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• Our systematic review includes four cost-utility and four cost-effectiveness analyses of transient 
elastography (TE) for the diagnosis of liver fibrosis in patients living with chronic liver diseases. 

• Included cost-utility analysis studies show that TE is cost-effective for hepatitis B and cost-savings 
for hepatitis C patients compared to liver biopsy and other non-invasive tests. 

• Included cost-effectiveness studies reveal that TE incurs lower costs but also provides fewer 
accurate diagnoses compared to liver biopsy.  

• The methodological quality of the included studies varies. Most studies fail to describe and justify 
input parameters used for their economic models and sensitivity analyses  
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Abstract 

Background: Liver biopsy remains the gold standard for the diagnosis of liver fibrosis, but its use 

as a diagnostic tool is limited by its invasive nature and high cost.  

Objective: To systematically review the cost-effectiveness of transient elastography (TE) with and 

without controlled attenuation parameter (CAP) for the diagnosis of liver fibrosis or steatosis in 

patients with hepatitis B, hepatitis C, alcoholic liver disease, and non-alcoholic fatty liver disease. 

Methods: An economic literature search was performed using computerized databases. Eligibility 

criteria included systematic reviews, health technology assessments, or economic evaluations of TE 

compared to liver biopsy and other non-invasive tests. After abstract screening, full-text reports of 

mailto:kthavorn@ohri.ca
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potentially relevant articles were assessed in duplicate. The methodological quality of the included 

studies was also appraised.  

Results: The database search yielded 253 records; four cost-effectiveness and four cost-utility 

studies were included. The methodological quality of the included studies varies. High quality cost-

effectiveness studies suggested that TE is less costly but also less accurate than liver biopsy. The 

cost-effectiveness ratio of TE improves with a greater level of diagnostic accuracy and a higher 

degree of liver fibrosis. Based on high-quality cost-utility studies, TE is a cost-effective alternative to 

biopsy with incremental cost-effectiveness ratios between $9,000 per QALY and $14,000 per 

QALY. We did not find studies that assessed the cost-effectiveness of TE with CAP for the 

diagnosis of liver steatosis.  

Conclusions: TE is an economically attractive alternative to liver biopsy and other non-invasive 

diagnostic tests especially for patients with hepatitis B and C.  

 

Abstract Word Count: 249 

Keywords: Transient elastography, controlled attenuation parameter, liver fibrosis/steatosis, 

chronic liver disease, systematic review, health economic evaluation 

 

Background 

Liver disease is estimated to affect over 500 million people worldwide (1). Advanced stages of liver 

disease can often result in liver fibrosis which is characterized by excessive accumulation of 

extracellular matrix protein. The most common causes of liver fibrosis are hepatitis B, hepatitis C, 

non-alcoholic fatty liver disease (NAFLD), alcoholic liver disease (ALD), and cholestatic liver 

disease. Chronic viral hepatitis (including hepatitis B and C), fatty liver disease, and liver cancer alone 

are responsible for nearly 95% of deaths from liver disease. (1)  
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Early stages of fibrosis are observable and often treatable; however, gone unchecked, it can lead to 

cirrhosis, portal hypertension, liver cancer and liver failure. (2) The only curative treatment for late-

stage cirrhosis is liver transplant. Accessible and accurate diagnosis in early stages of liver disease is 

therefore crucial as it can predict disease prognosis, prevent disease progression, improve patient 

health outcomes, and reduce healthcare costs. 

 

Liver biopsy is the current gold standard for assessing the degree of fibrosis and steatosis, though its 

diagnostic accuracy is in question. Fibrosis is rarely uniform across the liver, compromising the 

efficacy of a biopsy that has the risk of penetrating a yet to be affected area. (3) Insufficient amount 

of biopsy material may lead to inaccurate staging. Additionally, the method of scoring potential 

fibrosis has been shown to suffer from inter-observer variation, leading to false diagnosis or the 

need for additional tests. (4) This diagnostic technique is also invasive, compelling many candidates 

to refuse the procedure, and has been associated with complications including frequent discomfort 

and rarely bleeding and mortality. (5)  

 

Alternative non-invasive diagnostic techniques, such as transient elastography (TE), FibroTest, and 

acoustic radiation force impulse (ARFI), have been considered as substitutes to liver biopsy. TE 

(brand name: FibroScan) is used to measure liver stiffness. (6) TE is a non-invasive method that can 

be performed at the bedside or in an outpatient clinic (7) that can be paired with controlled 

attenuation parameter (CAP) to detect liver steatosis (8). FibroTest is a composite calculated score 

of five serum biochemical markers. A Canadian survey published in 2014 found that 46.2% of 

physicians who manage patients with liver disease used liver biopsy as the primary diagnostic tool 

for assessing fibrosis, followed by TE (39.4%) and FibroTest (7.7%). 42.7% of surveyed physicians 
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believed that the need for liver biopsy could be reduced by at least 50% if non-invasive diagnostic 

methods were made more available. (9) 

 

Non-invasive diagnostic methods are available and adopted in several countries; however, lack of 

public coverage often limits access to these services. As rising spending on health continues to put 

pressure on public budgets, health economic evaluation can be used as an explicit approach to help 

guide resource allocation decision.  This study was therefore conducted to systematically summarize 

studies that assessed the cost-effectiveness of TE compared to liver biopsy and other non-invasive 

tests in patients living with chronic liver diseases.  

 

Methods 

A systematic review of health economic evaluation studies comparing TE to liver biopsy and/or 

other non-invasive tests was conducted. 

 

Information Sources 

An experienced information specialist produced and tested preliminary electronic search strategies 

using an iterative process in collaboration with the research team. Using the OVID platform, an 

economic literature search was performed in Ovid MEDLINE® In-Process & Other Non-Indexed 

Citations and Ovid MEDLINE® and Embase Classic+Embase on November 26th, 2014. The 

Cochrane Library (HTA database, NHSEED, DSR, DARE, and CENTRAL) was searched on 

November 26, 2014. There were no restrictions on any of the search strategies. Full search strategy 

details are shown in Appendix A. Several websites of relevant organizations were searched as 

sources for grey literature, including the Canadian Agency for Drugs and Technologies in Health, 
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the Institute of Health Economics, the National Institute for Health and Care Excellence, EuroScan, 

and the Centre for Reviews and Dissemination database. 

 

Eligibility Criteria 

English or French language full-text publications that met inclusion criteria were included in the 

review. The relevant patient population included those with hepatitis B, hepatitis C, non-alcoholic 

fatty liver disease (NAFLD), alcoholic liver disease (ALD), or other chronic liver disease. 

Interventions under review were TE compared to liver biopsy, FibroTest, or ARFI. Searches also 

included comparison of TE with CAP to liver biopsy in the diagnosis for liver steatosis. Outcomes 

of interest were cost-effectiveness measures where effectiveness was determined either through the 

number of correctly identified cases or quality-adjusted life years (QALYs). In cases where an 

incremental cost-effectiveness ratio (ICER) was not explicitly provided, cost and effectiveness were 

derived from the reported findings. The design of an eligible study included systematic reviews of 

economic evaluation, health technology assessment (HTA) reports, or full economic evaluations that 

compared both costs and outcomes of TE without or with CAP to liver biopsy, FibroTest, or ARFI. 

We did not limit inclusion by year of publication. 

 
 

Screening and Selection 

Citations were de-duplicated in Reference Manager (Thomson Reuters, New York, NY). Data 

Management software, DistillerSR®, was used to manage retrieved records, screen reports, identify 

and track disagreements and to store extracted data. Titles and abstracts were screened by one 

reviewer (KP) for potential relevance; a second reviewer (KT) verified records that were deemed not 

relevant. The full-text reports of potentially relevant records were reviewed independently by two 

reviewers (KP and KT). Disagreements between reviewers during full-text screening were resolved 

via consensus. Co-publications or multiple reports of the same study were identified as such.  
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Data Abstraction and Data Collection Process 

Articles were abstracted by one member of the research team (KP) and verified by a second member 

(SV). Disagreements were resolved through consensus.  We abstracted study characteristics, 

including study design, study location (and respective currency), modelling method (e.g. decision tree 

or Markov), the study’s eligible population, and intervention/comparator (TE, liver biopsy, 

FibroTest, ARFI, or different diagnostic modalities for the same technology). For systematic reviews 

of economic evaluation, the number of included studies was also abstracted. The perspective of the 

economic evaluation was categorized as: patient, hospital, health care system, or society. 

 

Results of cost-effectiveness studies were reported as an incremental cost effectiveness ratio (ICER), 

which was derived by dividing the difference in cost between TE and the comparator (incremental 

cost) by the difference in effectiveness of TE and the comparator (incremental effectiveness).  

 

Methodological quality appraisal 

The methodological quality of the included studies was appraised using the 10-item Drummond 

checklist (10). This tool is commonly used and recommended by the Cochrane Collaboration for 

assessing the quality of health economic evaluation studies. (11) Each study was appraised 

independently by two team members (SV and KT). Any conflicts were resolved through discussion 

and consensus. A score of eight or higher (out of ten) indicated that the study was methodologically 

sound and made a concerted effort to describe the nature of the study in rigorous detail. (11). 

 

Synthesis 
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The results of included studies were reported narratively. Cost data from each included study was 

converted to 2015 U.S. Dollars (USD) using purchasing power parity for the year of each study then 

adjusted for inflation to the year 2015. (12) 

 

Results 

Literature search and screening 

The database search yielded 242 records published before March 9, 2015 (with duplicates removed). 

An additional 11 records were identified by bibliographic search. Of the 253 independent records 

retrieved, 68 studies were reviewed for eligibility at full text.  Eight studies were included in 

qualitative synthesis, two of which were companions to an included study (Figure 1). 

 

Study and patient characteristics 

A summary of the characteristics of the eight included studies is presented in Table 1. All eight 

studies assessed the cost-effectiveness of TE compared to liver biopsy and other non-invasive tests 

in the diagnosis, staging, and monitoring of liver fibrosis associated with hepatitis C, hepatitis B, 

ALD, or NAFLD. Four studies performed a direct comparison of TE, other non-invasive methods, 

and liver biopsy. Two studies compared different diagnostic modalities whereby different diagnostic 

tests and disease management strategies, such as treat none and treat all, were compared. Four 

studies conducted a health economic evaluation alongside a systematic review, and two of the 

included studies were primary cost-effectiveness analyses. These studies were conducted between 

2009 and 2015 and took place in the United Kingdom (five studies), Canada (two studies), and the 

United States (one study). Four studies were conducted from the perspective of the health care 

system, and two studies were from the perspective of the hospital. The majority of the included 

studies (six out of eight) included HCV-infected patients as a population of study.  
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Methodological quality appraisal 

Figure 2 presents the score distribution across each of the 10-item Drummond checklist according 

to whether or not the study fulfilled the criterion (or was not applicable) in terms of study design, 

execution, and reporting of relevant information on the nature and methods of the study. There was 

a high variability in methodological quality and comparability of the included studies. The scores 

varied from 5 to 9 out of a possible 10. Three studies (14, 17, 19) had a score of eight or higher. 

Most studies failed to adequately describe and justify the resources utilized (Item 5) and adequately 

address for uncertainty (Item 9). Most studies provided tables of sources utilized; however, only two 

(14, 19) studies provided detailed description of data sources and justification for input parameters 

used in the model. All studies performed a sensitivity analysis, albeit varied in design (Table 2). Only 

two studies (14, 17) provided adequate justification for the ranges employed in the sensitivity 

analysis and offered clear reasoning for how variance in the parameters impacted the final 

conclusions. 

 

The type of sensitivity analyses reported varied among included studies and the chosen analysis type 

were not consistent with any particular model type or set of parameters. The more rigorously 

reported sensitivity analyses (14, 17) found that the sensitivity and specificity of the TE was the key 

driver of cost-effectiveness results.  

 

Effectiveness, cost and cost-effectiveness results 

Table 3 displays the results of the included studies by effectiveness, cost, and cost-effectiveness 

results. 

 
Effectiveness results 
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We found that there was variability in conclusions on the effectiveness of TE compared to liver 

biopsy across liver disease type and severity. Studies that compared diagnostic effectiveness across 

various stages of liver fibrosis (F≥2, F≥3, F=4) found a congruent positive correlation between 

TE’s diagnostic accuracy and increased severity of fibrosis. This correlation translated to cost-

effectiveness, with a more favourable ICER among more severe cases of fibrosis. (14-19) Compared 

to liver biopsy, TE was associated with a decreased diagnostic accuracy, ranging from 8% to 26%. 

Several studies found that TE became dominant—costing less and was at least as effective as 

biopsy—in cases of severe liver fibrosis (F=4) where TE diagnostic accuracy is much higher. (14, 

15) 

 

Cost results 

Table 3 presents the costs of diagnostic tests reported in each included study. Different perspectives 

of analysis and health care systems precluded quantitative synthesis. Of the five studies from the 

United Kingdom, two provided unit costs for the diagnostic tests. TE was priced at $20.78 from the 

health care system’s perspective (15) and $73.30 (19) from the hospital’s perspective. The cost of 

liver biopsy was $951.78 from the perspective of health care system (15) and ranged from $1311.10 

to $2,199.83 from the perspective of the hospital (19). The two Canadian studies (a primary study 

and its companion) (13, 17) reported the cost of diagnostic tests from the health care system 

perspective (Table 3, row 1). The United States study used the hospital perspective and estimated 

the cost of TE to be $145.75 per evaluation compared to liver biopsy at $1,396 per evaluation (Table 

3, row 4) (16). 

 

Cost-effectiveness results 



11 

 

We report the cost-effectiveness results in sub-sections according to the type of health economic 

evaluation: cost-effectiveness studies with a short-term outcome (cost per correct diagnosis) and 

cost-utility analysis with a long-term outcome (QALY).  

 

Cost-effectiveness studies with a short-term outcome 

Four studies (13, 15-17) performed a cost-effectiveness analysis of TE and presented an incremental 

cost per one correct diagnosis of TE compared to biopsy. These studies consistently showed that 

TE incurred lower costs but also provided fewer accurate diagnoses compared to liver biopsy. One 

study (17) found the cost of liver biopsy compared to TE was between $1,712 and $8,768 per 

correct diagnosis due to the lower cost of TE, while two other studies (15, 16) determined that the 

cost per correct diagnosis for TE compared to biopsy ranged between $1,250 and $2,922. Plotting 

these incremental cost-effectiveness ratios to a cost-effectiveness plane (Figure 3), TE would fall 

into quadrant three (Q3) of the cost-effectiveness plane, suggesting that TE was less effective but 

also less costly test. One study (15) also compared the cost-effectiveness of TE to FibroTest and 

found that an incremental cost-effectiveness ratio of TE was $666.66 per an additional case of 

correct diagnosis and that TE dominated FibroTest in patients with severe (F4) fibrosis.  

 

Figure 4 summarizes the findings of the high quality cost-effectiveness studies (a score of eight or 

higher). While there is some variation in the studies’ interpretations based on varied treatment 

scenarios, a general trend is visible that as the fibrosis becomes more severe TE is more cost 

effective. Also uniquely visible from this summarized data is that the variance in findings is 

significantly smaller in HCV patients, which is largely due to consistence in favorable effectiveness 

of TE in these patients across included studies. Finally, in the case of NAFLD and CLD, TE was 

always cost-effective or dominant at the highest severity of fibrosis (F = 4). 
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Cost-utility studies with long-term outcomes 

Nearly all studies performing cost-utility analysis consistently argued that TE would be more cost-

effective when long-term health care costs were taken in to account (14, 15, 17-19). This was a more 

pronounced finding when taking the perspective of the health care system, as these studies included 

a wider range of costs associated with later stage fibrosis, including out-of-hospital costs that were 

otherwise averted due to early diagnosis. (14, 15, 17)  

 

Four studies (14, 18-20) conducted a cost-utility analysis of TE and reported an incremental cost per 

QALY gained. We observed unique findings for studies evaluating long-term costs and 

consequences of diagnostic testing strategies. Stevenson et al. (2012) devised a decision model and 

estimated the incremental cost and effectiveness of TE, FibroTest, and FibroMAX compared to the 

gold standard liver biopsy in ALD patients. Of the scenarios that did stand to sensitivity analysis, TE 

was found to be the only cost effective alternative to biopsy when the hospital utilized a triage policy 

whereby patients with positive non-invasive liver test (NILT) would receive a biopsy. Canavan et al. 

(2013) performed a cost-utility analysis compare of various diagnostic policies that varied the use of 

TE compared to liver biopsy over different time periods. The authors concluded that the optimal 

tested strategy was an annual TE scan for all those with hepatitis C, generating an ICER of $9,616 

per QALY over the best next strategy  symptomatic investigation and treatment with no fibrosis 

surveillance or HCC screening. Crossan et al. (2015) performed a cost-effectiveness of non-invasive 

tests, including TE, FibroTest, and ARFI, compared to liver biopsy. They concluded that it is cost-

effective to treat all hepatitis C patients without prior testing for liver fibrosis ($13,176 per QALY). 

For patients living with HBeAg-positive, the most cost effective option was TE performed 
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sequentially with another non-invasive diagnostic test; however, the results had high uncertainty. For 

ALD patients, liver biopsy was found to be the most cost-effective option ($1,177 per QALY). 

 

All cost-utility studies performed a scenario analysis that found at least one diagnostic protocol 

scenario in which TE was more cost-effective than biopsy based on a willingness to pay threshold of 

$22,000; however, diagnostic modalities used in sensitivity analyses for each study were very 

different suggesting high uncertainty in cost-effectiveness findings. All four studies did conclude that 

TE was the most cost-effective option compared to other non-invasive diagnostic tests.  

 

At the time of writing, we did not find economic evaluation studies that assessed the cost-

effectiveness of TE with CAP in diagnosing liver steatosis. 

 

Discussion 

Our review highlights that TE is economically attractive compared to liver biopsy in cases where the 

diagnostic test is used to confirm suspected severe fibrosis (F≥3 to F=4). In cases of severe liver 

fibrosis and cirrhosis (F=4), diagnostic accuracy of TE and liver biopsy are extremely comparable; 

however, the cost of TE is much lower. The disproportionate change in an incremental effectiveness 

compared to a difference in cost between TE and biopsy leads to TE becoming more cost-effective 

with more severe stage of fibrosis. Based on the highest methodological quality studies (scored eight 

or higher), we conclude that TE is a cost-effective non-invasive diagnostic alternative to biopsy with 

an ICER between $9,000 per QALY and $14,000 per QALY.  

 

TE was cost-effective when it was included in the annual liver fibrosis screening modality for 

patients with hepatitis C. This is perhaps due to the higher risk of fibrosis progression among 

patients with hepatitis C. (21) Results of included studies comparing TE to other non-invasive 
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diagnostic methods were consistent in finding that TE was a cost-effective option because it had 

comparable cost but higher diagnostic accuracy.  

 

Half of the included studies performed a cost-effectiveness analysis and expressed their cost-

effectiveness outcomes as an incremental cost per one correct diagnosis. This measure is helpful in 

cases that TE is less costly and more accurate because it allows decision makers to identify the most 

accurate diagnostic test with the lowest cost. However, in the case that TE is less costly but also less 

accurate or more expensive but more accurate, one must apply the maximum that decision makers 

are willing to pay to improve one additional unit of outcome. Since there is no standard threshold 

for cost per accurate diagnosis outcome, it is still unclear whether TE is cost-effective based on 

short-term cost-effectiveness results. Although the use of cost-effectiveness thresholds is 

controversial, several developed countries have used them guide funding decisions for new health 

technologies. For example, the United Kingdom uses a threshold range of £20,000 to £30,000 per 

QALY gained, (22) and the United States uses a value of $50,000 per QALY gained. (23) In Canada, 

commonly used thresholds range from $20,000 to $100,000 per QALY gained. (24) 

 

Most of the included studies (15-17, 19) reported only partial findings to their research question. 

While this is surprising, partial reporting is a regular shortcoming across a wide variety of biomedical 

research (25). Variation in study designs and sensitivity analyses created a challenge for us in sussing 

out the evidence from these six included studies. In part, this was due to under-reporting of key 

model design features and data source justifications. This made direct comparison of findings 

problematic as we could not always determine how final values were obtained or how the cost and 

effectiveness of TE was derived.  

 



15 

 

Variation in methods and reporting in economic evaluation forces knowledge users to derive their 

own interpretation of the study findings. Inconsistency in methods can lead to misinterpretation and 

under-utilization of the evidence by policy makers and health care practitioners. To facilitate the use 

of economic evaluation in guiding decision about resource allocation, future studies should adhere 

to good research practices (26) and reporting guideline, such as the Consolidated Health Economic 

Evaluation Reporting Standards (27). 

 

Limitations 

This review should be interpreted in light of the following limitations. First, this study focused on 

the cost-effectiveness of TE relative to liver biopsy and few non-invasive diagnostic tests. While 

some non-invasive tests were captured (AFRI and FibroTest), many other tests are available on the 

market and were not included in this study. Second, this systematic review was limited to studies 

published in English or French. Given TE is widely used in many European countries, it is possible 

that the evidence about TE included in this review is under-represented. Finally, our review 

synthesized the results of health economic evaluation conducted in various countries and health care 

systems. The interpretation of our results should be interpreted with caution because the application 

of our findings may depend on cost-effectiveness thresholds, budgets and reimbursement 

mechanisms.   

 

Conclusions 

TE was the most favourable non-invasive alternative to liver biopsy as it was cost-saving and yielded 

the highest diagnostic accuracy. Compared to liver biopsy, TE was cost-saving for diagnosis liver 

fibrosis in patients with hepatitis C and cost-effective for diagnosis of fibrosis in patients with 
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hepatitis B. Further research is needed to show the cost-effectiveness of TE in patients living with 

ALD and NAFLD and the cost-effectiveness of TE with CAP in the diagnosis of liver steatosis.  
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Figure 1: PRISMA 2009 Flow Diagram 
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Figure 2: Summary of the methodological quality of included studies assessed by the 10-

item Drummond’s checklist 

Items: 1. Well-defined question. 2. Well-described competing alternatives. 3. Established 

effectiveness. 4. All important and relevant costs and consequences were identified. 5. Measurement 

was accurately performed. 6. Costs and consequences were valued credibility. 7. Discounting. 8. 

Incremental analysis was performed. 9. Allowance made for uncertainty. 10. Discussion 
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Figure 3: Annotated Cost-Effectiveness Plane 

An ICER could be interpreted by mapping it graphically on a four-quadrant cost-effectiveness plane 

(Figure 3). (17) The possible outcomes of comparing TE to a comparator are: 1) TE is more 

effective and more costly (quadrant 1); TE is more effective and less costly, which is noted as 

‘dominant’ (quadrant 2); TE is less effective and less costly (quadrant 3); and TE is less effective and 

more costly, which is noted as ‘dominated’ (quadrant 4). Quadrants 1 and 3 require a judgement by 

the decision maker whether the incremental effectiveness of an intervention (in this case, TE) is 

large enough to outweigh the incremental cost. This threshold is a decision maker’s willingness-to-

pay, and is often specific for each study location (e.g. willingness to pay in Canada has ranged from 

C$20,000 to C$100,000 per QALY gained). 

Cost difference 
Cost-effectiveness 
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pay  

Q1 

Q2 Q3 
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Figure 4: Summarized cost-effectiveness findings of cost-effectiveness studies with high methodological 

quality  

 
Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; NAFLD, non-alcoholic fatty liver 
disease; CLD, chronic liver disease 
*Data not available from included studies 
**Studies found the cost per correct diagnosis to be the indicated range and the upper range was 
shown to be dominant. 
 
The square of each row represents the base case findings of the most comprehensive cost-effectiveness study 
to date (23). The ranges represent the combined lower and upper-bound 95% confidence intervals of all cost-
effectiveness studies with a methodological quality score of eight or higher (23, 25). 
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Table 1: Characteristics of the included studies 

Study & year 
(companion) 

Study design Perspective Location Cost year 
(currency) 

Modelling 
Method 

Sample 
size 
 

Population Intervention(s) 

Steadman et 
al, 2012 (17) 
 (Steadman et 
al, 2013 (13)) 

Cost-
effectiveness 
Analysis, 
(Systematic 
review/HTA) 

Health care 
system 

Canada 2010 
(Canadian 
dollar) 

Decision 
tree 

adult 14,943, 
paediatric 52 

Adult: HBV, 
HCV, 
NAFLD, 
cholestatic 
liver disease, 
liver 
transplant 
Paediatric: 
nonalcoholic 
steatohepatitis 

• TE 

• Liver biopsy 

Canavan et al, 
2013 (18) 

Cost-
effectiveness 
analysis 

Hospital United 
Kingdom 

2012  
(British 
pound) 

Markov 
model 

10,000 
hypothetical 
adult cohort 

HCV-infected 
patients 

• Intermittent biopsy, followed by 
ultrasound and blood test every 
six months 

• Annual biopsy, followed by liver 
cancer screening at 6-month 
intervals once cirrhosis was 
identified 

• Replacing intermittent liver 
biopsy by TE with confirmation 
liver biopsy, followed by liver 
cancer screening at 6-month 
intervals once cirrhosis is 
identified 

• Annual TE with confirmation 
liver biopsy, followed by liver 
cancer screening at 6-month 
intervals once cirrhosis is 
identified 

• Annual TE as a definitive test, 
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Study & year 
(companion) 

Study design Perspective Location Cost year 
(currency) 

Modelling 
Method 

Sample 
size 
 

Population Intervention(s) 

followed by liver cancer 
screening at 6-month intervals 
once cirrhosis is identified 

• No surveillance of fibrosis stage 

Stevenson et 
al, 2012 (19) 

Cost-
effectiveness, 
cost-utility 
analysis 
(Systematic 
review /HTA) 

Hospital United 
Kingdom 

NR Decision 
tree 

NR Known or 
suspected 
ALD  

• TE 

• FibroTest 

• FibroMAX1 

• Liver biopsy 

Carlson et al, 
2009 (16) 

Cost-
effectiveness 
analysis 

Hospital United 
States 

2005  
(US dollar) 

Decision 
tree 

N = 1,000 
hypothetical 
cohort 

HCV • TE 

• Fibrosure (FibroTest) 

• Fibrospect II2 

•    liver biopsy 

Centre for 
Evidence-
based 
Purchasing, 
2009 (15) 

Cost-
effectiveness 
analysis 
(Systematic 
review /HTA) 

Health care 
system 

United 
Kingdom 

2007 
(British 
pound) 

Decision 
tree 

NR Significant 
fibrosis (F2 – 
F4) 

• TE 

• FibroTest 

• Liver biopsy 

Crossan et al, 
2015 (14) 
(Tsochatzis et 
al, 2014 (20)) 
 

 

Cost-
effectiveness, 
cost-utility 
analysis 
(Systematic 
review /HTA) 

Health care 
system 

United 
Kingdom 

2012  
(British 
pound) 

Decision 
tree and 
Markov 
model 

 HBV, HCV, 
ALD, 
NAFLD 

• TE 

• FibroTest 

• ARFI 

• Other non-invasive tests, such 
as Dw-MRI, FibroIndex, 

                                                      
1 FibroMAX utilizes combined diagnostic tests, including FibroTest, SteatoTest, and NashTest; it uses ten serum markers (Alpha-2-macroglobulin, haptoglobulin, 
apolipoprotein A1, Gamma-glutamyl transpeptidase (GGT), total bilirubin, ALT, AST, total cholesterol, triglycerids, and blood sugar) combined with age, sex, height 
and weight of the patient to calculate diagnosis. 
2 Fibrospect II uses three serum markers (hyaluronic acid, metalloproteinase (TIMP-1), and α2-macroglobulin (AMG)) to diagnose severity of fibrosis. 
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Study & year 
(companion) 

Study design Perspective Location Cost year 
(currency) 

Modelling 
Method 

Sample 
size 
 

Population Intervention(s) 

 
 

contract-enhanced ultrasound, 
Type IV collagen, etc. 

• Liver biopsy 
Abbreviations: ALD, alcoholic liver disease; ARFI, acoustic radiation force impulse; APRI, aspartate aminotransferase to platelet ratio 
index; CDF, correctly diagnosed fibrosis; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HTA, 
health technology assessment; ICER, incremental cost-effectiveness ratio; NA, not applicable; NAFLD, nonalcoholic fatty liver disease; 
NR, not reported; QALY, quality-adjusted life-year; SD, standard deviation; SR, systematic review; TE, transient elastography. 
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Table 2: Sensitivity Analysis Descriptions 
 

Study Modelling 
Method 

Type of Sensitivity Analysis Parameters 

Steadman et al, 
2012 (17) 

Decision 
tree 

• Probabilistic Sensitivity 
Analysis (PSA) 

• Univariate deterministic 
sensitivity analysis  

• PSA 
-Test sensitivity and    
  specificity 

      -Prevalence of fibrosis 

• Univariate sensitivity 
analysis 
-Cost 

Canavan et al, 
2013 (18) 

Markov 
model 

Univariate deterministic 
sensitivity analysis 

-Natural history data 
-Mortality rate 
-Cost 
-Health utility 
- Sensitivity and specificity 
-Treatment effectiveness 

Stevenson et al, 
2012 (19) 

Decision 
tree 

Univariate deterministic 
sensitivity analysis 

-Health utility 
-Test sensitivity and specificity 

Carlson et al, 
2009 (16) 

Decision 
tree 

Alternative scenario analysis -Test sensitivity and specificity 

Centre for 
Evidence-based 
Purchasing, 
2009 (15) 

Decision 
tree 

Univariate deterministic 
sensitivity analysis  

-Test sensitivity and specificity 
-Prevalence of fibrosis 
-Cost 

Crossan et al, 
2015 (14) 

Decision 
tree and 
Markov 
model 

PSA -Natural history data, such as 
prevalence of chronic liver 
disease, risk of progression to 
more severe fibrosis stages  
-Mortality rate 
-Cost 
-Health utility 
-Test sensitivity and specificity 
-Treatment effectiveness 
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Table 3: Results of included cost-effectiveness analysis studies (Costs in USD$, PPP adjusted for 2015) 

Name, Year 
(Companion) 

Effectiveness Costs (USD) Incremental Cost-Effectiveness Results 

Steadman et al, 
2012 (17) 
 (Steadman et 
al, 2013 (13)) 

NR 
 

Total cost  
TE (per scan) $124.33  
Liver biopsy $575.37 
Incremental costs 
Potential cost savings were approximately 
$451.51 to replace each liver biopsy with TE 
 

Incremental cost per correct diagnosis 
($/correct diagnosis gained); the additional cost 
per correct diagnosis using liver biopsy 
compared to TE varied from $1,712 to $8,768, 
depending on the disease group considered 
Hepatitis B 
F ≥ 2 $1,712; F ≥ 3 $2,476;  
F = 4 $2,507 
Hepatitis C  
F ≥ 2 $2,321; F ≥ 3 $4,545;  
F = 4 $4,417 
NAFLD 
F ≥ 2 $1,868; F ≥ 3 NR; 
F = 4 $8,158 
Cholestatic liver disease 
F ≥ 2 $3,220; F ≥ 3 $5,699; 
F = 4 $8,768 

Canavan et al, 
2013 (18) 

Use of TE provided 
an additional 1.72 
unadjusted life-years 
compared to the 
next best strategy 

Lifetime extra cost of $111.31 per patient 
compared to the current UK strategy 
(intermittent biopsy of patients with chronic 
HCV, with ultrasound and serum alpha-
fetoprotein tests every 6 months once cirrhosis 
is diagnosed) 
 
 

ICER  
TE: $9,616.29 per QALY 
Annual definitive TE was cost-effective using a 
threshold of £30,000 ($36,000) per QALY 
 
 

Stevenson et 
al, 2012 (19) 

 
NR 

Per test  
Liver biopsy $1,311.10 – $2,199.83 

TE (FibroScan) $73.30 
FibroTest $73.30 

 

FibroScan, using a triage policy, was the only 
cost-effective alternative to biopsy using a 
QALY threshold of £20,000 ($22,000).  
 
ICER 
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Name, Year 
(Companion) 

Effectiveness Costs (USD) Incremental Cost-Effectiveness Results 

Liver biopsy vs. TE: $104,604.71 per QALY 
 
Sensitivity analysis showed that no procedural 
alternative was consistently cost-effective 
compared to biopsy, leading to no definitive 
recommendations to adopt a non-invasive 
diagnostic tool. 

Carlson et al, 
2009 (16) 

Approximately 8% 
false positives and 
10% false negatives 

Average evaluation cost per person  
TE $145.72 
Liver biopsy $1,396  
Compared to liver biopsy, there was a cost 
savings of ~$1,250 per person using TE 

Cost savings of $1,250 per person, but a net 
decrease of 18% in the number of people 
accurately diagnosed  
The average cost per correct diagnosis with TE 
compared to liver biopsy was US$1,219 

Centre for 
Evidence-
based 
Purchasing, 
2009 (15) 

NR Total cost  
TE $20.78  
Liver biopsy $951.78 FibroTest $82.62 
Incremental costs  
FibroTest vs. TE: total extra cost of TE for 
F2–F4 was $85,866; for F4 only was cost-
saving 
TE vs. biopsy: total extra cost of biopsy for 
F2–F4 was $490,906; for F4 only was $733,992 

ICER, cost per correctly diagnosed fibrosis gained  
FibroTest vs. TE: F2 to F4 $666.66; F4 only 
dominant  
TE vs. biopsy: F2 to F4 $2,922; F4 only 
$37,641 

Crossan et al, 
2015 (14) 
(Tsochatzis et 
al, 2014 (20)) 

HBV e antigen-positive 
(QALYs) 
TE 11.61  
Liver biopsy 11.41  
ARFI 11.71 
FibroTest 11.62  
 
HBV e antigen-negative 
(QALYs) 
TE 9.93  
Liver biopsy 9.64  

HBV e antigen-positive 
TE $94,804.8  
Liver biopsy $91,148 
ARFI $100,184 
FibroTest $95,423 
HBV e antigen-negative 
TE $87,608 
Liver biopsy $84,329 
ARFI $93,014 
FibroTest $88,487 
HCV 

Treating all patients with HCV without 
screening for liver fibrosis was the most cost-
effective option: ICER $13,176/QALY 
 
At a willingness to pay of £20,000 ($22,000), 
TE performed sequentially with another non-
invasive diagnostic test was cost-effective but 
the uncertainty was high.  
 

Patients with ALD: liver biopsy was cost-
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Name, Year 
(Companion) 

Effectiveness Costs (USD) Incremental Cost-Effectiveness Results 

ARFI 10.10 
FibroTest 9.93  
 
HCV  (QALYs) 
TE 14.28  
Liver biopsy 14.03  
ARFI 14.25  
FibroTest 14.30  
 
ALD (QALYs) 
TE 9.02  
Liver biopsy 9.31 
FibroTest (low cut-
off): 9.13  
FibroTest (high cut-
off): 9.03 
 
NAFLD (test positive 
cases)3 
TE 155 
Liver biopsy 189 
FibroTest 158 
ARFI 170 
NAFLD (test negative 
cases) 
TE 681 
Liver biopsy 811 
FibroTest 783 

TE $56,939 
Liver biopsy $58,452 
ARFI $56,551 
FibroTest $57,992 
ALD 
TE $24,011 
Liver biopsy $21,361 
FibroTest (low cut-off): $29,605 
FibroTest (high cut-off): $22,865 
NAFLD 
TE $61.20 
Liver biopsy  $1,148 
FibroTest  $71.17 
ARFI $61.20 
 

effective: ICER $1,177/QALY 

                                                      
3 ‘Test positive cases’ references the frequency of positive diagnostic reporting for each of the testing tools, where liver biopsy is the gold standard. Similarly, ‘test 
negative cases’ references the frequency of negative diagnostic reporting for each of the testing tools, where liver biopsy is the gold standard. 
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Name, Year 
(Companion) 

Effectiveness Costs (USD) Incremental Cost-Effectiveness Results 

ARFI 726 

Abbreviations: ALD, alcoholic liver disease; ARFI, acoustic radiation force impulse; APRI, aspartate aminotransferase to platelet ratio 
index; CDF, correctly diagnosed fibrosis; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; HTA, 
health technology assessment; ICER, incremental cost-effectiveness ratio; NA, not applicable; NAFLD, nonalcoholic fatty liver disease; 
NR, not reported; QALY, quality-adjusted life-year; SD, standard deviation; SR, systematic review; TE, transient elastography. 
 

 


