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Abstract

Cirrhosis, highly prevalent worldwide, develops after years of hepatic inflam-
mation triggering progressive fibrosis. Currently, the main etiologies of cir-
rhosis are non-alcoholic fatty liver disease and alcohol-related liver disease,
although chronic hepatitis B and C infections are still major etiological factors
in some areas of the world. Recent studies have shown that liver fibrosis can
be assessed with relatively high accuracy noninvasively by serological tests,
transient elastography, and radiological methods. These modalities may be
utilized for screening for liver fibrosis in at-risk populations. Thus far, a limited
number of population-based studies using noninvasive tests in different areas
of the world indicate that a significant percentage of subjects without known
liver disease (around 5% in general populations and a higher rate -18% to
27%-in populations with risk factors for liver disease) have significant unde-
tected liver fibrosis or established cirrhosis. Larger international studies are
required to show the harms and benefits before concluding that screening for
liver fibrosis should be applied to populations at risk for chronic liver diseases.
Screening for liver fibrosis has the potential for changing the current approach
from diagnosing chronic liver diseases late when patients have already devel-
oped complications of cirrhosis to diagnosing liver fibrosis in asymptomatic

INTRODUCTION

Cirrhosis is the eleventh most common cause of death
globally, accounting for an estimated 2 million deaths
per year! (data taken from the Global Burden of
Disease Study), indicating that cirrhosis deaths have
risen from 899,000 to more than 1.32 million from
1990 to 2017.”) Moreover, there is marked geograph-
ical variation with Central Asia having the highest age-
standardized death rate (39 deaths [36.2-41.5 95% CI]
per 100,000 population), in contrast to the lowest rates
seen in Australasia (5.4 [4.9-6.0 95% CI] per 100,000
population).’?!

Approximately 75 million individuals worldwide
have an alcohol-use disorder putting them at risk for

subjects providing the opportunity of preventing disease progression.

alcohol-associated liver disease (ALD). With over 2 bil-
lion adults being obese/overweight and over 400 million
with diabetes, the increase in age-standardized prev-
alence of compensated and decompensated cirrhosis
has been higher with NAFLD as compared with other
etiologies of liver disease (increase of 33% for compen-
sated cirrhosis and 55% for decompensated cirrhosis,
with NAFLD, as compared to other etiologies of cirrho-
sis).[z] The recognized interaction between obesity and
alcohol will contribute further to a marked increase in
liver disease, including HCC, which now accounts for
3.5% of all deaths worldwide.”! The absolute burden
of viral hepatitis has also increased, although the avail-
ability of effective vaccines and treatments may reduce
the burden of these diseases in the years to come.
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In terms of morbidity, cirrhosis is now the seventh-
leading cause of disability associated life years in peo-
ple aged 50-74 years and the twelfth cause in the 25-49
age range,[‘” with annual in-hospital costs for cirrhosis
in the United States alone accounting for over $10 bil-
lion.®! Thus, there is an urgent need to try to identify
patients with chronic liver diseases (CLD) at an earlier
stage and intervene effectively before they progress to
cirrhosis and decompensation and/or HCC.

This review article discusses the rationale and avail-
able evidence for screening for liver fibrosis in the
population.

RATIONALE FOR SCREENING FOR
LIVER FIBROSIS

To justify the application of a screening policy by health
authorities, the 10 criteria of Wilson and Jungner are
often still seen as guiding principles (Table 1). CLD with
a long asymptomatic phase before cirrhosis develops
is characterized by a relatively well-defined natural his-
tory and a high death rate, meeting the first three crite-
ria.l®! Most patients at risk of CLD, however, are seen in
primary care, where optimal diagnostic strategies are
undefined.

In population screening, the sensitivity and spec-
ificity of the test used are paramount for minimizing
the risk of false-negative and false-positive cases,
respectively. Conventional liver tests, such as serum
aminotransferases, have poor sensitivity and speci-
ficity for identifying cirrhosis, and a liver biopsy is too
invasive for a screening test. Noninvasive tests of fi-
brosis, such as transient elastography (TE) or serum

biomarkers, are widely available and well validated for
this purpose, with good acceptability.m However, longi-
tudinal data using these tests for screening are scarce.
Finally, screening using noninvasive tests may be cost-
effective but requires validation.®!

Early diagnosis of CLD enables initiation of specific
measures or treatments to prevent disease progres-
sion and improve survival, including antiviral therapy
for HBV or HCV, alcohol abstinence in ALD, and be-
havioral changes and treatment of diabetes and obe-
sity in NAFLD. In addition, patients with cirrhosis, once
diagnosed, require surveillance for varices and HCC.

NONINVASIVE TOOLS FOR
POPULATION SCREENING

A key challenge is that a test’s performance varies with
prevalence of the disease. This is the “spectrum ef-
fect,” meaning that in low-prevalence populations the
sensitivity and the positive predictive value are lower.
Furthermore, any test, depending on the nature of the
test and the chosen cutoff, is associated with false-
positive and false-negative test results, an inherited
limitation of binary decision making. A step-wise al-
gorithm of combining noninvasive tests could reduce
the rate of false-positive tests.[® In addition, it is impor-
tant to recognize the limitation of liver biopsy as refer-
ence standard and the potential variability of all blood
based biomarkers!'” that can challenge the potential as
screening tool.

Hagstrom et al. found only modest prognostic perfor-
mance (area under the receiver operating characteristic
curve from 0.54-0.71) of five indirect markers of fibrosis

Comment regarding screening
for liver diseases

Criterion met
Criterion met

Criterion met

Further research needed
Criterion met
Criterion met

Further research needed

TABLE 1 Summary of the 10 criteria proposed for screening for a disease in the general population®
Factors Criteria
Disease 1. The condition sought should be an important health problem
2. There should be a recognizable latent or early symptomatic stage
3. The natural history of the condition, including development from latent to
declared disease, should be adequately understood
Setting 4. Facilities for diagnosis and treatment should be available
Diagnosis 5. There should be a suitable test or examination
6. The test should be acceptable to the population
7. Case finding should be a continuing process and not a “once and for all”
project
Treatment 8. There should be an accepted treatment for patients with recognized

disease

9. There should be an agreed policy on who can treat the patients

Cost-effectiveness

10. The cost of case finding (including diagnosis and treatment of patients

Criterion met

Criterion met®

Further research needed

diagnosed) should be economically balanced in relation to possible

expenditure on medical care as a whole

@Adapted from Wilson and Jungner for the World Health Organization.

Does not apply to alcohol-associated liver disease, NAFLD, or viral hepatitis in low-income countries.
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(aspartate aminotransferase [AST]-to-platelet ratio index
[APRI], Fibrosis-4 Index [FIB-4], BARD, Forns, and
NAFLD score [NAS]) to predict future development of
cirrhosis and severe liver disease in the general popu-
lation.[""! More successful approaches involve TE, which
has been applied as screening tool in more than 6,000
people from population studies from France, China,
Spain, and the UK."2151 TE was in general acceptable,
and after availability of the XL probe, which was designed
to obtain accurate values for obese subjects, reliable re-
sults were obtained in over 97% of participants. However,
the true diagnostic accuracy with liver biopsy as gold
standard is less investigated in the screening setting.
In a subgroup analysis of a biopsy-controlled study, TE
had a sensitivity of 86% and specificity of 97% in a pop-
ulation in which 6% had advanced fibrosis.'® Some of
the tools that could be used in population screening are
given in Table 2. Enhanced Liver Fibrosis test (ELF) has
also been proposed, but studies with information about
its potential as screening tool of fibrosis are limited.!817]

PREVALENCE OF LIVER FIBROSIS
IN GENERAL POPULATION IN
DIFFERENT PARTS OF THE WORLD

Europe

A limited number of studies have reported results on
liver fibrosis screening using different noninvasive
methods and cutoffs (Table 3).1"1214.18-241 | iver fibro-
sis detection rates ranged between 0.7% and 7.5% in
population-based cohorts versus 18%-27% in cohorts
at risk for CLD.?®! Prevalence of cirrhosis reported in
half of the studies ranged from 0.25% to 0.76%. NAFLD
was the main cause of liver fibrosis in all studies.

North America

Between 1988 and 2016, NAFLD prevalence increased
from 20.0% to 31.9%, whereas that of chronic hepatitis
C decreased nearly 2-fold (1.6%-0.9%), and chronic
hepatitis B and ALD remained stable (0.3%—-0.4% and
0.8%—1.0%, respectively.?®

In NAFLD, prevalence estimates of advanced fibro-
sis have ranged between 3.2% and 10.3%, depending
on the assessment method and population.[27*28]

Asia

Despite the success of universal infant vaccination and
antiviral therapy, chronic hepatitis B affects 0.6%—9.8% of
the general population and remains a leading cause of cir-
rhosis and HCC. NAFLD now affects 29.6% of the general
population.[zg] Alcohol consumption is also on the rise.

TABLE 2 Advantages and limitations of noninvasive tests of fibrosis used in population screening

Practical issues

Evidence to support

Point-of-care
assessment

Requires operator

training

Cost-effectiveness in

screening

Tested in screening

setting

Accuracy in low prevalent

populations

Price

+++

++

+++

++

++ ++

Transient elastography

++

Es

Direct fibrosis markers (e.g., ELF)

Indirect markers (e.g., FIB-4)

++

Sequential testing (e.g., FIB-4 and

ELF)

Note: The table rates the current evidence base to support different screening tools and the level of practical barriers for implementation. The rating is arbitrary and combines strength and amount of data: —, none or

no data; +, limited data; ++, moderate data; +++, significant data.
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Few studies have determined the prevalence of
liver fibrosis, both in general population and at-risk
populations (Table S1). Studies from Hong Kong re-
ported increased TE values suggestive of advanced
fibrosis in 2% and 17.7% of these two populations,
respectively.[13'30]

Other parts of the world

A Markov simulation based on obesity data in Australia
projects a 25% increase in NAFLD by 2030, with 85%
increase in cirrhosis and NAFLD-related liver deaths.?"
Most cirrhosis deaths in Latin America are due to alco-
hol, except for tropical Latin America, where the major
cause of cirrhosis is hepatitis C. No data on popula-
tion screening for liver fibrosis are available from Latin
America or Africa. In Africa, the major causes of death
due to cirrhosis are hepatitis B and hepatitis c.@

POTENTIAL STRATEGIES FOR
SCREENING AND LIMITATIONS

A maijor reason for the low proportion of patients with
early diagnosis of advanced fibrosis and/or cirrhosis
is the lack of referral pathways, even if elevated liver
enzymes are identified in primary care. In addition,
the care pathways for ALD or NAFLD are not always
well structured. In general, strategies for early diagno-
sis of CLD, advanced fibrosis, and/or cirrhosis can be
designed as population-based or targeted screening.
A population-based, cross-sectional study with 3076
participants in the Barcelona area using TE for “at
front” screening in primary care reported that TE val-
ues < 9.2 kPa had highest accuracy to exclude fibrosis
stages F2—F4.'" A more targeted approach focusing
on patients with risk factors, such as harmful alcohol
consumption or type 2 diabetes, may result in a higher
rates of cirrhosis detected than a global approach.[25]
The Nottingham liver disease stratification pathway for
the identification of advanced CLDP? used (i) raised
AST-to—alanine aminotransferase (ALT) ratio = 0.8,
(ii) harmful alcohol use, or (iii) fatty liver index = 60 as
criteria for referral from primary to secondary care.
Among patients fulfilling these criteria, 23% of 968 pa-
tients had TE values = 8 kPa, of whom 39% would have
gone undetected. Markov modeling estimated the path-
way to be cost-effective.®! Similar one-step pathways,
but based on APRI score in primary care with subse-
quent TE, are being evaluated in the population-based
screening program for asymptomatic cirrhosis (SEAL)
in Germany (https://www.lebervorsorge.de/seal/). To
assess two-step screening algorithms, a primary care
referral pathway combining FIB-4 and ELF for patients
with NAFLD was evaluated in a longitudinal study in
London."® Five times more cases of advanced fibrosis

and cirrhosis were detected, and unnecessary referrals
from primary to secondary care decreased by almost
90% using this strategy.

The implementation of a screening program has to
take into account not only region-specific health risk
profiles (age, sex, comorbidities, ethnicity) but region-
specific participation barriers and health inequities
(socio-economic differences, distance, mobility), the
structure of the health care system (in particular commu-
nity and primary care, links to other screening programs
such as colon and breast cancer), as well as regulatory
requirements (ethics, data protection, coverage of costs).

A general strategic framework for early diagnosis of
CLD based on current knowledge is proposed in Figure 1.

COST-EFFECTIVENESS OF LIVER
FIBROSIS SCREENING

In recent years, evidence regarding the cost-
effectiveness of liver fibrosis screening has been mount-
ing. Using noninvasive procedures for risk stratification,
and compared with the current standard-of-care path-
ways, various economic models show highly cost-
effective results. These results are consistent across a
wide range of target populations and health care sys-
tems, mostly in European settings.[8'33‘37] Estimates
range between $6,000 per quality-adjusted life-year
(QALY) in low-prevalence general population settings to
$2,000 per QALY in at-risk populations, such as heavy
alcohol consumers or patients with metabolic syndrome.
These numbers are well below the thresholds that allow
new therapies to enter the portfolio of covered services
in most developed countries ($100,000 in the United
States and between $25,000 and $50,000 in Europe).
Their importance lies in their opportunity cost. Provided
that less cost-effective therapies are being administered,
using the same budget but shifting it toward liver fibrosis
screening would yield a better societal return.

SCREENING IN
PEDIATRIC POPULATIONS

Approximately 9.6% of children and adolescents have
fatty liver, and 1%—2% of the general pediatric popula-
tion have at least some histopathological evidence of
portal and/or perisinusoidal fibrosis associated with
fatty liver based on autopsy studies,® which is lower
than the liver fibrosis prevalence in adults. In light of
this low prevalence in children, universal screening for
liver fibrosis in that population cannot be recommended
at this time, but screening should be guided by risk fac-
tors, such as personal and family history of liver dis-
ease or presence of obesity.

Screening for liver fibrosis with serum ALT levels is
insufficient in children, as fibrosis can be detected on
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Subjects with risk factors for
chronic liver diseases (CLD)

Rﬁ‘fﬁt FIB-4 or FLI Viery low risk
FIB-4 <1.45 of fibrosis
! A oF > Nofurther
FIB-4 > 1.45 = ASSeSment
or
FLI 2 60
M . TE or ELF .
Rule-in fibrosis TE<9.2 kPa fI:I(z)\:/o:i.:k of
> or ——»
No further
A ELF<9.5
TE >9.2 kPa ARSERIERL
or
ELF>9.5
v
Refer to secondary care /
Liver center

FIGURE 1 Proposal of a general strategic framework for screening of liver fibrosis in primary care. Current evidence suggests that the
target population for screening should have risk factors for chronic liver diseases (CLD), including high-risk alcohol consumption and/or
components of the metabolic syndrome. The prevalence of liver fibrosis is very low in subjects without these risk factors (Risk Stratification
1). The first additional step needed is based on a serum surrogate marker of fibrosis with high negative predictive value to rule out subjects
with very low likelihood of fibrosis (Risk Stratification I1). Some screening studies suggest that Fibrosis-4 Index (FIB-4) could be used as
marker to rule out fibrosis, but further studies are necessary.”’zs] A single large study suggests that fatty liver index (FLI) could also be
useful, but more information is clearly needed.! The second step avails of a noninvasive marker of fibrosis to rule in subjects with high
likelihood of significant fibrosis who then should be referred to secondary care or a liver center for further evaluation (screening test in
high-risk individuals). Tools/tests to be used in this second step include transient elastography (TE), but this strategy may be expensive
and not usually available in primary care settings.[®?° Enhanced Liver Fibrosis (ELF) has been shown to be accurate in cohorts with high
prevalence of fibrosis, but studies are needed in screening populations that have low prevalence of fibrosis.['8:2%! *Tests that may be used to
rule out hepatic fibrosis include FIB-4 and FLI. **Tests that may be used to rule in hepatic fibrosis include TE and ELF

liver biopsy in 12% of children with suspected NAFLD CONCLUSIONS AND

and normal ALT levels.®¥ The gold standard intheas- FUTURE DIRECTIONS

sessment of pediatric liver fibrosis is still liver biopsy,[39]

but it might soon be replaced by noninvasive serum There is an urgent need to change the paradigm of
and imaging screening modalities, which are getting diagnosis of CLD from late diagnosis (i.e., decompen-
better at diagnosing (early) liver fibrosis in children sated cirrhosis) to early diagnosis (i.e., fibrosis or com-
(Table $2).14041] pensated cirrhosis). This new approach would require
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TABLE 4 Examples of projects evaluating screening for liver fibrosis in the population in different areas of the world

Name Geographical area

Nevada (United States)
Nottingham (UK)

Renown

Scarred Liver Project

LiverScreen Seven countries in Europe

SEAL Germany (two federal states:
Rheinland-Pfalz + Saarland)

12,000 plus 22,500

Area and/or number of

subjects Characteristics

30,000 Subjects with risk factors for NAFLD

GP practices in a Subjects with risk factors for CLD
population of 700,000

30,000 Population-based

Detection of asymptomatic cirrhosis in

controls primary care

Abbreviation: GP, general practice.

identification of asymptomatic patients using noninva-
sive methods of assessment of fibrosis in large portions
of the population. A main lesson learned from cancer
screening is that selection of individuals with a high pre-
test probability leads to higher economic efficiency. Early
research points toward 3-fold improvements in efficiency
when at-risk populations are targeted.[gl However, there
is need for studies with large sample sizes addressing
the most important gaps of knowledge, particularly com-
paring existing noninvasive tests of fibrosis in terms of
accuracy and applicability in specific settings, evaluat-
ing cost-effectiveness of screening, and investigating
potential beneficial effects in the long term.

There are several initiatives worldwide evaluating
the implementation of different methods of screening
for liver fibrosis in the population (Table 4). When im-
plemented, screening will likely have a remarkable im-
pact on the practice of hepatology. Most patients with
CLD may subsequently be detected in early stages,
thus potentially decreasing the incidence of hepatic
decompensation and HCC and the need for some spe-
cialized therapies, such as liver transplantation.
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