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Abstract

Background: Chronic Hepatitis D virus (HDV) infection results in the most severe form of viral
hepatitis with a rapid progression to cirrhosis. However, non-invasive fibrosis tests that can
accurately predict cirrhosis have not been adequately validated. We aimed to develop a clinically
useful non-invasive score that can accurately detect cirrhosis.

Material and methods: Patients with chronic HDV diagnosed by liver histology or serum PCR
were evaluated. Data regarding demographics, laboratory, imaging, vibration-controlled transient
elastography (VCTE), and liver biopsy were collected. The total cohort was randomized into a
training and validation cohort. The training cohort was used to develop a novel score, the Delta-4
fibrosis score (D4FS) which was then compared to other non-invasive tests in the validation cohort
by area under receiver operating characteristics (AUROC).

Results: 77 patients with chronic HDV were evaluated: mean age 42.6 (SD:11.1) years, 59.7%
male, and 57.1% Asian. The total cohort was then separated into a training (n = 45) and validation
(n = 32) cohort with no significant differences in terms of clinical characteristics between the two.
From the training cohort, the DAFS was derived from variables of statistical and clinical interest
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(gamma-glutamy!| transpeptidase (GGT), platelet count, alanine aminotransferase (ALT), and liver
stiffness measurement (LSM)). The D4FS demonstrated the best AUROC in the validation cohort
(0.94) followed by VCTE (0.90), FIB-4 (0.86), APRI (0.81), and AAR (0.71).

Discussion: The D4FS is a clinically useful non-invasive fibrosis score that can accurately
detect cirrhosis in patients with chronic HDV infection. Further studies should be performed to
further validate clinical utility.

Keywords
Hepatitis D; Hepatitis B; Liver cirrhosis; Biomarkers; Delta hepatitis

1. Introduction

Chronic Hepatitis D virus (HDV) is the most severe form of viral hepatitis estimated to
affect 62—72 million worldwide (Chen et al., 2018). Results from multiple studies have
reported that HDV and hepatitis B virus (HBV) co-infection is associated with more
aggressive disease compared to HBV infection alone (Fattovich et al., 2000; Beguelin et al.,
2017). Approximately 10-15% of HBV/HDV co-infected patients will progress to cirrhosis
within 2 years and ~50% will suffer a liver-related complication within 5 years (Heidrich et
al., 2012; Bonino et al., 1987). Thus, identification of HDV infected patients with rapid
progression of disease, advance fibrosis or cirrhosis, is desperately needed to recognize
which patients need variceal and hepatocellular carcinoma screening, initiate treatment with
interferon or an investigative therapeutic, and decide who needs to be referred to a liver
transplant center.

However, determination of disease stage (i.e. fibrosis) in HDV infected patients is not well
studied. While liver biopsy can be performed to stage disease, it is invasive, costly, subject to
complications, and may be contraindicated in the setting of severe coagulopathy (Takyar et
al., 2017a). These issues also limit its routine use especially if repeated investigations are
needed. Non-invasive fibrosis tests in the form of “indirect” and “direct” fibrosis markers,
algorithms that integrate these markers, and imaging modalities (i.e. vibration-controlled
transient elastography (VCTE)) offer a solution to this problem. These tests have
revolutionized the management of an assortment of different chronic liver diseases including
HBYV, hepatitis C virus (HCV), and non-alcoholic fatty liver disease (NAFLD)/non-alcoholic
steatohepatitis (NASH) such that liver biopsy can be avoided in most cases (Soresi et al.,
2014).

Nevertheless, these tests have not been substantially validated in chronic HDV and initial
reports have suggested that non-invasive serum-based fibrosis tests may not be as accurate as
they are in HBV and HCV infection (Takyar et al., 2017b; Lutterkort et al., 2017). This may
be due to the fact that these tests were specifically created and validated in HBV and HCV
cohorts or perhaps due to the significant levels of hepatic inflammation that exists in HDV
infection which can cause artificial elevations in “indirect” marker-based scores (Kim et al.,
2016). VCTE may become the non-invasive test of choice in chronic HDV infection due to
its excellent performance in HBV and HCV however this modality has not yet been
adequately studied in HDV. In addition, VCTE may also perform better in certain liver
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diseases and can also be limited by artificial elevations is liver stiffness measurements
(LSMs) in the setting of hepatic inflammation (Castera, 2009; Degos et al., 2010). Possible
solutions to this problem includes stepwise combination algorithms of non-invasive markers
or combining different non-invasive modalities such as serologic markers with imaging-
based tests (Castera, 2009; Sebastiani et al., 2006). These combinations have been
previously explored with promising results in improving diagnostic performance in HBV
and HCV (Boursier et al., 2011; Crespo et al., 2012).

In this current study, we aimed to develop a novel non-invasive fibrosis score for chronic
HDV infection that can accurately detect cirrhosis utilizing routine lab markers with or
without VCTE.

Materials and methods

Patients

We performed a retrospective cohort study of consecutive patients with chronic HDV
infection who underwent VCTE at the NIH Clinical Center between January 2006 and April
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. Each patient gave written informed
consent for participation.

Demographic, laboratory, imaging, VCTE, and liver biopsy data was collected. In those
patients who did not undergo liver biopsy, imaging (Ultrasound, CT, MRI), was required to
be included in this study. Laboratory, imaging, and liver biopsy data was only used if it was
within 3, 6, and 12 months (respectively) of the VCTE date. All patients were diagnosed
with HDV either serologically by detectable HDV-RNA on PCR (ARUP Laboratories, Salt
Lake City, UT) or by histology with positive staining for hepatitis delta antigen (HDAQ) in
hepatocytes. Chronicity of at least 6 months was established based on clinical and laboratory
findings.

Patients were excluded if there were no available or reliable LSM, lack of imaging within 6
months of a VCTE in those patients without liver biopsy, had undetectable HDV RNA by
the time of VCTE, moderate to large volume ascites, alcoholic liver disease, non-alcoholic
steatohepatitis, acute viral hepatitis, primary biliary cirrhosis, and primary sclerosing
cholangitis. LSM was measured using FibroScan® (Echosens, Paris, France). A reliable
LSM was defined as having at least 10 valid measurements, a success rate = 60%, and an
interquartile range (IQR) under 30% of the median value. LSM results were as reported as
median values in kilopascals (kPa). A separate cohort of chronic HBV mono-infected
patients was also utilized to test the performance of our non-invasive HDV fibrosis score.

Liver histology

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 (DK). Hepatic fibrosis was assessed using the Ishak fibrosis score (0-6)
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(Ishak et al., 1995). Hepatic inflammation was assessed using the histology activity index
(HAI) (0-18). (Knodell et al., 1981).

2.3. Diagnosis of cirrhosis

Patients were determined to have cirrhosis either by histology (Ishak fibrosis score = 5)16 or
clinical criteria. Clinical criteria was defined as having imaging consistent with cirrhosis (i.e.
nodular liver) with two or more signs of portal hypertension (i.e. thrombocytopenia (PLT <
150 x 109/L), collaterals, splenomegaly, varices, or ascites) (Castera, 2009; Lu et al., 2006).
Splenomegaly was defined based on cut-offs established based on age and height (Chow et
al., 2016).

2.4. APRI, FIB-4, and AAR calculation

The APRI, FIB-4, and AAR scores were selected as comparative tests in this study since
they are the most widely utilized and validated non-invasive serum fibrosis tests for HBV
and HCV. The APRI was calculated as (AST (IU/L)/ULN of AST (IU/L))/PLT (109/L) x
100 (Wai et al., 2003). The FIB-4 was calculated as (age (years) x AST (IU/L))/[PLT
(10%/L) x ALTY2 (1U/L) (Sterling et al., 2006). The AAR was calculated as AST
(TU/L)/ALT (1U/L). (Williams and Hoofnagle, 1988).

2.5. Statistical analysis

Baseline patient characteristics were described using frequencies for categorical variables
and means versus medians (depending on distribution) for continuous variables. Variables
that were evaluated include demographics (age, sex, race), laboratory results (platelet count
(PLT), prothrombin time, total bilirubin, albumin, ALT, AST, ALP, and GGT), and LSM. All
variables used were logarithmically transformed to adjust for normality. Wilcoxon rank-sum
tests, chi-squared tests and Fisher's exact tests were used to compare baseline variables
across competing groups. A 2-sided Pvalue of less than 0.05 was considered statistically
significant.

For the development of the Delta-4 fibrosis score (D4FS), the entire cohort was randomly
separated into a training and validation cohort stratified by the presence of cirrhosis and
availability of histology. Significant predictors of cirrhosis in the training cohort were
considered variables of interest. The clinical and laboratory characteristics of the training
and validation cohort was compared after randomization to rule out any significant
differences.

Based on the variables of interest and clinical judgement, the D4FS was developed. The
diagnostic value of the D4FS was assessed by calculating areas under the receiver operating
characteristic (ROC) curves. An area under the ROC (AUROC) of 1.0 represents an ideal
test while an AUROC of 0.5 indicates no discriminatory ability. The diagnostic performance
of other non-invasive testing modalities including VCTE by itself, APRI (Wai et al., 2003),
FIB-4 (Sterling et al., 2006), and AST-to-ALT ratio (AAR) (Williams and Hoofnagle, 1988)
were also assessed using ROC curves. Cirrhosis was defined as a: VCTE >12.5 kPa (Degos
etal., 2010); APRI > 2 (Wai et al., 2003); FIB-4 > 3.6 (Kim et al., 2010); and AAR = 1
(Williams and Hoofnagle, 1988).
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The ideal cut-off for the D4FS to identify cirrhosis was identified using the distance
criterion. This criterion chooses the point closest to the point on the ROC curve where 1-
Specificity (Sp) = 0 and Sensitivity (Se) = 1. The Se, Sp, and positive and negative predictive
value (PPV and NPV) using the ideal cut-off were also calculated. All statistical analysis
was performed using SAS 9.4 (Cary, NC).

3. Results

3.1.

3.2.

3.3.

Patient characteristics of the entire cohort

From January 2006 and April 2019, 93 patients with chronic HDV underwent liver biopsy
and/or imaging at the NIH (Fig. 1). A total of 16 patients were excluded from the study: 13
patients had no available or valid VCTE result, 2 patients cleared HDV-RNA by the time of
VCTE, and 1 patient was decompensated with large volume ascites. A total of 77 patients
with chronic HDV were therefore included in the analysis. Infection with HDV was
diagnosed by HDAg detection in liver tissue in 8 patients (10.4%) and by detectable serum
HDV-RNA in 69 patients (89.6%). 18 patients (23.4%) were classified as cirrhotic: 10 by
histologic criteria and 8 by clinical criteria.

Patient characteristics of the training cohort

Baseline characteristics of the training cohort is shown in Table 1. The mean age of the 45
patients in the training cohort was 43.3 (SD 12.3) years and 23 (51%) were male. 23 (51%)
in the training cohort were Asian, and 17 (38%) were White. HBeAg and HBeAb was
positive in 7 (16%) and 31 (69%) patients, respectively. 25 (56%) were on anti-nucleo(s)tide
therapy. 10 (22.2%) were classified as cirrhotic: 6 by histologic criteria and 4 by clinical
criteria. Mean HAI was 9.7 (SD 2.7).

Predictors of cirrhosis in the training cohort and the development of the Delta-4

fibrosis score (D4FS)

After the entire HDV cohort (n=77) was randomly divided into the training cohort (n = 45)
and validation cohort (n = 32), variables associated with the presence of cirrhosis were first
assessed by univariate analysis. (Table 2). Variables that were of interest due to a £< 0.05
included AST (P=0.008), GGT (P=0.01), albumin (P=0.01), PLT (£=0.0006), and LSM
(P<0.0001). Of those, GGT, PLT, and LSM were chosen as components of the D4FS. In
addition, ALT was also incorporated into the score due to the severity of hepatic
necroinflammation that occurs in chronic HDV infection (El-Shabrawi et al., 2010). The
formula for the D4FS is depicted below. The AUROC for the D4FS for predicting cirrhosis
in the training cohort is shown in Fig. 2. The D4FS performed with an AUROC of 0.93
(95% CI 0.85-1.0). The optimal cut-off for the DAFS for the detection of cirrhosis was
calculated to be 7.8.

LSM(k Pa)x GGT(IU / L)

DAFS = 5ok / nh)x VALTIU / L)
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3.4. Patient characteristics of the validation cohort

32 patients comprised of the validation cohort. In general, the characteristics of the training
and validation cohorts were similar (Table 1). There was no difference in the mean HAI,
Ishak fibrosis score, LSM, or the number of patients classified as cirrhotic. All of the mean
baseline laboratory markers in addition to HBeAg and HBeAb status were comparable as
well. However, the validation cohort had more males: 23 (72%) and Asians: 21 (66%).

3.5. Performance of the D4FS in the validation cohort and comparison to pre-existing
non-invasive fibrosis tests

The AUROC for the DAFS in the validation cohort is demonstrated in Fig. 2. The D4FS
demonstrated an AUROC of 0.94 (95% CI 0.81-1.0). At the calculated optimal cut-off of 7.8
from the training cohort, the DAFS performed with a Se 87.5%, Sp 83.3%, PPV 63.6%, and
NPV 95.2%. 27 of 32 (84.3%) were correctly classified as cirrhotic at this cut-off (Table 3).
When compared to other non-invasive tests, the DAFS performed the best followed by VCTE
(AUROC =0.90, 95% CI 0.78-1.0), FIB-4 (AUROC = 0.86, 95% CI 0.70-1.0), APRI
(AUROC =0.81, 95% CI 0.64-0.97), and AAR (AUROC = 0.71, 95% CI 0.49-0.93). The
corresponding AUROC comparing all of the tests are shown in Fig. 3.

3.6. Baseline characteristics of the HBV cohort and the performance of the D4FS
compared to other pre-existing non-invasive fibrosis tests

Baseline characteristics of the HBV cohort are shown in Supplemental Table 1. 112 HBV
mono-infected patients were included with a mean age of 46.3 (SD 14.0) years with 67.9%
males. The mean LSM was 7.2 (SD 4.7) kPa and 12 patients (30.0%) were classified as
having cirrhosis. The performance of the DAFS compared to other non-invasive tests is
shown in Supplemental Fig. 1. VCTE by itself outperforms the D4FS with a AUROC of
0.93 compared to 0.90.

4. Discussion

Chronic HDV infection is the chronic viral hepatitis with the most aggressive hepatic
inflammation resulting in advanced liver disease and an associated increased risk of HCC
and mortality (Takyar et al., 2017b; Niro et al., 2010). In this study, we developed a novel
non-invasive fibrosis score, the DAFS, that can accurately detect cirrhosis in this patient
population despite the severity of inflammation as evidenced by the high AST/ALT levels
and HAL.

The D4FS is an easy to calculate, non-invasive score that combines three commonly used
serologic markers (PLT, GGT, and ALT) with VCTE. PLT and GGT are both biomarkers of
liver disease severity that have been incorporated in numerous non-invasive serum tests
while VCTE is perhaps the most well validated non-invasive imaging technique for
estimating fibrosis (Wai et al., 2003; Lu et al., 2018). ALT was also included in our score
despite it not being statistically significant in the training cohort because it is the most liver-
specific biomarker evaluated in this study and thus reflective of ongoing chronic liver
inflammation (Kim et al., 2008). ALT has been added to numerous other non-invasive tests
to attempt to account for ongoing hepatic injury such as the FIB-421, AAR (Williams and
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Hoofnagle, 1988), and FibroMeter® (Echosens, Paris, France) (Cales et al., 2008). ALT has
also been added to pre-existing non-invasive tests such as FibroTest® (Biopredictive, Paris,
France) resulting in the ActiTest® (Biopredictive, Paris, France) also to deal with the issue

of hepatic inflammation skewing test results (Yakoob et al., 2015).

The D4FS performed the best in HDV infection for detecting cirrhosis with an AUROC of
0.94 compared to VCTE alone which performed with an AUROC of 0.90. We suspect that
the improved performance of the D4FS may be due to the significant hepatic inflammation
in HDV affecting LSMs (Chan et al., 2009). The combination of serologic markers and LSM
in our score exploits a synergism between LSM and serologic tests that has been previously
reported in hepatitis C virus (HCV) and HBV infected patients to resolve discordances
between tests and improve diagnostic accuracy and thus may alleviate this weakness of LSM
(Boursier et al., 2011; Crespo et al., 2012). In addition, the D4FS outperformed commonly
used non-invasive serologic tests including FIB-4 (AUROC = 0.86), APRI (AUROC = 0.81),
and AAR (AUROC = 0.71). Each of these tests are widely accepted and routinely used to
quickly assess for the presence of fibrosis and cirrhosis. Finally, at an ideal cut-off of 7.8, the
D4FS demonstrated an excellent NPV of 95.2% and ability to rule-out cirrhosis with a Se of
87.5%.

The D4FS is the second non-invasive fibrosis score that has been developed strictly for
chronic HDV. The first score was introduced as the Delta Fibrosis Score (DFS) by Lutterkort
etal., in 2017, but this was aimed at detecting advanced fibrosis (Ishak fibrosis >3)
(Lutterkort et al., 2017). However, this score includes serum cholinesterase as part of the
score which is not readily available in many countries limiting the applicability of this score.
The DA4FS differs from the DFS in that all the serologic markers incorporated are routinely
measured and readily available.

The strength of this study is that every patient was confirmed to have active HDV infection
either by HDAg staining on histology or by detectable HDV-RNA in the serum and
chronicity by clinical history. Confirmation of active HDV infection is rare among available
HDV studies due to availability of HDV-RNA PCR assays. Additionally, every HDV patient
was well characterized with imaging and VCTE data. The performance of non-invasive
serologic and imaging fibrosis tests have not been well studied in HDV. Finally, an
exploration of the D4FS in HBV mono-infected patients demonstrated worse performance
than VCTE. This suggests that the D4FS is truly a test excels in identifying cirrhosis in HDV
infection whereas it has limited utility in mono-infected HBV patients.

Our study has several limitations. First, this study was a singlecenter cohort study and lacks
an external validation cohort for the Delta-4 score. This limitation is difficult to correct due
several reasons. The rarity of HDV infected patients in general results in small cohorts at
individual center. This is likely related to undertesting and lack of overall disease awareness
(Kushner et al., 2015). Furthermore, confirmation of active HDV infection in these cohorts
are often lacking due to the availability of HDV-RNA PCR assays. Moreover, liver biopsy is
infrequently pursued in clinical practice and VCTE, which is a necessary component of the
score, has limited availability in many of the countries in which HDV is considered endemic.
Another limitation of this study is the small number of patients classified as “cirrhosis” in
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both the training and validation cohorts. This is again related to the relative rarity of HDV
and the total size of our HDV cohort. A third limitation of this study is that approximately
half of the patients were clinically diagnosed with cirrhosis since these patients never
underwent liver biopsy. This likely underestimated the number of patients with cirrhosis
since the prevalence of cirrhosis among patients with histologic results was much higher
than those without due to our strict criteria of requiring imaging consistent with cirrhosis
plus two signs of portal hypertension.

In summary, the D4FS is a clinically useful non-invasive fibrosis score that can accurately
detect cirrhosis in patients infected with chronic HDV. This score combines the use of
several commonly ordered serologic markers (PLT, GGT, and ALT) with LSM in a novel
algorithm that improves on the diagnostic accuracy of LSM alone. Further exploration of the
D4FS in additional cohorts should be performed to further validate its clinical utility.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HDV hepatitis D virus

VCTE vibration controlled transient elastography
D4FS Delta-4 fibrosis score

AUROC area under receiver operator characteristics
ALT alanine aminotransferase

LSM liver stiffness measurement

HBV hepatitis B virus

HCV hepatitis C virus

NAFLD non-alcoholic fatty liver disease

NASH non-alcoholic steatohepatitis

NIH National Institutes of Health

CT computer tomography

MRI magnetic resonance imaging
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PCR polymerase chain reaction
HDAg hepatitis delta antigen
RNA ribonucleic acid
IQR interquartile range
KPa kilopascals
HAI histology activity index
PLT platelet
APRI ast-to-platelet-ratio index
FIB-4 fibrosis-4 index
AAR AST-to-ALT-ratio
GGT gammaglutamy!| transferase
ALP alkaline phosphatase
ROC receiver operating characteristics
Sp specificity
Se sensitivity
PPV positive predictive value
NPV negative predictive value
HBeAg hepatitis B e antigen
HBeAb hepatitis B e antibody
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Abbreviations: HDV, hepatitis d virus; VCTE, vibration-controlled transient elastography;

RNA, ribonucleic acid.
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Table 1

“Training” vs “Validation cohort” characteristics.

Training cohort  Validation cohort P
(n=45) (n=32)
Age at VCTE 433 (12.3) 41.8(9.5) 0.79
Gender 0.07
Male 23 (51.1%) 23 (71.9%)
Female 22 (48.9%) 9 (28.1%)
Race 0.33
White 17 (37.8%) 10 (31.3%)
Black 5 (11.1%) 1(3.1%)
Asian 23 (51.1%) 21 (65.6%)
Laboratory
ALP (1U/L) 85.5 (27.0) 81.8 (34.4) 0.81
AST (IU/L) 68.5 (64.8) 76.2 (63.6) 0.31
ALT (1U/L) 95.7 (101.5) 118.7 (149.2) 0.26
Total bilirubin (mg/dL) 0.7 (0.3) 0.9(1.6) 0.90
GGT (IU/L) 58.0 (50.1) 57.2 (47.0) 0.80
Albumin (g/dL) 4.0 (0.5) 4.1(0.4) 0.59
PT (seconds) 14.1(1.1) 14.4(1.7) 0.58
PLT (K/uL) 170.0 (75.5) 154.1 (77.1) 0.59
HBeAg + 7 (15.6%) 4 (12.5%) 0.75
HBeAb+ 31 (68.9%) 24 (75.0%) 0.62
Anti-nucleo(s)tide therapy 25 (55.8%) 21 (65.6%) 0.39
Histology 20 (44.4%) 14 (43.8%)
HAI (0-18) 9.7 (2.7) 8.9(L.7) 0.47
Ishak fibrosis score (0-6) 3.7(1.4) 2.9 (1.8) 0.16
Ishak fibrosis score = 5 6 (30.0%) 4 (28.6%) 1.0
Clinical diagnosis of cirrhosis 4 (8.9%) 4 (12.5%) 1.0
LSM (kPa) 135 (16.5) 12.5 (10.9) 0.29

Values expressed as mean (standard deviation) or n (%).
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Abbreviations: VCTE, vibration-controlled transient elastography; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; GGT, gamma-glutamyl transferase; PT, prothrombin time; PLT, platelet count; HBeAg, hepatitis B-e antigen; HBeAb, hepatitis
B-e antibody; HAI, histology activity index; LSM, liver stiffness measurement.
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Table 2

Training cohort (n = 45) — “Cirrhosis” vs “No cirrhosis”.

Cirrhosis Nocirrhosis P
(n=10) (n=35)
Age at VCTE 43.0 (9.8) 433(13.0) 087
Gender 0.10
Male 6(60.0%) 16 (48.5%)
Female 4(40.0%) 17 (51.5%)
Race 0.92
White 4(40.0%) 13 (39.4%)
Black 1(10.0%) 4 (12.1%)
Asian 5(50.0%) 16 (48.5%)
Laboratory
ALP (1U/L) 99.4(33.1) 815(24.1) 013
AST (IU/L) 82.7(30.1)  64.4(715)  0.008
ALT (IU/L) 91.4 (51.7) 96.9 (112.3) 0.54
Total bilirubin (mg/dL) 0.9 (0.5) 0.6 (0.2) 0.14
GGT (IU/L) 83.2(41.3) 50.7(50.6)  0.01
Albumin (g/dL) 3.6 (0.6) 4.2 (0.3) 0.01
PT (seconds) 14.7 (1.0) 14.0 (1.0) 0.04
PLT (K/uL) 105.3 (48.1) 188.5(72.0)  0.0006
LSM (kPa) 335(26.5) 7.8 (4.0) <0.0001

Values expressed as mean (standard deviation) or n (%).
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Abbreviations: VCTE, vibration-controlled transient elastography; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine

aminotransferase; GGT, gamma-glutamyl transferase; PT, prothrombin time; PLT, platelet count; LSM, liver stiffness measurement.
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