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1. Original objective of guidance

To assess the clinical and cost effectiveness of Virtual Touch Quantification to
diagnose and monitor liver fibrosis in chronic hepatitis B and C.

2. Current guidance recommendations

2.1 The case for adopting Virtual Touch Quantification (VTq) software to
diagnose and monitor liver fibrosis is supported by the evidence. VTq is as
accurate as transient elastography in diagnosing and staging liver fibrosis,
and may offer other benefits in terms of imaging the liver and sampling
selected areas to assess fibrosis and identify associated pathologies. By
avoiding liver biopsies, it may also benefit people whose liver fibrosis needs
monitoring. Cost savings through adopting VTq will be greater in hospitals in
which liver biopsy is the primary method for diagnosing and monitoring liver
fibrosis.

2.2 VTq should be considered as an option for people with chronic hepatitis B
or C who need assessment of liver fibrosis.

2.3 Cost modelling suggests that using VTq is cost saving compared with
transient elastography and liver biopsy, whether or not a compatible Siemens
ultrasound machine needs to be purchased. Compared with transient
elastography, the estimated overall cost saving for VTq is around £53 per
person. This saving assumes that 10% of the ultrasound machine capacity
would be used for VTq measurements, leaving 90% to be applied to other
uses. Compared with liver biopsy, the corresponding saving is around £434
per person.

3. Methods of review

Information was obtained from the Guidance Information Service (gIS)
literature search (search strategy in Appendix C); national and international
guidelines; handsearching of reference lists of review articles, information
from the company and the views of national experts. References are listed in
Appendix D. The following table provides the Final Scope produced by NICE
which guided the search and inclusion and exclusion criteria.

Table 1: Final Scope

Population Virtual Touch Quantification is intended for use in
adults or children with chronic hepatitis B or C in
whom assessment of liver fibrosis is indicated.



https://www.nice.org.uk/guidance/mtg27/documents/virtual-touch-quantification-to-diagnose-and-monitor-liver-fibrosis-final-scope2

Intervention

The Virtual Touch Quantification (VTq) software
application used with the Siemens Virtual Touch
Tissue Imaging systems (the Acuson S2000 or S3000
ultrasound platforms)

Comparator(s)

e Transient elastography (TE)
e Liver biopsy

Outcomes

The outcome measures to consider include:

e Correlation in assessment of stage of liver
disease

e Sensitivity and specificity (using AUROC?) in
assessment of liver fibrosis

e Correlation in assessment of stage of fibrosis
using Metavir score**

e Use of anti-viral drugs

e Quality of life measures

e Hospital bed usage and length of stay

e Requirement for liver biopsy

e Device-related adverse events

Cost analysis

The cost analysis should include both transient
elastography and liver biopsy as comparators
depending on whether either or both of these
represent standard care in the relevant patient
population. The use in both primary and secondary
care settings should be considered.

Scenarios considered in the model should include
settings where there is a compatible Siemens
ultrasound machine and those without.

Costs will be considered from an NHS and personal
social services perspective.

The time horizon for the cost analysis will be
sufficiently long to reflect any differences in costs and
consequences between the technologies being
compared, for example ongoing fibrosis monitoring.

Sensitivity analysis will be undertaken to address
uncertainties in the model parameters, which will
include scenarios in which different numbers and
combinations of devices are needed.

Subgroups to be
considered

None




Special None
considerations,
including those
related to equality

* AUROC = area under receiver operating characteristic curve

[Note: liver biopsy is considered to be the gold standard for assessing liver
fibrosis for both hepatitis B and C. Histological assessment uses the
METAVIR score (unless otherwise stated), based on an assessment of
fibrosis and the degree of liver architecture disorganisation, and classifies the
severity of liver disease from none (FO0), through mild, moderate and severe
(F1-F3), to cirrhosis (F4) (www.nice.org.uk/guidance/mtg27). Important
distinctions are identifying people a) with moderate (F2) or greater fibrosis
(F=2), or b) with cirrhosis (F=4) (www.nice.org.uk/guidance/mtg27).]

One reviewer sifted the titles and abstracts and data extracted the included
studies. A second reviewer was available to resolve uncertainties on the
selection of specific papers and checked a sample of the data extraction
tables. Data extracted included study details (e.g. country), participant details
(number, diagnosis, age, gender), intervention and reference standard’
(biopsy or TE), and outcomes relating to diagnostic accuracy. Where the
required outcomes were not reported, they were calculated if possible from
the data provided.

Patients with a diagnosis of hepatitis B, hepatitis C, or mixed populations,
were evaluated separately. The numbers of participants in each fibrosis stage,
cut-off values used, true and false positives and negatives, sensitivity,
specificity, positive and negative predictive values, AUROC and diagnostic
odds ratio (DOR) of the test from the various studies were tabulated.
Sensitivity and specificity were shown graphically using forest plots? and
AUROC curves. Additional analyses were conducted to calculate pooled
sensitivity and specificity values and assess the heterogeneity between
studies.

4. New evidence

4.1 Changes in technology

The technology is still available in the NHS.

" The best available method for identifying patients that have the target condition.
2 Forest plots are graphs that display sensitivity, specificity, TP, FP, FN and TN


http://www.nice.org.uk/guidance/mtg27
http://www.nice.org.uk/guidance/mtg27

The company notes that there is a new ultrasound system model ACUSON
Sequoia, which has an identical function to VTq on the ACUSON S2000 and
ACUSON S3000 ultrasound systems. The function is referred to as point
shear wave elastography (pSWE).

Two new technologies used for quantitative liver elastography have been
added to the ACUSON Sequoia system. These are a deep abdominal
transducer (DAX) which extends the depth range of shear wave measurement
from 8 cm to 12 cm, for high body mass index (BMI) subjects and two-
dimensional shear wave elastography (SWE) which provides a two-
dimensional colour coded map of tissue stiffness in kilopascal (kPa) or shear
wave velocity, in meters per second (m/s).

The company has added VTq to the ACUSON Juniper system for liver
indications. This system has a lower cost than the ACUSON S2000 and
ACUSON S3000.

A new system, the ACUSON Redwood, will be released shortly. It will support
liver assessment using pSWE technology.

The company has not proposed an expansion to the scope, but has stated
that the technology is being used in conditions other than Hepatitis B and C,
including non-alcoholic fatty liver disease (NAFLD), portal hypertension, risk
of oesophageal varices, breast lesions and the evaluation of thyroid nodules
and Hashimoto’s thyroiditis.

The company also advises that interpreting the results of a VTq test are a
matter for clinical judgement by specialists, taking into account results of other
tests and the clinical context. The company noted reference studies can be
provided. It added that a paper by Barr et al., 2015 set out a consensus
statement by the Society of Radiologists in Ultrasound Consensus. This
suggests cut-offs of 1.2 m/s for F2 and 2.2 m/s for F4.

The clinical experts noted the NICE advice on the VTq technology was useful,
adding that it can be used in other aspects of hepatological care for
assessment of fibrosis in pre-and post- transplant and all liver diseases. One
expert noted VTq can be used in other clinical indications such as breast,
thyroid and musculoskeletal disorders. He added it can also be used by
trained staff in primary and secondary care if the circumstances are correct
and the technology is available.

The experts agreed the technology is easy to use by trained personnel and
reliable. One expert noted that the equipment has to be calibrated and
requires to be stored. Another is concerned about the variation of readings



depending on manufacturer and a slight discrepancy between results offered
in kilopascal (kPA) and those in meters per second (m/s).

4.1.1. Adverse events

The MHRA website (http://www.mhra.gov.uk/index.htm) and the MAUDE
database section of the FDA medical devices website
(http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Database
s/default.htm) were searched on 01/09/2019 for information on VTQ, VTIQ or
“Virtual Touch Quantification”; no relevant results were found.

The company also advised no adverse events have been reported for VTq.

4.2. Changes in care pathways

Virtual Touch Quantification is intended for use in adults and children in whom
assessment of liver fibrosis is indicated. This evaluation is concerned only
with people with chronic hepatitis B or C.

The NICE pathways are Hepatitis B and Hepatitis B and C testing.

NICE Hepatitis B (chronic) clinical pathway indicates that assessment of
hepatitis B is usually in primary care where blood tests are undertaken; all
patients who are hepatitis B surface antigen (HBsAg) positive should be
referred to a hepatologist, gastroenterologist or infectious disease specialist
with an interest in hepatology (children to a similar paediatric specialist in a
secondary or tertiary centre).

In secondary or tertiary care patients are provided with information on disease
progress, long term prognosis, HBV transmission and antiviral treatment
options. Adult patients are then offered TE as an initial test for chronic liver
disease. Transient elastography (for example, FibroScan) is a non-invasive
method of assessing liver fibrosis by measuring liver stiffness based on a
mechanical wave generated by vibration. Children, young people and their
parents or carers are offered liver biopsy to determine the need for anti-viral
therapy, with appropriate information on biopsy limitations and risks.

Hepatitis B (chronic; NICE clinical guideline 165) recommends:

e TE as the initial test for chronic liver disease, offering antiviral
treatment (without a liver biopsy) to patients with a transient
elastography score 211 kPa.

e Considering liver biopsy in patients with a transient elastography score
between 6 and 10 kPa.


http://www.mhra.gov.uk/index.htm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfMAUDE/search.CFM
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Databases/default.htm
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Databases/default.htm
https://pathways.nice.org.uk/pathways/hepatitis-b-chronic
https://pathways.nice.org.uk/pathways/hepatitis-b-and-c-testing#path=view%3A/pathways/hepatitis-b-and-c-testing/hepatitis-b-and-c-testing-overview.xml&content=view-index

e Offering liver biopsy to patients with a TE score < 6 kPa if they are <30
years and have HBV DNA >2000 IU/ml and abnormal ALT on 2
consecutive tests conducted months apart.

¢ Annual reassessment of patients who are not taking antiviral treatment.

NICE is developing a quality standard on hepatitis C with publication date to
be confirmed. Patients who are hepatitis C RNA positive on a blood test are
referred to a hepatology clinic. The degree of fibrosis is assessed and
treatment options are discussed depending on specific patient
contraindications and degree of liver disease.

Liver biopsy is considered the gold standard for assessing liver fibrosis for
both hepatitis B and C. Histological assessment uses the METAVIR score,
based on an assessment of fibrosis and the degree of liver architecture
disorganisation and classifies the severity of liver disease from none (grade
FO) through mild, moderate, severe to cirrhosis (grade F4).

Two experts have noted that there has been no change to the care pathway
since the guidance was published. One expert suggested that VTq technology
will be used increasingly in follow up and another expert noted that it offered a
good model for centres planning to start a programme from scratch.

4.3.Results from MTEP MTG review

There were no research recommendations in MTG27.

4.4. New studies

Details of the search results are shown in the PRISMA diagram in Appendix
B. Reasons for exclusion of studies are also reported in Appendix B.

Details of the new studies are tabulated in Appendix B and summaries of the
diagnostic test accuracy outcomes are provided below for patients with
hepatitis C, hepatitis B, or mixed populations.

Fifteen of the papers evaluated VTq in adults with hepatitis C only (of which
one was a systematic review including a further 6 studies), 4 in adults with
hepatitis B only, 2 in mixed populations of hepatitis B and C (shown
separately) and 1 in mixed hepatitis B and C (analysed together). Five studies
compared VTq with transient elastography and 17 compared VTq with liver
biopsy. Optimal cut-off values for VTq measurements were calculated to
classify fibrosis stages by METAVIR score. Most studies describe VTq as


https://www.nice.org.uk/guidance/proposed/gid-qs10126

acoustic radiation force impulse (ARFI) imaging carried out on a Siemens
Acuson S2000 ultrasound machine.

While reporting diagnostic test accuracy parameters, of note, no studies
reported outcomes such as use of anti-viral drugs, hospital bed usage, length
of stay or quality of life; all outcomes listed in the Final Scope.

Hepatitis C

Our searches for this update (run in July 2019) were from inception of the
databases. We included 17 studies (Alem 2019, Bota 2015, Elhosary 2016,
Friedrich-Rust 2015, Frulio 2014, Gandy 2016, Joo 2015, LazAr 2018, Lopez
2018, Lupusoru 2016, Nierhoff 2013, Nishimura 2016, Paranagua-Vezozzo
2017, Ragazzo 2017, Sporea 2016, Tai 2015, Tsukano 2018) from our
searches providing cross-sectional data comparing the number of patients
identified as having significant fibrosis (F=2) by the VTq method versus a
reference standard (usually liver biopsy, unless stated otherwise). The earliest
systematic review identified was published in 2013 (Nierhoff 2013) included 6
relevant studies of patients with hepatitis C and used liver biopsy as the gold
standard (Fierbinteanu-Braticevici 2009, Lupsor 2009, Song 2010,
Fierbinteanu-Braticevici 2011, Rizzo 2011, Sporea 2011b). Three studies, all
set in Romania, included overlapping populations (Fierbinteanu-Braticevici
[2009,] n=74; Lupsor [2009], n = 112 and Sporea [2011b] n = 543). Hence the
two smaller studies were removed from the analysis.

The diagnostic accuracy data (as reported in the papers or calculated) for the
remaining studies and subsequent studies are shown below in Table 2 for the
outcome of F=2 and Table 3 for F=4. Full details of the studies are shown in
Appendix B. Eight studies did not provide sufficient information to enable their
use in a meta-analyses. These are highlighted with grey shading in both
Tables. Hence 12 studies were included in the meta-analyses.



Table 2. Diagnostic accuracy parameters for diagnosis of F22 in patients
with hepatitis C.

Hep C Fibrosis stage (n) For F22
diagnosed by biopsy

Study FO | F1 | F2 | F3 | F4 | Cut- TP | FP | F T [SenSpePP NP lAUR DO
off N N s e vV VvV |0OC R
(mis)t (%) (%) [(%6) (%)

Song N N N N N NA N N N N [NA [NA [NA NA [0.89 NA

2010 A |A A |A |A A [A |A |A

Fierbintea | N N N N N NA N N N N INA [NA [NA NA [0.97 NA

nu- A A A |A |A A A |A |A

Braticevici

2011

Rizzo 13 |39 |33 |24 |30 |1.31m/ |70 |16 | 17 | 36 {81 |70 [81.4/67.90.86 [9.95

2011 s

Sporea 54 |17 |14 {13 |17 | 1.29m/ | 33 |46 | 12 | 18 |72 |80 [87.859.00.81 |10.2

2011b 8 8 9 2 s 0 9 6 9

Alem 70 |36 |26 | 18 | 60 | 1.36 84 | 13 | 20 | 93 [80.6/87.5[86.4{82.0/0.89 [29.0

2019** 4 0 0 8 1 m/s 5 3 4 1

Bota 2015 | 7 12 | 58 | 39 | 16 | 1.35 55 | 4 44 | 14 [55.6[77.893.224.1NA 4.4
m/s

Elhosary 0 25 |28 |29 |10 | 1.32m/ | 12 | 2 41 | 23 90.9 75.00.727 [34.8

2016 8 s 4 75.0 90.9

Friedrich- | 28 | 63 | 30 | 19 | 42 | 1.435 59 |9 32 | 82 164.8/90.1186.7]71.9(0.81 [16.8

Rust 2015 m/s 4 1 B B3

Frulio 0 31 |7 2 6 1.34m/ | 12 | 8 3 23 180.0[74.260.0[88.5NA  [11.5

2014* s

Gandy N N N N N NA N N N N INA [NA NA NA NA NA

2016 A |A |[A |A |A A |A |A |A

Joo 2015 |7 26 |29 [ 19 | 20 | 1.335 66 | 10 | 2 23 0.853 [75.9
m/s 83.8[75.887.7169.4

LazAr N N N N N NA N N N N [NA [NA NA NA NA NA

2018** A |A A |A |A A |A |A |A

Lopez 0 34 |19 |10 | 26 | 1.43m/ | 44 | 8 11 | 26 80.0[76.584.6[70.3NA [13.0

2018** s

Lupusoru | N N N N N NA N N N N [NA [NA NA NA NA NA

2016 A |A A |A |A A [A |A |A

Nishimura | N N N N N NA N N N N [NA INA NA [NA NA |NA

2016 A |A A |A |A A |A |A |A

Paranagu | 5 33 120 |12 | 11 | 1.22 34 |11 |9 27 |78 [70 |85.558.4/0.770 9.3

a- m/s 1

Vezozzo

2017

Ragazzo 8 43 | 31 | 23 | 2 1.22m/ | N N N N 64 69 67 |67 [0.67 [NA

2017 s A [A |A |A

Sporea N N N N N NA N N N N [NA [NA NA NA NA NA

2016 A |A |[A |A |A A |A |A |A

Tai 2015 0 33 129 | 4 17 | 1.39 N N N N [76.578.8NA NA [NA NA
m/s. A A |A |A

Tsukano 0 10 | 93 |62 | 39 | 1.33 14 | 22 | 47 | 86 (76 |80 |87.0/64.70.822 12.2

2018 8 m/s 7

NA Not available
TOf note, differing manufacturers have different cut-offs for shear wave velocities for the
various stages of liver disease; practitioners are advised to refer to individual manufacturers’

reference ranges (SCoR/BMUS 2019). Also, VTq values should be interpreted taking into

account results of other tests and the clinical context (MTG27).
* Reference standard: The presence of cirrhosis was evaluated in all patients histologically
(not all had biopsy) and from imaging, clinical and biological results included small nodular
and irregular livers with increased echogenicity and/or a significant reduction in Doppler flow
in the portal circulation on ultrasound, CT, or MRI.
** Reference standard = TE.




Descriptive statistics for the data set include the sensitivity and specificity of
the primary studies and also their DOR. Sensitivity and specificity are
presented in forest plots including 95% confidence intervals.

Forest plot Forest plot
1.41mis ] 0.69[0.46, 0.86] 1.41mis - 0.80 [0.69, 0.88]
1 59m/s ! 084[077,088] 1 59m/s el 0.80 [0 76,083
1665mis — 083[063,094] 1 665mis — 075[0865,083]
1.755mis —a— 073[059,084] 1.755mis - 090 [0 84, 0.94]
1.77mis s 0.96[0.70, 1.00] 1.77mis [ 0.85[0.75,0.92]
1.7mis L] 0.91[0.88,0.93] 1.7mis L 0.90[0.89, 0.92]
1 80m/s —ay 0.93[056, 099] 1 80m/s e 094 [0 82, 098]
1.87mis [ 0.83[058,095] 1 87mis —a— 083[075,089]
1.8mis - 0.95[0.89, 0.98] 1.8mis i 0.99 [0.94, 1.00]
1.92m/s —= 0.89[0.75, 0.95] 1.92m/s = 0.79[0.74,0.83]
2.05mis e 0.72[0.53, 0.86] 2.05mis —= 0.93[0.84,0.97]
2 11mis e 0.82[066,092] 2 11mis —a 0.86[0.78,091]
046 073 100 065 082 1.00
Sensifivity Specificity
Cut-Off DOR 2.5% 97.5%
1.22m/s 9.27 3.36 25.60
1.29m/s 10.34 7.06 15.15
1.31m/s 9.27 4.20 20.46
1.32m/s 34.78 7.86 153.93
1.335m/s 75.90 15.47 372.43
1.33m/s 12.23 6.90 21.66
1.34m/s 11.50 2.57 51.50
1.35m/s 4.38 1.35 14.24
1.36m/s 29.00 22.87 36.77
1.435m/s 16.80 7.46 37.83
1.43m/s 13.00 4.63 36.48

In addition, a crosshair plot with arbitrary colouring is provided to visualise the
data. Paired lines show the corresponding 95% confidence intervals for



sensitivity and false positive rate (1-specificity). Crosshairs are weighted, with
wider lines indicating increased sample size.
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A y? test was used to assess the heterogeneity of sensitivities and
specificities. Both test suggest statistical heterogeneity is significant ( y? =
64.1208,p < 0.01 and y? = 40.4868, p<0.01 respectively). It is likely that
heterogeneity is due to difference in cut-off values.

Finally, a bivariate model (mixed effects) was used to pool the studies. This
provided a mean value for sensitivity and false positive rate. A SROC plot for
this model is shown.

SROC Curve (Bivariate Model)
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To summarise, the bivariate model calculates a pooled estimate for sensitivity
of 77% and a specificity of 80%. This suggest good estimate accuracy with
the summary AUC reaching 0.853.

Data reported from all studies for F=4 are reported in Table 3, with the shaded
studies excluded from the meta-analyses due to data limitations.

Table 3. Diagnostic accuracy parameters for diagnosis of F=4 in patients
with hepatitis C.

Hep C Fibrosis stage (n) For F=4
diagnosed by biopsy
Study FO | F1 | F2 | F3 | F4 | Cut-off | TP | FP | F | TN |Sen/SpePP NP /AUR DO
(m/s)t N s c VvV [V |OC R
(%) (%) (%) (%)
Song N N N N N NA N N N | NA [NA [NA [NA INA [0.94 |NA
2010 A |A |A |A |A A A |A
Fierbintea | N N N N N NA N N N | NA [NA [NA NA NA NA NA
nu- A |A |A |A |A A |A |A
Braticevic
i 2011
Rizzo 13 |39 |33 |24 |30 |211m/s |25 |15 |5 |94 (83 [86 [62. [94. 0.89 [29.
2011 5 9 99
Sporea 54 |17 |14 |13 | 17 | 1.59m/s | 14 | 10 | 2 | 415 |84 80 [58. [93. |0.85 |21
2011b 8 8 9 2 4 4 8 17
Alem 70 |36 |26 |18 |60 [ 1.7m/s |54 |14 | 5 | 136 [90. 90. [78. [96. [0.95 [92.
2019** 4 0 0 8 1 6 7 5 6 9 B B 2
Bota 7 12 |58 |39 |16 | 1.87m/s |12 | 17 | 2 | 86 [85. |83. 41. [97. NA [30.
2015 7 5 4 B 4
Elhosary | 0 25 |28 |29 | 10 | 1.8m/s 10 |0 5 |82 100 40. |0.989 NA
2016 8 3 95. 10010
7
Friedrich- | 28 | 63 | 30 | 19 | 42 | 1.755m/ | 31 | 14 | 1 126 [73. [90. 68. [91. [0.89 [25.
Rust s 1 81 00 [89 |97 4
2015
Frulio 0 3117 2 6 1.80m/s | 6 2 0 | 38 [100(95. [75. 100 NA |NA
2014* 0 [0
Gandy N N N N |26 | 1.89m/s | N N N | NA [NA [NA [NA NA NA NA
2016 A |A |A |A A |A |A
Joo 2015 |7 26 |29 |19 | 20 | 1.665 17 |20 | 3 | 61 0.828 |17.
85. [69. 40. [94. 3
m/s o 1 5 P9
LazAr N N N N N NA N N N | NA [NA [NA NA NA NA NA
2018** A |A |A A |A A |A |A
Lopez 0 34 |19 |10 | 26 | 2.05m/s | 19 | 4 7 | 59 [73.]93. 82. 89. NA {40.
2018** 1 |7 b 4 0
Lupusoru | N N N N N NA N N N | NA [NA NA NA NA NA |NA
2016 A |A |A A |A A |A |A
Nishimura | N N N N N NA N N N | NA [NA [NA NA NA NA NA
2016 A |A |A A |A A |A |A
Paranagu | 5 33120 (12 |11 | 1.77m/s |11 | 10 | 0 | 60 [100(85. [77. [100(0.918 [NA
a- 7 5 8
Vezozzo
2017
Ragazzo | 8 43 |31 | 23 | 2 2.37m/s | N N N | NA (10094 40 [100(0.96 [NA
2017 A |A |A
Sporea N N N N N 1.81m/s | N N N | NA [NA [NA NA NA NA NA
2016 A |A |A |A |A A |A |A
Tai 2015 0 33129 |4 17 | 1.41m/s |12 |13 | 5 | 53 |[70. 80. 48. 91. NA 9.8
6 3 0 4
Tsukano 0 10 |93 |62 |39 [192m/s | 35 | 55 | 4 | 208 [90. |84. [38. [98. [0.890 [33.
2018 8 0 0o 9P n 1




TOf note, differing manufacturers have different cut-offs for shear wave velocities for the
various stages of liver disease; practitioners are advised to refer to individual manufacturers
reference ranges (SCoR/BMUS 2019). Also, VTq values should be interpreted taking into
account results of other tests and the clinical context (MTG27).

* Reference standard: The presence of cirrhosis was evaluated in all patients histologically
(not all had biopsy) and from imaging, clinical and biological results included small nodular
and irregular livers with increased echogenicity and/or a significant reduction in Doppler flow
in the portal circulation on ultrasound, CT, or MRI.

** Reference standard = TE.

’

Descriptive statistics for a data set include the sensitivity and specificity of the
primary studies and also their DOR. Sensitivity and specificity are presented
in forest plots including 95% confidence intervals.

Forest plot Forest plot
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In addition, a crosshair plot with arbitrary colouring was used to visual the
data. Paired lines show the corresponding 95% confidence intervals for
sensitivity and false positive rate (1-specificity). Crosshairs are weighted, with
wider lines indicating increased sample size.
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A y? test was used to assess the heterogeneity of sensitivities and
specificities. Both test suggest statistical heterogeneity is significant ( y? =
36.5273,p < 0.01 and y? = 81.5477, p<0.01 respectively). ltis likely that
heterogeneity is due to difference in cut-off values.

Finally, a bivariate model (mixed effects) was used to pool the studies. This
provided a mean value for sensitivity and false positive rate. A SROC plot for
this model is shown.

SROC Curve (Bivariate Model)

e - o Fay
N
A
Fit
w0 ]
(=}
L2 N

w
= o
=
E=
C
h =

o

i & Data

o 7] o Summary Estimate

Sensitivity = 0.847 [0.788, 0.892]
— SROC False Positive Rate = 0.146 [0.113, 0.186]
g | —— 85% Confidence Interval AUC =0853
T T T T T T
0.0 0.2 04 06 0.8 1.0

False Positive Rate



To summarise, the bivariate model calculates a pooled estimate for sensitivity
of 85% and a specificity of 85%. This suggests good estimate accuracy with
the summary AUC reaching 0.853.

Evidence from other studies comparing VTq versus liver biopsy or TE have
shown high predictive accuracy of VTq in the detection of cirrhosis (F4) in
hepatitis C, with AUROC >80%, although some of these studies did not
present data to allow 2 x 2 tables to be constructed (Friedrich-Rust 2015,
Gandy 2016, Ragazzo 2017, Sporea 2016).

Gandy 2016 included 96 patients with HCV infection, and examined cut-offs
for F=4 in group 1) all 96 cases, including 20 patients with co-pathology (HBV,
NAFLD, or ALD); group 2) 76 cases with HCV only; and group 3) the 84 cases
who had simultaneous biopsy. Cirrhosis was present in 26, 20 and 14 in
groups 1, 2 and 3, respectively. Predictive accuracy for Metavir F4 using the
reference threshold of 1.75 m/sec was 90%, 92% and 88% in groups 1, 2 and
3, respectively, while a cutoff of 1.89 achieved accuracies of 93%, 96% and
92%, respectively.

Ragazzo 2017 conducted a prospective study of 107 treatment-naive patients
chronically infected with HCV, of whom 51 had VTq. The authors reported an
AUROC of 0.67 at a cut-off of 1.22m/s for F=2 and an AUROC of 0.96 at a
cut-off of 2.37m/s for F=4.

Sporea 2016 conducted a prospective study of 40 consecutive patients
diagnosed with HCV liver cirrhosis, and found that at a cut-off of 1.81 m/s,
97% of subjects were correctly classified by TE and 97% by VTQ.

Performance for intermediate fibrosis stages and F2 exclusion is less
consistent between techniques and across trials (Sherman 2017), although
still with AUROC above 67% for VTq (Nishimura 2016, Ragazzo 2017).

In a cross-sectional study involving a total of 1210 patients with chronic liver
disease, data were presented for the subgroups of patients with chronic
hepatitis B and C separately (n not stated) (Nishimura 2016). The AUC for
patients with hepatitis C for F3-4 (advanced fibrosis) was 0.806.

The following studies did not report the AUROC, but reported other measures
of the accuracy of VTq for the diagnosis of fibrosis or cirrhosis.

In a retrospective study published only as an abstract (LazAr 2018), involving
102 patients with hepatitis C virus (HCV) compensated liver cirrhosis, TE
performed significantly better than VTQ (correctly diagnosing 92.1% versus
79.4% of patients against a “gold standard” of a diagnosis of cirrhosis based
on clinical, biological, and ultrasound criteria rather than biopsy, p = 0.04).



In a prospective study of 100 consecutive patients diagnosed with HCV liver
cirrhosis, TE elastography had 94.6% accuracy in diagnosing cirrhosis,
compared with pSWE (VTq) 79.3% (p=0.06) (Lupusoru 2016).

One study (Lopez 2018), set in a Spanish tertiary hospital, reported on costs
for the assessment of liver fibrosis using TE on all patients (current practice)
or selecting some patients to have ARFI (VTq) instead of TE. In this study, the
authors identified patients in whom the TE and ARFI would likely give
concordant results (based on viral load, left liver lobe size and spleen size).
Ultrasound normal spleen size (odds ratio [OR], 0.20; 95% CI 0.05-0.91) and
high viral load (OR, 0.36; 95% CI 0.17— 0.77) reduced the probability of
agreement between TE and ARFI, whereas ultrasound normal left liver lobe
size (OR, 3.32; 95% ClI, 1.21-9.10) increased this probability. The authors
then proposed an algorithm for the assessment of patients. The proposed
algorithm starts with the liver ultrasound, as this step is included in the routine
evaluation of patients with chronic hepatitis C as screening for hepatocellular
carcinoma and portal hypertension. Patients with a probability of concordance
of 20.70 (47.2% of the sample in this study) would be investigated only with
VTq during the ultrasound, while those with a probability <0.70 (the remaining
52.8%) would go on to have TE after the ultrasound. The assessment of LF
resulted in a higher cost per patient for TE (€556.93) than for ARFI (€327.93).
The incremental cost-effectiveness ratio of TE compared with ARFI to
increase concordance by 1% was €8.86. Application of the algorithm
generated savings of €108,067 per cohort of 1000 patients. The savings
generated by the algorithm would make it possible to study 241 patients more
per 1000 patients than when only TE is used.

The summary estimates for diagnostic testing of hepatitis C indicates that
diagnostic testing for F = 4 is more accurate than for F>=2; however, the
confidence intervals overlap (sensitivity: F=2: 76.6% [95% CI 70.1%—82.0%];
F=4:84.7% [78.8%—89.2%]; false positive rate: F>2: 19.7% [95% CI 15.2%—
25.3%)]; F=4: 14.6% [95% CI 11.3%—-18.6%]).
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Hepatitis B

We included six studies (Cano 2014, Dong 2015, Dong 2016, Nishimura
2016, Su 2018, Tai 2015) providing cross-sectional data comparing the
number of patients identified as having fibrosis by the VTq method versus a
reference standard (usually liver biopsy, unless stated to be TE).

A meta-analysis (published only as an abstract) in patients with hepatitis B
included 4 studies and a total of 476 patients (Cano 2014). The included
studies were not listed in the abstract. VTq had a pooled sensitivity of 67%
(95% CI 0.62 to 0.73; P = 0.000) and pooled specificity of 87% (95% CI 0.82
to 0.92; P = 0.4793). The ROC showed a significant diagnostic value of ARFI
in assessing liver fibrosis with an AUC of 0.9359.

Five subsequent studies were included.

A cross-sectional study (Dong 2015) involved 81 consecutive patients with
chronic hepatitis B (CHB) in China, tested with the SEQUIOA512 color
ultrasound diagnostic system (Siemens).

In a cross-sectional study involving a total of 1210 patients with chronic liver
disease, data were presented for the subgroups of patients with chronic
hepatitis B and C (n not stated) (Nishimura 2016). The AUC for patients with
hepatitis B for F3-4 (advanced fibrosis) was 0.695.

In a prospective study involving 206 patients with chronic hepatitis B and 40
healthy volunteers, there was a high correlation between the staging of ARFI
and the hepatic histology, with correlation coefficient 0.845 (95% CI 0.805-
0.877; p< 0.001) (Dong 2016).

In a retrospective cohort study (Su 2018) of 559 patients with chronic hepatitis
B, Pearson correlation showed that the VTq value increased significantly by
Metavir fibrosis score (p for trend < 0.001).

Tai 2015 conducted a cross-sectional study involving 121 patients with
chronic hepatitis B and 83 with chronic hepatitis C. The 2 x 2 tables could be
calculated for F=4 for hepatitis B and C separately. Exclusion of F2 fibrosis
may be more accurate when inflammation is less active (Sherman 2017), e.g.
the correlation between ARFI and METAVIR fibrosis scores improved after
excluding patients with ALT levels =5 times the upper limit of normal (Tai
2015).

The diagnostic accuracy parameters of these studies are summarised in
Table 4 for F=2 and Table 5 for F=4, and full study details are in Appendix B.
Those excluded due to data limitations are shaded grey.



Table 4. Diagnostic accuracy parameters for diagnosis of F22 in patients

with hepatitis B.

Hep B Fibrosis stage (n) For F22
diagnosed by biopsy
Study FO | F1 | F2 | F3 | F4 | Cut-off TP | FP | FN | TN [SensSpecPPVINPVAUROCDOR
(mls) (%) (%)

Cano NA | NA | NA [ NA | NA | NA NA | NA | NA | NA 67 87 |NA |NA [0.9359 NA
2014

Dong 9 25 |25 |16 | 6 1.295m/s | 39 |12 | 8 22 182.9 [65.0 [76.5[73.3[0.762 |8.94
2015

Dong 40 |41 |52 |59 |54 | 1.29m/s | 138 | 8 27 | 73 |83.6 90.1 |94.5[73.0[0.91  46.6
2016

Nishimura | NA | NA | NA | NA | NA | NA NA | NA | NA | NA NA NA |NA NA |NA NA
2016

Su 2018* | NA | NA | NA | NA | NA | NA NA | NA | NA | NA INA |INA NA |INA INA NA
Tai2015 | 4 29 {36 |9 43 | 117m/s | NA | NA | NA | NA [76.6 [79.3 NA [NA |0.857 |NA

** Reference standard = TE.

Descriptive statistics for a data set include the sensitivity and specificity of the
primary studies and also their DOR. Sensitivity and specificity are presented
in forest plots including 95% confidence intervals. Analyses are limited by the

small number of studies.

Forest plot Forest plot
1295m/s  ———=—6:83[0.70,0.91] 1295m/s  ——=— 065[048,079]
1.29mis —=—§.84[0.77,0.89] 1.29m/s &80 [0.82, 0.95]
070 086 048 083
Sensitivity Specificity
Cut-Off DOR 2.5% 97.5%
1.295m/s 8.937 3.171 25.187
1.29m/s 46.639 20.167 107.860

A crosshair plot with arbitrary colouring was used to visual the data. Paired
lines show the corresponding 95% confidence intervals for sensitivity and
false positive rate (1-specificity). Crosshairs are weighted, with wider lines

indicating increased sample size.
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In the presence of between-study heterogeneity, especially with unbalanced
study sizes, caution is needed in applying meta-analytical methods to few
studies (Seide 2019), so SROC analysis was not conducted.

Table 5. Diagnostic accuracy parameters for diagnosis of F=4 in patients
with hepatitis B.

Hep B Fibrosis stage (n) For F=4
diagnosed by biopsy
Study FO |F1 | F2 | F3 | F4 | Cut-off | TP | FP | FN | TN [Sens/SpecPPVINPVAUROCDOR
(mls) (%) (%)

Cano NA | NA [ NA [ NA | NA | NA NA | NA | NA [ NA NA |[NA INA NA [NA NA
2014

Dong 9 25 |25 |16 | 6 1.835/s | 4 11 |2 64 [66.7 |85.5 [26.7/97.000.723 [11.6
2015

Dong 40 [ 41 |52 |59 |54 | 162m/s |49 |15 |5 177 90.7 [92.2 [76.097.210.96 [115.6
2016

Nishimura | NA | NA | NA [ NA | NA | NA NA | NA | NA [ NA NA |[NA INA [NA [NA NA
2016

Su2018** | NA [ NA | NA | NA [ NA | NA NA | NA | NA [ NA NA |INA INA INA INA NA
Tai2015 | 4 29 [36 |9 43 | 1.35m/s | 27 | 23 | 16 | 55 2.8 [70.5 54 [77.5/0.707 14.03

** Reference standard = TE.

Descriptive statistics for a data set include the sensitivity and specificity of the
primary studies and also their DOR. Sensitivity and specificity are presented

in forest plots including 95% confidence intervals.
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Mixed population of hepatitis B and C

We included one study (Jain 2016) providing cross-sectional data comparing
the number of patients identified as having significant fibrosis (F=2) or
cirrhosis (F=4) by the VTq method versus liver biopsy as the reference
standard. (Note Nishimura 2016 and Tai 2015 included patients with hepatitis
B or C but reported results separately, so these studies are included
separately in both of the above two sections, not here.) This cross-sectional
study in India involved 69 patients, mean age 34.7 years, 49 (71%) male, of
whom 51 (74%) had HCV infection, 16 (23%) had HBV infection and 2 (3%)
had combined HBV and HCV infection (Jain 2016). Diagnostic accuracy was
assessed versus liver biopsy using the Ishak scoring system which comprises
a seven-point (FO-F6) scale. ARFI liver propagation velocity was positively
correlated to histology with Spearman’s correlation coefficient rho = 0.789
(p<0.0001). Thus the mean shear-wave velocity (SWV) showed an increasing
trend with increasing grade of fibrosis. The parameters are shown in Table 6
for F=2 and Table 7 for F=4. These are not shown graphically as there was
only one study.

Table 6. Diagnostic accuracy parameters for diagnosis of F22 in patients
with hepatitis B or C.

Hep B | Fibrosis stage (n) F22
orC diagnosed by biopsy
Study | FO | F1 | F2 | F3 | F4 [Cut- TP |[FP |FN [TN [Sens/Spec|PPV NPV AUROCDOR
off (%) (%) (%) (%)
(m/s)
Jain 13 |29 |6 |5 12 1.34721 |7 2 35 91.3 83.7 [75 [95 |NA 52.5
2016 m/s

Table 7. Diagnostic accuracy parameters for diagnosis of F=4 in patients
with hepatitis B or C.

Hep B | Fibrosis stage (n) F=

orC diagnosed by biopsy

Study |FO |F1 | F2 | F3 | F4 Cut- TP |FP [FN [TN [Sens{Spec|PPV NPV AUROCDOR
off (%) |(%)
(m/s)

Jain 13 2916 |5 1219211 2 1 51 [91.7 96.2 85 98 [NA 280.5

2016 m/s

Children

As noted in the NICE guidelines on the assessment and management of non-
alcoholic fatty liver disease (NAFLD; NG49), few non-invasive techniques to




diagnose advanced liver fibrosis have been assessed in children and young
people (NICE 2016). We found no studies in children and young people that
had been published in the database searches. We found one completed study
in clinicaltrials.gov that involved children (NCT01781208) which reported
study results on that website but was not linked to any publications.

Limitations

The main limitation with this review is that studies were only included if the
publication stated the technology was “VT’ or ‘virtual touch’, in line with the
Scope. However, there is a risk that some studies using this technology were
excluded because the software was described using different terms.

4.5.0ngoing trials

The Clinical trials.gov (http://clinicaltrials.gov/ct2/home), WHO International
Clinical Trial Registry Platform (ICTRP): (covering a number of registries)
(http://apps.who.int/trialsearch/) and the ISRCTN website
(http://www.isrctn.com/) were searched between 28/06/2019 — 12/07/2019,
and the following completed and ongoing trials were found. Details are
reported in Appendix B.

In one study of VTq in children (n=62) undergoing liver biopsy for known or
suspected non-neoplastic liver disease (not stated to be hepatitis;
NCT01781208), VTq was correlated with liver fibrosis score (correlation
oefficient r-0.68). This study was stated to be completed but was not linked to
any publications.

One study in Taiwan (NCT01268865) was designed to examine the
correlation between VTq and fibrosis stage in HBV or HCV-infected patients;
recruitment status was stated to be unknown and no results were posted.

4.6.Changes in costs

The manufacturer advises that as of October 1st 2019 all VTq and pSWE
software systems will cost [JJJJl] excluding VAT. The VTq functionality is
provided on the ACUSON S2000 and the S3000 and pSWE functionality on
the ACUSON Sequoia. This is slightly lower than the price charged when the
NICE guidance was developed | Il

The VTq software has also been added to the ACUSON Juniper, for liver
indications. The price of VTq on this system is slightly lower being | Gz
excluding VAT. The same price applied when the NICE guidance was
developed.


https://clinicaltrials.gov/ct2/show/NCT01781208
http://clinicaltrials.gov/ct2/home
http://apps.who.int/trialsearch/
http://www.isrctn.com/
https://clinicaltrials.gov/ct2/show/NCT01781208
https://clinicaltrials.gov/ct2/show/NCT01268865?term=virtual+touch+quantification&rank=3

A new system, the ACUSON Redwood, will support liver assessment using
pSWE technology. It is due to be launched later this month and until then no
prices are available. The company advises it would like this system to form
part any updates to the NICE guidance.

The annual maintenance costs and cost of a 1-year warranty and 4 years fully
comprehensive contract, all exclusive of VAT are:

« AcusoN s2000, I
o ACUSON Juniper, | IR
e ACUSON S3000 AND ACUSON Sequoia |Gz

These are the same as those adopted in the cost model informing the NICE
guidance.

Hence the VTq costs have not materially changed from those used in the cost
model.

4.7.0ther relevant information

Across thirty-seven NHS organisations ACUSON S2000, S3000 or Sequoia
are being used.

Expert advice was received from 4 clinical experts. All 4 experts have
experience using the technology. One expert noted that the technology can
be used for other clinical indications (e.g. assessment of breast lesion
stiffness or thyroid nodules) if made available in primary and secondary care.
The expert also noted that VTq reduces the need for liver biopsy, is a useful
tool in non-invasive assessment of liver disease and is more reliable and cost-
effective when compared with fibroscan and transient elastography. A clinical
expert noted the presence of variations in measurements across
manufacturers and the need for the bench marking of multivendor information.
The expert also stated that there is a slight discrepancy between results
presented in kPa and those in m/s. One expert suggested using the ARFI
(VTq) technology for patients who have spurious results from Fibroscan or if
they have contraindications in its use.

The company reported that since the guidance, the technology has been
explored in other etiologies of liver disease beyond Hepatitis B and C,
including NAFLD and evaluation of portal hypertension and risk of
oesophageal varices as indicated by spleen stiffness measurement. Two-
dimensional SWE (VTIQ on the S2000 and S3000), has been studied in
evaluation of breast lesions as complementary to BI-RADS for BI_RADS 3
and 4 lesions, to potentially reduce the number of negative biopsies. In
Thyroid applications, there is new evidence that VTIQ can add further
characterize thyroid nodules and Hashimoto’s thyroiditis. The technology has



also been studied in lymph nodes for likelihood of malignancy based on
increased stiffness above a certain level.

5. Conclusion

Twenty-two papers were included. Fifteen of the papers evaluated VTq in
adults with hepatitis C only (of which one was a systematic review that
included a further 4 usable studies), 4 in adults with hepatitis B only, 2 in
mixed populations of hepatitis B and C (shown separately) and 1 in mixed
hepatitis B and C (analysed together). For hepatitis C, analyses for F=2
yielded a pooled estimate for sensitivity of 77% and a specificity of 80%,
suggesting good estimate accuracy with the summary AUC reaching 0.853.
For F=4, the pooled estimate for sensitivity was 85% and specificity 85%,
suggesting good estimate accuracy with the summary AUC being 0.853.

The evidence is more limited for hepatitis B. We included one meta-analysis
(published only as an abstract) which included 4 studies and a total of 476
patients and found a pooled sensitivity of 67% (95% CI 0.62 to 0.73) and
pooled specificity of 87% (95% CI 0.82 to 0.92). The ROC showed a
significant diagnostic value of ARFI in assessing liver fibrosis with an AUC of
0.9359. We found five subsequent studies but only two had data that could be
pooled for F=2. The sensitivity, specificity and DOR for the two studies were
82.9% and 65.0%; 83.6% and 90.1%; and 8.94 and 46.6, respectively. Three
studies had data for F=4. The sensitivity was 66.7%, 90.7% and 62.8%,
respectively; specificity was 85.5%, 92.2% and 70.5%, respectively; and DOR
was 11.6, 115.6 and 4.03, respectively. Due to the between-study
heterogeneity, especially with unbalanced study sizes, SROC analysis was
not conducted.

There was significant heterogeneity between studies, which used a variety of
cut-off values to define the different thresholds between the fibrosis stages. Of
note, guidelines state that differing manufacturers have different cut-offs for
shear wave velocities for the various stages of liver disease; practitioners are
advised to refer to individual manufacturers’ reference ranges (SCoR/BMUS
2019). Also, VTq values should be interpreted taking into account results of
other tests and the clinical context (MTG27 and Barr, 2015). These
conclusions are in line with the previous guidance.

The additional studies identified in this update provide more robust data for
sensitivity and specificity of VTq that could be used in an updated cost-
effectiveness model. As shown in Table 8, for hepatitis C, the differences
between the updated values and values used in the original model are
relatively minor. No updated pooled data are available for hepatitis B because
of data limitations. The range of values reported in the studies included in this



evidence update for sensitivity and specificity are wide and their implications
for modelling difficult to predict.

Table 8. Comparison of original and updated measures of accuracy by
disease

Disease Sensitivity Specificity
Update Original Update Original
Hep C F22 77% 79% 80% 79%
Hep C F=4 85% 85% 85% 82%
Hep C F22 83% to 84% 79% 65% to 90% 87%
Hep C F=4 63% to 91% 93% 71% to 92% 77%

In terms of costs, the company advises that the initial purchase price and
maintenance costs have been aligned across several models. However, these
are essentially the same as those adopted in the cost model informing the
NICE guidance.

Only one study was identified, in patients co-infected with HIV and hepatitis C
(Lopez 2018). This study identified an algorithm in which patients whose
fibrosis could be identified by VTq just as accurately as if they had a TE would
only have the VTq during their ultrasound (which they would be having
anyway) and hence omit the TE test. Transient elastography would be
reserved for those patients in whom TE would be more accurate than VTq.
This study may have relevant data to update the cost effectiveness model.



Appendix A — Relevant guidance

NICE guidance — published

Other

Virtual Touch Quantification to diagnose and monitor liver fibrosis in
chronic hepatitis B and C. Medical technologies guidance. Published:
23 September 2015. www.nice.org.uk/quidance/mtg27

published NICE guidelines and standards

Hepatitis B (chronic): Diagnosis and management of chronic hepatitis B
in children, young people and adults NICE clinical guideline 165 (June
2013). Available from http://publications.nice.org.uk/hepatitis-b-chronic-
cg165

Cirrhosis in over 16s: assessment and management (NG50) July 2016.
Available from: https://www.nice.org.uk/guidance/ng50

Hepatitis B (QS65) Quality standard Published July 2014. Available
from: https://www.nice.org.uk/search?qg=Hepatitis+B

Hepatitis B and C: ways to promote and offer testing to people at
increased risk of infection. NICE public health guidance PH43
(December 2012). Available from: http://quidance.nice.org.uk/PH43
SonoVue (sulphur hexafluoride microbubbles) — contrast agent for
contrast-enhanced ultrasound imaging of the liver. NICE diagnostics
guidance DG5 (August 2012). Available from:
http://quidance.nice.org.uk/DG5

Boceprevir for the treatment of genotype 1 chronic hepatitis C. NICE
Technology appraisal guidance TA253 (April 2012). Available from:
http://quidance.nice.org.uk/TA253

Extracorporeal albumin dialysis for acute liver failure. NICE
Interventional procedure guidance IPG316 (September 2009).
Available from: http://www.nice.org.uk/quidance/IPG316

Entecavir for the treatment of chronic hepatitis B. NICE technology
appraisal guidance TA153 (August 2008). Available from:
http://www.nice.org.uk/guidance/TA153 Date for review: October 2011
Review decision.

Telaprevir for the treatment of genotype 1 chronic hepatitis C. NICE
technology appraisal guidance TA252 (April 2012). Available from:
http://guidance.nice.org.uk/TA252

Adefovir dipivoxil and peginterferon alfa-2a for the treatment of chronic
hepatitis B. NICE technology appraisal guidance TA96 (February 2006)
Available from: http://www.nice.org.uk/quidance/TA96 Date for review:
October 2011 Review decision
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https://www.nice.org.uk/search?q=Hepatitis+B
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http://guidance.nice.org.uk/TA253
http://www.nice.org.uk/guidance/IPG316
http://www.nice.org.uk/guidance/TA153
http://guidance.nice.org.uk/TA252
http://www.nice.org.uk/guidance/TA96

Peginterferon alfa and ribavirin for the treatment of mild chronic
hepatitis C. NICE technology appraisal guidance TA106 (August 2006)
Available from: http://www.nice.org.uk/quidance/TA106

Tenofovir disoproxil fumarate for the treatment of hepatitis B. NICE
technology appraisal guidance TA173 (July 2009) Available from:
http://quidance.nice.org.uk/TA173

Interferon alfa (pegylated and non-pegylated) and ribavirin for the
treatment of chronic hepatitis C. NICE technology appraisal guidance
TA75 (January 2004). Available from: http://quidance.nice.org.uk/TA75
Telbivudine for the treatment of chronic hepatitis B. NICE Technology
appraisal guidance TA154 (August 2008). Available from:
http://guidance.nice.org.uk/TA154

Hepatitis C - peginterferon alfa and ribavirin. NICE Technology
appraisal guidance TA200 (September 2010). Available from:
http://quidance.nice.org.uk/TA200

Subcutaneous implantation of a battery-powered catheter drainage
system for managing refractory and recurrent ascites. NICE
interventional procedure guidance IPG479 (February 2014). Available
from http://publications.nice.org.uk/subcutaneous-implantation-of-a-
battery-powered-catheter-drainage-system-for-managing-refractory-

and-ipg479

Under development

NICE is developing the following guidance (details available from
www.nice.org.uk):

Subcutaneous implantation of the ALFA pump System to manage
ascites in patients with cirrhosis of the liver. NICE interventional
procedure guidance expected: unknown
https://www.nice.org.uk/quidance?action=byld&o=13735

A proposed quality standard on Hepatitis C [GID-QS10126] Expected
publication date: To be confirmed
https://www.nice.org.uk/quidance/proposed/qgid-qgs10126

NICE pathways

Hepatitis B (chronic) (2019) NICE pathway: this pathway states that the
case for adopting Virtual Touch Quantification (VTq) software to
diagnose and monitor liver fibrosis is supported by the evidence
(referenced to MTG27).

Hepatitis B and C testing. Hepatitis B and C: ways to promote and offer
testing to people at increased risk of infection. Available from:
https://pathways.nice.org.uk/pathways/hepatitis-b-and-c-testing
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All other NICE guidance and advice products - MedTech, ESNM /
Evidence Summary, ESUOM, Key Therapeutic Topic, QOF Indicator and
NICE CKS

e None relevant.

Guidance from professional bodies other than NICE
Guidelines reporting on VTq separately

The European Federation of Societies for Ultrasound in Medicine and Biology
(EFSUMB) guidelines 2017 update (Dietrich 2017) on the use of liver
ultrasound elastography state that:

e |n patients with chronic hepatitis C (CHC):
o VTq cut-offs of 1.21-1.34m/s predict significant fibrosis (F 22)
(AUROC 0.85-0.89);
o the diagnostic performance of VTQ is comparable to TE with
high accuracy for predicting severe fibrosis (F 23, AUROC 0.91);
o cut-offs of 1.55-2m/s (AUROC 0.89-0.93) predict cirrhosis;
o discordance (>one fibrosis stage) between VTQ and histology
can occur, so pSWE results require cautious interpretation.
¢ In chronic hepatitis B (CHB):
o VTQ has a lower failure rate and similar diagnostic performance
to TE;
o the best cut-off for 2F2 was 1.35m/s (AUROC 0.88)
o the best cut-off for 2F4 was 1.87m/s (AUROC 0.93).

The European Association for the Study of the Liver (EASL) guidelines
(Castera 2015) reported the diagnostic performance of pSWE using ARFI
(VTq; Siemens) for F22 and F4 in chronic liver diseases including HBV and
HCV. The largest study evaluating pPSWE/ARFI for staging of chronic hepatitis
C was a retrospective pooled analysis of 914 international patient data
(Sporea 2012), part of which were published in smaller single centre studies
previously (Fierbinteanu-Braticevici 2009, Friedrich-Rust 2009, Takahashi
2010, Piscaglia 2011, Sporea 2011, Ebinuma 2011). It reported sensitivity and
specificity of pPSWE/ARFI for the diagnosis of significant fibrosis of 0.69 and
0.80 and for the diagnosis of liver cirrhosis of 0.84 and 0.76, respectively.
(Castera 2015).

The Japan Society of Ultrasonics in Medicine (JSUM) ultrasound elastography
practice guidelines (Kudo 2013) recommended that VTQ is indicated for



patients with chronic liver disease, particularly viral hepatitis, requiring the
diagnosis of liver fibrosis. This was based on data from the following studies:

Friedrich-Rust et al. (2009), who included patients with hepatitis B or C,
and used the cut-off value of 1.75 m/s for fibrosis of F2 or above and
obtained a sensitivity of 81.8%, specificity of 91.5%, positive predictive
value of 78.3%, negative predictive value of 93.1% and AUC of 0.82
(95% CI1 0.73-0.91).
Sporea et al (2012), who included patients with hepatitis C, and

reported the following cut-off values and diagnostic accuracy

parameters:
Cut- AUROC | Sensitivity | Specificity | Positive Negative | Accuracy
off (%) (%) predictive | predictive | (%)
(ml/s) value (%) | value (%)
Fz1 | >1.19 | 0.779 69.9 80 954 16 70.4
F=2 | >1.33 | 0.792 69.1 79.8 87.3 56.1 72.6
F=3 | >1.43 | 0.829 74.8 81.5 76.3 79.8 78.2
F=4 | >1.55 | 0.842 84.3 76.3 53.1 93.7 77.9

Guidelines reporting on SWE including VTq

The World Federation for Ultrasound in Medicine and Biology (WFUMB)
published guidelines in 2018 on liver ultrasound elastography, and included
the VTq ACUSON S2000 and 3000 in the point shear wave elastography
section, but not the Jupiter (Ferraioli 2018). They note that:

Cut-offs for staging liver fibrosis are system-specific.
The impact of hepatic steatosis on liver stiffness is uncertain. Clinicians
should exercise caution when interpreting liver stiffness results in

patients with severe steatosis and obesity.
SWE is useful to exclude significant fibrosis and diagnose cirrhosis in
patients with untreated chronic hepatitis B.

In hepatitis B, liver stiffness usually decreases during antiviral

treatment with analogues. Screening for hepatocellular carcinoma and
portal hypertension should continue despite decreased liver stiffness in
patients with advanced disease.
SWE is the preferred method as the first-line assessment for the

severity of liver fibrosis in untreated patients with chronic viral hepatitis
C. It is useful to rule out advanced disease.




Liver stiffness decreases significantly after sustained virological
response to treatment of hepatitis C with interferon-based therapies or
direct-acting antiviral agents. However, liver stiffness cannot be used to
stage liver fibrosis or rule out cirrhosis, given the loss of accuracy of
cutoffs defined in viremic patients. Screening for hepatocellular
carcinoma and portal hypertension should continue despite decrease in
liver stiffness in patients with advanced disease.

SWE can be used for liver stiffness assessment in NAFLD patients to
rule out advanced fibrosis and select patients for further assessment.
SWE can be used for liver stiffness assessment in patients with ALD to
rule out advanced disease. Caution is needed in patients with ongoing
alcohol abuse or with acute alcoholic hepatitis.

SWE has high diagnostic accuracy for detecting cirrhosis, better at
ruling out (high negative predictive value >90%) than ruling in.

There is insufficient evidence to make a recommendation on the use of
SWE for liver stiffness assessment in pediatric patients.

There is insufficient evidence to make a recommendation on the use of
SWE for differentiation between benign and malignant lesions and
characterization of focal liver lesions.

Interpretation of liver stiffness measurements needs to be taken in
context with the other clinical and laboratory data.

The Society of Radiologists in Ultrasound consensus panel (of radiology,
hepatology, pathology, basic science and physics specialists) on elastography
in the assessment of liver fibrosis in chronic liver disease (Barr, 2015)
recommended that:

Patients with decompensated cirrhosis can be diagnosed clinically;
those without overt decompensated cirrhosis can be assessed with
elastography.

o Those with normal elastography values have a low likelihood of
cirrhosis (stage FO or F1) and may not require additional follow-
up,

o those with high elastography values have a high likelihood of
cirrhosis,

o and those in between who have moderate to severe fibrosis
(stages F2 and F3) may be at risk for progression of the fibrosis.

Suggested thresholds for elastography measurements of liver stiffness
in hepatitis C for Siemens technologies (m/sec; not only VTq) are:

o Fibrosis 22: 1.34 (5.7)

o Fibrosis 23: 1.55 (7.3)

o Fibrosis 24: 1.80 (10)



Guidelines with no mention of VTq

The Canadian Agency for Drugs and Technologies in Health (CADTH rapid
response report: Non-Invasive Imaging Modalities for the Diagnosis and
Monitoring of Liver Fibrosis: Diagnostic Accuracy, Clinical Effectiveness/
Utility, Cost-Effectiveness, and Guidelines (CADTH 2017) did not mention
VTq.

The update on the management of chronic hepatitis C: 2015 Consensus
guidelines from the Canadian Association for the Study of the Liver (Myers
2015) did not mention VTq.

The WHO guidelines for the prevention, care and treatment of persons with
chronic hepatitis B infection (WHO 2015) also did not mention VTq.

The WHO guidelines for the screening, care and treatment of persons with
hepatitis C infection (WHO 2014) also did not mention VTq.

Other

e Patient (2019) Chronic hepatitis. This reference states that “Point shear
wave elastography and transient elastography have been shown to be
simple and effective methods of assessing liver fibrosis” referenced to
Jiang W, Huang S, Teng H, et al; Diagnostic accuracy of point shear
wave elastography and transient elastography for staging hepatic
fibrosis in patients with non-alcoholic fatty liver disease: a meta-
analysis. BMJ Open. 2018 Aug 238(8):e021787. doi: 10.1136/bmjopen-
2018-021787. This reference (Jiang 2018) excluded patients with
hepatitis B or C.

e Patient (2019) Cirrhosis. This reference states that: “Either transient
elastography or acoustic radiation force impulse imaging (whichever is
available) should be used to diagnose cirrhosis for people with NAFLD
and advanced liver fibrosis. Liver biopsy should be considered to
diagnose cirrhosis in people for whom transient elastography is not
suitable” referenced to Cirrhosis in over 16s - assessment and
management; NICE Guideline (July 2016), but is for patients with
NAFLD not hepatitis.

e The Society & College of Radiographers and The British Medical
Ultrasound Society (SCoR/BMUS) (2105 revision December 2018 and
minor amendments March 2019) Guidelines for professional ultrasound
practice. This document states: “Recent (2015) advice from NICE
(MTG27), advocates elastography in the diagnosis and monitoring of
fibrosis in chronic hepatitis. The economic benefits of using
elastography is explored in the guideline, a saving of around £434 per
patient is quoted when using Virtual Touch Quantification (VTq) over



https://patient.info/doctor/chronic-hepatitis
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=30139901
https://patient.info/doctor/cirrhosis-pro
https://patient.info/doctor/liver-biopsy-pro
https://www.sor.org/sites/default/files/document-versions/2019.3.10_scor_bmus_guidelines_amend_mar_2019_final.pdf
https://www.sor.org/sites/default/files/document-versions/2019.3.10_scor_bmus_guidelines_amend_mar_2019_final.pdf

conventional liver biopsy. The safety implications to patients should
also be considered as well as its tolerability and its ability to be
undertaken in an outpatient setting. Giving the economic challenges
facing healthcare today, this technique could have the potential to
deliver large savings. http://nice.org.uk/guidance/mtg27.” It goes on to
state (under “Clinical Application”) that: “Whilst differing manufacturers
have different shear wave velocities for stages of liver disease it is
noted that the following (based on the VTq imaging as described in the
NICE publication [i.e. MTG27]) are given as examples of disease
staging

o Normal <1.2m/s

o Fibrosis 21.21 - 1.34 m/s

o Cirrhosis 2 1.55-2.00 m/s
Extreme caution is required when quoting shear wave velocities in
ultrasound reports. It is useful to report the shear wave velocity and
quote the relevant reference values for the machine used to minimise
confusion between normal and abnormal readings compared to the
stage of liver disease. Practitioners are advised to refer to individual
manufacturers’ reference ranges when reporting shear wave studies in
liver disease.”



http://nice.org.uk/guidance/mtg27
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Included Studies

The tables of included studies below show “2 x 2 tables” where these are
given in the papers or can be calculated, as shown below:

2 x 2 table:
Person really has Person really does not | Total
the condition; “gold | have the condition;
standard” is “gold standard” is
positive negative
Test is TP: True positive FP: False positive (test TP+FP
positive (test correctly incorrectly identifies the
identifies the person | person when they really
as having the do not have the
condition) condition)
Test is FN: False negative TN: True negative (test FN+TN
negative (test misses the correctly identifies the
condition) person as not having the
condition)
Total TP+FN FP+TN TP+FP+FN+TN

Sensitivity: how many people who have the condition who are identified in the
test: TP/(TP+FN)

Specificity: How many people who do not have the condition who are rules out
by the test: TN/(FP+TN)

PPV: Positive predictive value: How likely the person is to have the condition
if the test is positive: TP/(TP+FP)

NPV: Negative predictive value: How likely the person is to not have the
condition if the test is negative: TN/(FN+TN)

DOR: the ratio of the odds of the test being positive if the subject has a
disease relative to the odds of the test being positive if the subject does not
have the disease: (TP/FP)/(FN/TN). It can also be calculated as (sensitivity/1-
sensitivity) x (specificity/1-specificity).

The sensitivity, specificity, PPV and NPV can be calculated if the numbers for
TP, FP, FN and TN are known. Similarly, TP, FP, FN and TN can be
calculated if sensitivity, specificity and the column totals are known.




Study details

Alem, S. A. et al. Diagnostic accuracy of acoustic radiation
force impulse elastography (ARFI) in comparison to other
non-invasive modalities in staging of liver fibrosis in chronic
HCV patients: single-center experience. Abdominal
Radiology 2019; 44: 2751-2758.

Design Prospective study
Country Egypt
Participants 2103 patients with chronic hepatitis C; aged 18—75 years

with HCV RNA positive for > 6 months. Patients who had
hepatitis B virus co-infection, HIV or associated liver
pathology e.g. autoimmune hepatitis, decompensated liver
cirrhosis, hepatocellular carcinoma or extra-hepatic
malignancy were excluded.

Age and gender

Median 48 years (range 36—56)
Male 1258 (59.9%)
Female 844 (40.1%)

Assigned VTq

interventions

Comparator TE (the reference method)

Outcomes Diagnostic accuracy

Statistics ROC curves. AUC values were interpreted as follows: 0.90—
1.0 = excellent; 0.80—-0.90 = good; 0.70-0.80 = fair; and less
than 0.70 = poor.

Effect size Cut-off value; AUC; sensitivity; specificity; accuracy:

= F2: 1.36 m/s, AUC 0.89, 80.6%, 87.5%, 84.1%

=2 F3: 1.45 m/s, AUC 0.94, 90.3%, 87.5%, 88.5%

F4: 1.7 m/s, AUC 0.95, 90.9%, 90.3%, 90.4%

Stages of hepatic fibrosis using TE

as the reference method were as follows: FO in 704 (33.5%),
F1in 360 (17%), F2 in 260 (12%), F3 in 188 (8.9%), F4 in
601 (28.6%).

Using these figures, the 2 x 2 table could be calculated:

For F=2

TE 22 TE <2 Total
VTq 21.36 845 133 978
m/s
VTq <1.36 204 931 1135
m/s
Total 1049 1064 2113

For F=4

TE =4 TE <4 Total
VTq 217 546 147 693
m/s
VTq<1.7 55 1365 1420
m/s
Total 601 1512 2113




Study details

Bota, S et al. How useful are ARFI elastography cut-off values
proposed by meta-analysis for predicting the significant fibrosis
and compensated liver cirrhosis? Medical ultrasonography 2015;
17(2): 200-5.

Design Retrospective study

Country Romania

Participants 132 patients with chronic hepatitis C. None of the patients had
coinfection with hepatitis B virus or human immunodeficiency
virus. None of the patients had liver focal liver lesions
or ascites on abdominal ultrasound examination.

Age and Median (range) age 53 (21-65) years

gender 45 (34.1%) male; 87 (65.9%) female

Assigned VTq

interventions

Comparator TE in some patients
Liver biopsy as reference standard

Outcomes Diagnostic accuracy

Statistics Sensitivity and specificity; positive and negative predictive value

Effect size Assessed using the cut-offs published in the Nierhoff 2013 meta-

analysis, of 1.35 m/s for at least significant fibrosis (F2) and
1.87m/s for cirrhosis (F4).

F>2:
F=2 on biopsy: | F<2 on biopsy | Total
VTq 21.35m/s | 55 4 59
VTq <1.35m/s | 55 14 58
Total 99 18 117

Sensitivity = 55/99 = 55.6%

Specificity = 14/18 = 77.8%

Positive predictive value for at least significant fibrosis (F2), i.e.
chance of having the condition if the test is positive = 55/59 =
93.2%

Negative predictive value for at least significant fibrosis (F2), i.e.
chance of not having the condition if the test is negative = 14/58
= 24.1%.

F>4:
F=4 on F<4 on Total
biopsy: biopsy
VTq 12 17 29
21.87m/s
VTq 2 86 88
<1.87m/s
Total 14 103 117

Sensitivity = 12/14 = 85.7%

Specificity = 86/103 = 83.5%

Positive predictive value for cirrhosis (F4), i.e. chance of having
the condition if the test is positive = 12/29 = 41.4%

Negative predictive value for cirrhosis (F4), i.e. chance of not
having the condition if the test is negative = 86/88 = 97.8%.




Study details

Cano J, Acosta KR, Bisnar J, et al. Diagnostic performance of
acoustic radiation force impulse versus transient elastography
in assessing liver fibrosis; A meta-analysis. Clin Gastro Hepatol
2014;12:156 (abstract).

Design Meta-analysis
Country NA
Participants Cross-sectional and cohort studies involving adult patients with

chronic hepatitis B and chronic liver disease who underwent
percutaneous liver biopsy during the last 12-15 months. 476
patients in 4 included studies were analysed for the diagnostic
accuracy of ARFI.

Age and gender

NA

Assigned VTq (ARFI/SWE)

interventions

Comparator Liver biopsy

Outcomes Diagnostic performance

Statistics Sensitivity and specificity; receiver operating characteristic
curve (ROC) and area under curve (AUC)

Effect size ARFI had a pooled sensitivity of 67% (95% C1 0.62 t0 0.73; P =

.000) and pooled specificity of 87% (95% CI 0.82 to0 0.92; P =
4793).

The ROC showed a significant diagnostic value of ARFI in
assessing liver fibrosis with an AUC of 0.9359.




Study details

Dong, Dao-Ran et al. Acoustic radiation force impulse
elastography, FibroScan, Forns' index and their combination in
the assessment of liver fibrosis in patients with chronic hepatitis
B, and the impact of inflammatory activity and steatosis on
these diagnostic methods. Molecular medicine reports 2015;
11(6): 4174-82.

Design Cross-sectional study
Country China
Participants 81 consecutive patients with chronic hepatitis B (CHB):Inclusion

criteria: i) Age, 18-65 years, irrespective of gender; ii) CHB of
various degrees in association with liver fibrosis; iii) no intake of
medication known to inhibit liver enzymes within two weeks
prior to biochemical blood analysis; iv) history of abnormal
transaminase; and v) provision of signed informed consent by
the patient. The criteria for study exclusion were: i)
Unavailability of patient consent; ii) other complicated liver
conditions, including other types of viral hepatitis, alcoholic and
nonalcoholic fatty liver disease, autoimmune hepatitis and
inherited metabolic liver disease; iii) hepatic decompensation,
including the presence of ascites; iv) body mass index (BMI)
230; v) non-healed upper quadrant abdominal wound; vi)
space-occupying tumors or cysts in the right lobe of the liver or
various space-occupying tumors and cysts; and vii) acute
hepatitis or cholestatic hepatitis.

Age and gender

41+11.4 years
71 (87.7%) male

Assigned SEQUIOA512 color ultrasound diagnostic system (Siemens)
interventions
Comparator TE
Liver biopsy: Liver fibrosis was scored according to the biopsy
criteria of the Chinese Program of Prevention and Cure for Viral
Hepatitis (equivalent to METAVIR fibrosis stages):
0 Absent
1 Portal fibrosis to be enlarged, localized perisinusoidal and
intralobular fibrosis
2 Periportal fibrosis, several fibrous septa with lobule structure
remaining
3 Numerously fibrous septa companied, Lobule structure
distortion, without cirrhosis
4 Early cirrhosis
Qutcomes Diagnostic accuracy
Statistics AUROC, sensitivity, specificity, as well as positive and negative

predictive values




Effect size

Stage 21: Cut-off 1.295; AUROC (95% CI) 0.720 (0.524-0.916);
sensitivity 68.3%; specificity 80.0%

Stage =2: Cut-off 1.295; AUROC (95% CI) 0.762 (0.627-0.896);
sensitivity 82.9%; specificity 65.0%

Stage 23: Cut-off 1.54; AUROC (95% CI) 0.884 (0.798-0.970);
sensitivity 76.2%; specificity 90.0%

Stage 24: Cut-off 1.835; AUROC (95% CI) 0.723 (0.501-0.944);
sensitivity 66.7%; specificity 85.5%.

Numbers in each group were: FO: 9; F1: 25; F2: 25; F3: 16; F4:
6.

2 x 2 tables were calculated:

F=2:
F=2 F<2 Total
VTg=1.295m/s | 39 12 51
VTq<1.295m/s |8 22 30
Total 47 34 81
F=4:
F=4 F<4 Total
VTg=1.835m/s |4 11 15
VTg<1.835m/s |2 64 66
Total 6 75 81




Study details

Dong, C-F et al. Combined acoustic radiation force impulse,
aminotransferase to platelet ratio index and Forns index
assessment for hepatic fibrosis grading in hepatitis B. World J
Hepatol 2016 May 18; 8(14): 616-624

Design Prospective study

Country China

Participants 206 patients with chronic hepatitis B. Patients with NAFLD,
jaundice, alcoholic steatosis, HCV infection, auto-immune liver
disease, were aged < 18 or > 65, who received antiviral treatment
before this study or declined to participate were excluded.

Age and FO (n =40) 39.8 £ 11.45 years

gender F1 (n=41)33.07 £ 7.97 years
F2 (n =52) 38.27 £+ 7.662 years
F3 (n=159) 39.83 £+ 8.732 years
F4 (n =54)43.85 + 10.81 years
Overall, 197 male, 49 female

Assigned VTq (Siemens Acuson S2000)

interventions

Comparator | Liver biopsy

Outcomes Diagnostic accuracy

Statistics Correlation; ROC; AUROC; cut-off value, sensitivity, specificity,
positive predictive values, negative predictive values

Effect size There was a high correlation between the staging of ARFI and the

hepatic histology, with correlation coefficient 0.845 (95% CI 0.805-
0.877; p< 0.001).

Cut-off values; AUROC (95% ClI); sensitivity (95% CI); specificity
(95% Cl); positive predictive value (95% ClI); negative predictive
value (95% CI):

F1:1.26m/s; 0.90 (0.86-0.94); 76.2% (69.80-81.90); 95.0% (83.10-
99.40); 99.1% (96.20-99.90); 35.9% (22.50-47.40).

=2F2: 1.29m/s; 0.91 (0.87-0.95); 83.6% (77.10-88.90); 90.1%
(89.50-97.60); 94.5% (91.90-99.10); 73.0% (63.10-81.40).

=2F3: 1.43m/s; 0.94 (0.90-0.96); 82.3% (74.00-88.80); 89.5%
(83.00-94.10); 86.9% (79.10-92.70); 85.6% (78.60-91.00).

2F4: 1.62m/s; 0.96 (0.93-0.98); 90.7% (79.70-96.90); 92.2%
(87.40-95.60); 76.0% (64.40-86.30); 97.2% (93.70-99.10).

From the liver biopsy, FO=40 (healthy volunteers); F1=41; F2=52;
F3=59 and F4=54 people.
The 2 x 2 tables could be calculated:

For F=2:
F=2 F<2 Total
VTq =1.29m/s 138 8 146
VTqg <1.29m/s 27 73 100
Total 165 81 246
For F=4:
F=4 F<4 Total
VTq 21.62m/s 49 15 64
VTq <1.62m/s 5 177 182
Total 54 192 246




Study details

Elhosary, YA et al. Diagnostic Accuracy of Acoustic Radiation
Force Impulse (ARFI) in Diagnosis of Liver Fibrosis among
Egyptian Patients with Chronic HCV Infection. Open Access
Macedonian Journal of Medical Sciences. 2016 Sep 15;
4(3):374-380.

Design Cross-sectional
Country Egypt
Participants 190 patients with chronic HCV infection. Excluded patients

with a history of renal disorder; recent history of
cardiovascular disease; hepatitis B or HIV; autoimmune or
metabolic liver diseases; abnormal coagulation profiles that
preclude liver biopsies; INR > 1.5; prothrombin time > 50 s;
platelet count < 50,000/mL; contraindications to liver biopsy,
e.g. biliary ductal dilatation, ascites; hepatocellular carcinoma.

Age and gender

Mean (SD) 53.74 £ 12.05 years
Male 142 (74.7%)
Female 48 (25.3%)

Assigned VTq (Siemens Acuson S3000 Virtual Touch)

interventions

Comparator Liver biopsy

Outcomes Diagnostic accuracy of ARFI technique for liver fibrosis
detection

Statistics ROC curves and AUROC,; sensitivity and specificity; positive
predictive value and negative predictive value

Effect size Cut-off values; AUROC; sensitivity and specificity; positive

predictive value and negative predictive value:
F1:1.22m/s; 0.639; 67.6% and 75%; 87.50% and 60%.
=2F2: 1.32m/s; 0.727; 75.0% and 90.9%; 90.9% and 75.0%.
=F3: 1.44ms/; 0.905; 96.6% and 75%; 96.6% and 100%.
2F4: 1.8m/s; 0.989; 95.7% and 100%; 100% and 40%.
The numbers of patients in each group were:

F1:25; F2: 28; F3: 29 and F4: 108.

The 2 x 2 tables were calculated:

For F22:
F=2 F<2 Total
VTq 124 2 126
21.32m/s
VTq 41 23 64
<1.32m/s
Total 165 25 190
For F=4:
F=4 F<4 Total
VTq=1.8m/s | 103 0 103
VTg<1.8m/s |5 82 87
Total 108 82 190




Study details

Friedrich-Rust M, Lupsor M, de Knegt R, et al. Point shear wave
elastography by acoustic radiation force impulse quantification
in comparison to transient elastography for the noninvasive
assessment of liver fibrosis in chronic hepatitis C: a prospective
international multicenter study. Ultraschall in Med 2015;36:239—
47.

Design Prospective cohort
Country European multicenter study
Participants 241 patients with chronic hepatitis C at 7 European study sites

Age and gender

48 (11) years
103 (57%) male

Assigned VTq (pSWE)
interventions
Comparator TE
Liver biopsy as gold standard
Outcomes Diagnostic accuracy
Statistics Paired comparison of the diagnostic accuracy of pPSWE and TE
Effect size No significant difference between the two methods in the

'intention to diagnose' and 'per protocol' analysis of diagnostic
accuracy (0.81 vs. 0.85forF =22, p=0.15; 0.88 vs. 0.92 for F =
3,p=0.11; 0.89 vs. 0.94 for F =4, p = 0.19).

The 2 x 2 tables were calculated:

F=>2:
F=2 F<2 Total
VTqg = 1.435/s 59 9 68
VTqg <1.435m/s | 32 82 114
Total 91 91 182
F=4:
F=4 F<4 Total
VTq=1.755m/s | 31 14 45
VTq <1.755m/s | 11 126 137
Total 42 140 182




Study details

Frulio, N et al. Acoustic Radiation Force Impulse (ARFI) and
Transient Elastography (TE) for evaluation of liver fibrosis in
HIV-HCV co-infected patients. BMC Infectious Diseases 2014,
14:405

Design Prospective study
Country France
Participants 46 HIV-HCV co-infected patients. Missing data, delay (>6

months) between ARFI and TE or repeated examinations for
the same patient were excluded.

Age and gender

Median (IQR) 48 (45-51) years
Male 32 (69.6%) Female 14 (30.4%)

Assigned VTq (Siemens Acuson S2000 using the virtual touch tissue

interventions quantification system)

Comparator TE
The presence of cirrhosis was evaluated in all patients
histologically (not all had biopsy) and from imaging, clinical and
biological results included small nodular and irregular livers with
increased echogenicity and/or a significant reduction in Doppler
flow in the portal circulation on ultrasound, CT, or MRI.

Outcomes Correlations between TE and ARFI measurements

Statistics Spearman’s correlation coefficient and its two-sided 95%
confidence interval (Cl), as calculated with Fisher's z
transformation.

Effect size Spearman correlation analysis showed that the correlation

coefficient between ARFI and TE measurements was 0.76 [95%
Cl, 0.61-0.86].

Overall agreement between the two methods was very good
[concordance 69.6%, weighted Kappa = 0.82; 95% CI = 0.70—
0.95].

Agreement was also very good for predicting severe fibrosis
(=F3) [concordance 93.5%, Kappa = 0.80, 95% CI = 0.59-1.00],
and was moderate for predicting significant fibrosis (=F2)
[concordance 76.1%, Kappa = 0.5, 95% CI = 0.25-0.75].

TE cut=offs used were: 7.1, 9.5 and 12.5 kPa for liver fibrosis
scores of F 2 2, F 23, and F = 4, respectively.

Cut-offs for VTq were 1.34, 1.55, 1.80 m/s for liver fibrosis
scores of F 2 2, F 23, and F = 4, respectively.

The 2 x 2 table could be calculated:

For F22:
F=2 F<2 Total
VTq 21.34m/s 12 8 20
VTq <1.34m/s 3 23 26
Total 15 31 46
For F=4:
F=4 F<4 Total
VTq = 1.80m/s 6 2 8
VTqg <1.80m/s 0 38 38
Total 6 40 46




Study details

Gandy N et al. PWE-037 Reliability of Arfi Shear Velocity Cut-
Off for Diagnosis of Cirrhosis in Chronic Hepatitis C: A "Real
World" Two Centre Simultaneous Biopsy-Controlled Study in
the UK. Gut 2016;65:A157

Design Retrospective study
Country UK
Participants 96 patients with HCV infection.

Three subgroups were analysed: 1) all 96 cases, including 20
patients with co-pathology (HBV, NAFLD, or ALD); 2) 76 cases
with HCV only; 3) 84 cases who had simultaneous biopsy.

Age and gender

NA

Assigned VTq

interventions

Comparator Liver biopsy or B-mode US imaging criteria

Outcomes Diagnostic performance of ARFI| was determined by ROC
analysis, using a) reference SV cut-off values for Metavir stage,
and b) optimal SV thresholds for cirrhosis derived from the
authors’ local data, including subgroup analysis.

Statistics ROC.

Effect size Cirrhosis was present in 26, 20 and 14 in groups 1, 2 and 3,

respectively.

Predictive accuracy for Metavir F4 using the reference threshold
of 1.75 m/sec was 90%, 92% and 88% in groups 1, 2 and 3,
respectively.

Using new thresholds required a higher cutoff of 1.99 in group 1
compared with 1.64 in groups 2 and 3 to achieve accuracies of
87%—-93%, whereas more consistent performance across all
groups was achieved with median SVs at a cutoff of 1.89,
achieving accuracies of 93%, 96% and 92%, respectively.




Study details

Jain, V. et al. Can acoustic radiation force impulse elastography
be a substitute for liver biopsy in predicting liver fibrosis? Clinical
radiology 2016; 71(9): 869-75.

Design Cross-sectional study

Country India

Participants 69 patients referred for an ultrasound with a clinical diagnosis of
CLD (defined as persistently elevated aspartate
aminotransferase [AST]/alanine aminotransferase [ALT] for >6
months); and patients with a clinical diagnosis of chronic hepatitis
B or C (based on hepatitis B antigen [HBsAg] or anti-HCV
antibody positivity) attending the gastroenterology/medicine
outpatient departments for various complaints.
The exclusion criteria for patients included patients with alcoholic
liver disease with significant alcohol intake (defined as alcohol
intake of 40-80 g/day in males and >20 g/day in females for a
decade); patients with hepatocellular carcinoma diagnosed at
imaging or serology; and patients who were pregnant or breast
feeding.

Age and Mean 34.71 years

gender 49 (71.0%) male

Assigned VTq

interventions

Comparator Liver biopsy

Outcomes Diagnostic accuracy versus Ishak scoring system using a seven-

point (FO-F6) scale (see table showing scoring systems)

Statistics

AUC




Effect size

ARFI liver propagation velocity was positively correlated to
histology with Spearman’s correlation coefficient rho = 0.789
(p<0.0001). Thus the mean shear-wave velocity (SWV) showed
an increasing trend with increasing grade of fibrosis.

Applying an SWV cut-off of 1.347 m/s for detection of significant
fibrosis (=F3 on the Ishak scale; equivalent to F=2 on the
METAVIR scale), the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) were 91.3%,
83.7%, 75%, and 95%, respectively. Similarly, a cut-off of 1.92
m/s for the detection of cirrhosis (F5 or 6 on the ISHAK scale, or
frankly cirrhotic without biopsy, equivalent to F=4 on the
METAVIR scale) resulted in a sensitivity of 91.7%, specificity of
96.2%, PPV of 85%, and NPV of 98%.

The 2 x 2 tables could be calculated (transformed to METAVIR
notation):

For F=2 METAVIR:

F>2 F<2 Total
VTq = 1.347 21 7 28
m/s
VTq <1.347 2 35 37
m/s
Total 23 42 65

For F=4 METAVIR:

F=4 F<4 Total
VTqg=1.92 11 2 13
m/s
VTq <1.92 1 51 52
m/s
Total 12 53 65




Study details

Joo, Sae Kyung, et al. Prospective Comparison of Noninvasive
Fibrosis Assessment to Predict Advanced Fibrosis or Cirrhosis
in Asian Patients With Hepatitis C. Journal of clinical

gastroenterology 2015; 49(8): 697-704.

Design Cross-sectional study
Country Republic of Korea
Participants 101 antiviral-naive patients with HCV. Excluded patients with

HCV given antiviral treatment with conventional or pegylated
interferon-a before study enrolment; other causes of chronic
liver disease; decompensated liver cirrhosis or Child-Pugh class
B/C; overt hypothyroidism or hyperthyroidism; absolute
neutrophil count <1000/mL, platelet count <50,000/mL and
haemoglobin <12g/dL (male) or 11g/dL (female); elevated
serum creatinine >1.5 mg/dL; pregnancy or lactation.

Age and gender

Median (IQR) 59 (50-66) years
43 (42.6%) male; 58 (57.4%)

Assigned VTq

interventions

Comparator Liver biopsy

Outcomes Diagnostic accuracy

Statistics AUROC

Effect size Cut-off; AUROC (95% Cl); sensitivity; specificity; positive

predictive value; negative predictive value:

F=1:1.190; 0.872 (0.776-0.969); 84.0; 85.7; 98.8; 28.6
F=2: 1.335; 0.853 (0.767-0.939); 83.8; 75.8; 87.7; 69.4
F=3: 1.645; 0.840 (0.763-0.916); 79.5; 75.8; 67.4; 85.5
F=4: 1.665; 0.828 (0.740-0.916); 85.0; 69.1; 40.5; 94.9
The numbers of people in each group were: FO: 7; F1: 26; F2:

29; F3: 19; F4: 20.

The 2 x 2 tables could be calculated:

For F22:
F=2 F<2 Total
VTq = 1.335m/s 66 10 76
VTq <1.335m/s 2 23 25
Total 68 33 101
For F=4:
F=4 F<4 Total
VTq = 1.665m/s 17 20 37
VTqg <1.665m/s 3 61 64
Total 20 81 101




Study details

LazAr, A et al. Diagnostic accuracy of three non-invasive
methods to evaluate fibrosis in patients with HCV compensated
liver cirrhosis. Journal of Gastrointestinal and Liver Diseases
2018; 27 Supplement 1: 37-38 (abstract)

Design Retrospective study

Country Romania

Participants 102 patients with hepatitis C virus (HCV) compensated liver
cirrhosis

Age and Mean age 61 +/- 8 years.

gender 68 (67%) women and 34 (33%) men

Assigned VTq

interventions

Comparator TE
The diagnosis of cirrhosis was established based on clinical,
biological, and ultrasound criteria (not biopsy).

Outcomes Diagnostic accuracy

Statistics Not stated

Effect size For the diagnosis of liver cirrhosis: cut-off for VTq was 1.81 m/s.

VTQ correctly diagnosed 81 out of 102 (79%) patients. Transient
elastography correctly diagnosed 94 patients out of 102 (92%).
Transient elastography performed significantly better than VTQ
(92.1% versus 79.4%, p = 0.04)




Study details

Lopez, J. J. et al. Optimal Use of Transient Elastography and
Acoustic Radiation Force Impulse to Stage Liver Fibrosis in
HIV/HCV-Coinfected Patients in Clinical Practice. Journal of
ultrasound in medicine: official journal of the American
Institute of Ultrasound in Medicine 2018; 37(1): 113-121.

Design Cross-sectional study
Country Spain
Participants 89 consecutive HIV/HCV-coinfected patients. The main

exclusion criteria included a daily alcohol intake of more than
20 g in women and 40 g in men, active drug abuse, a body
mass index greater than 30 kg/m2, presence of active
infections or neoplasms, and diagnosis of liver disease other
than chronic HCV infection.

Age and gender

Median (IQR) 50 (46.5-53.0) years
76 (68%) male

Assigned VTq

interventions

Comparator TE as reference standard

Outcomes Diagnostic accuracy

Statistics Concordance between VTq and TE; costs were reported in

2015 Euros.
Sensitivity, specificity, positive and negative predictive values
could be calculated.




Effect size

The cut-offs of liver stiffness by ARFI used to diagnose the
fibrosis stage were those reported by Frulio 2014, as follows:
FO to F1, <1.43m/s; 2F2 to F3, 21.43m/s; 2F3, 21.73m/s; and
F4, 22.05m/s.

More patients were classified as having fibrosis stage 2F2,
2F3, and cirrhosis by TE than by ARFI (VTq). Concordance
between TE and ARFI was weak for fibrosis stages 2F2 and
2F3, and moderate for cirrhosis.

2 x 2 tables could be calculated:

2F2:
TE 22 TE <2 Total
VTq 44 8 52
21.43m/s
VTq 11 26 37
<1.43m/s
Total 55 34 89
Sensitivity: 44/55 = 80.0%
Specificity: 26/34 = 76.5%
Positive predictive value: 44/52 = 84.6%
Negative predictive value: 26/37 = 70.3%
F4:
TE =4 TE <4 Total
VTq 19 4 23
22.05m/s
VTq 7 59 66
<2.05m/s
Total 26 63 89

Sensitivity: 19/26 = 73.1%
Specificity: 59/63 = 93.7%

Positive predictive value: 19/23 = 82.6%
Negative predictive value: 59/66 = 89.4%

The assessment of liver fibrosis resulted in a higher cost per
patient for TE (€556.93) than for ARFI (€327.93).




Study details

Lupusoru, R et al. Prospective comparison of noninvasive
techniques for the assessment of liver stiffness in a cohort of
compensated HCYV liver cirrhosis. United European
Gastroenterology Journal 2016; 4(5 Supplement 1): A157-A158

Design Prospective study

Country Romania

Participants 100 consecutive patients diagnosed with HCV liver cirrhosis.
Age and Mean (SD) 60+/-5.3 years

gender 40 (40%) men and 60 (60%) women

Assigned VTQ

interventions

Comparator TE

Outcomes Accuracy in diagnosing cirrhosis

Statistics Not stated

Effect size TE elastography had 94.6% accuracy, pSWE (VTq) 79.3%

(p=0.08).




Study details

Nierhoff, J et al. The efficiency of acoustic radiation force impulse
imaging for the staging of liver fibrosis: a meta-analysis.
European Radiology 2013; 23(11): 3040-53.

Design

Systematic review

Country

NA

Participants

Studies were included if they evaluated the performance of ARFI
of the liver in adults with liver biopsy as the reference standard
and chronic liver diseases (CLDs). Further, the studies had to
use a comparable liver biopsy staging system (METAVIR, Ishak,
Brunt, Ludwig’s, Knodell, Desmet, Scheuer), assess the AUROC
value for the fibrosis stages F=2, F=3 or F=4 according to
METAVIR or a comparable staging system and/or assess
sensitivity, specificity, positive predictive value (PPV) or negative
predictive value (NPV) for the diagnosis of a fibrosis stage based
on some cut-offs for liver stiffness.

Studies were excluded if they were abstracts or full papers with
data already published as a full paper. In the case of abstracts,
which obviously present data of the same study at different
meetings, only the most recent abstract was included. Authors of
abstracts were contacted to confirm that the abstracts presented
the data of the same patients before exclusion. Reviews,
corresponding letters or editorials not reporting their own results
were excluded too.

Subgroup of patients with hepatitis C only (n=6 studies; total of
1280 participants) included here: Fierbinteanu-Braticevici 2009,
Lupsor 2009, Song 2010, Fierbinteanu-Braticevici 2011, Rizzo
2011, Sporea 2011b).

[Note 3 studies included overlapping populations (Fierbinteanu-
Braticevici 2009 and Lupsor 2009) and these were excluded from
the meta-analyses.]

Age and
gender

Mean age varied from 49 to 64 years between studies.
% male varied from 40 to 59% between studies

Assigned
interventions

VTq

Comparator

Liver biopsy

Outcomes

Diagnostic accuracy

Statistics

AUROC and 95% CI; diagnostic odds ratio (DOR), calculated by
[sensitivity/(1 — sensitivity)] x [specificity/(1 — specificity)]. A
continuity correction of 0.5 was applied to each cell with a zero
cell count. The Ishak score, using a scale from 0 to 6, was
transformed into METAVIR.

Effect size

For the studies examining chronic hepatitis C (HCV)-infected
patients only:

F=2: AUROC: 0.88 (0.81-0.96)

F=3: AUROC: 0.93 (0.89-0.97)

F=4: AUROC: 0.92 (0.86-0.99)




Study details

Nishimura, T et al. The diagnostic accuracy for liver
fibrosis using shear wave elastography according to
etiology of liver disease and the presence or
absence of anti-viral therapy. Hepatology 2016;
64(1 Supplement 1): 327A-328A

Design Cross-sectional study
Country Japan
Participants Included patients with chronic hepatitis B and C;

outcomes shown separately.

Age and gender NA

Assigned interventions VTQ

Comparator Liver biopsy

Qutcomes Diagnostic accuracy

Statistics Not stated

Effect size The optimal cutoff values for F3-4 (advanced

fibrosis) were 1.49 m/s for hepatitis B and 1.43 m/s
for hepatitis C.
AUCs were 0.695 and 0.806, respectively.




Study details

Paranagua-Vezozzo, DC et al. Concordance of non-
invasive mechanical and serum tests for liver
fibrosis evaluation in chronic hepatitis C. World
Journal of Hepatology 2017; 9(8): 436-442.

Design Cross-sectional study
Country Brazil
Participants 81 patients with chronic hepatitis C. Inclusion

criteria were: (1) HCV polymerase chain reaction
(PCR) RNA positivity for at least 6 mo, and clinical
or histopathological diagnosis of chronic HCV; and
(2) representative liver biopsy (minimum of 10 portal
spaces, non subcapsular fragment) carried out until
30 d prior to LSM and SM. Exclusion criteria were:
(1) patient under 18 years of age; (2) hepatitis B
virus (HBV) or HIV co-infection; (3) other chronic
liver disease (cholestasis, non-alcoholic
steatohepatitis, autoimmune hepatitis,
hemochromatosis, Wilson'’s disease); (4)
decompensated cirrhosis; (5) biopsies performed for
more than 30 d of the evaluation; and (6) non-
representative liver biopsy.

Age and gender

Median (IQR) 51 (30-78) years
40 (49.4%) male; 41 (50.6%) female

Assigned interventions

VTq

Comparator METAVIR score from liver biopsy
Qutcomes Diagnostic performance
Statistics Receiver operating characteristic curves




Effect size

The best cut-off values for predicting fibrosis stage
were:

F=2:1.22m/s;

F=3:1.48 m/s;

F=4:1.77 m/s.

AUC (95% CI) were:

F =2:0.7701 (0.6653-0.8749);
F = 3: 0.8669 (0.7756-0.9583);
F =4:0.9188 (0.8592-0.9784).
Sensitivity and specificity were:
F =2:78% and 70%;

F > 3: 82.60% and 82.80%;

F =4:100% and 85.70%.

PPV and NPV were:

F = 2: 85.50% and 58.40%;

F > 3: 83.90% and 81.40%;

F =4:77.50% and 100%.
Overall accuracy:
F=>2:74.10%;

F > 3: 82.70%;

F=4:87.70%.
The 2 x 2 tables were calculated:
For F=2:
F=2 F<2 Total
VTq 2 34 11 45
1.22 m/s
VTg<1.22 |9 27 36
m/s
Total 43 38 81
For F=4
F=4 F<4 Total
VTq 2 11 10 21
1.77 m/s
VTq<1.77 | 0 60 60
m/s
Total 11 70 81




Study details

Ragazzo TG, Paranagua-Vezozzo D, Lima FR, Mazo DF,
Pessoa MG, Oliveira CP, et al. Accuracy of transient
elastography-FibroScan, acoustic radiation force impulse (ARFI)
imaging, the enhanced liver fibrosis (ELF) test, APRI, and the
FIB-4 index compared with liver biopsy in patients with chronic
hepatitis C. Clinics. 2017;72(9):516-525

Design Prospective study

Country Brazil

Participants 51 treatment-naive patients chronically infected with HCV.
Exclusions: 1. refusal to provide informed consent; 2. patient
under 18 or over 70 years of age; 3. unavailability of liver biopsy
(contraindication); 4. biopsies performed more than 60 days
before the evaluation; 5. non-representative liver biopsy; 6.
clinical suspicion or image evidence of HCC; 7. ascites; 8. body
mass index (BMI) 230kg/m2; 9. previous treatment for HCV. 10.
unreliable FibroScans results.

Age and Overall: Age (years) FO (n=8): 40.61£9.8 F1 (n=43): 44.8£10.9 F2

gender (n=31): 49.949.9 F3 (n=23): 53.848.9 F4 (n=2): 56.5+3.5
54 (50.4%) female

Assigned VTq (Siemens Acuson S2000)

interventions

Comparator Liver biopsy

Outcomes Diagnostic accuracy

Statistics ROC; AUROC; cut-off points of different degrees of liver fibrosis
in terms of sensitivity and specificity

Effect size Cut-off; AUROC; sensitivity (95% CI); specificity (95% ClI);

positive predictive value (95% CI); negative predictive value
(95% ClI):

>F2: 1.22m/s; 0.67 (0.51 - 0.82); 0.64 (0.43 - 0.82); 0.69 (0.48 -
0.86); 0.67 (0.45 - 0.84); 0.67 (0.45 - 0.84).

>F3: 1.41m/s; 0.74 (0.57 - 0.90); 0.57 (0.29 - 0.82); 0.84 (0.68 -
0.94); 0.57 (0.35- 0.82); 0.84 (0.61 - 0.94).

>F4:2.37m/s; 0.96 (0.90 — 1); 1 (0.16 — 1); 0.94 (0.83 - 0.99); 0.4
(0.18-1); 1(0.81 —-1).

Only 51 of the 107 patients had ARFI (VTq) and the numbers in
each fibrosis stage were not shown for the ARFI (VTq) subgroup
separately, so the 2 x 2 tables could not be calculated.




Study details

Sporea, | et al. Which is the best noninvasive
method to diagnose compensated HCV liver
cirrhosis? Gastroenterology 2016; 150(4 SUPPL. 1):
S1169

Design Prospective study
Country NA
Participants 40 consecutive patients diagnosed with HCV liver

cirrhosis. Patients with co-infection with HBV or HIV
were excluded.

Age and gender

Mean (SD) 60.4 (8.4) years.
25 (62.5%) women and 15 (37.5%) men

Assigned interventions VTq

Comparator TE
Cirrhosis diagnosed by liver biopsy, TE >12.5 kPa
or by clinical, biologic ultrasonographic and
endoscopic criteria.

Qutcomes Diagnosis of cirrhosis

Statistics Published cut-offs were used to diagnose cirrhosis:
VTQ-1.81 m/s

Effect size Subjects were correctly classified by: TE in 97% of

cases and VTQ in 97%.




Study details

Su, Tung-Hung et al. Acoustic Radiation Force
Impulse US Imaging: Liver Stiffness in Patients with
Chronic Hepatitis B with and without Antiviral
Therapy. Radiology 2018; 288:293—299

Design Retrospective cohort study
Country Taiwan
Participants 559 patients with chronic hepatitis B aged 20 years

or older and who received regular follow-up in the
liver clinic. Patients with short-term (< 1 year)
antiviral therapy or coinfection with hepatitis C virus,
hepatitis D virus, or HIV were excluded.

Age and gender

Mean (SD) 49 (12); range 21-90 years; 302 (54%)
male

Assigned interventions

VTq

Comparator Severity of liver fibrosis from Metavir FO through F4
according to the FibroScan (TE) results

Outcomes Correlation between VTq and Metavir score

Statistics Pearson correlation

Effect size The ARFI value increased significantly by fibrosis

score (P for trend < 0.001)




Study details

Tai, Dar-In et al. Differences in liver fibrosis between patients
with chronic hepatitis B and C: evaluation by acoustic radiation
force impulse measurements at 2 locations. J Ultrasound Med
2015; 34:813-821.

Design Cross-sectional study

Country Taiwan

Participants 121 patients with chronic hepatitis B and 83 with chronic hepatitis
C. Patients with dual hepatitis B and C virus infection, HIV,
alcoholic beverage consumption > 40 g/d, or histories of
autoimmune liver diseases, metabolic liver diseases, or
hepatocellular carcinoma were excluded.

Age and Age Hepatitis B: 48.47 £ 10.76

gender Hepatitis C: 52.92 + 11.29
(p=0.005)
Male, n (%) Hep B: 98 (81.0)
Hep C: 48 (57.8)
p=0.001

Assigned VTq at two locations (A and B, mainly situated in segments 5 and

interventions 8, respectively)

Comparator Liver biopsy

Outcomes Diagnosis of liver cirrhosis (METAVIR F4)

Statistics ROC curves were constructed, and AUROC values were

calculated for evaluation of the best prediction tests




Effect size

Within individuals, there were differences in ARFI values
between locations A and B (149 [73.0%] of patients had
variations <0.2 m/s; larger variations were seen in 55 [27.0%]).
F4:

AUROC (SE; p; 95% CI) were calculated overall and by hepatitis
type separately, and within these groups by location, and by the
lower, higher or mean ARFI value:

Total

ARFl location A 0.746 (0.036; <.001; 0.676-0.817)

ARFl location B 0.720 (0.037; <.001; 0.647-0.793)

Lower ARFI value 0.750 (0.035; <.001; 0.682—0.818)

Higher ARFI value 0.730 (0.037; <.001; 0.657—-0.803)

Mean ARFI value 0.744 (0.036; <.001; 0.673—-0.814)

Hepatitis B

ARF/ location A 0.700 (0.048; <.001; 0.606-0.793)

ARFl location B 0.681 (0.048; .001; 0.587-0.775)

Lower ARFI value 0.707 (0.046; <.001; 0.616—0.798)

Higher ARFI value 0.690 (0.048; .001; 0.596-0.785)

Mean ARFI value 0.702 (0.047; <.001; 0.610-0.795)

Hepatitis C

ARFI location A 0.821 (0.059; <.001; 0.706-0.937)

ARF/ location B 0.802 (0.067; <.001; 0.670-0.934)

Lower ARFI value 0.824 (0.060; <.001; 0.707-0.942)

Higher ARFI value 0.795 (0.068; <.001; 0.661-0.929)

Mean ARFI value 0.808 (0.065; <.001; 0.681-0.935)
Sensitivity and specificity for diagnosis of liver cirrhosis (F4)
Hepatitis B: 0.628 and 0.705, when the low ARFI cutoff value
was set at 1.35 m/s.

Hepatitis C: 0.706 and 0.803 when the low ARFI cutoff value
was set at 1.41 m/s.

METAVIR fibrosis score <2:

AUROC:

Hepatitis B: 0.857. The correlation between ARFI and METAVIR
fibrosis scores improved with removal of patients with chronic
hepatitis B with ALT levels 25 times the upper limit of normal.
Hepatitis C: not stated

Sensitivity and specificity for diagnosis of METAVIR <2:
Hepatitis B: 0.766 and 0.793 when the low ARFI cutoff value
was set at 1.17 m/s.

Hepatitis C: 0.765 and 0.788 when the low ARFI cutoff value
was set at 1.39 m/s.

The 2 x 2 tables could be calculated for F=4 for hepatitis B and C
separately.

For F=4 (hepatitis B):

F=4 F<4 Total
VTq 21.35m/s 27 23 50
VTq < 1.35m/s 16 55 71
Total 43 78 121

For F=4 (hepatitis C):

| | F=4 | F<4 | Total




VTq 21.41m/s 12 13 25
VTqg < 1.41m/s 5 53 58
Total 17 66 83

Study details

Tsukano, N et al. Usefulness of virtual touch
quantification for staging liver fibrosis in patients
with hepatitis C, and factors affecting liver stiffness
measurement failure compared with liver biopsy.
Hepatology Research 2018; 48(5): 373-382.

Design

Cross-sectional

Participants

302 patients with hepatitis C. Patients with HBV co-
infection or other various liver diseases, or who
were 18 years of age or younger, were excluded.

Assigned interventions

VTq

Comparator Liver biopsy

Outcomes Diagnostic accuracy

Statistics ROC, AUROC

Effect size The VTQ cut-off values, AUROCSs, sensitivity and

specificity were:

2F2: 1.33 m/s; 0.822; sensitivity 76%, specificity
80%.

=2F3: 1.51 m/s; 0.836; sensitivity 80%, specificity
79%.

F4: 1.92 m/s; 0.890; sensitivity 90%, specificity
84%.

The 2 x 2 tables were calculated:

For F=2:
F=2 F<2 Total
VTq 21.33m/s | 147 22 169
VTq <1.33m/s | 47 86 133
Total 194 108 302
For F=4:
F=4 F<4 Total
VTq 21.92m/s | 35 55 90
VTq<1.92m/s | 4 208 212
Total 39 263 302




Completed (but unpublished) and ongoing ftrials

Completed
Clinical Trials Title Sponsor Participants | Intervention | Comparator | Outcomes
Identifier
NCT01781208 Ultrasound | University 62 children ARFINTQ Liver biopsy: | 49 (79.0%)
Based of undergoing the children
Acoustic Michigan liver biopsy histologic underwent
Radiation for known or scoring successful
Force suspected system (diagnostic) liver
Impulse non- (Ishak) ARFINVTQ)
Imaging neoplastic ranged from | assessment and
liver disease, 0 to 6, liver histologic
to assess where 0 = fibrosis scoring.
liver fibrosis no fibrosis 13 (21.0%)
and and 6 = subjects had non-
inflammation. cirrhosis. diagnostic
Mean age 8 ARFINTQ
years; 33 exams.
(53.2%) male Pearson
Correlation
between ARFI
(VTQ) liver shear
wave speed and
liver histologic
fibrosis score:
r=0.68,
unadjusted for
age, gender, and
histologic
inflammation.
There were no
adverse events.
Ongoing
Clinical Trials Title Sponsor | Participants | Intervention | Comparator | Study
Identifier type
NCT01268865 Acoustic China Adults VTq Liver biopsy | Cohort
Radiation Force Medical infected with
Impulse (ARFI) University | HBV only or
Technology in Hospital HCV only

Prediction of
Liver Fibrosis
(ARFI)



https://clinicaltrials.gov/ct2/show/NCT01781208?term=VTQ+or+VTIQ&rank=1
https://clinicaltrials.gov/ct2/show/NCT01268865?term=virtual+touch+quantification&rank=3

Appendix C — Literature search strategy

Databases searched

Databases Date No retrieved Version/files
searched

MEDLINE (Ovid) 11/07/2019 | 196 1946 to July 10, 2019>

MEDLINE In- 11/07/2019 | 38 1946 to July 10, 2019>

Process (Ovid)

EMBASE (Ovid) 12/07/2019 | 291 (251 conference | 1974 to 2019 July 11

abstracts)

Ovid ePubs 11/07/2019 | 4 1946 to July 10, 2019>

CDSR (Wiley) 12/07/2019 | O Issue 7 of 12, July 2019

*Database of 12/07/2019 | O -

Abstracts of

Reviews of Effects

— DARE (CRD)

HTA database 12/07/2019 | 1 -

(CRD)

CENTRAL (Wiley) | 12/07/2019 | 18 Issue 7 of 12, July 2019

*NHS EED (CRD 12/07/2019 | 0 -

Econlit (for 12/07/2019 | 1 1886 to July 04, 2019

economic

searches)

Total 799

Total after de-duplication 596

*From January 2015 no new records/commentaries will be added to DARE or NHS EED.

Search strategies

Database: MEDLINE

Strategy used:
Database: Ovid MEDLINE(R) <1946 to July 10, 2019>
Search Strategy:

acuson*.tw. (397)

(virtual* adj4 touch* adj4 quantificat®).tw. (185)

(VTQ* or VTIQ*).tw. (135)

(acoustic adj4 radiation adj4 force adj4 impuls*).tw. (682)
ARFI*.tw. (653)

or/1-5 (1270)

Liver diseases/ (66682)

(liver adj4 (fibros* or inflam* or disease*)).tw. (102890)
Liver Cirrhosis/ (70020)

O 0O NO O WN -~




10 cirrhosis.tw. (76524)

11 hepatitis/ or hepatitis, chronic/ or hepatitis b, chronic/ or hepatitis c,
chronic/ or hepatitis, viral, human/ (72757)

12 hepatitis.tw. (187588)

13 ((liver* or hepat*) adj4 stiff*).tw. (1808)

14 or/7-13 (370599)

15 6 and 14 (353)

16  animals/ not humans/ (4564528)

17 15 not 16 (341)

18 limit 17 to english language (322)

19 Predictive value of tests/ (192263)

20 predictive.tw. (246643)

21 ROC Curve/ (52754)

22 "ROC curve".tw. (18210)

23 (receiver adj4 operating adj4 characteristic*).tw. (48996)
24  (sensitiv: or predictive value:).mp. or accurac:.tw. (1787924)
25 incidence.sh. (245384)

26  exp mortality/ (361563)

27  follow-up studies.sh. (617224)

28 prognos:.tw. (480072)

29 predict:.tw. (1204967)

30 course:.tw. (524247)

31 0or/25-30 (2903624)

32 (sensitiv: or diagnos:).mp. or di.fs. (5469959)

33 31o0r32(7287160)

34 18 and 33 (311)

35 limit 34 to ed=20140601-20190731 (196)

Database: MEDLINE in PROCESS

Strategy used:

Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations
<1946 to July 10, 2019>

Search Strategy:

acuson*.tw. (35)

(virtual* adj4 touch* adj4 quantificat®).tw. (31)

(VTQ* or VTIQ).tw. (21)

(acoustic adj4 radiation adj4 force adj4 impuls®).tw. (119)
ARFI*.tw. (156)

or/1-5 (236)

Liver diseases/ (0)

(liver adj4 (fibros* or inflam* or disease*)).tw. (14001)
Liver Cirrhosis/ (0)

O© o ~NO O A~ WN -~




10
11

cirrhosis.tw. (8106)
hepatitis/ or hepatitis, chronic/ or hepatitis b, chronic/ or hepatitis c,

chronic/ or hepatitis, viral, human/ (0)

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

hepatitis.tw. (17239)

((liver* or hepat*) adj4 stiff*).tw. (453)
or/7-13 (31184)

6 and 14 (70)

animals/ not humans/ (0)

15 not 16 (70)

limit 17 to english language (70)

Predictive value of tests/ (0)

predictive.tw. (34593)

ROC Curve/ (0)

"ROC curve".tw. (3412)

(receiver adj4 operating adj4 characteristic*).tw. (8616)
(sensitiv: or predictive value:).mp. or accurac:.tw. (203227)
incidence.sh. (0)

exp mortality/ (0)

follow-up studies.sh. (0)

prognos:.tw. (62824)

predict:.tw. (213075)

course:.tw. (50464)

or/25-30 (302243)

(sensitiv: or diagnos:).mp. or di.fs. (378325)
31 0r 32 (612132)

18 and 33 (48)

limit 34 to dt=20140601-20190731 (38)

Database: MEDLINE ePUB ahead of print

Strategy used:
Database: Ovid MEDLINE(R) Epub Ahead of Print <July 10, 2019>
Search Strategy:

1
2
3
4
5
6
7
8
9
1

0

acuson®.tw. (9)
(virtual* adj4 touch* adj4 quantificat®).tw. (9)
(VTQ* or VTIQ*).tw. (8)
(acoustic adj4 radiation adj4 force adj4 impuls*).tw. (21)
ARFI*.tw. (21)
or/1-5 (38)
Liver diseases/ (0)
(liver adj4 (fibros* or inflam* or disease™)).tw. (2121)
Liver Cirrhosis/ (0)
cirrhosis.tw. (1145)




11 hepatitis/ or hepatitis, chronic/ or hepatitis b, chronic/ or hepatitis c,
chronic/ or hepatitis, viral, human/ (0)

12  hepatitis.tw. (2578)

13 ((liver* or hepat*) adj4 stiff*).tw. (91)

14 or/7-13 (4667)

15 6and 14 (7)

16 animals/ not humans/ (0)

17 15 not 16 (7)

18 limit 17 to english language (7)

19  Predictive value of tests/ (0)

20 predictive.tw. (6793)

21 ROC Curve/ (0)

22 "ROC curve".tw. (679)

23 (receiver adj4 operating adj4 characteristic*).tw. (2002)
24  (sensitiv: or predictive value:).mp. or accurac:.tw. (26770)
25 incidence.sh. (0)

26  exp mortality/ (0)

27 follow-up studies.sh. (0)

28 prognos:.tw. (10809)

29 predict:.tw. (33433)

30 course:.tw. (7778)

31 or/25-30 (47401)

32 (sensitiv: or diagnos:).mp. or di.fs. (53555)

33 31o0r32(89310)

34 18 and 33 (5)

Database: EMBASE

Strategy used:
Database: Embase <1974 to 2019 July 11>
Search Strategy:

1 acuson*.tw. (1010)

2 acuson*.dm. (1642)

3 (virtual* adj4 touch* adj4 quantificat*).tw. (411)

4 (VTQ* or VTIQ*).tw. (316)

5 ((virtual* adj4 touch* adj4 quantificat*) or (VTQ* or VTIQ*)).dv. (16)
6 acoustic radiation force impulse imaging/ (972)

7  (acoustic adj4 radiation adj4 force adj4 impuls*).tw. (1356)

8 ARFI*.tw. (1511)

9 ((acoustic adj4 radiation adj4 force adj4 impuls*) or ARFI*).dv. (7)

10 or/1-9 (4580)
11  Liver disease/ or liver fibrosis/ (129585)
12  (liver adj4 (fibros* or inflam* or disease™)).tw. (183593)




13  Liver Cirrhosis/ (121269)

14 cirrhosis.tw. (126546)

15 hepatitis/ or chronic hepatitis/ or chronic hepatitis B/ or chronic
hepatitis C/ or virus hepatitis/ (105446)

16  hepatitis.tw. (279173)

17  liver stiffness/ (3308)

18  ((liver* or hepat*) adj4 stiff*).tw. (5961)

19  or/11-18 (652905)

20 10and 19 (1176)

21 nonhuman/ not human/ (4426395)

22 20 not 21 (1155)

23 limit 22 to english language (1104)

24  Predictive value of tests/ (80077)

25 predictive.tw. (427153)

26 receiver operating characteristic/ (107674)

27 "ROC curve".tw. (40711)

28 (receiver adj4 operating adj4 characteristic*).tw. (78104)
29 (sensitiv: or predictive value:).mp. or accurac:.tw. (2393752)
30 incidence.sh. (360504)

31  exp mortality/ (996425)

32 follow-up studies.sh. (107)

33 prognos:.tw. (833407)

34  predict..tw. (1941711)

35 course:.tw. (784203)

36 0or/30-35 (4223184)

37  (sensitiv: or diagnos:).mp. or di.fs. (7385428)

38 36 0r 37 (10157409)

39 23 and 38 (921)

40 limit 39 to dc=20140601-20190731 (542)

41 limit 40 to (conference abstract or conference paper or "conference
review") (251)

42 40 not 41 (291)

Database: Cochrane

Strategy used:

Search Name: MTG review - Virtual Touch Quantification
Date Run:  12/07/2019 10:20:53

Comment:

ID Search Hits

#1 (acuson®):ti,ab,kw 45
#2 ((virtual* near/4 touch* near/4 quantificat®)):ti,ab,kw 10
#3 ((VTQ* or VTIQ*)):ti,ab,kw 8




#4 ((acoustic near/4 radiation near/4 force near/4 impuls*)):ti,ab,kw
50

#5 (ARFI*):ti,ab,kw 55

#6 #1 or#2 or#3 or #4 or #5 111

H#7 MeSH descriptor: [Liver Diseases] this term only 1051

#8 ((liver near/4 (fibros* or inflam* or disease*))):ti,ab,kw 11733

#9 MeSH descriptor: [Liver Cirrhosis] this term only 2300

#10 (cirrhosis):ti,ab,kw 9172

#11 MeSH descriptor: [Hepatitis] this term only 1275

#12 MeSH descriptor: [Hepatitis, Chronic] this term only 767

#13 MeSH descriptor: [Hepatitis B, Chronic] this term only 1109

#14 MeSH descriptor: [Hepatitis C, Chronic] this term only 1788

#15 MeSH descriptor: [Hepatitis, Viral, Human] this term only 136

#16  (hepatitis):tiab,kw 19708

#17  (((liver* or hepat*) near/4 stiff*)):ti,ab,kw 307

#18 #7 or#8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or

#17 32861

#19 MeSH descriptor: [Predictive Value of Tests] this term only 7016

#20 (predictive):ti,ab,kw 27303

#21 MeSH descriptor: [ROC Curve] this term only 1207

#22 ("ROC curve"):ti,ab,kw 2308

#23  ((receiver near/4 operating near/4 characteristic*)):ti,ab,kw 4676

#24  ((sensitiv* or predictive value* or accurac®)):tiab,kw 96297

#25 MeSH descriptor: [Mortality] explode all trees 12722

#26 (prognos®):ti,ab,kw 41822

#27  (predict*):ti,ab,kw 91925

#28 (course*):ti,ab,kw 63335

#29 ((sensitiv* or diagnos™)):ti,ab,kw 261661

#30 #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28

or #29 397935

#31 #6 and #18 and #30 with Publication Year from 2014 to 2019, with

Cochrane Library publication date Between Jun 2014 and Jul 2019, in Trials
18

Database: CRD

Strategy used:

(acuson®) Delete
2 ((virtual* and touch* and quantificat*)) 0 Delete

3 ((VTQ* or VTIQ)) 0 Delete




10

11

12

13

14

15

16
17

18

19

((acoustic and radiation and force and
impuls®))

(ARFI*)
#1 OR #2 OR #3 OR #4 OR #5
MeSH DESCRIPTOR Liver diseases

(liver) AND ((fibros* or inflam* or
disease®))

MeSH DESCRIPTOR Liver Cirrhosis
(cirrhosis)

MeSH DESCRIPTOR hepatitis

MeSH DESCRIPTOR hepatitis, chronic

MeSH DESCRIPTOR hepatitis b,
chronic

MeSH DESCRIPTOR hepatitis c,
chronic

MeSH DESCRIPTOR hepatitis, viral,
human

(hepatitis)
((liver* or hepat*) ) AND (stiff*)

#7 OR#8 OR#9 OR #10 OR#11 OR
#12 OR #13 OR #14 OR #15 OR #16
OR #17

#6 AND #18

93

1236

260

623

10

12

181

317

11

1348

16

2369

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Delete

Database: Econlit

Strategy used:
Database: Econlit <1886 to July 04, 2019>
Search Strategy:

1 acuson*.tw. (1)
2  (virtual* adj4 touch* adj4 quantificat®).tw. (1)
3 (VTQ* or VTIQ*).tw. (1)




0o ~NO O b

9
10
11

(acoustic adj4 radiation adj4 force adj4 impuls*).tw. (0)
ARFI*.tw. (333)
or/1-5 (334)
[Liver diseases/] (0)
(liver adj4 (fibros* or inflam* or disease™)).tw. (31)
[Liver Cirrhosis/] (0)
cirrhosis.tw. (25)
[hepatitis/ or hepatitis, chronic/ or hepatitis b, chronic/ or hepatitis c,

chronic/ or hepatitis, viral, human/] (0)

12
13
14
15
16
17
18
19
20
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23
24
25
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30
31
32
33
34

hepatitis.tw. (88)

((liver* or hepat*) adj4 stiff*).tw. (1)

or/7-13 (132)

6 and 14 (1)

[animals/ not humans/] (0)

15 not 16 (1)

limit 17 to english language [Limit not valid; records were retained] (1)
[Predictive value of tests/] (0)

predictive.tw. (6598)

[ROC Curve/] (0)

"ROC curve".tw. (50)

(receiver adj4 operating adj4 characteristic*).tw. (83)
(sensitiv: or predictive value:).mp. or accurac:.tw. (31526)
incidence.sh. (0)

[exp mortality/] (0)

follow-up studies.sh. (0)

prognos:.tw. (556)

predict:.tw. (60032)

course:.tw. (10781)

or/25-30 (70580)

(sensitiv: or diagnos:).mp. or di.fs. (27820)

31 or 32 (95938)

18 and 33 (1)
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