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Abstract

Background and Aim: The primary aim of this study was to investigate
the concordance of Transient Elastography FibroScan® (FS) measurements,
Fibrosis-4 (FIB-4), and the Aspartate Aminotransferase to Platelet Ratio
Index (APRI) scores with each other and with liver biopsies in predicting
histological fibrosis.

Materials and Methods: In this single-center, cross-sectional, retrospec-
tive collected data cohort study spanning seven consecutive years, simul-
taneous FS measurements, FIB-4, and APRI scores of 778 patients with
different diagnoses who had undergone liver biopsy were evaluated.

Results: A total of 417 (53.6%) of the patients were female. The median
age was 51 years. The diagnoses were HBV (n=228), metabolic dysfunc-
tion-associated steatotic liver disease (MASLD) (n=185), HCV (n=58),
cryptogenic (n=53), primary biliary cholangitis (n=40), autoimmune
hepatitis (AIH) (n=28), overlap syndrome (OS) (n=23), multiple diag-
noses (n=42), and other diagnoses (n=83). All three methods showed
a strong correlation with histological fibrosis, and FS demonstrated a
statistically significantly superior relationship compared to FIB-4 and
APRI. In AIH and OS, FIB-4 and APRI scores do not show a consistent
increase with histological stage; however, FS does. In MASLD, all three
methods correlate with histologic stage, but FS measurements appear
significantly superior.

Conclusion: Although FIB-4, APRI, and FS correlate well with histological
fibrosis, especially in MASLD, evaluation with FS, if available, should be
preferred. In the evaluation of fibrosis in AIH and OS, laboratory-based
indicators should be avoided.
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Introduction

Percutaneous liver biopsy is a method that continues to be used in the
staging of chronic liver diseases, determining treatment indications, as-
sessing treatment response, and identifying the etiology of acute liver
injury. However, due to its invasive nature, percutaneous liver biopsy
has low repeatability because of risks such as bleeding, pain, bile peri-
tonitis, pneumothorax, hemothorax, bacteremia, and sepsis.!'! Due to
these complication risks, non-invasive serum parameters and imaging
methods have been investigated, especially in the follow-up of diseases
requiring repeated biopsies. One of the most widely accepted and ex-
tensively studied methods among these is transient elastography.

Transient elastography (FibroScan®) (FS) has gained widespread use
worldwide as a validated method for predicting fibrosis. FS numeri-
cally measures the elasticity of soft tissues, and as fibrosis increases in
the tissue of interest, the measured value by the device also increases,
reflecting the increased stiffness of the tissue. It has been reported that
the volume of liver tissue assessed for stiffness measurement by FS is
approximately 100 times larger than the tissue obtained through liver
biopsy. Therefore, this method is suggested to better reflect the liver
parenchyma. FS is a painless procedure that takes only a few minutes.*!

In adults, it is generally accepted that age and gender do not signifi-
cantly affect the measurement.*’ However, some studies report a dif-
ference. The normal transient elastography value in healthy people in
Europe was 5.81+1.54 [range, 3.8-8.0] kPa in males and 5.23+1.59
[range, 3.3-7.8] kPa in females." In two different studies conducted
in Asia, normal values in healthy people were found in the range of
2.0-7.1 and 3.9-5.3 kPa.l>¢

Chronic liver diseases include viral hepatitis (hepatitis B [HBV], hep-
atitis C [HCV], hepatitis D [HDV]), metabolic dysfunction-associated
fatty liver disease (MASLD), autoimmune hepatitis (AIH), primary
biliary cholangitis, primary sclerosing cholangitis, overlap syndromes
(0S), and Wilson’s disease.!” In these diseases, normal values deter-
mined by elastography show minimal differences. According to the
European Association for the Study of the Liver (EASL) guidelines, the
threshold value accepted for indicating significant fibrosis in chronic
HBYV patients with normal ALT levels is 9 kPa, whereas for patients
with elevated ALT levels (less than 5 times the upper limit of normal),
itis 12 kPa.l¥! In 327 patients with chronic hepatitis C, it was shown that
elastography can accurately diagnose significant fibrosis with a cut-off
value of 8.7 kPa and cirrhosis with a cut-off value of 14.5 kPa.!!

Fibrosis-4 (FIB-4) and the Aspartate Aminotransferase to Platelet Ratio
Index (APRI) are simple serological markers used in the assessment
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of liver fibrosis. The necessary components for these scores are age,
Aspartate Aminotransferase (AST) level, Alanine Aminotransferase
(ALT) level, and platelet count. (APRI=[(AST level/Upper Limit of
Normal [ULN])/platelet count (10°/L)]x100; FIB-4=[agexAST/platelet
count (10%L)xVALT].

The primary aim of this study was to investigate the concordance of
FS measurements, FIB-4, and APRI scores with each other and with
liver biopsies in predicting histological fibrosis. Secondary objectives
were to determine the correlation of each method with histological
fibrosis in different diseases, to compare the correlation values of the
methods for different diseases, and to provide recommendations on
whether serological markers can substitute for FS in centers where
FS is not available.

Materials and Methods

Liver biopsies performed percutaneously at a single center between
June 2014 and December 2020 were retrospectively reviewed. Before
performing a liver biopsy, all patients were informed about the pro-
cedure and potential complications by the performing physician, and
written informed consent regarding the procedure was obtained from
the patients. Before the procedure, patients’ complete blood count and
coagulation parameters were assessed. If these values were not suitable
for biopsy, appropriate replacements were made, aiming for a platelet
count above 100,000x10%/L and INR below 1.5, following which the
biopsy was performed.

The area for biopsy was marked using ultrasound guidance. After local
anesthesia with 1% lidocaine was administered, a 17-gauge Menghini-
type liver biopsy needle (Hepafix®, B. Braun Melsungen AG, 34209
Melsungen, Germany) was used to enter through the previously marked
intercostal space and complete the biopsy. Patients were monitored in
the clinic for at least 4 hours, and vital signs were observed. If there
was suspicion of complications, patients were admitted to the Gastroen-
terology ward and monitored for at least 24 hours.

Data recorded included date of birth, gender, pathological diagnosis,
indication for biopsy (if due to chronic liver disease), histological ac-
tivity index (grade), fibrosis grade (stage), AST, ALT, platelet count,
INR values, and the year of liver biopsy. Diagnoses were categorized
as hepatitis B virus (HBV), hepatitis C virus (HCV), autoimmune hep-
atitis (AIH), primary biliary cholangitis (PBC), metabolic dysfunction-
associated steatotic liver disease (MASLD), malignant lesion, overlap
syndrome, normal liver tissue, inadequate liver biopsy, other reasons,
cases with unclear etiology, cases with multiple etiologies, and nodu-
lar regenerative hyperplasia. Other causes included Wilson’s disease,
hemochromatosis, granulomatous hepatitis, graft-versus-host disease,
vascular pathologies, Dubin-Johnson syndrome, toxic hepatitis, ob-
structive biliary pathologies, acute and chronic rejections, primary scle-
rosing cholangitis, autoimmune cholangitis, congenital hepatic fibrosis,
and vanishing bile duct syndrome.

In patients whose liver fibrosis was evaluated with the FS device, in
use since December 2014, and who had simultaneously undergone liver
biopsy, the correlation between the fibrosis values obtained by FS, the
fibrosis values obtained by biopsy, and the FIB-4 and APRI scores cal-
culated from blood samples taken simultaneously were investigated.

The following formulas were used:
FIB-4=(ASTxAge)/(PlateletxVALT);
APRI=(AST/[AST ULN])/Platelet= 100.
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Figure 1. Correlation of non-invasive fibrosis markers with the liver
biopsy fibrosis stage.

FS Test Protocol

The FS 502 (Echosens, Paris, France) test was performed on an empty
stomach in the morning or at least 4 hours after food intake. FS was per-
formed independently by two operators with relevant experience in our
department, each of whom had successfully performed the procedure
more than 500 times. The median value of 10 effective measurements
was obtained in each test.'”! The liver stiffness measurement (LSM)
results were expressed in kilopascals (kPa). In the present study, the
operators adhered to the following reliability criteria:!'! the ratio of
the interquartile range (IQR) to the median (M) (IQR/M) was less than
0.30, with less than 0.10 being regarded as optimal, and a success rate
no less than 60%, with over 90% regarded as optimal.

Patients with ascites, those with HCC, insufficient biopsy samples, in-
adequate FS measurements, and those lacking the necessary parameters
for calculating FIB-4 and APRI scores were excluded from the study.

Fibrosis in liver biopsy was evaluated according to the Ishak score.
According to the Ishak scoring system, no fibrosis was assigned a score
of 0; some portal fibrosis with or without fibrous septa was assigned a
score of 1; portal fibrosis with or without fibrous septa was assigned a
score of 2; portal fibrosis with occasional portal-to-portal bridging was
assigned a score of 3; portal fibrosis with marked portal-to-portal bridg-
ing and portal-to-central bridging was assigned a score of 4; marked
portal-to-portal bridging and portal-to-central bridging with occasional
nodules (incomplete cirrhosis) was assigned a score of 5; and probable
or definite cirrhosis was assigned a score of 6.!'?! Fibrosis values of pa-
tients with steatotic liver disease were adjusted accordingly.

Statistical Analysis

Statistical analysis was performed using SPSS software (version 22.0,
SPSS Inc., Chicago, IL). The normality of the data was analyzed using
the Kolmogorov-Smirnov and Shapiro-Wilk tests. Normally distributed
data were presented as mean and standard deviation, while non-nor-
mally distributed data were presented as median, minimum, and max-
imum values.

In the general population and various disease groups, the correlation of
FS, FIB-4, and APRI measurements with histological fibrosis stage was
investigated using the Spearman rank correlation test. The difference
in correlation levels between different groups was compared using the
Z-test analysis. MedCalc® Statistical Software version 19.8 (MedCalc
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Figure 2. Median (95% CI) values of non-invasive fibrosis indicators at different stages of liver biopsy.
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Figure 3. Relationship between stage in liver biopsy and non-invasive indicators in patients with autoimmune hepatitis.

Software Ltd, Ostend, Belgium; https://www.medcalc.org; 2021) was  (median: 1). All three methods showed strong correlation with histo-
used for statistical analysis and graph generation. logical fibrosis; however, FS demonstrated a statistically significantly
superior relationship compared to FIB-4 and APRI. The correlation
of non-invasive fibrosis markers with the histological stage of liver
fibrosis is presented in Figure 1. In all three methods, as histological
stage increases, the measurement values rise in parallel. The correla-
tions of non-invasive fibrosis markers with different fibrosis grades in
liver biopsy are presented in Figure 2.

Ethical Approval

As stated in the 1964 Declaration of Helsinki and its subsequent amend-
ments, all methods in our study were conducted in accordance with the
ethical standards of the national research committee. Ethics commit-
tee approval was obtained from Ege University Faculty of Medicine
Clinical Research Ethics Committee on March 4, 2021, with decision
number 21-3T/62. Written informed consent was obtained from all par-
ticipating patients.

The disease diagnoses, in order of frequency, were HBV (n=228),
metabolic dysfunction-associated steatotic liver disease (MASLD)
(n=185), HCV (n=58), cryptogenic (n=53), primary biliary cholan-
gitis (n=40), autoimmune hepatitis (AIH) (n=28), overlap syndrome
(OS) (n=23), multiple diagnoses (n=42), and other diagnoses (n=83).
Results The relationship between non-invasive fibrosis markers and histo-
A total of 1,814 patients underwent liver biopsy between June 2014  logical fibrosis in various liver diseases is presented in Table 1. As
and December 2020. After excluding patients with a biopsy date more ~ seen in Table 1, in AIH and OS, FIB-4 and APRI scores do not show
than 3 months apart from the FS procedure, those lacking sufficient ~ a consistent increase correlating with histological stage, whereas FS
data for APRI and FIB-4 calculations, individuals with ascites, HCC, = demonstrates a consistent increase correlating with histological stage.
inadequate biopsy samples, and insufficient FS measurements, a total ~ The correlation of different non-invasive tests with the grade of fibro-
of 778 patients remained in the study cohort. Of these patients, 417  sis obtained on liver biopsy in AIH and OS is presented in Figure 3
(53.6%) were female. The mean age was 48.8+13.8 years, and the me-  and 4. In contrast to these two diseases, in patients with MASLD, all
dian age was 51 years. The mean FIB-4 score was 1.837+2.144 (me-  three methods are concordant with histological stage, but FS measure-
dian: 1.247), while the mean APRI score was 1.285+2.866 (median:  ments appear significantly superior compared to the other methods.
0.590). The mean FS measurement was 10.6+9.7 kPa (median 7.9  The relationship between non-invasive markers and liver biopsy stage
kPa), while the mean fibrosis score on liver biopsies was 1.87+1.75  in MASLD patients (n=185) is presented in Figure 5.
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Figure 5. Relationship between stage and non-invasive indicators in liver biopsy in MASLD patients.

Discussion

The degree of fibrosis in the liver is important in predicting liver-
related complications independent of the underlying liver disease.
The presence of cirrhosis is also associated with clinical decompen-
sation, liver-related mortality, and hepatocellular carcinoma. There-
fore, invasive and non-invasive tests are being developed to deter-
mine the stages of liver fibrosis. Liver biopsy is still considered the
imperfect gold standard. However, due to the ease of repeatability
of non-invasive techniques, establishing their correlation with liver
biopsy is important.

In the present study, we investigated the correlation of non-invasive
techniques (FIB-4, APRI, and FS) with liver biopsy in a cohort of 778
patients. Although all three methods showed strong correlation with
histological fibrosis, FS exhibited a statistically significant superior
correlation compared to FIB-4 and APRI. Looking at disease-specific
data, in patients diagnosed with HBV and HCV, all three non-invasive
methods correlated with liver biopsy in detecting significant fibrosis in
our study. A study evaluating 520 chronic HBV patients reported that
FIB-4 and APRI scores demonstrated similarly good performance com-
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pared to FS. Specifically, FIB-4 showed similar performance to APRI
in the >F2 fibrosis group but outperformed APRI in the F4 fibrosis (cir-
rhosis) group.!3 The reference diagnostic method in this study was FS.

In another study of 668 chronic HBV patients where liver biopsy
was the reference diagnostic method, FIB-4 yielded area under the
receiver-operating characteristic curve (AUROC) values of 0.865,
0.910, and 0.926 for detecting >F2, >F3, and F4 fibrosis, respectively.
U4 Tn a study involving 487 patients diagnosed with HCV, FIB-4 and
APRI scores were compared with FS. It was shown that FIB-4 out-
performed APRI in detecting advanced fibrosis. Both scores demon-
strated good performance in this regard, with FIB-4 having an area
under the curve (AUC) of 0.881 (0.850-0.912) and APRI of 0.835
(0.798-0.871) (p<0.0001).1'31

In a correlation study involving 1,029 HCV and 384 HBV patients
with known histological fibrosis values determined by liver biopsy,
it was found that both APRI and FIB-4 scores increased with ad-
vancing histological fibrosis according to the METAVIR grading
system in HCV patients. In contrast, among HBV patients, only the
FIB-4 score showed an increase with advancing histological fibrosis
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Table 1. Association of non-invasive fibrosis markers with histological fibrosis in various liver diseases

APRI Fib-4 Transient elastography
(FibroScan®)

Disease Patients r 95% ClI p r 95% ClI p r 95% ClI p
Overall 778 0.372 0.304-0.436 <0.0001 0.403 0.337-0.466 <0.0001 0.553 0.500-0.601 <0.0001
HBV 228 0.436 0.319-0.540 <0.0001 0.346  0.220-0.460 <0.0001 0.505 0.401-0.596  <0.0001
HCV 58 0.555 0.340-0.715 <0.0001  0.621 0.425-0.761 <0.0001 0.647 0.464-0.776  <0.0001
AlH 28 0.0794 -0.354-0.485 0.7254 0.208 -0.234-0.579 0.3519 0.597 0.264-0.803 <0.0001
PBC 40 0.416 0.0905-0.661 0.0144 0.467 0.153-0.696 0.0053 0.493 0.206-0.702  0.0017
Overlap 23 0.368 -0.0630-0.684 0.0916 0.275 -0.166-0.624 0.2163 0.578 0.217-0.800 0.0039
MASLD 185 0.274 0.125-0.411 0.0004 0.417  0.281-0.537 <0.0001 0.6 0.498-0.685  <0.0001
Criptogenic 53 0.421 0.108-0.659 0.0105 0.541 0.258-0.738 0.0007 0.718  0.524-0.841  <0.0001
More than1 42 0.483 0.193-0.695 0.0021 0.576  0.314-0.756 0.0002 0.539  0.273-0.728  0.0003
Others 83 0.249 0.00376-0.467 0.0469 0.329 0.0890-0.534 0.0084 0.431 0.220-0.604  0.0002

Cl: Confidence interval; HBV: Hepatitis B virlis; HCV: Hepatitis C virlis; AIH: Autoimmune hepatitis; PBC: Primary biliary cholangitis; MASLD: Metabolic dysfunction-associated

steatotic liver disease.

according to the METAVIR grading system. Additionally, compared
to HCV patients, it was shown that the diagnostic accuracy of APRI
and FIB-4 for advanced fibrosis and cirrhosis was slightly reduced
in HBV patients.[!]

In the present study, it was found that in autoimmune hepatitis and
overlap syndrome, the FIB-4 and APRI scores did not show a consis-
tent increase with histological stage; however, FS showed a consistent
increase with histological stage. In the evaluation of 100 AIH patients
who underwent liver biopsy, FS was found to be more successful than
FIB-4 and APRI in detecting >F3 fibrosis. The METAVIR scoring sys-
tem was used for histological evaluation in this study. Unlike in our
study, this study found that while the APRI and FIB-4 scoring systems
had a lower correlation with histological fibrosis compared to FS, they
were still significantly correlated.'” In the present study, the small
number of patients in both the autoimmune hepatitis group and the
overlap syndrome group may have led to a Type 2 error.

In our study, all three non-invasive techniques were found to correlate
with the level of histological fibrosis in patients with primary biliary
cholangitis. Data from 103 patients diagnosed with primary biliary
cholangitis who underwent liver biopsy showed that FS had a stronger
correlation with the level of histological fibrosis compared to APRI and
FIB-4.'8 Tn the EASL guidelines, a threshold value of 10 kPa for FS is
recommended for detecting significant fibrosis, while the routine use of
other laboratory-based non-invasive scores for PBC in clinical practice
is not advised.["”!

In the present study, all three methods were in agreement with
histological stage in MASLD patients, with FS measurements
showing notably superior agreement compared to the others. In a
meta-analysis of 36 studies involving 9,074 patients, despite the
drawbacks of the FIB-4 score, it was reported to have an AUROC
of 0.80 and a positive predictive value of >90% for excluding ad-
vanced fibrosis in MASLD patients.?” In the same meta-analysis,
the diagnostic accuracy of FS for advanced fibrosis was reported
with an AUC of 0.87 for the M probe and 0.86 for the XL probe
in the analysis of 2,960 patients.l*”! Although FS has a negative
predictive value (NPV) above 90% for excluding advanced fibro-
sis, it generally exhibits a lower positive predictive value (PPV)
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compared to viral hepatitis and can lead to false positive results in
MASLD patients.l*'??! The EASL recommends an 8 kPa threshold
as the most validated cutoff value for excluding advanced fibrosis
in MASLD patients.[')

A key strength of the present study is its demonstration of histological
correlations between widely used non-invasive methods—FIB-4, APRI
scores, and FS—and invasive liver biopsy in a large cohort of 778 pa-
tients across different diseases. Despite being retrospective, our study
relies on objective data from hospital databases, eliminating concerns
related to recall bias.

Limitations of the study include its retrospective design, which could
have resulted in incomplete data collection for all patients, and the po-
tential for Type 2 errors due to small sample sizes in specific patient
groups (such as autoimmune hepatitis and overlap syndrome).

Conclusion

In conclusion, non-invasive fibrosis markers (FIB-4, APRI, and
FS) demonstrate good correlation with histological fibrosis, partic-
ularly in MASLD, where evaluation with FS, if available, should
be preferred. Laboratory-based indicators should be avoided for as-
sessing fibrosis in patients with autoimmune hepatitis and overlap
syndrome.
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