
 
 

 
Disclaimer:  The Rapid Response Service is an information service for those involved in planning and providing health care in 
Canada. Rapid responses are based on a limited literature search and are not comprehensive, systematic reviews. The intent is to 
provide a list of sources of the best evidence on the topic that CADTH could identify using all reasonable efforts within the time 
allowed. Rapid responses should be considered along with other types of information and health care considerations. The 
information included in this response is not intended to replace professional medical advice, nor should it be construed as a 
recommendation for or against the use of a particular health technology. Readers are also cautioned that a lack of good quality 
evidence does not necessarily mean a lack of effectiveness particularly in the case of new and emerging health technologies, for 
which little information can be found, but which may in future prove to be effective. While CADTH has taken care in the preparation 
of the report to ensure that its contents are accurate, complete and up to date, CADTH does not make any guarantee to that effect. 
CADTH is not liable for any loss or damages resulting from use of the information in the report.  
 
Copyright:  This report contains CADTH copyright material and may contain material in which a third party owns copyright. This 
report may be used for the purposes of research or private study only. It may not be copied, posted on a web site, 
redistributed by email or stored on an electronic system without the prior written permission of CADTH or applicable copyright 
owner. 
 
Links:  This report may contain links to other information available on the websites of third parties on the Internet. CADTH does not 
have control over the content of such sites. Use of third party sites is governed by the owners’ own terms and conditions.     
 
 

TITLE: Non-Invasive Methods for Diagnosis and Monitoring of Liver Fibrosis in Patients 
with Chronic Hepatitis B and C: A Review of Diagnostic Accuracy, Clinical 
Effectiveness, Cost-Effectiveness and Guidelines 

 
DATE: 22 June 2015 
 
CONTEXT AND POLICY ISSUES  
 
Liver disease represents an important health care issue with worldwide implications.1 In 
Canada, an estimated 10% of the adult population has some form of liver disease.2 The most 
common forms of liver disease are viral hepatitis, fatty liver disease and liver cancer, all of which 
are on the rise.2  
 
In response to the chronic injury to the liver induced by liver disease fibrosis develops.3  Fibrosis 
is a dynamic scarring process in which chronic inflammation stimulates production and 
accumulation of collagen and extracellular matrix proteins.4 Determining the stage of liver 
disease depends on an accurate diagnosis of liver fibrosis and inflammatory activity.1  
 
The traditional approach to staging liver fibrosis is histopathological examination of a liver 
biopsy specimen.3 However, the invasive nature of liver biopsy makes it prone to complications, 
as well as issues related to the tolerability of the invention among patients.3 Also, liver biopsy is 
susceptible to sampling variation and variability both among and within observers because it 
can only sample a small portion of the liver.3  
 
These issues have led to the development of non-invasive methods for the diagnosis and 
monitoring of liver fibrosis. Non-invasive methods attempt to predict the stage of fibrosis that 
would be seen based on a tissue sample.3 Examples of non-invasive tests include those related 
to both physical imaging (for example, transient elastography, ultrasound) and serum 
biomarkers.3 
 
Given the potential for non-invasive methods to address some of the shortcomings associated 
with liver biopsy, the focus of this Rapid Response report is to review the diagnostic accuracy, 
clinical effectiveness, cost-effectiveness and evidence-based guidelines associated with non-
invasive liver tests. The report is conducted in the context of diagnosing and monitoring liver 
fibrosis in adult patients with chronic hepatitis B or C. This report represents a pseudo update to 
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a previous 2012 report that reviewed the clinical and cost-effectiveness evidence of diagnosis 
and monitoring of liver fibrosis among patients with chronic hepatitis C.5 
 
RESEARCH QUESTIONS  
 
1. What is the comparative accuracy and validity of non-invasive methods versus liver biopsy 

for detecting and grading liver fibrosis in patients with chronic hepatitis B? 
 
2. What is the comparative accuracy and validity of non-invasive methods versus liver biopsy 

for detecting and grading liver fibrosis in patients with chronic hepatitis C? 
 
3. What is the comparative clinical effectiveness of non-invasive methods versus liver biopsy 

for detecting and grading liver fibrosis in patients with chronic hepatitis B? 
 
4. What is the comparative clinical effectiveness of non-invasive methods versus liver biopsy 

for detecting and grading liver fibrosis in patients with chronic hepatitis C? 
 
5. What is the comparative cost-effectiveness of non-invasive methods versus liver biopsy for 

detecting and grading liver fibrosis in patients with chronic hepatitis B? 
 
6. What is the comparative cost-effectiveness of non-invasive methods versus liver biopsy for 

detecting and grading liver fibrosis in patients with chronic hepatitis C? 
 
7. What are the evidence-based guidelines regarding the use of non-invasive methods for 

detecting and grading liver fibrosis in patients with chronic hepatitis B and C? 
 
KEY FINDINGS  
 
The evidence suggested that non-invasive methods were relatively accurate and cost-effective 
when compared to liver biopsy. However, concerns over potential sources of bias and issues of 
applicability to the Canadian context would have to be considered. There were no studies 
identified that addressed the comparative clinical effectiveness or evidence-based guidelines.  
 
METHODS  
 
Literature Search Methods 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library, University of York Centre for Reviews and Dissemination (CRD) databases, Canadian 
and major international health technology agencies, as well as a focused Internet search. 
Methodological filters were applied to limit retrieval to health technology assessments, 
systematic reviews, meta-analyses, randomized controlled trials and guidelines. Where 
possible, retrieval was limited to the human population. The search was also limited to English 
language documents published between January 1, 2012 and May 20, 2015. 
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
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inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
 

Table 1: Selection Criteria 

Population Adult patients with chronic hepatitis B or C 

Intervention Non-invasive methods for detecting and grading liver fibrosis (e.g., 
physical imaging, serum biomarkers) 

Comparator Liver biopsy 

Outcomes Diagnostic accuracy, validity, clinical benefit, harms, cost-
effectiveness, guidelines 

Study Designs Health technology assessments, systematic reviews, meta-analyses, 
randomized controlled trials, guidelines 

 
Exclusion Criteria 
 
Articles were excluded if they did not meet the selection criteria outlined in Table 1, they were 
duplicate publications, or were published prior to 2012. 
 
Critical Appraisal of Individual Studies 
 
The included systematic reviews were critically appraised using the AMSTAR tool6, the included 
diagnostic accuracy study was critically appraised using the QUADAS-2 tool7 and the included 
economic study was assessed using the Drummond checklist.8  Summary scores were not 
calculated for the included studies; rather, a review of the strengths and limitations of each 
included study were described. 
 
SUMMARY OF EVIDENCE 
 
Details of study characteristics, critical appraisal, and study findings are located in Appendices 
2, 3, and 4, respectively. 
 
Quantity of Research Available 
 
A total of 422 citations were identified in the literature search. Following screening of titles and 
abstracts, 396 citations were excluded and 26 potentially relevant reports from the electronic 
search were retrieved for full-text review. There were no potentially relevant publications 
retrieved from the grey literature search. Of these potentially relevant articles, 22 publications 
were excluded for various reasons, while 4 publications met the inclusion criteria and were 
included in this report. Appendix 1 describes the PRISMA flowchart of the study selection. 
 
Summary of Study Characteristics 
 
Details of individual study characteristics are presented in Appendix 2. 
 
Study Design 
 
We identified three systematic reviews of diagnostic accuracy studies.9-11 Each of the reviews 
combined the results of the individual studies in a meta-analysis. The study by Li et al.9 
conducted separate analyses combining data for significant fibrosis from twelve studies and 
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data for severe fibrosis from six studies. Singh et al.10 undertook two separate meta-analyses of 
individual participant data based on six diagnostic accuracy studies for chronic hepatitis B and 
nine diagnostic accuracy studies for chronic hepatitis C. These analyses included 81 and 328 
patients, respectively. The study by Crossan et al.11 involved separate analyses of 52 studies for 
chronic hepatitis B and 162 studies for chronic hepatitis C. The details of the included 
systematic reviews and meta-analyses are reported in Table A1, Appendix 2. 
 
We found one diagnostic accuracy study that was not included in any of the identified 
systematic reviews and meta-analyses.12 The study represented a prospective cross-sectional 
design performed between January 2010 and March 2013 in 44 consecutive patients presenting 
to a single hospital in the United States. Details describing the study are presented in Table A2, 
Appendix 2. 
 
The study by Crossan et al.11 included a systematic review and meta-analysis as well as an 
economic evaluation. The economic portion represented a cost-utility analysis conducted from a 
United Kingdom Ministry of Health perspective. A lifetime horizon was used. A decision tree 
model was constructed which incorporated data from multiple sources including the meta-
analysis. Long-term costs and health outcomes were estimated from a series of Markov models. 
The details of the economic evaluation and the main assumptions are reported in Table A3, 
Appendix 2. 
 
Country of Origin 
 
The majority of studies (n=11) included in Li et al.9 originated in China. Singh et al.10 included 
individual participant data from studies conducted in the United States, the United Kingdom, 
Germany, Singapore and Japan. The systematic review by Crossan et al.11 also combined 
studies from different international locations. 
 
The diagnostic accuracy study12 was undertaken in the United States, and the economic 
evaluation11 conducted by Crossan et al.11 reflected a United Kingdom Ministry of Health 
perspective.  
 
Patient Population 
 
Of the three systematic reviews and meta-analyses identified, one study focused on a 
population of adult patients with chronic hepatitis B.9 This study examined the diagnostic 
accuracy of the FIB-4 index in terms of distinguishing between patients with and without 
significant fibrosis, where significant fibrosis was defined as stages two to four. The study also 
examined the accuracy of the FIB-4 index for distinguishing between patients with and without 
severe fibrosis, defined as stages three to four. The other two studies10,11 conducted separate 
analyses of chronic hepatitis B and C in adult patients.   
 
The diagnostic accuracy study12 included only adult patients with chronic hepatitis C, while the 
economic evaluation11 generated separate estimates of costs and effects for populations of 
adult patients with chronic hepatitis B and adult patients with chronic hepatitis C. 
 
Interventions and Comparators 
 
Among the systematic reviews and meta-analyses, the interventions considered were the FIB-4 
index, which is an indirect laboratory index calculated from routine laboratory data,9 magnetic 
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resonance elastography, which is an imaging modality,10 and a variety of non-invasive 
interventions based on indirect serum tests (for example, FIB-4), direct fibrosis tests (for 
example, Hepascore), commercial serum fibrosis tests (for example, Fibrotest), imaging 
modalities (for example, magnetic resonance elastography) as well as algorithms combining 
multiple non-invasive interventions.11 
 
Samir et al.12 assessed the diagnostic accuracy of shear-wave elastography, which is also an 
imaging modality. In the economic evaluation Crossan et al.11 investigated all of the non-
invasive tests identified in their systematic review for patients with either chronic hepatitis B or 
C. These included direct and indirect non-invasive methods as well as imaging methods. 
 
Liver biopsy represented the comparator used in all of the studies.9-12 
 
Outcomes 
 
All three of the systematic reviews and meta-analyses9-11 reported estimates of the sensitivity 
and specificity of the respective non-invasive tests. The studies also calculated the area under 
the receiver operating characteristic curve for the respective tests using liver biopsy as the 
reference standard.9-11 
 
Similarly, the diagnostic accuracy study12 estimated the area under the receiver operating 
characteristic curve for shear-wave elastography using liver biopsy as the reference standard. 
The economic evaluation estimated mean costs and effects for the various non-invasive 
methods and liver biopsy in terms of the pound sterling (£) in 2012 and quality adjusted life 
years (QALYs). 
  
Summary of Critical Appraisal 
 
Details of the critical appraisal of individual studies are presented in Appendix 3. 
 
The strengths of the included systematic reviews and meta-analyses stemmed from the search 
strategies and the description of the included studies. All of the studies used comprehensive 
search strategies, consisting of multiple electronic databases.9-11 Each of the studies 
supplemented these electronic sources with reviews of the reference lists of identified studies. 
The characteristics of the included studies were also reported for all of the reviews.    
 
Limitations varied among the included reviews. In one study, there was no indication that  
unpublished or the grey literature had been searched.9 The same study also lacked an a priori 
established protocol. All of the studies used two independent reviewers, but one study10 failed to 
identify a process for dealing with disagreements. One of the reviews did not reference or 
provide a list of excluded studies.11 While all of the systematic reviews and meta-analyses 
assessed the methodological quality of the included studies, two of the reviews 
10,11 presented this information for each of the studies individually. Two of the reviews9,10 also 
failed to discuss the impact of the methodological rigour and scientific quality of the included 
studies on the analysis and conclusions of the review. Potential sources of heterogeneity among 
the studies were investigated in two of the reviews.9,11 Though the number of studies  (n < 10) in 
one of the reviews10 precluded the assessment of publication bias, neither of the other two 
analyses examined the likelihood of publication bias. All of the reviews acknowledged sources 
of funding and potential conflicts of interest for the review as a whole, but none presented such 
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information for the individual studies included in the review. The critical appraisal of the 
systematic reviews and meta-analyses is presented in Table A4, Appendix 3. 
 
The strengths of the diagnostic accuracy study by Samir et al.12 included the enrollment of a 
consecutive sample of patients and the avoidance of a case-control design. The study also 
appeared to avoid inappropriately excluding patients based on criteria that could bias the 
results. Patients were excluded if they were younger than 18 years of age, or data were not 
adequately acquired (for example, due to patient discomfort following biopsy, or a biopsy 
specimen that was too small in size or was obtained from the wrong lobe). All patients received 
liver biopsy as the reference standard. These biopsies were performed immediately after the 
index test (i.e., shear-wave elastography) and, as the current gold-standard for diagnosing 
fibrosis, were likely to correctly classify the stage of fibrosis. Also, the pathologist who 
interpreted the liver biopsy results was blinded to the results of the shear-wave elastography. In 
terms of limitations, the fact that the index test results were interpreted after the reference 
standard was administered meant that it was not clear that the results of the shear-wave 
elastography were interpreted without knowledge of the results of the liver biopsy. Also, due to 
reasons such as the failure to acquire adequate data, some patients were excluded from the 
analysis. It is not clear, however, whether any of the excluded patients belonged to the 
subgroup of patients with chronic hepatitis C virus. The critical appraisal of the diagnostic 
accuracy study is presented in Table A5, Appendix 3. 
 
The economic evaluation by Crossan et al.11 had several strengths. Both the perspective of the 
analysis and the alternatives being compared were explicit. The decision analytic model 
comparing the various non-invasive tests relative to liver biopsy for patients with either chronic 
hepatitis B or C was explained in detail. The sources of evidence and methods of synthesis 
used to inform the model parameters were explicit. The time horizon for the model and the 
associated discount rates for the costs and effects were stated. Incremental analysis was 
reported and the conclusions were justified based on the data. Limitations of the analysis 
included the failure to explicitly state that the analysis being conducted was a cost-utility 
analysis. In addition, quantities of resource use were not reported separately from their unit 
costs and the distributions chosen for the probabilistic sensitivity analysis were not justified. The 
critical appraisal of the economic evaluation is presented in Table A6, Appendix 3. 
 
Summary of Findings 
 
Details of individual study findings are presented in Table A7, Appendix 4. 
 
What is the comparative accuracy and validity of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis B? 

 
Based on an estimated sensitivity of 0.71 (95% confidence interval (CI) 0.64,0.77), an estimated 
specificity of 0.73 (95% CI 0.67,0.78) and an estimated area under the receiver operating 
characteristic curve of 0.78 (95% CI 0.74,0.81) the FIB-4 index was shown to have moderate 
accuracy in terms of distinguishing between chronic hepatitis B patients with and without 
significant fibrosis. Similarly, with an estimated sensitivity of 0.76 (CI 0.64,0.85), an estimated 
specificity of 0.74 (95% CI 0.70,0.79) and an estimated area under the receiver operating 
characteristic curve of 0.79 (95% CI 0.75,0.82) the FIB-4 index also appeared able to 
distinguish between chronic hepatitis B patients with and without severe fibrosis with moderate 
accuracy.9 Li et al.9 applied the following guidelines to their interpretation of the area under the 
receiver operating characteristic curve: an area of 1.0 indicated perfect discrimination, 0.90 to 
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0.10 was classified as excellent, 0.80 to less than 0.90 was good, 0.70 to less than 0.80 was 
moderate and less than 0.70 was poor. We have applied these same definitions throughout this 
report.   
 
For the systematic review and meta-analysis of individual participant data by Singh et al.10 the 
estimated area under the receiver operating characteristic curve for patients with chronic 
hepatitis B suggested that magnetic resonance elastography had excellent accuracy in terms of 
distinguishing between patients with and without various stages of fibrosis. For distinguishing 
fibrosis stages one and greater the estimated area under the curve was 0.89 (95% CI 
0.60,0.99). For distinguishing stages two and greater the estimated area was 0.94 (95% 
0.71,0.99) and for distinguishing stages three and greater the estimated area was 0.97 (95% CI 
0.88,0.99).10 
 
What is the comparative accuracy and validity of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis C? 
 
The results from Singh et al.10 suggested that the ability of magnetic resonance elastography to 
distinguish between patients with and without various stages of fibrosis was less accurate for 
patients with chronic hepatitis C compared to patients with chronic hepatitis B, although the 
results were still good to excellent depending on the stage. The estimated area under the 
receiver operating characteristic curves was 0.82 (95% CI 0.75,0.92) for distinguishing stages 
one and greater, 0.88 (95% CI 0.84,0.91) for distinguishing stages two and greater, 0.94 (95% 
CI 0.89,0.96) for distinguishing stages three and greater and 0.92 (95% CI 0.80,0.94) for 
distinguishing stage four. 
 
The results from the diagnostic accuracy study by Samir et al.12 indicated that shear-wave 
elastography was good at distinguishing between chronic hepatitis C patients with and without 
different stages of fibrosis. The estimated values for the area under the receiver operating 
characteristic curves for distinguishing fibrosis stages 2, 3 and 4 were 0.80 (95% CI 0.68,0.92), 
0.82 (95% CI 0.70,0.95) and 0.89 (95% CI 0.73,1.00), respectively. 
 
What is the comparative clinical effectiveness of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis B? 

 
We did not identify any studies that addressed this question. 
 
What is the comparative clinical effectiveness of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis C? 

 
We did not identify any studies that addressed this question. 
 
What is the comparative cost-effectiveness of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis B? 
 
The economic evaluation by Crossan et al.11 assessed the cost and effect tradeoff of various 
non-invasive methods relative to liver biopsy among chronic hepatitis B patients. Whether 
patients were e antigen-positive or negative liver biopsy was dominated by less costly and more 
effective non-invasive options. Mean costs for liver biopsy varied from £70,274 (2015 CAD 
$114,660) to £75,957 (2015 CAD $123,933) and mean effects varied from 9.64 QALYs to 11.41 
QALYs for negative and positive patients, respectively. Mean costs in parentheses reflect 
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approximate 2015 Canadian dollar values based on currency conversion. Among hepatitis B e 
antigen-positive patients mean costs across all of the non-invasive methods varied from an 
estimate of £73,028 (2015 CAD $119,154) for the FIB-4 index to £91,287 (2015 CAD $148,945) 
for the splenic artery pulsatility index ultrasound. Mean QALYs varied from 11.33 to 11.95. For 
hepatitis B e antigen-negative patients mean costs across all of the non-invasive methods 
varied from an estimate of £67,267 (2015 CAD $109,754) for the FIB-4 index to £85,587 (2015 
CAD $139,645) for the splenic artery pulsatility index ultrasound. The mean QALYs varied from 
9.56 to 10.45. 
 
What is the comparative cost-effectiveness of non-invasive methods versus liver biopsy for 
detecting and grading liver fibrosis in patients with chronic hepatitis C? 
 
The dominance of various non-invasive methods over liver biopsy was greater among patients 
with chronic hepatitis C. Multiple non-invasive tests produced estimates of lower mean cost and 
higher mean effect relative to liver biopsy. These values varied from £46,896 (2015 CAD 
$76,516) to £50,555 (2015 CAD $82,486) for mean costs and from 14.04 QALYs to 14.51 
QALYs for mean effects. For liver biopsy the estimated mean costs were £48,710 (2015 CAD 
$79,476) and the estimated mean QALYs were 14.03. In comparison, the estimated mean costs 
and QALYs for the FIB-4 index were £47,900 (2015 CAD $78,154) and 14.15, respectively. Also 
of note, the mean costs and QALYs for magnetic resonance elastography were £46,896 (2015 
CAD $76,516) and 14.27, respectively.11 
 
What are the evidence-based guidelines regarding the use of non-invasive methods for 
detecting and grading liver fibrosis in patients with chronic hepatitis B and C? 

 
We did not identify any evidence-based guidelines that addressed this question. 
 
Limitations 
 
The primary limitation of this Rapid Response report was the absence of evidence describing 
the comparative effectiveness and evidence-based guidelines for non-invasive methods for 
detecting and grading liver fibrosis in patients with chronic hepatitis B or C. In addition, the 
usefulness of the cost and QALY information from the economic evaluation11 for informing 
Canadian health care decisions would have to be considered in terms of its applicability to the 
Canadian context. In particular, to the extent that resources and the associated costs may differ 
between the United Kingdom and Canada the estimated mean costs may not necessarily be 
representative of the Canadian context. Also, based on the QUADAS-2 tool, Crossan et al.11 
assessed the methodological quality of the studies included in their systematic review and meta-
analysis as poor and concluded that all reported results were likely to be biased. The authors 
expressed concern with the conduct of both the index tests and the reference standard. The 
results of the quality assessment by Li et al.9 also indicated that in more than half of the included 
studies the index test was at high risk of bias. 
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
The results of this Rapid Response report provided evidence on the diagnostic accuracy and 
cost-effectiveness of non-invasive methods for distinguishing between patients with and without 
various stages of liver fibrosis. The population under consideration consisted of adult patients 
with chronic hepatitis B or C. While the evidence we found suggested that these methods may 
have somewhat lower diagnostic accuracy, they are potentially more cost-effective than liver 
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biopsy, though issues of bias and applicability would have to be considered. In addition, there 
was a lack of information regarding other important aspects of the comparison between these 
non-invasive tests and liver biopsy. For instance, information on issues such as patient comfort 
and the ease with which these tests can be administered would contribute valuable evidence to 
any comparative analysis given the invasive nature of liver biopsy. In particular, while such 
evidence would likely reinforce the potential benefits of these non-invasive methods relative to 
liver biopsy, it may also help to discriminate among the various non-invasive tests. In addition, 
future research to address some of the current shortcomings would help to strengthen the 
available evidence upon which guidelines for appropriate clinical use and decisions regarding 
public funding would be based. 
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APPENDIX 1:  Selection of Included Studies 
 
 
 
 
  

396 citations excluded 

26 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

0 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

26 potentially relevant reports 

22 reports excluded: 
-irrelevant population (2) 
-irrelevant comparator (2) 
-irrelevant outcomes (6) 
-already included in at least one of 
the selected systematic reviews (11) 
-other (review articles, editorials) (1) 
 

4 reports included in review 

422 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Characteristics of Included Publications 
 

Table A1:  Characteristics of Included Systematic Reviews and Meta-Analyses 
First Author, 
Publication 

Year, Country 

Types and 
numbers of 

primary studies 
included 

Population 
Characteristi

cs 

Intervention Comparat
or(s) 

Clinical 
Outcomes, 

Length of Follow-
Up 

Li, 2014, 
China9 

Twelve 
diagnostic 
accuracy 
studies for 
significant 
fibrosis 
 
Six diagnostic 
accuracy 
studies for 
severe fibrosis 

Chronic 
hepatitis B 
patients 

FIB-4 index 
(indirect laboratory 
index calculated 
from routine 
laboratory data) 
FIB-4 = Age (years) 
* AST 
(U/L)/[PLT(109/L) * 
ALT1/2 (U/L)] 

Liver 
biopsy 

Area under the 
hierarchical 
summary 
receiver 
operating 
characteristic 
curve 
Sensitivity 
Specificity 
 
 

Singh, 2015, 
international 
10 

Six diagnostic 
accuracy 
studies with 81 
patients for 
chronic 
hepatitis B 
 
Nine 
diagnostic 
accuracy 
studies with 
328 patients 
for chronic 
hepatitis C 

Chronic 
hepatitis B 
and C 
patients 

Magnetic 
resonance 
elastography 

Liver 
biopsy 

Cluster-adjusted 
area under the 
receiver 
operating 
characteristic 
curve 
Sensitivity 
Specificity 
 
 

Crossan, 
United 
Kingdom, 
201511 

Fifty-two 
diagnostic 
accuracy 
studies for 
chronic 
hepatitis B 
 
One hundred 
and sixty-two 
diagnostic 
accuracy 
studies for 
chronic 
hepatitis C 

Chronic 
hepatitis B 
and C 
patients 

Indirect serum non-
invasive fibrosis 
tests 
Direct non-invasive 
fibrosis tests 
Commercial non-
invasive  serum 
fibrosis tests 
Imaging modalities 
Algorithms of non-
invasive fibrosis 
assessment 

Liver 
biopsy 

Summary 
receiver 
operating 
characteristic 
curve 
Sensitivity 
Specificity 
 
 

abbreviations: AST = aspartate aminotransferase, PLT = platelet, ALT = alanine aminotransferase. 
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Table A2:  Characteristics of Included Diagnostic Accuracy Studies 
First Author, 
Publication 

Year, 
Country, 

Study Name 

Study Design Patient 
Characteristics 

Intervention(s) Comparator(s) Clinical Outcomes 

Samir, 2015, 
United States

12
 

Prospective 
cross-sectional 
study 
performed 
between 
January 2010 
and March 
2013 in 44 
consecutive 
patients 
 
 

Patients with 
chronic hepatitis 
C 

Shear-wave 
elastography 

Liver biopsy Area under the 
receiver operating 
characteristic curve  

 

Table A3:  Characteristics of Included Economic Evaluation 
First author, 
Publication 

Year, Country 

Type of 
Analysis, 

Perspective 

Intervention, 
Comparator 

Study 
Population 

Time Horizon Main Assumptions 

Crossan, 2015, 
United 
Kingdom

11
 

Cost-utility 
analysis 
 
United 
Kingdom 
Ministry of 
Health 
perspective 
(NHS) 

Each non-
invasive liver 
test identified 
from the 
systematic 
review was 
included in the 
analysis 
 
For chronic 
hepatitis B 
there were 25 
interventions 
considered: 12 
indirect 
methods, 3 
direct methods 
and 10 imaging 
methods 
 
For chronic 
hepatitis C 
there were 57 
interventions 
considered: 22 
indirect 
methods, 22 
direct methods 
and 13 imaging 
methods 
 

Patients with 
chronic 
hepatitis B or C 
who are 
suspected of 
having liver 
fibrosis (i.e., 
patients who a 
hepatologist 
would wish to 
biopsy to 
inform 
treatment 
decisions) 

Lifetime Markov model cycle 
length of one year 
 
Patients were 
assumed to enter the 
model at between 30 
and 40 years of age 
 
Cost data were 
derived from the 
literature based on 
resource use 
information collected 
on inpatient and 
outpatient care, 
investigations, 
procedures, drug use 
and other services 
 
Costs were inflated to 
2012 levels using 
NHS inflation indices 
 
Utility data were 
derived from the 
literature based on the 
EQ-5D preference 
measure within a UK 
population 
 
Death was assumed 
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Table A3:  Characteristics of Included Economic Evaluation 
First author, 
Publication 

Year, Country 

Type of 
Analysis, 

Perspective 

Intervention, 
Comparator 

Study 
Population 

Time Horizon Main Assumptions 

Liver biopsy to have a utility value 
of 0 
 
Health outcomes were 
measured in quality 
adjusted life years 
 
Costs and utilities 
were discounted at a 
rate of 3.5% 

NHS = National Health Service. 
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APPENDIX 3:  Critical Appraisal of Included Publications 

Table A4: Strengths and Limitations of Systematic Reviews and Meta-Analyses using AMSTAR 
checklist6  

Strengths Limitations 

Li9 

 Data were retrieved by two independent 
extractors and disagreements were 
resolved through consensus 

 Six electronic sources were searched and 
these were supplemented by a review of 
the reference lists of identified studies 

 Excluded studies were referenced 

 The characteristics of included studies 
were provided 

 Heterogeneity among the studies was 
assessed and potential sources were 
explored   

 The likelihood of publication bias was 
assessed  

 An a priori design was not provided 

 There was no indication that unpublished 
literature was searched 

 Though the Quality Assessment of 
Diagnostic Accuracy Studies-2 tool was 
used to assess methodological quality, the 
results were not presented for each study 

 The use of a summary measure to 
represent the outcome of the quality 
assessment precluded the appropriate 
consideration of the impact of quality and 
scientific rigour on the results 

 Funding and potential conflicts of interest 
were acknowledged for the systematic 
review, but not for each of the included 
studies 

Singh10 

 The study followed an a priori established 
protocol 

 A comprehensive literature search was 
performed which included four databases, 
consultation with experts and reviewing the 
references of the selected studies 

 Unpublished literature was searched 

 Excluded studies were referenced 

 The characteristics of the included studies 
were provided 

 The quality of each included was assessed 
and reported using the Quality Assessment 
of Diagnostic Accuracy Studies 
questionnaire 

 Two investigators independently reviewed 
the studies, but no process for dealing with 
disagreements was stated 

 The impact of the methodological rigour 
and scientific quality of the included 
studies was not explicitly discussed in the 
analysis and conclusions of the review 

 Several preplanned subgroup and stratified 
analyses were performed, but the actual 
presence or absence of heterogeneity was 
not described 

 Though publication bias could not be 
assessed because there were fewer than 
ten included studies, this was not stated.  
Also, the potential implications of possible 
differences in the data the authors were 
able to obtain from investigators compared 
to the data they were unable to obtain was 
not considered 

 Funding sources and potential conflicts of 
interest were reported for the systematic 
review, but not for individual studies 
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Table A4: Strengths and Limitations of Systematic Reviews and Meta-Analyses using AMSTAR 
checklist6  

Strengths Limitations 

Crossan11 

 An a priori design was provided 

 Data were extracted by two reviewers 
independently and any differences were 
resolved by the lead applicant 

 Seven electronic sources were searched, 
the search strategies for the various 
databases were provided and the searches 
were supplemented using reference lists of 
identified studies and reviews 

 Unpublished literature was searched 

 The characteristics of the included studies 
were provided 

 The quality of the included studies was 
assessed and reported for each study 
based on the Quality Assessment of 
Diagnostic Accuracy Studies-2 tool 

 Based on the quality assessment the 
authors acknowledged the studies were of 
poor methodological quality and the 
reported results were likely biased 

 Heterogeneity was investigated 

 Excluded studies were not referenced 

 The likelihood of publication bias was not 
assessed 

 Sources of support and potential conflicts 
of interest were disclosed for the 
systematic review, but not for each of the 
included studies 

 
 

Table A5: Strengths and Limitations of Diagnostic Accuracy Studies using QUADAS-27  

Strengths Limitations 

Samir12 

 A consecutive sample of patients was 
enrolled 

 A case-control design was avoided 

 The study appeared to avoid inappropriate 
exclusions 

 The reference standard was likely to 
correctly classify the target condition 

 The pathologist who interpreted the results 
of the reference standard was blinded to 
the results of the index test 

 The reference standard was performed 
immediately after the index test 

 All patients received the same reference 
standard 

 As the index test results were interpreted 
after the reference standard was 
administered, it was not clear that the 
index test results were interpreted without 
knowledge of the results of the reference 
standard 

 Not all patients were included in the 
analysis 
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Table A6:  Strengths and Limitations of Economic Studies using Drummond8  

Strengths Limitations 

Crossan11 

 The perspective of the analysis was 
explicit and the alternatives being 
compared were clearly described 

 Details of the sources of evidence and 
methods of synthesis used to inform model 
parameters were given 

 The models were described 

 The time horizon for costs and effects and 
the associated discount rates were stated 

 Incremental analysis was reported 

 The conclusions followed from the reported 
data 

 The form of the economic evaluation was 
not explicitly stated 

 Quantities of resource use were not 
reported separately from their unit costs 

 The choice of distributions for probabilistic 
sensitivity analysis were not justified 
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APPENDIX 4:  Main Study Findings and Author’s Conclusions 
 

Table A7:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 

Li, 20149 

Significant Fibrosis: 
AUHSROC was 0.78 (95% CI 0.74,0.81) 
Sensitivity was 0.71 (95% CI 0.64,0.77) 
Specificity was 0.73 (95% CI 0.67,0.78) 

 
Severe Fibrosis:  
AUHSROC was 0.79 (95% CI 0.75,0.82) 
Sensitivity was 0.76 (95% CI 0.64,0.85) 
Specificity was 0.74 (95% CI 0.70,0.79) 
 
 

 The FIB-4 index is moderately accurate in 
terms of distinguishing between chronic 
hepatitis B patients with and without 
significant fibrosis  
 

 The FIB-4 index is moderately accurate in 
terms of distinguishing between chronic 
hepatitis B patients with and without 
severe fibrosis 

Singh, 201510 

Hepatitis B 
Fibrosis stage >=1: 
AUROC was 0.89 (95% CI 0.60,0.99) 
Sensitivity was 0.92 
Specificity was 0.76 
 
Fibrosis stage >= 2: 
AUROC was 0.94 (95% CI 0.71,0.99) 
Sensitivity was 0.95 
Specificity was 0.83 
 
Fibrosis stage >= 3: 
AUROC was 0.97 (95% CI 0.88,0.99) 
Sensitivity was 0.94 
Specificity was 0.90 
 
Hepatitis C 
Fibrosis stage >=1: 
AUROC was 0.82 (95% CI 0.75,0.92) 
Sensitivity was 0.68 
Specificity was 0.83 
 
Fibrosis stage >= 2: 
AUROC was 0.88 (95% CI 0.84,0.91) 
Sensitivity was 0.77 
Specificity was 0.83 
 
Fibrosis stage >= 3: 
AUROC was 0.94 (95% CI 0.89,0.96) 
Sensitivity was 0.84 
Specificity was 0.89 
 

 “Magnetic resonance elastography 
appears to have excellent diagnostic 
performance for chronic viral hepatitis B” 
(page 447) 

 

 “Magnetic resonance elastography 
appears to have good to excellent 
diagnostic performance for chronic viral 
hepatitis C” (page 447) 
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Table A7:  Summary of Findings of Included Studies 

Main Study Findings Author’s Conclusions 

Fibrosis stage = 4: 
AUROC was 0.92 (95% CI 0.80,0.94) 
Sensitivity was 0.94 
Specificity was 0.81 
 
 

Crossan, 201511 

Hepatitis B e antigen-positive 
Liver biopsy: 
Mean cost was £75,957 
Mean effect was 11.41 QALYs 
 
Hepatitis B e antigen-negative 
Liver biopsy: 
Mean cost was £70,274 
Mean effect was 9.64 QALYs 
 
Hepatitis C 
Liver biopsy: 
Mean cost was £48,710 
Mean effect was 14.03 QALYs 
 

 “Liver biopsy was dominated by less costly 
and more effective non-invasive options 
among both chronic hepatitis B and C 
patients” (pages: 69, 73, 93) 

Samir, 201512 

Differentiate fibrosis stage >= 2 (n = 13) from 
fibrosis stage < 2 (n = 31): 
AUROC was 0.80 (95% CI 0.68,0.92) 
 
Differentiate fibrosis stage >= 3 (n = 8) from 
fibrosis stage < 3 (n = 36): 
AUROC was 0.82 (95% CI 0.70,0.95) 
 
Differentiate fibrosis stage = 4 (n =2) from 
fibrosis stage < 4 (n = 32): 
AUROC was 0.89 (95% CI 0.73,1.00) 
 

 “Shear-wave elastography estimates of 
liver stiffness obtained from the right upper 
lobe can potentially be used as a non-
invasive test to differentiate intermediate 
degrees of liver fibrosis in patients with 
chronic hepatitis C” (page 888) 

AUHSROC = Area under the hierarchical summary receiver operating characteristic curve, AUROC = Cluster-adjusted area under 
the receiver operating characteristic curve, AUROC = Area under the receiver operating characteristic curve. 
 
 
 
 


