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. This study was a meta-analysis of the literature on the efficacy and safety of tenofovir disoproxil

. fumarate (TDF) in preventing vertical transmission of hepatitis B in pregnancies with high viral load.

° Four observational studies and one randomized controlled trial involving 585 pregnant women and

. 595 newborns were included in the meta-analysis. TDF was more effective than the placebo in reducing

. vertical transmission in HBeAg-positive chronic hepatitis B (CHB) pregnancies with high serum HBV-

. DNA levels (OR =0.21, 95% Cl = 0.07-0.61) at 4-12 months, infant HBV DNA seropositivity at delivery
(OR=0.16, 95% Cl=0.07-0.37), and a severe flair in maternal alanine aminotransferase (ALT) levels
(OR=0.43, 95% Cl=0.19-0.95) during pregnancy. In addition, TDF showed more improvement in

: HBV DNA suppression at delivery (OR =254.46, 95% Cl =28.39-2280.79). No significant differences

. were found in HBeAg seroconversion or ALT normalization; or in rates of cesarean section, emergent

© cesarean section, postpartum hemorrhage, prematurity, congenital malformations, or infant death.
However, TDF induced more drug-related adverse events (OR=2.33, 95% Cl =1.39-3.89) and elevated

* creatine kinase (CK) (OR=9.56, 95% Cl=1.17-78.09) than in controls. The available evidence suggests

. that TDF is effective and safe in preventing vertical transmission of hepatitis B in pregnancies exhibiting
a high viral load.

Infection with chronic hepatitis B (CHB) virus remains a major challenge to global health, with approximately
240 million carriers and an estimated > 600,000 deaths annually due to CHB-related disease'. Vertical trans-
* mission of HBV from hepatitis B surface antigen (HBsAg)-positive and hepatitis B e antigen (HBeAg)-positive
. pregnancies to infants remains the predominant mode of CHB infection, with up to 90% of infants from these
: pregnant women becoming chronically infected with HBV without immunoprophylaxis'~, which may be par-
tially due to the active replication and HBeAg positivity of women during their reproductive years® ®. Programs
: combining postnatal active and passive immunoprophylaxis and universal vaccination have successfully reduced
. the transmission rates of HBV from > 90% to about 10%> 7 8; however, there are still about 8%-30% of new-
: borns that fail active HBV immunoprophylaxis (particularly those born to pregnant women with high serum
HBV-DNA levels of > 2 x 10°-107 IU/mL%"), mainly due to a further increase in the global prevalence of CHB.
Thus, preventing vertical transmission of HBV is an effective way to reduce the global burden of CHB.
An increasing number of studies have suggested that antiviral therapies for CHB with perinatal oral nucleotide
analogues (NAs) significantly reduce the risk of vertical transmission of HBV in pregnancies with high serum
© HBV-DNA levels; however, these studies have also shown some conflicting results>*# 10121415 Tn contrast to
. lamivudine (LAM), telbivudine (LdT) and adefovir (ADV) manifest potency limitations and low threshold to
. resistance, and TDF is the only approved NA showing greatest potency but without any associated clinical resist-
ance!® !, The favorable efficacy and safety profile of TDF have been well demonstrated for the treatment of HIV
© mono-infected and HIV/HBV co-infected mothers'® #-2, but the data on the use of TDF in HBV mono-infected
. pregnancy are limited. Since Pan ef al. published their first case series in 2012'° where they evaluated the effi-
. cacy and safety profile of TDF in HBV mono-infected pregnancy, there have been several observational studies
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Figure 1. Flowchart of study selection®.

published in this area® 1% 11-21-2% Recently, an excellent systematic review involving 26 studies was conducted
by Brown et al.?®, in which these authors comprehensively evaluated the efficacy and safety of LAM, LdT and
TDF used in pregnancy; but only 3 observational studies on TDF (all with small sample sizes) were included
in the study, and the results were limited>>**. Since then, a multi-center, randomized controlled trial was pub-
lished to powerfully demonstrate the efficacy and safety profile of TDF in highly viremic CHB mothers®; however,
according to the FDA drug category for pregnancy, TDF is still classified as category B for use in pregnancy, and
therefore, guidelines form the WHO', AASLD'” and APASL (2015 update)'® made this issue a priority for the
development of clinical practice guidelines and the synthesis of evidence. To maximize sample size and add the
latest evidence, we performed a systematic review and meta-analysis to comprehensively evaluate the efficacy
of oral TDF therapy in preventing vertical transmission of hepatitis B in pregnancies carrying a high viral load.

Results

A flow diagram summarizing the process of study selection is illustrated in Fig. 1. A total of 345 potential studies
published through July 31, 2016 were identified in a preliminary search of literature databases. After removing
duplicates and initially screening publications by browsing their titles and abstracts, 16 publications (including 4
systemic reviews) regarding the efficacy and safety of TDF used in CHB mono-infected patients were identified;
then we conducted further screening by browsing the full texts of the remaining publications, and reference lists
to these articles were also manually searched, such that there were no studies conducted on the same populations.
Finally, 5 studies were included according to our inclusion criteria, and the excluded articles and reasons for
exclusion of each article are shown in Supplementary Table S1.

Characteristics of included studies.  Five studies, including 4 observational studies®>?>23 and 1 RCT?,
involving 585 pregnant women and 595 newborns, were included in the present meta-analysis. These very recent
studies were published from 2013 to 2016; 2 studies were conducted in China®?, and another 3 studies were
conducted in North American®?, Australia? and Turkey?, respectively. The participants in all studies in the TDF
group received 300 mg of TDF once daily, with a baseline HBV DNA level of > 7.7 (range, 7.7-8.28) log10 IU/mL,
and an average baseline ALT level of 30.5 U/L. In 4 studies TDF treatment was initiated from gestational weeks
30-32 until 4-12 weeks following delivery> %2> 23, while in the remaining studies TDF treatment was initiated
from gestational weeks 18-27 until 4 weeks following delivery®. The pregnant women in the control group in all
studies did not receive antiviral therapy. In 4 studies the investigators compared TDF versus control®®2>23, while
in 1 study researchers compared TDF versus LAM or control®. All infants in the included studies received a 3-dose
HBYV vaccination and hepatitis B immune globulin (HBIG) administration after delivery, and all mothers in
these studies were instructed not to breast-feed their infants during the period in which they were receiving TDF
treatment. More characteristics of the studies and baseline information on HBIG 4 HBV vaccine administered to
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300mg

TDF vs 23 24 30 (28-34) . 01.2011to | 28-32 3 months 3 months 7-9 months | 30.0 (18-50) 7.7 (3.2-8.1) prospective
Samadi et Canada daily
o 2016) control | 138 146 32(29-36) 122014 17.0 (12-24) | 23(1.6-3.1) single-center
) . R non-RCT
300mg 15.0 )
TDF vs 95 92 274+3.0 dail 03.2012to | 30-32 4 weeks 28 weeks 28 weeks 8.19(7.96-8.47) | prospective
Pan et al. China aily (12.0-21.0)
(2016) control | 88 88 26.843.0 6.2013 17.0 8.18 (7.72-8.51) | multi-center
. : : (11.0-22.2) . : ) RCT
b TDEF vs 62 66 32.41+3.12 32?1;,ng 2011-2013 | 30-32 1 month 6 months 12 months | 23.27+£36.2 8.25+0.45 prospective
”CZ' (e;oel;) China multi-center
control 56 57 32.454+3.20 16.59+14.43 | 8.24+0.35
non-RCT
TDF vs 58 58 30+85 (3100 M | 2007-2010 | 32 12 weeks 48 weeks 9 months 28 (22-36) 7.944+0.78 prospective
aily
Greenup
etal. Australia multi-center
(2014) LAMor |52 53 28+53 32 12 weeks 48 weeks 25(17-31) 7.72£0.61 non-RCT
control 20 20 28+5 8+0.04
300 my Retrospective
Celen et TDF vs 21 21 28.2+4.1 daily 8 | 02.2010t0 | 18-27 4 weeks 28 weeks 28 weeks 56 (22-71) 8.28 multi-center
al. (2013) Turkey non-RCT
control 24 23 269+29 1.2012 52 (19-77) 8.31

Table 1. Characteristics of the 5 included studies. Abbreviations: TDF, tenofovir disoproxil fumarate; LAM,
lamivudine; ALT, alanine aminotransferase; HBIG, hepatitis Bimmune globulin; NA, not available.

Samadi et al. .

(2016) All infants NA NA 0 0,2,6 NA NA

Pan et al. (2016) | All infants 200 IU 10pg 0 0,1.6 GlaxoSmithKline GlaxoSmithKline
(Czl(‘)elr;)et al Allinfants | 100IU | 20pg 0 0,1,6 GlaxoSmithKline GlaxoSmithKline
(C;Belef)up etal. All infants 100IU | 10pg 0 0,2,4,6 CSL Bioplasma GlaxoSmithKline
8601?31)8t al. All infants 200IU | 20pg 0 1,2,6 Talecris Biotherapeutic g:;cmkfharp and

Table 2. Baseline information for HBIG + HBV vaccine given to infants in the 5 included studies.
Abbreviations: HBIG, hepatitis Bimmune globulin; NA, not available.

infants are summarized in Tables 1 and 2, respectively. The overall quality of the included studies was adequate,
and the bias risk for the included RCT study was low; while the mean score for 4 included observational studies
was 8 (Table 3).

Maternal outcomes. Compared to controls, TDF treatment significantly improved HBV DNA suppres-
sion at delivery (3 studies, OR = 254.46, 95% CI =28.39-2280.79; P =0.000) (Fig. 2). Two studies depicted the
efficacy of TDF on maternal HBeAg seroconversion; however, no significant difference was found between the
2 groups in this index (OR=1.05, 95% CI=0.04-29.51; P =0.979) (Fig. 2), and the HBV DNA levels in the
treatment group gradually increased and became comparable to those of the control group at 1 to 6 months after
the discontinuation of TDF® 23, However, in the study conducted by Celen et al.%, 61.9% (13/21) of mothers still
showed HBV DNA < 50 IU/mL at 28 weeks postpartum. Regarding the influence of maternal serum ALT levels,
synthesis results from 3 studies suggested that TDF generated a less-severe flare in ALT levels (OR =0.43, 95%
CI=0.19-0.95; P=0.038) during pregnancy (Fig. 3). However, no significant difference was found in maternal
ALT normalization at delivery (1 cohort, OR=2.55, 95% CI=0.65-10.01; P =0.180) (Fig. 3).

When comparing TDF therapy with respect to controlling for maternal harm, there were no statistical dif-
ferences found in the rates of cesarean section (4 studies, OR =0.80, 95% CI=0.41-1.56; P =0.521) (Fig. 2),
emergent cesarean section (3 studies, OR=1.57, 95% CI=0.68-3.66; P=0.291) (Fig. 3), or postpartum hemor-
rhage (2 studies, OR=0.73, 95% CI=0.26-2.07; P =0.549) (Fig. 3). Although TDF induced more drug-related
adverse events (4 studies, OR =2.33, 95% CI=1.39-3.89; P=0.001) and elevated CK (2 studies, OR =9.56, 95%
CI=1.17-78.09; P =0.035) compared with controls (Fig. 3), almost all of the TDF-related adverse events and
elevations in CK levels were grades 1 or 2, including fatigue, headache, cough, diarrhea, fever, nausea, pruri-
tus, palpitation, dyspepsia, rash, insomnia, dizziness, abdominal pain, jaundice, and upper respiratory infection;
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Table 3. Risk of bias assessment for the included studies. *For RCTs, risk of bias was assessed with Cochrane
Risk of Bias assessment tool. For observational studies, risk of bias was assessed with the Newcastle-Ottawa
Scale. “Calculated by adding the points awarded for each item.

Study Events, Events, %
D OR (95% CI) TDF  Control Weight
HBV DNA suppression

Pan (2016) — 97.86 (22.54, 424.93) 66/95  2/88 4361
Chen (2015) ———————— 3355.00(204.90,54933.08) 61/62  1/56  28.82
Celen (2013) _— 77.82 (4.16, 1455.29) 1321 024 2757
Subtotal (I-squared = 61.6%, p = 0.074) <> 254.46 (28.39, 2280.79) 140178 3/168  100.00

HBeAg seroconversion
Pan (2016) —_— 022 (0.02, 2.04) 195 488 5448
Chen (2015) —_— 665 (0.34, 131.58) 362 056 4552

Subtotal (I-squared = 69.3%, p = 0.071) <> 105 (0.04,29.51) 4157 4144 100.00

Cesarean section

Samadi (2016) I— 1.51(0.59, 3.86) 823 36/138  24.13

Pan (2016) 0.74 (0.42, 1.33) 4795 50/88  34.30

Chen (2015) - 037(0.17,0.78) 27062 38/56  29.15

Greenup (2014) —— 1.8 (0.37,9.40) 1058 220 1243

Subtotal (I-squared = 56.4%, p = 0.076) <> 0.80 (0.41, 1.56) 92/238  126/302  100.00
NOTE: Weights are from random effects analysis

T T T T
0.01 0.1 1 10 100

Figure 2. Forest plot showing meta-analysis of maternal outcomes for studies comparing TDF versus controls
at delivery, based upon random-effects model.

SCIENTIFICREPORTS |7:4132 | DOI:10.1038/s41598-017-04479-x 4



www.nature.com/scientificreports/

Study Events, Events, %

ID OR (95% CI) TDF Control ~ Weight
Emergent cesarean section

Samadi (2016) 1.86 (0.66, 5.25) 6/23 22/138 5571
Chen (2015) ———— 0.90 (0.17, 4.64) 3/62 3/56 3597
Greenup (2014) + 2.59(0.13, 52.25) 3/58 020 8.32
Subtotal (I-squared = 0.0%, p = 0.722) % 1.57(0.68, 3.66) 12/143  25/214  100.00
Postpartum hemorrhage

Pan (2016) —— 0.92(0.22, 3.81) 4/95 4/88 49.39
Greenup (2014) 0.53(0.12,2.47) 5/58 320 50.61
Subtotal (I-squared = 0.0%, p = 0.608) ? 0.73 (0.26, 2.07) 9/153  7/108 100.00
Adverse events

Pan (2016) —— 1.57(0.87, 2.83) 61/95  47/88  87.72
Chen (2015) e 25.23(1.45,439.06) 11/62 0/56 2.16
Greenup (2014) 3.39(0.17, 65.69) 4/58 020 3.42
Celen (2013) - 4.40 (078, 24.81) 6/21 224 6.70
Subtotal (I-squared = 39.7%, p=0.173) o 2.33(1.39,3.89) 82/236  49/188  100.00

Severe ALT level flare

Pan (2016) —_— 0.59 (0.20, 1.74) 6/95  9/88 4522
Chen (2015) —_— 0.15 (0.03,0.73) 262 10/56 5253
Celen (2013) -+ 3.59(0.14,92.83) 1721 024 225
Subtotal (I-squared = 45.0%, p = 0.162) < 043 (0.19, 0.95) 9178 19/168  100.00

ALT normalization

Celen (2013) —_—— 2.55(0.65, 10.01) 17/21 1524 100.00
Subtotal (I-squared = .%, p=") L e 2.55(0.65,10.01)  17/21 1524  100.00
Elevated creatine kinase(CK)
Pan (2016) — 15.00 (0.84,266.64)  7/95 0/88 5231
Celen (2013) —— 3.59(0.14,92.83) 121 0/24 47.69
Subtotal (I-squared = 0.0%, p = 0.506) -o— 9.56 (1.17, 78.09) 8/116  0/112 100.00
NOTE: Weights are from fixed effects analysis
T T T T
0.01 0.1 1 10 100

Figure 3. Forest plot showing meta-analysis of maternal outcomes for studies comparing TDF versus control at
delivery, based upon fixed-effects model.

however, all of these adverse events were mild or moderate, and symptomatic therapy or a temporary withdrawal
of TDF alleviated adverse events and/or the patients could return to normal activities.

In the study comparing TDF to LAM?, there was no difference found in any of several maternal outcomes
(Fig. 4); however, the data here were limited.

The quality of the evidence regarding maternal outcomes was low to very low due to the observational nature
of the studies, imprecision, and indirectness; and moderate for adverse events due to imprecision. The online
Supplementary Table S3 summarizes the quality of evidence (GRADE) for infant and maternal outcomes.

Infant outcomes. As shown in Fig. 5, our analysis showed that infants born from pregnant women treated
with TDF had a significantly lower vertical transmission rate compared to those born from the control group, as
defined by infant HBsAg seropositivity at 4-12 months (5 studies, OR=0.21, 95% CI=0.07-0.61; P=0.004), and
TDF showed better improvement in reducing infant HBV DNA seropositivity at delivery (2 studies, OR=0.16,
95% CI=0.07-0.37; P=0.000). TDF also significantly reduced the risk of infant HBV DNA seropositivity at
delivery by 17.6%, and 1.36%-18% of newborns failed HBV immunoprophylaxis®*%2%2 in the control group.

Compared to controls, TDF therapy did not show any statistically significant differences in rates of prematurity
(4 cohorts, OR=2.35,95% CI=0.80-6.94; P=0.121), infant death (5 cohorts, OR =1.54, 95% CI = 0.25-9.56;
P =0.644), or congenital malformations (5 cohorts, OR =1.85, 95% CI=0.42-8.18; P = 0.420). The congenital
malformations observed in these studies were congenital chromosomal disorder syndrome??, polydactyly >3,
unilateral deafness and absent ear?, torticollis, umbilical hernia and hypospadias®. In the study comparing TDF
and LAM?, the authors observed no differences in any of several infant outcomes (Fig. 6); however, these data
were again limited.

The quality of the evidence regarding infant outcomes was low to very low due to the observational nature of
the studies, imprecision, and indirectness (see Supplementary Table S2 online).

Publication bias. We were unable to evaluate publication bias due to the small number of studies available
for each outcome.

Discussion

CHB infection remains a major challenge to global health, and by blocking the routes of HBV transmission,
global health rates should improve. Vertical transmission is currently the predominant mode of CHB infection,
and a linear association between vertical transmission and maternal viral load levels has been demonstrated in
several studies®'>17. Additionally, 8%-30% of newborns who were born to pregnant women with a high serum
HBV-DNA level of >2 x 10°-107 IU/mL8"* showed failed immunoprophylaxis. However, vertical transmission
also did not occur in pregnant women with HBV-DNA levels < 2 x 10° IU/mL, as reported in a few studies'> .
Thus, AASLD guidelines now recommend an HBV DNA level of > 2 x 10° IU/mL, but not <2 x 10° [U/mL, as
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Study Events, Events, %

1D OR (95% CI) TDF Control Weight
Cesarean section
Greenup (2014) —_— 0.69 (0.27, 1.77) 10/58 12/52 100.00

Subtotal (I-squared = %, p =) <:> 0.69 (027, 1.77) 058 12/52 100.00

Emergent cesarean section

Greenup (2014) _— 0.65 (0.14,3.07) 3/58 452 100.00
Subtotal (I-squared = %, p =) <:> 0.65 (0.14,3.07) 3/58 4/52 100.00
Postpartum hemorrhage

Greenup (2014) —_———— 0.89(0.24,3.25) 5/58 5/52 100.00
Subtotal (I-squared = %, p =) <> 0.89(0.24,3.25) 5/58 5/52 100.00
Adverse events

Greenup (2014) - 8.67(046,165.02)  4/58 0/52 100.00

Subtotal (I-squared = %, p =) <© 8.67(046,165.02)  4/58 0/52 100.00

NOTE: Weights arc from random effects analysis

T T T T
0.01 0.1 1 10 100

Figure 4. Forest plot showing meta-analysis of maternal outcomes for studies comparing TDF versus LAM at
delivery, based upon random-effects model.

Study Events, Events, %
D OR (95% CI) TDF Control ~ Weight
Vertical transmission
Samadi (2016) -+ 1.98 (0.08,50.00)  0/24 17146 231
Pan (2016) [ 0.07(0.00,1.24)  0/92 6/38 35.64
Chen (2015) — 027(0.05,1.37)  2/66 657  33.68
Greenup (2014) +— 0.16 (0.01,1.84)  1/58  2/20 15.77
Celen (2013) —— 0.20 (0.01, 4.42) 0/21 2/23 12.61
Subtotal (I-squared = 0.0%, p = 0.634) _ 021(0.07,0.61) 3261  17/334  100.00
HBV DNA positivity B
Pan (2016) —+‘— 0.16 (0.05,0.59)  3/92 15/88  46.40
Chen (2015) —*—ﬁ— 0.15(0.05,0.48)  4/66 17/57  53.60
Subtotal (I-squared = 0.0%, p = 0.930) L 0.16(0.07,037)  7/158  32/145  100.00
Prematurity
Samadi (2016) —ﬁ’7_ 4.33(0.69,27.41) 2/24 3/146 17.34
Pan (2016) _—‘0‘_ 1.93(0.17,21.71)  2/92 1/88 2233
Chen (2015) —‘—0‘_ 2.25(0.42,12.09) 5/66 2/57 44.29
Greenup (2014) - 1.07(0.04,27.31)  1/58 0/20 16.05
Subtotal (I-squared = 0.0%, p = 0.879) — 235(0.80,6.94)  10/240  6/311 100.00
Infant death
Pan (2016) E 4.89(0.23,103.29) 2/92 0/88 26.18
Celen (2013) 0.35(0.01,9.04) 021 1123 73.82
Samadi (2016) ‘ (Excluded) 024 0/146  0.00
Chen (2015) (Excluded) 066 0/57 0.0
Greenup (2014) (Excluded) 0/58 0/20 0.00
Subtotal (I-squared =25.9%, p = 0.245) —_ 1.54(0.25,9.56)  2/261  1/334  100.00
Congenital malformation
Samadi (2016) % 1.98 (0.08,50.00)  0/24 17146 16.00
Pan (2016) _‘—h_ 1.93(0.17,21.71)  2/92 1/88 37.45
Chen (2015) ] i—‘ 2.63(0.11,65.92)  1/66 0/57 19.62
Greenup (2014) ] 1.07 (0.04,27.31)  1/58 0/20 26.92
Celen (2013) (Excluded) 021 0/23 0.00
Subtotal (I-squared = 0.0%, p = 0.984) _ 1.85(0.42,8.18) 4261 2/334  100.00
‘NOTE: Weights are from fixed effects analysis

T T

T T
0.01 0.1 1 10 100

Figure 5. Forest plot showing meta-analysis of infant outcomes for studies comparing TDF versus control,
based upon fixed-effects model.

the threshold to initiate antiviral therapy in the prevention of vertical transmission, based on low-quality existing
evidence!”. Women who are infected with CHB in their childbearing years may require antiviral therapy, and
those women being treated for CHB may become pregnant. Unfortunately, the efficacy and safety of antivirals
during pregnancy (especially their impact on potential teratogenicity) has not yet been proven; and there have
been no identifiable antiviral drugs recommended to reduce vertical transmission of HBV. Thus, characterizing
the efficacy and safety of these medications for mother and infant during pregnancy would help inform optimi-
zation and potential treatment choices for women of childbearing age.
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Study Events, Events, %

D OR (95% CI) TDF Control ~ Weight
Vertical transmission

Greenup (2014) 2.79(0.11,70.01) 1/58 0/53 100.00

Subtotal (I-squared = %, p=") <:> 279(0.11,70.01)  1/58 0/53 100.00

Prematurity

Greenup (2014) 029(0.03,2.90) 158 3/53 100.00

Subtotal (I-squared = %, p =) C> 029(0.03,2.90)  1/58 3/53 100.00

Infant death

Greenup (2014) (Excluded) . 0.00

Subtotal (I-squared =.%, p=") () 0/58 0/53 0.00

Congenital malformation

Greenup (2014) 0.45 (0.04, 5.08) 1/58 2/53 100.00
Subtotal (I-squared = %, p=.) <> 045(0.04,508) 158 253 100.00

NOTE: Weights are from random effects analysis

T T T T
0.01 0.1 1 10 100

Figure 6. Forest plot showing meta-analysis of infant outcomes for studies comparing TDF versus LAM, based
upon random-effects model.

Brown and colleagues® recently carried out an excellent systematic review involving 26 studies that compre-
hensively evaluated the efficacy and safety of LAM, LdT and TDF used in pregnancy; and their results revealed
that use of LAM and LdT significantly reduced vertical transmission and they were safe in pregnant women,
with no increase in adverse maternal or fetal outcomes. These same authors identified no safety issues with TDF
use in maternal or fetal outcomes, possibly because their meta-analysis contained an insufficient amount of con-
trolled outcome data. In the present systematic review, we added the latest evidence to clearly delineate the ben-
efits and risks associated with TDF use in pregnant women infected with CHB at a high viral load: synthesis
results revealed that TDF was effective and safe in improving maternal HBV DNA suppression at delivery and in
reducing fetal HBsAg seropositivity at 4-12 months or HBV DNA seropositivity at delivery. Most importantly,
TDF significantly reduced vertical transmission at 4-12 months postpartum, without increasing rates of cesar-
ean section, emergent cesarean section, postpartum hemorrhage of the mother; and prematurity, infant death,
and congenital malformations in infants. In the current study, we also found that 1.36%-18% of newborns failed
HBYV immunoprophylaxis when their mothers were untreated, which was consistent with previously existing
evidence®*. In addition, maternal virus rebounded and became comparable to levels of the control group at 1
to 6 months after the discontinuation of TDE The favorable safety profile of TDF has been well demonstrated in
HIV mono-infected and HIV/HBV co-infected mothers!'®13-2%; and all of these results, then, support the use of
antiviral therapy to reduce maternal viral load and rescue infants from failed immunoprophylaxis.

There were insufficient controlled outcome data to compare TDF with other NAs in CHB-infected pregnant
women with high viral load, and results from one included study suggested that there was no statistically sig-
nificant difference between TDF and LAM on maternal and infant outcomes; however, due to the limitations
of potency and low threshold to resistance of LAM and LdT, TDF remains a promising NA used in preventing
vertical transmission. TDF is also approved as possessing the highest potency and is the only approved NA with-
out any associated clinical resistance after up to 6 years of monotherapy for CHB'® %, In fact, in recent studies,
TDF has been demonstrated to be effective and safe in pregnant women with CHB who have LAM or LdT resist-
ance?* 28, According to the FDA drug category for pregnancy, TDF and LdT are classified as category B for use
in pregnancy; while LAM, ADV and ETV are classified as category C drugs based primarily on animal data'.
Although breast-feeding by women who are on antiviral therapy is still controversial and not recommended,
data from small studies in HIV-infected women have demonstrated that the median amount of TDF ingested
from breast milk was only 0.03% of the recommended pediatric dose?*°, and thus oral TDF appears safe and is
recommended before using other NAs.

The conclusions of this systematic review should be treated with caution due to several limitations. First,
studies warranting high confidence are absent from the present meta-analysis, with only one RCT; and most
of the data are derived from observational studies, which are subject to significant biases—especially selection
bias. Second, the quality of the evidence for all outcomes was low to very low due to the observational nature
of the studies, imprecision, and indirectness. Third, several questions addressed in the previous AASLD HBV
Guidelines were not resolved in this systematic review: a) What is the exact viral load threshold and the exact
week within the third trimester at which therapy should be initiated?and b) Is it safe for infants to be exposed to
antivirals late in pregnancy from longitudinal follow-up and breast-feeding while the mothers are on antiviral
therapy? It has been speculated that the risk of HBV vertical transmission (despite active and passive immu-
noprophylaxis at birth), could be partially attributable to an unsatisfactory approach in terms of the timing of
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prophylaxis and quality of the vaccine adopted, and thus, c) Is there a relationship between the timing or quality
of immunoprophylaxis and the risk of vertical transmission? None of these subjects has been well documented
presently because data from controlled studies for these patient populations were sparse and require further cor-
roboration in the future, especially in the form of high-quality, larger-scale RCTs.

In conclusion, oral TDF lowers HBV DNA levels in CHB-infected pregnant women as it does in non-pregnant
women, and it reduces the rates of vertical transmission. These effects were demonstrated in CHB-infected preg-
nant women with high viral loads (>2 x 10° IU/mL). The limited safety data suggest that there is no increased risk
for adverse maternal or fetal outcomes; and therefore, in order to prevent vertical transmission, we conservatively
recommend the use of TDF in pregnant women with CHB and who manifest high HBV DNA levels of > 2 x 10°
IU/mL in the third trimester.

Materials and methods

Literature search strategy. This systematic review was carried out according to the methodology devel-
oped by the Cochrane Collaborative Review Group, and we applied the PRISMA guidelines for the reporting of
systematic reviews and meta-analyses.

Studies published through July 2016 in which investigators evaluated the efficacy and safety of TDF in pre-
venting vertical transmission of HBV in pregnancy were identified through systematic searches of PubMed,
the OvidSP search platform, ACP Journal Club, Cochrane Central Register of Controlled Trials, Cochrane
Database of Systematic Reviews, Cochrane Methodology Register, Database of Abstracts of Reviews of Effects,
Embase, Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid
MEDLINE(R) 1946 to Present, Scopus, Chinese National Knowledge Infrastructure (CNKI), Chinese Biomedical
literature database (CBM), and WANFANG databases, with no language limitations. The search strategy was
designed and modified according to existing reviews?, and we queried experienced librarians from our affiliated
school when necessary; then an optimized search strategy was conducted by the principal investigator. Reference
lists in relevant original and review articles were also manually searched. Full details of the databases searched
and that were used to identify the studies included in this meta-analysis are shown in Supplementary Table S3.

Inclusion criteria. We included randomized controlled trials (RCTs) and controlled observational studies
in this meta-analysis if they (a) enrolled pregnant women monoinfected with chronic HBV (characterized by
the presence of HBsAg for more than 6 months), with high serum HBV-DNA levels > 6 log copies/ml before
antiviral therapy; (b) compared the efficacy and safety profile of TDF with placebo or other NAs; (c) reported the
outcomes of interest, including prevention of vertical transmission of HBV; clinical efficacy, and adverse outcomes
from antiviral therapy to both mothers and newborns; and (d) provided sufficient information for estimating
odds ratios (OR) and 95% confidence intervals (CI). However, studies that enrolled infants who did not receive
immunization during the first week postpartum; or that enrolled patients who received steroids, chemotherapy/
immunotherapy, liver transplantation, or hemodialysis; or unpublished reports and abstracts or published as
abstracts only; or uncontrolled studies, were excluded®. In the case of recent studies, we included those entailing
the largest number of patients, especially when studies had overlapping (or the same) sample sizes. Incomplete
data or missing data and additional studies were obtained by contacting authors by email, telephone, or other
mode of communication

Data extraction. Two reviewers (JZC and ZWL) independently and in duplicate screened the titles and
abstracts from the literature and identified eligible papers based upon the inclusion criteria. Next, the full texts
of potentially eligible papers were further reviewed following the same procedure. Three reviewers (LFH, RKS
and WBW) independently extracted the following data using a standardized, pretested Excel form: study charac-
teristics, participant baseline characteristics, intervention details, and outcomes of interest. Discrepancies were
resolved through discussion with a third author (ZH).

Outcomes. Outcomes of interest were as follows: maternal outcomes including HBV DNA suppression,
HBeAg seroconversion, alanine aminotransferase (ALT) normalization, severe flares of ALT levels (defined as an
elevated ALT level > 5 times the upper limit of the normal range)?; rates of cesarean section, emergent cesarean
section, postpartum hemorrhage, and adverse events; and elevated levels of creatine kinase (CK). Infant outcomes
included vertical transmission (defined as HBsAg seropositivity at 6-12 months or HBV DNA positivity at 6-12
months), prematurity, congenital malformations, and infant death.

Bias risk assessments. Two reviewers (JZC and ZWL) independently assessed the bias risk of RCTs with the
Cochrane Risk of Bias assessment tool, and the Newcastle-Ottawa Scale for observational studies. The quality of evi-
dence was evaluated using the Grading of Recommendations Assessment, Development, and Evaluation approach
(GRADE); and criteria used to evaluate the quality of evidence were risk of bias, including indirectness (surrogate
outcomes), imprecision (wide confidence intervals), inconsistency (heterogeneity), and publication bias?> 32,

Statistical analysis. We calculated the odds ratios (ORs) and 95% confidence intervals (CIs) using the bino-
mial distribution for dichotomized outcomes, and we planned to use the mean difference (MD) or standardized
mean difference (SMD) between the baseline and the longest duration of follow-up for each study of continu-
ous outcomes. Heterogeneity across studies was assessed by calculating I*: a value < 25% was considered low;
25-50%, moderate; and > 50%, high. We planned to calculate the pooled effect size using the (I-V heterogeneity)
random-effects model when I? > 50%, and a Mantel-Haenszel (M-H) fixed-effects model otherwise®>**. The sig-
nificance of pooled effect size was determined using the Z-test, with a 2-tailed P < 0.05 defined as the significance
threshold.
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If appropriate, we planned to repeat the meta-analysis after excluding individual studies to assess the stability

of the results. If the included studies were unsuitable or insufficient, studies were identified for meta-analysis in
terms of certain outcomes of interest, and we summarized the results qualitatively; if the included RCTs were
insufficient, we planned to synthesize the results of RCTs with controlled observational studies. Publication bias
was assessed using the Egger regression asymmetry test and Begg’s funnel plots when a sufficient number of stud-
ies (>20) per outcome were available and if heterogeneity was low?. All statistical tests for this meta-analysis were
performed using STATA, version 12 (StataCorp LP, College Station, TX).

Data Availability. All data generated or analysed during this study are included in this published article (and
its Supplementary Information files).
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