ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Nov. 2011, p. 5168-5171
0066-4804/11/$12.00  doi:10.1128/AAC.05273-11

Vol. 55, No. 11

Copyright © 2011, American Society for Microbiology. All Rights Reserved.

Nelfinavir and Its Active Metabolite, Hydroxy-¢-Butylamidenelfinavir
(MS8), Are Transferred in Small Quantities to Breast Milk and Do
Not Reach Biologically Significant Concentrations in Breast-Feeding
Infants Whose Mothers Are Taking Nelfinavir’
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Antiretroviral drugs cross from maternal plasma to breast milk and from breast milk to the infant in
different concentrations. We measured concentrations of nelfinavir and its active metabolite (M8) in maternal
plasma and breast milk from women and in dried blood spots collected from their infants at delivery and
postnatal weeks 2, 6, 14, and 24 in the Kisumu Breastfeeding Study, Kisumu, Kenya. Nelfinavir-based
antiretroviral regimens given to mothers as prevention of mother-to-child HIV transmission (PMTCT) do not
expose the breast-feeding infant to biologically significant concentrations of nelfinavir or M8.

Maternal antiretroviral medications taken during breast-
feeding as prevention of mother-to-child HIV transmission
(PMTCT) reduce HIV viral load in the breast milk of nursing
mothers (5). Antiretrovirals cross from maternal plasma to
breast milk and from breast milk to the infant in different
concentrations (4, 5, 7, 8, 9, 10). The Kisumu Breastfeeding
study (KiBS) was a phase IIb open-label single-arm PMTCT
trial of maternal triple-antiretroviral regimens administered
from 34 weeks’ gestation to 6 months postpartum while infants
exclusively breast-fed. The study was conducted in Kisumu,
Kenya, with women and their infants enrolled between July
2003 and November 2006 (11). We demonstrated in a prior
KiBS substudy that nevirapine, lamivudine, and zidovudine
were present in the breast milk of lactating mothers prescribed
those medications and that nevirapine and lamivudine were
transferred to infants via breast- feeding in biologically signif-
icant concentrations, as evidenced by the emergence of resis-
tance to lamivudine and nevirapine, respectively, among
strains of HIV infecting the infants (7, 12). However, breast-
feeding HIV-infected infants from the same substudy whose
mothers received nelfinavir did not develop protease inhibitor
resistance (12). The aim of this study was to describe concen-
trations of nelfinavir and its active metabolite, hydroxy-¢-butyl-
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amidenelfinavir (M8), in maternal plasma, breast milk, and
infant dried blood spots collected during the administration of
nelfinavir to nursing mothers.

MATERIALS AND METHODS

A subset of mothers participating in KiBS with a CD4 count of >250 cells/ul
received nelfinavir mesylate (1,250 mg twice daily; Viracept, Hoffman-La Roche
Ltd, Germany) and zidovudine-lamivudine (300 mg/150 mg twice daily; Combi-
vir, GlaxoSmithKline, United Kingdom) (11). Maternal plasma, breast milk, and
infant dried blood spots were collected at delivery and postnatal weeks 2, 6, 14,
and 24 from a nonrandom subset of sequentially enrolled subjects participating
in a breast milk substudy (7). Nelfinavir was dispensed in pill bottles with MEMS
(medication event monitoring system) caps (Aardex, Ltd., Union City, CA),
which were used to determine the dosing times for the last maternal antiretro-
viral dose prior to sampling; timing was confirmed by pharmacy staff. Prior to
analysis, plasma and breast milk specimens were stored at —70°C and dried
blood spots were stored at —20°C. Included in this analysis were mother-infant
pairs where maternal plasma, breast milk, and infant dried blood spot specimens
were available.

Nelfinavir and M8 from plasma and breast milk (100 pl) were extracted with
370 pl of acetonitrile containing 270 ng/ml of internal standard (nelfinavir-d3;
Toronto Research Chemicals Inc., Toronto, Canada). After a brief centrifuga-
tion to precipitate suspended proteins, the liquid was transferred to a 96-well
plate and evaporated to almost dryness in a vacuum concentrator, after which
100 pl of buffer A (0.57 ml glacial acetic acid-0.40 ml formic acid-0.40 ml
ammonium hydroxide in 1 liter of water) was then added. The solvent was again
evaporated to almost dryness in a vacuum concentrator, and another aliquot of
100 pl of buffer A was added. The sample plate was then sealed and stored at
—20°C for future analysis by liquid chromatography-mass spectrometry. Six-
millimeter-diameter punches from infant dried blood spot samples were ex-
tracted with 370 pl of acetonitrile containing 270 ng/ml of internal standard and
sonicated for 30 min at room temperature, and the liquid was removed to a
96-well plate that was then treated in like manner. Standard samples of known
concentrations for both nelfinavir and M8 (Toronto Research Chemicals Inc.)
were spiked into the appropriate matrices and treated in like manner for the
construction of the standard curve used in quantification. Standard and quality
control samples for blood spot analysis were created as described by Mei et al.
(6). To construct the standard curves, 6-mm-diameter punches from the standard
dried blood spot samples were extracted with 370 wl of acetonitrile containing
270 ng/ml of internal standard and sonicated for 30 min at room temperature,
and the liquid was removed to a 96-well plate also containing unknown samples
and treated as described above. Nelfinavir and M8 are fairly insoluble in aqueous
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TABLE 1. Median concentrations of nelfinavir and its active metabolite, hydroxyl-z-butylamidenelfinavir (M8), in maternal breast milk and
plasma by postpartum week in the Kisumu Breastfeeding Study, Kenya, 2004 to 2007*

Value at delivery or postpartum wk?
Parameter

Wk 2
52 (3.7-6.9)

Wk 6
53(33-7)

Wk 14
6.6 (4.6-7.9)

Wk 24
7.6 (6.7-8.8)

Delivery
3.6 (2.4-5.0)

Median time (h) since last dose of
nelfinavir until plasma drawn”

(IQR)

Nelfinavir concen [ng/ml] (IQR) in:
Maternal plasma“
Breast milk

2,004 (1,083-3,391) 3,593 (1,920-4,165) 2,490 (1,687-3,463)
83 (62-253) 358 (200-472) 286 (210-543)

1,976 (1,194-2,985)
233 (105-442)

1,990 (1,248-2,720)
180 (79-260)

M8 concn [ng/ml] (IQR) in:
Maternal plasma
Breast milk

214 (104-337)
<LOQ (<LOQ)

514 (280-641)
13 (<LOQ-21)

516 (243-737)
12 (<LOQ-32)

425 (181-597) 405 (185-781)
<LOQ (<LO0-19) <LOQ (<LOQ-17)

“The LOQ for nelfinavir and M8 in both maternal plasma and breast milk is 10 ng/ml. This table includes concentrations where the time since last dose was less
than 24 h. Time since last dose was >24 h for four plasma and four breast milk specimens and was not available for three plasma and seven breast milk specimens.

® Time of obtaining breast milk was typically within 10 to 30 min of plasma draw.

¢ For comparative purposes, the target plasma trough concentration of nelfinavir is 800 ng/ml.

4 Samples analyzed are as follows: at delivery, 20 plasma samples and 11 breast milk samples; at week 2, 26 plasma samples and 23 breast milk samples; at week 6,
26 plasma samples and 24 breast milk samples; at week 14, 24 plasma samples and 24 breast milk samples; at week 24, 11 plasma samples and 11 breast milk samples.

buffers, so recovery from breast milk and plasma was approximately twice as
efficient (with 25% variability) as that from purely aqueous medium. Recovery
from dried blood spots was enhanced by approximately 50% when acetonitrile
was used as the elution buffer, while matrix effects were somewhat less.

Five microliters of the final processed sample was injected onto a 2- by 30-mm
Ascentis Cg reverse-phase column (Supelco Inc., Bellefonte, PA) connected to a
Shimadzu (Durham, NC) Prominence high-performance liquid chromatography
(HPLC) system. An HPLC method consisting of a 3-min gradient from 5% to
90% buffer B (0.57 ml glacial acetic acid—0.40 ml formic acid-0.40 ml ammonium
hydroxide in 1 liter of acetonitrile), followed by isocratic runs of 1 min at 90%
buffer B and then 3 min at 5% buffer B at a flow rate of 0.5 ml/min, was used. A
model 3200 QTrap mass spectrometer (AB Sciex, Foster City, CA) working in
the positive multiple-reaction monitoring mode was used to monitor the transi-
tions for the compounds of interest. For nelfinavir, m/z 568.3 — 135.1 and
568.3 — 330.2 were monitored, and for M8, m/z 584.2 — 135.0 and 584.2 — 330.2
were monitored. The limit of quantification (LOQ) for plasma and breast milk
was 10 ng/ml, and that for dried blood spots was 5 ng/ml. Assay of infant dried
blood spots was discontinued after 28 specimens due to the predominance of
samples at less than the LOQ. Inter- and intraday variability for both analytes
and each matrix was less than 10% at the LOQ. The linear range for this assay
was 0.01 ng/ml to 3,000 ng/ml.

The median nelfinavir and M8 concentrations in plasma and breast milk were
calculated for each study visit. The ratio between matched maternal breast milk
and plasma concentrations (breast milk/plasma ratio) was calculated for each
period. We excluded from the calculation of the breast milk/plasma ratio spec-
imens where the maternal breast milk or plasma concentrations were less than
the LOQ. Linear regression and Spearman-rank correlation statistics for trends
were used to estimate the change in nelfinavir and M8 concentrations in mater-
nal plasma and breast milk after the most recent nelfinavir dose. Analyses were
performed using the SAS software program, version 9.2 (SAS Institute, Cary, NC).

RESULTS

Of the 212 mothers receiving nelfinavir, 26 mothers were in
the breast milk substudy, for whom we had 114 stored plasma
samples and 104 breast milk samples. These 26 women deliv-
ered 27 infants (one mother had twins), which were included as
well. At study entry, the median maternal age was 24 years
(interquartile range [IQR], 21 to 26) and the median maternal
CD4 count was 444 cells/pl (IQR, 362 to 611). Median nelfi-
navir concentrations in maternal plasma and breast milk
peaked at postnatal week 2 (Table 1). Median M8 concentra-
tions peaked in plasma at postnatal weeks 2 and 6. Median
breast milk M8 concentrations were less than the LOQ at three

of five visits and were no greater than 12 ng/ml at the other two
visits (Table 1). The median maternal breast milk/plasma ratio
for nelfinavir was 0.12 (IQR, 0.08 to 0.17), and that for M8 was
0.03 (IQR, 0.02 to 0.05). Concentrations of nelfinavir and M8
were less than the LOQ for 20 (71%) of 28 infant dried blood
spots tested. Median nelfinavir concentrations were less than
the LOQ (range, below LOQ to 30 ng/ml) and M8 concentra-
tions were less than the LOQ (range, below LOQ to 32 ng/ml)
for infant dried blood spots.

After the most recent nelfinavir dose, nelfinavir concen-
trations in the plasma and breast milk trended downward,
but M8 concentrations were stable over the ensuing 12-h
dose interval (Fig. 1A and B). During the 12-h interval after
the most recent nelfinavir dose, the maternal breast milk/
plasma ratio did not vary for either nelfinavir (P = 0.55) or
M8 (P = 0.64).

DISCUSSION

Nelfinavir and its active metabolite (M8) are present in
breast milk at low concentrations and are passed on to breast-
feeding infants in negligible quantities. Our findings regarding
the breast milk/plasma ratio for nelfinavir are consistent with
those of other studies, which found this ratio to be 0.06 to 0.24
(4, 8). Studies of nelfinavir have typically calculated maternal
breast milk/plasma ratios, which may underestimate the actual
proportion of drug transferred to breast milk, and pharmaco-
kinetic studies using a ratio calculated from the area under the
curve may better characterize the proportion of drug trans-
ferred (1). Regardless, our findings indicate that an infant
receives a negligible dose of nelfinavir through breast milk. For
instance, a 2-week-old infant at the 50th percentile for weight
(3,750 g) taking an average meal of 3.5 oz would receive 0.01
mg/kg nelfinavir per dose or a total daily dose of 0.06 mg/kg,
which is <1% of the recommended treatment dose of nelfina-
vir for an infant of that weight. This dose would decrease as the
infant grows and the level of nelfinavir in breast milk declines
following the postpartum peak in maternal concentration at 2
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FIG. 1. Concentrations of nelfinavir (NFV) and its active metabo-
lite, hydroxyl-z-butylamidenelfinavir (M8), after dosing of nelfinavir
mesylate (1,250 mg given orally twice daily) in maternal plasma
(A) or breast milk (B) in the Kisumu Breastfeeding Study, Kenya,
2004 to 2007. Dashed lines are regression lines for nelfinavir, and
solid lines are regression lines for M8. The P values represent the
probability that the slope of the line is different from zero as
calculated by Spearman-rank correlation statistics for trends. The
changes in maternal plasma and breast milk concentrations of nel-
finavir over a 12-h dosing interval were statistically significant at a
significance level of 0.05.

weeks postpartum. This is confirmed by our finding that nelfi-
navir was predominantly undetectable in infants nursed by
mothers receiving nelfinavir, and it likely explains the lack of
emergence of resistance to protease inhibitors among HIV-
infected breast-feeding infants whose mothers are taking nel-
finavir (12). The minimum plasma trough concentration of
nelfinavir considered therapeutic is 800 ng/ml; the concentra-
tions in infants we observed were much lower (3). For com-
parison, lamivudine concentrations in breast-fed infants whose
mothers are taking lamivudine are just above the detectable
range but are near the MIC for HIV, which is the likely ex-
planation for the common emergence of resistance to lamivu-
dine in HIV-infected infants (7, 12). Our study also demon-
strates the transfer of M8 into breast milk. However, despite
M&’s activity against HIV, no biological effect would be ex-
pected in the breast-feeding infant due to the low concentra-
tion of M8 in breast milk and minimal amount transferred to
the breast-feeding child. Others have demonstrated placental
transfer of nelfinavir to be low, with median cord blood levels
of 70 ng/ml or ~5% of maternal plasma nelfinavir concentra-
tions, indicating low exposure to nelfinavir among infants in
utero as well (2).

ANTIMICROB. AGENTS CHEMOTHER.

Antiretroviral drugs transfer from plasma to breast milk in
different concentrations. Lamivudine and nevirapine transfer
into breast milk and to breast-feeding infants in quantities that
have biological significance (5, 7, 10). This likely explains the
emergence of resistance to these drugs in breast-feeding HIV-
infected children of mothers who take those drugs (12). Efa-
virenz has also been demonstrated to transfer to breast-feeding
infants in biologically significant concentrations (9). Zidovu-
dine appears to transfer to breast-feeding infants in low quan-
tities (7).

Nelfinavir-based antiretroviral regimens given to mothers as
PMTCT do not expose their breast-feeding infants to biolog-
ically significant concentrations of nelfinavir or its active me-
tabolite (MS8). Therefore, the risk is low that HIV resistance
mutations against protease inhibitors will emerge among HIV-
infected breast-feeding infants whose mothers are taking nel-
finavir. In humans, the transfer of other protease inhibitors
from maternal plasma to breast milk and to breast-feeding
infants has not been well studied. Design of antiretroviral reg-
imens for pregnant and nursing women should take into ac-
count the extent of antiretroviral transfer into breast milk,
which may affect the future treatment options for the HIV-
infected infant.
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