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Abstract

Purpose: To evaluate the efficacy and safety of nucleos(t)ide analogues, especially telbivudine (LdT)
for the prevention of mother-to-child transmission (MTCT) of hepatitis B virus (HBV) in women
with high viremia.

Methods: We conducted a prospective, open-label, multicenter study of LdT for treating pregnant
women having high viral loads of hepatitis B virus (HBY DNA>5 log|o IU/mL) but normal levels of
alanine aminotransferase (ALT). Maternal HBVY DNA, HBYV serologic status and ALT were measured
at baseline, 4 weeks after therapy, before delivery, 4 weeks after delivery, and 12 weeks after
delivery. Infant HBV serologic status and HBV DNA levels were measured at 7 months. We
calculated the MTCT rate of LdT-treated and LdT-untreated groups and analyzed the efficacy and
safety of LdT.

Results: Ninety-one women (the treatment group) were treated with LdT, and twenty-one
patients (the observation group) did not undergo antiviral therapy. The baseline HBV DNA levels
were 8.15+0.82 log)o IU/mL in the treatment group, and 8.09+1.04 log)o IU/mL in the observation
group. The MTCT rate was 0% in the treatment group, and 9.5% in the observation group
(p=0.042). In the treatment group, HBV DNA levels were 5.02+0.74 logio lU/mL at one month after
therapy, and 3.95%0.94 log)o l[U/mL before delivery. Both groups had significant differences from
baseline levels in HBY DNA levels (p<0.001). In total, five patients had elevated ALT levels but
without evidence of decompensate liver function. No severe adverse events or complications were
observed in women or infants.

Conclusions: For pregnant women with HBV DNA greater than 5 logolU/mL, LdT therapy was
effective in reducing HBY MTCT. If serum HBV DNA was detectable at delivery, discontinuation of
LdT immediately was found to be safe and rarely induced off-treatment hepatitis flare.

Key words: HBV; chronic hepatitis B; pregnancy; mother-to-child-transmission; antiviral therapy; nucleos(t)ide
analogues; telbivudine

Introduction

Hepatitis B virus (HBV) infection can cause than 800,000 people die every year
many severe diseases like cirrhosis, hepatic cellular

carcinoma (HCC) and liver failure. Worldwide, more  burden to public health.

due

to

complications from hepatitis B [1]. That is a heavy
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HBYV is transmitted through many routes [2, 3].
In China, mother-to-child transmission (MTCT) is the
most common [1, 4]. Importantly, HBV transmitted
through MTCT in the perinatal period often leads to
chronic infection [5]. Without intervention, 40%-95%
of infants born to hepatitis B surface antigen
(HBsAg)-positive women will acquire HBV infection
[6, 7]. Newborns inoculated with HBV vaccine and
hepatitis B immunoglobulin (HBIG) have reduced
MTCT rates ranging from 5-10% overall [8]. However,
immune prophylaxis failure still occurs. The most
important risk factor in MTCT is high maternal HBV
DNA levels [9-13]. In infants born to women with
HBV DNA levels of more than 6 logiocopies/ml, the
risk of MTCT may rise to 30% despite immune
prophylaxis [13-18]. Our previous studies in China
demonstrated that high viral loads are common in
women during the perinatal period [19, 20]. So
antiviral therapy, such as nucleos(t)ide analogues
(NAs) in late pregnancy to prevent MTCT is
recommended now.

According to the US Food and Drug
Administration (FDA) classification standard, all HBV
antiviral NAs are category C (teratogenic in animals,
but unknown in humans), except for telbivudine
(LdT) and tenofovir disoproxil fumarate (TDF), which
are category B drugs (no risk in animal studies, but
unknown in humans) [21]. In our study, we chose LdT
as our treatment agent.

The purposes of this study were to investigate
the efficacy of LdT therapy, when to stop the drug,
and the safety of drug discontinuation.

Materials and methods

Patients selected

This was a prospective, open-label, multicenter
study. Patients were from Shengjing Hospital of
China Medical University and the Sixth People’s
Hospital of Shenyang and were enrolled between Jan
2013 and Dec 2015. The trial was approved by the
ethics committee of Shengjing Hospital. All patients
signed informed consent forms before screening. The
inclusion criteria were as follows: 1. Women between
20 to 40 years of age, confirmed pregnancy, HBsAg
positive, alanine aminotransferase (ALT) below the
upper limit of normal (ULN) (40 IU/mL). 2. HBV
DNA>5 logio IU/mL between 24 and 32 weeks of
pregnancy. The exclusion criteria included: 1.
Evidence of cirrhosis or hepatic cellular carcinoma
(HCC), co-infection with hepatitis A, C, D or E or
human immunodeficiency virus (HIV). 2. Use of
antiviral therapy before or during pregnancy. 3.
Combination use of other immune modulators,
steroids and cytotoxic drugs. 4. Evidence of

miscarriage or fetal deformity. Patients fulfilling the
inclusion and exclusion criteria were enrolled in our
study.

Treatment regime

Baseline serum HBV DNA levels were measured
between 24 and 32 weeks of pregnancy. Antiviral
therapy was initiated when the serum HBV DNA
levels exceeded 5 logioIU/mL. Based on the patients’
choice, they were divided into treatment or
observation groups. Patients in the treatment group
were given oral LdT 600 mg daily. If HBV DNA levels
declined less than 2 logio IU/mL at 4 weeks after
initiation of therapy (compared to baseline), LdT was
changed to TDF. If hepatitis flare occurred during
pregnancy, antiviral therapy was continued after
delivery. If there was a hepatitis flare after delivery,
patients were treated like other chronic hepatitis B
(CHB) patients without pregnancy. At the time of the
predelivery visit, if serum HBV DNA was detectable,
the agent was immediately discontinued after
delivery. Otherwise, the patients continued to take the
agent after delivery until reaching the drug
withdrawal criteria for CHB. Patients in the
observation group received no antiviral therapy.

All infants received HBIG 100 IU and
recombinant HBV vaccine 10 ug within 12 hours of
birth. The second and third does of recombinant HBV
vaccine were administered at 1 and 6 months of age,
respectively. Women could breastfeed their babies
after 1 week of agent cessation. Otherwise,
breastfeeding was forbidden with agent.

Detection indexes

ALT, aspartate aminotransferase (AST), total
bilirubin (TBIL), HBV DNA, HBV serologic status,
and creatine kinase (CK) levels were measured at
baseline for the patients in both groups, and at 4
weeks after therapy, before delivery, 4 weeks after
delivery and 12 weeks after delivery for women in the
treatment group. Infant HBV serologic status and
HBV DNA levels were measured at 7 months of age (1
month after final vaccine). We calculated the MTCT
rate between the two groups and analyzed the
efficacy and safety of the antiviral agent.

Biochemical and virologic assessments

HBV serologic markers, including HBsAg,
anti-HBs antibody, hepatitis B e antigen (HBeAg),
anti-HBe and anti-HBc antibodies titers were assayed
with a chemi-luminescent microparticle immuno-
assay using an automated Abbott AXSYM analyzer
(Abbott, USA). HBV DNA levels were measured by
real-time polymerase chain reaction (PCR) assay
using a COBAS AmpliPrep/COBAS TaqMan 48
analyzer (Roche Diagnostics, Switzerland).
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Definitions

MTCT was defined as detectable levels of HBV
DNA or HBsAg in peripheral serum samples of
infants at 7 months age. Hepatitis flare was defined as
ALT 2 2xULN during or after treatment.

Statistical analysis

Baseline characteristics and laboratory results
were summarized by means of descriptive statistics,
including percentage, and means =+ standard
deviation (SD). The t test was used for group
comparisons of quantitative variables. The chi-square
test was used to compare group differences of
categorical variables. Significance levels were set at
p<0.05. All data were analyzed by SPSS 16.0.

Results

General characteristics

During the three years of study, 127 chronic
hepatitis B infected pregnant women with normal
ALT levels were referred to the infectious disease
clinic. One-hundred and sixteen (116/127, 91.3%)
patients had high viral loads (>5 logioIU/mL). Three
patients failed to attend the hepatology/infectious
disease clinic for treatment before 32 weeks of
pregnancy, and one patient underwent an abortion
for worrying about fetus safety. In total, 112 patients
were enrolled in this study; all had positive HBeAg
levels. Ninety-one (91/112, 80.5%) patients (treatment
group) accepted antiviral therapy. The remaining 21
patients were enrolled in the observation group. In
the treatment group, 2 (2/91, 2.2%) patients switched
to TDF due to HBV DNA levels decline of less than 2
logio IU/mL after 4 weeks of therapy compared to
baseline. Four (4/91, 4.4%) patients continued to take
the antiviral agent after delivery. Of these four
patients, two had undetectable serum HBV DNA
levels before delivery, and the other two experienced
hepatitis flare during the pregnancy. Three patients
discontinued the agent at the time of delivery but
were retreated after delivery due to hepatitis flare.

Baseline characteristics

In the treatment group, the median age was 27
(range, 21-40) years, the baseline HBV DNA load was
8.15+0.82 logio IU/mL (range, 5.54-9.53), the average
ALT level was 26.53+8.32 U/L (range, 6-40), and the
HBsAg and HBeAg levels were 4.34+0.33 logioIU/mL
(range, 3.22-5.05) and 1179.14£371.09 s/co (range,
5.3-1842.5), respectively. The mean duration of
therapy was 13.62+2.12 weeks (range, 8-16). In the
observation group, the median age was 26 (range,
20-34) years, the baseline HBV DNA load was
8.09£1.04 logio IU/mL (range, 5.38-9.72), the average

ALT was 23.62+6.51 U/L (range, 10-36), and the
HBsAg and HBeAg level was 4.22+0.30 logio IU/mL
(range, 3.50-4.59) and 1294.94+329.29 s/co (range,
736.25-1867.35), respectively. There were no
differences of baseline values between the treatment
and observation groups (Table 1).

Table 1. Maternal baseline values of the two study groups

Parameter Treatment group  Observation group P value

(n=91) (n=21)
Age (years) 27.8+4.17 26.8+3.66 0.442
ALT (U/L) 26.53+8.32 23.6246.51 0.934
HBV DNA (logioIU/ mL)  8.15£0.82 8.09+1.04 0.410
HBsAg (logio IU/mL) 4.34+0.33 4.2240.30 0.690
HBeAg (s/co) 1179.144371.09  1294.94+329.29 0.448

ALT, alanine aminotransferase; HBV, hepatitis B virus; HBsAg, hepatitis B surface
antigen; HBeAg, hepatitis B e antigen.

MTCT rate

Ninety-two babies were born to the 91 women in
the treatment group. All of them were inoculated with
HBIG and HBV vaccine within 12 hours of birth, and
then completed the HBV vaccine series at 1 and 6
months. However, 13 infants were lost to follow up at
7 months of age. None of the other 79 infants (0/79,
0%) were HBsAg positive or had detectable serum
HBV DNA levels at 7 months of age. The MTCT rate
was 0 in our treatment group.

In contrast, in the observation group, there were
21 infants born to 21 women; they were followed up at
7 months. Even with standard immune prophylaxis,
two infants (2/21, 9.52%) were HBV infected. The
difference between the two study groups was
significant (p=0.042). One infant was born via vaginal
delivery, while the other was born by cesarean
section. Both infants infected with HBV were
breastfed.

Efficacy analysis

In the treatment group, the average HBV DNA
level at 4 weeks after therapy was 5.02+0.74 logio
IU/mL (range, 3.42-6.85); it declined by 3.13 logio
IU/mL compared to that of baseline (p<0.001). Before
delivery, the average HBV DNA level was 3.95+0.94
logio IU/mL (range, 0-5.34), declining by 1.07 logio
IU/mL compared to that of 1-month therapy
(p<0.001); it declined by 4.20 logio IU/mL compared
to that of baseline (P<0.001). At the 1 month visit after
delivery, the serum HBV DNA levels rebounded to
7.75%1.68 log10IU/mL (range, 0-8.95) (Fig. 1)

There was no significant change in HBsAg and
HBeAg levels. Two patients who had low levels of
HBsAg and HBeAg at baseline had undetectable
serum HBV DNA levels before delivery (Fig. 2 and
Fig. 3)
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Figure 1. HBV DNA loads at baseline, 1 month after therapy, before delivery
and 1 month after delivery for women undergoing antiviral therapy (n=91).

60000 -

o] | T 7 L

20000 -

HBsAg (IU/ml)

Figure 2. HBsAg levels at baseline, | month after therapy, before delivery and
1 month after delivery for women undergoing antiviral therapy (n=91).
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Figure 3. HBeAg levels at baseline, 1 month after therapy, before delivery and
I month after delivery for women undergoing antiviral therapy (n=91).

Safety analysis

In the treatment group, only 2 (2/91, 2.2%)
patients had abnormal ALT levels during the therapy
before delivery. One patient’s ALT level increased to
3xULN, and the other one increased to 2xULN. They
continued to take LdT after delivery, and the ALT
returned to normal at 1 month after delivery. Both
patients had normal TBIL, albumin and

prothrombin time (PT), without other evidence of
decompensate liver function. Three patients
experienced hepatitis flare. The ALT levels of two
patients rise to 4xULN and 6xULN at one month after
delivery separately. For the third patient, ALT went
up to 16XxULN at 3 months after delivery. All three
patients showed no evidence of decompensate liver
function; they accepted retreatment with antiviral
therapy and had normal ALT levels at the next visit.
The other 86 patients maintained normal ALT levels
not only during the therapy but also after stopping
the agent.

Among the treatment group, all but one patient
had normal CK values during the LdT therapy (1/91,
1.1%). This patient had mild CK elevation (1.45xULN)
without any symptoms, levels which returned to
normal by the time of the next visit. One (1/91, 1.1%)
patient developed a rash during LdT therapy but
remitted after several days without agent
interruption. The two patients who switched from
LdT to TDF did not show renal impairment during
the therapy.

In the treatment group, 56 (56/91, 61.5%) women
chose cesarean section; in the observation group, 12
(12/21, 57.1%) women chose cesarean section. There
was no obvious difference between the two groups
(p=0.71). Among the 87 patients in the treatment
group who discontinued drug treatment at the time of
delivery, 30 (30/87, 34.4%) breastfed their infants. No
congenital malformations were identified. All
neonates had normal Apgar scores at birth and
developed normally.

Discussion

Antiviral therapy is recommended to avoid
MTCT, as described in the guidelines of the European
Association for the Study of the Liver (EASL)[22], the
American Association for the Study of Liver Diseases
(AASLD)[23] and the Asian Pacific Association for the
Study of the Liver (APASL)[24]. Based on these
guidelines, antiviral therapy is recommended for
pregnant women with high viremia during the third
trimester. These recommendations are based on the
findings that high maternal HBV DNA levels and
high HBsAg titers are closely correlated to MTCT [9,
10, 25, 26], especially the former. We previously (2012)
investigated HBV-infected pregnant women. In those
earlier studies, there were 249 cases enrolled, and 167
(167/249, 67.07%) were HBeAg positive. We
measured their serum HBV DNA levels, and found
that 37 (37/167, 22.2%) in HBeAg positive cases had
high viral loads, greater than 7 logio IU/mL. This
cohort has a high risk of immune prophylaxis failure
[19]. Furthermore, we still see MTCT occur in infants
born to women with lower HBV DNA levels between
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5-7 logio IU/mL [11-13, 27-29]. The first trimester of
pregnancy is the most critical stage for organogenesis,
and long exposure to NAs in the HBV-immune
tolerant phase can easily cause HBV mutations.
Therefore, in our study, we set HBV DNA levels
greater than 5 logio IU/mL as the threshold for
antiviral therapy, and we started antiviral treatment
between 24 and 32 weeks of pregnancy; the mean
duration of treatment was 13.6£2.1 weeks (range,
8-16). Before delivery, the average HBV DNA levels
declined to 3.95+0.94 log10IU/mL. None of the infants
born to these women were infected with HBV. We
conclude that if maternal HBV DNA levels are less
than 4 logio IU/mL and the course of treatment is
suitable, nearly 100% infants will not be infected with
HBV.

EASL 2017 guidelines recommended that all
pregnant women with high HBV DNA levels should
start antiviral prophylaxis with TDF at week 24-28 of
pregnancy [22]. AASLD 2016 guidelines suggested
LdT and TDF be used for prevention [23]. APASL
2016 guidelines recommended using either TDF or
LdT for those women with HBV DNA levels above
6-7 logioIU/ml [24]. In China, LdT was approved by
Chinese FDA in 2007, and was included in the health
care list in 2009. TDF was approved by Chinese FDA
much later and was not included in the health care
list. Moreover, there was a study reported that
whole-body bone mineral content of TDF-exposed
infants born to HIV-infected women was lower than
for unexposed infants [30]. There are much more data
about the safety of LdT than for TDF in China [14, 31].
There are concerns about the primary resistance to
LdT. Studies from Zhuang H, et al. [32] found that
younger women with a high HBV DNA levels harbor
fewer NA mutations and that this population may
respond more readily to NA treatment for the
prevention of MTCT. We chose LdT as the antiviral
agent in our initial therapy. Only 2 patients
transferred from LdT to TDF due to HBV DNA
decline to less than 2 logip IU/mL compared to
baseline at 4 weeks after therapy. After drug switch,
they both had HBV DNA levels less than 5 logio
IU/mL before delivery, and with no evidence of
MTCT. We conclude that LdT is effective for pregnant
women with high viremia and that LdT may be used
for HBV MTCT prophylaxis. In the rare cases where
LdT therapy efficacy is insufficient, we can switch the
therapy to TDF [33, 34].

Safety of antiviral therapy with LdT during the
third trimester of pregnancy has been reported [14, 31,
35]. For women, mild adverse events (AEs) could be
seen, such as headache, diarrhea, nausea, arthralgia,
dizziness, dyspepsia, abdominal pain, insomnia, and
ALT elevation. Asymptomatic mild CK elevation

(<2-3xULN) was reported in 1.5% (4/263) of cases,
but without abnormal electrocardiography (EKG).
Levels were all normal after drug cessation [14]. In
our study, asymptomatic mild CK elevation
(1.45xULN) was observed only in one woman, and all
women tolerated the agent well and rarely felt
uncomfortable. Infants were all with normal Apgar
scores and without congenital malformations.
However, more safety data about the infants” growth
and development in future are needed.

The timing for therapy discontinuation is still
controversial. EASL 2017 guidelines suggest drug
withdrawal at 12 weeks after delivery [22]. Antiviral
therapy be discontinued at birth to 3 months
postpartum according to AASLD 2016 guidelines [23].
APASL 2016 guidelines recommend that NAs be
stopped at birth [24]. Early withdrawal of the antiviral
therapy at birth may shorten the use of NA, which
avoids resistance and allows earlier breastfeeding, in
accordance with the recommendations by WHO.
However, avoiding hepatitis flare is the main reason
for clinicians to stop NA at a later time. In our study,
we wanted patients to discontinue the antiviral drug
immediately at birth if the HBV DNA levels were
detectable before delivery. Otherwise, patients should
continue taking the agent after delivery until reaching
the CHB drug withdrawal criteria. The reasons are the
following. Patients who have a good response to NA
therapy with a rapid decline in HBV DNA levels
usually have active CHB, and are not carriers.
Therefore, if the patients have undetectable serum
HBV DNA levels after such a short duration, we do
not allow them to stop the agent. If not, the patient
may have a high possibility for hepatitis flare when
the drug is withdrawn. In our study, there were two
patients in the treatment group with undetectable
HBV DNA levels before delivery. We asked them to
continue taking LdT after delivery without
breastfeeding. Furthermore, there were only three
patients (3/87, 3.5%) in our study who had
off-treatment hepatitis flare, a much lower rate than in
other studies [14, 15, 36]. In Zhang's study [14], 303
patients in the treatment group stopped antiviral
therapy at postpartum week 4. Among them, 5.3% (16
of 303) had off-treatment ALT elevations (range,
1.38-2.57xULN) at postpartum week 8. Pan et al. [15]
observed the safety and efficacy of TDF in highly
viremic pregnant women. All the patients in the TDF
group received treatment from 30-32 weeks of
pregnancy until postpartum week 4. They found 45%
(44/97) had higher serum ALT elevations after the
TDF discontinuation (p=0.03). Therefore, our drug
discontinuation criteria seem much safer.

There are some limitations to this current study.
First, we discontinued NA drugs early after delivery,
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with generally positive results; however, we still need
more data to clarify the safety of early discontinuation
of NA. Second, HBV DNA levels of two patients in the
treatment group failed to decrease more than 2 logio
IU/mL. We regrettably did not sequence the HBV
DNA to identify possible mutations. Detection of the
sequence and any mutations of HBV DNA may
identify the mechanisms of ineffective treatments and
help to better prevent MTCT.

In conclusion, for women having HBV DNA
levels greater than 5 logioIU/mL, LdT therapy from
24 weeks of pregnancy may effectively and safely
reduce HBV MTCT. If there are detectable serum HBV
DNA levels at delivery, patients may safely stop the
drug. Such discontinuation infrequently results in
off-treatment hepatitis flare.
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