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Abstract

Non-invasive detection of cirrhosis via vibration-controlled transient elastography (VCTE) has
revolutionized the management of chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection. However, VCTE has not been studied in chronic hepatitis D virus (HDV) infection and
accuracy remains in question due to the significant hepatic inflammation associated with this
infection. Consecutive HBV, HCV, and HDV patients who underwent VCTE (2006-2019) were
evaluated. Diagnosis of cirrhosis was made via liver biopsy or clinical findings. VCTE was
compared to other non-invasive serum fibrosis tests using AUROC curves. The performance of
VCTE in HBV/HCV/HDV was also compared. We evaluated 319 patients (HBV-112; HCV-132;
HDV-75), 278(87%) patients had histology for evaluation. HDV patients had evidence of higher
hepatic inflammation as evidence by aspartate aminotransferase, alanine aminotransferase, and
histology activity index. Cirrhotic HDV patients had higher mean liver stiffness measurements
compared to non-cirrhotic patients (29.0 vs 8.3 kPa, P<0.0001). VCTE demonstrated excellent
diagnostic accuracy for the detection of cirrhosis with an AUROC of 0.90 compared to APRI
(0.83), FIB-4 (0.88), AAR (0.73), and RPR (0.85). Performance of VCTE in HDV was
comparable to HBV (0.93) and HCV (0.94). At the optimized cut-off value of =14.0 kPa for
determining cirrhosis in HDV, VCTE had a sensitivity of 0.78, specificity of 0.86, NPV of 0.93,
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and PPV of 0.64. Hence VCTE is a useful non-invasive test in HDV for determining cirrhosis
despite the presence of significant hepatic inflammation.

hepatitis D; hepatitis B; cirrhosis; transient elastography; non-invasive marker

INTRODUCTION

The Hepatitis D virus (HDV) is a defective RNA virus that requires the presence an
established Hepatitis B virus (HBV) infection to be pathogenic in humans. HDV infection
has recently been estimated to carry a global disease burden of 62—72 million? and results in
the most aggressive form of chronic viral hepatitis with progression to cirrhosis in 70-80%
of patients within 5 to 10 years.3 In addition, HDV has also been associated with an
increased risk of hepatic decompensation?, hepatocellular carcinoma (HCC)>258, liver
transplantation’, and mortality5: compared to HBV mono-infection.

Due to the seriousness of HDV-related liver disease, accurate assessment of disease stage
(fibrosis) is critical because of prognostic implications related to progressive liver disease
leading to cirrhosis, portal hypertensive sequelae, mortality, and HCC.%10 Additionally,
staging of liver in HDV plays an important part in determining the need for nucleos(t)ide
analog therapy to treat the concomitant HBV infection, eligibility for pegylated-interferon or
an investigational therapy through a clinical trial, and the need to consider referral to a
transplant center.11:12

Although liver biopsy has traditionally been the gold-standard diagnostic method for the
staging of liver disease, it is subject to complications due to its invasive nature and requires
allocation of additional resources.13 Moreover, the advent of accurate, non-invasive tests for
fibrosis assessment in Hepatitis C (HCV) has resulted in changes in medical practice such
that liver biopsies can be avoided in most circumstances with this disease.1* These tests have
also increased the proportion of asymptomatic patients diagnosed with cirrhosis who are at
risk for decompensation and thus should undergo routine endoscopic variceal and HCC
screening.11.15 The most commonly utilized non-invasive fibrosis tests include serum tests
that are derived from commonly ordered markers such as the aspartate aminotransferase
(AST) to platelet ratio index (APRI)16 and the fibrosis-4 score (FIB-4)17 as well as liver
stiffness measurements (LSM) via vibration-controlled transient elastography (VCTE)18.19
(Fibroscan®, Echosens, Paris, France).

However, these non-invasive tests are not without shortcomings. Both types of testing
(serologic and VCTE) can be limited by hepatic inflammation.20-24 For example, serologic
formulas such as the APRI or FIB-4 incorporate markers associated with hepatic
inflammation such as AST and alanine aminotransferase (ALT). Rise in these markers in the
setting of hepatitis can cause artificial elevations in these scores. These serum markers are
also non-specific to the liver and systemic processes can also result in artificial elevations.2®
In like manner, LSM can also be falsely increased in several settings such as ongoing hepatic
inflammation, cholestasis, and congestion.2% Nonetheless, VCTE has been well validated in
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HBYV and HCV and can be considered as the preferred non-invasive fibrosis testing modality
with these two liver diseases due to its superior performance compared to serologic tests.2’
However, studies have demonstrated that the performance of VCTE and the LSM cut-offs to
diagnose different stages of fibrosis have differed between HBV and HCV indicating that the
validation of VCTE in different liver diseases is crucial.28-30

In HDV, VCTE has not yet been validated and two recent studies evaluating non-invasive
serum tests have demonstrated inadequate performance.31:32 Concerns exist on whether
these non-invasive tests can be clinically useful in chronic HDV since HDV is associated
with severe necroinflammation which may skew testing results.33:34 |t remains unclear if
non-invasive testing, especially VCTE, has any clinical value in chronic HDV and if the pre-
existing VCTE cut-offs for HBV or HCV are applicable to HDV. Thus, the aim of this study
was to compare the performance of VCTE in HDV to HBV and HCV as well as to
commonly used non-invasive serum tests in HDV.

METHODS

Patients

This study included enrolled consecutive patients with chronic HBV, HCV, and HDV
infection who underwent LSM via VCTE at the National Institutes of Health Clinical Center
between the years of 2006 to 2019. All patients were enrolled in a natural history of liver
diseases protocol [NCT00001971] that has been approved by the National Institute of
Diabetes and Digestive and Kidney Diseases Institutional Review Board and gave written
informed consent for participation.

All patients underwent a comprehensive hepatologic evaluation including serological testing,
imaging, and liver biopsy as clinically indicated. HCV infection was defined as the presence
of HCV-RNA in serum prior to the liver biopsy. HBV infection was defined as the presence
of hepatitis B surface antigen (HBsAg) in serum. HDV infection was defined either by HDV-
RNA PCR or positive staining for hepatitis delta antigen in hepatocytes on histology.
Chronicity of at least 6 months was established for each of the liver diseases based on
clinical and laboratory findings. Data regarding demographic, laboratory, imaging
(Ultrasound, CT, MRI), VCTE, liver biopsy, and viral treatment (interferon or nucleos(t)ide
analog therapy at the time of VCTE) was collected. LSM values were accepted only if there
were at least 10 validated readings, had a success rate = 60%, and an interquartile range
(IQR) of all validated measurements under 30% of the median value. Results were reported
in kilopascals (kPa). Laboratory, imaging, and liver biopsy data was only used if it was
within 3, 6, and 12 months of the VCTE date.

Patients were determined to have cirrhosis either by histology, when available, (Ishak
fibrosis score > 5)3° or by imaging consistent with cirrhosis (i.e. nodular liver) with one or
more signs of portal hypertension (i.e. thrombocytopenia (platelet count < 150 x 10%/L),
collaterals, splenomegaly, varices, or mild ascites).1%:36 Splenomegaly was defined based on
cut-offs established based on age and height.3” Exclusion criteria included: inadequate
LSMs, lack of imaging in HDV patients without liver biopsy, moderate to severe ascites, any
evidence of other acute or chronic liver diseases which includes, but is not limited to:
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alcoholic liver disease, non-alcoholic steatohepatitis (NASH), acute viral hepatitis, primary
biliary cirrhosis, and primary sclerosing cholangitis. Human immunodeficiency virus (HIV)
infection was not an exclusion.

Liver histopathology

Liver biopsy was performed either via the percutaneous or transjugular approach as
clinically indicated. All liver biopsy specimens were read and scored by an expert
hepatopathologist (DEK). Hepatic fibrosis was assessed using the Ishak fibrosis score (0-6)
with cirrhosis defined as an Ishak score of 5 or 6.3° Hepatic inflammation was assessed
using the histology activity index (HAI) (0-18).38 Active HDV infection in patients who
underwent liver biopsy was confirmed via Hepatitis D antigen staining.

Comparisons of VCTE to other non-invasive tests

The performance of VCTE was compared to commonly used serum non-invasive fibrosis
tests for the detection of cirrhosis. The rationale for this comparison was to explore whether
VCTE would outperform these readily available serum tests. The tests that were evaluated
include the APRI16 and FIB-417 index, AST-to-ALT ratio (AAR)39, and the red cell
distribution width (RDW) to platelet ratio (RPR)*C. Formulas for these scores are shown
below:

APRI = (AST(IU/L) + ULN of AST(IU/L))/(Platelets(K/uL))

FIB-4 = (Age x AST(IU/L))/(Platelets(K/pL)x y/( [ ALT(IU/L) J ))

AAR = (AST(IU/L))/(ALT(IU/L))

RPR = (RDW(%))/(Platelets(K/uL))

Statistical analysis

Baseline patient characteristics were described using frequencies for categorical variables
and means versus medians (depending on distribution) for continuous variables. All
statistical analysis was performed using SAS 9.4 (Cary, NC) Wilcoxon rank-sum tests, chi-
squared tests and fisher’s exact tests were used to compare baseline variables across
competing groups. Post-hoc analysis was conducted using Tukey’s multiple comparisons
tests. The following variables were included in the univariate analysis: demographics (age,
sex, race), laboratory results (platelet count, prothrombin time, total bilirubin, aloumin, ALT,
AST, alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT)), further clinical
characteristics (HBeAg status, nucleos(t)ide analog therapy, histology (fibrosis stage, and
HAI), and LSM). A 2-sided Pvalue of less than .05 was considered statistically significant.
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Area under the receiver operating characteristic (AUROC) curves was used to assess the
performance of VCTE and the other non-invasive serum tests in detecting cirrhosis among
the entire HDV cohort. Since patients without liver biopsy or clinical cirrhosis could still
have sub-clinical cirrhosis, additional sub-analysis using AUROC curves was performed on
the cohort after excluding patients without liver biopsy who does not have clinical cirrhosis.

All variables used were logarithmically transformed to adjust for normality. Chi-sq test was
used to compare the performance of VCTE across HBV, HCV, and HDV. The optimal cut-
off for VCTE to identify cirrhosis in HDV was determined using the distance criterion. This
criterion chooses the point closest to the point on the ROC graph where 1-Specificity = 0
and Sensitivity = 1 (http://support.sas.com/kb/25/018.html). Sensitivity (Se), specificity
(Sp), positive and negative predictive value (PPV and NPV), positive and negative likelihood
ratio (LR+ and LR-) were calculated using previously defined cut-offs with VCTE30: <12.5
or 212.5 kPa; APRI6: <1 or >2; FIB-441: <1.6 or >3.6; AAR3? <1 or >1; and RPR*0: <0.16
or 20.16. Indeterminate results were considered “not classified”.

Patient characteristics

Three hundred and nineteen patients with chronic viral hepatitis: HBV (n = 112); HCV (n =
132); HDV (n = 75) were included in this study. 241 HBV, 44 HDV patients were not
included due to the lack of a valid VCTE result. The characteristics of the whole cohort are
shown in Table 1. Patients with HBV and HDV tended to be younger, mean age 46.3
(standard deviation (SD):14.0) and 43.4 (SD:11.5) years, respectively, compared to HCV
patients, 53.5 (SD:10.7) years, P<0.0001. HBV and HDV patients also were more likely to
be Asian compared to HCV patients. Breakdown of race by country of birth and HBV
genotype is shown in Supplemental Table 1.

Patients with HDV had significantly higher hepatic inflammation on laboratory parameters
compared to HBV and HCV patients. These include higher ALT levels in HDV - 107.5
(SD:124.0) 1U/L compared to HBV - 71.3 (SD:89.3) IU/L and HCV - 65.9 (SD:60.0) 1U/L,
P<0.0001. Similarly, HDV patients also had higher AST levels — 73.1 (SD:64.3) 1U/L
compared to HBV - 43.7 (SD:43.2) IU/L and HCV 47.5 (SD:37.3) 1U/L, P<0.0001.

Compared to HBV, HDV patients were less likely to be hepatitis B e-Antigen (HBeAg)
positive: 11 of 74 (14.5%) vs 31 of 112 (27.7%), P=0.03, but more likely to be hepatitis B e-
Antibody (HBeAb) positive: 53 of 74 (70.7%) vs 63 of 112 (56.3%), P=0.02.

45 of 76 (60.0%) HDV patients were on nucleos(t)ide analog therapy at the time of VCTE
compared to 49 of 112 (43.8%) HBV patients, P=0.06. There was no statistical difference in
LSM (P=0.27), ALT (P=0.54), or HAI (0.25) between HDV patients on nucleos(t)ide analog
therapy compared to those who were not. 3 of 76 (5.3%) HDV patients were on long term
interferon therapy at the time of VCTE compared to 1 of 112 (0.9%) HBV patients.
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Histology and cirrhosis classification

Histologic evaluation was available for all HBV (n = 112) and HCV (n = 132) patients and
34 of 75 (45.3%) HDV patients (Table 1). HDV patients had significantly more
necroinflammation on biopsy with a HAI of 9.4 (SD:2.4) compared to HBV - 4.3 (SD:3.3)
and HCV - 6.8 (SD:2.9), P<0.0001.

Cirrhosis was identified in 18 of 75 (24.0%) HDV patients, 10 by liver biopsy (Ishak = 5)
and 8 by clinical findings (See Supplemental Table 1). Notably, all patients that were
clinically classified with cirrhosis had at least two signs of portal hypertension
(splenomegaly and thrombocytopenia) with 5 of the 8 also having varices and/or ascites.
Comparatively, 12 of 112 HBV (10.7%) patients and 24 of 132 (18.2%) HCV patients were
cirrhotic.

Comparative performance of non-invasive tests

Results of the diagnostic performance of VCTE compared to serum tests in HDV are
depicted in Figure 1 and Table 2. The serum tests that were evaluated displayed varying
performance in the detection of cirrhosis. The AUROC for the detection of cirrhosis in HDV
were as follows: FIB-4 = 0.88, RPR = 0.85, APRI = 0.83 and AAR = 0.73. Among these
tests, RPR correctly classified the most patients with HDV (86.7%) followed by the AAR
(74.7%). The APRI and FIB-4 correctly classified the least number of HDV patients at
61.3% and 56.0%, respectively. Indeterminate results with the FIB-4 and APRI were
common at 34.7% and 26.7%. The FIB-4 and APRI had the highest NPV among the
serologic tests at 97.0% and 94.6%, respectively, while the AAR had the lowest NPV at
83.9%. LR+ of the serum tests ranged from 2.86-15.89 while the LR- ranged from 0.11-
0.61.

In HDV, compared to the performance of the serum noninvasive fibrosis markers, VCTE
demonstrated the highest AUROC for the detection of cirrhosis at 0.90. This result was
comparable to AUROC of VCTE in HBV (0.93) and HCV (0.94). (See Figure 2) Of note,
HDV patients had a significantly higher mean LSMs compared to HBV patients (13.3
(SD:14.5) vs 7.2 (SD:4.7) kPa, P<0.0001) but not HCV patients. In addition, the
performances of all of the non-invasive serum tests are shown in Supplemental Figure 1 and
2.

At a cut-off of 12.5 kPa30, 81.3% of HDV patients were correctly classified with “cirrhosis”
compared to “no cirrhosis”. At this cut-off, VCTE predicted cirrhosis with 77.8% Se, 82.5%
Sp, 58.3% PPV, and 92.2% NPV. At the calculated ideal cut-off of 14.0 kPa, 84.2% of
patients were correctly classified with “cirrhosis” compared to “no cirrhosis”. VCTE at this
cut-off had the same Se but higher Sp (86.0%), PPV (63.6%), and NPV (92.5%) for
predicting cirrhosis. In VCTE, LR+ ranged from 4.48-5.55 and LR- ranged from 0.26-0.27.

In the sub-analysis excluding patients without liver biopsy who did not have clinical
cirrhosis, all of the non-invasive tests performed similarly to their performance in the entire
cohort. AUROC curves: VCTE =0.90, FIB-4 = 0.88, RPR = 0.86, APRI = 0.84, and AAR
0.74. (See Figure 3)
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DISCUSSION

In the first study evaluating the utility of VCTE in chronic HDV patients, we showed that
VCTE has excellent diagnostic accuracy (AUROC - 0.90) in detecting cirrhosis, which is
comparable to the performance of VCTE in HBV and HCV. However, to account for the
substantial necroinflammation present in HDV compared to HBV/HCV patients (as
evidenced by the significantly higher laboratory (ALT/AST) and histologic (HAI)
parameters), we have also identified a new, higher cut-off of 14.0 kPa in HDV for the
detection of cirrhosis compared to HBV and HCV which seemingly improves the diagnostic
performance of VCTE in HDV. Impressively, VCTE at an ideal cut-off was able to correctly
classify 84.0% of HDV patients. Necroinflammatory activity has been reported as one of the
factors that causes discordance between liver biopsy and LSM and in the setting of elevated
ALT levels, higher cut-offs for LSM has been previously proposed in HBV.22:42.43

Furthermore, in HDV, we found that VCTE seems to outperform commonly used serum
noninvasive fibrosis markers including the APRI, FIB-4, AAR, and RPR. These results in
HDV is congruent with findings of previous studies in HBV and HCV that have
demonstrated the superiority of VCTE over serologic tests.1930 Interestingly, we arrived at
this finding despite the better than expected performance of serologic tests in our study. The
performance of the APRI and FIB-4 in our study was notably better than what has been
described in two prior studies in HDV including our previous study.31:32 This is likely
because the cohort used in the present study is significantly different compared to our
previous cohort. The present cohort comes entirely from a post-VCTE era compared to our
previous study which included a significant number of pre-VCTE era patients.3! Moreover,
performance of the APRI and FIB-4 in HDV in the current study are similar to prior studies
evaluating their performance in chronic HBV.#4 Thus, our findings may represent a
“regression to the mean”. Meanwhile, the poor performance of AAR in our study is
consistent with those prior studies and the RPR score has never been investigated in HDV.

VCTE offers several advantages to these serologic tests in the assessment of fibrosis. The
serologic tests that were evaluated are all considered indirect fibrosis markers which
incorporates laboratory parameters such as AST, ALT, and platelet count which are not liver-
specific.#® These tests can often be considerably affected by systemic conditions (i.e.
rhabdomyolysis, renal failure) or medications (that causes thrombocytopenia) while VCTE,
which measures liver stiffness directly via shear wave imaging, is usually not affected.46:47
In addition, serologic algorithms that incorporate AST and ALT can also in influenced by
acute hepatitis flares as previously mentioned.20 Lastly, indeterminate or “unable to classify”
results are common with these serologic tests that incorporates two sets of cut-offs (to rule in
“cirrhosis” and rule out “no cirrhosis”) when test scores fall outside the cut-offs. In our
study, the FIB-4 and APRI was unable to classify 34.7% and 26.7% of patients, respectively.
Thus, even though the FIB-4 and APRI had the highest AUROC among non-invasive fibrosis
markers at 0.88 and 0.83, due to the high-rates of indeterminate results, these two tests
performed the worst in correctly classifying cirrhosis versus non-cirrhosis. However, VCTE
is not without limitations itself. These advantages need to be weighed against several
limitations. For example, VCTE is often unreliable or not attainable due to certain anatomic
issues (obesity, ascites), the presence of iron overload, inexperience of the operator.48-50
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Our study has several limitations. First, approximately half of the HDV patients included in
this study did not undergo histologic evaluation to confirm cirrhosis. However, we feel
confident that our pre-defined, strict, clinical definition of cirrhosis (imaging of the liver
compatible with cirrhosis plus one or more sign of portal hypertension) is adequate in
correctly classifying patients with cirrhosis (likely underestimating the number of patients
with cirrhosis). Another limitation of this study is the use of platelet count as part of the
cirrhosis definition may explain the improved performance of the serum tests compared to
prior studies in HDV and possibly account for the lack of more differences in diagnostic
performance between VCTE and serum tests. Nevertheless, this does not blemish the
excellent ability of VCTE to detect cirrhosis in HDV. In addition, we did not evaluate the
performance of non-invasive testing in diagnosing intermediate stages of fibrosis such as
significant fibrosis due to lack of a liver biopsy in every HDV patient. However, the use of
testing in this area remains controversial even in HBV and HCV due to poor diagnostic
performance.3° Finally, we did not evaluate the impact of nucleos(t)ide analog therapy on
the performance of VCTE. However, there we found no difference in necroinflammation or
LSM between those who were on nucleos(t)ide analog therapy compared to those who were
not suggesting there is no effect. This is consistent with prior data that have shown that
nucleos(t)ide analog therapy do not improve ALT in chronic HDV.5!

In summary, this study shows that VCTE is a useful non-invasive test in HDV for
determining cirrhosis despite the presence of significant necroinflammation (histologically
and by laboratory parameters) in this patient population. Additionally, VCTE compared
favorably to commonly used non-invasive serologic tests such as the APRI, FIB-4, AAR,
and RPR. Further validation of our findings in other HDV populations are needed. The
development of novel fibrosis algorithms incorporating VCTE should be explored.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

RCg)C curves of VCTE compared to serologic fibrosis markers in differentiating “cirrhosis”
from “no cirrhosis” in HDV (n = 75). VCTE had an AUROC of 0.90 compared to APRI
(0.83), FIB-4 (0.88), AAR (0.73), and RPR (0.85).

Abbreviations: ROC, receiver operating characteristic, VCTE, vibration-controlled transient
elastography; AUROC, area under receiver operating characteristic, APRI, aspartate
aminotransferase (AST) to platelet ratio index; FIB-4, fibrosis-4 index; AAR, aspartate
aminotransferase to alanine aminotransferase ratio; RPR, red cell distribution width to
platelet ratio
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ROC curves of VCTE in HBV (n =112, AUROC 0.93), HCV (n = 132, AUROC 0.94), and

HDV (n = 75, AUROC 0.90) in differentiating “cirrhosis” from “no cirrhosis”.

Abbreviations: ROC, receiver operating characteristic; VCTE, vibration-controlled transient
elastography; AUROC, area under receiver operating characteristic; HBV, hepatitis B, HCV,

hepatitis C, HDV, hepatitis D
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Fig. 3.

RCg)C curves of VCTE compared to serologic fibrosis markers in differentiating “cirrhosis”
from “no cirrhosis” excluding patients without liver biopsy who does not have clinical
cirrhosis (n = 42). VCTE had an AUROC of 0.90 compared to APRI (0.84), FIB-4 (0.88),
AAR (0.74), and RPR (0.86).

Abbreviations: ROC, receiver operating characteristic, VCTE, vibration-controlled transient
elastography; AUROC, area under receiver operating characteristic, APRI, aspartate
aminotransferase (AST) to platelet ratio index; FIB-4, fibrosis-4 index; AAR, aspartate
aminotransferase to alanine aminotransferase ratio; RPR, red cell distribution width to
platelet ratio

1duosnuepy Joyiny

1duosnue Joyiny

J Viral Hepat. Author manuscript; available in PMC 2021 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Daetal.

Table 1.

Clinical characteristics and laboratory values of all patients evaluated

HDV HBV HCV P
(n=75) (n=112) (n=132)
Age at VCTE (years) 434 (11.5) 46.3(14.0) | 535(10.7) | <0.0001
Gender 46 (61.3%) 76 (67.9%) | 74 (56.1%) | 0.16
Male 29 (38.7%) 36 (32.1%) | 58 (44.0%)
Female
Race 26 (34.7%) 27 (24.1%) | 67 (50.8%) | <0.0001
White 8 (8.0%) 18 (16.1%) | 33 (25.0%)
Black 41 (54.7%) 66 (58.9%) | 22 (16.7%)
Asian 0 (0%) 1 (0.8%) 10 (7.5%)
Other
Laboratory
ALP (IU/L) 84.7 (30.1) 69.4 (23.3) | 76.0(25.3) | 0.002
AST (IU/L) 73.1 (64.3) 437 (43.2) | 47.5(37.3) | <0.0001
ALT (1U/L) 107.5 (124.0) | 71.3(89.3) | 65.9(60.0) | <0.0001
Total bilirubin (mg/dL) 0.77 (1.1) 0.71 (0.4) 0.67 (0.5) 0.42
GGT(IU/L) 59.3 (48.8) 413(63.0) | 77.3(83.1) | <0.0001
Albumin (g/dL) 4.0 (0.44) 4.1(0.4) 3.9 (0.4) 0.01
PT (seconds) 14.3 (1.4) 13.7 (1.0) 13.8 (0.9) 0.01
Platelet count (K/L) 161.6 (76.0) | 185.3(57.3) | 183.3(70.7) | 0.04
HBeAg positivity 11 (14.7%) 31 (27.7%) | N/IA 0.03
HBeAb positivity 53 (70.7%) 63 (56.3%) | N/A 0.02
Nucleos(t)ide analog therapy 45 (60.0%) 49 (43.8%) N/A 0.06
Histology 34 (45.3%) 112 (100%) | 132 (100%)
HAI (0-18) 9.4 (2.4) 43(3.3) 6.8 (2.9) <0.0001
Ishak Fibrosis Stage (0-6) <0.0001
0 1 (2.9%) 51 (45.5%) | 31 (23.5%)
1 2 (5.9%) 24 (21.4%) | 24 (18.2%)
2 8 (23.5%) 10 (8.9%) 23 (17.4%)
3 9 (26.5%) 10 (8.9%) 21 (15.9%)
4 4 (11.8%) 5 (4.5%) 9 (6.8%)
5 6 (17.7%) 3(2.7%) 2 (1.5%)
6 4 (11.8%) 9 (8.0%) 22 (16.7%)
LSM (kPa) 13.3 (14.5) 7.2(4.7) 11.1(9.7) <0.0001
Cirrhosis (Clinical + Histology) | 18 (24.0%) 12 (10.7%) 24 (18.2%) 0.05

Page 15

Values expressed as mean (standard deviation) or N (%) unless otherwise stated. HBV and HCV were compared to HDV for statistical analysis.

Abbreviations: ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transferase;

PT, prothrombin time; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HAI, histology activity index; LSM, liver stiffness
measurement; N/A, not applicable
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Comparative performance of non-invasive tests for the diagnosis of cirrhosis in Hepatitis D

Table 2.

Page 16

Non- Cut-offs | Patients | Patients | Se Sp PPV NPV LR+ | LR- | Correctly

invasive for with without (%) (%) (%) (%) classified
tests cirrhosis | cirrhosis | cirrhosis
(n=18) (n=57)

VCTE - Ideal Cut-off (kPa) 214.0 14 8 77.8% | 86.0% | 63.6% | 92.5% | 555 | 0.26 | 63 (84.0%)
<14.0 4 49

VCTE (kPa)3° 2125 14 10 77.8% | 82.5% | 58.3% | 92.2% 4.45 0.27 | 61(81.3%)
<125 4 47

FIB-4%t >3.6 10 6 90.9% | 84.2% | 62.5% | 97.0% | 5.75 | 0.11 | 42(56.0%)
NC 7 19
<1.6 1 32

APRI16 >2.0 11 7 84.6% | 83.3% | 61.1% | 94.6% 51 0.19 | 46 (61.3%)
NC 5 15
<1.0 2 35

AAR3 21 9 10 50.0% | 82.5% | 47.4% | 83.9% | 2.86 | 0.61 | 56 (74.7%)
<1 9 47

RPR40 20.16 10 2 55.6% | 96.5% | 83.3% | 87.3% | 15.89 | 0.46 | 65 (86.7%)
<0.16 8 55

Values expressed as n or n (%);

Abbreviations: Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; NC, not

categorized
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