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Background/Aims: Despite the potent suppression of the 
hepatitis B virus with modern antiviral agents, only a minor-
ity of HBeAg-positive patients achieve hepatitis B e antigen 
seroconversion. We aimed to explore the potential efficacy 
of combination therapy consisting of pegylated interferon 
(p-IFN) and an oral antiviral agent in patients with HBeAg-
positive chronic hepatitis B. Methods: The treatment proto-
col consisted of p-IFN-a-2a at 180 µg/wk for 48 weeks, with 
either entecavir or tenofovir added 8 weeks after the initia-
tion of p-IFN and continued for at least 6 months after HBe 
seroconversion was achieved. Results: To date, 10 patients 
have been treated under the protocol (eight adults, mean 
age 36±8 years; two adolescents, aged 12 and 16 years). All 
eight adult patients experienced loss of HBeAg at a mean of 
72.3±66.9 weeks, including six patients who also developed 
anti-HBe and one patient who had HBs seroconversion. Al-
though both adolescents remain on therapy, one adolescent 
had HBs seroconversion without HBe seroconversion. A total 
of nine of our 10 patients experienced a favorable serologi-
cal transition. Conclusions: The combination of p-IFN and 
a modern oral antiviral agent may be more effective than 
monotherapy with either class of agent in the treatment 
of HBeAg-positive chronic hepatitis B patients. (Gut Liver 
2016;10:611-616)
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INTRODUCTION

Hepatitis B virus (HBV) infection remains an important global 
health problem. Chronic HBV infection affects more than 360 
million people world-wide. In the United States, an estimated 2 
million Americans have chronic HBV infection.1 The burden of 
chronic HBV infection results from progressive liver disease that 
may lead to cirrhosis, end-stage liver disease and hepatocellular 
carcinoma (HCC). 

Currently, there are seven therapeutic agents that have been 
approved for the treatment of HBV infection, including two 
interferon-a preparations and five oral nucleoside or nucleotide 
analogs (NUCs). Of the latter, modern agents such as entecavir 
and tenofovir possess potent antiviral activities, commonly 
leading to disappearance of viral genome in the patient serum. 
However, serological changes indicative of meaningful altera-
tions in the immune response against HBV do not necessarily 
accompany even the most profound viral suppression. For ex-
ample, in HBeAg-positive patients, oral NUCs afford less than 
50% chance of HBe seroconversion, even after 5 years of suc-
cessful antiviral therapy.2-4 Results of interferon therapy are not 
much superior to NUCs with regard to HBe seroconversion.5,6 

The combination between interferon and NUCs has a theo-
retical advantage of the two drugs working through different 
mechanisms, potentially yielding additive or synergistic ef-
fects. However, randomized trials to date have not shown the 
combination therapy to be more advantageous over either 
agent alone.7-9 Unfortunately, those studies were limited by at 
two aspects of the study design. First, most of the studies used 
lamivudine, which is well recognized as a suboptimal option 
given its modest antiviral potency and a low genetic barrier to 
resistant mutations. Second, in those studies, both interferon 
and lamivudine were given for the same finite duration such 
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that lamivudine was discontinued before the desired end point 
(e.g., HBe seroconversion) was reached.10 In this manuscript, we 
report the potential efficacy of combination therapy consisting 
of pegylated interferon (p-IFN) and a modern antiviral NUC in 
10 patients with HBeAg-positive chronic hepatitis B cared for at 
Mayo Clinic. 

MATERIALS AND METHODS

The Mayo combination therapy protocol was implemented 
in 2006 for patients with chronic hepatitis B. This is a manage-
ment protocol utilizing two approved medications offered to 
patients as a part of practice, rather than a research protocol. 
For the purpose of this report, an approval from the Institutional 
Review Board of Mayo Foundation was obtained for review of 
the records and publication of the data. 

Initially, the protocol was conceived for both HBeAg-positive 
and -negative patients. However, discouraging early results in 
the HBeAg-negative patients soon led to the protocol being 
exclusively applied in HBeAg-positive patients. The protocol 

consists of p-IFN-a-2a 180 µg/wk intended for a course of 48 
weeks. At 8 weeks after the initiation of p-IFN, a NUC (entecavir 
or tenofovir) was added to the regimen (Fig. 1). The choice of 
the NUC was mainly dictated by the patient’s insurance cover-
age and formulary availability. The combination was continued 
for another 40 weeks unless HBe seroconversion took place. 
Following discontinuation of p-IFN at week 48, the NUC was 
continued until the desired end point was reached, namely HBe 
seroconversion. Once HBe seroconversion was achieved, the 
NUC was continued for a minimum of 6 months before it was 
discontinued. 

Eligibility for the combination therapy protocol included 
(1) a confirmed diagnosis of chronic HBV infection, including 
documented HBsAg positivity for at least 6 months; (2) HBeAg 
positivity; (3) serum alanine aminotransferase (ALT) activities 
more than 1.5 times the upper limit of normal (ULN); and (4) 
no evidence of hepatic decompensation. In addition, patients 
with contraindication for p-IFN, such as significant depression, 
anemia (hemoglobin <8 g/dL) or thrombocytopenia (platelets 
<50,000 ×109/L) and planned pregnancy were excluded. Al-
though a liver biopsy was obtained in the majority (n=9/10) of 
the patients, it was not mandatory in the protocol. The results of 
the biopsy were reported using the Metavir system.11,12

Once on therapy, patients were monitored regularly with 
clinic visits and laboratory follow-up. Supplementary Table 1  
summarizes the follow-up schedule of the protocol. Laboratory 
follow-up included complete blood count, serum concentrations 
of ALT and HBV DNA, and HBeAg and anti-HBeAg. Standard 
dose adjustment for p-IFN was instituted in response to cytope-
nias. For optimal dosing of the NUCs, the manufacturer’s pack-
age insert was followed including pediatric dosing and renal 
dose adjustment. 

Start 8 Weeks 48 Weeks

24 Weeksp-IFN

NUC (entecavir or tenofovir)

HBe
seroconversion

Fig. 1. Schematic illustration of the combination therapy regimen.
p-IFN, pegylated interferon; NUC, nucleos(t)ide analogue.

Table 1. Baseline Characteristics

Characteristic
Case no.

1 2 3 4 5 6 7 8 9 10

Age/sex 30/F 30/F 40/M 31/M 43/M 38/M 51/F 28/F 16/M 12/M

Race* O As As O C As AA AA As As

ALT, U/L 123 146 186 265 117 349 85 86 235 93

HBV DNA, ×106 IU/mL >110 3.4 >110 99 >110 >110 5.4 8.4 >110 4.2

Bilirubin, mg/dL 0.5 0.4 0.5 0.7 0.6 1.4 0.6 1 0.5 0.2

Albumin, g/dL 4.3 4.4 3.9 4.9 4.2 4.5 4.1 3.6 4.7 4.4

Prothrombin time, sec 8.1 8.5 9.5 11.1 9.6 11.3 9.5 10.4 10.1 13.6

Hb, g/dL 13.5 14.6 13.7 15.8 14.5 14.5 14.1 13.5 15.5 13

WBC, ×109/L 3.5 5 6.4 8.2 5.6 4.4 5.3 4.3 8 7.7

Platelets, ×109/L 115 265 246 235 256 169 196 153 223 239

Liver biopsy† A1F0 A1F0 A3F2 A3F1 NA A3F1-2 A1F2 A3F3 A2F1-2 A2F1

F, female; M, male; ALT, alanine aminotransferase; HBV, hepatitis B virus; Hb, hemoglobin; WBC, white blood cells; NA, not available. 
*Race: O (other), As (Asian), C (Caucasian), and AA (African-American); †Histologic scoring system of chronic liver disease (Metavir score). Necro-
inflammatory score: A0=no activity, A1=mild activity, A2=moderate activity, A3=severe activity. Fibrosis score: 0=no fibrosis, 1=portal fibrosis 
without septa, 2=few septa, 3=numerous septa without cirrhosis, 4=cirrhosis.
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RESULTS

To date, there have been 10 patients with HBeAg-positive 
chronic hepatitis B treated under the protocol (Table 1). They 
included eight adults with a mean+standard deviation (SD) age 
of 36±8 years and two adolescents with ages of 12 and 16. Five 
patients were of Asian ancestry including the two adolescents. 
As specified in the protocol, all of the patients had elevated 
serum ALT (>1.5×ULN) with a mean+SD of 195.8±110.7 (U/L). 
Similarly, the serum HBV DNA concentration was quite high 
with a geometric mean of 6.7×107 (IU/mL). The liver synthetic 
markers including serum albumin and bilirubin and prothrom-
bin time were within normal limits. Pretreatment blood counts 
were normal except in case 1, whose white blood cells (WBC) 
and platelets were slightly below the lower limit of normal. Nine 
of the 10 patients had a pretreatment biopsies, which showed 
mostly mild degree of fibrosis with a mean fibrosis score of 
1.3±1.0 and moderate inflammatory activity with a mean 
necroinflammatory score of 2.1±0.9.

As shown in Table 2, the mean duration of interferon was 
39.7±12.5 weeks. There were four patients in whom the dura-

tion of IFN therapy was shorter than the planned 48 week. In 
three patients, early HBe seroconversion made it unnecessary 
to complete the 48 week course. One patient (case no. 8) devel-
oped neutropenia, which prompted early termination (please see 
below for details). In seven patients, entecavir was administered 
as the oral antiviral, whereas tenofovir was chosen for the re-
maining three patients. The mean duration of oral antiviral was 
90.8±48.0 weeks. 

All eight out of the eight adult patients (100%) lost HBeAg, 
including six patients who also developed anti-HBe, thus 
achieving HBe seroconversion (75%). HBe seroconversion oc-
curred after a mean of 72.3±66.9 weeks after the initiation of 
therapy. There was one adult patient (case no. 1) who under-
went HBs seroconversion, without anti-HBe being detected. 
Although neither adolescent has achieved HBe seroconversion 
and both remain on therapy, one adolescent underwent HBs 
seroconversion. Thus, altogether, nine of our 10 patients experi-
enced a favorable serological transition (2 HBs seroconversion, 
6 HBe seroconversion, and 1 HBeAg loss).

Table 3 describes the current status of the study subjects. As 
of the last follow-up, three patients remain on treatment (only 

Table 2. Details of Treatment and HBe Seroresponse

Case no.

1 2 3 4 5 6 7 8 9 10

Duration of IFN, wk 48 48 51 31 48 24 34 16 49 48

Gap to NUC agent, wk 9 8 4 8 10 8 8 6 8 8

NUC used* E T E E T E T E/T E E

Duration of NUC Tx, wk 53 95 128 24 53† 52 126 183‡ 116† 78†

Duration of off-treatment follow-up, wk§ 18 208 103 35 - 15 0 - - -

HBeAg loss Yes Yes Yes Yes Yes Yes Yes Yes No No

HBe seroconversion No Yes Yes Yes No Yes Yes Yes No No

Time to HBeAg loss or HBe-seroconversion, wk 62 68 74 8 37 8 105 216 - -

Time to HBV DNA loss, wk 24 20 36 8 37 24 33 36 48 28

IFN, interferon; NUC, nucleos(t)ide analogue; Tx, treatment; HBV, hepatitis B virus.
*E (entecavir), T (tenofovir), E/T (entecavir switched to tenofovir); †Therapy ongoing as of the study closure; ‡Prophylactic antiviral therapy after 
liver transplantation excluded; §Duration from the discontinuation to the last follow-up date.

Table 3. Current Status

Case no.

1 2 3 4 5 6 7 8 9 10

Current HBV treatment* None None None None T None None  E† E E

HBV DNA, IU/mL U 306 557 114 U U U U U U

HBeAg N N N N N N N N P P

HBeAb N P P P N P P P N N

HBsAg N P P P P P P  N† P N

ALT, U/L 23 12 65 23 24 21 28 27 37 38

HBV, hepatitis B virus; U, undetectable (<100 IU/mL); N, negative; P, positive; ALT, alanine aminotransferase.
*E (entecavir), T (tenofovir); †Post-liver transplantation prophylaxis.
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oral antiviral), including an adult patient who has lost HBeAg 
without developing anti-HBe and both adolescents who remain 
HBeAg-positive. Another patient (case no. 8) developed HCC 
while on therapy and has undergone liver transplantation since. 
She is doing well on posttransplant prophylaxis with entecavir 
without recurrence of HCC or HBsAg. Of patients in whom all 
therapy was discontinued, three patients became viremic, albeit 
at very low levels. All three patients retained their HBe sero-
converted profile without evidence of a biochemical flare. More 
detailed description of individual patients is available in Supple-
mentary Data 1 .

Table 4 summarizes safety data. Overall, treatment was well 
tolerated. There was one patient (case no. 8) whose interferon 
was discontinued prematurely because of bone marrow suppres-
sion. This patient, of African descent, developed neutropenia 
with an absolute neutrophil count of 470/mm3 at week 16 of 
p-IFN therapy. Another patient (case no. 1) developed hypo-
thyroidism and was treated with thyroid hormone replacement, 
which did not affect the course of the scheduled treatment. As 
expected, both oral antiviral agents, following discontinuation 
of IFN, were well tolerated. 

DISCUSSION

In this case series, we report the potential effectiveness and 
safety of a novel regimen using the combination of p-IFN and a 
modern, “third generation” oral antiviral agent in the treatment 
of HBeAg-positive chronic hepatitis B patients. In our opinion, 
it is an important innovation because it resulted in HBe sero-
conversion or HBeAg loss in all adult patients with less than 2 
years of therapy on average. Although the sample size is clearly 
small, this degree of HBe seroconversion appears much superior 
to either p-IFN or any of the oral agents alone. The treatment 
was overall well-tolerated. 

Of the classes of antiviral agents currently available for 
chronic hepatitis B, the advantages of IFN over NUCs include 
a finite duration of therapy and lack of resistance. In addition, 
it possesses immunomodulatory effects, in addition to antiviral 
action, which afford a possibility of immune-mediated clear-
ance of hepatitis B.13 On the other hand, modern NUCs, includ-

ing entecavir and tenofovir, have proved to be highly potent 
against HBV, resulting in profound viral suppression virtually 
without a concern for antiviral resistance. While current guide-
lines recommend IFN or a NUC for first-line therapy for HBeAg-
positive patients, either is less than ideal from the standpoint of 
achieving HBe seroconversion.14-16 Even after prolonged therapy 
(in the case of a NUC) or follow-up (after IFN), HBe seroconver-
sion occurs in less than 50%.2-4 

In addressing this gap, previous investigations have con-
sidered combination therapy between interferon and a NUC.7-9 
There have been at least three large randomized controlled trials 
evaluating combined p-IFN and lamivudine for HBeAg-positive 
patients. In all studies, patients were treated for 1 year, and se-
rological, biochemical, and virological responses were compared 
between the groups of combination therapy and monotherapy 
of p-IFN or lamivudine at the end-of-treatment and 24 weeks 
thereafter. The rate of HBe seroconversion was 27%–36%, 29%–
32%, and 14%–19% for the combination treatment group, the 
p-IFN monotherapy group, and the lamivudine monotherapy 
group, respectively. While they failed to demonstrate superior-
ity of combination therapy, they indicated that the degree of 
viral suppression while on therapy was more profound with 
the combination than with either component alone. The largest 
limitation of those studies, in our opinion, is that the NUCs were 
discontinued only after a year of treatment. 

More recently, some pilot studies have explored potential 
ways to improve the combination regimen. Chan et al.7 have 
examined various timing in combining p-IFN with lamivudine. 
They found that simultaneous commencement of both agents 
was superior, although marginally, to staggered administra-
tion. We are aware of three other pilot studies employing the 
combination between p-IFN and entecavir. Although the design 
of the studies was heterogeneous and different from ours, they 
reported seroconversion rates as high as 77%.17-19 Our data cor-
roborate those data that the combination between peg-IFN and 
a modern NUC leads to a substantially higher rate of serological 
response than what is expected of the current standard of care.

In addition to the higher incidence of HBe seroconversion, 
there may be qualitative advantage to the combination therapy. 
HBe seroconversion has been considered one of the meaningful 

Table 4. Adverse Event Monitoring (Nadir Lab Values)

Case no.

1 2 3 4 5 6 7 8 9 10

Hb, g/dL 10.5 12.2 13.6 13.1 15.2 12.8 13.4 11.4 13.3 13

PLT, ×109/L 113 167 167 95 36 108 98 73 160 215

WBC, ×109/L 3.1 2.7 3.9 4 2.3 2.9 3 2.1 3.9 4.5

ANC, ×109/L 1.62 0.91 1.6 1.36 0.92 0.78 1 0.47 1.33 1.59

TSH, mIU/L 0.1 2.1 0.8 3.7 1.9 1.1 0.4 0.4 2.4 1

Hb, hemoglobin; PLT, platelet; WBC, white blood cells; ANC, absolute neutrophil count; TSH, thyroid stimulating hormone.
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landmarks in the course of patients with chronic HBV infection, 
because it often represents inactivation of the virus and stabi-
lization of hepatitis activities. However, emerging data suggest 
that HBe seroconversion following NUC therapy, especially in 
Asian patients, may not be durable.20,21 “Consolidation” treat-
ment with oral agents for at least 6 months after seroconver-
sion may improve the durability and is recommended widely, 
although the quality of data in support is not very high.22,23 
Durability of response following IFN therapy may be better.5,6,24 
In this small series with modest follow-up, we did not encounter 
HBeAg sero-reversion, even in the three patients in whom HBV 
DNA became detectable again. While the long-term outcome 
in our patients remains to be determined, their response, given 
their exposure to IFN, may be more durable than patients treat-
ed with a NUC alone.

The two adolescents who have not achieved HBe serocon-
version might point to a difference in immunological status 
between adults and adolescents. Adolescents with chronic hepa-
titis are closer to the immune tolerant phase of HBV infection 
chronologically and, presumably, biologically.25 Of the two ado-
lescents in this series, one has not had a serological response in 
spite of adequate viral suppression, whereas the other achieved 
HBs seroconversion without HBe seroconversion. Longer term 
treatment and follow-up are needed and planned. 

There is a prevailing belief that IFN therapy is better toler-
ated in patients with HBV than those with HCV, which may 
be attributable to the lack of concomitant ribavirin and/or un-
derlying psychosocial comorbidity commonly present in HCV 
patients that may reduce tolerance to IFN. In this series, three 
patients experienced adverse effects of p-IFN that led to its 
discontinuation. In one patient (case no. 6), p-IFN was discon-
tinued when he had complaints of mild fatigue 24 week after 
he had already undergone HBe seroconversion. In the other two 
patients (case no. 7 and 8), p-IFN was discontinued before HBe 
seroconversion (at 34 and 16 week, respectively). Both patients 
eventually seroconverted off p-IFN. Early HBe seroconversion 
before scheduled p-IFN treatment course (i.e., 48 weeks) in cases 
6 along with cases 4 and 5 (at week 8 and 37, respectively), 
point to the uncertainty about the optimal duration of p-IFN 
therapy. When used alone, p-IFN therapy for 48 weeks has been 
shown to be superior to treatment given for 24 weeks.26 In the 
setting of combination therapy with a NUC, what may consti-
tute the optimal use of p-IFN remains to be defined.

Clearly, there are several important limitations to this study. 
First, as pointed out throughout the manuscript, the sample size 
is very small and our provocative data are to be construed as 
pilot case series. Second, the favorable response in our patients 
may in part be due to patient selection. It is well recognized 
that HBe seroconversion is more likely in patients with active 
liver disease as demonstrated by high serum ALT levels and 
liver histology. Our patients did have evidence for active liver 
disease, but they also had high HBV DNA, the latter being as-

sociated with lower responsive to treatment. Along the same 
vein, viral genotype may affect serological response to IFN 
therapy. Unfortunately, genotype data collection was not part 
of the protocol. Finally, our combination regimen was selected 
arbitrarily, particularly with regard to the 8 week lead-in with 
p-IFN. Implementation of our protocol predated publication of 
the Chan paper which advocated simultaneous commencement 
of both agents.27 Although our data are not directly comparable 
to theirs because of differences in other aspects of the regimens, 
such as the choice of NUCs and duration of therapy, our pro-
tocol has recently been modified to incorporate simultaneous 
introduction of the agents for future patients. Finally, we are 
unable to determine whether entecavir or tenofovir is preferable 
as a component in combination with p-IFN. Based on prevalent 
data on monotherapy, we believe it is unlikely that either is sig-
nificantly better than the other.

In summary, this exploratory study suggests that the combi-
nation regimen incorporating p-IFN and a modern oral antivi-
ral agent may be superior to monotherapy with either class of 
agents alone in the treatment of HBeAg-positive chronic hepa-
titis B patients. These data urge a randomized controlled trial to 
properly address the hypothesis with adequate statistical power. 
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