comparisons QALYs Costs incremental | incremental
QALYS costs
CEUS (vs. CECT) 13.332 469 0.000d¢ -£52 extended
dominance
CECT 13.332 521
CEUS (vs. MRI) 13.332 509 0.000d¢ -£13D extended
dominance
CEMRI 13.332 639

Probabilistic sensitivity analyses

A probabilistic sensitivity analysis revealed thhere was no uncertainty about the cost-
savings of CEUS versus CECT (mean difference: -£8906Cl: -81, -22) but some
uncertainty about their differences in effectivendmean difference: 0.00014, 95%CI: -
0.00100, 0.00130). Note that these confidence vaterwere based on symmetrical beta
PERT distributions for the cost parameters. Whendatiginal beta PERT distributions were
used, a mean difference of -£46 (with 95%CI: -21)was found.

Figure 15 shows the cost-effectiveness acceptalilirve comparing CEUS with CECT.

This curve shows that the probability of cost-efifemess of CEUS versus CECT is greater
than 95% at willingness-to-pay thresholds of ug20,000.
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Figure 15:Cost-effectiveness acceptability curve comparindJSEvith CECT, incidentally
detected FLLs (effects are QALYS, both costs afeces are discounted)
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When the differences in costs and effects of CEElSwus CEMRI are visualised on the cost-
effectiveness plane, it is clear that there iglittoubt about the cost-savings of CEUS versus

CEMRI but some uncertainty about their differenicesffectiveness.

The results of probabilistic sensitivity analysesnparing CEUS with CEMRI were similar
to those shown above for CEUS versus CECT. Themeless certainty about the expected
amount of cost-savings of CEUS versus CEMRI (méa#ardnce: -£131, 95%CI: -194, -69)
and some uncertainty about their differences iratiffeness (mean difference: 0.0039,
95%CI: -0.0058, 0.0135). Once again, these calonlsitwere made using symmetrical beta
PERT distributions for cost parameters to ensuaiettie point estimate for the cost difference
would correspond with the point estimate based han deterministic analysis. When the
original beta PERT distributions were used, a ndiffarence of -£125 (with 95%CI: -183, -

67) was found.
Figure 16 shows the cost-effectiveness acceptahilitve comparing CEUS with CEMRI.

Here we see that the probability of cost-effectesmnof CEUS versus CEMRI is more than

95% at all willingness-to-pay thresholds betweerafi® £20,000.
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Figure 16:Cost-effectiveness acceptability curve comparindgSkvith CEMRI, incidentally
detected FLLs (effects are QALYS, both costs afeces are discounted)
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6 DISCUSSION

6.1 Statement of principal findings
6.1.1 Clinical effectiveness

Twenty of the 21 studies included in the systemag&ciew were DTA studies: seven
compared the performance of imaging modalitiedtfercharacterisation of FLLs detected on
surveillance of cirrhosis patients using un-enhdnd&; four compared the performance of
imaging modalities for the detection of liver mets®s in patients with known primary
cancers; six compared the performance of imaginglatitces for the characterisation of
incidentally detected FLLs identified by un-enhathtéS; three compared the performance of

imaging modalities for the determination of treatineesponse in patients with liver cancers.

The only controlled clinical trial identified indited that the inclusion of CEUS in pre-
treatment imaging protocols for patients undergdifeA for HCC may result in reduced

incidence of disease progression, new HCC and réfjed, and increased local progression-
and new tumour-free survival, compared with un-eckd US. However, this was a small,
non-randomised study, which had a humber of metlogimal weaknesses and no difference
was found in the primary outcome, successful aiatHigh quality RCTs are needed to

determine the relative effectiveness of differemaging strategies for treatment planning.

Test accuracy studies varied in terms of targeditiom (HCC, liver metastases, or ‘any
malignancy’), definitions of a positive imaging tessed by studies of the same target
condition, and lesion size assessed. Overall, thex® no clear indication that any of the
imaging modalities considered (CEUS, CECT or CEM&fered superior performance for
any of the clinical indications assessed. Thisoissestent with two other recently published
systematic reviews, which found no significant eliince in the performance of CEUS,
CECT and CEMRI for the characterization of FIPs!® Neither of these two reviews
reported details of the clinical application of girag in the included studies (i.e. were FLLs
incidentally detected, detected on surveillancedetected during the assessment for liver
metastases of patients with known primary cancerspf the target conditions (e.g. HCC,
liver metastases, or ‘any liver malignancy’) ance aeview®" did not specify the use of

SonoVué€ as the contrast agent for CEUS.

The majority of included test accuracy studies wadged to be at ‘low'or ‘unclear risk of
bias with respect to the ‘index test’, ‘comparatest’ and ‘reference standard’ domains.

‘Unclear’ ratings for these domains most frequergtpse from insufficient detail in the
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reporting of how tests were interpreted, partiduldlinding of interpreters to other test
results. Reporting quality was generally poor amtimber of studies were only reported as
conference abstracts, resulting in a high proportd ‘unclear’ risk of bias ratings across
QUADAS-2 domains (Figure 7). ‘High’ risk of biastirags for the ‘patient selection’ domain
arose from the use of a retrospective study desigfirom inappropriate exclusions of
particular patients groups (e.g. exclusion of pasievith a low probability of malignancy);
exclusion of patients with low probability of dissamight result in under estimations of test
accuracy, though this was not apparent from thelteesbserved. ‘High’ risk of bias ratings
for the ‘flow and timing’ domain arose from exclasiof >10% of patients from analyses or,
in two cases, from incorporation of index test hessin the reference standard. The latter two

studies were also rated as ‘high’ risk of biastfa ‘reference standard’ domain.

Test accuracy studies included in this review wegreuped by clinical application:
characterisation of FLLs detected on routine unaechd US surveillance of patients with
known cirrhosis, detection of liver metastases atigmts with known primary tumours
(CRC), characterisation of FLLs in patients withidentally detected lesions, and assessment

of response in patients treated for liver maligiyanc

Studies conducted in cirrhosis patients undergomgine surveillance all concerned the
differentiation of HCC from other lesion types imal to medium (<30 mm) FLLs. The
definition of a positive test for HCC varied acragsdies. Studies assessing CEMRI used
three contrast agents: gadolinium, a vascular asntagent; SPIO, a hepatocyte-specific
contrast agent, which is taken up by Kupffer cillshe normal liver and benign lesions and
may therefore aid identification of HCC, which agenerally deficient in Kupffer cells,
particularly where such lesions are hypervasdilatGd-EOB-DTPA-CEMRI, a ‘combined’
vascular and hepatocyte-specific contrast agefihere was no consistent evidence for any
significant difference in test performance betwélea three imaging modalities and three
MRI contrast media assessed. Where a definitioll@C consistent with that given in the
EFSUMB guidelines (arterial phase enhancementvi@tb by portal-venous washout) was
used’® estimates of the sensitivity and specificity ofle®f the imaging modalities assessed
varied across studies. There was some evidengs,dre study which compared CEUS and
Gd-CEMRYI, that these imaging techniques may besbettruling out HCC in FLLs between
11 and 30 mm (sensitivities for CEUS and Gd-CEMRIev2% and 95%, respectively) than
in small FLLs<10mm (sensitivities 27% and 73%, respectivelyhalgh this study did not
use an EFSUMB-consistent definition of HCC. It ierefore possible that some of the
variation in sensitivity estimates seen acrossistudf FLLs <30 mm may be due to

differences in the size distribution of FLLs incked There was also some evidence, from two
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studies that combined imaging using CEUS and CECAlldhree imaging modalities, where
any positive imaging result was treated as ‘tesitpe’, that combined imaging may increase
sensitivity. Inconsistent estimates of sensitivifgan that it is unclear whether CEUS alone
is adequate to rule out HCC for FLLs <30 mm in tp@pulation; CEUS alone may be
adequate to rule out HCC for FLLs 11-30 mm, whezeyvsmall FLLs (<10 mm) are not

considered.

Studies of the diagnosis of liver metastases usmaging with vascular contrast media
(CEUS, CECT, and Gd-CEMRI), where definitions gb@sitive imaging test were reported,
gave various descriptions of peripheral rim enhare# as the criteria for liver metastases.
Two studies also reported data for SPIO-CEMRI. €h&as no consistent evidence for any
difference in test performance between the threming modalities and the different contrast
media assessed. Per patient sensitivity estimates,two studies, were generally high (83%
for all imaging modalities and both MRI contraseats in one study of patients with CRC
and >95% for both CEUS and CECT in a second stddyatients with various primary

cancers (majority CRC). The only previous systemnatiview identified, which assessed
SonoVué& CEUS for the diagnosis of liver metastases, didimdude any comparator tests
and reported sensitivities for CEUS ranging fromt@9100%. The limited data available
indicate that CEUS alone may be adequate to ruléiven metastases in patients with known

primary malignancies.

The primary outcome measure reported by studiesumed in patients with incidentally
detected FLLs was test accuracy for the differdioticof malignant from benign liver lesions.
Studies consistently used definitions of the imgganiteria for HCC and liver metastases
which were similar to those reported in the EFSUNIBdelines on the use of CEUBAI
studies reported no significant difference in theusacy of CEUS and CECT or CEMRI for
the characterisation of focal FLLs. All but onedstueported data for one lesion per patient
and the remaining study reported data for 694 fesia 686 patients; data were therefore
treated as per patient. The pooled estimates dfitsety for the detection of ‘any liver
malignancy’ were approximately 95% for both CEUS &@ECT and the pooled estimates of
specificity were 94% and 93%, respectively, bagedata from four studies. The single study
comparing CEUS with CEMRI used Gd-CEMRI in all patis, with the addition of SPIO-
CEMRI in an un-specified number of cases, and tedosensitivity estimates of 91% and
82%, respectively, and corresponding specificitynestes of 67% and 63%. Data from one
study indicated that combined imaging using bottUSEand CECT, where a positive result

on either modality was treated as ‘test positidéd, not increase sensitivity. This, combined
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with the high estimates of sensitivity, indicateattCEUS alone may be adequate to rule out

liver malignancy in this population.

Two Chinese language studies, comparing imagingafits for the assessment of response
to treatment (cryosurgery and non-surgical treatjngm patients with HCC, reported per
lesion sensitivity estimates >95% and specificigfireates >80% for complete response,
using CEUS, CECT and CECT or Gd-CEMRI. These vemytéd data indicate that CEUS
may provide information on response in patientaté@ for HCC. However, these data are
very limited and may not be directly applicabldJig clinical practice; further studies, ideally

conducted in a UK setting are required to confirmaihgs.

6.1.2 Cost-effectiveness

The cost-effectiveness analysis of the use of CEHU$atients with an inconclusive un-
enhanced ultrasound test indicated that the useEdfS instead of CEMRI was considered
cost-effective. The use of CEUS instead of CECT wassidered cost-effectiva the

surveillance of cirrhosis and characterisationr@identally detected FLLs, while it
was similar in terms of costs and effects in theeci®n of liver metastases from

colorectal cancer.

In the surveillance of cirrhosis, CEUS was foundnas effective as, but £379 less costly
than CECT. This indicates that CEUS dominates CE&FCEMRI was found to be £1,063
more costly than CEUS, and gained 0.022 more QADYiss resulted in an ICER of £48,545
per QALY gained. This ICER is deemed unacceptablergthe currently used thresholds of
£20,000 and £30,000 per additional QALY. CEUS dadfore be considered the most cost-
effective option after inconclusive unenhancedaglbund. These base case results were based
on one source for accuracy, being Leoni €f alsing the two other studies that compared
CEUS and CECT corroborated the dominance of CEUS GECT, showing even lower
effectiveness of CECT. Compared to Gd-CEMRI, CEUSs wcost-effective in most
sensitivity analyses, except when all positive ohanced ultrasound examinations were
subject to confirmatory testing instead of the maasive ultrasounds, and when the
proportion of patients having an inconclusive dtnand was considerably lower (20%
instead of 43%). These two analyses resulted iapable ICERs for Gd-CEMRI compared
to CEUS of £12.806 and £16,121, respectively.

In the diagnosis of liver metastases from colotezdacer, CEUS was found to have similar

costs and effects compared to CECT. While at airfife time horizon they yielded equal
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QALYs per patient, CEUS was found to cost £1 mdrantCECT. Both Gd-CEMRI and
SPIO-CEMRI were dominated by CECT in this populatlmecause they were more costly
and equally effective. However, in this base casayais it was assumed that patients who
were incorrectly diagnosed with liver metastasesuldiareceive biopsy to discover this
mistake before they were treated. If this is nosuaszed, and patients could receive
unnecessary treatment, the lower specificity of GBid larger consequences. Under this
assumption, CEUS is both the most costly and thstleffective option, and Gd-CEMRI
dominates all other tests. However, it is questitmavhether this would occur in practice. If
the proportion of patients having metastases wageeh, CEUS would dominate the other
tests. Based on the two other studies that repaxtedracy data in this populatith®, CEUS
was found to dominate CECT. Gd-CEMRI yielded 0.0ddre QALYS, but was also £587
more costly than CEUS, resulting in an ICER of 48,@er QALY gained. As this is above
the threshold of £30,000 per QALY, Gd-CEMRI is degimot cost-effective compared to
CEUS.

The third and final evaluation involved the compan of CEUS with CECT and CEMRI in
the characterisation of incidentally focal livesilens. In the base-case analysis, no large
differences in effectiveness were found betweentlinee imaging strategies (incremental
QALYs: CEUS vs. CECT, 0.00016; CEUS vs. CEMRI, @60 However, a difference in
costs was found (CEUS vs. CECT, -£52; CEUS vs. CEMR31) and this resulted in a
situation of dominance. Probabilistic sensitivitpalysis revealed that there was little
uncertainty about the cost-effectiveness of CEUSpared to the other two tests. Additional
analyses changed the absolute costs and effectivarighe different strategies but did not
lead to dramatic changes in the incremental costse#fectiveness of CEUS versus CECT or
CEMRI. One critical factor in the analyses relatedhe costs of the tests. This could mean
that local conditions may play a role in decidingieh test is preferable, assuming that the

costs of these tests can be influenced by localitions.

6.2 Strengths and limitations of assessment

6.2.1 Clinical effectiveness

Extensive literature searches were conducted iat@mpt to maximise retrieval of relevant
studies. These included electronic searches ofiatyaf bibliographic databases, as well as
screening of clinical trials registers and confeeeabstracts to identify un-published studies.
Because of the known difficulties in identifyingsteaccuracy studies using study design-

related search termisearch strategies were developed to maximisetisétysat the expense
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of reduced specificity. Thus, large numbers oftitites were identified and screened, many of

which did not meet the inclusion criteria of theiesv.

The possibility of publication bias remains a pdianproblem for all systematic reviews.
Considerations may differ for systematic reviewstedt accuracy studies. It is relatively
simple to define a positive result for studiesrefitment, e.g. a significant difference between
the treatment and control groups which favoursttneat. This is not the case for test
accuracy studies, which measure agreement betwmkx itest and reference standard. It
would seem likely that studies finding greater agrent (high estimates of sensitivity and
specificity) will be published more often. In addit, test accuracy data are often collected as
part of routine clinical practice, or by retrospeetreview of records; test accuracy studies
are not subject to the formal registration procedurpplied to randomised controlled trials
and are therefore more easily discarded when seggpear unfavourable. The extent to
which publication bias occurs in studies of testusacy remains unclear, however,
simulation studies have indicated that the effégublication bias on meta-analytic estimates
of test accuracy is minim&!? Formal assessment of publication bias in systematiews of
test accuracy studies remains problematic andbitifjais limited.'®> We did not undertake a
statistical assessment of publication bias in tegiew. However, our search strategy
included a variety of routes to identify un-pubgshstudies and resulted in the inclusion of a

number of conference abstracts.

Clear inclusion criteria were specified in the paul for this review and the one protocol
modification that occurred during the assessmestblean documented in the methods section
(4.1) of this report. The eligibility of studiesrfmclusion is therefore transparent. In addition,
we have provided specific reasons for excludingodlthe studies considered potentially
relevant at initial citation screening (Appendix Bhe review process followed recommended
methods to minimise the potential for error andbias; studies were independently screened
for inclusion by two reviewers and data extractod quality assessment were done by one
reviewer and checked by a second (MW and VG). Amsagieements were resolved by
consensus. Chinese language studies were extiagtede reviewer (MW) working with a
native speaker (KL) and the only German languageystvas extracted by one reviewer and
checked by a second (VG and HR)

With one exception, all studies included in theieew were test accuracy studies. The
methodological quality of these studies was assglessimg a modification of the QUADAS-2

tool.> The QUADAS tool has been recommended for assesisengiethodological quality of
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test accuracy studiés’ and has been widely adopted researchers and key organisations
such as the Cochrane Collaboration, the Natiorsitirte for Health and Clinical Excellence
(NICE) in the UK, and Institut fir Qualitat and kgchaftlichkeit im Gesundheitswesen
(IQWIG) in Germany. It has been mentioned in mdrant 200 abstracts on the DARE
database and has been cited more than 500 times.rélised version of QUADAS
(QUADAS-2) has recently been publishedQUADAS-2 more closely resembles the
approach and structure of the Cochrane risk oftoials It is structured into four key domains
covering participant selection, index test, refesestandard, and the flow of patients through
the study (including timing of tests. Each domasnrated for risk of bias (low, high, or
unclear) and the tool provides signalling questidnseach domain, to help reviewers in
reaching a judgement. The participant selectiotexriest and reference standard domain are
also, separately rated for concerns regarding fi@icability of the study to the review
question (low, high, or unclear). However, the QUX®?2 tool does not currently include
domains specific to the assessment of studies aamgpanultiple index tests; further
development of QUADAS-2 in this area is plannedsTdssessment used a modified version
of the QUADAS-2 tool, which includes an additiorddmain for the comparator test and
additional signalling questions in the ‘flow anthing’ domain. It should be noted, however,
that these components of the tool were not devdlogag the same rigorous evidence-based
approach as the core QUADAS-2 tool. The inclusinteia for this review were considered
to largely match the review question and questiohspplicability were, therefore, only
relevant to the ‘patient selection’ domain. The ieexspecific guidance used in our
QUADAS-2 assessment is reported in Appendix 2. fHselts of the risk of bias assessment
are reported, in full, for all included studies @gmdix 3) and in summary in the results
section (4.6). However, the usefulness of this sseent was limited by poor reporting of
primary study methods, particularly with respechtaw the index and comparator tests and
the reference standard were applied. This issueewaserbated because four of the 20 test

accuracy studies (20%) were only reported as cenber abstracts.

The systematic review conducted for this assessmgptesents an improvement upon
previously published systematic revie®s? 'in that it focuses upon studies which directly
compared the performance of SonoV@EUS with at least one other imaging modality, as
well as clearly distinguishing between both thaenichl application and target condition of

imaging.

Hierarchical or bivariate models are considered dpgmal methods for estimating SROC

curves and pooled estimates of sensitivity andipieg. ' > The bivariate model analyses
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sensitivity and specificity jointly, retaining thpaired nature of the original data, and has been
shown to produce equivalent results to the hiefeatiSROC (HSROC) model in the absence
of other study-level covariaté&However, the fitting of this model requires a migim of
four data sets. There was only one group of foudies in this assessment for which meta-
analytic pooling was considered potentially appiater (similar clinical application, target
condition and comparator test). One of these studs=d a sub-optimal reference standard
and a sensitivity analysis was used to investigaganfluence of this study upon the overall
estimate of test performance, reducing the dattosree studies; for this reason, a random
effects model was used to generate pooled estimatssnsitivity and specificity, with 95%
Cls.

In addition to the limited potential for meta-aredg and the general methodological quality
issues outlined above, there were a number of tiegémethodological problems specific to
this review. Of particular concern for this assemstmwas the way in which data were
reported, in respect of the unit of analysis. Themmeason for undertaking liver imaging in
the populations considered is likely to be to mulg primary liver cancer or liver metastases.
Therefore, patient level analyses of test perfocaaare of particular interest; some of the
studies included in this review reported per. patanalyses, however, no study clearly stated
how per. patient test results were defined (e.gs Wee presence of any positive lesion
regarded as a positive test for the whole pati&ujne of included studies reported per lesion
data (multiple lesions per patient). This type athwm patient ‘clustered’ data are a common
feature of test accuracy studies and are likelyeswilt in a correlation between results within
each patient, which should be accounted for in siaistical analys€$? Un-corrected
estimates of sensitivity and specificity derivednfr such data are likely to be accurate, but
imprecision will be underestimatéf. Of greater concern are those studies which regorte
data for one lesion per patient (treated as pdemtadiata in this assessment), but in which
multiple lesions per patient were present, as wes dase for the majority of studies
evaluating SonoVife CEUS for the characterisation of incidentally dezd FLLS> *%7
These studies generally selected the largest lesiothe lesion ‘most suspicious for
malignancy’ for inclusion in analyses, with theukghat estimates of test performance may
have been exaggerated. It might be argued that) whiesidering the ability of a test to rule-
out malignancy, performance for the characterisatb smaller ambiguous lesions is an
important consideration. All assessments of diaim@ccuracy of are underpinned by the
assumption that the reference standard, againsthwthie index and comparator tests are
evaluated, is 100% sensitive and 100% specific. iflousion criteria specified by the
protocol for this assessment allowed the use dérdiht reference standards for test positive

and test negative patients (histology and cliniodbw-up, respectively). This approach was
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used because it may be considered un-ethical forpebiopsy of test negative patients or
lesions. However, delayed verification, as represkrby clinical follow-up, is inherently
flawed in that follow-up must be of sufficient dtica for any false positive or false negative
test results to become apparent but prolongedwallp may also result in changes in disease
state and hence misclassification of test reslitaddition, a protocol modification allowed
the inclusion of studies on the characterisationFbts (suspected HCC) which used
European Association for the Study of the Liver @A American Association for the Study
of Liver Diseases (AASLD) non-invasive diagnostiitaria (two concordant imaging test
results) as the reference standardio additional studies were included in the reviasva
result of this protocol modificatiolf: *’ Studies using this type of reference standard beay
subject to incorporation bias. However, the imglamas of this are unclear; the review of
sources of variation and bias in test accuracyiesyidonducted as part of the development of
QUADAS, found no evidence on the effects of incogton biad® and the up-date of this
review, conducted during the development of QUADASeund two contradictory studies
one reporting no effect of incorporation bias upmmturacy and one reporting increased

sensitivity and reduced specificity in the preseoicicorporation bias (un-published data).

The clinical applicability of accuracy data includia this review may have some limitations.
The inclusion criteria for this assessment spetiffat SonoVu& CEUS should be used for
the characterisation of FLLs where un-enhanced U&meation was considered
inconclusive. Although all study participants hataging-detected FLLs prior to SonoVue
CEUS, only one stud explicitly stated that un-enhanced US was incasiets Perhaps
more importantly, the prevalence of malignancy appe high in studies assessing the
accuracy of CEUS and other imaging modalities fog tharacterisation of incidentally
detected FLLs; these study populations may notdpeesentative of the population with

incidental FLLs seen in clinical practice.

The majority of included studies reported no infation on funding; two studies reported

funding from the manufacturer of SonoVué *’

6.2.2 Cost-effectiveness

In this study we built three separate models fer ttiree different potential uses of CEUS:
surveillance of cirrhosis, detection of liver mééses from colorectal cancer, and
characterisation of incidentally detected focaétivesions. All three models were based on
existing models that had previously informed NICHdgnce” *#*° Where needed, we

updated and improved these models. The model Gdentally detected liver lesions was a

combination of the two updated and improved models.
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In each of the three analyses, we used evidenicdaton parameters that was relevant for the
UK and as up-to-date and as high quality as passiihere evidence was not available from
published studies or databases, we used the rkelt eind plausible ranges based on expert

opinion.

As expected, the main driver of the models wasattwiracy of the different tests. There was
only one group of four studies in this assessmentwhich meta-analytic pooling was
considered potentially appropriate (similar climicapplication, target condition and
comparator test): the use of CEUS to charactenisidentally detected focal liver lesions. As
a consequence, the estimated cost-effectiveneS&0E5 for the surveillance of cirrhosis and
the diagnosis of liver metastases from colorectalcer had to be based on single studies.
Scenario analyses were performed using the otbdrest, and these analyses showed that in
general the source for accuracy influences thescastd effects of the different tests.
However, the use of different sources resultedrmilar conclusions. CEUS was found to be
the most cost-effective test for the surveillan€eiohosis, and the two alternative sources

for the liver metastases model produced favounaddelts for CEUS.

In general, the studies used to estimate test acgwappeared to involve different types of
patient populations. The studies used for the awtialy detected FLL for example defined
incidentally detected focal liver lesions in diffet ways. Interestingly, regardless of the
variation in composition of the patient populatiothere was never an instance where the test
accuracy results of CEUS and CECT were very differall studies concluded that the two

tests were comparable in performance.

Another main driver was the clinical pathway ofanectly diagnosed patients. While the
pathway may be straightforward for false negativas,their disease may be correctly
diagnosed in a later stage of the initial workidnis is more difficult for false positives. In the
liver metastases from colorectal cancer model werasd that patients who are inaccurately
diagnosed as having metastases would receive biogiyre treatment. This implies that
patients were not unnecessarily treated. Howeves unclear what happens to these patients
in practice. Therefore, we performed a sensitigityalysis where patients without metastases
were treated if they were incorrectly diagnosedthis sensitivity analysis CEUS was found
to be the least effective and most costly optiolth@ugh we do not expect it to be realistic
that patients without metastases will actually nexdreatment, it is important to note this

factor.
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Besides being less costly, CEUS has the advantaggared to CECT and especially

CEMRI that it is highly accessible. All patientsesdy receive an un-enhanced ultrasound,
and can be immediately diagnosed using CEUS asopdne same examination. A potential

benefit of CEUS s, therefore, the potential redurctin anxiety in patients because a

malignant lesion is ruled out sooner as a resuttodbfhaving to wait too long for another test.

This benefit was not taken into account in the ysig)] as little evidence is available on the
effect of anxiety on quality of life. It might bexgected that the effects of using CEUS are
therefore underestimated. Though the length of assbciated with other imaging modalities

is uncertain, the consideration of this anxietytdaavould only further support the use of

CEUS over CECT or CEMR.

6.3 Uncertainties
6.3.1 Clinical effectiveness

None of the clinical applications of liver imagingnsidered in this review were evaluated by
a large number of studies; the maximum was sewadliest on the performance of imaging
modalities for the characterisation of FLLs detdate surveillance of cirrhosis patients using
un-enhanced US. Although, as noted in section &ehgths and limitations of the clinical
effectiveness assessment, this review benefits fiasussing upon studies which directly
compared the performance of SonoYuBEUS with other imaging modalities, only two
studies on the characterisation of FLLs detecteduweillance of cirrhosis patients>and
two studies on the detection of liver metastasgsaiients with known primary canc&rs®
compared all three imaging modalities under assessQCEUS, CECT and CEMRI). Most
studies which assessed CEMRI used gadolinium-besscular contrast agent, which has a
comparable mode of operation to CEUS and CECT. hew&EMRI of the liver can also be
conducted using hepatocyte-specific contrast aganth as SPIO, or ‘combined’ vascular
and hepatocyte-specific agents such as Gd-EOB-DTDRA; four of the studies included in
our systematic review reported data for these typemntrast agerif: > '* *Studies were
generally small (15 of the 20 DTA studies includeder than 100 participants) and, within
clinical applications, studies varied in terms afget condition (HCC, liver metastases, or
‘any malignancy’), definitions of a positive imagirtest used by studies of the same target
condition, comparator imaging technologies andlesize assessed. In addition, four of the
20 test accuracy studies were only reported asecemée abstracts, ***” which further
limited the available data. These factors meartt sdetailed in section 6.1.1 statement of
principal findings for the clinical effectivenesssassment, only one meta-analysis was
undertaken (studies comparing CEUS with CECT fa tharacterisation of incidentally

detected FLLs). Based on the available data, Soed\GEUS appeared to offer similar

157



diagnostic performance to that of other imaging alitiés (CECT and CEMRI) for all
clinical applications considered, but data were egalty insufficient to support firm

conclusions.

SonoVué& CEUS is generally used for the characterisatiomaiection of liver lesions in
patients for whom un-enhanced US examination hagegrinconclusive. In addition to test
accuracy, it is therefore particularly importantassess the proportion of patients in whom
ultrasound examination remains inconclusive evégr @bntrast-enhancement compared with
the proportion in whom comparator imaging techn@scgare inconclusive. Four of the 20
DTA studies included in this review explicitly reped the number of participants in whom
imaging was inconclusive; three studies indicateat SonoVu& CEUS was inconclusive in
slightly fewer patients than CECT (0, 3% and 3%3onoVu€ CEUS compared with 14%,
8% and 6% for CECTY> " **One study reported 11% inconclusive imaging stiée both
SonoVu€ CEUS and CEMRY Though not explicitly stated, all other includetlidies
appeared to report complete data sets and hencdeniaferred to have had no inconclusive

imaging examinations.

Where diagnostic accuracy is comparable acrossiiipagodalities, comparison of adverse
event rates associated with the different imagipiipas, as well as consideration of patients’
preferences, are also of particular importancey©@nk of the DTA studies included in this
review reported any information on adverse evegitded to testing; the authors of this study
stated that there were no adverse events assovidteGonoVu& CEUS, but did not report

any information about the comparator technology@&EMRI.>°

A large, retrospective safety
study of SonoVug CEUS in abdominal applications, which did not méw inclusion
criteria for this review, reported data from 23,iB8estigations in 29 centres in ItafyThis
study found 29 cases of adverse events, of whiehe graded as serious, 1 severe, 3
moderate and 23 mifd. There were no fatal adverse evefit®©ne of the serious adverse
events occurred in a patient with prostate cameeo, was being investigated to characterise a
liver lesion suspected of metastases; this patemplained of dyspnoea with signs of
bronchoplasm, slight hypotension and bradychardvéhin 1 min after injection of
SonoVué€.?”> The majority of non-serious adverse events resoivighout intervention and
included itching, mild dizziness, moderate hypoi@msheadache, sensation of warmth and
nausea and vomitirg. None of the studies identified reported any infation on patient

preferences.

It should be further noted that, whilst this revipmvides some evidence on the accuracy of

SonoVué& CEUS for the characterisation of FLLs and the ctata of liver metastases and
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response to treatment of liver cancers, only oney&t was identified which reported the
effects of imaging with SonoV{ieon patient outcomes; the ultimate aim of any nesean
clinical tests should be to determine impact upatiept management and clinical outcomes.
As described in section 6.1.1 statement of priricipalings for the clinical effectiveness
assessment, this study indicated that the inclugibriCEUS in pre-treatment imaging
protocols for patients undergoing RFA for HCC magult in some improved outcomes
compared with un-enhanced US. Overall, the effaétany, of imaging with SonoVife

CEUS upon management and outcome of patients Witk Femain uncertain.

6.3.2 Cost-effectiveness

Many studies emphasised that the participatingaidins had years of experience in the use
of CEUS. It is possible that the diagnostic accuraicCEUS may be poorer if the user has
little experience. However, widespread implemeatatdof CEUS might also improve the

experience with CEUS and ultimately improve accyrac

The main uncertainty surrounding the cost-effectess of CEUS is how patients who are
incorrectly diagnosed are managed. Arguably, thigary different across locations. In the
cirrhosis surveillance model, patients are screemace a year, and it is expected that a
lesion, although it may have grown and thereforedtentially less treatable, will be detected
eventually. In the liver metastases from colorectaicer model, patients with metastases will
have associated symptoms and it is therefore ipisif to assume that metastases will be
detected within a year. Patients with incidentaétected lesions also often have associated
risk factors or evidence of liver disease, whictyrave been the indication for initial testing
with un-enhanced ultrasound or which may have laemntified at this examination, hence it
is expected that their complaints worsen and their tlesion will be detected in several
months. How patients with a false positive testiitegare managed might be more complex.
We assumed that in all models, these patients wadeive additional costs of unnecessary
additional diagnostics, but would not undergo imappiate treatment since the correct
diagnosis would be determined after additional miesgic workup. In the liver metastases of
colorectal cancer model we examined the extremeat&in where all patients who were
incorrectly diagnosed with metastases would recesa&tments for these metastases. As this
involves costs of the treatment as well as redagedity of life, this has considerable impact

on the results.

In the cirrhosis surveillance model, the actual aB€EUS impacted the results. If CEUS

were used after all positive instead of inconclesim-enhanced ultrasound examinations, or
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if the proportion of inconclusive un-enhanced @tmands were lower, Gd-CEMRI would be

cost-effective compared to CEUS.
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7 CONCLUSIONS

7.1 Implications for service provision

The results of our systematic review suggest thmtoSué® CEUS could provide similar
diagnostic performance to other imaging modali{eECT and CEMRI) for the three main
clinical applications considered: characterisatbfLLs detected on surveillance of cirrhosis
patients using un-enhanced US; detection of livetastases in patients with known primary
cancers (CRC); characterisation of incidentallyedetd FLLs identified by un-enhanced US.
However, some caution is required in the interpi@taof these findings as studies were
generally small and heterogeneous with respectrgget condition (HCC, liver metastases, or
‘any malignancy’), definitions of a positive imagirtest used by studies of the same target
condition, comparator imaging technologies andolesiize assessed. Available data were
insufficient to draw firm conclusions of the effeeness of CEUS in treatment planning and

the determination of treatment response.

The cost-effectiveness analysis of the use of CHU$atients with an inconclusive un-
enhanced ultrasound test indicated that the useEtfS instead of CEMRI was considered
cost-effective. The use of CEUS instead of CECT wassidered cost-effectiva the
surveillance of cirrhosis and characterisationramidentally detected FLLs, while it
was similar in terms of costs and effects in theed@n of liver metastases from
colorectal cancerAlthough these conclusions can be very dependentthe actual
management of incorrectly diagnosed lesions, éxjgected that the use of CEUS can reduce
costs without reducing quality of life and survivéil should be noted that experience with

using CEUS can have an important impact on diagnasturacy.

If the main use of liver imaging in these populatids considered to be rapid rule-out of
malignancy, equivalent diagnostic performance magtificient for SonoVUeCEUS to be
preferred over other imaging modalities when unaemled US is inconclusive. A potential
advantage of using SonoVUEEUS would be the option of completing the assessrmat the
same time as the initial un-enhanced US examinatiddthough this would be unlikely to
reduce waiting times (compared to other imaging atitids) sufficiently to change clinical
outcome, the potential to provide more rapid diaigmavithout repeat hospital visits is likely
to be preferred by patients and may also reduceés,cg®r example, by avoiding the

administration costs of scheduling new appointments
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7.2 Suggested research priorities

All but one of the studies included in our systamaeview were DTA studies of liver
imaging for the clinical applications specified our protocol: characterisation of FLLs
detected on surveillance of cirrhosis patients gisim-enhanced US; detection of liver
metastases in patients with known primary canc€RQ); characterisation of incidentally
detected FLLs identified by un-enhanced US; deteation of treatment response in patients
with liver cancers. However, data were relativgdgrse and studies were heterogeneous with
respect to target condition (HCC, liver metastasesiany malignancy’), definitions of a
positive imaging test used by studies of the saamget condition, comparator imaging
technologies and lesion size assessed. Standavdigditthe definition positive imaging test
for each target condition, followed by further, lniguality DTA studies are therefore needed
to confirm our findings. Future DTA studies shoidéally compare the performance of all
three imaging modalities (SonoVUEEUS, CECT and CEMRI) in the same patient group,
and should also report the numbers of patientshiomvimaging with each modality is non-
diagnostic as well as any imaging-related advevsets; studies comparing all three imaging
modalities could provide a useful vehicle for thallection of information of patients’
preferences. Further investigation of the potenté¢ of CEMRI using both vascular and
hepatocyte-specific, or ‘combined’ contrast agemisy also be warranted. QUADAS-2
assessment highlighted limitations in the reportfignany studies included in our review;

future studies should follow the STARD guidelines fleporting test accuracy studié.**®

The test accuracy study design compares the redudtgew test (index test) with those of the
reference standard (which are assumed always wwolvect); it is therefore inherently not
capable of comparing tests in terms of their ultananpact on patient outcome. The only
study included in this review, which reported datapatient outcomes, considered the impact
of using SonoVu® CEUS for pre-treatment assessment upon clinicedomes following
treatment. This study had a number of methodolbdipdtations and found significant
effects of SonoVUeCEUS only in secondary outcomes. The ideal stadyddress questions
of clinical effectiveness would be a large multire RCT, in which patients are randomised
to receive further testing/monitoring, therapepianning and/or treatment based on different
imaging strategies (SonoVU€EUS, CECT, CEMRI); evaluation in more than oneteeis
preferred, in order to minimise performance biamd-term, observational studies assessing

the clinical consequences of incorrect initial diages may also be informative.
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APPENDICES

Appendix 1: Literature search strategies

Clinical Effectiveness search strategies

Embase (OvidSP): 2000-2011/wk 39
Searched 6.10.11

metastasis/ (154939)

(Metasta$ or meta-sta$).ti,ab,ot,hw. (394219)

or/1-2 (394219)

(liver or hepato$ or hepatic$).ti,ab,ot,h@9g970)

3 and 4 (64975)

exp liver tumor/ (134843)

FLL.ti,ab,ot. (104)

FLLs.ti,ab,ot. (41)

bile duct carcinoma/ (9888)

10 ((liver$ or hepat$) adj3 (cancer$ or met$natignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argmsas$)).ti,ab,ot,hw. (210520)

11 (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (24960)

12 (Focal liver lesion$ and (cancer$ or manets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooerypr sarcoma$ or
angiosarcoma$)).ti,ab,ot,hw. (845)

13 (BFLL or BFLLS).ti,ab,ot. (5)

14  (HCC or HCCs).ti,ab,ot. (25130)

15 (Cholangiocarcinoma$ or Cholangio-carcinoyria&b,ot,hw. (6557)

16 (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcomas$)).tt,al0(18232)

17  or/5-16 (252012)

18 Echography/ or Echotomography/ (186679)

19 ((ultrasonic$ or ultra-sonic$) adj4 (scannoag$ or echogram$ or sonogra$ or detect$
or diagnos$ or exam$)).ti,ot,ab,hw. (7362)

20  (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or echoscope$ or
echosound$ or Echogra$ or echogra$ or tomo-echagrasbnoechogra$).ti,ot,ab,hw.
(413388)

21  0r/18-20 (413388)

22 Sulfur hexafluoride/ (1199)

23  (hexafluoruro-sulfurico or SF6 or SF-6 oipbur hexa-fluoride$ or sulphur
hexafluoride$ or sulfur hexa-fluoride$ or sulfuxaéuoride$).af. (2094)

24 0or/22-23 (2094)

25 21 and 24 (328)

26  Sonovist/ or Sonovue/ (1350)

27  (Sonovue or sono-vue or Sonavoid or Sonogsonagen or Sonavist).af. (1507)

28 (CE-US or CEUS).ti,ab,ot. (900)

29  ((Sulfur or Sulphur) adj2 (hexafluoride$hexa-fluoride$) adj4 (US or ultraso$ or
ultra-so$ or sonogra$ or Echotomogra$ or Echo-taathgr echoscope$ or echosound$ or
Echogra$ or tomo-echogra$ or tomoechogra$ or imag$§30)

30 (SF6US or SF6-US or SF-6US or SF-6-US)Qf. (

31 ((SF6 or SF6 or sulfur hexafluoride$ or sutiexafluoride$ or sulphur hexafluoride$ or
sulphur hexafluoride$) adj4 (bubbl$ or microbubbi$nicro-bubbl$ or micropartic$ or
micro-partic$)).af. (153)

32 0r/26-31 (2114)

33 250r32(2203)

34 17 and 33 (676)

©CoO~NOOOITA~,WNPE
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35 exp Liver Tumor/di (23736)

36 bile duct carcinoma/di (2943)

37 metastasis/di (11811)

38 0r/35-37 (36762)

39 24 and 38 (40)

40 34 0r 39 (676)

41 limit 40 to yr="2000-Current" (668)

42  limit 41 to embase (613)

43 animal/ or animal experiment/ (3084529)

44  (rat or rats or mouse or mice or murineodient or rodents or hamster or hamsters or
pig or pigs or porcine or rabbit or rabbits or aaimr animals or dogs or dog or cats or cow
or bovine or sheep or ovine or monkey or monkeys) (#773759)

45  0or/43-44 (4773759)

46  exp human/ or human experiment/ (12541220)

47 45 not (45 and 46) (3833028)

48 42 not 47 (578)

Medline (OvidSP): 2000-2011/09/wk 4
Searched 6.10.11

neoplasm metastasis/ or neoplasm seedingaplasms, unknown primary/ (79582)
(Metasta$ or meta-sta$).ti,ab,ot,hw. (311666)

or/1-2 (313877)

(liver or hepato$ or hepatic$).ti,ab,ot,h@71423)

3 and 4 (46193)

exp Liver Neoplasms/ (112995)

exp Bile Duct Neoplasms/ (11958)

Carcinoma, Hepatocellular/ (51056)

(FLL or FLLs).ti,ab,ot. (95)

10 Cholangiocarcinoma/ (4146)

11 ((liver$ or hepat$) adj3 (cancer$ or met$natignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argmsas$)).ti,ab,ot,hw. (169576)

12 (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (27800)

13 (Focal liver lesion$ and (cancer$ or mainets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooenyor sarcoma$ or
angiosarcoma$)).ti,ab,ot,hw. (712)

14  (BFLL or BFLLS).ti,ab,ot. (3)

15 (HCC or HCCs).ti,ab,ot. (18801)

16 (Cholangiocarcinoma$ or Cholangio-carcinoyria&b,ot,hw. (6205)

17  (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcomas$)).tt,alo(14499)

18 or/5-17 (200072)

19 ultrasonography/ or ultrasonography, doppeexp ultrasonography, doppler, duplex/
or exp ultrasonography, doppler, pulsed/ (89811)

20  ((ultrasonic$ or ultra-sonic$) adj4 (scarnaag$ or echogram$ or sonogra$ or detect$
or diagnos$ or exam$)).ti,ot,ab,hw. (6823)

21  (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or echoscope$ or
echosound$ or Echogra$ or tomoechogra$ or tomogeafihti,ot,ab,hw. (276299)

22  0r/19-21 (280667)

23  Sulfur Hexafluoride/ (1489)

24 (hexafluoruro-sulfurico or SF6 or SF-6 olpbur hexa-fluoride$ or sulphur
hexafluoride$ or sulfur hexa-fluoride$ or sulfuxaéuoride$).af. (2150)

25 or/23-24 (2150)

26 22 and 25 (668)

27  (Sonovue or sono-vue or Sonavoid or Sonogeonagen or Sonavist).af. (505)

O©CO~NOUILAWNBEF
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28 (CE-US or CEUS).ti,ab,ot. (524)

29  ((hexafluoruro-sulfurico or SF6 or SF-6)4(lyS or ultraso$ or ultra-so$ or sonogra$
or Echotomogra$ or Echo-tomogra$ or echoscop$twsmind$ or Echogra$ or
tomoechogra$ or tomo-echogra$ or imag$)).af. (7)

30  ((Sulfur or Sulphur) adj2 (hexafluoride$hexa-fluoride$) adj4 (US or ultraso$ or
ultra-so$ or sonogra$ or Echotomogra$ or Echo-toathgr echoscop$ or echosound$ or
Echogra$ or tomoechogra$ or tomo-echogra$ or imag$j§28)

31 (SF6US or SF6-US or SF-6US or SF-6-US)(af. (

32 ((SF6 or SF6 or sulphur hexafluoride$ opbul hexa-fluoride$ or sulfur hexafluoride$
or sulfur hexa-fluoride$) adj4 (bubbl$ or microbigbr micro-bubbl$ or micropartic$ or
micro-partic$)).af. (213)

33 0r/27-32 (1002)

34 26 or 33 (1197)

35 18 and 34 (367)

36 exp Liver Neoplasms/us (2714)

37 Carcinoma, Hepatocellular/us (1268)

38 exp Bile Duct Neoplasms/us (375)

39 Cholangiocarcinomalus (137)

40 Neoplasm Metastasis/us (51)

41 Neoplasm Seeding/ra (1)

42  Neoplasms, Unknown Primary/us (21)

43  0r/36-42 (3101)

44 25 and 43 (163)

45 35 or 44 (368)

46  limit 45 to yr="2000 -Current" (363)

47 animals/ not (animals/ and humans/) (3605824

48 46 not 47 (342)

Medline In-Process Citations (OvidSP): 2000-2011/106
Medline Daily Update (OvidSP): 2000-2011/10/05
Searched 6.10.11

neoplasm metastasis/ or neoplasm seedimgaplasms, unknown primary/ (66)
(Metasta$ or meta-sta$).ti,ab,ot,hw. (12580)

or/1-2 (12581)

(liver or hepato$ or hepatic$).ti,ab,ot,h21219)

3 and 4 (1428)

exp Liver Neoplasms/ (134)

exp Bile Duct Neoplasms/ (6)

Carcinoma, Hepatocellular/ (99)

(FLL or FLLs).ti,ab,ot. (21)

10 Cholangiocarcinoma/ (7)

11 ((liver$ or hepat$) adj3 (cancer$ or met$atignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argm®as$)).ti,ab,ot,hw. (4928)
12 (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (482)
13 (Focal liver lesion$ and (cancer$ or mainets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooenyor sarcomas$ or
angiosarcoma$)).ti,ab,ot,hw. (22)

14 (BFLL or BFLLS).ti,ab,ot. (0)

15 (HCC or HCCs).ti,ab,ot. (1356)

16 (Cholangiocarcinoma$ or Cholangio-carcinoyrig&b,ot,hw. (319)

17  (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$)).tt,alo(130)

18  or/5-17 (5956)

O©CoO~NOOUITA,WDNPEF
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19 ultrasonography/ or ultrasonography, dopmeexp ultrasonography, doppler, duplex/
or exp ultrasonography, doppler, pulsed/ (57)

20  ((ultrasonic$ or ultra-sonic$) adj4 (scamnaag$ or echogram$ or sonogra$ or detect$
or diagnos$ or exam$)).ti,ot,ab,hw. (349)

21  (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or echoscope$ or
echosound$ or Echogra$ or tomoechogra$ or tomoggafipti,ot,ab,hw. (11431)

22 0r/19-21 (11432)

23 Sulfur Hexafluoride/ (0)

24 (hexafluoruro-sulfurico or SF6 or SF-6 oipbur hexa-fluoride$ or sulphur
hexafluoride$ or sulfur hexa-fluoride$ or sulfuxbaéuoride$).af. (316)

25 0r/23-24 (316)

26 22 and 25 (3)

27  (Sonovue or sono-vue or Sonavoid or Sonogsonagen or Sonavist).af. (34)

28 (CE-US or CEUS).ti,ab,ot. (82)

29 ((hexafluoruro-sulfurico or SF6 or SF-6)AdyS or ultraso$ or ultra-so$ or sonogra$
or Echotomogra$ or Echo-tomogra$ or echoscop$twsmind$ or Echogra$ or
tomoechogra$ or tomo-echogra$ or imag$)).af. (1)

30  ((Sulfur or Sulphur) adj2 (hexafluoride$hexa-fluoride$) adj4 (US or ultraso$ or
ultra-so$ or sonogra$ or Echotomogra$ or Echo-taathgr echoscop$ or echosound$ or
Echogra$ or tomoechogra$ or tomo-echogra$ or imag$j0)

31 (SF6US or SF6-US or SF-6US or SF-6-US)(3f. (

32  ((SF6 or SF6 or sulphur hexafluoride$ opBut hexa-fluoride$ or sulfur hexafluoride$
or sulfur hexa-fluoride$) adj4 (bubbl$ or microbigbr micro-bubbl$ or micropartic$ or
micro-partic$)).af. (2)

33  0r/27-32 (103)

34 26 or 33 (104)

35 18 and 34 (40)

36 exp Liver Neoplasms/us (2)

37 Carcinoma, Hepatocellular/us (1)

38 exp Bile Duct Neoplasms/us (0)

39 Cholangiocarcinoma/us (0)

40 Neoplasm Metastasis/us (0)

41 Neoplasm Seeding/ra (0)

42  Neoplasms, Unknown Primary/us (0)

43  0r/36-42 (2)

44 25 and 43 (0)

45 35 or 44 (40)

46  limit 45 to yr="2000 -Current" (40)

47 animals/ not (animals/ and humans/) (2179)

48 46 not 47 (40)

Cochrane Database of Systematic Reviews (CDSR) (\&4): Issue 10:2011
Cochrane Central Register of Controlled Trials (CENTRAL) (Wiley): Issue 4:2011
http://www.thecochranelibrary.com/

Search limited to 2000-2011

Searched 6.10.11

#1 MeSH descriptor Neoplasm Metastasis, this miyn 1725

#2 MeSH descriptor Neoplasm Seeding, this termg onl 25

#3 MeSH descriptor Neoplasms, Unknown Primaryg teim only 32
#4 (Metasta* or meta-sta*):ti,ab,kw 10876

#5 (#1 OR #2 OR #3 OR #4) 10908

#6 (liver or hepato* or hepatic*):ti,ab,kw 30235

#71 (#5 AND #6) 1342

#8 MeSH descriptor Liver Neoplasms explode aédre 1521
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#9 MeSH descriptor Bile Duct Neoplasms explodearalts 128
#10 MeSH descriptor Carcinoma, Hepatocellulag tim only 769
#11 MeSH descriptor Cholangiocarcinoma, this tenty 41
#12 (FLL or FLLs):ti,ab 0
#13 ((liver* or hepat*) near/3 (cancer* or met*ralignan* or carcinoma* or tumor* or
tumour* or neoplas* or adeno* or angiom* or sarcdmeaangiosarcoma*)):ti,ab,kw

5985
#14 (hepatoma* or hemangiosarcoma* or hemangicesaa* or haemangiosarcoma* or
haemangio-sarcoma*):ti,ab,kw 71
#15 ((Focal NEXT liver NEXT lesion*) and (cancest met or mets or metasta* or
malignan* or carcinoma* or tumor* or tumour* or r@as* or adeno* or angiom* or
sarcoma* or angiosarcoma®*)):ti,ab,kw 20
#16  (BFLL or BFLLS or HCC or HCCs):ti,ab 563
#17 (Cholangiocarcinoma* or Cholangio-carcinomiiygb,kw 70
#18 ((Bile NEXT duct*) near/3 (cancer* or met* malignan* or lesion* or carcinoma*
or tumor* or tumour* or neoplas* or adeno* or angfoor sarcoma*)):ti,ab,kw 236
#19  (#7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13tDROR #15 OR #16 OR #17
OR #18) 6625
#20 MeSH descriptor Ultrasonography, this ternyonl 743
#21 MeSH descriptor Ultrasonography, Doppler, tarsn only 403
#22 MeSH descriptor Ultrasonography, Doppler, Bumxplode all trees 696
#23 MeSH descriptor Ultrasonography, Doppler, &lilsxplode all trees 120
#24 ((ultrasonic* or ultra-sonic*) near/4 (scanmag* or echogram* or sonogra* or
detect* or diagnos* or exam®*)):ti,ab,kw 141
#25 (ultraso* or ultra-so* or sonogra* or Echotayre* or Echo-tomogra* or echoscope*
or echosound* or Echogra* or tomoechogra* or torobegra*):ti,ab,kw 14089
#26  (#20 OR #21 OR #22 OR #23 OR #24 OR #25) 2412
#27 MeSH descriptor Sulfur Hexafluoride, this tesmly 54
#28 (hexafluoruro-sulfurico or SF6 or SF-6 or duwlr NEXT hexafluoride*) or (sulphur
NEXT hexafluoride*) or (sulfur NEXT hexafluoride®r (sulfur NEXT hexafluoride*)) 125
#29  (#27 OR #28) 125
#30  (#26 AND #29) 39
#31 (Sonovue or sono-vue or Sonavoid or Sonogepragen or Sonavist) 35
#32 (CE-US or CEUS):ti,ab 16
#33 ((hexafluoruro-sulfurico or SF6 or SF-6) né4Lt)S or ultraso* or ultra-so* or
sonogra* or Echotomogra* or Echo-tomogra* or ecbbp$®r echosound* or Echogra* or
tomoechogra* or tomo-echogra* or imag*)) 2
#34 ((Sulfur or Sulphur) near/2 (hexafluoride*rmxa-fluoride*) near/4 (US or ultraso*
or ultra-so* or sonogra* or Echotomogra* or Echaitigra* or echoscop* or echosound* or
Echogra* or tomoechogra* or tomo-echogra* or imag*) 11
#35 (SF6US or SF6-US or SF-6US or SF-6-US) 0
#36 ((SF6 or SF6 or (sulphur NEXT hexafluoridetYsulphur NEXT hexa-fluoride*) or
(sulfur NEXT hexafluoride*) or (sulfur NEXT hexatfbride*)) near/4 (bubbl* or
microbubbl* or micro-bubbl* or micropartic* or miorpartic*)) 4
#37 (#31 OR #32 OR #33 OR #34 OR #35 OR #36) 56
#38  (#30 OR #37) 67
#39  (#19 AND #38) 15
#40 MeSH descriptor Liver Neoplasms explode eksrwith qualifier: US 51
#41 MeSH descriptor Carcinoma, Hepatocellulag thim only with qualifier: US 23
#42 MeSH descriptor Bile Duct Neoplasms explodi&re¢s with qualifier: US 4
#43 MeSH descriptor Cholangiocarcinoma explodéredls with qualifier: US 1
#44 MeSH descriptor Neoplasm Metastasis, this tartypwith qualifier: US 0O
#45 MeSH descriptor Neoplasm Seeding, this teriywith qualifier: US 0
#46 MeSH descriptor Neoplasms, Unknown Primairig, tdrm only with qualifier: US

0
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#47 (#40 OR #41 OR #42 OR #43 OR #44 OR #45 OR 586
#48 (#39 OR #47), from 2000 to 2011 40

CDSR search retrieved 1 reference.
CENTRAL search retrieved 31 references.

Database of Abstracts of Reviews of Effects (DARE)a Cochrane Library (Wiley):
2000-2011/10/07

Health Technology Assessment Database (HTA) via o@ne Library (Wiley): 2000-
2011/10/07

http://www.thecochranelibrary.com/

Search limited to 2000-2011

Searched 6.10.11

#1 MeSH descriptor Neoplasm Metastasis, this mmiyn 1725
#2 MeSH descriptor Neoplasm Seeding, this termg onl 25
#3 MeSH descriptor Neoplasms, Unknown Primarg teim only 32
#4 (Metasta* or meta-sta*):ti,ab,kw 10876
#5 (#1 OR #2 OR #3 OR #4) 10908
#6 (liver or hepato* or hepatic*):ti,ab,kw 30235
#7 (#5 AND #6) 1342
#8 MeSH descriptor Liver Neoplasms explode atdre 1521
#9 MeSH descriptor Bile Duct Neoplasms explodéras 128
#10 MeSH descriptor Carcinoma, Hepatocellulag thim only 769
#11 MeSH descriptor Cholangiocarcinoma, this tenty 41
#12 (FLL or FLLs):ti,ab 0
#13 ((liver* or hepat*) near/3 (cancer* or met*roalignan* or carcinoma* or tumor* or
tumour* or neoplas* or adeno* or angiom* or sarcdmeaangiosarcoma*)):ti,ab,kw
5985
#14 (hepatoma* or hemangiosarcoma* or hemangicesaa* or haemangiosarcoma* or
haemangio-sarcoma*):ti,ab,kw 71
#15 ((Focal NEXT liver NEXT lesion*) and (cancest met or mets or metasta* or
malignan* or carcinoma* or tumor* or tumour* or r@as* or adeno* or angiom* or
sarcoma* or angiosarcoma®*)):ti,ab,kw 20
#16 (BFLL or BFLLS or HCC or HCCs):ti,ab 563
#17 (Cholangiocarcinoma* or Cholangio-carcinomiggb,kw 70
#18 ((Bile NEXT duct*) near/3 (cancer* or met* malignan* or lesion* or carcinoma*
or tumor* or tumour* or neoplas* or adeno* or angioor sarcoma*)):ti,ab,kw 236
#19  (#7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13tDROR #15 OR #16 OR #17
OR #18) 6625
#20 MeSH descriptor Ultrasonography, this ternyonl 743
#21 MeSH descriptor Ultrasonography, Doppler, this only 403
#22 MeSH descriptor Ultrasonography, Doppler, Bum@xplode all trees 696
#23 MeSH descriptor Ultrasonography, Doppler, &lilsxplode all trees 120
#24 ((ultrasonic* or ultra-sonic*) near/4 (scanmag* or echogram* or sonogra* or
detect* or diagnos* or exam*)):ti,ab,kw 141
#25 (ultraso* or ultra-so* or sonogra* or Echotayma* or Echo-tomogra* or echoscope*
or echosound* or Echogra* or tomoechogra* or torobegyra*):ti,ab,kw 14089
#26  (#20 OR #21 OR #22 OR #23 OR #24 OR #25) 2412
#27 MeSH descriptor Sulfur Hexafluoride, this tesmy 54
#28 (hexafluoruro-sulfurico or SF6 or SF-6 or fbulr NEXT hexafluoride*) or (sulphur
NEXT hexafluoride*) or (sulfur NEXT hexafluoride®r (sulfur NEXT hexafluoride*)) 125
#29  (#27 OR #28) 125
#30  (#26 AND #29) 39
#31 (Sonovue or sono-vue or Sonavoid or Sonogsprmgen or Sonavist) 35
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#32 (CE-US or CEUS):ti,ab 16
#33 ((hexafluoruro-sulfurico or SF6 or SF-6) néglJS or ultraso* or ultra-so* or
sonogra* or Echotomogra* or Echo-tomogra* or ecbbp$®r echosound* or Echogra* or
tomoechogra* or tomo-echogra* or imag*)) 2
#34 ((Sulfur or Sulphur) near/2 (hexafluoride*rmxa-fluoride*) near/4 (US or ultraso*
or ultra-so* or sonogra* or Echotomogra* or Echaitigra* or echoscop* or echosound* or
Echogra* or tomoechogra* or tomo-echogra* or imag*) 11
#35 (SF6US or SF6-US or SF-6US or SF-6-US) 0
#36 ((SF6 or SF6 or (sulphur NEXT hexafluoridetsulphur NEXT hexafluoride*) or
(sulfur NEXT hexafluoride*) or (sulfur NEXT hexaftwide*)) near/4 (bubbl* or microbubbl*
or micro-bubbl* or micropartic* or micro-partic*)) 4
#37  (#31 OR #32 OR #33 OR #34 OR #35 OR #36) 56
#38  (#30 OR #37) 67
#39  (#19 AND #38) 15
#40 MeSH descriptor Liver Neoplasms explode aeksrwith qualifier: US 51
#41 MeSH descriptor Carcinoma, Hepatocellulag tim only with qualifier: US 23
#42 MeSH descriptor Bile Duct Neoplasms explodi&reés with qualifier: US 4
#43 MeSH descriptor Cholangiocarcinoma explodéredls with qualifier: US 1
#44 MeSH descriptor Neoplasm Metastasis, this tariywith qualifier: US 0O
#45 MeSH descriptor Neoplasm Seeding, this teriywith qualifier: US 0
#46 MeSH descriptor Neoplasms, Unknown Primarig, tdrm only with qualifier: US

0
#47  (#40 OR #41 OR #42 OR #43 OR #44 OR #45 OR 886
#48  (#39 OR #47), from 2000 to 2011 40

DARE search retrieved 2 records.
HTA search retrieved 0 records.

Database of Abstracts of Reviews of Effects (DARE)nternet) (Top-up search for
currency)

Health Technology Assessment Database (HTA) (Inteet) (Top-up search for currency)
Records added to CRD databases between 2011/01/@1-2/10/06
http://www.york.ac.uk/inst/crd/

Searched 7.10.11

1 ((hexafluoruro-sulfurico or SF6 or SF-6) ) 414

2 (US or ultraso* or ultra-so* or sonogra* or Eabrmogra* or Echo-tomogra*
or echoscop* or echosound* or Echogra* or tomoerdditogr tomo-echogra* or imag*)

17021

3 #1 and #2 155

4 (CE-US or CEUS):ti,ab 188

5 ((Sonovue or sono-vue or Sonavoid or Sonogeamiaagen or Sonavist)) 0

6 (SF6US or SF6-US or SF-6US or SF-6-US) 0

7 (Sulfur or Sulphur) AND (hexafluoride* or hextardride*) AND (US or

ultraso* or ultra-so* or sonogra* or Echotomogra*srho-tomogra* or echoscop* or
echosound* or Echogra* or tomoechogra* or tomo-gcadvor imag*) 4

8 (SF6 or SF6) AND (bubbl* or microbubbl* or miebmbbl* or micropartic*
or micro-partic*) 0
9 (sulphur NEXT hexafluoride*) AND (bubbl* or migbubbl* or micro-

bubbl* or micropartic* or micro-partic*)0

10 (sulfur NEXT hexafluoride*) AND (bubbl* or miobubbl* or micro-bubbl*
or micropartic* or micro-partic*) 0

11 #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #1086 3

12 (liver or hepato* or hepatic* or FLL or FLLs) 877
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13 (hepatoma* or hemangiosarcoma* or hemangicesaait or
haemangiosarcoma* or haemangio-sarcoma*) 7

14 (BFLL or BFLLS or HCC or HCCs) 70

15 (Cholangiocarcinoma* or Cholangio-carcinoma*) 20

16 (Bile NEXT duct*) 140

17 #12 OR #13 OR #14 OR #15 OR #16 1965

18 #11 AND #17 19

19 * IN DARE WHERE PD FROM 01/01/2011 TO 07/10/201 3108

20 #18 AND #19 2

21 *IN HTA WHERE PD FROM 01/01/2011 TO 07/10/2011 1418

22 #18 AND #21 O

Science Citation Index (SCI) (Web of Knowledge): 200-2011/
Search limited to 2000-2011/10/06
Searched 7.10.11

#25 416  #23 not #24

Databases=SCI-EXPANDED Timespan=2000-2011

Lemmatization=0n

#24 1,035,565 TS=(cat or cats or dog or dogs wnaror animals or rat or rats or
hamster or hamster or feline or ovine or caninkastine or sheep)

#23 450  #9 AND #22

#22 1,281 #21OR#14

#21 1,273 #20 OR #19 OR #18 OR #17 OR #16 OR #15

#20 144  TS=((SF6 or SF6 or (sulphur SAME hexatftiest) or (sulphur SAME
hexafluoride*) or (sulfur SAME hexafluoride*) orulur SAME hexafluoride*)) SAME
(bubbl* or microbubbl* or micro-bubbl* or micropat or micro-partic*))

#19 O TS=(SF6US or SF6-US or SF-6US or SF-6-US)

#18 36 TS=((Sulfur or Sulphur) SAME (hexafluoridar*hexa-fluoride*) near/4 (US
or ultraso* or ultra-so* or sonogra* or Echotomagoa Echo-tomogra* or echoscop* or
echosound* or Echogra* or tomoechogra* or tomo-gcavor imag*))

#17 213  TS=((hexafluoruro-sulfurico or SF6 or JFSBME (US or ultraso* or ultra-
so* or sonogra* or Echotomogra* or Echo-tomogra®tohoscop* or echosound* or
Echogra* or tomoechogra* or tomo-echogra* or imag*)

#16 576  TS=(CE-US or CEUS)

#15 546  TS=(Sonovue or sono-vue or Sonavoid oo§amor sonagen or Sonavist)
#14 135  #12 AND #13

#13 3,932 TS=(hexafluoruro-sulfurico or SF6 or&ér (sulphur SAME hexafluoride*)
or (sulphur SAME hexa-fluoride*) or (sulfur SAME Xefluoride*) or (sulfur SAME hexa-
fluoride*))

#12 166,385#11 OR #10

#11 166,385TS=(ultraso* or ultra-so* or sonogoa’=chotomogra* or Echo-tomogra* or
echoscope* or echosound* or Echogra* or tomoecHhagréomo-echogra*)

#10 14,050 TS=((ultrasonic* or ultra-sonic*) SAM&can or imag* or echogram* or
sonogra* or detect* or diagnos* or exam®*))

#9 239,703#8 OR #7 OR #6 OR #5 OR #4 OR #3 ORR2/1

#8 9,832 TS=((Bile SAME duct*) SAME (cancer* or ther malignan* or lesion* or
carcinoma* or tumor* or tumour* or neoplas* or ad&ir angiom* or sarcomar))

#7 4,831 TS=(Cholangiocarcinoma* or Cholangio-tama*)

#6 1,966 TI=(BFLL or BFLLS or HCC or HCCs)

#5 1,584 TS=((Focal SAME liver SAME lesion*) SAMEancer* or met or mets or
metasta* or malignan* or carcinoma* or tumor* omkur* or neoplas* or adeno* or
angiom* or sarcoma* or angiosarcoma®*))

#4 10,317 TS=(hepatoma* or hemangiosarcoma* oraingm-sarcoma* or
haemangiosarcoma* or haemangio-sarcoma*)
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#3

230,065TS=((liver* or hepat*) SAME (cancer*raet* or malignan* or carcinoma*

or tumor* or tumour* or neoplas* or adeno* or angioor sarcoma* or angiosarcoma*))

#2
#1

224  TS=(FLL or FLLs)

Clinicaltrials.gov (Internet)
http://clinicaltrials.gov/ct2/search/advanced
Searched 7.10.11

Advanced search option — search terms box

24,460 TS=((Metasta* or meta-sta*) AND (liverhepato* or hepatic*))

Search terms

Condition

Results

Sonovue OR sono-vue OR Sonavoid OR Sonogen
sonagen OR Sonavist

OR

22

CE-US OR CEUS

18

SF6US OR SF6-US OR SF-6US OR SF-6-US

0

(SF6 OR SF6) AND (liver OR hepato* OR hepatic*
OR FLL OR FLLS OR BFLL OR BFLLS OR HCC
OR HCCs OR hepatoma* OR hemangiosarcoma*
hemangio-sarcoma* OR haemangiosarcoma* OR
haemangio-sarcoma*)

OR

SF6 OR SF6

0/11

(sulphur hexafluoride*) OR (sulphur hexafluoride*)
OR (sulfur hexa-fluoride*) OR (sulfur hexa-fluorige

22

(hexafluoruro-sulfurico OR SF6 OR SF-6 OR
(sulphur hexafluoride*) OR (sulphur hexafluoride*)
OR (sulfur hexafluoride*) OR (sulfur hexafluoride?*)

(liver OR hepato* OR
hepatic* OR FLL OR
FLLS OR BFLL OR

BFLLS OR HCC OR

HCCs OR hepatomat

OR
hemangiosarcoma*
OR hemangio-
sarcoma* OR
haemangiosarcoma*
OR haemangio-

sarcoma*)
TOTAL 70
MRCT — metaRegister of Controlled Trials (Internet)
http://www.controlled-trials.com/
Searched 7.10.11
Search terms Results
CE-US OR CEUS 7
Sonovue OR sono-vue OR Sonavoid OR Sonogen OR sor2ig 4
Sonavist
(SF6US OR SF6-US OR SF-6US OR SF-6-US) and (livéxepato or 110
hepatic)
(SF6 OR SF6) AND (liver OR hepato OR hepatic OR 2R FLLS OR 1

BFLL OR BFLLS OR HCC OR HCCs OR hepatoma* OR
hemangiosarcoma OR hemangio-sarcoma OR haemarggiosaOR
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haemangio-sarcoma)

SF6 OR SF6

ol

N

(sulphur hexafluoride) OR (sulphur hexafluoride) @®RlIfur hexa-
fluoride) OR (sulfur hexa-fluoride)

hexafluoruro-sulfurico OR SF6 OR SF-6 OR (sulphexdfluoride) OR 7
(sulphur hexafluoride) OR (sulfur hexafluoride) @RIfur hexafluoride)

TOTAL 136

WHO International Clinical Trials Registry Platform (ICTRP) (Internet)
http://www.who.int/ictrp/en/
Searched 7.10.11

Search terms Results

CE-US OR CEUS 11

Sonovue OR sono-vue OR Sonavoid OR Sonogen OR sor2ig 7
Sonavist

SF6US OR SF6-US OR SF-6US OR SF-6-US 0

SF6 OR SF6

o|o

(sulphur hexafluoride) OR (sulphur hexafluoride) @GRlIfur hexa-
fluoride) OR (sulfur hexa-fluoride)

hexafluoruro-sulfurico OR SF6 OR SF-6 OR (sulphexdfluoride) OR 1
(sulphur hexafluoride) OR (sulfur hexafluoride) @Rilfur hexafluoride)

TOTAL 19

EU Clinical Trials Registry (EU CTR) (Internet)
https://www.clinicaltrialsregister.eu/ctr-search/
Searched 10.10.11

Search terms Results

Sonovue OR sono-vue OR Sonavoid OR Sonogen OR soi@2ig 21
Sonavist

SF6

SF-6

hexafluoruro-sulfurico

sulphur hexafluoride

sulfur hexafluoride

sulfur hexa-fluoride

sulphur hexa-fluoride

CE-US

NIN|O|O|o|ul1|O|O|w

CEUS

TOTAL

i N
Uy

Conference Abstract searches

EUROSON (European Federation of Ultrasound in Medime & Biology conference)
(Internet): 2011 only
Searched 10.11.11 (2011 abstracts); 21.11.11 (2@0D8 abstracts)

2011 =http://www.wfumb2011.org/index.php?pid=70Searched title+abstract
2010 = Unable to access
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2009 = Unable to access

2008 =https://www.thieme-connect.com/ejournals/toc/ultrashall/33697/grouping/54161

Searched title

2007 =http://www.interplan.de/pages/euroson2007/front caient.php?idcat=82

Searched title+abstract
2006 = Unable to access

Search terms

2011

2008

4

N
O
RO

1

2006

Sonovue or Sono-vue

o

Sonavoid

Sonogen

sonagen

Sonavist

SF6

hexafluoride

Sulphur

sulfur

“@oINv|Clo|o|o|o],
a

©Colo|9o|o|lolo

1INIo|nv|O|o|o|olo

CEUS

Liver

Hepat

Total by year

N
o

N
(631

TOTAL

142

European Congress of Radiology (Internet): 2006-201

Searched 10.11.11

2011 =

http://www.myesr.org/cms/website.php?id=/en/past cmresses/ecr 2011/ecr 2011 boo

k of abstracts.htm

2010 =http://www.myesr.org/cms/website.php?id=/en/ecr 2@/book of abstracts.htm

2009 =

http://www.myesr.org/cms/website.php?id=/en/ecr 2@ecr 2009 book of abstracts.ht

m

2_008 =http://www.abstractsonline.com/viewer/?mkey={9AF3581-5128-444B-9D15-

447022358A3F}

2007 =http://www.abstractsonline.com/viewer/?mkey={9A2668A-5BBE-4366-AE14-

SAC99DF8F8E4}

2006 =http://www.abstractsonline.com/viewer/?mkey={6748F&5-D7A5-44B0-B8D4-

4E2E51850B06}

Search terms

2011

2010

2009

2008

200

2006

Sonovue or Sono-vue

10

11

19

N

N
N
o0

N
=

Sonavoid

Sonogen

sonagen

Sonavist

SF6

hexafluoride

Sulphur

NI NOClOo|olo|o

sulfur

0
0
0
0
0
1
1
0

Wolw|Olo|lalolo

Nk lw|[Co|olo|lo

WIN
N

Total by year

N(C|P|r|O|o|ololo

=

'_\
~|C|lo|o|o|o|ololo

21

N
~

w
s

TOTAL

137

Radiological Society of North America (RSNA) confeence (Internet): 2006-2010
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Searched 10.11.11

2010 =http://rsna2010.rsna.org/search/search.cfm

2009 =http://rsna2009.rsna.org/search/search.cfm

2008 =http://rsna2008.rsna.org/program.cfm

2007 =http://rsna2007.rsna.org/rsna2007/v2007/conferendedck.cvn
2006 =http://rsna2006.rsna.org/rsna2006/v2006/conferendedck.cvn

Search terms 2010 2009 2008 2007 200
Sonovue or Sono-vue 10 18 0 0 0
Sonavoid 0 0 0 0 0
Sonogen 0 0 0 0 0
sonagen 0 0 0 0 0
Sonavist 0 0 0 0 0
SF6 0 0 0 0 0
hexafluoride 4 1 0 0 0
Sulphur 2 1 0 0 0
sulfur 4 1 0 0 1
CEUS - - 6 3 2
Liver - - 84 76 87
Hepatic - - 34 49 34
Total by year 20 21 124 126 124
TOTAL 415
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Cost -Effectiveness searches

Medline (OvidSP): 2000-2011/09/wk 2
Searched 11.10.11

neoplasm metastasis/ or neoplasm seedimgaplasms, unknown primary/ (79582)
(Metasta$ or meta-sta$).ti,ab,ot,hw. (311666)

or/1-2 (313877)

(liver or hepato$ or hepatic$).ti,ab,ot,h871423)

3 and 4 (46193)

exp Liver Neoplasms/ (112995)

exp Bile Duct Neoplasms/ (11958)

Carcinoma, Hepatocellular/ (51056)

(FLL or FLLs).ti,ab,ot. (95)

10 Cholangiocarcinoma/ (4146)

11 ((liver$ or hepat$) adj3 (cancer$ or met$natignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argmsas$)).ti,ab,ot,hw. (169576)

12 (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (27800)

13  (Focal liver lesion$ and (cancer$ or mainets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooenypr sarcoma$ or
angiosarcoma$)).ti,ab,ot,hw. (712)

14 (BFLL or BFLLS).ti,ab,ot. (3)

15 (HCC or HCCs).ti,ab,ot. (18801)

16 (Cholangiocarcinoma$ or Cholangio-carcinoyria$b,ot,hw. (6205)

17  (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcomas$)).tt,al0(14499)

18  or/5-17 (200072)

19 tomography, emission-computed/ or exp towrolgy, x-ray computed/ (278220)

20 exp Ultrasonography/ (220625)

21 exp Tomography/ (530496)

22  exp Magnetic Resonance Imaging/ (259244)

23 exp Tomography, Emission-Computed/ (65860)

24 Fluorodeoxyglucose F18/du (11296)

25 (MSCT or MDST or MRI or FDGPET or FDG-PETMDCT or IOUS or MRI or
FMRI or NMRI or FNMRI).ti,ab,ot. (131472)

26  (pet or petscan$ or positron).ti,ot,ab,4358)

27 (CAT or CTA or CT or cine-ct).ti,ab,ot. (2413)

28 (3dcta or 3d-cta).ti,ab,ot. (189)

29 (64slice$ or 64-slice$ or 64row$ or 64-rawv4-detect$).ti,ab,ot,hw. (1580)

30  ((nmr or comput$ or mr) adj4 (scan$ or imag$mogra$ or angiogra$ or angio-gra$
or xray$ or x-ray$)).ti,ab,ot,hw. (473823)

31 (electron beam adj4 (scan$ or imag$ or toatgr angiogra$ or angio-gra$ or xray$ or
x-ray$)).ti,ab,ot,hw. (1499)

32 Chemical shift imag$.ti,ot,ab,hw. (714)

33  ((ultrasonic$ or ultra-sonic$) adj4 (scamnaag$ or tomogra$ or echogram$ or
sonogra$ or detect$ or diagnos$ or scintillat$xa@na)).ti,ot,ab,hw. (7134)

34 MR imag$.ti,ot,ab,hw. (36261)

35 (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or doptone or
echoscope$ or echosound$ or tomogra$ or Echogra8ugmatogra$ or echogra$ or
tomoechogra$ or tomodensitomet$).ti,ot,ab,hw. (6894

36  "ultrasound without contrast".ti,ot,ab,hd) (

37 ("ultrasonography without contrast” or "atonograph without contrast”).ti,ot,ab,hw.
(0)

38 ((Un-enhanced or Unenhanced) adj4 (sonagra®ra-so$ or ultraso$ or
Echotomogra$ or Echo-tomogra$ or doptone or eclpeor echosound$ or tomogra$ or

O©CO~NOUITAWDNPEF

184



Echogra$ or zeugmatogra$ or echogra$ or tomoechagrsmmodensitomet$)).ti,ot,ab,hw.
(367)

39 Positron emission tomogra$.ti,ot,ab,hw. g80
40 0r/19-39 (1087651)

41 18 and 40 (29857)

42  exp Liver Neoplasms/us [Ultrasonography[l@7
43  Carcinoma, Hepatocellular/us [Ultrasonogydh268)
44  exp Bile Duct Neoplasms/us (375)

45 Cholangiocarcinomal/us [Ultrasonography] §137
46  Neoplasm Metastasis/us [Ultrasonographyj (51
47 Neoplasm Seeding/ra [Radiography] (1)

48 Neoplasms, Unknown Primary/us [Ultrasonolyd21)
49 o0r/42-48 (3101)

50 41 or 49 (30149)

51 economics/ (26431)

52  exp "costs and cost analysis"/ (160527)

53 economics, dental/ (1886)

54  exp "economics, hospital'/ (17621)

55 economics, medical/ (8758)

56 economics, nursing/ (3854)

57 economics, pharmaceutical/ (2288)

58 (economic$ or cost or costs or costly otingsor price or prices or pricing or
pharmacoeconomic$).ti,ab. (348545)

59 (expenditure$ not energy).ti,ab. (14733)

60 (value adjl money).ti,ab. (20)

61 budget$.ti,ab. (14850)

62 or/51-61 (463424)

63 ((energy or oxygen) adj cost).ti,ab. (2377)

64 (metabolic adj cost).ti,ab. (624)

65 ((energy or oxygen) adj expenditure).ti(di3655)
66 0r/63-65 (16028)

67 62 not 66 (459787)

68 letter.pt. (728700)

69 editorial.pt. (285457)

70 historical article.pt. (282970)

71 0or/68-70 (1283982)

72 67 not 71 (434958)

73 animals/ not (animals/ and humans/) (3605824
74 72 not 73 (409921)

75 50 and 74 (506)

76  limit 75 to yr="2000 -Current" (293)

Economics filter:

Centre for Reviews and Dissemination. NHS EED Eoans Filter: Medline (Ovid) monthly
search [Internet]. York: Centre for Reviews anddeisination; 2010 [cited 28.9.10].
Available from: http://www.york.ac.uk/inst/crd/intasc/nhs_eed_strategies.html

Medline In-Process Citations (OvidSP): 2000-2011/110
Medline Daily Update (OvidSP): 2000-2011/10/10
Searched 11.10.11

1 neoplasm metastasis/ or neoplasm seedimgdapiasms, unknown primary/ (84)
2 (Metasta$ or meta-sta$).ti,ab,ot,hw. (12775)

3 or/1-2 (12776)

4 (liver or hepato$ or hepatic$).ti,ab,ot,h21%79)
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3 and 4 (1452)

exp Liver Neoplasms/ (174)

exp Bile Duct Neoplasms/ (7)

Carcinoma, Hepatocellular/ (125)

(FLL or FLLs).ti,ab,ot. (21)

10 Cholangiocarcinoma/ (8)

11 ((liver$ or hepat$) adj3 (cancer$ or met$natignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argm®as$)).ti,ab,ot,hw. (5022)

12 (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (493)

13 (Focal liver lesion$ and (cancer$ or mainets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooenyor sarcoma$ or
angiosarcoma$)).ti,ab,ot,hw. (22)

14  (BFLL or BFLLS).ti,ab,ot. (0)

15 (HCC or HCCs).ti,ab,ot. (1380)

16 (Cholangiocarcinoma$ or Cholangio-carcinoyria&b,ot,hw. (322)

17  (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$)).tt,alo(131)

18 or/5-17 (6064)

19 tomography, emission-computed/ or exp tomyolgy, X-ray computed/ (339)

20 exp Ultrasonography/ (229)

21 exp Tomography/ (827)

22  exp Magnetic Resonance Imaging/ (433)

23 exp Tomography, Emission-Computed/ (109)

24 Fluorodeoxyglucose F18/du (25)

25 (MSCT or MDST or MRI or FDGPET or FDG-PETMDCT or I0US or MRI or
FMRI or NMRI or FNMRI).ti,ab,ot. (7477)

26  (pet or petscan$ or positron).ti,ot,ab,8855)

27 (CAT or CTA or CT or cine-ct).ti,ab,ot. (1108)

28 (3dcta or 3d-cta).ti,ab,ot. (15)

29 (64slice$ or 64-slice$ or 64row$ or 64-rawwdb4-detect$).ti,ab,ot,hw. (174)

30  ((nmr or comput$ or mr) adj4 (scan$ or imag$mogra$ or angiogra$ or angio-gra$
or xray$ or x-ray$)).ti,ab,ot,hw. (10787)

31 (electron beam adj4 (scan$ or imag$ or toafgr angiogra$ or angio-gra$ or xray$ or
x-ray$)).ti,ab,ot,hw. (121)

32  Chemical shift imag$.ti,ot,ab,hw. (33)

33  ((ultrasonic$ or ultra-sonic$) adj4 (scamnaag$ or tomogra$ or echogram$ or
sonogra$ or detect$ or diagnos$ or scintillat$xanes)).ti,ot,ab,hw. (369)

34 MR imag$.ti,ot,ab,hw. (1078)

35 (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or doptone or
echoscope$ or echosound$ or tomogra$ or Echogra8ugmatogra$ or echogra$ or
tomoechogra$ or tomodensitomet$).ti,ot,ab,hw. (8)81

36  ‘"ultrasound without contrast".ti,ot,ab,h@) (

37  ("ultrasonography without contrast" or "atonograph without contrast").ti,ot,ab,hw.
(1)

38 ((Un-enhanced or Unenhanced) adj4 (sonagragra-so$ or ultraso$ or
Echotomogra$ or Echo-tomogra$ or doptone or eclpestor echosound$ or tomogra$ or
Echogra$ or zeugmatogra$ or echogra$ or tomoechagreomodensitomet$)).ti,ot,ab,hw.
(12)

39 Positron emission tomogra$.ti,ot,ab,hw. @41

40  0r/19-39 (38105)

41 18 and 40 (841)

42  exp Liver Neoplasms/us [Ultrasonography] (4)

43 Carcinoma, Hepatocellular/us [Ultrasonogyd8)

44  exp Bile Duct Neoplasms/us (0)

45  Cholangiocarcinoma/us [Ultrasonography] (0)

O 00~ O Ol
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46 Neoplasm Metastasis/us [Ultrasonography] (0)
47 Neoplasm Seeding/ra [Radiography] (0)

48 Neoplasms, Unknown Primary/us [Ultrasonolgyde0)
49 0or/42-48 (4)

50 41 0r 49 (842)

51 economics/ (29)

52  exp "costs and cost analysis"/ (206)

53 economics, dental/ (0)

54  exp "economics, hospital'/ (43)

55 economics, medical/ (1)

56 economics, nursing/ (0)

57 economics, pharmaceutical/ (1)

58 (economic$ or cost or costs or costly otingor price or prices or pricing or
pharmacoeconomic$).ti,ab. (24833)

59 (expenditure$ not energy).ti,ab. (706)

60 (value adjl money).ti,ab. (2)

61 budget$.ti,ab. (1368)

62 o0r/51-61 (26315)

63 ((energy or oxygen) adj cost).ti,ab. (150)

64 (metabolic adj cost).ti,ab. (43)

65 ((energy or oxygen) adj expenditure).ti(&i82)
66 0r/63-65 (752)

67 62 not 66 (26100)

68 letter.pt. (17183)

69 editorial.pt. (10629)

70 historical article.pt. (603)

71 0r/68-70 (28394)

72 67 not 71 (25702)

73 animals/ not (animals/ and humans/) (2838)
74 72 not 73 (25645)

75 50and 74 (7)

76  limit 75 to yr="2000 -Current" (7)

Economics filter:

Centre for Reviews and Dissemination. NHS EED Eaains Filter: Medline (Ovid) monthly
search [Internet]. York: Centre for Reviews andsBrsination; 2010 [cited 28.9.10].
Available from: http://www.york.ac.uk/inst/crd/intasc/nhs_eed_strategies.html

Embase (OvidSP): 2000-2011/wk 40
Searched 12.10.11

metastasis/ (155985)

(Metasta$ or meta-sta$).ti,ab,ot,hw. (396806)

or/1-2 (396806)

(liver or hepato$ or hepatic$).ti,ab,ot,ht0@4150)

3 and 4 (65370)

exp liver tumor/ (135580)

FLL.ti,ab,ot. (107)

FLLs.ti,ab,ot. (43)

bile duct carcinoma/ (9937)

10 ((liver$ or hepat$) adj3 (cancer$ or met$natignan$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcoma$ or argmsas$)).ti,ab,ot,hw. (211624)
11  (hepatoma$ or h?emangiosarcoma$ or h?emaagiomas).ti,ab,ot,hw. (25072)

O©CO~NOUITAWNPEF
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12 (Focal liver lesion$ and (cancer$ or mainets or metasta$ or malignan$ or
carcinoma$ or tumo?r$ or neoplas$ or adeno$ ooenypr sarcoma$ or
angiosarcoma$)).ti,ab,ot,hw. (854)

13 (BFLL or BFLLS).ti,ab,ot. (5)

14 (HCC or HCCs).ti,ab,ot. (25363)

15 (Cholangiocarcinoma$ or Cholangio-carcinoyria&b,ot,hw. (6601)

16 (Bile duct$ adj3 (cancer$ or met$ or malighar lesion$ or carcinoma$ or tumo?r$ or
neoplas$ or adeno$ or angiom$ or sarcomas$)).tt,alo(18319)

17  or/5-16 (253318)

18 exp Tomography/ (524140)

19 exp Echography/ (399873)

20 exp Nuclear-Magnetic-Resonance-Imaging/ 188%

21 Fluorodeoxyglucose-F-18/du (0)

22 (MSCT or MDST or MRI or FDGPET or FDG-PETMDCT or I0US or MRI or
FMRI or NMRI or FNMRI).ti,ab,ot. (175669)

23  (pet or petscan$ or positron).ti,ot,ab,88.701)

24  (CAT or CTA or CT or cine-ct).ti,ab,ot. (2255)

25 (3dcta or 3d-cta).ti,ab,ot. (261)

26  (64slice$ or 64-slice$ or 64row$ or 64-rowv4-detect$).ti,ab,ot,hw. (2721)

27  ((nmr or comput$ or mr) adj4 (scan$ or imag$mogra$ or angiogra$ or angio-gra$
or xray$ or x-ray$)).ti,ab,ot,hw. (554605)

28  (electron beam adj4 (scan$ or imag$ or toafgr angiogra$ or angio-gra$ or xray$ or
x-ray$)).ti,ab,ot,hw. (2528)

29  Chemical shift imag$.ti,ot,ab,hw. (822)

30  ((ultrasonic$ or ultra-sonic$) adj4 (scamnaag$ or tomogra$ or echogram$ or
sonogra$ or detect$ or diagnos$ or scintillat$xana)).ti,ot,ab,hw. (7723)

31 MR imag$.ti,ot,ab,hw. (41562)

32  (ultraso$ or ultra-so$ or sonogra$ or Ecimatgra$ or Echo-tomogra$ or doptone or
echoscope$ or echosound$ or tomogra$ or Echogra8ugmatogra$ or echogra$ or
tomoechogra$ or tomodensitomet$).ti,ot,ab,hw. (9365

33 ‘ultrasound without contrast".ti,ot,ab,h&) (

34 ("ultrasonography without contrast” or "atonograph without contrast").ti,ot,ab,hw.
(0)

35 ((Un-enhanced or Unenhanced) adj4 (sonagragra-so$ or ultraso$ or
Echotomogra$ or Echo-tomogra$ or doptone or eclpeor echosound$ or tomogra$ or
Echogra$ or zeugmatogra$ or echogra$ or tomoechagreomodensitomet$)).ti,ot,ab,hw.
(412)

36  Positron emission tomogra$.ti,ot,ab,hw. @32

37 0r/18-36 (1418654)

38 17 and 37 (42839)

39 health-economics/ (30583)

40 exp economic-evaluation/ (172264)

41  exp health-care-cost/ (165499)

42  exp pharmacoeconomics/ (140625)

43  0r/39-42 (395230)

44  (econom$ or cost or costs or costly or ngstir price or prices or pricing or
pharmacoeconomic$).ti,ab. (448361)

45  (expenditure$ not energy).ti,ab. (17805)

46 (value adj2 money).ti,ab. (974)

47  budget$.ti,ab. (18892)

48  or/44-47 (467436)

49 43 or 48 (700900)

50 letter.pt. (742741)

51 editorial.pt. (383238)

52 note.pt. (452797)
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53 or/50-52 (1578776)

54 49 not 53 (628549)

55 (metabolic adj cost).ti,ab. (670)

56 ((energy or oxygen) adj cost).ti,ab. (2591)
57 ((energy or oxygen) adj expenditure).ti(415505)
58 or/55-57 (18084)

59 54 not 58 (624471)

60 exp animal/ (1655604)

61 exp animal-experiment/ (1467831)

62 nonhuman/ (3718682)

63 (rat or rats or mouse or mice or hamstdraonsters or animal or animals or dog or dogs
or cat or cats or bovine or sheep).ti,ab,sh. (46296
64 0or/60-63 (5951308)

65 exp human/ (12628304)

66 exp human-experiment/ (293772)

67 65 or 66 (12629688)

68 64 not (64 and 67) (4686921)

69 59 not 68 (579765)

70 38 and 69 (895)

71  limit 70 to yr="2000 -Current" (667)

72 limit 71 to embase (604)

Economics filter:

Centre for Reviews and Dissemination. NHS EED Eotins Filter: Embase (Ovid) weekly
search [Internet]. York: Centre for Reviews andsemination; 2010 [cited 11.10.11].
Available from:http://www.york.ac.uk/inst/crd/intertasc/nhs _eedatggies.html

NHS Economic Evaluation Database (NHS EED) (Wiley)
Search limited to 2000-2011
Searched 12.10.11

#1 MeSH descriptor Neoplasm Metastasis, this mmiyn 1725
#2 MeSH descriptor Neoplasm Seeding, this termg onl 25
#3 MeSH descriptor Neoplasms, Unknown Primang thim only 32
#4 (Metasta* or meta-sta*):ti,ab,kw 10876
#5 (#1 OR #2 OR #3 OR #4) 10908
#6 (liver or hepato* or hepatic*):ti,ab,kw 30235
#7 (#5 AND #6) 1342
#8 MeSH descriptor Liver Neoplasms explode atdre 1521
#9 MeSH descriptor Bile Duct Neoplasms explodé¢rats 128
#10 MeSH descriptor Carcinoma, Hepatocellulag thim only 769
#11 MeSH descriptor Cholangiocarcinoma, this tenty 41
#12 (FLL or FLLs):ti,ab 0
#13 ((liver* or hepat*) near/3 (cancer* or met*roalignan* or carcinoma* or tumor* or
tumour* or neoplas* or adeno* or angiom* or sarcdmeaangiosarcoma®*)):ti,ab,kw
5985
#14 (hepatoma* or hemangiosarcoma* or hemangicesaa* or haemangiosarcoma* or
haemangio-sarcoma*):ti,ab,kw 71
#15 ((Focal NEXT liver NEXT lesion*) and (cancest met or mets or metasta* or
malignan* or carcinoma* or tumor* or tumour* or r@as* or adeno* or angiom* or
sarcoma* or angiosarcoma®*)):ti,ab,kw 20
#16 (BFLL or BFLLS or HCC or HCCs):ti,ab 563
#17 (Cholangiocarcinoma* or Cholangio-carcinomiggb,kw 70
#18 ((Bile NEXT duct*) near/3 (cancer* or met* malignan* or lesion* or carcinoma*
or tumor* or tumour* or neoplas* or adeno* or angioor sarcoma*)):ti,ab,kw 236
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#19 (#7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13DROR #15 OR #16 OR #17

OR #18) 6625

#20  (#19), from 2000 to 2011 85

#21 MeSH descriptor Tomography, Emission-Computad,term only 660
#22 MeSH descriptor Tomography, X-Ray Computedaaall trees 2946

#23 MeSH descriptor Ultrasonography explode atsr 6398

#24 MeSH descriptor Tomography explode all tr&88€6

#25 MeSH descriptor Magnetic Resonance Imagingpebepall trees 4171

#26 MeSH descriptor Tomography, Emission-Competquode all trees 2155

#27 MeSH descriptor Fluorodeoxyglucose F18, gaimtonly with qualifier: DU 397
#28 (MSCT or MDST or MRI or FDGPET or FDG-PET oD@T or IOUS or MRI or
FMRI or NMRI or FNMRI):ti,ab 3437

#29 (pet or petscan* or positron):ti,ab,kw 1958

#30 (CAT or CTA or CT or cine-ct):tiab 5318

#31 (3dcta or 3d-cta):tiab 4

#32 (64slice* or 64-slice* or 64row* or 64-row* 6d-detect*):ti,ab,kw 52

#33 ((nmr or comput* or mr) near/4 (scan* or imag*tomogra* or angiogra* or angio-

gra* or xray* or x-ray*)):ti,ab,kw 8723
#34 ((electron NEXT beam) near/4 (scan* or imagtosnogra* or angiogra* or angio-
gra* or xray* or x-ray*)):ti,ab,kw 56

#35 (Chemical NEXT shift NEXT imag*):ti,ab,kw 12
#36 ((ultrasonic* or ultra-sonic*) near/4 (scanmag* or tomogra* or echogram* or
sonogra* or detect* or diagnos* or scintillat* oraen*)):ti,ab,kw 147
#37 (MR NEXT imag*):tiab,kw 614
#38 (ultraso* or ultra-so* or sonogra* or Echotayre* or Echo-tomogra* or doptone or
echoscope* or echosound* or tomogra* or Echograeargmatogra* or echogra* or
tomoechogra* or tomodensitomet*):ti,ab,kw 21304
#39  "ultrasound without contrast":ti,ab,kw 0
#40 ("ultrasonography without contrast" or "ulbaegraph without contrast"):ti,ab,kw

0
#41 ((Un-enhanced or Unenhanced) near/4 (sonagraftra-so* or ultraso* or
Echotomogra* or Echo-tomogra* or doptone or echpst@r echosound* or tomogra* or
Echogra* or zeugmatogra* or echogra* or tomoechograomodensitomet*)):ti,ab,kw 11
#42 (Positron NEXT emission NEXT tomogra*):ti,aly,k 1362
#43  (#21 OR #22 OR #23 OR #24 OR #25 OR #26 ORGR#28 OR #29 OR #30 OR
#31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 RO #39 OR #40 OR #41 OR
#42) 31232
#44 (#20 AND #43), from 2000 to 2011 27 (limited NHS EED only)

NHS Economic Evaluation Database (NHS EED) (Interng

Top-up search to supplement search of NHS EED viadZhrane Library (Wiley)
Records added to CRD databases between 2011/01/@1-2/10/12
http://www.york.ac.uk/inst/crd/

Searched 12.10.11

1 ((liver or hepato* or hepatic* or FLL or FLLSPR ((hepatoma* or
hemangiosarcoma* or hemangio-sarcoma* or haemaagiosa* or haemangio-sarcomar*))
OR ((BFLL or BFLLS or HCC or HCCs)) OR ((Cholangarcinoma* or Cholangio-
carcinoma*) ) IN NHSEED WHERE PD FROM 01/01/2011 T&'10/2011 40

2 ((Bile NEXT duct*)) IN NHSEED WHERE PD FROM 01?011 TO
12/10/2011 4

3 #1 OR #2 43

Health Economics Evaluation Database (HEED) (Interat): up to 2011/10/12
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http://onlinelibrary.wiley.com/book/10.1002/9780464M933
Searched 12.10.11

Compound search, (all data), unable to limit byedat

ultraso* OR ultra-so* OR sonogra* OR Echotomogra*

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hapaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=78

MSCT OR MDST OR MRI OR FDGPET OR FDG-PET

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hapaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=19

MDCT OR IOUS OR MRI OR FMRI OR NMRI OR FNMRI

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hapaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=17

pet OR petscan* OR positron OR CAT OR CTA

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=11

CT OR cine-ct OR 3dcta OR 3d-cta

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=58

64slice* OR 64-slice* OR 64row* OR 64-row* OR 64tdet*

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=0

scan* OR imag* OR tomogra* OR angiogra* OR angia*gbR xray* OR x-ray*

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemsaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=128

MR AND imag*
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AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=5

Echo-tomogra* OR doptone OR Echogra*

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=0

zeugmatogra* OR echogra* OR tomoechogra* OR tomsitlemet* OR echoscope* OR
echosound*

AND

liver OR hepato* OR hepatic* OR FLL OR FLLs OR hgpaa* OR hemangiosarcoma* OR
hemangio-sarcoma* OR haemangiosarcoma* OR haemsaagioma* OR BFLL OR

BFLLS OR HCC OR HCCs OR Cholangiocarcinoma* OR @hgio-carcinoma

N=0

HEED search retrieved 128 records.

Science Citation Index (Web of Science): 2000-2010/07
Searched 12.10.11

#34 432  #8 AND #22 AND #33
Databases=SCI-EXPANDED Timespan=2000-2011
Lemmatization=0n

#33  407,965#27 NOT #32

#32 1,077,839 #31 OR #30 OR #29 OR #28

#31 1,035,567 TS=(cat or cats or dog or dogs mnaror animals or rat or rats or
hamster or hamster or feline or ovine or caninleasine or sheep)

#30 14,241 TS=((energy or oxygen) SAME expendjtur

#29 4,365 TS=(metabolic SAME cost)

#28 31,943 TS=((energy or oxygen) SAME cost)

#27 461,648#23 OR #24 OR #25 OR #26

#26 27,939 TS=(budget*)

#25 561 TS=(value NEAR/1 money)

#24 9,239 TS=(expenditure* not energy)

#23  435,234TS=(economic* or cost or costs orlg@stcosting or price or prices or
pricing or pharmacoeconomic¥*)

#22 616,323#9 OR #10 OR #11 OR #12 OR #13 ORGR 415 OR #16 OR #17 OR
#18 OR #19 OR #20 OR #21

#21 37,784 TS=(Positron SAME emission SAME torasgr

#20 301 TS=((Un-enhanced or Unenhanced) neamb@sa* or ultra-so* or
ultraso* or Echotomogra* or Echo-tomogra* or doamr echoscope* or echosound* or
tomogra* or Echogra* or zeugmatogra* or echogratoonoechogra* or tomodensitomet*))
#19  318,584TS=(ultraso* or ultra-so* or sonogoa’=chotomogra* or Echo-tomogra* or
doptone or echoscope* or echosound* or tomogrd&atrogra* or zeugmatogra* or echogra*
or tomoechogra* or tomodensitomet*)

#18 39,221 TS=(MR SAME imag*)

#17 3,837 TS=((ultrasonic* or ultra-sonic*) nda¢écan or imag* or tomogra*
or echogram* or sonogra* or detect* or diagnossantillat* or exam®*))

#16 1,747 TS=(Chemical SAME shift SAME imag*)
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#15 19,251 TS=((electron SAME beam) SAME (scanifhtag* or tomogra* or
angiogra* or angio-gra* or xray* or x-ray*))

#14  153,267TS=((nmr or comput* or mr) near/4 gaar imag* or tomogra* or
angiogra* or angio-gra* or xray* or x-ray*))

#13 1,863 TS=(64slice* or 64-slice* or 64row*@&t-row* or 64-detect*)
#12 143 TS=(3dcta or 3d-cta)

#11 161,518TS=(CAT or CTA or CT or cine-ct)

#10 82,730 TS=(pet or petscan* or positron)

#9 133,925TS=(MSCT or MDST or MRI or FDGPET or&G{PET or MDCT or IOUS
or MRI or FMRI or NMRI or FNMRI)
#8 239,569#7 OR #6 OR #5 OR #4 OR #3 OR #2 OR #1

#7 9,838 TS=((Bile SAME duct*) SAME (cancer* oeth or malignan* or
lesion* or carcinoma* or tumor* or tumour* or neapt or adeno* or angiom* or sarcoma*))
#6 4,832 TS=(Cholangiocarcinoma* or Cholangicctammar*)

#5 1,970 TI=(BFLL or BFLLS or HCC or HCCs OR Flor FLLs)

#4 1,584 TS=((Focal SAME liver SAME lesion*) SAMEancer* or met or

mets or metasta* or malignan* or carcinoma* or tutr@y tumour* or neoplas* or adeno* or
angiom* or sarcoma* or angiosarcoma®*))

#3 10,317 TS=(hepatoma* or hemangiosarcoma* mralngio-sarcoma* or
haemangiosarcoma* or haemangio-sarcoma*)

#2 230,112TS=((liver* or hepat*) SAME (cancer*raet* or malignan* or carcinoma*
or tumor* or tumour* or neoplas* or adeno* or angioor sarcoma* or angiosarcoma*))
Databases=SCI-EXPANDED Timespan=2000-2011

#1 24,461 TS=((Metasta* or meta-sta*) AND (li@rhepato* or hepatic*))

Additional NHS EED search - NHS Economic EvaluatiorDatabase (NHS EED) (Wiley)
Search limited to 2000-2011
Searched 21.10.11

#1 MeSH descriptor Neoplasm Metastasis, this iy 1725
#2 MeSH descriptor Neoplasm Seeding, this term onl 25
#3 MeSH descriptor Neoplasms, Unknown Primang thim only 32
H#HA4 (Metasta* or meta-sta*):ti,ab,kw 10876
#5 (#1 OR #2 OR #3 OR #4) 10908
#6 (liver or hepato* or hepatic*):ti,ab,kw 30235
#71 (#5 AND #6) 1342
#8 MeSH descriptor Liver Neoplasms explode atdre 1521
#9 MeSH descriptor Bile Duct Neoplasms explodeéralts 128
#10 MeSH descriptor Carcinoma, Hepatocellulag tim only 769
#11 MeSH descriptor Cholangiocarcinoma, this tenty 41
#12 (FLL or FLLs):ti,ab 0
#13 ((liver* or hepat*) near/3 (cancer* or met*ralignan* or carcinoma* or tumor* or
tumour* or neoplas* or adeno* or angiom* or sarcdmeaangiosarcoma*)):ti,ab,kw
5985
#14 (hepatoma* or hemangiosarcoma* or hemangicesaa* or haemangiosarcoma* or
haemangio-sarcoma*):ti,ab,kw 71
#15 ((Focal NEXT liver NEXT lesion*) and (cancest met or mets or metasta* or
malignan* or carcinoma* or tumor* or tumour* or r@as* or adeno* or angiom* or
sarcoma* or angiosarcoma®*)):ti,ab,kw 20
#16  (BFLL or BFLLS or HCC or HCCs):ti,ab 563
#17 (Cholangiocarcinoma* or Cholangio-carcinomiiygb,kw 70
#18 ((Bile NEXT duct*) near/3 (cancer* or met* malignan* or lesion* or carcinoma*
or tumor* or tumour* or neoplas* or adeno* or angfoor sarcoma*)):ti,ab,kw 236
#19  (#7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13tDROR #15 OR #16 OR #17
OR #18) 6625
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#20 (#19), from 2000 to 2011 85 (limited to NHSHD only)

Additional Health Economics search: Guidelines

GIN: International Guidelines Library
http://www.g-i-n.net
2000-2011/11/09

Searched 9.11.11

Limited to 2000-2011.

Terms searched Hits Filename

Free-text: FLL OR FLLS OR BFLL OR BFLLS OR HC{C0 -
OR HCCs

Free-text: Liver OR hepato* OR hepatic* 111 GU Gasl.end

Free-text: hemangio*

Free-text: Cholangiocarcinoma* GU_Gin_res2.end

Free-text: Angiosarcoma*

Free-text: Bile AND duct* GU_Gin_res3.end

MESH: Liver Neoplasms (C04.588.274.623) 20 GU_@s3.end

Free-text: Hepatocellular 5 GU_Gin_res4.end

Total (prior to deduplication) 137 -

Total (after to deduplication) 114 -

National Guidelines Clearinghouse (Internet)
http://www.guideline.gov/

Limited: 2000-2011/11/09

Searched 10.11.11

Advanced search

Terms searched Hits

FLL OR FLLS OR BFLL OR BFLLS OR HCC OR HCCs OR LiveR | 343
hepato* OR hepatic*

hemangio*OR Cholangiocarcinoma*OR Angiosarcoma* Bk AND 11
duct*)

Total 354

National Institute for Health and Clinical Excellence (NICE) Guidance (Internet)
http://guidance.nice.org.uk/
Searched 10.11.11

Browsed: Liver Neoplasms 1

TRIP database (Internet)
http://www.tripdatabase.com/
Searched 10.11.11

Limited to Guidelines only; 2000-2011

Terms searched Hits

(FLL or BFLL or HCC) from:2000 t0:2011 45

(title:Liver or hepato* or hepatic) (not FLL or BELor HCC) from:2000 t0:2011 51

(title:hemangio* or Cholangiocarcinoma*)) (not Flok BFLL or HCC) 3
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from:2000 t0:2011

(title:bile duct) (not Liver or hepato* or hepatithm:2000 t0:2011 2

Total 101

Health Technology Assessment Database (HTA) (Inteet)
http://www.york.ac.uk/inst/crd/

Search limited to 2000-2011

Searched 10.11.11

1 ((Bile NEXT duct*)) IN HTA 10

2 ((liver or hepato* or hepatic* or FLL or FLLs))R)((hepatoma* or
hemangiosarcoma* or hemangio-sarcoma* or haemaangioa* or haemangio-sarcomar))
OR ((BFLL or BFLLS or HCC or HCCs)) OR ((Cholangascinoma* or Cholangio-
carcinoma*)) IN HTA FROM 2000 TO 2011 204

3 #1 OR #2 209

4 (#3) IN HTA FROM 2000 TO 2011 209
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Appendix 2: Study specific guide to completion of QADAS-2

The version of QUADAS-2 used in this assessmeritssgbmain 2 into ‘index test’ and
‘comparator’ and includes additional signalling sti@ens to accommodate primary studies
which assess multiple tests. Only the ‘patient dile’ domain includes an applicability
domain as it was considered that the inclusioregatmatched the review question for the
‘index test’, ‘comparator’ and ‘reference standatdmains.

Before starting the risk of bias assessment, wesidered the relevance of each signalling
guestion to our review, as well as the potentigdnfor additional questions. Further criteria
were then defined, as needed, to ensure consegbtitation of signalling questions and to
help in the judgement of the risk of bias. Manynsidjng questions weren't further specified
and the answer was judged to be “yes” if it wastyereported in the study. If the answer to
a signalling question was not clearly reported qlestion was judged as “unclear” unless
specified differently. “No” was answered if was aldrom the reporting that an aspect was
not fulfilled. Details of the assessment critersgd are reported below.

DOMAIN 1: PATIENT SELECTION

Risk of bias

Question 1: Was a consecutive or random sample o&fents enrolled?
“yes” - low risk of bias

“unclear” - unclear risk of bias

“no” -> high risk of bias

Question 2: Was a case-control design avoided?

“yes” - low risk of bias

“unclear” >unclear risk of bias

“no” —>high risk of bias

Question 3: Did the study avoid inappropriate exclgions?
“no” for <10% of patients or “yes*> low risk of bias
“unclear” - unclear risk of bias

“no” for >10% of patients> high risk of bias

Concerns regarding applicability

Included patients were adults with FLLs with unaartdiagnosis on standard ultrasound or
other imaging modalitie® low concern

Included patients were adults with known liver galincy who were being assessed for
recurrence or response to treatmentow concern

Included patients were adults with FLLs detectedstandard ultrasound or other imaging,
where it was not clear if these examinations wégigrebstic> unclear concern

DOMAIN 2a: INDEX TEST

Risk of bias

Question 1: Were the index test results interpretedvithout knowledge of the results of
the reference standard?

Question 2: Were the index test results interpretedwithout knowledge of the
comparator?

Question 3: Did the study pre-specify the thresholdor a positive result?

The same criteria applied to each of the 3 sigmalijuestions:

“yes” - low risk of bias

“unclear” - unclear risk of bias

“no” -> high risk of bias

DOMAIN 2b: COMPARATOR TEST
Risk of bias
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Question 1: Were the comparator test results interpeted without knowledge of the
results of the reference standard?

Question 2: Were the comparator test results interpeted without knowledge of the
index test?

Question 3: Did the study pre-specify the thresholfor a positive result?

The same criteria applied to each of the 3 sigmalijuestions:

“yes” - low risk of bias

“unclear” - unclear risk of bias

“no” -> high risk of bias

DOMAIN 3: REFERENCE STANDARD

Risk of bias

Question 1: Is the reference standard likely to caectly classify the target condition?

“yes” if >90% of test results were confirmed using the refezestandard specified by the
inclusion criteria (pathology for test +ve and mdtigy or minimum 6 months follow-up for
test -ve)> low risk of bias

“unclear” - unclear risk of bias

“no” if <90% of test results were confirmed usirwetreference standard specified by the
inclusion criteria (pathology for test +ve and pdigy or minimum 6 months follow-up for
test -ve)> high risk of bias

Question 2: Were the reference standard results ietpreted without knowledge of the
results of the index test?

Question 3: Were the reference standard results ietpreted without knowledge of the
results of the comparator test?

The same criteria applied to signalling questioas@ 3:

“yes” - low risk of bias

“unclear” - unclear risk of bias

“no” - high risk of bias

DOMAIN 4: FLOW AND TIMING

Question 1: Was there an appropriate interval betwen index test and reference
standard?

The time interval between index and reference st@h@athology) had to be 1 month in
order to be judged as “adequate” and follow-up teable>6 months in order to be judged as
“adequate”.

“no” but for <10% of patients or “yes>low risk of bias

The answer was judged to be “unclear” if the timeerval was not reported or if it was
unclear what proportion of patients had an inadegtiene interval between index test and
reference standarét unclear risk of bias

“no” for >10% of patients> high risk of bias

Question 2: Was there an appropriate interval betwen comparator test and reference
standard?

The time interval between index and reference st@h@athology) had to be 1 month in
order to be judged as “adequate” and follow-up teable>6 months in order to be judged as
“adequate”.

“no” but for <10% of patients or “yes>low risk of bias

The answer was judged to be “unclear” if the timeerval was not reported or if it was
unclear what proportion of patients had an inadegtiene interval between index test and
reference standaré unclear risk of bias

“no” for >10% of patients> high risk of bias

Question 3: Was there an appropriate interval betwen index test and comparator test?
The time interval between index and comparatorthdse< 1 month in order to be judged as
“adequate”

“no” but for <10% of patients or “yes>low risk of bias
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The answer was judged to be “unclear” if the timgrval was not reported or if it was
unclear what proportion of patients had an inadegtiene interval between index test and
reference standarét unclear risk of bias

“no” for >10% of patients> high risk of bias

Question 4: Did all patients receive a reference abhdard?

“no” but for <10% of patients or “yes® low risk of bias

“unclear” - unclear risk of bias

“no” for >10% of patients> high risk of bias

Question 5: Did all patients receive the same refence standard?

Acceptable reference standards were defined separfar test positive and test negative
patients; the following criteria are therefore agqhl separately to test positive and test
negative patients.

“no” but for <10% of test positive patients and ¢ ®f test negative patients, or “yes¥
low risk of bias

“unclear” - unclear risk of bias

“no” for >10% of test positive or test negative patiettsigh risk of bias

Question 6: Were all patients included in the analsis?

“no” but for <10% of patients or “yes® low risk of bias

“unclear” - unclear risk of bias

“no” for >10% of patients> high risk of bias

The following criteria were used to reach a per donjudgement of risk of bias:

If at least one of the signalling questions of andm had an answer associated with a high
risk of bias the domain was judged to have a hiighaf bias.

If the answer to any of the signalling questionsswanclear” and the answers to the
remaining questions were yes, the risk of biasjuwdged to be unclear.

The answer to all the signalling questions hadetgyds in order for the domain to be judged
as having a low risk of bias.
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Appendix 3: Quality assessment - QUADAS-2 results
Completed QUADAS-2 assessments for all includedista

STUDY ID: Blondin 2011*

DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
retrospective selection of patients liver cirrhosiam a database (radiological informatipn
system) of patients who underwent CEMRI (Promovast) CEUS (Sonovue)

+ Was a consecutive or random sample of patientdled?o no
+ Was a case-control design avoided?
+ Did the study avoid inappropriate exclusions? unclear

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Patients with liver cirrhosis and FLL diagnosed €BUS and CEMRI.

Is there concern that the included patients do not CONCERN: HIGH
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

CEUS and CEMRI results were interpreted by two esp&ho were blinded (no more detajils

Describe how the index test and any comparator testvere conducted and interpreted:
given on blinding); Index and comparator test wamaeducted with max. 4 weeks in betweeén.

+ Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+» Were the index test results interpreted without unclear
knowledge of the comparator?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

+» Were the comparator test results interpreted withou unclear
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou unclear
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knowledge of the index test?
+ If a threshold was used, was it pre-specified?

Could the conduct or interpretation of the RISK: UNCLEAR

comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Yes

Describe the reference standard and how it was condted and interpreted:

Histology was done in all FLL, before imaging reswlere analysed.

+» Is the reference standard likely to correctly dfgiss
the target condition?

+» Were the reference standard results interpreted
without knowledge of the results of the index test?

+» Were the reference standard results interpreted
without knowledge of the results of the comparator
test?
Could methods used to conduct or interpret the RISK: LOW
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

yes

Yes

Describe any patients who did not receive the indetest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table Js
all patients received each test.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:

Time between index, and comparator test and referstandard were not reported. Time

between index and comparator test was max 4 weeks.

+ Was there an appropriate interval between indevates
reference standard?

+ Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard?
+» Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: LOW

Unclear

Unclear

yes

Yes
es Y
yes
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STUDY ID: Catala 20073
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Patients>18 yrs with FLL detected on standard US. 213 p#&iassessed for inclusion,
enrolled.

'

Excluded if pregnant or nursing, if more than onenth between CEUS and SCT (unclear if

these patients may be systematically different),pdfsitive lesions not confirmed hy

pathology.
+ Was a consecutive or random sample of patientdled?o No
++» Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and

setting):

Adult patients with FLL detected at standard utbtasd. Not clear if standard ultrasound was

diagnostic

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Independently, by experienced radiologists who weravare of the diagnosis and the res
of other imaging tests.

ults

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Independently, by experienced radiologists who werawvare of the diagnosis and the res
of other imaging tests.

ults

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Yes

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
All index test positive FLLs were confirmed pathgilcally following biopsy or surgery. Inde
test negative lesions were confirmed by NRI andramum of 12 months follow-up.

X

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

213 patients were originally recruited. 77 wereluded in the analysis. Patients were
excluded if more than one month between CEUS and, S if positive lesions not
confirmed by pathology.
Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:
Time between index test and comparator one monkbssr time between tests and patholpgy
reference standard not specified, follow-up pegpgropriate.

+ Was there an appropriate interval between indevates Unclear
reference standard?

+ Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? No
+ Did patients receive the same reference standard? o N
+ Were all patients included in the analysis? No

Could the patient flow have introduced bias? RISK: HIGH
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STUDY ID: Clevert 2009'°

DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

Prospective cohort of 100 consecutive patients stgpected hepatic tumours.

Exclusion criteria were: lesion >5cm; number aidas >5; strong allergic reactions; liver
kidney disease with confirmed elevation of labanatoarameters; acute heart failure; ac
myocardial infarction; subcutaneous emphysema; oniste; tachypnea; aerobilia.

The majority of test positive patients were diagrmmbawvith liver metastases, but pri

of
ute

investigations and diagnostic status with respegprimary tumours was unclear.

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced b&  RISK: LOW

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):
Prior investigations and diagnostic status witlpees to primary tumours was unclear.

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
CEUS interpreters blinded. Reference standard pedd after both tests.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to index test, reference stangarfiormed after both tests.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou Yes

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
No details of blinding or interpretation reported.

¢ Is the reference standard likely to correctly afgiss Yes
the target condition?

+ Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+ Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indebest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

100 patients, with one lesion per patient. Positegts were confirmed histologically apd
negative tests by imaging follow-up over 2 yeark.patients were excluded from the CT
analysis (8 did not undergo CT and 13 had nonrdistic CT results).

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Imaging tests were performed on the same day. Wallp was >6 months, but time between
imaging and histological confirmation was not repdr

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+» Were all patients included in the analysis? No

Could the patient flow have introduced bias? RISK: HIGH
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STUDY ID: Dai 2008*
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
498 consecutive patients with cirrhosis, studyudded 72 patients with 103 indeterminate
liver nodules detected on surveillance US.

Nine patients had been previously treated for HCC

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced b&  RISK: LOW

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Adult patients with cirrhosis and indeterminate Fietected at surveillance ultrasound.

Is there concern that the included patients do not CONCERN: LOW
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
In consensus, by two experienced sonologists whe waaware of the diagnosis and the
results of other imaging tests.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
In consensus, by two experienced radiologists whoewinaware of the diagnosis and the
results of other imaging tests.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou Yes

knowledge of the index test?
+« If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
All patients underwent biopsy (malignant and benkjrl) within 15 days after CEUS; a
negative biopsy was followed for at least 6 momistuding US, CT and test for AFP.

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table Js

498 patients with cirrhosis, 72 with indeterminhter nodules on US were included in the
study.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

all patients underwent biopsy within 15 days a@&US; all patients underwent CECT withjin
15 days before or after CEUS

+ Was there an appropriate interval between indevates Yes
reference standard?

« Was there an appropriate interval between comparato Yes
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+» Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? RISK: LOW
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STUDY ID: Feng 20078

Chinese language

DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 23 patients with 26 malignkesions (23 HCC and 3 metastas|

undergoing cryosurgery.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):
Patients being assessed for treatment response.

Is there concern that the included patients do not CONCERN: LOW
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referene@dard followed imaging

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referenaadard followed imaging

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Unclear

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Unclear if those making the diagnosis were awaienafjing results.

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

All patients underwent imaging tests within two Wwe# each other and within 1 week to 3
months after treatment. All diagnoses were confitimg histopathology.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Time between imaging tests and reference standaschwt reported

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+» Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? RISK: UNCLEAR
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STUDY ID: Flor 2010* (abstract only)
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 18 patients with known priyneaincer and indeterminate liver lesiq

(<1.5 cm) detected at MDCT.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ancg
setting):
Patients with known primary cancer and indeterngidater lesions (<1.5 cm) detected
MDCT.

Is there concern that the included patients do not CONCERN: LOW
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details reported

+» Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?
+« If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index tst RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
NA

+ Were the comparator test results interpreted withou
knowledge of the results of the reference standard?

+ Were the comparator test results interpreted withou
knowledge of the index test?

« If a threshold was used, was it pre-specified?

Could the conduct or interpretation of the RISK: NA
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
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A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Biopsy or 3-6 month follow-up was used as the ezfee standard.
No further details were reported.

¢ Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted NA
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

All 18 patients appear to have received a referestemdard. Numbers confirmed by
biopsy/follow-up were not reported.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Times between index test and biopsy was not reghorte

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato NA
test and reference standard?

+ Was there an appropriate interval between indevates NA
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? ncle&r
+ Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? RISK: UNCLEAR

210



STUDY ID: Forner 2008*
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

Prospective cohort of 89 patients with Child PuglB &irrhosis, and a new solid (5-20 mi
nodule detected on surveillance US.

No patients had history of HCC.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):

Adult patients with cirrhosis and new FLL detect#dsurveillance ultrasound. Diagnos
status following conventional ultrasound was natciped.

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted by 2 experienced radiologists. Artistates ‘blindly’, but nature of blinding

.

c

n

unspecified.

+» Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted by two experienced radiologists whoeneraware of biopsy results.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?

+» Were the comparator test results interpreted withou Unclear
knowledge of the index test?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

211



DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

All index test positive FLLs were confirmed pathgikeally following biopsy or surgery. Inde
test negative lesions were confirmed by MRI andr@mum of 12 months follow-up.

X

% Is the reference standard likely to correctly afgss
the target condition?

+ Were the reference standard results interpreted
without knowledge of the results of the index test?

+ Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

Unclear

Unclear

Describe any patients who did not receive the indebest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s
89 patients all received index test, comparatoraareference standard.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:

Times between index test comparator and referaacelard were not reported.

+ Was there an appropriate interval between indevates
reference standard?

« Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+« Did all patients receive a reference standard?
» Did patients receive the same reference standard?
» Were all patients included in the analysis?

DS

DS

Could the patient flow have introduced bias? RISK: UNCLEAR

Unclear

Unclear

Unclear

Yes

es Y
Yes
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STUDY ID: Gierbli nski 2008*
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 100 patients with incidegtalétected liver lesions and inconclus
un-enhanced US and/or CT. Patients with currenprevious malignancy, lesions wi

h

features of haemangioma or who were unable to godgiopsy were excluded.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):
Adult patients incidentally detected FLL in whom @8&d/or CT were could not rule o

malignancy. Not clear how many patients had CT.

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

Interpreted by 2 experienced gastroenterologititelibg un-specified.

+» Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?
+ Were the index test results interpreted without
knowledge of the comparator? Yes
+« If a threshold was used, was it pre-specified?
Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR

have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
NA

+ Were the comparator test results interpreted withou
knowledge of the results of the reference standard?

+» Were the comparator test results interpreted withou
knowledge of the index test?

+ If a threshold was used, was it pre-specified?

Could the conduct or interpretation of the RISK: NA
comparator test have introduced bias?
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DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

All FLLs were confirmed pathologically following dpsy. Biopsy negative lesions were

confirmed by clinical and imaging follow-up.

% Is the reference standard likely to correctly afgss
the target condition?

+ Were the reference standard results interpreted
without knowledge of the results of the index test?

+ Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the LOW
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

Yes

NA

Describe any patients who did not receive the indebest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s
89 patients all received index test, comparatoraareference standard.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:
Times between index test and reference standardshetasported.

+ Was there an appropriate interval between indevates
reference standard?

« Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
» Did patients receive the same reference standard?
» Were all patients included in the analysis?

DS

DS

Could the patient flow have introduced bias? RISK: UNCLEAR

Unclear

NA

NA

es
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STUDY ID: Georgio 2007°
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

Prospective cohort of 73 consecutive patients witthosis, and a single nodulge30 mm)
detected on US.

Patients with a history of heart disease excludee o rare side effect of SonoVue)

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced b&  RISK: LOW

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):

Adult patients with cirrhosis and single FLL deezttat US. Diagnostic status followir
conventional ultrasound was not specified.

19

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted by one operator with 20 years expeeehmlex test performed before compara
and reference standard.

ator

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted by one Radiologist who was unaware nofex test results. Comparator t
performed before reference standard

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou Yes

knowledge of the index test?
+« If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Biopsy performed in all patients the day after biathhging studies were complete. No details of
blinding were reported.

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table Js

73 patients all received index test, comparator aneference standard. Same referegnce
standard was used in all patients

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Comparator was performed the day after the indskd@ad the reference standard the day
after that.

+ Was there an appropriate interval between indevates Yes
reference standard?

« Was there an appropriate interval between comparato Yes
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+» Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? RISK: LOW
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STUDY ID: Jonas 2011° (abstract only)
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 20 consecutive patients W@RC liver metastases, who could |be
rendered tumour-free by a single stage surgicarvention and who underwent complete-
pre-operative work-up.
Note: study states aim as determining the sertgitignd specificity for detection of
metastases, but all included patients appear te metastases.
Patients with concomitant resectable extra-hepldiease and previous hepatobiliary surgery,
other than cholecystectomy were excluded.

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Adult patients with CRC liver metastases. InitieElghostic status unclear (see previous nate).

Is there concern that the included patients do not CONCERN: HIGH
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of blinding or interpretation reported.

+» Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of blinding or interpretation reported.

+ Were the comparator test results interpreted withou Unclear
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou Unclear

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Unclear
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Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
No details of blinding or interpretation reported.

¢ Is the reference standard likely to correctly afgiss Yes
the target condition?

+ Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+ Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indebest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s
20 patients, 48 lesions, by lesion analysis. Atlgrds appear to have received index testjand
both comparators. All resected, imaging positigdes were confirmed histologically and gall
patients had at least 36 months imaging follow-Bar 2x2 patient data were not
reported/derivable and the number of lesions pemawas unclear.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

No details of the timing of test were reported.

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Unclear
comparator test?

+ Did all patients receive a reference standard? Yes

+ Did patients receive the same reference standard? es Y

+» Were all patients included in the analysis? Unclear

Could the patient flow have introduced bias? RISK: UNCLEAR
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STUDY ID: Leoni 2010'°
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective consecutive cohort of cirrhotic pasemith 1-3 hepatic nodule between 1 and 3
cm on US surveillance. Included both newly deteeted recurrence of nodules.

Patients in whom the nodules to be included inghely had been pre-treated, those with
contra-indications to imaging, and patients witloplastic portal thrombosis or extra-hepatic
metastases were excluded.

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Diagnostic status following un-enhanced imaginglesc

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Unclear if those interpreting CEUS had knowledgetbr imaging test results.

s Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+» Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to other imaging test results biogsy/follow-up occurred after imaging

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+ Were the comparator test results interpreted withou Yes

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

Non-invasive positive diagnoses were interpretetthaut knowledge of other imaging studies.

No details of interpretation of biopsy and folloyw-were reported.

+» Is the reference standard likely to correctly dfgiss
the target condition?

+» Were the reference standard results interpreted
without knowledge of the results of the index test?

+» Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: HIGH
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

No

Unclear

Unclear

Describe any patients who did not receive the indetest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s

Prospective cohort of 60 (75 nodules) cirrhotiagrds with at least 1-3 hepatic nodules (
cm) on US. Positive nodules confirmed by two caodaat imaging test results, fine nee
biopsy or follow-up at 3 month intervals. Negativedules confirmed by fine needle biop
or follow-up at 3 month intervals. 7 Nodules (<10%gre not examined by SPIO-MRI a

were excluded from the analysis of the performanidais test.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:
No details of the timing of examinations were répar

1-3
le

sy
nd

+ Was there an appropriate interval between indevates
reference standard?

+ Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard?
+» Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: HIGH

Unclear

Unclear

Unclear

(0]

220

Yes
N
No



STUDY ID: Li 2007%®
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 109 patients examined witkenimanced US and un-enhanced CT.
Exclusions not specified.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Diagnostic status following baseline imaging unclea

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to comparator, reference stangartbrmed after both tests.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+» Were the index test results interpreted without Yes
knowledge of the comparator?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to index test, reference stangarfiormed after both tests.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?

+ Were the comparator test results interpreted withou Yes
knowledge of the index test?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?
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DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
No details of blinding or interpretation reported.

% Is the reference standard likely to correctly afgss Yes
the target condition?

s Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

s Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indebest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

109 patients, one lesion per patient. All patieafypear to have received index test,
comparator and reference standard. Reference sthm@s histology in all patients. Seven
lesions could not be visualised by CECT and 3 cotlbe visualised by CEUS. For qur
analysis, non-visualised lesions were classifiechegative (FN or TN according to final
diagnosis).

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Reference standard was performed within two weéksdex test and comparator.

+ Was there an appropriate interval between indevates Yes
reference standard?

« Was there an appropriate interval between comparato Yes
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+« Did all patients receive a reference standard? Yes
» Did patients receive the same reference standard? es Y
» Were all patients included in the analysis? Yes

*,

*0

DS

Could the patient flow have introduced bias? RISK: LOW
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STUDY ID: Littich 2006 (abstract only)
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Cohort of 15 patients with HCC lesions undergoifgfRreatment.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Patients being assessed for response to treatment.

Is there concern that the included patients do not CONCERN: LOW
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referene@dard followed CEUS

+ Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+» Were the index test results interpreted without Unclear
knowledge of the comparator?

+ If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referene@dard followed CEUS

+» Were the comparator test results interpreted withou Unclear
knowledge of the results of the reference standard?

+ Were the comparator test results interpreted withou Unclear
knowledge of the index test?

+« If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?
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DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

Unclear if those making the diagnosis were awaiienafjing results.

% Is the reference standard likely to correctly afgss
the target condition?

s Were the reference standard results interpreted
without knowledge of the results of the index test?

s Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR

reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

Unclear

Unclear

Describe any patients who did not receive the indebest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s

All patients underwent both imaging tests withinwéeks of treatment. All patients had

results confirmed by biopsy.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:
Time between tests and reference standard wagpwotted.

+ Was there an appropriate interval between indevates
reference standard?

+ Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard?
+ Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: UNCLEAR

Unclear

Unclear

Yes

Yes

es Y
Yes
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STUDY ID: Mainenti 2010"?
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of 34 consecutive patients higtologically proven colorectal carcinoma,
who were scheduled for surgery.
Patients who refused to participate and those wad tontraindications to one of the
examinations were excluded.

+ Was a consecutive or random sample of patientdled?o Yes
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Yes

Could the selection of patients have introduced b&  RISK: LOW

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Diagnostic status following un-enhanced imagingleguc

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to comparator, reference stangartbrmed after both tests.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to index test, reference stangarfiormed after both tests.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Yes

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

No details of blinding or interpretation reported.

+» Is the reference standard likely to correctly dfgiss
the target condition?

+» Were the reference standard results interpreted
without knowledge of the results of the index test?

+» Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR

reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

Unclear

Unclear

Describe any patients who did not receive the indetest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s

34 patients, 57 lesions, both per lesion and péemadata reported. Positive tests were

confirmed by biopsy or resection. All patients wégkbowed up for 6 and 12 month, either to

confirm negative tests or to detect newly developethstasis.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:

Surgery was performed within 10 days of imaging amdging tests were performed ovef a

4-8 day period.

+ Was there an appropriate interval between indevates
reference standard?

+ Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard?
+ Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: LOW

Yes

Yes

Yes

Yes

es Y
Yes
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STUDY ID: Quaia 2009
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

Prospective cohort of cirrhotic patients with adteone hepatic nodule on US surveillance|

Only those nodules3 cm that underwent biopsy after CT were included.
Nodules with peripheral enhancement at CECT werdudrd due to high probability ¢
haemangioma diagnosis.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ang
setting):
Diagnostic status following un-enhanced imagingleguc

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to comparator, reference standactclinical details.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

s Were the index test results interpreted without Yes
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: LOW
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to index test, reference standaudiclinical details.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Yes

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: LOW
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
No details of blinding or interpretation reported.

+» Is the reference standard likely to correctly dfgiss Yes

the target condition?

+» Were the reference standard results interpreted Unclear

without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear

without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

Prospective cohort of 180 (195 nodules) cirrhotitignts with at least one hepatic nodule
US surveillance.

74 nodules were excluded because of a lack of logital diagnosis (n=60), technic
inadequacy of CT (n=10), inadequacy of CEUS exatiingn=4)

106 patients with 121 nodules finally included.

Reference standard biopsy in all nodules.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

on

T

CT was performed 2-30 days after CEUS. Biopsy wiflsinv15 days of CT

+ Was there an appropriate interval between indevates Yes
reference standard?

« Was there an appropriate interval between comparato Yes
test and reference standard?

+ Was there an appropriate interval between indevates Yes

comparator test?
+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard? es
+» Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: HIGH
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STUDY ID: Sangiovanni 2016% %
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Prospective cohort of cirrhotic patients with a@dtone hepatic nodule on US surveillance|
Only 1-2 cm nodules were included in the analysis.

Patients with a pre-existing liver nodule, with pdieer function indicating transplantatiq
regardless of HCC, or no defined nodule, were abariu

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Diagnostic status following un-enhanced imagingleguc

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to reference standard.

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

s Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Interpreted blind to reference standard.

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Unclear

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:

Reference standard interpreted without knowledggioical or imaging results.

+» Is the reference standard likely to correctly dfgiss
the target condition?

+» Were the reference standard results interpreted
without knowledge of the results of the index test?

+» Were the reference standard results interpreted
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: LOW
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Yes

Yes

Yes

Describe any patients who did not receive the indetest, comparator(s) and/or reference

standard or who were excluded from the 2x2 table s

Prospective cohort of 64 (67 nodules) cirrhotidgrds with at least one hepatic nodule on All

nodules confirmed by biopsy.

Describe the time interval and any interventions beveen index, comparator(s) and

reference standard:
Biopsy was performed within 2 months of nodule diéte

+ Was there an appropriate interval between indevates
reference standard?

« Was there an appropriate interval between comparato
test and reference standard?

+ Was there an appropriate interval between indevates
comparator test?

+ Did all patients receive a reference standard?
+ Did patients receive the same reference standard?
+» Were all patients included in the analysis?

Could the patient flow have introduced bias? RISK: HIGH

Yes

Unclear

Unclear

Yes
es Y
No
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STUDY ID: Seitz 2009°
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

The study used a cohort of 267 out of 1349 patiehta prospective study of consecuti
patients with newly detected FLL identified on UBhe 267 patients were divided in
subgroups A and B. Subgroup A had mainly benigigrihiaes and subgroup B had mai
malignant diagnosis; 2x2 data with an appropriaference standard were only extractd
for subgroup B.

Patients with specific liver lesions diagnosed ypidal US echomorphology such as cysts
haemangiomas in a non-steatotic liver without chhisigns and symptoms as wells
malignant tumours with infiltration into hepatic sgels were excluded; patients who w
critically ill or suffered from pulmonary hypertaos or unstable angina as well as pregri
and nursing women were excluded.

ve
to

nly
ble

or
as
ere
ant

+ Was a consecutive or random sample of patientdled?o No
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and

setting):
Patients with newly detected FLL on US; primaryedises not specified

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

The definitive CEUS diagnosis was made at the dbiniae US examination by the physician
performing CEUS; US done by the local investigstdds investigator not blinded to the

results of the preceding CT in 8 cases

+ Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+» Were the index test results interpreted without Yes
knowledge of the comparator?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

No details of blinding reported. Reporting Radgéts had access to the patient’s clinical
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information.

+ Were the comparator test results interpreted withou Unclear
knowledge of the results of the reference standard?

+» Were the comparator test results interpreted withou Unclear
knowledge of the index test?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Subgroup B: diagnosis was based on US guided FNEtefinitive diagnosis could be obtain
in 4 patients

4%

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

4 patients with inconclusive histology were excldd®m analyses (<10% of patients).
Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Times between index and comparator test and refersiandard were not reported.

+ Was there an appropriate interval between indevates Unclear
reference standard?

+ Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Unclear
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+ Were all patients included in the analysis? No

Could the patient flow have introduced bias? RISK: UNCLEAR
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STUDY ID: Seitz 2016’
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

The study used a cohort of 269 out of 1349 patiehta prospective study of consecuti
patients with newly detected FLL identified on UBhe 269 patients were divided in
subgroups A and B. Subgroup A had mainly benigigrihiaes and subgroup B had mai
malignant diagnosis; 2x2 data with an appropriaference standard were only extractd
for subgroup B.

Patients with specific liver lesions diagnosed ypidal US echomorphology such as cysts
haemangiomas in a non-steatotic liver without chhisigns and symptoms as wells
malignant tumours with infiltration into hepaticssels were excluded

+ Was a consecutive or random sample of patientdled?o No
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? No

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test ancg
setting):
Patients with newly detected FLL on US; primaryedises not specified

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

The definitive CEUS diagnosis was made at the tifndne US examination by the physician

performing CEUS; US done by the local investigator

+ Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+» Were the index test results interpreted without Unclear
knowledge of the comparator?

+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:

ve
to

nly
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No details of blinding reported. Reporting Radiadtg had access to the patient’s clinical

information.

+ Were the comparator test results interpreted wtthou Unclear
knowledge of the results of the reference standard?
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+ Were the comparator test results interpreted withou Unclear
knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the RISK: UNCLEAR

comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
All index test positive and negative FLLs were d¢onéd pathologically following biopsy i
subgroup B

—

+» Is the reference standard likely to correctly dfgiss Yes
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

2 patients with inconclusive histology were excldd®m analyses (<10% of patients).
Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

Times between index and comparator test and refersiandard were not reported.

+ Was there an appropriate interval between indevates Unclear
reference standard?

+ Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Unclear
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+ Were all patients included in the analysis? No

Could the patient flow have introduced bias? RISK: UNCLEAR
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STUDY ID: Solbiati 2006" (abstract only)
DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Retrospective cohort of patients with incidentalbtected FLLs un un-enhanced US.

+ Was a consecutive or random sample of patientdled?o No
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: HIGH

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Diagnostic status following un-enhanced imagingleguc

Is there concern that the included patients do not CONCERN: UNCLEAR
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Unclear if those interpreting CEUS had knowledgeotifer imaging test results. Biopsy
performed after imaging.

+» Were the index test results interpreted without Unclear
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Unclear

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
Unclear if those interpreting CECT had knowledgeottier imaging test results. Biopsy
performed after imaging.

+ Were the comparator test results interpreted withou Unclear
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Unclear

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Unclear
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Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Reference standard was a combination of CEUS andirCTost cases. No details pf
interpretation of biopsy and follow-up were repdrte

+» Is the reference standard likely to correctly dfgiss No
the target condition?

+» Were the reference standard results interpreted No
without knowledge of the results of the index test?

+» Were the reference standard results interpreted No
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: HIGH
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table s

Retrospective cohort of 694 lesions in 686 patieRsference standard was concordant
imaging test results in most (n=656) lesions ané-fieedle biopsy in case of discordance
(n=38). One lesion was missing from the analysis.

Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

No details of the timing of examinations were reedr

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Unclear
comparator test?

+« Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? o N
+» Were all patients included in the analysis? No

Could the patient flow have introduced bias? RISK: HIGH
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STUDY ID: Zhou 2007*°

Chinese language

DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:
Retrospective analysis of data from 56 patienth @4t HCC lesions undergoing non-surgical
treatment.

+ Was a consecutive or random sample of patientdled?o Unclear
+ Was a case-control design avoided? Yes
+ Did the study avoid inappropriate exclusions? Unclear

Could the selection of patients have introduced b&  RISK: UNCLEAR

B. Concerns regarding applicability

Describe included patients (prior testing, presentdon, intended use of index test and
setting):
Patients being assessed for response to treatment.

Is there concern that the included patients do not CONCERN: LOW
match the review question?

DOMAIN 2a: INDEX TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referene@dard followed imaging

+» Were the index test results interpreted without Yes
knowledge of the results of the reference standard?

+ Were the index test results interpreted without Unclear
knowledge of the comparator?

+« If a threshold was used, was it pre-specified? Yes

Could the conduct or interpretation of the index test RISK: UNCLEAR
have introduced bias?

DOMAIN 2b: COMPARATOR TEST
Risk of Bias

Describe how the index test and any comparator testvere conducted and interpreted:
No details of interpretation reported. Referenaadard followed imaging

+ Were the comparator test results interpreted withou Yes
knowledge of the results of the reference standard?
+» Were the comparator test results interpreted withou Unclear

knowledge of the index test?
+ If a threshold was used, was it pre-specified? Yes
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Could the conduct or interpretation of the RISK: UNCLEAR
comparator test have introduced bias?

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was condted and interpreted:
Unclear if those making the diagnosis were awaramaiging results. Three months follow-up
may not be adequate to confirm tumour response.

+» Is the reference standard likely to correctly dfgiss Unclear
the target condition?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the index test?

+» Were the reference standard results interpreted Unclear
without knowledge of the results of the comparator
test?

Could methods used to conduct or interpret the RISK: UNCLEAR
reference standard have introduced bias?

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe any patients who did not receive the indetest, comparator(s) and/or reference
standard or who were excluded from the 2x2 table Js

All patients underwent both imaging tests withineoweek of treatment. Patients with a
positive response on imaging were followed up foe¢ months. Patients with a negative
response on imaging (residual tumour detected) a@nérmed by fine needle biopsy.
Describe the time interval and any interventions beveen index, comparator(s) and
reference standard:

See above. Note: Three months follow-up may na@dsgjuate to confirm tumour response.

+ Was there an appropriate interval between indevates Unclear
reference standard?

« Was there an appropriate interval between comparato Unclear
test and reference standard?

+ Was there an appropriate interval between indevates Yes
comparator test?

+ Did all patients receive a reference standard? Yes
+ Did patients receive the same reference standard? es Y
+» Were all patients included in the analysis? Yes

Could the patient flow have introduced bias? RISK: UNCLEAR
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Appendix 4: Data extraction tables

Details of the methods and interpretation of thideintest (assessed technology), comparator test(syeference standard (for test accuracy studibs o
used in included studies:

Study ID

SonoVue® CEUS details

Comparator test(s)etails

Reference standard details

Blondin 2011*

Aplio 80 scanner (Toshiba Medical
Systems, Neuss, Germany)

real time B-mode sonography, low Ml
(0.2-0.4)

CEUS was carried out after administrati
of a 2.4 ml bolus SonoVue® (Nycomed,
Germany) into the antecubital vein.

Images were interpreted by a internist gncontrast enhancement in the arterial (after

a radiologist, both were blinded.

1.5 Tesla MRT (Magneton Avanto,
Siemens Medical Solutions, Germany)

The contrast agent used was Gd-EOB-
0B TBA (Primovist®, Bayer Schwering

the antecubital vein.
Axial T1 and T2- weighted imaging,

20 s), venous (after 60 s) and equilibriu
phase (after 180 s) as well as the late
phase (after 15 min, consisting of a
coronal and axial T1) were used for
analysis.

Images were interpreted by two
independent blinded radiologists

Pharma, Germany), injected at 2 ml/ s \ia

Histology after biopsy or surgery in all
lesions

M

Catala 2007

Sequoia 512 scanner (Acuson, Mountai
View, CA). CEUS used specific softwars
Coherent Contrast Imaging with the san
convex array probe as baseline US.

Baseline US of the liver (to identify
FLLs) in the fundamental mode, using g
grayscale and a multifrequency 4x C1
convex array probe.

e Medical Systems, Erlangen, Germany).
ne

Scans in a cranial-caudal direction with
5-mm collimation in the arterial phase @
an 8-mm collimation in the other
phases (pitch, 1.5), for a single held
breath at a spiral acquisition of up to 15
acquisition of the arterial phase started

after the automatic detection of peak

NSCT scanner (Somatom Plus 4, SiemensAll malignant lesions were histologically|

confirmed: biopsy (n = 52); partial hepa

resection (n = 3); explanation (n = 2). F
abenign FLL, the final diagnosis was
ndbtained by biopsy (n=2); MRI and
follow-up >12 months (n=18).

S.
6sS

ic
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Study ID SonoVue® CEUS details Comparator test(s)atails Reference standard details
CEUS was carried out after administratioaortic enhancement, portal and
of a 2.4 ml bolus SonoVue® (Bracco, | late venous phases were scanned 70 and
Italy) followed by 5 ml saline flush. 180 s after start of injection of the contrast
Enhancement patterns were studied up|tagent.
3.5 min, including the arterial (0-49 s),
portal (50-120 s), and late phases (>120The contrast agent used was 100 ml
s). lopromide, 300 mg I/ml, (Ultravist,

Schering AG, Berlin, Germany) via the
Settings were: insonating frequency, 3 | antecubital vein at 4 ml/s.
MHz; acoustic power —75 to —90 dB;
frame rate, 17-20; double focus; low Images were interpreted by two
mechanical index (<0.2). independent radiologists with more thar
five years experience of liver CT;

Images were interpreted by two disagreements were resolved by a third
independent radiologists with more than radiologist. Images were interpreted
five years experience of liver CEUS; without knowledge of the final diagnosis
disagreements were resolved by a third| or other imaging results, but with
radiologist. Images were interpreted knowledge of the presence or absence pf
without knowledge of the final diagnosig signs of chronic liver disease on US/SCT
or other imaging results, but with
knowledge of the presence or absence pf
signs of chronic liver disease on US/SCT

Chen 2007 Esaote Technos DUS8 (Esaote SpA, Italy)US without contrast. Reference standard NA (not a test

related publicatiott

or Philips iU22 (Philips Medical System
USA), using 2.5-5 MHz probes.

CEUS was carried out after administrati
of 2.4 ml intravenous bolus SonoVue®
(Bracco, Italy) injected over 2 to 3 s; low
mechanical index (0.04-0.1).

CT or MRI was performed within one
week before RFA in both groups. CT
oexaminations were performed with GE
LightSpeed 64 slice spiral CT. MRI was
performed with GE EchoSpeed 1.5 T.

accuracy study)

Outcomes of treatment were determine
by imaging follow-up 1 month after RFA
and every following 2-3 months in the

first year and 4-6 months in the second
year. RFA was considered successful if

Images were assessed by three

there was no contrast enhancement in ¢

pr
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Study ID SonoVue® CEUS details Comparator test(s)atails Reference standard details

CT or MRI was performed within one | experienced radiologists around the tumour, the margins of the
week before RFA in both groups. CT ablation zone were clear and smooth, the
examinations were performed with GE ablation zone extended beyond the tumpour
LightSpeed 64 slice spiral CT. MRI was borders.

performed with GE EchoSpeed 1.5T.

Images were assessed by three
experienced radiologists

Clevert 2009° Multi-frequency curved array transducer, Biphasic contrast-enhanced CT using a| Malignant liver lesions were confirmed by
2.5-4 MHz (Logic 9, GE Healthcare). 16- or 64-slice scanner (Somatom biopsy.
Transmitted energy reduced to <30%, | Sensation 16 or 64, Siemens Medical
with a low mechanical index (0.15). Systems, Forchheim, Germany). Image| For haemangioma, US follow-up for 2
volume included the whole liver. Un- years and MRI or multi-phase CT follow-
After B scan analysis of vascularisation| enhanced axial sections were not up for one year were used to confirm
with power Doppler US, CEUS used performed. diagnosis.

administration as a 2.4 ml bolus
SonoVue® (Bracco, ltaly), followed by a Contrast agent 120 ml Solutr@§Bracco, | No details of who interpreted the

10 ml bolus of saline. Milan, Italy), iodine concentration 300 | reference standard examinations were
mg/ml, administered as an intravenous | reported.

Scanning was carried out during the bolus (flow rate 5 ml/s), followed by 50
arterial phase (<30 s), the portal venous ml saline.

phase (40-120 s) and the late phase (>120

S). The appropriate can delay for the arteria
and venous phases was determined by
CEUS was performed by two blinded | semiautomatic bolus tracking on the
radiologists with more than seven yearg dfioracic aorta.

clinical ultrasound experience.
Interpretation was by consensus. Acquisition direction was craniocaudal.
Images were reconstructed as thin slice
(3mm) maximum intensity projections ir
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

axial and coronal planes.

CT examinations were performed by tw:
blinded, experienced radiologists.

D

Dai 2008° Technos MPX scanner (Esaote, SCT scanner (Somatom Plus 4, SiemendHistopathology in all patients.
Biomedica, Genoa, Italy). Medical Systems, Erlangen, Germany).| Ultrasound-guided biopsy with 2-3 fold
aspiration of each nodule using an 18-
Baseline US of the liver (to identify 5mm collimation and 7.5 mm/s table gauge needle.
FLLs), using 3.5 MHz convex probe. speed. CT images obtained before and |25
s (arterial phase), 60 s (portal venous | Histopathological diagnoses were made
CEUS was carried out after iv phase), and 2-4 min (late phase) after theonsensus by two pathologists with mot
administration as a 2.4 ml bolus within 2-start of contrast injection. than 20 years experience.
3 s. SonoVue® (Bracco, Italy),
continuous observation for 6 min from | The contrast agent used was 100ml Negative biopsies were confirmed by
injection time using theasne convex Omnipaque (Amersham Health Princetorfurther follow-up for a minimum of 6
probe as baseline USiv mechanical USA), 300 mg/ml iodine, at a rate of 3.5 months.
index (0.05-0.06). mi/s.
Images were interpreted in consensus bhymages were interpreted in consensus by
two blinded sinologists with at least 10 | two radiologists with at least 10 years
years experience, who were unaware of experience of CT, who wergmaware of
the results of other imaging techniques | the results of other imaging techniques
and pathology. and pathology.
Feng 2007 US and CEUS using Siemens Acuson | CECT or CEMRI, no details reported. | Histopathological diagnosis, no further

Chinese language

Sequoia 512. CEUS was carried out
following injection of 2 miSonoVue®
(Bracco, Italy); low mechanical index
(0.19).

Imaging was conducted between 1 wee

Imaging was conducted between 1 wee
and 3 months after cryosurgery, and all
imaging tests were conducted within tw
weeks of each other.

Kk

and 3 months after cryosurgery, and all

details reported.
k

No details of who interpreted CECT and
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

imaging tests were conducted within twp CEMRI were reported.

weeks of each other.

No details of who interpreted CEUS we
reported.

e

Flor 2010°
(abstract only)

US and CEUS using Logic 9 (General
Electrics).

CEUS performed after bolus injection of
4.8 mlSonoVue® (Bracco, Italy); low
mechanical index (<0.2).

No details of interpretation were reporte

None

d

Biopsy or follow-up at 3-6 months.

No further details were reported.

Forner 2008

US used Sequoia 512 scanner (Acuson
Mountain View, CA, USA).

Baseline US of the liver (to identify
FLLs), using a multi-frequency 4C1
convex and 4V1 sectorial array probe.

CEUS was carried out after administrati
of 2.4 ml bolus SonoVue® (Bracco,
Italy), observation for up to 3.5 min fronj
injection time, including arterial, portal
and late phases.

CEUS used contrast coherent imaging
(CCI, Siemens) and the 4C1 convex arr]
probe; low mechanical index (<0.2).
Enhancement patterns were studied

, Symphony 1.5-T system (Siemens
Medical Systema, Erlangen, Germany),
using a phased-array torso coil.

Transverse T1-weighted and T2-weight

MRI and multi-phasic contrast-enhance

dynamic breath-hold 3D MRI of the
owhole liver with fat suppression.

The contrast agent used was gadoliniurj
(gadodiamide 0.5mmol/L, Ominscan-
Amersham), injected at 0.2 ml/kg and 2
ml/s. Bolus tracking was used to obtain
arterial phase (20 s after injection), port

ayenous phase (60-65 s after injection),
late phase (100-110 s after injection)
images.

All imaging positive nodules were
confirmed with FNB using a 20-guage 9
18-guage needle and multiple passages
Specimens were routinely processed ar
edtained with hematoxylin-eosin.
d
Imaging negative patients were followed
up with CEUS every 3 months and MRI
every 6 months. Median follow-up 23
nmonths (range 4 to 41).

=

and

=

d

)

during the vascular phase up to 3.5
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

minutes, including the arterial (0-49
seconds), portal (50-179 seconds), and
late phase (>180 seconds).

Images were recorded blindly and
reviewed by at least two radiologists.
Doubtful images were interpreted by
consensus.

Images were interpreted by 2 radiologis
experienced in liver MRI, who were
unaware of biopsy results.

ts,

Gierblinski 2008*

Baseline US/ CT not specified.

CEUS was carried out after administrati
of 2.4 ml bolus (86 patients) or 4.8 ml
bolus (14 patients) SonoVue® (Bracco,
Italy), followed by 10 ml 0.9% saline;
Low MI < 0.09.Philips HDI 5000
SonoCT (Philips Medical Sustemas,
Bothwell, WA, USA), using a 2-5 MHz
curved linear-array transducer.

Imaging duration was 4 min: arterial
phase 15-30 s after injection, portal pha
35-90 s after injection, and late venous
phase 90-240 s after injection.

Images were interpreted by
gastroenterologists with 2 years
experience of CEUS, who were blind to
initial US and CT results.

None

FNB in all patients with a 20-guage Chi
aspirating needle or 19-guage trucut
biopsy; this diagnosis was considered
final if the lesion was positive.

Negative biopsies were confirmed by
clinical and imaging follow-up (median
10 months).

Biopsies were assessed by a pathologig
blinded to CEUS results and follow-up
imaging was evaluated by blinded
examiners.

D

Giorgio 2007°

All abdominal US scans were performeg
with Prosound SSD-5500 PHD Extende|

1 1.5-T Symphony system (Siemens
dMedical Systems, Enlargen, Germany).

(Aloka, Tokyo, Japan), using a 3-6 MHZ

Ultrasound-guided fine needle biopsy in
all patients, using a 19-guage modified

Menghini cutting needle.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

| Reference standard details

convex array broad-band probe.

CEUS was carried out after administrati
of 2.4 ml bolus SonoVue® (Bracco,
Italy), followed by a 5 ml saline flush;
low mechanical index (0.11).

The scan lasted up to 5 min and theole
vascular phase was observed: arterial (
30 s after injection), portal (30-60 s afte
injection), sinusoidal (60-20 s after
injection).

One operator with over 20 years
experience of CEUS performed all studi
the day before MRI studies.

Three contiguous sets of T1-weighted, i
phase, breath-hold, spoiled gradient ecl
oimages.

The contrast agent used was 20 ml boly
gadobenate dimeglumine (MultiHance,
Bracco Diagnostics, Italy), injection rate
3.0 ml/s, followed by 40 ml saline.

1 &valuation of arterial, portal and delaye
 phases was obtained through the whole
liver at 22, 48 and 90 s after injection
start.

Images were interpreted by one
esxperienced radiologist who was unaws
of CEUS results.

n
nd@iopsy was performed the day after bot

IS

-

ire

=)

imaging investigations were complete.

Jonas 201%F
(abstract only)

SonoVue® CEUS, no further details
reported.

MRI with hepatocyte-specific contrast
(Primovist®), no further details reported

Triple-phase contrast-enhanced
abdominal CECT, no further details
reported.

All patients underwent intra-operative US
and imaging (CEUS, CECT or CEMRI)
follow-up at 3, 6, 12, 24 and 36 months.

Histology was used to confirm all
resected metastases detected on pre-
operative imaging.

No further details reported.

Leoni 2016°

Technos MPX scanner (Esaote, Genov.
Italy) for un-enhanced US.

CEUS (device: Esatune, CnTl or Techn
MPX, Esaote, Italy) was conducted afte
administration of SonoVue® (Bracco,

aHelical MDCT with Emotion 6 (Siemens
Medical Systems, Erlangen, Germany).

of/n-enhanced and contrast-enhanced
r images for arterial, portal venous and

delayed phases.

Two or more contrast imaging techniques
positive was treated as a correct positive
diagnosis which did not require further
confirmation (EASL and AASLD

guidelines for non-invasive diagnosis).
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

Italy), dose not reported; low mechanicg
index (0.04 to 0.07).

The examination was assessed in both
arterial and latphases, (up to 3 min.
recorded).

Images were interpreted by an operator
with at least three years experience of

CEUS, immediately after the examinatig
by the same operator.

1
The contrast agent used was an
intravenous bolus injection of 2 mi/kg of]
thon-ionic contrast (lomeron350, Bracco

phase) after reaching the threshold, 70g
phase).

n
MRI performed with 1.5 T system (Sign
GE Medical Systems, WI, USA) using &
body-phased array multi-coil. Un-
enhanced sequences were breath-hold
weighted.

Contrast-enhanced images acquired aff]
injection of ferucarbutan (Resovist,
Shering, Germany) 1@nol/kg bolus,
followed by 10 ml saline flush. Two sets
of SPIO-enhanced images (10 and 20 n
after contrast injection) using breath-ho
T2-seighted sequences with fat saturati
Dynamic 3D MRI performed after
administration of gadolinium
(gadopentetate dimeglumine, Magnevis
Germany) 0.2 ml/kg injection at 2 ml/s
followed by a 20 ml saline flush. The tin
delay for the arterial, portal venous and
delayed phases was 18, 80 and 180 s,

Italy) at 4 ml/s. Scans started 5s (arterigl stain), or follow-up (US or CT) at three

(portal venous phase), and 170s (delayed

Patients with no or one positive contras
enhanced imaging test were confirmed
using US-guided FNB (19G modified

, Menghini needle, hematoxylin and eosif

month intervals).

Diagnosis of HCC was made according
the International Working Party criteria.

Rad

T1-

Nin
d
on.

—F

e

respectively.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

CT and MRI examinations were
interpreted in consensus by two operatq
experienced in liver imaging, who were
blind to the results of other contrast
imaging.

=

S

Li 2007°

HDI 5000 scanner (Philips Ultrasound,
Bothwell, WA, USA) used for baseline
US and CEUS. In patients with more tha
1 FLL detected at baseline US, only the
largest lesion was subjected to CEUS.

CEUS was carried out after administrati
of 2.4 ml bolus injection SonoVue®
(Bracco, Italy) to the cubital vein,
followed by a 5 ml saline flustow
mechanical index (0.09-0.15) pulse-
inversion harmonic imaging, with a
convex-array broadband transducer.

Scans covered the entire vascular phas|
(up to 5 min): arterial phase (0-40 s),
portal venous phase (41-100 s), late ph
(101-300 s).

Images were interpreted in consensus |

sonologists who were unaware of CECT

results.

A 3 phase contrast enhanced protocol v
used: Unenhanced CT scan, followed b

antravenous infusion of 100-120 (ml 4
ml/s) contrast media, non-ionic, iodine
containing (Ultravist 370, Schering,
Germany). Scans were obtained in the

oarterial, portal venous and late phases,
with bolus test trigger.

Data obtained through the whole liver in
craniocaudal direction, during a single
breath-hold helical acquisition (6-8 s).

Images were interpreted by two
eRadiologists who were blinded to the
results of CEUS.
ase

y 2

vadistopathology following surgical

yresection or FNB with an 18-guage
needle, within 2 weeks after CEUS and
CECT.

Liittich 2006°
(abstract only)

CEUS using sulphur hexafluoride, 4
weeks after treatment (RFA).

Gadolinium-enhanced CEMR4, weeks
after treatment (RFA).

All patients were biopsied after CEUS.

No further details reported.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

No further details reported.

No further detailsaieed.

Mainenti 20167

HDI 5000 scanner (Philips Ultrasound,
Bothwell, WA, USA) with a large band
frequency covex transducer (3.5-7.5
MHz) used for baseline US and CEUS.

CEUS was carried out after administratiobeam collimation, pitch 5.5, 120 kV,

of 5 ml injection SonoVue® (Bracco,
Italy) to the cubital vein, followed by a
10ml saline flush; pulse inversion
harmonic imaging and low mechanical
index (<0.09).

Scans covered the arterial phase (25 s)
portal venous phase (70 s), delayed phg
(300 s).

Images were interpreted by two observg
with >10 years experience each, who w
blinded to the results of other tests. Wh
there was disagreement, the final decis
was made by a consensus panel of the
original two plus one addition observer.

Four-slice MDCT (Aquilion 4, Toshiba
Medical System Corporation, Japan)

pubic symphysis. Parameters: 4x3 mm

300mA, rotation time 0.5 s, effective slig
thickness 3mm.

Contrast-enhanced imaging was
performed 75 s after intravenous bolus
ml/s) of 150 cc iodinated non-ionic
contrast, iopromide (Ultravist, 370 mg
nsedine per ml, Schering, Germany).

2r5.5T MRI system (Gyroscan Intera 1.5

eRhilips Medical Systems, Holland), with

erghased-array body coil. Transverse

obreath-hold T1-weighted and T2-weight
with and without fat saturation.

Extra-cellular enhanced CEMRI
performed after bolus injection of 0.1
mmol/kg gadopentetate dimeglumine
(Magnevist, Berlex Laboratories) at a rg
of 3 ml/s. followed by a 20 ml saline
flush. Images were acquired during the
arterial (25 s), portal (60 s) and

Scans acquired from the diaphragm to thpositive for metastases, biopsy or

All patients underwent surgery within 10
days of the last imaging examination. In
all patients who were imaging test

resection of at least one lesion was
performed.
e

All patients were followed up by MDCT
(same technique as described) at 6 and
months, either to assess the size of as
denign classified FLL or to assess the
development of new Metastases.

Comparisons of imaging with the
reference standard were made by a
different radiologist (with at least 10 yed
[ experience) from those undertaking the
anitial blinded assessments.

ed

te

equilibrium (180 s) phases.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

Intra-cellular enhanced CEMRI
performed after intravenous injection of
0.12-0.7 mmol/kg Ferucarbotran
(Resovist, Schering, Germany). Images|
were obtained 15 min from the end of

injection, repeating the transverse breath-

hold T2-weighted with and without fat
saturation.

All images (both CT and MRI) were
interpreted by two observers with >10
years experience each, who were blindg
to the results of other tests. Where thers
was disagreement, the final decision wa
made by a consensus panel of the origi
two plus one addition observer. Imaging
tests (including CEUS) were performed
randomly over a 4-8 day period.

bd

D
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Quaia 200%

Sequoia, Acuson (Siemens, CA, USA),
using a convex array 2-4 MHz 4C1
transducer used for baseline gray-scale
and colour or power Doppler un-enhang
US, followed by CEUS, in both
participating centres.

CEUS was carried out after administrati
of 2.4 ml bolus injection SonoVue®
(Bracco, Italy), followed by a 10ml saling

64-row MDCT systems (Aquilion,
Toshiba, Japan, or Brilliance, Philips,
USA). CT performed 2-30 days after
edEUS.

Breath-hold scan, technical parameters
rotation time 400 ms; beam collimation
064 x 0.5 mm (Aquilion) 64 x 0.625 mm

US-guided biopsy, using an 18-20-gaug
modified Menghini needle. Samples
stained with hematoxylin/eosin and the
Masson trichrome method. Biopsy
performed within 15 days after CT.

A senior pathologist from each centre
made the diagnosis.

(Brilliance); normalise pitch 1; z-axis
e coverage 32 mm; reconstruction interv

flush; low mechanical index (0.09-0.14)

0.3 mm; 120 kV; 180-250 mA; field of
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

dynamic range 65 dB, temporal resoluti
between frames 75-100 ms (10-13 fram
per s). Each nodule was examined.

Scans covered the arterial phase (10-4(
portal venous phase (45-90 s), delayed
sinusoidal phase (100 s to micro-bubble
disappearance).

Images were reviewed independently by
Radiologists with 2-8 years experience
liver imaging, who were blinded to
clinical history, biopsy results and other
imaging results.

priew 40 cm.

es
Un-enhanced CT, followed by CECT.
Contrast-enhanced imaging performed

) after 2 ml/kg intravenous bolus iodinate
contrast, lomeron 400 (Bracco, ltaly); 4
mg iodine per ml, 5 ml/s, followed by 50
ml saline flush. The arterial phase startg
18 s after threshold was reached, porta

y venous phase 70-80 s after start of
ncontrast injection, and delayed
equilibrium phase 180-210 s after start
contrast injection.

Images were reviewed in the same way
for CEUS.

8s

DO

2d

as

Sangiovani 2013"°%

iU22 system (Philips Ultrasound, USA),
using a multi-frequency 2-5 MHz conve
transducer, for both baseline grey-scal¢
ultrasound of the upper abdomen and
CEUS.

CEUS was carried out after administrati
of 2.4 ml bolus injection SonoVue®
(Bracco, Italy), followed by a 10 ml salin
flush; Low mechanical index (<0.1).

Scans covered the entire vascular phas|
min): arterial phase (0-35 s), portal phas
(35-120 s), late phase (120-180 s).

64-MDCT Definition (Siemens, Erlangel
Germany).

Technical parameters: 2.5 mm slice
thickness; rotation time 0.5 s.

omhe contrast agent used was 1.5 mg/kg
iodinated medium lomeron 400 (Bracco
dtaly), injected at a rate of 4 ml/s.

Acquisition time, from the start of
ed@ntrast injection was 40 s for arterial
sgohase, 80 s for portal venous phase, an

180 s for delayed phase.

nHistology following FNB using a 21-
gauge trenchant needle, carried out witl
2 months of detection of nodule.

Formalin-fixed paraffin-embedded liver
sections were examined by an
@xperienced liver pathologist who was
, unaware of the results of clinical and
imaging examinations.

Benign FLL were followed up by
imaging: by US every 3 and by CT/MRI
devery 6 months.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

Examinations were interpreted by two
expert echographists who were unawar
of biopsy results.

Images were interpreted by one
cexperienced radiologist who was unawa
of biopsy results.

MRI performed with a 1.5T system
(Avanto, Siemens Medical Systems,
Erlangen, Germany). All patients
underwent transverse T1-weighted and
T2-weighted MRI and multi-phasic 3D
CEMRI of the whole liver, with fat
suppression.

Dynamic MRI was performed with a 3
dimensional volumetric interpolated
breath hold examination sequence in th
axial plane by using the following
parameters 4.7/2.3, 10 degree flip angle

320x157 matrix, slice thickness of 3 mm.

The contrast agent used was gadoliniun
(gadopentate dimeglutamine 0.5 mmol/
Multihance, Bracco, Italy) injected at
0.2ml/kg and 2ml/s. Arterial, portal
venous and delayed venous phases
acquired at 30 s, 80 s and 180 s from th
start of contrast injection.

Images were interpreted by one
experienced radiologist who was unawg

of biopsy results.
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

Seitz 2008

The US device used was not specified
(different "high end’ US devices and
different contrast software)

CEUS was conducted after administrati
of a 1.2 to 4.8 ml intravenous bolus of
SonoVue (Bracco, Milan Italy), followed
by a 10 ml saline flush. The dose could
doubled or a second dose could be give
Low mechanical index (<0.4).

Imaging lasted up to 5 min: Arterial pha
(5-25 sec), portal venous phase (25-60
sec) and late phase (>120 sec).

For patients with multiple lesions, the
dominant lesion was analyzed; where
lesions had different sonomorphology in
the late phase each lesion was analyse
separately with additional contrast medi
injection.

US was performed by physicians with

more than 5 years experience, at least 2

years experience with CEUS in liver
tumours:CEUS was performed up to 4
weeks prior to CT examinatioihe
definitive CEUS diagnosis was made at
the time of the US examination by the
physician performing it. The US

The SCT device used was not specified

Single- or multi-slice CT collimation and
reconstructed slice thickness at least
oBmm, the liver SCT examination

performed as a three-phasic-SCT: nativ,
scan application of 140 ml of iodinated
beontrast media (non-ionic various
rvendors, iodine concentration > 300

mg/ml; flow > 3ml/sec). Two additional
sacans, early phase (25 — 30 sec), late
phase (60-90 sec)

All reporting radiologists had access to
the patients’ clinical information

N

investigator was not blinded to the resul
of the preceding CT in 8 cases.

ts

. Subgroup A: final diagnosis was achiev
by SCT or proven clinical data including
follow-up.

Subgroup B: diagnosis was based on U
eguided FNB.

S
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

Seitz 2018

The US device used was not specified
(different "high end US devices and
different contrast software)

CEUS was conducted after administrati
of a 1.2 to 4.8 ml intravenous bolus of
SonoVue (Bracco, Milan Italy), followed
by a 10 ml saline flush. The dose could
doubled or a second dose could be give
Low mechanical index (<0.4).

Imaging lasted up to 5 min: Arterial pha
(5-25 sec), portal venous phase (25-60
sec) and late phase (>120 sec).

If multiple lesions, those suspicious for
malignancy or if benign the largest lesig
was analyzed. Where lesions had with
different sonomorphology in the late
phase each lesion was analysed separg
with additional contrast media injection.

US was performed by physicians with
more than 5 years experience, at least }
years experience with CEUS in liver
tumours:CEUS was performed up to 4
weeks prior to MRI examinatioithe
definitive CEUS diagnosis was made at
the time of the US examination by the
physician performing it.

The MRI device used was not specified
MRI device with minimum of 1.5 Tesla

T1-weighted localizer. T2 TSE axial. 3D
DiTFE dynamics breath hold native, arteri
portal venous using gadolinium DTPA

(Prohance 15 ml, Gadoteridol 78.61
beag/ml), 5-8 mm slice thickness).
rResovist contrast used in 88/269 MRI

studies.
5e

itely

N

Subgroup A: final diagnosis was made |
MRI, proven clinical data and follow- up
for > 6 months.

alSubgroup B: diagnosis was based on U
guided FNB.

Dy

S

Solbiati 2006
(abstract only)

CEUS was performed with contrast

Triphasic, helical CECT.

Where CEUS and CECT results were

specific software (CPS, Acuson-Siemer

Sa

concordant, this was treated as a correq

—*
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Study ID

SonoVue® CEUS details

Comparator test(s)atails

Reference standard details

and CnTI, Esaote) after bolus injection 0fNo further details were reported.

2.4 ml SonoVue® (Bracco, ltaly); low
mechanical index.

No details of interpretation were reported.

diagnosis which did not require further
confirmation (EASL and AASLD
guidelines for non-invasive diagnosis).

Where there was a discordant result FNB

was used as the reference standard.

No details of who made the diagnosis
were reported.

Zhou 2007’
Chinese language

Acuson Sequoia 512 (Siemens), with a
2.5-6.0 MHz probe.

CEUS was carried out after administrati
of 2.4 ml bolus injection SonoVue®

(Bracco, Italy), followed by a 5 ml saling

flush; low mechanical index (0.15 to
0.21).

Arterial phase 30 s, portal venous phas
60 s, late phase 180 s.

Imaging carried out within 1 week after
treatment. No details of who interpreted
images were reported.

Somatom balance (Siemens)

lodinated contrast medium (350 mg/ml
oilodine, Omnipaque, iohexol) was used.

Arterial phase 30 s, portal venous phas
60 s, late phase 180 s.

Imaging carried out within 1 week after
o treatment. No details of who interpreted
images were reported.

Imaging positive results were confirmed

by US-guided FNB.

Imaging negative results were confirme
by follow-up imaging at 3 months.

No details of who made the diagnosis
were reported.

AASLD: American Association for the Study of Liv@®iseases; CECT: contrast-enhanced computed tomogr&EMRI: contrast-enhanced magnet

resonance imaging; CEUS: contrast-enhanced ultnalsddTPA:diethylene triamine pentaacetic acid; EASL: Eur@pAasociation for the Study of Live

FLL: focal liver lesion; FNB: fine-needle biopsy;IMCT: multi-detector computed tomography; MRI: magneesonance imaging; NA: not applicab

RFA: radiofrequency ablation; SCT: spiral computmdography; TFE: turbo field echo; TSE: turbo spitno; US: un-enhanced ultrasound

c
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Inclusion/exclusion criteria and participant chaeaistics of included studies:

Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics
number)
Blondin 33 patients, Patients with liver cirrhosis,| Known malignancy. Mean age 63 + 11 years
2011 47 lesions (per identified from a radiology 25 male/8 female
lesion data) database, who had received Chronic liver disease 33 (15 due to viral
MRI of the liver with hepatitis; 13 due to alcohol abuse; 1 due to
Primovist and CEUS with haemochromatosis; 4 unknown reason,
Sonovué€ with no more than therefore classified as cryptogen)
4 weeks in between each Mean nodule size not specified
examination. Histology of Final diagnosis: HCC 41; 6 RN
the FLL had to be
performed.
Catala 213 patients Adult (>18 yearspatients Patients whavere pregnant, or | Mean age 62 + 11 years
20073 assessed for with FLLs detected on US. | nursing. 45 male/32 female
inclusion, 77 Chronic liver disease 53
patients with 77 Only FLLs evaluated with an Mean nodule size 352.2 cm
FLLs enrolled. For | interval of no more than one Final diagnosis: HCC 45; Metastases 12;
patients with month between CEUS and haemangioma 10; FNH 8
multiple FLLs, the | SCT were included.
histologically
confirmed or largest Malignant FLL were only
lesion was selected. included if confirmed by
pathology.
Chen 179 patients Patients with HCC who were 14 Patients who were not suitableintervention (CEUS) Comparator (US)
2007° originally recruited | being assessed for RFA. for RFA were excluded from the| n=92 n=87
related (intervention CEUS| Patients were allocated analyses. Mean age 67.5 years 66.9 years
publicatiorf | 92, comparator US| alternately to intervention Male/female 59/33 52/35
! 87). 165 patients | and comparator groups. TNM stage II/11l 55 51
who were suitable Child-Pugh A 67 65
for RFA Mean tumour size 3.6+1.1 3.5¢1.1cm
(intervention CEUS Mean tumour n 1.6+0.7 1.7+0.7
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Study ID

Participant
number)

Inclusion criteria

Exclusion criteria

Participant c haracteristics

83, comparator US
82) were included
in the analyses.

CECTn81
CEMRINn 11

74
13

5

4

Clevert 100 consecutive Patients with suspected liver Exclusion criteria: tumour lesion| Mean age 57 years (range 25 to 83)
2009° patients with malignancy, whose liver >5 c¢m, number of lesions >5; 57 male/43 female
suspected could be visualised strong allergic reactions; liver or| Final diagnosis (by patient): liver metastase
malignant liver completely by ultrasound | kidney disease with confirmed | 52 (primary tumour site: colon 43, breast 5,
lesions (maximum | examination. elevation of laboratory neuroendocrine 2, renal 2); HCC 7;
5 lesions per parameters; acute heart failure; | haemangioma 15; FNH 7; complicated cyst
patient). 21 patients acute myocardial infarction; abscess 2; focal fatty degeneration 12
were excluded from subcutaneous emphysema;
the CT analysis, 8 meteorism; tachypnea; aerobilia
because they did
not undergo CT ang
13 because CT
imaging was
inconclusive.
Dai 2008° | 498 patients with | Patients with confirmed NR Mean age 59 years (range 35 to 80)
cirrhosis assessed | cirrhosis and indeterminate 59 male/13 female
for inclusion hepatic nodules on US. Cirrhosis,without extra-hepatic malignancies
72 patients with 72
indeterminate Previous treatment for HCC 9
hepatic nodules Elevated AFP 9
included. Mean nodule size 150.3 cm
103 FLLs enrolled. Final diagnosis (by nodule): HCC 56; RN 47}
Feng 2007 | 23 patients with 26| NR NR Mean age 57 years (range 45 to 68)
Chinese malignant lesions 20 male/3 female
language undergoing Initial diagnosis: HCC 21 (23 lesions); M 2
cryosurgery. lesions)

Mean tumour size 31.5 mm (range 16.7 mn

1 to
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Study ID

Participant
number)

Inclusion criteria

Exclusion criteria

Participant c haracteristics

42.6 mm)
Final diagnosis(by lesion): complete treatmg
response 21; recurrence 5

2Nt

al

Flor 2010° | 18 patients with NR NR Mean age 65 years
(abstract known primary 6 male/12 female
only) cancer and Primary cancer: colon 8; breast 3; lung 2;
indeterminate liver pancreas 2; kidney 1; pleura 1; tongue 1.
lesions (n=26) Final diagnosis: metastases 5; cysts 11; fog
detected at MDCT. steatosis 2; haemangioma 2; intra-hepatic
All lesions were biliary tract 1; CT artifacts 5.
<1.5cm.
Forner 89 patients with Patients with cirrhosis Patients with poor liver function | Median age 65 years (range 37 to 83)
2008° cirrhosis and a (Child-Pugh class A or B) | who would undergo 53 male/36 female
single new FLL and no history of HCC, in | transplantation regardless of HGCCirrhosis 89
detected at whom a new solid nodule (5-diagnosis. Median AST 81 Ul/l (range 25 to 322)
screening. 20 mm) was detected on US$. Median ALT 70 Ul (range 16 to 537)
Patients with significant co- Median prothrombin ratio 78.5% (range 35
morbidities. 100)
Median bilirubin 1 mg/dl (range 0.3 to 4.1)
Patients with severe clotting Median baseline AFP 8 ng/mli(range 1 to
alterations or contraindications fpr1154)
CEUS, CEMRI, or fine needle Median nodule size 14 mm (7-20 mm)
biopsy. Final diagnosis: HCC 60; CCC 1; RN 24;
haemangioma 3; FNH 1
Gierblinski | 100 patients with | Patients with incidentally Patients with current or previous| No details of age and sex of patients report
2008* 100 incidentally detected FLL referred for | neoplastic disease. Final diagnosis: HCC 9; metastases 14;

detected FLLs, wha
were referred for
liver biopsy.

biopsy following
inconclusive US and/or CT,
which had suggested the

possibility of malignancy.

Patients with lesions with featurediver 11; focal steatosis 10; adenoma 1;

characteristic of haemangioma.

haemangioma 34; FNH 19; skip area in fatt

dysplatic nodule 1; hyper-regenerative nodt

e

1
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Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics
number)
Patients in whom biopsy was not
possible.
Giorgio 73 patients with Patients with cirrhosis and a Patients with heart disease Mean age 63 years (range 40 to 84)
2007° cirrhosis and a single liver nodule<30mm (because of rare AE reported for 49 male/24 female
single FLL detected detected on US. SonoVue®). Cirrhosis 73 (HCV-associated 65, alcoholic
at surveillance US. alcoholic and HCV-associated 2, HBV-
associated 3)
Child-Pugh class A 46, Child-Pugh class B
AFP <20 ng/ml 73
Final diagnosis: HCC 48; RN 8; dysplastic
nodule 4; focal steatosis 6; haemangioma 4;
metastases 1; non-Hodgkin's lymphoma 1;
FNH 1
Jonas 20 patients CRC | Patients with CRC liver Patients with concomitant No details on primary disease, age and sex
2011° and 48 liver lesions, metastases who underwent| resectable extra-hepatic diseasg patients reported.
(abstract complete pre-operative and previous hepatobiliary Mean size of metastases 24 mm (range 8 t(
only) work-up and could be surgery, other than mm).
rendered tumour-free by a | cholecystectomy. All patients had CRC and metastasis was tl
single-stage surgical only diagnosis reported.
intervention.
Leoni 60 patients with Adult patients (>18 years) | Previous treatment of nodules | Mean age 65 years (range 40 to 83)
2010° cirrhosis and 75 with cirrhosis and 1 to 3 liverinclude in the study 52 male/8 female

FLLs (28 newly
detected and 32
recurrent).

nodules between 1 and 3 cif
which were visible on US.

n,

Contra-indications to imaging,
allergy to contrast agent,
claustrophobia, or magnetic or
metallic devices in the body.

Neoplastic portal thrombosis or

extra-hepatic metastases.

HCV 33

HBV 18

HCV and HBV 1

History of heavy alcohol intake 6
Cryptogenetic 2

Child-Pugh class A/B/C 40/18/2
Bilirubin 1.9+2.2 mg/dl

Median AFP 11 ng/ml (range 2 to 2849)
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Study ID

Participant
number)

Inclusion criteria

Exclusion criteria

Participant c haracteristics

AST 96+78 Ul
ALT 8257 U/

¥-GT 97172 Ul

Alkaline phosphatise 305+119 U/I

Final diagnosis (by lesion): HCC 55; not HQ
20

C

cC

=

Li 2007 109 patients with | Patients with FLLs, Not specified. Mean age 49 + 12 years (range I®)&'2
incidentally examined by US and un- Male/37 female
detected FLLs, one| enhanced CT. Mean nodule size 2.9 + 1.3 cm (range 0.9 t
FLL assessed per 12.8 cm)
patient. For patients Final diagnosis: HCC 61; metastases 15; C
with multiple FLLs, 5; haemangioma 12; RN 5; FNH 3; adenom
the largest and most 3; focal necrosis 4; angiomyolipoma 1
conspicuous lesion
on US was selected.
Lattich 15 patients with NR NR No details reported.
2006 HCC who were
(abstract being treated by
only) RFA.
Mainenti 34 patients with Patients with histologically | Patients who refused to No patient had cirrhosis or had received
20107 CRC and 57 liver | proven CRC, who were participate in the study. previous radio- or chemotherapy.
lesions. scheduled for surgery. Mean age 63 years (range 29 to 81)
Patients with known 20 male/14 female
contraindications to one of the | Metastatic lesion size: 3 to 80 mm
examinations. Final diagnosis (by lesion): metastases 16;
haemangioma 11; cysts 29; focal fatty liver
Quaia 180 patients with | Patients with a definite Nodules with peripheral Cirrhosis 180 (HBV 85, HCV 52, HBV and
2009* cirrhosis and 195 | diagnosis of cirrhosis (Childr enhancement at CECT were HCV 3, alcohol abuse 40)

nodules detected o

nPugh class A or B) and at

surveillance US

least one hepatocellular

excluded due to high probability
of haemangioma diagnosis.

106 included patients:
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Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics
number)
were initially nodule identified on Mean age 70 + 7 years
recruited (up to two| surveillance US. Selection afNodules were excluded because 68 male/38 female
nodules per nodules was based on the | of a lack of histological diagnosis Mean nodule size: 1.9 cm = 1.1 (range 1-3

patient). 106
patients with 121
nodules finally
included.

largest diameter and best
visualisation.

Only those nodules3 cm
that underwent biopsy after
CT corresponding to noduleg
not characterised by the
Barcelona criteria (noduke?
cm or nodule >2 cm with
hypervascularity during the
arterial phase without
hypovascularity during the
portal venous phase, or with
isovascularity during the
arterial phase and
hypovascularity during the
portal phase, or
hypovascularity in all
phases) were included in th
study.

(n=60), technical inadequacy of
CT (n=10), inadequacy of CEUS
examination (n=4)

n

11

cm).

Final diagnosis (by nodule): HCC 72;
dysplastic nodule 10; RN 15; haemangiom3
12; other benign 3; pseudotumour 9

Sangiovani
20 1(?2,#908

64 patients with
cirrhosis and
abnormal US
findings on
surveillance were
originally included,

67 liver nodules. 55

Patients with compensated
cirrhosis (Child-Pugh A or
B) who were under
surveillance with US and ha
a new liver nodule detected

Patients with a pre-existing liver
nodule.

dPatients with poor liver function
(Child-Pugh C) indicating liver
transplantation regardless of HG

64 patients:

Mean age 65 years (44-80)

47 male/17 female

Child-Pugh A 63
CChild-Pugh B 1

status.

HBV 10
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Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics
number)
small nodules (1-2 HCV 40
cm) were included Patients with an echo-coarse US Alcohol abuse 4
in the analysis. 10 pattern without a well defined Median AFP 11 ng/ml (range 1-2156)
were >2 cm; and 2 nodule. AFP >200 ng/ml 3
were <1 cm. All Final diagnosis (by nodule for 1-2 cm
nodules >2 cm nodules): HCC 34; CCC 1, low grade
could be correctly dysplastic nodule 3; RN 17
diagnosed by at
least one imaging
modality.

Seitz 200% | 267 patients with | Patients with newly detectedl Patients with specific liver lesionsSubgroup A + B (not specified by subgroup

incidentally
detected FLLs:

subgroup A
(suspected benign
lesion): 109
patients,

111 FLL

subgroup B
(suspected
malignant lesion):
158 patients

158 FLL. For
patients with
multiple FLLs, the
dominant lesion
(most suspicious fo

=

malignancy or

FLL on US

diagnosed by typical US
echomorphology such as cysts (¢
haemangiomas in a nonsteatotiq
liver without clinical signs and
symptoms as wells as malignant
tumours with infiltration into
hepatic vessels.

Patients who were critically ill or
suffered from pulmonary
hypertension or unstable angina
as well as pregnant and nursing
women.

Mean age 60.3 years (21 — 89)

r121 male/146 female

Final diagnosis (subgroup A): HCC 7;
metastases 7; haemangioma 48; FNH 31; f
sparing lesion 5; abscess 4; cyst 3; un-defin
6

Final diagnosis (subgroup B): HCC 40;
metastases 56; haemangioma 9; FNH 14;
adenoma 2; lymphoma 3; fatty sparing lesig
6; other benign 14; other malignant 10; un-
defined 4

U7
~—
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Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics
number)
largest) was
analysed.
Seitz 2018 | 269 patients with | Patients with newly detected Patients with typical findings of | Subgroup A:
incidentally FLL on US. simple cysts, hyper-echoic Mean age 49.9 years (range 16 to 82)
detected FLLs (one haemangioma in a non-steatotic| 58 male/127 female
lesion per patient). liver, or fatty sparing lesions Final diagnosis: metastases 3; haemangion
For patients with without clinical signs and 122; FNH 43; fatty sparing lesion 2; absces
multiple FLLs, the symptoms and patients with 1; cyst 4; echinincoccus 2; other benign les
dominant lesion malignant tumours infiltrating 2; un-defined 5; drop-outs 5
(most suspicious for hepatic vessels.
malignancy or Subgroup B:
largest) was Mean age 59.6 years (range 28 to 82)
analysed. 53 male/31 female
Final diagnosis: HCC 29; CCC 2; metastasg
Subgroup A 22; haemangioma 8; FNH 5; liver adenoma
(suspected benign fatty sparing lesion 3; abscess 2; necrosis/g
lesion): 185 3; cyst 2; haemangioendothelioma 1;
angiosarcoma 1; angiomyolipoma 1; RN 1;
Subgroup B peliosis 1; un-defined 2
(suspected
malignant lesion):
84
Solbiati 686 patients with | NR NR No details of age and sex of patients were
2006 694 incidentally reported.
(abstract detected FLLs
only) Final diagnosis: HCC 275; metastases 214;
CCC 6; haemangioma 167; FNH11; adenor
4; cyst 3; pseudolesion 13
Zhou 56 patients with 64| Patients with HCC who werg NR Mean age 42+13.8 years (range 21 to 68)
2007° HCC lesions, who | undergoing non-surgical 40 male/16 female
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Study ID Participant Inclusion criteria Exclusion criteria Participant c haracteristics

number)
Chinese were undergoing | treatment Mean lesion diameter 3.4+1.6 cm (range 1.
language non-surgical to 8.0)

treatment Treatment: TACE 4; PEI 8; PMCT 11; RFA

5; TACE+PEI 4; TACE+PMCT 3;
PEI+PMCT 11; PEI+PMAT+PMCT 10

AFP: alpha-fetoprotein; ALT: alanine aminotransggAST: aspartate aminotransrefase; CCC: cholaagimoma; CEUS: contrast enhanced

ultrasound; CRC: colorectal cancer; FLL: focal filesions; FNH: focal nodular hyperplas@a{GT: gamma glutamyltransferase; HBV: hepatitis B
virus; HCC: hepatocellular carcinoma; HCV: hepattli virus; MDCT: multi-detector computed tomograpRiR: not reported; PEI: percutaneous
ethanol injection; PMAT: percutaneous microwaveatibh therapy; PMCT: percutaneous microwave coaignldherapy; RFA: radiofrequency

ablation; RN: regenerative nodule; SCT: spiral coted tomography; TACE: transarterial chemoembabsaif NM: Tumour lymphNode Metastasis
US: standard un-enhanced ultrasound

OJ
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Appendix 5: Table of excluded studies with rationa

The following is a list of studies excluded at til paper screening stage of the review,
along with the primary reason for their exclusidor, simplicity, studies were assigned a
single reason for exclusion, however, many stuthded more than one inclusion criteria.
Studies listed in submissions from the manufactofeBonoVué& are labelled ‘M’. Studies
provided in submissions from manufacturers thateel solely to clinical applications outside
the scope of the current assessment (i.e. anattmy than liver) are not listed.

The reasons for study exclusion are coded as fellow

population — The study did not consider characterizationooff liver lesions (incidentally
detected by un-enhanced US, or detected by swawedl US in patients with cirrhosis),
detection of liver metastases in patients with kmogvimary tumours, or assessment of
response to treatment/recurrence in patients wigh tancer.

index test— The study did not assess the effectiveness &fS0fsing SonoVife

Comparator — The study did not compare the effectiveness dff€fEsing SonoVifewith
CEMRI and/or CECT

reference standard— For test accuracy studies, the study did nothistelogy following
biopsy or surgical excision, or clinical/radiologidollow-up for a minimum of six months
for patients who had a negative index test re§ult.studies on the characterisation of FLLs
only (suspected HCC), the EASL/AASLD non-invasiviagihostic criteria (two concordant
imaging test results) were also considered an séablepreference standard.

outcomes— The study did not report any of the outcomes spgetiin section 4.1, OR, for
diagnostic test accuracy studies, insufficient detee reported to allow the construction of 2
x2 contingency tables (numbers of TP, FN, FP, aNdeEt results).

study design— The study design was not one of those specifiestation 4.1, OR the study
included <10 participants in the relevant patieougs.

duplicate — The study was a duplicate publication.

authors contacted —The study did not report sufficient information faclusion assessment
and authors were contacted for additional inforargtbut no response was received.

[1] Albrecht T, Hohmann J, Oldenburg A, Skrok J, MM&J. Detection and characterisation
of liver metastaseg&ur Radiol2004;14:P25-P33. reference standard

[2] Andreano A, Meneghel E, Bovo G, Ippolito D, dahi A, Filice C, et al. Contrast-
enhanced ultrasound in planning thermal ablation ligér metastases: Should the
hypervascular halo be included in the ablation n@@J Ultrasound2010;13(4):158-163. —
outcomes
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Appendix 6: NICE guidance relevant to the treatmentof liver malignancies

Cryotherapy for the treatment of metastases. NIQ@Erventional procedure guidance 369
(2010). Available from
http://guidance.nice.org.uk/IPG369

Ex-vivo hepatic resection and reimplantation feeticancer. NICE interventional procedure
guidance 298 (2009). Available from
http://guidance.nice.org.uk/IPG298

Laparoscopic liver resection. NICE interventionedgedure guidance 135 (2005). Available
from
http://guidance.nice.org.uk/IPG135

Microwave ablation for the treatment of liver méts®s. NICE interventional procedure
guidance 406 (2011). Available from
http://guidance.nice.org.uk/IPG406

Microwave ablation of hepatocellular carcinoma. CHEIlinterventional procedure guidance
214 (2007). Available from
http://guidance.nice.org.uk/IPG214

Radiofrequency ablation of hepatocellular carcinonICE interventional procedure
guidance 2 (2003). Available from
http://guidance.nice.org.uk/IPG2

Radiofrequency-assisted liver resection. NICE wdational procedure guidance 211 (2007).
Available from
http://guidance.nice.org.uk/IPG211

Selective internal radiation therapy for non-reablg colorectal metastases in the liver.
NICE interventional procedure guidance 401 (20A¥ailable from
http://guidance.nice.org.uk/IPG401
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Appendix 7: PRISMA check list

Section/topic # Checklist item Reported on page #
TITLE
Title 1| Identify the report as a systematic revieveta-analysis, or both. pg 1
ABSTRACT
Structured summary P Provide a structured suminafyding, as applicable: background; objectivesadsources; study pg 1 and pg 13 to 22
eligibility criteria, participants, and interventis; study appraisal and synthesis methods; resutitations;
conclusions and implications of key findings; sysatic review registration number.
INTRODUCTION
Rationale 3 Describe the rationale for the reviiethe context of what is already known. Sectiah pg 24-25 and section
3.3, pg 28
Objectives 4 Provide an explicit statement of tjoes being addressed with reference to particgpanterventions, pg 23
comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and registration 5 Indicate if a revienstpcol exists, if and where it can be accesseyl, (&/eb address), and, if available, | PROSPERO
provide registration information including registoa number. CRD42011001694
http://www.crd.york.ac.uk/prosper
NICE
http://guidance.nice.org.uk/DT/6
Eligibility criteria 6 | Specify study characterisdi(e.g., PICOS, length of follow-up) and reporreltteristics (e.g., years Section 4.1, pg 34 to 36
considered, language, publication status) useditesia for eligibility, giving rationale.
Information sources T Describe all informationres (e.g., databases with dates of coverage,atonité study authors to Section 4.2, pg 36 to 38
identify additional studies) in the search and diasé searched.
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Section/topic # Checklist item Reported on page #

Search 8 Present full electronic search strateggtfleast one database, including any limits usech that it could | Appendix 1
be repeated.
Study selection 9 State the process for selestingjes (i.e., screening, eligibility, includedsiystematic review, and, if Section 4.3, pg 38 to 39
applicable, included in the meta-analysis).
Data collection process 10 Describe method of datieaction from reports (e.g., piloted forms, ipdedently, in duplicate) and any | Section 4.3, pg 38 to 39
processes for obtaining and confirming data fronestigators.
Data items 11 List and define all variables foichidata were sought (e.g., PICOS, funding souraed)any assumptions Section 4.3, pg 39
and simplifications made.
Risk of bias in individual 12 | Describe methods used for assessing risk ofdfiemslividual studies (including specificationwhether this| Section 4.4, pg 40
studies was done at the study or outcome level), and hisitformation is to be used in any data synthesis.
Summary measures 13 State the principal summaagumes (e.g., risk ratio, difference in means). ctiSe 4.5, pg 40 to 41
Synthesis of results 14 Describe the methods mdlliey data and combining results of studies, ieldncluding measures of Section 4.5, pg 40 to 41

consistency (e.g.lfor each meta-analysis.

Risk of bias across studies 15 Specify any assssof risk of bias that may affect the cumulagwédence (e.g., publication bias, NA
selective reporting within studies).
Additional analyses 16 Describe methods of additi@nalyses (e.g., sensitivity or subgroup analyseta-regression), if done, | NA
indicating which were pre-specified.
RESULTS
Study selection 17 Give numbers of studies scikaassessed for eligibility, and included in théews, with reasons for Section 4.6 pg 41 to 43, Figure 3
exclusions at each stage, ideally with a flow daagr 44 and Appendix 5
Study characteristics 18 For each study, preswaracteristics for which data were extracted (stgdy size, PICOS, follow-up Appendix 4
period) and provide the citations.
Risk of bias within studies 1P Present data dnafdias of each study and, if available, any ouate level assessment (see item 12). Appendix Jahte 11, pg 89
Results of individual studieg 20 For all outcornensidered (benefits or harms), present, for eaatys(a) simple summary data for each| Section 4.6, Tables 4,6,8,10 and 12

intervention group (b) effect estimates and comfadeintervals, ideally with a forest plot.
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Synthesis of results

1 Present results of each-aralysis done, including confidence intervald areasures of consistency.

Section 4.6.3 pg 76-mndes 4
and 5 pg 84

Risk of bias across studies

22 Present resulisyphssessment of risk of bias across studiedtésnel 5).

NA

Additional analysis

23 Give results of additionahlyses, if done (e.g., sensitivity or subgrouglyses, meta-regression [see Ite

16)).
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DISCUSSION

Summary of evidence

4 Summarize the main findingsiding the strength of evidence for each maittome; consider their
relevance to key groups (e.g., healthcare providmsess, and policy makers).

Section 6.1.1, pg 147 to 150

Limitations 25| Discuss limitations at study andomme level (e.g., risk of bias), and at reviewelefe.g., incomplete Sections 6.2 and 6.3, pg 151 to 160
retrieval of identified research, reporting bias).

Conclusions 26 Provide a general interpretatiothefresults in the context of other evidence, ismglications for future Section 7, pg 161 to 162
research.

FUNDING

Funding 27| Describe sources of funding for theesystic review and other support (e.g., supplyaiéyi role of fundersg pg 1

for the systematic review.
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