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Summary
Background: Hepatitis delta virus (HDV) infection is the most aggressive form of 
chronic viral hepatitis. Response rates to therapy with 1-  to 2- year courses of pe-
gylated interferon alpha (peginterferon) treatment are suboptimal.
Aims: To evaluate the long- term outcomes of patients with chronic hepatitis D after 
an extended course of peginterferon.
Methods: Patients were followed after completion of trial NCT00023322 and clas-
sified based on virological response defined as loss of detectable serum HDV RNA 
at last follow- up. During extended follow- up, survival and liver- related events were 
recorded.
Results: All 12 patients who received more than 6 months of peginterferon in the 
original study were included in this analysis. The cohort was mostly white (83%) and 
male (92%) and ranged in age from 18 to 58 years (mean = 42.6). Most patients had 
advanced but compensated liver disease at baseline, a median HBV DNA level of 
536 IU per mL and median HDV RNA level of 6.86 log10 genome equivalents per 
mL. The treatment duration averaged 6.1 years (range 0.8- 14.3) with a total follow-
 up of 8.8 years (range 1.7- 17.6). At last follow- up, seven (58%) patients had dura-
ble undetectable HDV RNA in serum, and four (33%) cleared HBsAg. Overall, one 
of seven (14%) responders died or had a liver- related event vs four of five (80%) 
non- responders.
Conclusions: With further follow- up, an extended course of peginterferon therapy 
was found to result in sustained clearance of HDV RNA and favourable clinical out-
comes in more than half of patients and loss of HBsAg in a third.
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1  | INTRODUC TION

Chronic hepatitis delta virus (HDV) infection represents the 
most severe form of chronic viral hepatitis and has an estimated 
worldwide prevalence of 12- 20 million persons.1,2 HDV is a small, 
incomplete RNA virus which requires hepatitis B virus (HBV) co- 
infection for sustained replication and transmissibility.1 Patients 
with chronic HDV- HBV co- infection have a more aggressive 
hepatitis, progress to cirrhosis faster, and are at higher risk for 
HCC than patients with HBV alone. Unfortunately, therapies for 
chronic hepatitis D are suboptimal and the agents that are effec-
tive in chronic hepatitis B have little effect on disease progression 
in HDV- HBV co- infection. The only widely available therapy for 
chronic HDV infection is interferon alpha and its pegylated form, 
pegylated interferon alpha (peginterferon), but interferon is poorly 
tolerated, and response rates are low even with extended courses 
of 1- 2 years. Non- response to treatment is common and patients 
with an on- treatment response usually relapse when therapy is 
stopped. An open label trial evaluating response rates to extended 
(3- 5 years) therapy of peginterferon was conducted at the Clinical 
Center of the National Institutes of Health (NIH) (NCT00023322). 
In that study, 39% of patients achieved an endpoint of histologi-
cal improvement or viral response at 3 years.3 In this report, we 
present the long- term follow- up of these patients 10 years after 
completion of the original protocol.

2  | MATERIAL S AND METHODS

All patients with chronic HDV infection having completed more 
than 6 months of peginterferon therapy under the original protocol 
from 2001 to 2009 were considered in this analysis. Initial inclusion 
criteria were: documented chronic HDV infection based on chronic 
elevations in serum aminotransferase levels, the presence of HDV 
antigen in liver (by immunoperoxidase staining) and biopsy findings 
of necroinflammation with a histology activity index (HAI) score of 
at least 5 and Ishak fibrosis stage of at least 1. Exclusion criteria in-
cluded decompensated liver disease, co- existing liver disease (other 
than hepatitis B) and hepatocellular carcinoma. Patients were treated 
with pegylated interferon alpha- 2a (Pegasys, Roche) 180 µg subcuta-
neously once weekly with a possible dose escalation to a maximum 
of 360 µg weekly after the initial 24 weeks. Per- protocol, treatment 
could be extended, initially for a duration of up to 5 years. Entry 
liver biopsy and hepatic venous pressure gradient were obtained 
and repeated during the course of the protocol. Results of this study 
were previously published.3 After completion of the study, patients 
were followed under a liver disease natural history protocol at the 
Clinical Center, NIH (NCT00001971). Peginterferon treatment was 
extended on a case- by- case basis. The criteria for discontinuation 
were (a) intolerable side effects, or (b) lack of biochemical or virologi-
cal response after the initial 6 months of therapy, or (c) sustained loss 
of HBsAg. After stopping therapy regular prospective follow- up was 
offered with clinical evaluation yearly.

Virological response was defined as lack of detectable HDV RNA 
using a polymerase chain reaction- based assay (PCR) at the time 
of evaluation. Loss of HBsAg was defined as undetectable serum 
HBsAg on two consecutive tests at least 6 months apart. Liver- 
related outcomes were defined as hepatocellular carcinoma, chol-
angiocarcinoma or liver transplantation. Death from liver related as 
well as all causes was recorded.

During the original study, measurement of HDV RNA was per-
formed by quantitative PCR on stored samples with a lower limit 
of detection of 100 genome equivalents (GE) per mL (National 
Genetics Institute). Afterwards the serum HDV RNA levels were 
measured on stored serum samples by a PCR assay with a lower limit 
of detection of 120 IU/mL (ARUP Laboratories). HBV DNA was de-
tected using Roche COBAS® AmpliPrep/COBAS® TaqMan® HBV 
Test, version 2.0 with a lower limit of detection of 20 IU/mL. The 
IL28B- associated rs12989760 SNP was genotyped in genomic DNA 
by Taqman Custom SNP Genotyping Assay (Applied Biosystems) as 
previously described.3

Liver biopsies were obtained before initiation of peginterferon 
therapy and after 3 years but were not repeated during or after 
long- term therapy. Biopsies were scored for disease activity using 
the histology activity index (HAI: 0- 18) and for fibrosis using the 
Ishak fibrosis score (0- 6). Fib4 was calculated as (Age × AST (U/L))/
(Platelet Count (109/L) × √ALT (U/L)),4 and the AST to platelet ratio 
index (APRI) as ((AST (U/L)/(AST Upper limit of normal))/Platelet 
Count (109/L).5

Continuous variables are reported as means and ranges and were 
evaluated using non- parametric tests. All statistics were performed 
using GraphPad Prism Version 8.4.1. (GraphPad Software).

The protocols were approved by the Institutional Review Board 
of the National Institute of Diabetes and Digestive and Kidney 
Diseases (NIDDK) at the NIH Clinical Center. All patients provided 
written informed consent. These studies conformed to the princi-
ples outlined in the Declaration of Helsinki.

3  | RESULTS

Twelve patients, from the original protocol of thirteen patients, 
completed at least 6 months of peginterferon therapy and were 
included in this analysis. Baseline characteristics at enrolment are 
summarised in Table 1. Patients were mostly Caucasian and male, 
with a mean age of 42.6 years at treatment initiation. All patients 
had fairly advanced but compensated liver disease at baseline with 
a mean Ishak fibrosis score of 3.8 (range 3- 6) and HAI scores of 10.5 
(range 7- 14). Measurement of hepatic vein pressure gradient was 
performed in all 12 patients and averaged 9.7 mm Hg (range 4- 25). 
Routine liver tests showed mean total bilirubin of 0.9 mg/dL, ALT 
150 U/L, AST 122 U/L and alkaline phosphatase 102 U/L. Serum 
albumin averaged 3.6 g/dL and platelet count 149 K/µL. The median 
HDV RNA was 7 300 000 GE/mL (6.86 log10 GE/mL). Five patients 
(42%) had undetectable or below the lower limit of quantification 
HBV DNA, and the median HBV viral load in those with quantifiable 
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levels was 536 (range 103- 85 000) IU/mL. HBeAg was detected in 
three patients and anti- HBe without HBeAg in nine patients. All pa-
tients were positive for HBsAg and levels averaged 3.7 log10 IU/mL 
(range 2.6- 4.3).

Overall, the mean duration of therapy was 6.1 years (range 
0.8- 14.3) and follow- up after stopping therapy 5.5 years (0- 15.3). 
Thus, the average total duration of treatment and follow- up was 
8.8 years (range 1.7- 17.6). Following the end of the clinical trial, five 
patients were treated for longer than the protocol defined duration 
of 5 years, under compassionate use for up to nine additional years.

3.1 | Treatment response

The timing of therapy, HDV RNA results and HBsAg status of the 
seven responders (R) and the five non- responders (NR) are shown 
graphically in Figure 1. At last available follow- up, seven (58%) pa-
tients had no detectable HDV RNA in serum. While this endpoint 
was achieved in five patients during the original protocol, two pa-
tients benefited from extension of treatment beyond 5 years and did 

not achieve a full virological response until after 8 and 11 years of 
therapy. No patients required a resumption of therapy once it was 
discontinued. Patients with virological response were followed for 
54 months on average after treatment discontinuation (range 0- 198).

Four patients (33%) cleared serum HBsAg during therapy at year 
1 (R1 and R7), year 4 (R6) and year 11 (R2). The loss of HBsAg was 
sustained after stopping therapy in all four patients. All four patients 
who lost HBsAg subsequently developed anti- HBs, which however 
was not sustained in one case (R2). The three responders who re-
mained HBsAg positive included one who was lost to follow- up 
while still on therapy (R4) and two who discontinued peginterferon 
but remained HDV RNA negative during follow- up of 6 months 
(R3) and 3.5 years (R5). One of the three subjects who was initially 
HBeAg positive had HBeAg loss after 1 year of peginterferon, but 
without development of anti- HBe over the course of the follow- up.

Two patients, both HBeAg positive non- responders, were started 
on anti- HBV therapy due to active HBV replication before initiation 
of peginterferon and were maintained on this therapy throughout 
follow- up. Two responders were started on anti- HBV therapy during 
peginterferon treatment due to an increase in HBV viral loads at 
the time of peginterferon discontinuation in one case and during 
peginterferon therapy in another. Both of these patients were main-
tained on treatment due to the occurrence of clinical events during 
follow- up. HBV viral replication was suppressed in all four patients 
on HBV therapy, as well as in all other patients who did not require 
therapy but were closely monitored. Only one non- responder had a 
transient HBV DNA increase at peginterferon discontinuation which 
did not require therapy and five patients remained with undetect-
able HBV DNA throughout follow- up.

3.2 | Comparison of responders to non- responders

Baseline characteristics were similar between responders and non- 
responders, although the sample size may well have underestimated 
differences in markers of fibrosis and advanced disease between 
the two groups (Table 2). HBV and HDV markers and mutations in 
IL28B rs12989760 genotype (associated with response to interferon 
in chronic hepatitis C) were also not different in the two groups. 
Available laboratory markers from last follow- up are presented in 
Table 3. Compared to baseline, ALT and AST levels decreased in both 
groups, but the changes were only significant among responders. 
Serum total bilirubin as well as platelet counts did not change signifi-
cantly in either group. The non- invasive markers of hepatic fibrosis, 
APRI and Fib4, changed slightly (one decreased and one increased), 
but the differences were not significant.

3.3 | Management of peginterferon therapy

Five patients were maintained on a constant dose of peginterferon 
of 180 µg/week, four tolerated an increased dose (up to 270 µg/
week), while the remaining three patients required at least one dose 

TA B L E  1   Baseline characteristics of the overall patient 
population

N = 12

Age— years 42.6 (18- 58)

Male gender— % (n) 92% (11)

Ethnicity— % (n) 83% (10) Caucasian
17% (2) 

African- American

ALT— U/L 150 (41- 506)

AST— U/L 122 (34- 348)

ALP— U/L 102 (48- 227)

Total bilirubin— mg/dL 0.9 (0.4- 1.8)

Direct bilirubin— mg/dL 0.2 (0.1- 0;8)

Albumin— g/dL 3.6 (2.9- 4.1)

Platelet count— K/µL 149 (78- 237)

HDV RNA— log10 genome equivalents/mL 6.73 (4.50- 8.49)

HBsAg— log10 IU/mL 3.67 (2.64- 4.33)

HBV DNA undetectable— % (n) 31% (5)

HBV DNA— IU/mLa  536 (103- 85 000)

Fib4 3.6 (0.5- 11.6)

APRI 2.3 (0.4- 7.4)

Ishak fibrosis score 3.8 (3- 6)

HAI inflammation score 10.5 (7- 14)

HVPG— mm Hg 9.7 (4- 25)

IL28B- associated Rs12979860 genotype 
(n = 10)

50% CC
50% CT

Note: Mean (range).
Abbreviations: APRI, AST to platelet ratio index; HAI, histology activity 
index; HVPG, hepatic venous pressure gradient.
aMedian (range)— restricted to seven patients with detectable HBV 
DNA.
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reduction. Decrease in peginterferon dose was required within the 
first year on treatment in one responder due to anaemia, in one 
non- responder due to cytopenias and in one non- responder due to 
combined thrombopenia and anaemia. Temporary discontinuation 
was also required in the latter patient due to sepsis and in one re-
sponder due to neutropenic fever; however, re- increase was toler-
ated afterwards. 

All patients were monitored for psychiatric and psychological 
effects prior and during therapy. Eight patients were evaluated by 
psychiatry and received pharmaceutical intervention; Five patients 
received antidepressants at the time of peginterferon initiation, 
with prophylactic pharmacological therapy in four of them. Out of 
this group, treatment was discontinued within a year in two cases. 
A single patient was treated with anti- psychotics and remained 
stable during the clinical trial but his psychiatric condition led to 
compliance issues on long- term follow- up. Two patients had anti-
depressant medications initiated while on therapy at 3 and 4 years 
into treatment, with eventual discontinuation of antidepressant 
while remaining on peginterferon in one case.

3.4 | Clinical events

On long- term follow- up, only one of seven (14%) responders died 
compared to four of five (80%) non- responders (Figure 1). The death 

of the responder (R5) occurred 2 years after stopping peginterferon 
and was attributed to sepsis and pulmonary hypertension which was 
considered unrelated to the liver disease or to the therapy. In the 
non- responder group, one patient developed hepatocellular carci-
noma (NR1) and one cholangiocarcinoma (NR4), both of whom ulti-
mately died due to complications of the cancer. A third patient died 
of herpes simplex colitis in the context of underlying Crohn's disease 
(NR2).6 The fourth patient was lost to follow- up and died from an 
unknown cause (NR3).

A second responder developed transient hepatic decompen-
sation when treated with adoptive T- cell therapy for progressive 
multifocal leukoencephalopathy but recovered hepatic function 
thereafter.

4  | DISCUSSION

The search for a cure for delta hepatitis remains elusive, with un-
satisfactory response to current available and experimental thera-
pies. In this prospective follow- up of a series of patients treated 
with long- term peginterferon, treatment response occurred and was 
sustained with the use of HBsAg status to guide continuation or dis-
continuation of treatment. This study builds on previous findings of 
treatment response to long- term therapy and demonstrates benefits 
from tailored extension of treatment.

F I G U R E  1   Duration of therapy and 
serological status of all patients. Grey 
bar: peginterferon treatment duration; 
Blue bar: HDV RNA positive; Orange bar: 
HDV RNA negative; Green bar: HBsAg 
positive; Yellow bar: HBsAg negative; 
Black star: death; NR: non- responder; R: 
responder [Colour figure can be viewed at 
wileyonlinelibrary.com]
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Response rates, whether for year- long peginterferon treatment 
(21%- 24% in the largest studies)7,8 or 2- year- long treatment (40%) 
are underwhelming.9,10 One of the major issues remains sustained 
response after treatment, which is only achieved in one quarter of 
treated patients.7,11 Patients who achieve negative HDV RNA at the 

end of therapy often relapse and require additional treatment. Long- 
term follow- up of previous peginterferon studies has demonstrated 
that late relapse is unfortunately common.11 Encouragingly, a pro-
portion of patients respond to peginterferon; however, identifying 
which patients will respond to treatment remains a challenge. In this 
study, patients who tolerated peginterferon were maintained on 
treatment as long as a response was sustained (based on ALT lev-
els) and tolerated. The decision to discontinue peginterferon treat-
ment was made on an individualised basis. Once HDV virological 
response occurred, treatment was extended for a consolidation pe-
riod of 6 months to ensure the outcome was sustained and in order 
to maximise potential of HBsAg seroconversion. We demonstrate 
that in a selected group of patients and with close dose monitoring 
and adjustment, therapy can be tolerated and a durable virological 
response can be maintained for more than 4 years on average with-
out relapse.

In previous reports, treatment response was associated with 
fewer liver- related events11 and decreased mortality as well as stabi-
lisation of fibrosis.7,12 Our findings add to the body of evidence that 
virological response in HDV provides durable benefits and signifi-
cantly less major clinical events.13 No liver- related deaths occurred 
in responders, even though their baseline characteristics and sever-
ity of liver disease were similar to non- responders. Thus, a durable 
response to treatment in HDV appears to change the natural history 
of the disease. Furthermore, non- response to peginterferon was 
associated with increased overall non- liver- related mortality. This 
finding is in line with previous reports on overall mortality in chronic 
hepatitis C virus infection treated with peginterferon.14 Achieving 
treatment response with peginterferon in viral hepatitis can poten-
tially influence chronic inflammatory states and therefore reduce 
all- cause mortality.15

Achieving HBsAg loss, or functional cure, in HDV on treatment 
has been associated with a favourable prognosis. This outcome has 
been shown to be the best indicator of remaining HDV RNA neg-
ative.3,11 In addition, seroconversion is the ultimate goal (albeit in-
frequently reached) in HBV and remains the ultimate goal in HDV 
therapy. Patients who develop HBsAg loss remain protected from 
relapse in the future. Extending therapy with the use of HBsAg 
titres in order to achieve functional cure has previously been sug-
gested.16,17 In this same group of subjects, the slope of decline in 
HBsAg titres paralleled the slope of the second phase of HDV RNA 
decline and responders demonstrated a faster HBsAg titre decline.17 
In the future, the use of novel markers, such as HBV RNA, can po-
tentially be useful in the assessment of viral kinetics and response 
to therapy.

The major shortcoming of this study was the limited number 
of subjects in this case series, but the small scale of study was 
partially compensated by the rigorous and long- term follow- up. 
The duration of follow- up allowed for documentation of the per-
sistence of the virological responses and the absence of hard, 
clinically important, adverse endpoints in patients with a dura-
ble virological response, with or without an accompanying loss of 
HBsAg. Liver biopsies were not obtained during non- protocolised 

TA B L E  2   Baseline characteristics of responders compared to 
non- responders

Responders 
(n = 7)

Non- responders 
(n = 5) P value

ALT— U/L 119 (41- 296) 193 (42- 506) 0.64

AST— U/L 101 (34- 240) 152 (38- 191) 0.46

ALP— U/L 82 (55- 127) 129 (48- 227) 0.53

Total bilirubin— mg/
dL

0.7 (0.4- 1.0) 1.1 (0.8- 1.8) 0.21

Platelet count— K/
µL

153 (78- 228) 144 (81- 237) 0.99

HDV RNA— log10 
GE/mL

6.48 (4.78- 7.34) 7.02 (4.50- 8.49) 0.43

HBsAg— log10 IU/
mL

3.69 (2.86- 4.32) 3.65 (2.64- 4.33) 0.99

HBV DNA— IU/mLa  536 (126- 3232) 582 (103- 85 000) 0.99

Fib4 3.1 (0.8- 5.7) 4.3 (0.5- 11.6) 0.99

APRI 1.8 (0.4- 4.0) 3.0 (0.9- 7.4) 0.76

Ishak fibrosis score 3.6 (3- 6) 4.2 (3- 6) 0.20

HAI score 10.7 (7- 14) 10.2 (7- 14) 0.72

HVPG— mm Hg 8.0 (5- 13) 12.2 (4- 25) 0.56

IL28B- associated 
Rs12979860 
genotype (n = 10) 
%(n)

60% CC (3) 40% CC (2) 0.99b 

40% CT (2) 60% CT (3)

Notes: All results reported as means (range) unless specified otherwise.
Groups compared with Mann- Whitney test.
aMedian (range).
bFisher's exact test.

TA B L E  3   Comparison of laboratory values at last available 
follow- up

Responders Non- responders
P 
value

ALT— U/L 35 (21- 50) 78 (31- 155) 0.4520

AST— U/L 37 (10- 79) 89 (42- 191) 0.0278

Total 
bilirubin— mg/dL

1.1 (0.4- 1.9) 0.8 (0.4- 1.4) 0.3636

ALP— U/L 77 (58- 98) 123 (83- 187) 0.0303

Platelet count— K/
µL

131 (60- 208) 121 (53- 215) 0.8763

APRI 0.91 
(0.14- 1.87)

1.92 (1.11- 2.81) 0.0481

Fib4 3.23 
(0.49- 7.96)

5.08 (2.29- 8.77) 0.1490

Notes: All results reported as means (range).
Groups compared with Mann- Whitney test.
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long- term follow- up, however, serological markers of fibrosis re-
mained stable. An improvement in non- invasive markers could 
have potentially been expected due to reduction of inflammatory 
activity with treatment, however, the performance of these mark-
ers in chronic hepatitis delta is suboptimal.18,19 While we were 
unable to determine predictive factors of virological response, 
a case- by- case approach and tailoring of therapy proved bene-
ficial in over half of patients. Overall, even though patients pre-
sented with advanced compensated liver disease at baseline, a 
low number of liver- related events occurred during follow- up and 
these occurred largely in the non- responder group. The non- liver- 
related deaths occurring due to sepsis and herpes simplex colitis 
were precipitated by other underlying conditions and cannot be 
attributed to peginterferon therapy itself. While the role of pegin-
terferon in the onset of progressive multifocal leukoencephalop-
athy in one patient remains uncertain, treatment- induced bone 
marrow suppression and underlying cirrhosis can be considered 
predisposing factors.20

Peginterferon remains the only form of therapy available out-
side of clinical trials, without formal approval for chronic HDV in the 
United States, and promising new treatment options are currently 
being studied.21- 23 Nonetheless, our results support the ongoing at-
tempts to identify novel direct- acting anti- viral agents that better 
suppress HDV RNA levels chronically by showing that durable vi-
rological response is associated with a lower rate of adverse clinical 
outcomes. Thus, peginterferon therapy for chronic hepatitis D has 
a similar status as did peginterferon therapy for chronic hepatitis C 
before the advent of direct- acting anti- viral agents for that disease.

Virological responses after an extended course of peginterferon 
were durable in a portion of patients with chronic hepatitis D with 
advanced but compensated liver disease. Judicious tailoring of treat-
ment duration based on response and tolerance allowed for an in-
dividualised approach to treatment. Besides improvement in serum 
enzymes, overall liver- related events and mortality were improved 
with sustained treatment responses. Achievement of sustained ab-
sence of detectable HDV RNA, durable virological response, should 
remain the goal of therapy with the ultimate objective of a sustained 
loss of HBsAg and functional cure of the infection. While these re-
sults are encouraging, there remains a critical need for additional 
treatment options for chronic hepatitis D.
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