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Abstract

Background and aims Hepatitis D virus (HDV) infection causes the most severe form of chronic viral hepatitis. However,
it is still unclear to what extent the underlying cirrhosis may contribute to disease progression. The aim of this study was to
compare the long-term outcome of HDV infection with HBV monoinfection in a single-center cohort of both non-cirrhotic
and cirrhotic patients.

Method We retrospectively studied 175 patients with chronic hepatitis D (CHD) who were followed for at least 6 months
(median of 6.3 (0.6-23.6) years). In addition, we selected 175 patients with HBV monoinfection (CHB) who were matched
for gender, age, region of origin, HBeAg status, and bilirubin. Liver-related clinical end points were defined as hepatic
decompensation (ascites, encephalopathy, variceal bleeding), liver transplantation, HCC, or liver-related death.

Results Clinical complications developed earlier (4.6 vs. 6.2 years) and more frequently (35.4% vs. 12.6%, p <0.01) in CHD
patients. In a multivariate Cox regression, HDV infection was independently associated with the development of end points
(p<0.01; HR: 3.0; 95% CI 1.4-6.4). However, in cirrhotic patients there were no significant differences between HBV and
HDV in the development of end points. Besides, CHB patients with cirrhosis developed more frequently HCC (35.5%) than
CHD patients with cirrhosis (18.5%).

Conclusion Our results confirmed that HDV leads to a faster progression to cirrhosis compared to HBV. However, once
cirrhosis is present, not HDV but the underlying cirrhosis is the dominate intrinsic risk factor for the development of liver-
related end points and for the progression to HCC.

Keywords Hepatitis delta - Hepatitis B - Therapy - Hepatocellular carcinoma - Liver decompensation - Cirrhosis - Clinical
longterm outcome - HBeAg - Nucleos(t)ide analogs - Pegylated interferon alpha
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Introduction Methods
The hepatitis delta virus (HDV) is a defective RNA virus, Patients

which requires the hepatitis B surface antigen (HBsAg) of
the hepatitis B virus for assembly virions [1]. Thus, HDV
infects only patients with positive HBsAg. Worldwide,
approximately 248-291 million individuals were HBsAg
positive with a global prevalence of 3.2-3.9% [2]. In a
recent analysis, the HDV prevalence in the HBsAg-positive
population was approximately 4.5%, with an estimated 9-19
million anti-HDV-positive patients worldwide [3]. HDV is
the most severe form of viral hepatitis, which causes an
accelerated progression to liver cirrhosis and liver-related
clinical end points such as decompensation, liver transplan-
tation, HCC, and death [4-9] compared to HBV monoin-
fected patients [10, 11]. Progression rates of cirrhosis has
been reported to be 62—-67%, resulting in HCC rates of 23%
[4, 5,9, 12]. However, all published studies did not distin-
guish between cirrhotic and non-cirrhotic patients. Besides,
whether HDV is a carcinogenic agent and associated with
further risk in the increase for HCC development remains
controversial [4, 9, 10, 13, 14], whereas the increased risk
of HCC in CHB patients and the carcinogen effect of HBV
have been well established [15]. In HBV monoinfection,
prolonged suppression of HBV replication by NA has been
associated with reduced frequency of decompensation and
HCC [15]. On the other hand, studies have described an
even higher risk for development of liver-related clinical
end points in CHD patients receiving therapy with NA [16,
17]. Thus, NA are not recommended in non-cirrhotic CHD
patients in the absence of HIV. Nevertheless, NA should be
used if criteria for HBV treatment are fulfilled [15]. Besides,
therapy with pegylated interferon alpha (PEG-IFNa) with
consecutive HDV RNA decline was associated with a more
benign clinical long-term outcome [4, 17, 18].

The aim of this study was to evaluate the clinical long-
term outcome of CHD patients compared to matched
patients monoinfected with HBV in the so far largest Euro-
pean, single-center cohort. In particular, it should be inves-
tigated whether the differences in the long-term clinical
course of patients with CHB and CHD are confirmed in
both non-cirrhotic and cirrhotic patients and whether the
treatment strategies have an impact on the long-term course.
One further focus should be on the development of HCC and
how HDV differs from HBV.
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All anti-HDV-positive patients followed at Hannover
Medical School as part of routine clinical follow-up were
screened. Baseline was defined as the first visit at the
institution. Patients were included in the study if they had
detectable HBsAg and either anti-HDV IgM antibodies
or HDV RNA for at least 6 months. Only patients with an
available follow-up of at least 6 months with a minimum
of two visits were included. Patients were excluded if they
had undergone liver transplantation or suffered from HCC
before the first observation. They were also excluded if
they had liver disease caused by non-alcoholic steatohep-
atitis, alcohol, or metabolic disease. Virological param-
eters for hepatitis B and delta were measured as previously
described. One hundred and thirty-six patients were part
of a previous study [17]. According to these inclusion cri-
teria, patients with HBV monoinfection from a large well-
defined cohort of hepatitis B patients were screened and
matched by gender, age, region of origin, HBeAg status,
and bilirubin. For nine patients infected with HDV, data
for region of origin were not available. These patients were
not matched by region of origin. Additionally, HBeAg at
baseline was missing for 24 CHD patients. In this case, the
first available HBeAg during follow-up was used.

Liver-related end points were defined as hepatic decom-
pensation (ascites, encephalopathy, variceal bleeding),
liver transplantation, HCC, or liver-related death. Cirrho-
sis was diagnosed based on liver histology (F5 and F6
according to the ISHAK score). If data were not available,
cirrhosis was assessed based on transient elastography
(=14.0 kPa) [19] or sonographic parameters (i.e., nodular
liver) with additionally one or more signs of portal hyper-
tension (platelets < 150,000/mL, collaterals, splenomegaly
(largest dimension > 12 cm), and varices).

Statistics

Statistical analyses and the creation of figures were per-
formed by using SPSS software (SPSS Inc., Chicago,
IL, version 28 including the Python-Plug-in for propen-
sity score matching). All parameters were described as
mean + SD. p values < 0.05 were considered as statistically
significant. Continuous variables were analyzed by ¢ tests.
For nonparametric parameters Mann—Whitney U tests
were used. A Chi-square test was calculated for the com-
parison of discrete variables. In case of an expected cell
count <35, Fisher’s exact test was used instead. Parameters
that were associated with the clinical long-term outcome
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in univariate time-depending COX-regression models
(p <0.05) were additionally compared in multivariate
analysis. Multivariate COX-regression analyses were
performed by using the likelihood ratio test for backward
selection. Hazard ratios (HRs), including their 95% confi-
dence intervals (Cls), were calculated for the COX-regres-
sion models. Using Kaplan—Meier analysis, we estimated
the cumulative event-free survival and compared different
risk groups by log-rank tests. To ensure a comprehensible
matching of the groups, a propensity score was estimated
from a multivariate logistic regression model, containing
the above-mentioned matching variables. The subsequent
individually matched propensity score was used for nearest
neighbor matching of both the groups with caliper match
tolerance of 0.2. Due to the low number of patients with
CHB in the group of cirrhotic patients, we performed an
inverse probability of treatment weighting (IPTW) in this
group with subsequent calculation of the outcome using
generalized estimating equations and logistic regression
model.

Results
Baseline characteristics

A cohort of 350 patients was studied with a mean follow-
up of 6.9 years (0.60-23.6 years). Of these patients, 175
were infected with HDV with a mean age of 38.5 years
(16.0-67.9), 68.6% were male, and most of the patients were
born in Eastern Europe (36.6%). The incidence of cirrhosis
at the first visit was higher in patients with HDV infection
(45.1%) than in HBV monoinfection (17.7%) (p <0.01)
(Table 1).

Clinical long-term outcome

During follow-up, 29 patients progressed to cirrhosis within
a mean time of 3.31 years (0.60—12.0 years), and all of them
were anti-HDV positive. At least one liver-related clinical
end point was observed in 84 patients; in 35.4% of the CHD
patients after a mean follow-up of 4.6 years (0.50-16.2) and
in 12.6% of the CHB patients after 6.18 years (0.50-17.7)
(p <0.01). Decompensation occurred in 68 patients (31.4%
CHD, 7.4% CHB) (p <0.01). Liver transplantation and/or
death was observed in 22.3% of the patients with HDV infec-
tion and in 5.7% with HBV infection (p <0.01). Fourteen
patients died (10 with CHD, 4 with CHB) and 37 under-
went liver transplantation (30 with CHD, 7 with CHB).
HCC (n=32) was detected in 11.4% of patients with CHD
and in 6.9% of patients with CHB (p=0.1). End points
developed earlier in patients infected with HDV (decom-
pensation: 4 years vs. 6 years; LTX and/or death: 4 years

vs. 6.4 years; HCC: 4 years vs. 6 years). The poor clinical
outcome of CHD patients compared to CHB patients was
confirmed in Kaplan—Meier analysis (log rank: p <0.01)
(Fig. 1 a-d). Of note, clinical end points in CHD patients
were only developed with present cirrhosis (at baseline or
during follow-up). Besides, in CHB patients, two patients
developed liver-related end points without cirrhosis (1 HCC,
1 decompensation).

For better comprehensibility of the matching, we also per-
formed a propensity score matching (CHB: 129 vs. CHD:
129), which confirmed the worse course of hepatitis delta
in both the Chi-square analysis analysis (p <0.01) and the
Kaplan—Meier analysis (log rank; p <0.01) (supplement
figure).

Patients with cirrhosis

Interestingly, there were no differences in the development
of liver-related clinical end points, decompensation, and
liver transplantation and/or death considering patients with
cirrhosis only (n=139; 64.5% HBV, 57.4% HDV) in Chi-
square analysis. Besides, CHB patients with cirrhosis devel-
oped more often HCC (35.5%) than CHD patients with cir-
rhosis (18.5%) (p=0.04). Kaplan—Meier analysis confirmed
that there were no significant differences between HBV and
HDYV in the development of end points (log rank p=0.6)
(Fig. 2), decompensation (log rank p=0.1), LTX, and/or
death (log rank p =0.3). Even the development of HCC was
not associated with HDV in the time-depending model (log
rank p=0.3).

In this group, we also wanted to provide an exact com-
parison of the two groups. Due to the unequal distribution
of the number of patients (CHB: 31 vs. CHD: 108), the
inverse probability of treatment weighting was performed.
The subsequent logistic regression showed no differences
in the development of end points between CHB and CHD
(p=0.95; OR: 1.03; 95% CI 0.41-2.56).

Antiviral therapy and liver-related end points

Treatment administration is shown in Table 1. CHD patients
developed liver-related clinical end points most frequently
with no therapy or NA compared to all other treatment
groups in Kaplan—Meier analysis (p <0.01). In contrast,
patients with HDV infection and IFN treatment had a favora-
ble clinical long-term follow-up (p <0.01), equal to patients
with HBV monoinfection (Fig. 3a).

These data were confirmed in cirrhotic patients. Besides,
patients with HBV monoinfection who were treated with NA
had a more benign clinical long-term follow-up compared to
CHB patients without therapy (p <0.01) (Fig. 3b). Of note,
every CHB patients with cirrhosis had negative HBV DNA
at the end of follow-up or were at therapy with NA.

@ Springer
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Table 1 Baseline characteristics and factors univariately differentiating between CHD and CHB based on ANOVA (continuous values) and Chi-

square analysis (discrete values)

Total cohort=350 CHD=175 CHB=175 p-value
Sex (%) Male =240 (68.6%) Male =120 (68.6%) Male =120 (68.6%) 0.55
Female=110 (31.4%) Female =55 (31.4%) Female=55 (31.4%)
Age, years, mean+SD (range)  37.6+11.9 (15.0-67.9) 38.5+12.1 (16.0-67.9) 36.8+11.7 (15.0-64.4) 0.17
Country of origin (%) Central Europe =73 (20.9%) Central Europe =36 (20.6%) Central Europe =37 (21.1%) 0.24
Eastern Mediterranean =123 Eastern Mediterranean =60 Eastern Mediterranean =63
(35.1%) (34.3%) (36.0%)
Eastern Europe =128 (36.6%) Eastern Europe =64 (36.6%) Eastern Europe =64 (36.6%)
Other=16 (4.6%) Other=6 (3.4%) Other=10 (5.7%)
AST, mean + SD (range) 91.2+210.9 (30-2827) 86.6+91.6 (30-691) 70.2+166.5 (30-1390) 0.04
ALT, mean + SD (range) 122.1+216.9 (31-2507) 113.6+143.9 (31-1238) 67.1+245.9 (32-2507) 0.41
AP, mean + SD (range) 113.9+75.4 (9-616) 117.5+66.4 (9-512) 105.1+£81.7 (25-616) 0.13
¢GT, mean + SD (range) 75.1+122.9 (5-1135) 76.1+84.1 (5-452) 60.7 +123.8 (6-976) 0.03
Bilirubin, mean + SD (range) 18.9+38.6 (5-478) 16.5+20.3 (5-148) 18.3+37.2 (5-348) 0.32
Albumin, mean + SD (range) 39.9+6.9 (15-70) 38.5+5.9 (22-50) 40.9+7.4 (15-70) <0.01
Platelets, mean + SD (range) 168.8 +80.4 (16-450) 139.3+74.7(16-377) 194.8 +£70.9 (23-398) <0.01
INR, mean + SD (range) 1.15+0.24 (1-3) 1.21+0.24 (1-3) 1.10+0.17 (1-2) <0.01
MELD, mean + SD (range) 8.61+3.03 (3.93 -25.4) 9.52+3.08 (5.4-21.1) 8.10+2.81 (5.24-25.4) <0.01
Log HBV DNA mean +SD 3.35+2.41 (0-9.04) 2.13+1.89 (0-8.04) 4.23+2.36 (0-9.04) <0.01
(range)
HBV DNA neg 65 (18.5%) 43 (28.1%) 13 (8.7%) <0.01
antiHBe pos 239 (79.4%) 121 (81.8%) 118 (77.1%) 0.32
HBeAg positive, n (%) 68 (19.4%) 29 (15.7%) 39 (22.3%) 0.59
Cirrhosis, n patients (%) 110 (31.4%) 79 (45.1%) 31 (17.7%) <0.01
Biopsy, n patients, fibrosis stage 174, 2.22+1.81 (0-6) 82,3.45+1.56 (0-6) 92,2.12+1.77 (0-6) <0.01
mean = SD (range)
Fibroscan (kPa) mean+ SD 11.4+10.17 (2.9-50.1) 13.9+11.12 (3.4-50.1) 6.4+5.24 (2.9-28.4) <0.01
(range)
APRI, mean +SD (range) 2.12+6.21 (0.1-33) 3.32+8.91 (0.2-33) 1.18+2.28 (0.1-20.9) <0.01
FIB-4, mean + SD (range) 2.70+3.51 (0.1-34.7) 3.87+4.36 (0.17-34.7) 1.58+1.82 (0.10-11.5) <0.01
Antiviral therapy (%) No therapy =111 (31.7%) No therapy =44 (25.1%) No therapy =67 (38.3%) <0.01
NA =152 (43.4%) NA =64 (36.6%) NA =288 (50.3%)
IFN =87 (24.9%) IFN =67 (38.3%) IFN=20 (11.4%)
Follow-up, mean +SD (range)  6.93+5.12 (0.60-23.6) 6.29+4.97 (0.60-23.6) 7.57+5.22 (0.60-22.9) 0.02

Factors associated with the development of clinical
end points

We next investigated which factors correlated with clinical
end points in uni- and multivariate Cox-regression analy-
sis for all patients (n=350) (Table 2a). The analysis of
virological parameters can be found in the supplement.
Of note, biochemical disease activity, as determined by
AST (p=0.12; CI 1.00-1.00) and ALT levels (p =0.73;
CI 1.00-1.00), or HBV DNA (p =0.44; CI 1.00-1.00), was
not associated with the clinical long-term outcome in cir-
rhotic or non-cirrhotic patients. In univariate COX-regres-
sion model, therapy with IFN was linked to a more benign
clinical outcome (p <0.01; HR: 0.51; 95% CI 0.32-0.83),
whereas treatment with NA was associated with the

@ Springer

development of end points (p <0.01; HR: 1.92; 95% CI
1.18-2.91). Multivariate backward COX-regression model
analysis revealed that HDV infection among others was
an independent factor associated with the development of
end points (p <0.01; HR: 3.03; 95% CI 1.42-6.39). It is
important to know that age was also independently associ-
ated with the clinical long-term outcome (p <0.01; HR:
1.10; 95% CI 1.00-1.13).

In patients with cirrhosis, HDV infection was not
associated with the long-term outcome (p=0.61; CI
0.69-1.89), whereas therapy with IFN and therapy with
NA was univariably associated with the clinical out-
come (p <0.01; CI 0.17-0.58), (p=0.02; CI 1.11-2.68)
(Table 2b).
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Fig.1 Cumulative event-free survival in the group of CHD patients, compared with CHB patients. Risk-free survival for overall end points (a),

decompensation (b), HCC (c), death and/or LTX (d)

Discussion

Hepatitis Delta is the most severe form of viral hepatitis,
which was confirmed in multiple studies. However, previ-
ous studies comparing the clinical course of HDV and HBV
infection did not compare matched patients, have not distin-
guished between non-cirrhotic and cirrhotic patients, and
had a smaller sample size of CHD patients. In our so far
largest European single-center cohort study, we could con-
firm previous studies that patients with HDV infection had a
progressive clinical course toward cirrhosis and liver-related
end points compared to patients monoinfected with HBV
[4-7, 9]. Importantly, HDV infection was an independent
factor for a worse clinical long-term outcome in the overall
cohort. We primarily assign the development of end points
to the rapid and high progression rate toward cirrhosis in
CHD patients (18% in CHB vs. 62% in CHD), which has
also been shown in previous studies [5], rather than HDV

per se. We draw these conclusions from the finding that, in
CHD patients, only those with cirrhosis or advanced liver
fibrosis at baseline, who progressed to liver cirrhosis dur-
ing follow-up, developed complications. Besides, age was
an independent factor in multivariate analyses for a worse
clinical long-term outcome in the total cohort. However, if
patients progressed to cirrhosis, age was only univariatly
associated with a poor clinical outcome. Previous studies
also showed that CHD patients were younger than CHB
patients [4, 7, 10]. Thus, it can be deduced that HDV induces
a fast progression to cirrhosis in younger age, leading to
prolonged cumulative risk for the consecutive development
of end points. However, once patient developed liver cir-
rhosis, all patients had a worse clinical long-term outcome
regardless of whether they were infected with HDV or HBV.
Therefore, we hypothesize that cirrhosis is the dominant risk
factor for the development of liver-related clinical complica-
tion without being influenced by additional other intrinsic

@ Springer
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Fig.2 Cumulative event-free
survival of CHD with cirrhosis
compared with CHB patients
with cirrhosis
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Table2 ab Parameters associated with the clinical long-term outcome in univariate and multivariate analysis Cox-regression model—(all

patients), (patients with cirrhosis)

Parameter Significance (univariate) Significance (multivariate)

a Parameters associated with the clinical long-term outcome in univariate and multivariate analysis Cox-regression model (all patients)

3.58;95% CI 2.22-5.92 p<0.01; HR: 3.03; 95% CI 1.42-6.39
1.10; 95% CI 1.04-1.08 p<0.01; HR: 1.10; 95% CI 1.00-1.13
1.77;95% CI1 1.11-2.89 p=0.05; HR: 2.12; 95% CI 1.00-4.54
11.6; 95% CI 6.82—-19.7 Not significant
1.00; 95% CI 1.00-1.01 p<0.01; HR: 1.00; 95% CI 1.00-1.10
1.00; 95% CI 1.00-1.01 p<0.01; HR: 1.00; 95% CI 1.00-1.10
1.00; 95% CI 1.00-1.01 Not significant
0.87;95% C10.81-0.93 p<0.01; HR: 0.93; 95% CI1 0.82-0.94
0.98; 95% C1 0.98-0.99 p<0.01; HR: 0.98; 95% CI 0.98-0.99
55.5;95% CI 27.4-112.1 p<0.01; HR: 9.93; 95% CI 2.24-46.2
3.49;95% CI1 1.61-7.58 Not significant
1.92;95% CI11.18-2.91 Not significant
0.51;95% CI 0.32-0.83 Not significant

b Parameters associated with the clinical long-term outcome in univariate and multivariate analysis Cox-regression model (patients with cir-

HDV pos p<0.01; HR:
Age (linear) p<0.01; HR:
Gender (male) p=0.04; HR:
Cirrhosis p<0.01; HR:
g¢GT (linear) p<0.01; HR:
Alcalic phosphatase (linear) p=0.01; HR:
Bilirubin (linear) p<0.01; HR:
Albumin (linear) p<0.01; HR:
Platelets (linear) p<0.01; HR:
INR p<0.01; HR:
HBeAg negative p<0.01; HR:
Therapy (NA) p<0.01; HR:
Therapy (IFN) p<0.01; HR:
rhosis)

Age (linear) p<0.01; HR:
gGT (linear) p<0.01; HR:
Alcalic phosphatase (linear) p=0.01; HR:
Bilirubin (linear) p<0.01; HR:
Albumin (linear) p<0.01; HR:
Platelets (linear) p<0.01; HR:
INR p<0.01; HR:
Therapy (IFN) p<0.01; HR:
Therapy (NA) p=0.02; HR:

1.03; 95% CI 1.01-1.06 Not significant

1.00; 95% CI 1.00-1.01 p=0.02; HR: 1.03; 95% CI 1.00-1.01
1.01; 95% CI 1.01-1.02 p<0.01; HR: 1.01; 95% CI 1.00-1.02
1.01;95% C11.01-1.02 Not significant

0.89; 95% CI 0.86-0.93 p=0.02; HR: 0.93; 95% CI 0.82-0.91
0.99; 95% CI1 0.98-0.99 p=0.02; HR: 0.99; 95% CI 0.98-0.99
14.6; 95% CI 6.07-34.9 p=0.04; HR: 4.68; 95% CI 1.12-19.59
0.32;95% CI10.17-0.57 Not significant

1.72;95% C11.11-2.68 Not significant

factors such as HDV. This is in line with one recent study,
where the occurrence of total events did not differ between
HBYV and HDV after propensity score matching by age and
frequency of cirrhosis [14]. These results suggested that
HDV itself may contribute to liver damage and consecu-
tive cirrhosis, which can be implied by correlating plasma
levels of HDV RNA [20] and different inflammatory profiles
compared to HBV [21]. But, if cirrhosis was present, posi-
tive HDV RNA (qualitative) did not correlate anymore with
outcome, hypothesizing that HDV itself causes no further
damage in cirrhotic patients, which was confirmed in our
study. However, the mechanism by which HDV causes the
progression has not been identified and has to be investi-
gated in further studies. Besides, in the context of our data, it
should also be questioned whether the reduction or absence
of HDV RNA is a sufficient therapeutic outcome, especially
in cirrhotic patients. To confirm our data, more attention
should be paid to the distinction between cirrhotic and non-
cirrhotic patients in further clinical trials.

One further focus was the evaluation of the progres-
sion to HCC. CHB patients with cirrhosis developed more
frequently HCC (35.5%) than CHD patients with cirrhosis

(18.5%) (p=0.04). In contrast, one systematic review
reported an increased risk for the development of HCC in
patients with HDV infection with a pooled odds ratio of
1.28 compared to patients with HBV monoinfection, but
this association could be confirmed in studies published
in Asia only [12]. In our analysis, only four patients with
HBY monoinfection and four patients with HDV infection
were born in an Asian country. Another systematic review
with only longitudinal cohort studies reported that CHD
patients were at twofold increased risk of developing HCC
compared to CHB patients, but comparing patients with
cirrhosis only, the HCC risk was not statistically different,
although the included studies were difficult to compare
[13]. In our analysis, HCC only developed in the presence
of cirrhosis in CHD patients, whereas one patient monoin-
fected with HBV who developed HCC had no cirrhosis at
all. Thus, this analysis may be indicating that the progres-
sion to HCC is not associated with HDV, but that HBV
and the frequent progression to cirrhosis may play a role
in the pathogenesis. Although previous data indicated that
HDV can induce pathways related to fibrosis and hepato-
carcinogenesis such as TGF-f, NF-xB and JAK-STAT, a
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direct oncogenic effect of HDV is doubtful since this virus
does not integrate into the human genome [21]. Thus, fur-
ther evaluation of the pathogenesis of HDV is urgently
needed. Besides, Farci et al. suggested lower HCC rates
in HDV-infected patients treated with IFN compared to
untreated patients, indicating that IFN may have a protec-
tive effect [22]. However in our study, IFN alone was not
associated with HCC, challenging the hypotheses of IFN
as HCC-protective agent, like other studies [23]. But, CHD
patients who were treated with IFN-based therapy had a
more benign clinical long-term outcome. Most important,
even in patients with cirrhosis, previous IFN-based ther-
apy was linked to a better clinical outcome in univariate
analysis, which is in line with findings in patients with the
HCYV infection achieving suppression of viral replication
by antiviral therapy [24]. However, treatment with NA was
associated with an even more severe clinical outcome in
our cohort with CHD patients and in previous data [4,
16-18], challenging the use of NA in CHD patients.
Several limitations of this study need to be considered.
First of all, the diagnosis of cirrhosis (n=110) was based
on the gold standard of histopathology in 60 patients only.
However, patients who were suspected of having cirrho-
sis by fibroscan (n=17) or sonography (n=33) were re-
examined. Importantly, they showed one or more signs
of portal hypertension (see methods). Thus, the diagnosis
of cirrhosis was confirmed by extensive clinical evalua-
tion. Besides, although we had a large database of 350
patients, the numbers of patients in special subgroups were
limited. Moreover, based on the retrospective character of
the study, few parameters were missing, especially quan-
titative HBV DNA and HDV RNA. This disabled us from
studying quantitative HDV RNA levels given that this
information was available only for a limited number of
cases and the quantitative HDV RNA assays have changed
over the entire observation period, making it impossible
to compare the available HDV RNA values. Additionally,
serum samples for retesting of virological parameters with
improved assays were not always available, and storage
conditions and time might have influenced test results.
Moreover, although patients were matched by gender, age,
region of origin, HBeAg status and bilirubin, patients with
HBV monoinfection had less progressive disease indi-
cated by albumin, INR, and platelet count and had less
frequent cirrhosis. However, there were no differences in
this parameter, once cirrhosis was present. That is why
we additionally performed propensity score matching and
inverse probability of treatment weighting. Furthermore,
as previously discussed, the benign clinical long-term out-
come associated with IFN therapy in CHD patients may be
biased by the administration to patients with compensated
liver disease only [17]. Besides, the clinical long-term out-
comes of the new treatment strategies, in particular the
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effect of the progression rate to cirrhosis, are of special
interest [25].

In summary, our study showed that HDV infection is an
independent factor of disease progression, especially for
the development of cirrhosis in younger age. Once patients
progressed to cirrhosis, HBV and HDV infection had a
similar clinical long-term outcome. This suggests that cir-
rhosis, rather than HDYV, is the dominant risk factor for the
development of end points. Further studies are needed to
analyze the impact of HDV on the development of HCC,
as we found no risk for the increase of HCC development
in cirrhotic patients with CHD compared to CHB patients.
Moreover, patients infected with HDV and treated with
IFN developed less clinical events and the long-term out-
come did not differ in patients monoinfected with HBV.
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