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ABSTRACT Tenofovir use is associated with lower risk of mother-to-infant transmission
of the virus, and discontinuation of the treatment is not safe. However, the safety of the
drug during pregnancy and breastfeeding is not clear. In this study, we aimed to deter-
mine the tenofovir concentration in plasma of mother-infant pairs along with breast
milk in chronic hepatitis B patients during the lactation period. A total of 11 mother-
infant pairs were enrolled in the study. All the mothers received tenofovir disoproxil fu-
marate (TDF) 245 mg/day for at least 1 month because of chronic hepatitis B infection.
Maternal blood, breast milk, and infant blood samples were obtained concomitantly.
Tenofovir concentrations were determined by liquid chromatography-tandem mass spec-
trometry. The median concentrations of tenofovir in maternal plasma and breast milk
samples were 88.44 (interquartile range [IQR], 62.47 to 116.17) ng/ml and 6.69 (IQR, 4.88
to 7.03) ng/ml, respectively. Tenofovir concentrations were undetectable (<4 ng/ml) in all
of the infant plasma samples. The ratio of tenofovir concentration in breast milk to that in
maternal plasma was 0.07. Tenofovir disoproxil fumarate passes through the breast milk
in a small amount. Infants had no detectable tenofovir level in their plasma. Our study
suggests that tenofovir disoproxil fumarate treatment is safe during the breastfeeding pe-
riod in chronic hepatitis B patients.
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epatitis B virus (HBV) infection during pregnancy presents unique management
issues for both mother and fetus. One of these is management of antiviral treat-
ment during pregnancy and the postpartum period. Antiviral treatment is recom-
mended in certain situations for pregnant chronic hepatitis B patients such as a high
viral load or existence of cirrhosis (1). Tenofovir disoproxil fumarate (TDF) is the pre-
ferred antiviral regimen due to its potency, safety profile, and low risk of resistance.
Treatment of chronic hepatitis B (CHB) should be continued during pregnancy and
lactation. Immunological changes during the postpartum period, which are most likely
related to immune reconstitution, have been associated with hepatitis flares. TDF has
the potential to improve maternal alanine aminotransferase elevations, which can
occur during pregnancy or soon after delivery in untreated mothers (2). Hence, it
seems safer to continue using TDF even after delivery to prevent flares. For the patients
with advanced disease, discontinuation of the treatment is further challenging.
Furthermore, antiviral use during pregnancy may have a role for prevention of
mother-to-infant transmission of the virus. Among pregnant women with high viral
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TABLE 1 Characteristics of the nursing mothers with chronic hepatitis B using tenofovir
disoproxil fumarate

Patient characteristics® Median value (IQR)
Age of mothers (yrs) 31 (29-36)
Wt (kg) 62 (54-67)
Ht (cm) 164 (156-169)
BMI 22.2 (20.3-28.3)
Duration of TDF treatment (mo) 18 (4-24)
Interval between the last dose of TDF and collection 12 (10-17)

of the sample (h)
Age of the infants (mo) 3 (2-6)
AST (U/liter) 27 (22-38)
ALT (U/liter) 29 (17-62)
Creatinine (mg/dl) 0.7 (0.6-0.8)

aTotal of 11 patients, all Caucasian. BMI, body mass index; IQR, interquartile range; TDF, tenofovir disoproxil
fumarate.

load during the third trimester, the rate of mother-to-child transmission was lower
among those who received TDF therapy than among those who received usual care
without antiviral therapy (3, 4).

After immunoprophylaxis, including hepatitis B immunoglobulin and hepatitis B
vaccine, breast feeding does not increase the risk of transmission hepatitis B virus
infection in infants (5, 6). The Society for Maternal-Fetal Medicine recommends that
women with HBV infection be encouraged to breastfeed as long as the infant receives
immunoprophylaxis at birth (7). Furthermore, the American Academy of Pediatrics rec-
ommends exclusive breastfeeding for the first 6 months and continuation of breast-
feeding for approximately a year or longer (8). Considering the importance of breast-
feeding and the risk of flares with discontinuation of antiviral treatment, breastfeeding
and continuing antiviral therapy during this period seem to be the most appropriate
approach. However, the safety of TDF treatment during lactation is unclear.

The previous studies conducted with HIV-infected patients and animal models
showed limited tenofovir transmission via breast milk, which is unlikely to have any
biologic effects on nursing infants (9-13). In addition, no short-term adverse effects
were found in infants exposed to TDF through breast milk (14-16). This study aimed to
determine TDF concentrations in mothers (plasma and breast milk) and breastfed
infants (plasma) based on real-world data.

RESULTS

Study population. The study population included 11 Caucasian nursing mother-
infant pairs. TDF was well tolerated by all mothers, without any adverse effect. Monthly
screened laboratory studies did not show significant abnormality. The characteristics of
the mothers and infants are summarized in Table 1. Seven women stated they were
breastfeeding exclusively at the time of the study. None of the patients had a concomi-
tant disease. No correlation was found between drug concentrations and the interval
between the last TDF dose and the sample collection as well as duration of therapy.

Drug concentrations. The concentration of tenofovir in the breast milk and blood
samples was in the range of 4 to 600 ng/ml, as measured using liquid chromatogra-
phy-tandem mass spectrometry (LC-MS/MS). Drug levels are presented in Table 2.

The tenofovir concentrations in maternal plasma was found to be 88.44 (interquar-
tile range [IQR], 62.47 to 116.17) ng/ml, while the tenofovir concentration in breast
milk was 6.69 (IQR, 4.88 to 7.03) ng/ml (Fig. 1). Tenofovir was undetectable (<4 ng/ml)
in all infants.

The ratio of tenofovir concentrations in breast milk to that in maternal plasma was
0.07. There was a strong, positive, and statistically significant correlation between the
tenofovir concentrations in breast milk and those in maternal plasma (r, 0.7; P < 0.05)
(Fig. 2).
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TABLE 2 Tenofovir concentrations in all samples

Tenofovir concn (ng/ml) in:

Patient ID no.? Maternal plasma Breast milk Infant plasma
1 88.443 6.95 0
2 79.001 4.88 0
3 93431 4.44 0
4 49.890 5.05 0
5 115.836 8.10 0
6 116.175 7.03 0
7 57.788 6.75 0
8 62475 5.71 0
9 87.719 4.86 0
10 162.621 10.00 0
11 133.994 6.69 0

71D, identification.

DISCUSSION

This study is the first report on tenofovir transfer to nursing infants via breast milk
in hepatitis B patients. Single dose or short-term data were already available in HIV
patients. In a study conducted in Malawi and Brazil, HIV-infected mothers were given a
single dose of either 600 mg or 900 mg of tenofovir during labor, and tenofovir was
detected in their breastmilk samples at concentrations ranging from 6.3 to 17.8 ng/ml
(17). In another study conducted in Malawi, the breast milk-to-maternal plasma ratio
was 0.07 during the first month after delivery (18). Similarly, in a study assessing mater-
nal plasma and breast milk tenofovir concentrations at peak and trough levels, the
breast milk tenofovir concentrations were considerably lower than those in maternal
plasma. The median peak and trough milk/plasma (M/P) ratios were 0.03 (IQR, 0.01 to
0.05) and 0.07 (IQR, 0.05 to 0.08), respectively (19). Waitt et al. studied the tenofovir lev-
els in dried blood and dried breast milk samples from 29 Nigerian and 30 Ugandan
HIV-infected women and reported a median milk/plasma ratio of 0.015 (0 to 0.03) (20).
In an animal model, tenofovir was detected in the milk, with 2% to 4% detected in
maternal serum following a 30-mg/kg single subcutaneous dose (10). As in the previ-
ous studies, our results showed that the tenofovir concentration in breast milk is signif-
icantly lower than in maternal plasma.

Tenofovir is a dianion at physiological pH and has poor membrane permeability. In
addition, oral bioavailability of tenofovir is poor; hence, it is administered as the pro-
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FIG 1 Comparison of tenofovir concentrations in maternal plasma and breast milk.
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FIG 2 Correlation of tenofovir concentrations in breast milk and maternal plasma.

drug tenofovir disoproxil fumarate or tenofovir alafenamide (21). Breast milk is expected
to contain tenofovir almost exclusively in an unesterified anionic form, which has low oral
bioavailability (19). The undetectable tenofovir concentrations in the infants can be
explained by the pharmacokinetic features of tenofovir. Undetectable infant tenofovir con-
centrations are unlikely to produce toxicity or select for resistant viruses (10).

A pharmacokinetic study assessed tenofovir exposure in HIV-infected women dosed
at 600 mg and 300 mg TDF at the start of labor reported simulated peak median infant
tenofovir daily doses from breast milk of 4.2 g/kg, which is 0.03% of the therapeutic
oral infant dose. However, infant plasma drug concentrations were not directly meas-
ured, and poor bioavailability of tenofovir was not considered in this study (11). Hence,
the simulated results overestimated tenofovir concentrations in nursing infants. In
another study, tenofovir was undetectable in 46 of 49 (94%) nursing infant plasma
samples. The other three detectable plasma concentrations were at 0.9, 0.9, and
17.4ng/ml (19), two of which are below the threshold value for our study. Waitt et al.
reported tenofovir concentrations in dried blood samples of nursing infants, and no
infant had measurable tenofovir concentration levels (20). In contrast, the study con-
ducted in Malawi showed that tenofovir (median [IQR], 24 [0 to 51.6] and 0 [0 to 29.9]
ng/ml) was detectable in infants at 1 and 12 months after delivery, respectively (18).

However, TDF was used at 300 mg/day among the patients in previous studies,
because the primary disease was HIV infection. In experimental studies, data were
obtained during short-term and high-dose TDF utilization in the peripartum period. In
addition, the use of multiple medications and the metabolic changes caused by HIV
infection may affect the pharmacokinetics of tenofovir. Therefore, it should be consid-
ered that the available data may not represent accurate drug concentrations in chronic
hepatitis B patients.

Limitations. Our study has some limitations, which includes small sample size.
Furthermore, the samples were collected from each mother-infant pair only once. Only
7 of the participants were breastfeeding exclusively, and this might cause variability in
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the results. Although the ages of the infants were in a broad range (3 to 24 weeks), it is
unlikely to have impacted the maternal plasma and breast milk pharmacokinetic pro-
files. The plasma samples of nursing mothers were not taken before the next dose was
administered. This may affect accurate interpretation of the current data and the com-
parison of the current data with previously published data.

Conclusion. In conclusion, in this prospective study of mothers with chronic hepati-
tis B, tenofovir was found in breast milk but at lower levels than in maternal blood.
Only negligible amounts of tenofovir may be absorbed by nursing infants due to teno-
fovir's poor bioavailability. Hence, infants do not have detectable tenofovir concentra-
tions in their plasma, and tenofovir-related adverse effects are unlikely to be seen in
infants. Although our results suggest that TDF is safe during the breastfeeding period,
there is still a need for large-scale prospective cohort studies.

MATERIALS AND METHODS

A total of 11 mother-infant pairs were included in the study. These participants were recruited from
the Department of Infectious Diseases and Clinical Microbiology, Cerrahpasa Medical Faculty, Istanbul
University-Cerrahpasa. All the mothers received TDF 245 mg/day for at least 1 month during their breast-
feeding period because of chronic hepatitis B infection. Patients coinfected with either HIV or hepatitis C
virus (HCV) were excluded from the study. A written informed consent form was signed by all participat-
ing mothers. The study was approved by the Cerrahpasa Medical Faculty Ethics Committee (approval
number 89125526-605.02).

Maternal blood samples and infant blood samples were obtained from the antecubital vein and dor-
sal metacarpal vein, respectively. Samples of maternal blood (7 ml), milk (3 ml), and infant blood (3 ml)
were collected concomitantly. Blood samples were collected in a K2 EDTA tube. The milk samples were
stored immediately after collection, with no procedures performed on them. The blood samples were
centrifuged at 4,000 rpm for 10 min within 0.5 h of collection to separate the plasma. All milk and plasma
samples were stored at —80°C, while samples that could not be centrifuged within the 0.5 h of collection
were temporarily stored at 4°C. Only one set of samples was collected from each mother-infant pair.

Analyses were performed on a liquid chromatography-tandem mass spectrometry (LC-MS/MS) sys-
tem comprising a Waters Acquity quaternary solvent manager, Waters Acquity sample manager, a ther-
mostated column compartment, and a Waters Acquity H-class ultraperformance liquid chromatograph
(UPLC) coupled to a tandem quadrupole (TQ) detector with an electrospray ionization (ESI) interface
(Waters, USA). Data acquisition, data processing, and data reporting were performed using a Micromass
MassLynx v.4.1 SCN714 with MassLynx Security Manager software running the QuanLynx program
(Waters, USA).

Chromatographic separations were achieved using a Shiseido CapCell Pak SG C,, (4.6 by 150 mm,
5um) column at 35°C, and the mobile phase was composed of methanol, water, and formic acid
(300:700:2 [vol/vol/vol]). The chromatographic run was performed under isocratic conditions at a flow
rate of 0.7 ml/min and a run time of 4.5 min, with a 20-ul sample injected into the system via an auto-
sampler conditioned at 10°C.

Multiple reaction monitoring (MRM) transitions were performed at m/z 288.1 to 176.10 for tenofovir
and m/z 295.10 to 183.20 for tenofovir-d7. Mass spectrometric detection was performed using the ESI posi-
tive ion mode with a 35-V cone voltage, 25-V collision energy, and a 1.5-kV capillary voltage. Desolvation
gas flow and cone gas flow were set to 650 liters/h and 50 liters/h, respectively. The source block tempera-
ture was 125°C, and the desolvation temperature was 500°C.

The method was validated in a range of 4 to 600 ng/ml for tenofovir. To assess the accuracy and pre-
cision of the assay, six replicates of quality control (QC) samples at five different concentration levels
(4ng/ml, 12ng/ml, 240 ng/ml, 450 ng/ml, and 600 ng/ml) in plasma were analyzed in three analytical
runs.

The intraday precision (percent coefficient of variation [CV%]) for the low, medium 1, medium 2 and
high-quality control samples ranged from 0.524% to 2.867%. The interday precision ranged from 1.616%
to 3.384%, which was within the acceptance criteria of =15%. The intraday precision (CV%) for the limit
of quantification quality control samples was 6.937% to 10.226%. The interday precision was 11.165%,
which was within the acceptance criteria of =20%.

The intraday accuracy for the low, medium 1, medium 2, and high-quality control samples ranged
from 100.075% to 110.290%. The interday accuracy ranged from 101.316% to 106.580%, which was
within the acceptance criteria of 85% to 115% of nominal concentration. The intraday accuracy for the
limit of quantification quality control samples was 98.004% to 117.858%. The interday accuracy was
107.290%, which was within the acceptance criteria of 80% to 120% of nominal concentration.

The results demonstrated that the values were within the acceptable range according to FDA guid-
ance (22) and the EMA guideline (23), and the method was accurate and precise.

The patients were followed up at outpatient settings monthly. At every visit, the patients were ques-
tioned about any symptoms and side effects of the drugs. They were thoroughly examined. Complete
blood count, alanine aminotransferase (ALT), aspartate transaminase (AST), bilirubins, blood urea nitro-
gen, calcium, phosphorus, prothrombin time, alkaline phosphatase, and gamma glutamyl transferase
were checked monthly.
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Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) software
version 21. Variables were investigated using visual methods (histograms and probability plots) and ana-
lytical methods (Kolmogorov-Smirnov test or Shapiro-Wilk test) to determine whether the variables
were normally distributed. The parameters were normally distributed, and the correlation coefficients
and their significance levels were calculated using the Pearson test. A 5% type | error level was used to
infer statistical significance.
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