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Although hepatitis B virus (HBV) reactivation has been reported in hepatitis C patients who received
interferon therapy, rare cases of HBV reactivation occur in the context of direct-acting antiviral (DAA)
agent therapy for treatment of hepatitis C virus (HCV) infection. Recent studies observed that the
reactivations were predominantly in hepatitis B surface antigen (HBsAg) positive patients, but reac-
tivation can rarely occur in patients who are HBsAg negative and hepatitis B core antibody (HBcADb)
positive. The severity of an HBV flare varies. In some cases, severe liver injury or fulminant hepatic failure
may occur. HBV reactivation may occur regardless of HCV genotype and type of DAA regimens. The onset
of HBV reactivation can range from 4 to 48 weeks after initiating DAA therapy. These patients may have
undetectable levels of HBV deoxyribonucleic acid (DNA) prior to DAA treatment. Pre-emptive antiviral
therapy for HBV should be considered in HBsAg-positive patients with high levels of viremia who are not
receiving HBV treatment. If HBV DNA viral load is less than the guideline criteria for HBV treatment, one
should consider pre-emptive HBV antiviral versus HBV DNA monitoring during DAA therapy. For patients
who are HBsAg negative but HBcAb positive, close monitoring of serum alanine aminotransferase (ALT)
levels during/post-treatment is highly recommended. The current review summarizes the recommen-
dations of different society guidelines and discusses the appropriate management strategies in various
patient profiles.
© 2019 The Third Affiliated Hospital of Sun Yat-sen University. Publishing Services by Elsevier B. V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Guidelines for the treatment of HCV and HBV offer similar pa-
rameters for when to offer treatment;® however, recommendations

Co-infection with hepatitis C virus (HCV) and hepatitis B virus
(HBV) represents a significant challenge to health care providers, as
patients with co-infection and HBV viremia tend to develop liver
fibrosis and hepatocellular carcinoma at higher rates than those
with mono-infection.! Co-infection of HCV and HBV, which share
routes of transmission, can be observed in high-risk patient pop-
ulations, organ transplant recipients, as well as those living in
endemic areas.” In 2016, the global prevalence of chronic HBV
infection was estimated to be nearly 4%.> Over 71 million people, or
1% of the global population, are estimated to have HCV infection.* In
addition, among 350 million carriers of HBV in the world, it is
estimated that approximately 3.5—7 million patients are co-
infected with HCV.>

* Edited by Peiling Zhu and Genshu Wang.
* Corresponding author.
E-mail address: PancO1@NYU.edu (C.Q. Pan).
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on the management of co-infected patients vary among different
societies. The American Association for the Study of Liver Disease
(AASLD) and European Association for the Study of the Liver (EASL)
recommend treatment initiation for all patients with HCV infection,
regardless of the presence or absence of cirrhosis. Both organiza-
tions offer treatment regimen suggestions for direct-acting anti-
viral (DAA) therapy with or without ribavirin or interferon.”® The
recommendation to initiate treatment of HBV depends upon the
viremia levels, elevation of alanine aminotransferase (ALT), as well
as the presence of fibrosis. Treatment of HBV is also indicated in
special patient populations, such as patients who have active HBV
infection and are undergoing chemotherapy or pregnant mothers
with high levels of HBV deoxyribonucleic acid (DNA) during late
pregnancy.”'® Patients with chronic HBV who are not receiving
treatment require monitoring at regular intervals.'"'? Hepatitis B
reactivation is defined as an abrupt increase in the HBV and is well-
documented in patients with previously undetected HBV DNA due
to inactive or resolved HBV infection.'®

2542-5684/© 2019 The Third Affiliated Hospital of Sun Yat-sen University. Publishing Services by Elsevier B. V. on behalf of KeAi Communications Co., Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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While HBV reactivation was a known phenomenon with
interferon-based therapy for patients with HBV and HCV co-
infection,'* ! the surge of numbers of HBV reactivation cases in co-
infected patients had not been reported until after Food and Drug
Administration (FDA) approval of DAA treatment in HCV patients.'®
In a recent report from FDA, among 29 patients who received DAA
therapy and presented with HBV reactivation, one patient required
a liver transplant and one patient died from acute liver failure. The
post-marketing DAA safety report prompted the FDA to release a
black box warning which required that physicians screen for co-
infection of HBV in all patients who will begin DAA therapy. In
addition, close monitoring of co-infected patients for reactivation is
mandated by society guidelines.'® The current review will provide
the updates on the data relevant to the risk assessment of HBV
reactivation in HCV patients on DAA therapy. We also summarize
the recommendations of the society guidelines and discuss the
appropriate management strategies in different patient profiles.

2. Patients’ profile from case reports and case series

Prior to the release of a black box warning for hepatitis B reac-
tivation by the FDA on DAA therapy, there were five case reports
and an observational study by Wang et al. which describe HBV
reactivation in DAA treated HCV patients with HBV co-
infection.’%® These case reports and clinical observations indi-
cated that reactivation can be transient and without clinical
symptoms. However, it usually causes a hepatitis flare. HBV reac-
tivation may occur regardless of HCV genotype and type of DAA
regimens, regardless of baseline HBV DNA levels and even in pa-
tients with undetectable levels pre-treatment, and can occur any-
where from 4 to 48 weeks after initiation of therapy.?’ 2° Two case
reports have detailed reactivation in 3 patients since the FDA
released its black box warning.”*° The patients’ profiles and their
baseline risk for HBV reactivation are presented in Table 1720-2>:30,

In addition to case reports, two observational case series have
been published recently. Wang et al.>® conducted an observational
study in China in 2016 and observed that the severity of HBV

Table 1

reactivation was associated with HBsAg status. Among ten HBsAg-
positive patients who underwent DAA therapy, 3/10 (30%) of them
presented with HBV reactivation after initiating DAA treatment.
The outcomes of these patients were the following: one had an
asymptomatic reactivation, one developed clinically apparent
jaundice, and one developed “hepatic failure”. None of the 124
HBsAg negative patients (0%) who were considered having occult
HBV infection had HBV reactivation during or post DAA treat-
ment.”® All patients developed HBsAg positivity with DAA therapy
although it is unclear when the HBsAg seroreversion (HBV sero-
logical reactivation) occurred. In 2017, Bersoff-Matcha et al.'® re-
ported 29 cases of HBV reactivation in an FDA review of the safety of
DAAs. Ten of the patients do not have any laboratory data (prior to
starting DAA therapy). Nine patients had detectable HBV DNA prior
to starting therapy, 7 patients were positive for HBsAg with un-
detectable HBV DNA, and 3 patients had no detectable HBV DNA
and negative HBsAg. Mean age for individuals as 60.7 years, 13 were
men, 16 were women. 16 patients had genotype 1, 2 with other
genotypes, and 11 with unclear genotypes. Time to reactivation
ranged from 14 days to 196 days. There were 2 deaths and one
patient required liver transplantation.'® These studies demonstrate
that patients who are HBsAg negative can indeed develop HBV
reaction, albeit the frequency of reactivation is quite low.

3. Risk analyses of HBV reactivation in cohort studies

The risk of HBV reactivation in HCV infected patients was also
analyzed in several retrospective and prospective cohort
studies.’?> Using the electronically retrieved cohort of HCV
infected veterans (ERCHIVES) database, Butt et al.>*> examined
34632 patients who received DAA therapy for HCV. HBV reac-
tivation was defined variably in this cohort of patients. In this
group, the rate of HBV reactivation was 2.4% (P < 0.001, lower than
the 17.7% rate observed in the peg-interferon/ribavirin arm). Of the
larger treatment group, 33.9% of patients were HBcAb+ (9343/
27 550), 11.1% of patients were HBsAg-+ (3322/29 886), and 4.4% of
patients were HBeAg+ (84/1898).

Overview of clinical characteristics and risk factors in HCV patient cases with HBV reactivation after initiating DAA treatment.

References Age Gender HCV HBV status DAA regimen Reactivation HBV reactivation Clinical outcomes
(year) genotype time
Collins 55 M la HBV DNA 2300 IU/mL, HBeAb+ Sofosbuvir, 7—8 weeks HBV viremia, ALT/INR Acute liver injury
et al?® simeprevir elevation
Collins 57 M la HBcAb+, HBsAg/Ab-, viral load ~ Sofosbuvir, 2—3 weeks HBV viremia Asymptomatic viremia
et al.*’ <20 IU/mL simeprevir
Ende et al.’? 59 w 1b HBsAg-, HBsAb-, HBcAb+, HBV  Simeprevir, 11 weeks HBV viremia, HBsAg+, ALT/  Acute liver failure, liver
DNA undetectable sofosbuvir, ribavirin INR elevation transplantation
De Monte 53 M 4d HBcAb+, HBeAb+, HBeAg-, Ledipasvir, 13 weeks HBV viremia, HBsAg-+, ALT
et al.*?! HBsAg/Ab- sofosbuvir increase
Hayashi 83 W 1b HBsAg- Daclatasvir, >24 weeks HBV viremia, HBsAg+, (found Acute liver failure, no
etal”® asunaprevir to be HBcAb+), ALT/INR transplant
increase
Takayama 69 M 1b HBcAb+, HBV 2.5 log copies/mL, Daclatasvir, 43 days HBV viremia, ALT elevation ~ Asymptomatic hepatitis
et al.”® HBeAg- asunaprevir
Madonia 62 W 2 HBcAb-+, HBsAg/Ab-, HBV DNA  Sofosbuvir, ribavirin 7 months HBV viremia, HBsAg+, Symptomatic acute
et alb* undetectable HBeAg+, ALT elevation hepatitis
Tucci et al.” 57 M 1b HBcAb+, HBV DNA undetectable Sofosbuvir, 16 months  HBV viremia, HBsAg-+, ALT Acute hepatitis
ledipasvir, ribavirin elevation
Pol et al>® 51 w 2 HBcAb+, HBV DNA<10 IU/mL  Sofosbuvir, ribavirin 2 months ~ HBV viremia, HBsAg+, ALT  Acute hepatitis
elevation
Pol et al>®° 65 M 4 HBcAb+, HBsAg-, HBV DNA Sofosbuvir, 7 months  HBsAg-+ Acute hepatitis
undetectable ledipasvir

2 Human immunodeficiency virus (HIV) co-infection, on anti-retroviral therapy.
b Received chemotherapy prior to DAA therapy.

Abbreviations: M, man; W, woman; DAA, direct-acting antiviral; ALT, alanine aminotransferase; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HBcAb, hepatitis B core
antibody; HBeAg, hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; INR,

international normalized ratio.
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Liu et al.” performed a prospective, phase 3b, multicenter, open-
label study which entailed treatment of HBV/HCV co-infected pa-
tients with sofosbuvir and ledipasvir for 12 weeks. There were 111
total patients. Only 5 patients experienced an increased HBV DNA
and ALT elevation >2 times the upper limit of normal (ULN) during
treatment. Only one of these patients developed symptomatic
acute hepatitis with HBV reactivation. There were 70 patients with
HBV DNA levels of 20 IU/mL prior to starting treatment; 53% of
these patients experienced an increase in HBV DNA of at least 1
log10 during the 12 weeks of treatment. Serper et al.>* examined
the rate of significant ALT flares, HBV reactivation, and hepatic
decompensation in patients with positive HBcAb who received DAA
therapy within the Veterans Affairs healthcare system. In total,
during treatment, 14% of patients developed ALT elevation greater
than or equal to 2 times the ULN, 3% of patients developed eleva-
tions 4 times the ULN, 20 patients had ALT elevations exceeding 300
IU/mL, and 2 patients had ALT elevations exceeding 1000 IU/mL.

Tamori et al.'s study aimed to compare the rate of HBV reac-
tivation in those with “resolved HBV infection” (N = 765), defined
as HBcAb+, and those with co-infection (N = 25), defined as
HBsAg-+. HBV reactivation was defined as either new HBV viremia
>20 IU/mL or an increase in the viral load greater than 2 log copies/
mL. Following EASL recommendation for HBV/HCV co-infection
and DAA therapy, three patients in the HBsAg+ group with HBV
DNA >2000 IU/mL before treatment were started on entecavir prior
to DAA therapy. Throughout treatment and afterwards their viral
loads remained undetectable 12 weeks after completion of DAA
therapy. Three patients in the same group with HBV DNA <2000 IU/
mL experienced HBV reactivation during DAA therapy. Only one
patient of 765 in the resolved HBV infection group experienced HBV
reactivation, which was an appearance of HBV viral DNA of 21 IU/
mL. This study seems to support that very rarely patients with
HBcAb will reactivate when treated with DAA therapy.*”

4. Current recommendations from guidelines

Current major guidelines strongly recommend screening for
HBV infection for any patient with HCV before initiation and during
DAA therapy regardless of past HBV status, HCV genotype and class
of DAAs used. HBV reactivation can be prevented with pre-DAA-
treatment screening and prophylactic treatment when necessary.
The FDA guidelines recommend periodic monitoring for reac-
tivation in patients with prior HBV exposure (or HBcAb+, HBsAg-)
in addition to those with chronic infection (HBsAg-+, HBcAb-).""
Both EASL and AASLD make suggestions regarding appropriate
candidates for HBV therapy with DAA treatment. The AASLD rec-
ommends treatment of any patient who would normally meet
criteria for HBV therapy (for HBeAg-negative patients with HBV
DNA >2000 IU/mL) as well as any patient with coinfection and
cirrhosis. For patients who are HBcAb+ but HBsAg- (thus patients
who would not qualify for nucleo(t)side treatment), ALT should be

assessed at the start and completion of treatment as well as at
varying intervals post-treatment. HBV DNA and HBsAg should be
tested if ALT increases or fails to normalize after treatment. Treat-
ment options for co-infected patients include entecavir or tenofovir
(TDF or TAF). Additionally, any patient with risk factors for HBV
acquisition receiving DAA therapy should receive HBV vaccina-
tion.!" EASL recommendations vary in the suggestion that those
with HBsAg+ should receive nucleo(t)side prophylaxis for 12
weeks post-treatment with DAA.'? Neither organization recom-
mends testing for HBV DNA at the initiation of DAA treatment
routinely to identify patients with occult HBV infection. The sum-
mary of the aforementioned guidelines is presented in Table 2.

5. Discussions

There are numerous postulated mechanisms for HBV reac-
tivation during treatment, many of which are based upon clinical
observations. HCV infection tends to predominate in many co-
infected patients, which suggests that HBV viral replication is
somehow suppressed by active HCV infection. One possible
mechanism is that HCV viremia induces expression of certain in-
terferons which suppress HBV;>® clinically, this seems to be sup-
ported by the fact that patients who have received interferon-based
therapies experience HBV reactivation once therapy has completed.
As DAA therapy typically leads to a rapid reduction in HCV levels
within weeks,?” HBV reactivation has been observed much earlier
in those treated with DAA compared to interferon-based regi-
mens.>® The risk of reactivation of HBV in immunocompromised
patients has been well-described, as lymphocyte depletion and
poor antibody production permits unchecked HBV replication as
well as protein expression. Fatality rates are reported as high as 10%
in certain cancer patient populations.® The risk of reactivation with
serious clinical consequences in patients undergoing DAA therapy
is still unclear, though present studies suggest it is lower in those
without HBsAg expression when compared to those with chronic
HBV.3%40 A recent meta-analysis by Miicke et al.>® noted that within
the available literature, no cases of HBV-related hepatitis were re-
ported in patients with HBV reactivation with resolved infection
(anti-HBc+ but HBsAg-).

As more data are required to evaluate the underlying mecha-
nisms of HBV reactivation in this setting, it remains unclear which
patients should receive prophylaxis with DAA therapy (beyond
those eligible for HBV treatment) as well as if HBV DNA should be
checked at least once in all patients. It is recommended that prior to
initiating therapy with DAA patients undergo testing for the pres-
ence of HBsAg as well as anti-HBc. Additionally, it is important to
understand that a baseline HBV DNA level should be obtained as
this would allow for detection of reactivation based upon the in-
crease in HBV DNA by greater than 1 log copies/mL.> Patients with
cirrhosis, irrespective of the presence of HBsAg, should undergo
treatment for HBV concurrently. Additionally, those who meet

Table 2

Current recommendations from guidelines on the screening and pre-emptive treatment of HBV in patients with HCV prior to DAA therapy.
Treatment AASLD? (2017) EASL’ (2016) US FDAC
Screening for HBV serology Must Must Must

Preemptive antiviral therapy for HBV

Monitoring Yes

All HBsAg+ or monitor patients, treat
if HBV DNA >10-fold of baseline or to >1000 IU/mL

All HBsAg+ or HBsAg- occult
HBV infection
Yes Yes

Consult hepatologist

2 AASLD/ISDA. HCV guidance: Recommendations for testing, managing, and treating hepatitis C. Updated September 2017.

b EASL recommendations on treatment of hepatitis C 2016. Journal of Hepatology.

©The US FDA. FDA Drug Safety Communication: FDA warns about the risk of hepatitis B reactivating in some patients treated with DAAs for hepatitis C. 2016 [Nov 2016]. http://

www.fda.gov/Drugs/DrugSafety/ucm522932.htm.

Abbreviations: AASLD, American Association for the Study of Liver Diseases; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; DNA, deoxyribonucleic acid; EASL,
European Association for the Study of the Liver; FDA, Food and Drug Administration; US, the United States.
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All patients being
considered for treatment
with DAA therapy

l

HBV screening

(HBcAb/sAb/sAg) l

i |

Negative HBcAb

Active infection and HBsAg
(HBsAg+/HBcAb+) Prior exposure or low
activity (HBcAb+/HBsAg-) i
l Proceed with
DAA therapy
Meets criteria for Check basell and provide
treatment of No HBY eDCNA a:lene HBV vaccine
HBV?* » ALTPres if HBsAb-
treatment with
l Yes DAA
Treat with
entecavir or
TDF/TAF and Detectable levels No
continue on the of HBV DNA
HBV therapy after (Occult HBV)? i
DAA treatment
l Yes Monitor ALT and

HBV DNA levels

Initiate HBV therapy before DAA treatment
and reassess the need for HBV therapy at
12 weeks after DAA treatment (may
discontinue the HBV therapy at that time)

every 2 weeks
during DAA
therapy; provide
HBV therapy when
ALT 22x ULN, or

*Criteria for HBV treatment with co-infection
All patients with cirrhosis and HBV viremia; or
HBsAg+/HBeAg+, ALT > 2x ULN, HBV DNA> 20,000 IU/mL; or

HBsAg+/HBeAg-, ALT 2 2x ULN, HBV DNA> 2000 IU/mL

viremia occurs

Fig. 1. Algorithm of managing patients with risk of hepatitis B reactivation from DAAs for hepatitis C. Abbreviations: DAA, direct-acting antiviral; ALT, alanine aminotrans-
ferase; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HBcAb, hepatitis B core antibody; HBeAg, hepatitis B e antigen; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B

surface antigen; ULN, upper limit of normal; TDF/TAF, tenofovir.

criteria for treatment under current AASLD guidelines should also
receive therapy. It is reasonable to check both HBV DNA and HBsAg
when ALT levels increase during treatment or after treatment and if
ALT levels do not return to normal with HCV eradication. Finally,
Serper et al.'s suggestions are reasonable in terms of testing for the
presence of HBsAg once sustained virologic response has been
achieved in order to detect any subclinical seroconversion which
arose with HCV eradication.*

In conclusions, rare cases of HBV reactivation occur in the
context of HCV DAA therapy. Published data indicated that the

reactivations were predominantly in HBsAg-positive patients, but
they can rarely occur in patients who are HBsAg negative with
HBCcAD positivity. The severity of the flares has been highlighted by
the FDA report, which presented 29 cases of HBV reactivation be-
tween 2013 and 2016 including 8 cases of fulminant hepatitis/liver
failure, 2 deaths, and 1 required transplant. All major guidelines
recommend that all patients initiating DAA therapy should undergo
HBV testing prior to treatment. We proposed the clinical manage-
ment algorithm of patients with risk of hepatitis B reactivation from
DAAs for hepatitis C and presented it in Fig. 1. The pre-emptive
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antiviral therapy for HBV should be considered in HBsAg-positive
patients with high levels of viremia not already on HBV treat-
ment. If HBV DNA is less than guideline criteria for HBV treatment,
one should consider pre-emptive HBV antiviral therapy versus HBV
DNA monitoring during DAA therapy. For patients who are HBsAg
negative but HBcAb positive, there is insufficient evidence for firm
guidelines on recommending pre-emptive HBV therapy. Therefore,
close monitoring of serum ALT levels during/post-treatment (peak
incidence of HBV reactivation at week 8—12 on-treatment, cases as
late as 5 months post-treatment reported) is highly recommended.
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