
J Viral Hepat. 2020;00:1–10.	 wileyonlinelibrary.com/journal/jvh�   |  1© 2020 John Wiley & Sons Ltd

 

Received: 29 April 2020  |  Revised: 5 July 2020  |  Accepted: 7 July 2020

DOI: 10.1111/jvh.13366  

O R I G I N A L  A R T I C L E

Ten-year follow-up of a randomized controlled clinical trial in 
chronic hepatitis delta

Anika Wranke1  |   Svenja Hardtke1,2 |   Benjamin Heidrich1,2 |   George Dalekos3 |   
Kendal Yalçin4 |   Fehmi Tabak5 |   Selim Gürel6 |   Yilmaz Çakaloğlu7 |   Ulus S Akarca8 |   
Frank Lammert9 |   Dieter Häussinger10 |   Tobias Müller11 |   Michael Wöbse1 |    
Michael P. Manns1,2 |   Ramazan Idilman12 |   Markus Cornberg1,2  |   
Heiner Wedemeyer2,13 |   Cihan Yurdaydin12,14

1Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, Hannover, Germany
2German Center for Infection Research (DZIF), Partner Site HepNet Study-House, Hannover, Germany
3Department of Medicine and Research Laboratory of Internal Medicine, University Hospital of Larissa, Larissa, Greece
4Dicle University Medical Faculty, Diyarbakir, Turkey
5Department of Infectious Diseases Cerrahpaşa School of Medicine, Istanbul University, Istanbul, Turkey
6Uludağ University Medical School, Bursa, Turkey
7Memorial Hospital, Istanbul, Turkey
8Ege University Medical Faculty, Izmir, Turkey
9Department of Medicine II, Saarland University Medical Center, Saarland University, Homburg, Germany
10Department of Gastroenterology, Hepatology and Infectious Diseases, Heinrich Heine University, Düsseldorf, Germany
11Charite University, Berlin, Germany
12Department of Gastroenterology, Ankara University School of Medicine, Ankara, Turkey
13Department of Gastroenterology and Hepatology, Essen University Hospital, Medical Faculty of the University Duisburg-Essen, Essen, Germany
14Department of Gastroenterology and Hepatology, Koç University Medical School, Istanbul, Turkey

Anika Wranke, Svenja Hardtke, Heiner Wedemeyer and Cihan Yurdaydin contributed equally to the study. 

Abbreviations: ADV, adefovir dipivoxil; ALT, alanine aminotransferase; CHD, chronic hepatitis delta; EOT, end of therapy; HBsAg, hepatitis B surface antigen; HCC, hepatocellular 
carcinoma; HDV, hepatitis delta (D) virus; HIDIT-I, International-Delta-Hepatitis-Intervention-Study 1; LT FU, long-term follow-up; MVR, maintained virological response.; PEG-IFNα-2a, 
pegylated interferon alpha-2a.

Correspondence
Svenja Hardtke, Department for 
Gastroenterology, Hepatology and 
Endocrinology, Hannover Medical School, 
30625 Hannover.
Email: Hardtke.svenja@mh-hannover.de

Cihan Yurdaydin, Department of 
Gastroenterology and Hepatology, Koç 
University Medical School, Davutpaşa 
Caddesi No: 4, Topkapi, 34010 Istanbul.
Email: cyurdaydin@ku.edu.tr and cihan.
yurdaydin@medicine.ankara.edu.tr

Funding information
This study was funded by the German 
Centre for Infection Research (DZIF), 
partner site Hannover-Braunschweig with 
a grand to the HepNet Study-House, the 
German Liver Foundation and an EASL 
registry grant.

Abstract
Hepatitis delta virus (HDV) infection causes the most severe form of viral hepatitis. 
PEG-interferon alpha-2a (PEG-IFNα-2a) is the only effective treatment but its long-
term clinical impact is unclear. The aim of this study was to investigate the long-term 
outcome after 48 weeks of pegylated interferon alpha-2a therapy. We performed 
a retrospective follow-up study of the Hep-Net-International-Delta-Hepatitis-
Intervention-Study 1 (HIDIT-I trial). Patients had received 48  weeks of treatment 
with either PEG-IFNα-2a plus adefovir dipivoxil (ADV) (Group I), PEG-IFNα-2a alone 
(Group II) or adefovir dipivoxil alone (Group III). Liver-related complications were de-
fined as liver-related death, liver transplantation, liver cancer and hepatic decompen-
sation defined as development of Child-Pugh scores B or C or an increase in Model 
for End-stage Liver Disease (MELD) scores of five or more points in relation to base-
line values. Patients were considered for further analysis when they were retreated 
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1  | INTRODUC TION

The hepatitis delta virus (HDV) is the smallest RNA-virus, which re-
quires the hepatitis B surface antigen (HBsAg) for viral assembly. HDV-
induced acute or chronic hepatitis can therefore occur only as either 
a coinfection or superinfection with the hepatitis B virus (HBV).1-3 In 
chronic hepatitis delta (CHD), HDV is the dominant virus in the ma-
jority of patients although a dynamic shift of the dominant virus over 
time is possible.4,5 Infections caused by HDV are the most severe form 
of viral hepatitis, frequently leading to cirrhosis and consecutive liv-
er-related complications, including hepatocellular carcinoma (HCC) 
and liver-related death.1,6 Eight different genotypes of HDV have been 
described, which may have an impact on disease course or response 
to interferon therapy.2,7 On a global scale, the most prevalent HDV 
genotype is genotype 1. In Germany, Greece and Turkey where this 
study was conducted, the HDV genotype was exclusively genotype 
1.2,8 Although hepatitis delta is an orphan disease, it is a major health 
burden in some regions. Globally, 292 million individuals are hepatitis 
B surface antigen positive; of them approximately 5% are coinfected 
with HDV.9,10 Further, a recent study suggested that this may even be 
an underestimation although serious critique related to several meth-
odological problems have been raised.11-13

Treatment with pegylated interferon alpha (PEG-IFNα) is still the 
only available therapy with proven efficacy. Studies showed variable 
virological response rates of 17%-47%.14-18 One of the largest ran-
domized treatment trial, the Hep-Net-International-Delta-Hepatitis-
Intervention-Study 1 (HIDIT-I), investigated the efficacy of 48 weeks 
of PEG-IFNα-2a plus adefovir as compared with either drug alone.15 
The primary endpoint of that study was HDV RNA negativity and nor-
malization of alanine aminotransferase (ALT) at end of therapy (EOT) 
which was achieved in 24% of the patients. In a previous study, we 
have reported the five-year follow-up data of the HIDIT-I study. The 
most important finding of this latter study was that late relapse, de-
fined as detectable HDV RNA of patients with undetectable HDV RNA 
at 24 weeks follow-up occurred in 56% of patients.19 However, none of 
the patients, who tested negative at follow-up week 24, had developed 

a liver-related clinical endpoint during 5 years of post-treatment fol-
low-up. We have previously reported clinical long-term course after 
PEG-IFNα-2a based therapies17,20,21 but these were retrospective sin-
gle-centre studies based on databases of the respective centres.

The aim of this study was to investigate the long-term outcome 
after a 48 weeks course of PEG-IFNα-2a therapy. The importance of 
this study is that for the first time a 10-year long-term outcome data 
of a randomized controlled multicentre study is performed.

2  | METHODS

2.1 | Study population

We here performed a retrospective long-term follow-up study of the 
patients included in the HIDIT-I trial.15 Initially, 90 chronic hepatitis 
delta patients were included in the study. All patients were treated 
for 48 weeks with the assigned medications. The first treatment arm 
(Group I: n = 31) received PEG-IFNα-2a plus adefovir ADV, the sec-
ond arm (Group II: n = 29) received PEG-IFNα-2a plus placebo, and 
the third group (Group III: n = 30) received ADV alone. Ten patients 
withdrew. Altogether, 80 patients completed the study. 77 patients 
completed post-treatment week 24 follow-up (Group I: 24, Group 
II: 25, Group III: 28). Long-term follow-up data of at least one year 
after end of treatment (EOT) were available from 60 patients (Group 
I: 19, Group II: 20, Group III: 21) with a mean follow-up period of 8.9 
(1.6-13.4) years (Figure  1). From 18 patients, the 10-year FU data 
were available. In this cohort, some patients were lost to follow-up 
or developed a clinical endpoint.

2.2 | Data collection

Data were collected every year for 10  years. Patients (n  =  60) 
were followed until they reached a clinical endpoint or got lost to 
follow-up. Patients who based on the treating physician's discretion 

with PEG-IFNα-2a. Follow-up data (at least 1 visit beyond post-treatment week 24) 
were available for 60 patients [Group I, (n = 19), Group II (n = 20), Group III (n = 21)]. 
Mean time of follow-up was 8.9 (1.6 - 13.4) years. 19 patients were retreated with 
IFN-based therapy: 42% (n = 8) in PEG-IFNα-2a arms and 58% (n = 11) in the adefo-
vir only arm. Clinical complications on long-term follow-up occurred in 17 patients 
and were associated with nonresponse to therapy and baseline cirrhosis. The annual 
event-free survival rate in patients with cirrhosis vs noncirrhotic patients at year 5 
and 10 was 70% vs 91% and 35% vs 76%. Long-term follow-up of a large randomized 
clinical trial suggests that off-treatment HDV RNA response to PEG-IFNα-2a treat-
ment leads to improved clinical long-term outcome.

K E Y W O R D S

chronic hepatitis, clinical outcome, delta virus, endpoint, Hepatitis D
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received a second course of IFN were included in the long-term fol-
low-up. During routine visits biochemical (ALT, AST, GGT, ALP, bili-
rubin, creatinine and albumin), haematological (platelet counts and 
prothrombin time) and virological parameters (HDV RNA and HBV 
DNA) were locally measured. For the initial study, a quantitative 
HDV RNA assay was tested centrally at Hannover Medical School.2 
During the long-term follow-up study, we relied on locally measured 
HBV DNA and HDV RNA. For HBV DNA, commercially available 
tests such as the Roche Cobas TaqMan assay or other highly sensi-
tive assays were used. HDV RNA measurements were performed 
with in-house real time PCR assays. Quantitative HBsAg was meas-
ured with the Abbott Architect assay.22

2.3 | Definition of clinical and virological endpoints

Clinical endpoints were defined as death, and liver transplantation 
and hepatic decompensation defined as development of Child-Pugh 

scores B or C or an increase in Model for End-stage Liver Disease 
(MELD) scores of five or more points in relation to baseline values or 
development of HCC.

Several virological endpoints were assessed: undetectable HDV 
RNA at last available visit denotes HDV RNA negativity either at the 
end of long-term follow-up (LT FU) or the last visit before a patient is 
lost on follow-up. Negative HDV RNA at any time point denotes pa-
tients who were HDV RNA negative at least once during long-term 
follow-up. Late-HDV RNA relapse is defined as HDV RNA positivity 
at least once after follow-up 24 week response. Maintained virolog-
ical response (MVR) was defined as undetectable HDV RNA for at 
least 2 years during follow-up.

2.4 | Statistics

Statistical analyses were performed by using SPSS software (version 
25) (SPSS Inc).

F I G U R E  1   Number of patients in the 
treatment arms and the follow-up study
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All parameters were described as mean ± SD. P values <.05 were 
considered as statistically significant. Continuous parametric vari-
ables were analysed by t tests. For nonparametric parameters, Mann-
Whitney U tests were used. A chi-square test was calculated for the 
comparison of discrete variables. In case of an expected cell count 
<5, Fisher's exact test was used instead. Parameters that were asso-
ciated with a better clinical long-term outcome in univariate logistic 
regression models (P < .05) were additionally compared in multivari-
ate analysis. Multivariate logistic regression analyses were performed 
by using the likelihood ratio test for backward selection. Odds ratios 
(ORs), including their 95% confidence intervals (CIs), were calculated 
for the logistic regression models. The association of parameters with 
clinical long-term outcome was also calculated in a time-depending 
Cox-regression model, in which case hazard ratios (HRs) were cal-
culated. Using Kaplan-Meier analysis, we estimated the cumulative 
event-free survival within various groups of therapy. In these groups, 
significant differences concerning event-free survival were indicated 
by log-rank tests. Disease-free survival (DFS) was estimated using 
the Kaplan-Meier method for the entire study cohort or subgroup 
and then compared using univariate log-rank tests between groups. 
Besides, points were allocated in relation to the logistic regression 
models. For significant parameters for HBsAg loss, cut-offs were built 
using ROC curves with the help of the Youden index. For the calcu-
lated cut-offs, sensitivity, specificity and positive as well as negative 
predictive values (PPV, NPV) were calculated by the use of 2x2 tables.

2.5 | Ethics

The HIDIT-I trial was approved by the Ethics Committees of each par-
ticipating institution in line with the 1975 Declaration of Helsinki. Each 
patient signed a written informed consent form. The following studies 
concerning the follow-up used information collected during routine 
visits. Retrospective analyses were approved by the central coordinat-
ing Ethics Committee of Hannover Medical School (No 3388).

3  | RESULTS

3.1 | Patients

The mean time of follow-up was 8.9 (1.6 - 13.4) years (Figure 1). 58 
out of the included 60 patients were part of the 5-year follow-up 
analysis of Heidrich et al.19

Baseline characteristics were described in Table  1 and did not 
differ from the HIDIT-115 or the 5 year follow-up population (data 
not shown).19

3.2 | Outcome

The long-term follow-up study focused on virological response and 
the development of liver-related clinical endpoints.

3.2.1 | Virological response

The analysis of virological response was carried out in 60 patients 
with long-term follow-up. Undetectable HDV RNA at follow-up 24 
was described in 14 patients (seven each of groups I and II, respec-
tively). Of the 14 patients, 6 had a maintained virological response. In 
the rest of 8 patients, late-HDV RNA relapses occurred (Figure 2A), 
between years 2 and 9 (Table S1a). Of these 8 patients, five were re-
treated with IFN-based therapy but this led to HDV RNA negativity 
during the entire follow-up in only one patient.

Relapse was associated with a higher baseline HDV RNA (P = .02) 
but not with quantitative HDV RNA levels at week 24 (P =  .34) or 
week 48 (P = .15) (Table S2). Further, relapse was unaffected by type 
of IFN-based therapy, gender, age, HBV DNA or log qHBsAg levels at 
baseline, on-treatment week 24, week 48, EOT and follow-up week 
24 (data not shown).

Overall, 22 patients were HDV RNA negative at the last available 
visit. Of these 22 patients, six were negative throughout the fol-
low-up period as mentioned above; seven patients became negative 
after IFN retreatment and stayed negative during the whole long-
term follow-up (one in the PEG-IFNα-2a arms, six in the ADV arm) 
(Figure  S3). Two patients had fluctuating HDV RNA after retreat-
ment and seven patients became negative after the HIDIT-I-based 
therapy between follow-up year 1 to 10 (Figure  S3, Table  S1a,b). 
Clinical, biochemical and demographic data of these latter seven 
late responding patients are shown in Table S4. Only one of these 
patients developed a liver-related event. Comparing these late re-
sponding patients to patient without response, there were no dif-
ferences concerning HDV RNA at different time points, but late 
responding patients had statistically lower HBsAg levels at baseline, 
week 24 and 48 (Table  S5). Biochemical and haematological (ALT, 
AST, gamma-GT, bilirubin, platelets) parameters were not associated 
with HDV RNA response. Comparing early vs late viral responder pa-
tients, patients who respond during therapy had significantly lower 

TA B L E  1   Baseline characteristics

Patients in the 
follow-up study (n = 60)

Male sex 35 (58.3%)

Age, mean ± SD range 39.59 ± 11.0 
(17.6-62.64)

HDV RNA (log), mean ± SD range 5.68 ± 6.84 (0-7.54)

HBsAg (log), mean ± SD range 4.05 ± 4.2 (1.83-4.9)

HBV DNA (log), mean ± SD range 2.16 ± 6.45 (0-8.04)

ALT, mean ± SD range 92.5 ± 72.8 (27-360)

AST, mean ± SD range 65.5 ± 49.9 (28-344)

Gamma-GT, mean ± SD range 43 ± 62.4 (10-297)

ALP, mean ± SD range 92.5 ± 83.6 (44-412)

Bilirubin, mean ± SD range 0.6 ± 0.38 (0.1-2)

Creatine, mean ± SD range 0.8 ± 0.15 (0.1-1)

Platelets, mean ± SD range 170.0 ± 50.2 (76-337)
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levels of HDV RNA levels at baseline, week 48 and 72, but no differ-
ence in HBsAg levels was observed (Table S6).

Retreatment was not associated with negative HDV RNA at the 
last available visit (P = .3). The initial HIDIT-I therapy with IFN was 
also not associated with negative HDV RNA at the last available visit 
(P = .16). During the whole long-term follow-up, 37 patients became 
HDV RNA negative at least one time, which is named as negative 
HDV RNA at any time point. Negative HDV RNA at any time of the 
follow-up was neither associated with the HIDIT-1 therapy (P = .38) 
nor with IFN retreatment (P = .21). Negative HDV RNA at any time 
point was associated with negative HBsAg (P = .04). The virological 
changes of patients with EOT undetectable HDV RNA or a >2 or >1 
log decline of HDV RNA at EOT compared to baseline, respectively, 
are given in Table S7.

3.2.2 | HBsAg

Nine patients cleared HBsAg. Of these nine patients, two patients 
were already HBsAg negative and had developed anti HBs at week 
72. Interestingly, one of them became HBsAg positive at his last 
visit. The remaining seven patients cleared HBsAg during long-
term follow-up, of whom one did so after hepatic decompensa-
tion and 2 after retreatment with PEG-IFNα-2a. Thus, these three 
patients were not considered in the long-term follow-up analysis 
since in one patient HBsAg clearance had occurred after a pre-
defined endpoint (hepatic decompensation) and in the other two 
patients HBsAg clearance may have been induced by IFN retreat-
ment (Figure 2B). All HBsAg negative patients were also HDV RNA 
negative (Table S1 a and b). There were no significant differences 
between the two PEG-IFNα-2a treatment arms in the context of 
HBsAg clearance (P = .3), but no patient treated with ADV mono-
therapy experienced HBsAg clearance (P  =  .04 vs PEG-IFNα-2a 
treated patients).

Predictive factors for negative HBsAg were as follows: log HDV 
RNA at week 24 (P < .01), negative HDV RNA at week 24 (P = .02), 
and log HBsAg at baseline, week 24, 48 and 72 (all P < .01). For these 

parameters, receiver operating characteristic (ROC) curve analysis 
was performed and the following cut-offs built using the Youden 
index: log HBsAg (IU/mL) at baseline (cut-off 3.5), week 24 (cut-off 
3.2), 48 (cut-off 3.2) and 72 (cut-off 1.5): log HDV RNA (IU/mL) at 
week 24 (cut-off 1.1). The AUROC for predicting HBsAg loss at base-
line, week 24, week 48 and week 72 HBsAg were 0.93, 0.84, 0.90 
and 0.83, respectively. Based on the cut-offs mentioned above, sen-
sitivity, specificity, PPV and NPV were calculated considering HBsAg 
loss as the value to be tested (Table S8).

3.2.3 | Clinical long-term outcome

During treatment, clinical events occurred in four patients; two de-
veloped hepatic decompensation and two died.15 During long-term 
follow-up of patients without IFN retreatment, a total of 12 patients 
(12/60; 20%) developed liver-related clinical endpoints. The first ap-
pearing clinical endpoints were as follows: 10 had hepatic decom-
pensation, and two had HCC. Of the 10 patients with initial hepatic 
decompensation, 4 developed HCC on top and 2 patients also de-
compensated after development of HCC. Six patients underwent 
liver transplantation, three due to HCC. Overall 4 patients died of 
liver-related causes (two due to HCC one of whom was transplanted, 
one because of variceal bleeding and one from an acute liver decom-
pensation with a Child-Pugh C liver cirrhosis). The incidence of de-
compensation was 3.126 per 100 person-years, of HCC 1.25 per 100 
person-years, of liver transplantation 1.876/100 people-year and of 
death 1.246/100 people-year.

In patients who received IFN retreatment, 3 more patients de-
compensated and two additional patients died, from nonliver-related 
causes one secondary to superior mesenteric artery thrombosis 
and the other from complication of brain surgery for multiple brain 
meningiomas.

Endpoints developed after a mean period of 5.9 (1.6-13.4) years 
(Figure  3B). The cumulative clinical event-free survival in patients 
without IFN retreatment at years 1, 5 and 10 was 94%, 87% and 
60%, respectively.

F I G U R E  2   A, Number of patients with HDV RNA follow-up 24 response (FU24) and HDV RNA relapses during long-term follow-up 
(10 y) grouped by the different treatment arms (I ADV + PEG-IFNα-2a; II PEG-IFNα-2a mono and III ADV mono). B, Percent of patients with 
negative HBsAg during LTFU (10 y) grouped by the different treatment arms. No patient treated with ADV monotherapy experienced HBsAg 
clearance (P = .04)
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No significant differences in clinical outcome could be observed 
between the three treatment arms in Kaplan-Meier analyses (P = .3-
P = .5) or between the ADV and the combined PEG-IFNα-2a groups 
(I + II) (P = .6) (Figure 4A,B).

Further, there was no difference between those who received 
retreatment and those not retreated in terms of clinical event devel-
opment (P = .70).

Patients with cirrhosis at baseline (=13) were more likely to develop 
a clinical event on long-term follow-up (5/13) compared to noncirrhotics 
(6/45) (P = .01, Figure 4F). The annual event-free survival rate in patients 
with cirrhosis vs noncirrhotic patients at year 1, 5 and 10 was 83% vs 
97%, 70% vs 91% and 35% vs 76%. All patients who had undetectable 
HDV RNA results, that is had a MVR throughout follow-up (n = 6) re-
mained free of hepatic events, irrespective whether they had cirrhosis 
or not. Neither negative HDV RNA at on-treatment week 24 (P = .19), 
at end of treatment (P = .28) or end of week 72 follow-up (P = .09), nor 
a 2 log HDV RNA decline at on-treatment week 24 (P =  .77), at EOT 
(P =  .32) or at EO Week 72 follow-up (P =  .11) were associated with 
event-free survival. Besides, none of the patients who were HBsAg neg-
ative at post-treatment week 24 or during long-term follow-up devel-
oped a clinical endpoint in the not retreated group (Table S9).

Interestingly, lack of clinical endpoints was associated with HDV 
RNA negativity at any time point (P <  .01) and negative HDV RNA 
at the last available visit (P = .02) (Table S9). Negative HDV RNA at 
any time during follow-up was also associated with clinical event-
free survival in Kaplan-Meier analysis (P = .045) (Figure 4D) whereas 
HDV RNA at week 72 or at the last available visit were not asso-
ciated with the development of liver-related endpoints in Kaplan-
Meier analysis (P = .18, P = .1) (Figure 4C,E).

3.2.4 | Factors associated with clinical endpoints

We next analysed factors which may have an association with an 
adverse outcome: the analyses were done separately for patients 

without IFN retreatment and for all patients including those with 
IFN retreatment. By univariate analysis, no association between 
the development of endpoints and the following baseline factors 
was found in the former group: age, platelets, ALT, AST, bilirubin, 
alkaline phosphatase, albumin and creatinine. Based on this model, 
gamma-GT (P = .04) and cirrhosis (P = .05) were associated with the 
development of endpoints (Table 2a). In the multivariate logistic re-
gression based on the factors found in the univariate analysis, only 
gamma-GT was independently associated with the development of 
endpoints (P = .01, odds ratio: 1.02, KI: 1.0-1.03).

In the regression analysis, based on all patients including those 
with IFN retreatment, age, platelets, ALT, AST, bilirubin, alkaline 
phosphatase, albumin and creatinine were not associated with end-
points. The association with gamma-GT (P <  .01, odds ratio: 1.02, 
KI: 1.0-1.03) and alkaline phosphatase (P < .01, odds ratio: 1.01, KI: 
1.0-1.02) was confirmed in this model. In the multivariate logistic re-
gression, again only gamma-GT was independently associated with 
the endpoints (P = .03, odds ratio: 1.02, KI: 1.0-1.03) (Table 2b).

4  | DISSCUSSION

This study provides the first long-term follow-up study of a rand-
omized controlled clinical trial in CHD. Several novel findings have 
emerged. Expectedly, long-term maintenance of HDV RNA un-
detectability was associated with a favourable clinical outcome 
and none of such patients developed a clinical endpoint support-
ing previous studies.17,20 However, of the original 52 patients who 
had received a PEG-IFNα-2a-based treatment regimen and had 
completed the one-year treatment regimen only six patients main-
tained this virological response. We had previously reported that 
relapse after post-treatment month 6 is possible up to 4 years after 
stopping treatment. The current study suggests that relapse may 
occur even after 5 years as one patient relapsed after 9 years after 
stopping treatment. It thus supports our previous report to not 

F I G U R E  3   A, Number of patients who developed clinical endpoints (defined as: death, liver transplantation and hepatic decompensation 
defined as development of Child-Pugh scores B or C or an increase in Model for End-stage Liver Disease (MELD) scores of five or more 
points in relation to baseline values or development of HCC) during long-term follow-up grouped by the different treatment arms (I 
ADV + PEG-IFNα-2a; II PEG-IFNα-2a mono and III ADV mono). B, Number of clinical events during the follow-up period
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extrapolating sustained virological response from the hepatitis C 
literature to CHD.19 It further suggests that even after years of a 
maintained virological response the wording ‘cure from HDV’ should 
better be avoided. Relapse was associated with high baseline HDV 
RNA. Previous studies have linked high baseline HDV RNA with 

development of cirrhosis and HCC,23,24 and this is in line with our 
observation as relapse is likely to be associated with ongoing inflam-
mation leading to disease progression and HCC development.

HBsAg clearance appears to be an optimal endpoint of CHD treat-
ment and may be associated with a favourable outcome. Predictors 

F I G U R E  4   A, Event-free survival in the three treatment groups. B, Event-free survival in patients treated with PEG-IFNα-2a (group I + II) 
versus patients treated with ADV monotherapy. C, Event-free survival in patients with an end of follow-up response (w72) versus patients 
being HDV RNA positive at w72. D, Event-free survival of patients who reached HDV RNA negativity at any time point during treatment or 
long-term follow-up versus patients being all time HDV RNA positive. E, Event-free survival of patients with treatment response at their last 
available visit versus patients being HDV RNA positive. F, Event-free survival of patients with cirrhosis
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of HBsAg clearance could be established. Baseline, on-treatment and 
EOT low HBsAg as well as baseline and on-treatment week 24 HDV 
RNA levels predicted HBsAg clearance. Maintaining undetectable 

HDV RNA for 2 years was the only independent factor for predict-
ing HBsAg clearance in the Ankara cohort.17 However, this was a 
retrospective study, and on-treatment quantitative variables were 
not available. The current study's prospective nature enabled us to 
better elucidate predictors of HBsAg clearance. Quantitative HBsAg 
levels were better predictors than HDV RNA levels with AUROC 
above 0.80. For both baseline and EOT, qHBsAg AUROC was even 
0.90 and above. Two previous studies dealt with HBsAg clearance 
after IFN treatment. In both studies, low baseline qHBsAg predicted 
HBsAg clearance in line with the current study.16,23,24 On-treatment 
HBsAg level of <1000 IU/L predicted HBsAg clearance in one Italian 
study.25 Our data confirmed these results, although our calculated 
cut-offs predicting HBsAg at baseline, weeks 24 and 48 were slightly 
more than 1000 IU/L (3.5, 3.2 and 3.2 log10 IU/mL, respectively).

Hepatic decompensation occurred in 10 of 60 patients (17%) 
during long-term follow-up of patients without IFN retreatment. 
This figure is reminiscent of natural history data of patient cohorts 
with compensated cirrhosis due to HBV.26 Although our treatment 
cohort cannot be compared to a natural history cohort, these data 
nevertheless may suggest a milder course of delta hepatitis com-
pared to the disease course in the 90s as was also suggested in a co-
hort study from Italy.27 Since these studies are from areas where the 
HDV genotype is almost exclusively genotype 1,8 the current milder 
course of delta hepatitis may be explained by a slower turnover of 
HDV in the community leading to decreased virulence of HDV.28

Lack of clinical events was found to be associated with HDV 
RNA negativity at any time (P < .01) and negative HDV RNA at the 
last available visit (P = .02). However, more than 2 log drop at EOT 
or post-treatment follow-up as well as end of treatment undetect-
able HDV RNA was not associated with event-free survival long-
term. Still, numbers are too small to rule out that the respective 
HDV RNA declines translate into better long-term outcomes. A 
more than 2 log drop of HDV RNA at end of treatment compared 
to baseline has recently been suggested by a group of experts as a 
surrogate marker of initial treatment efficacy in the wake of phase 
3 studies with new compounds.29 Supporting such a recommen-
dation was normalization of elevated alanine aminotransferase 
levels in the majority of patients treated with new compounds. 
The data presented here suggest that this virological and its con-
sequent biochemical and anti-inflammatory response needs to be 
maintained by various means such as adding a compound with a 
different mode of action, extension of treatment duration or doing 
repeated courses of treatment.29 It is interesting, however, that 
HDV RNA negativity at any time point and negative HDV RNA at 
the last available visit were associated with a favourable disease 
course. Since these data are off-treatment long-term follow-up 
data and sharp increases of viraemia may be expected in the early 
months after treatment discontinuation but not years thereafter, 
it suggests that low levels of HDV RNA throughout follow-up may 
be associated with favourable disease course.

Another novel finding of this study was that ‘late response’ to 
PEG-IFNα-2a is possible as 7 out of 22 patients with undetectable 
HDV RNA at the last available visit were patients with detectable 

TA B L E  2   (a) Association between the baseline characteristics 
of patients who developed a clinical endpoint compared to those 
who did not develop a clinical endpoint (excluding patients with 
retreatment). (b) Association between the baseline characteristics 
of patients who developed a clinical endpoint compared to those 
who did not develop a clinical endpoint (including patients with 
retreatment)

Parameter Significance (univariate)
Significance 
(multivariate)*

(a)

Age P = .26; OR 1.03; 95% CI 
0.98-1.1

not significant

Platelets P = .47; OR 0.99; 95% CI 
0.98-1.01

not significant

AST P = .69; OR 0.99; 95% CI 
0.98-1.01

not significant

ALT P = .27; OR 0.99; 95% CI 
0.98-1.00

not significant

Gamma-GT P = .04; OR 1.01; 95% CI 
1.0- 1.02

P = .01; OR 1.02; 
95% CI 1.0- 1.03

Bilirubin P = .69; OR 0.68; 95% CI 
0.095-4.8

not significant

Alcaline 
phosphatase

P = .13; OR 1.01; 95% CI 
0.99-1.01

not significant

Albumin P = .29; OR 0.41; 95% CI 
0.074-2.22

not significant

Creatinine P = .86; OR 0.66; 95% CI 
0.01-56.8

not significant

Cirrhosis P = .05; OR 4.06; 95% CI 
1.00-16.64

P = .29; OR 2.33; 
95% CI 0.48- 11.31

(b)

Age P = .19; OR 1.04; 95% CI 
0.98-1.09

not significant

Platelets P = .75; OR 0.99; 95% CI 
0.99-1.01

not significant

AST P = .62; OR 0.99; 95% CI 
0.98-1.01

not significant

ALT P = .17; OR 0.99; 95% CI 
0.98-1.00

not significant

Gamma-GT P < .01; OR 1.02; 95% CI 
1.0- 1.03

P = .03; OR 1.02; 
95% CI 1.00- 1.03

Bilirubin P = .47; OR 0.51; 95% CI 
0.08-3.2

not significant

Alcaline 
phosphatase

P < .01; OR 1.01; 95% CI 
1.00-1.02

P = .10; OR 1.01; 
95% CI 0.99- 1.02

Albumin P = .31; OR 0.46; 95% CI 
0.1-2.05

not significant

Creatinine P = .96; OR 1.11; 95% CI 
0.02-56.8

not significant

Cirrhosis P = .07; OR 3.43; 95% CI 
0.92-12.74

not significant
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HDV RNA at EOT and post-treatment week 24. These patients be-
came HDV RNA negative between follow-up years 1-10 and had a 
favourable long-term disease course. The mechanism of this late 
response is unknown. The two modes of action, the immune stim-
ulant and antiviral effects of IFN should be taken into account. For 
the former, host-induced on- and off-treatment beneficial flares re-
ported for hepatitis B30,31 have also been described for HDV.32 In 
the current study data to support such host-induced off-treatment 
flares are lacking but participating centres were not specifically 
asked for the presence of flares. In the context of antiviral efficacy, 
in vitro studies may be in line with a late response. Those stud-
ies suggest that interferons may interfere with entrance of HDV 
into hepatocytes and do not affect intracellular HDV infection.33,34 
Human pharmacokinetic studies support these in vitro studies, and 
a much longer delay is observed before PEG-IFNα has an effect on 
HDV RNA compared to the effect of PEG-IFNα on HCV RNA or 
HBV DNA.35

Patients with cirrhosis at baseline predicted the development 
of a clinical endpoint by univariate but not by multivariate analy-
sis. However, high gamma-GT was an independent factor of clini-
cal endpoint development by multivariate analysis. These data are 
similar to previous retrospective data.16 It is likely that high gam-
ma-GT levels can be a reflection of more advanced liver disease. 
High GGT may be observed in diverse clinical conditions including 
nonliver-related ones. Among liver disease, the aetiology of ele-
vated GGT may be due to alcoholic/ nonalcoholic liver disease or 
cholestatic liver disease but may also be secondary to chronic viral 
hepatitis. In the latter ones, this has been, in general, associated 
with long-standing and significant liver disease.36 The contribution 
of alcohol intake on elevated GGT levels is also possible. Excess 
alcohol use (>40  g/day for men, >20  g/day for women) was an 
exclusion criteria in the HIDIT-1 study. Patients were also told to 
avoid alcohol intake once they had been recruited into the study. 
However, alcohol intake cannot be ruled with certainty. In addition, 
BMI, HOMA score and thus metabolic syndrome were not specifi-
cally assessed at study entry and nonalcoholic steatohepatitis may 
have been a confounding factor for advanced liver disease. Further, 
GGT may also be induced by drugs. Finally, as mentioned above el-
evated GGT may also be due to nonliver-related causes.37 However, 
despite the low specificity of elevated GGT for liver disease, cur-
rently elevated serum GGT is considered as one of the best predic-
tors of significant liver disease and liver-related mortality.37 Hence, 
high GGT may be associated with clinical outcomes indirectly as a 
marker of significant liver disease36,37 but also directly through its 
pro-oxidant effects.38

Several shortcomings of the study need mentioning, however. In 
the study, total bilirubin was measured only. We therefore cannot 
provide data on direct bilirubin. Further, data after post-treatment 
week 24 were retrospectively collected. This has affected data col-
lection and long-term follow-up data are based on 3 or more HDV 
RNA determinations in 18 out of 60 patients. For long-term viro-
logical response, assessment was relied on local laboratory in-house 
PCR assessments with divergent sensitivities. However, HDV RNA 

assay sensitivities may differ even among reference laboratories39 
Nucles(t)ide analog (NA) use was not uniform among centres, and 
this was not specifically asked for. However, the effect of NA use on 
clinical outcomes should be negligible as has recently been shown in 
CHD patients on long-term NA therapy.40

In conclusion, this 10-year FU study of the HIDIT-I study sug-
gests that a maintained virological response is associated with a 
favourable clinical outcome and that baseline cirrhosis and gam-
ma-GT are risk factors for clinical endpoint development. However, 
our data also suggest that there may be a group of patients who 
benefit from low levels of HDV RNA off-treatment. The optimal 
response to treatment, and HBsAg clearance, increases with long-
term follow-up and is observed in patients with virological re-
sponse. Baseline and on-treatment quantitative HBsAg levels and 
on-treatment HDV RNA levels may also be important as they could 
predict HBsAg clearance.
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