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Abstract

A theoretical concern exists that atazanavir (ATV) use during pregnancy may exacerbate physiologic neonatal
hyperbilirubinemia. The aim of this substudy was to evaluate patterns of neonatal bilirubin following ATV /ritonavir
(RTV) treatment of pregnant mothers and clinical and pharmacogenetic factors that may correlate. The design
involved a subanalysis of study AI424182, a multicenter, open-label, prospective, single-arm Phase I study. The
study had two treatment arms: (1) ATV /RTV 300/100 mg once daily or (2) ATV /RTV 400/100 mg once daily, both
in combination with zidovudine /lamivudine 300/150 mg twice daily. Total bilirubin was assessed at baseline, each
visit, and delivery day for mothers and on days 1 (delivery day), 3, 5, and 7 and weeks 2 and 6 for neonates. Blood
samples were obtained for UGT1A1 genotyping and ATV cord blood concentration. Bilirubin elevation of any grade
occurred in 14/40 neonates (35%). All Grade 3 to 4 bilirubin abnormalities (1 =7) occurred after day 14. The pattern of
neonatal bilirubin levels reported was consistent with neonatal physiologic elevations of bilirubin. Little correlation
was observed between either maternal bilirubin levels over the last 4 weeks of pregnancy (including delivery) or
ATV cord concentration and neonatal bilirubin. There was a significant association between UGT1A1 genotype and
bilirubin grade in the maternal population (p=0.0006) but not neonates (p=0.49). Neither neonatal UGT1A1 ge-
notype nor cord blood ATV concentration is a good predictor of neonatal hyperbilirubinemia. ATV /RTV treatment
of mothers does not appear to exacerbate neonatal physiologic hyperbilirubinemia.

Introduction

TAZANAVIR (ATV) 1s A POTENT, well-tolerated, once-

daily protease inhibitor with established efficacy and
safety in treatment-naive and experienced adult, HIV-1-
infected patients."” ATV has a dose recommendation of 300 mg
with ritonavir (RTV) 100mg in pregnant patients with sus-
ceptible HIV-1 strains.®> A recent study (AI424182) assessed
ATV pharmacokinetics, safety, and efficacy in HIV-1-infected
pregnant women who received ATV/RTV (300/100 mg or
400/100 mg once daily), given with zidovudine/lamivudine
(AZT/3TC; 300/150mg twice daily).*> ATV/RTV 300/100
appeared to provide adequate ATV systemic exposure

throughout pregnancy and was well tolerated.* HIV RNA
levels were suppressed in all mothers who received ATV 300/
100, none of the infants had a positive HIV-1 DNA, and ATV
exposure in infants at birth was low.*

ATV inhibits the hepatic UGT1A1 enzyme, causing ele-
vated indirect bilirubin, a benign, reversible condition that
rarely leads to discontinuation of treatment.* Newborns
produce bilirubin at a rate of approximately 6-8 mg/kg/day,
more than twice the production rate in adults, and neonatal
hyperbilirubinemia (total serum bilirubin >5mg/dl) is com-
monly encountered.® A theoretical concern has been raised
that ATV use during pregnancy may exacerbate physiologic
hyperbilirubinemia in neonates,*” via three potential
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mechanisms: (1) passive back-diffusion of infant bilirubin
across the placenta caused by saturation of protein binding of
bilirubin in mothers with elevated bilirubin, (2) the effect of
UGT1AL1 inhibition in the fetus caused by ATV crossing the
placenta, and (3) high levels of maternal bilirubin may cross
the placenta and remain elevated because of immature
UGT1A1 in the newborn.*

The aim of this substudy was to evaluate patterns of neo-
natal bilirubin following ATV/RTV treatment of mothers
during pregnancy, including the relationship between ma-
ternal and neonate bilirubin, the relationship between neonate
ATV plasma concentration and neonate bilirubin levels, and
the effect of maternal UGT1A1 genotype on maternal biliru-
bin levels and neonate UGT1A1 genotype on neonate biliru-
bin levels.

Materials and Methods
Study design

This is a subanalysis of study AI424182, a multicenter,
open-label, prospective, single-arm Phase I study conducted
in South Africa, Puerto Rico, and the United States from June
2006 to September 2008. Al424182 aimed to assess the safety,
efficacy, and appropriate dosing regimen for ATV/RTV in
HIV-1-infected pregnant women. The study consisted of HIV-
l-infected pregnant women (12-32 weeks gestation; CD4*
count >200 cells/mm®) and had two treatment arms: (1)
ATV/RTV 300/100mg once daily or (2) ATV/RTV 400/
100 mg once daily, both in combination with AZT/3TC 300/
150mg twice daily. Pharmacokinetic parameters (maximum
observed plasma concentration, trough observed plasma con-
centration 24h postdose, and area under the concentration—
time curve in one dosing interval) were determined and
compared with historical values (300/100mg ATV /RTV) for
HIV-infected nonpregnant adults. Efficacy analyses were also
conducted in treated mothers, and safety was assessed in both
treated mothers and neonates. The full study design of
AT424182 has been published previously.*

Study assessments

For the purpose of this subanalysis, neonates underwent
HIV DNA testing at delivery and at weeks 2, 6, 16, and 24.
Total bilirubin was assessed at baseline, each visit, and de-
livery day for mothers and on days 1, 3, 5, and 7 and weeks 2
and 6 for live-born neonates. For UGT1A1l genotyping, ma-
ternal blood samples were obtained at baseline and neonate
blood samples were obtained from cord blood at delivery
(also used to assess ATV concentrations).

Repeated measures analysis was used to determine the
effects of maternal UGT1A1 genotype on maternal bilirubin
and neonate UGT1A1 genotype on neonate bilirubin. Fisher’s
exact test was used to assess the association between the ge-
notype functional groups and bilirubin grades for mothers
and neonates. Plasma protein binding was determined by
equilibrium dialysis.

Results

Study population

Bilirubin was assessed in 41 HIV-1-infected pregnant wo-
men and 40 neonates (40 mother-neonate pairs; one mother
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withdrew consent after 3 weeks on the study). Baseline de-
mographics were comparable between mothers who received
ATV/RTV 300/100 and 400/100 and neonates whose moth-
ers received either regimen.*

Mean baseline HIV RNA levels were 3.52 and 4.02 log
copies/ml and mean CD4 " counts were 435 and 390 cells/mm?
in the ATV/RTV 300/100 and 400/100 groups, respectively.
The proportion of black/African-American women enrolled
was 85% (ATV/RTV 300/100) and 90% (ATV/RTV 400/100).
At birth, vital signs, physical measurements, and APGAR
scores were comparable between neonates whose mothers
received ATV/RTV 300/100 and 400/100.

Overall elevations in maternal bilirubin

Maternal bilirubin abnormalities included Grade 3—4 ele-
vation of total bilirubin (see Table 1 for Grade definitions),
which occurred in more than twice as many women who re-
ceived ATV 400/100 (13/20, 62%) than ATV 300/100 (6/19,
30%). The mean change in maternal bilirubin from baseline on
the day of delivery was 1.53mg/dl and 1.83mg/dl in ATV/
RTV 300/100 and 400/100, respectively. During pregnancy,
the maximum individual bilirubin levels were 5.8 mg/dl and
6.4mg/dl, respectively. The maximum individual bilirubin
level of 6.4mg/dl was reported during an episode of pre-
eclampsia.

Overall elevations in neonate bilirubin

Bilirubin elevation of any grade occurred in 14/40 neonates
(35%); however, among neonates who had elevated bilirubin
in the first 14 days, none was elevated to Grade 1 (see Table 1
for Grade definitions). This is because different grading cri-
teria are employed due to the frequency of bilirubin elevation
in normal neonates during this period.* All Grade 3-4 bili-
rubin abnormalities (1=7) occurred after day 14. Increased
total bilirubin was the only Grade 3—4 liver function abnor-
mality observed (7/40 neonates: ATV/RTV 300/100 group,
three neonates; ATV /RTV 400/100 group four neonates); of
these, three neonates experienced Grade 4 increased total
bilirubin (ATV/RTV 300/100, one neonate; ATV/RTV 400/
100, two neonates). American Academy of Pediatrics guide-
lines recommend phototherapy for neonates with elevated
total serum bilirubin based on the age of the neonate (mea-
sured in hours or days), the severity of the elevation, and the
presence of risk factors.? Therefore, in this study the decision
to treat elevated bilirubin levels with phototherapy was left to
the discretion of the study investigator; of the seven neonates
with Grade 34 bilirubin elevation, six received phototherapy
between days 1 and 14. Bilirubin levels associated with these
events ranged from 8.1 mg/dl to 13mg/ di?

After birth, the mean changes from baseline in total biliru-
bin on day 3 were 4.32mg/dl and 5.01 mg/dl, on day 5 were
3.11mg/dl and 4.28 mg/dl, and on day 7 were 1.98mg/dl
and 2.92mg/dl (ATV/RTV 300/100 and ATV /RTV 400/100,
respectively).

Patterns of bilirubin elevations

The patterns of changes of bilirubin elevations were com-
parable over time among neonates whose mothers received
ATV/RTV 400/100 compared with ATV /RTV 300/100 (Fig.
la and b). These patterns are also consistent with neonatal
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physiologic elevations of bilirubin; bilirubin levels increased
from day 1 (date of delivery) to a maximum observed level by
day 3, with a subsequent decline to normal levels. Little cor-
relation between maternal and neonatal total bilirubin levels
was observed at delivery or over the last 4 weeks of pregnancy
(data published in Conradie et al.*).

% Free,
mean (SD)

22.95 (6.88)
24.38 (4.34)

Cord blood

Relationship between cord blood ATV concentrations
and neonatal bilirubin

mean (SD)
77.05 (6.88)
75.62 (4.34)

No relationship was observed between neonatal total bili-
rubin on day 1 (delivery day), 3, or 5 and ATV cord blood
concentrations for either the ATV/RTV 300/100 or 400/100
groups (Fig. 1c).

The ratio of neonate relative to maternal ATV concentration
was approximately 12% and 19% when mothers received
ATV/RTV 300/100 and 400/100, respectively. Plasma protein
binding in cord blood was lower than in maternal blood at
approximately 76% to 77%, compared with 87% to 91% (ATV /
RTV 300/100 and 400/100, respectively), with an unbound
fraction approximately twice that of maternal. Plasma protein
binding in maternal blood was also similar across the second
and third trimesters and the postpartum period (Table 1).

% Protein-bound,

% Free, mean (SD)
at 24 h postdose®
10.94 (1.98)
9.63° (2.58)
8.98 (3.22)
11.11 (2.40)

12.09 (1.74)

8.67 (2.32)
10.03° (4.06)
12.31 (2.69)

Association between UGT1A1 genotypes
and bilirubin levels

% Free mean (SD),
at 3 h postdose®

Subjects were classified into five groups based on the
functionality of their UGT1A1 TA-repeat polymorphism type.
The effect of maternal UGT1A1 genotype on maternal bili-
rubin levels and neonate UGT1A1 genotype on neonate bili-
rubin levels was assessed and the number and frequency of
subjects of each genotype and hyperbilirubinemia severity
were tabulated for treated mothers and live-born neonates
(Table 2).

Mothers with increased and unknown functionality had
hyperbilirubinemia ranging from normal to Grade 2, mothers
with normal functionality had all grades of hyperbilir-
ubinemia, mothers with moderate decreased functionality
had Grade 1-3 hyperbilirubinemia, and mothers with major
decreased functionality had Grade 3—4 hyperbilirubinemia
(Table 2). Fisher’s exact test showed that there was a signifi-
cant association (p=0.0006) between UGT1A1 genotype and
bilirubin grade in the maternal population in both ATV/RTV
treatment groups but no significant genotype effects were
identified for the neonates (p =0.49; Table 2).

Maternal plasma

89.06 (1.98)
90.37° (2.58)
91.02 (3.22)
88.89 (2.40)

% Protein-bound, mean
(SD) at 24 h postdose®

87.91 (1.74)
91.34 (2.32)
87.03° (15.81)
87.70 (2.69)

% Protein-bound, mean
(SD) at 3 h postdose®

=9)
20)
20)

15
35)

ATV/RTV 400/100mg third trimester (n
12)

Discussion

In major clinical trials of ATV/RTV in adults with HIV-1,
the most common laboratory abnormality was elevated in-
direct (unconjugated) bilirubin, due to UGT1A1l inhibi-
tion."”?1% A correlation between increased plasma ATV
concentrations, UGT1A1 genotype, and hyperbilirubinemia is
well established,*'1'2 and, as expected, this substudy iden-
tified a significant association between UGT1Al genotypes
and bilirubin levels in pregnant women receiving ATV /RTV
(300/100mg and 400/100 mg doses).

In a recent small observational study in 22 HIV-1-infected
women treated with ATV/RTV (300/100mg) during preg-
nancy and their 23 infants, some association was observed
between ATV/RTV and neonatal hyperbilirubinemia, al-
though no causal relationship was confirmed [the median total

postdose approximates binding at Cpayx; 24 h postdose approximates binding at Cpin.

TABLE 1. PROTEIN BINDING PHARMACOKINETICS OF ATAZANAVIR IN MATERNAL PLASMA AND CORD BLOOD FROM THE SECOND TRIMESTER TO THE POSTPARTUM PERIOD

ATV /RTV, atazanavir/ritonavir.

Three hours
19

bYl
‘n=>34.

ATV/RTV 300/100mg second trimester (n
ATV/RTV 300/100 mg third trimester (1
ATV/RTV 300/100 mg peripartum (n
ATV/RTV 300/100 mg postpartum (n
ATV/RTV 400/100 mg peripartum (n
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FIG. 1. Patterns of bilirubin elevations in neonates and in mothers. (a) The pattern of elevations in neonate bilirubin levels
up to 14 days postpartum at a maternal atazanavir/ritonavir (ATV/RTV) dose of 300/100 mg; (b) The pattern of elevations in
neonate bilirubin levels up to 14 days postpartum at a maternal ATV/RTV dose of 400/100mg. (c) Cord blood ATV
concentration vs. neonate bilirubin on days 1, 3, and 5.

TABLE 2. SUMMARY OF GENOTYPE FUNCTION AND GENOTYPE AT BASELINE

Number of Fisher’s exact test for association between
mothers (%)* genotype and bilirubin grade® Association
Mothers Neonates
ATV/RTV ~ ATV/RTV  Number with ~ Number with ~ Number with Grade 3—4
UGT1A1 function 300/100 400/100 Grade <2 Grade >2 bilirubin/number with
and genotype® Genotype (n=19) (n=20) bilirubin bilirubin measurements (%)
Increased functionality 5/6 2 (11) 1(5) 3 0 2/5 (40)
Unknown 5/7 or5/8 3 (16) 1(5) 4 0 0/1 (0)
Normal 6/6 7 (37) 6 (30) 9 4 1/12 (8)
Moderate decreased 6/7 or 6/8 4 (21) 8 (40) 4 8 1/7 (14)
Major decreased 7/7 or7/8 3 (16) 4 (20) 0 7 1/3 (33)
Fisher’s exact test p value n/a n/a n/a 0.0006 0.49

“Forty mothers were initially enrolled; however, one mother withdrew from the study after 3 weeks, leaving data from 39 mothers
available for analysis.

PGrades are based on total bilirubin: normal (Grade 0), <1.1 xupper limit of normal (ULN); Grade 1, 1.1 to <1.6xULN; Grade 2, 1.6 to
<2.6xULN; Grade 3, 2.6 to 5.0x ULN; Grade 4, >5.0x ULN.

‘UGT1A1 polymorphisms are due to a varying number of TA repeats and functional groups are based on genotype.

Summary in mothers with HIV-1 infection treated with ATV /RTV combination therapy during and after pregnancy and Fisher’s exact test
for testing the association between genotype and bilirubin grade association for mothers and neonates.

n/a, not applicable.
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bilirubin concentration at birth was 43 uM/liter (2.5mg/dl),
range 24-129 (1.4-7.5), four missing data]; 10 infants had nor-
mal bilirubin levels at birth, five had mild elevations, and four
had high-intermediate to high levels. Four neonates had jaun-
dice and required phototherapy at birth."> There was no sig-
nificant correlation between maternal and cord blood
concentrations.'®> However, in the International Maternal
Pediatric Adolescent AIDS Clinical Trials (IMPAACT) Net-
work Protocol 1026s prospective study in 38 pregnant women
with HIV-1 infection, there were no reports of excessive bili-
rubin levels in neonates (n=38) born to women treated with
ATV/RTV (300/100mg), with or without tenofovir, during
pregnancy.'* The results reported in this substudy agree with
the findings of IMPAACT and indicate that bilirubin levels are
not appreciably more frequently elevated in neonates whose
mothers received ATV /RTV during pregnancy.

No apparent relationship was observed between exposure
to ATV and neonatal bilirubin level and no significant rela-
tionship between neonatal UGT1A1 genotypes and bilirubin
levels was demonstrated, based on the Fisher’s exact test. Al-
though ATV does not freely cross the placenta, plasma protein
binding of ATV in cord blood is less than in maternal blood,
which results in the fetus being exposed to approximately 2-
fold higher unbound ATV concentrations than those achieved
in the mothers at the same total (bound and unbound) plasma
ATV concentration.* However, the greater proportion of un-
bound ATV does not appear to be associated with higher
bilirubin levels in the newborn. Possible explanations for this
are that fetal UGT1A1 is not fully functioning and/or neonatal
bilirubin is eliminated in some other way, 1517 A potential
benefit of ATV crossing the placenta is that the unbound
concentrations achieved in the cord blood may provide some
antiviral protection to the fetus.'®

Most neonates in this substudy had some elevation of bil-
irubin. However, the pattern of bilirubin elevation and nor-
malization observed was consistent with physiologic
elevations of bilirubin; approximately 60% of otherwise
healthy neonates will have jaundice, with about 10% of these
requiring phototherapy or exchange transfusions.*®'" In this
study, 15% of neonates required phototherapy (across both
ATV/RTV doses), similar to the standard frequency; no ne-
onates required transfusions. Of the seven neonates with
Grade 3—4 bilirubin elevation, six had subsequent photo-
therapy at the investigators’ discretion. According to the
American Academy of Pediatrics’ (AAP) Guideline for the
management of hyperbilirubinemia in the newborn infant,
phototherapy is not automatically indicated for all neonates
with Grade 3—4 hyperbilirubinemia, but rather, whether or
not to initiate phototherapy involves a more complex treat-
ment algorithm based on risk levels, time since birth, and total
serum bilirubin levels.® Therefore, it would be possible for
two neonates to have the same bilirubin level, but only one
would require phototherapy.

Although the incidence of hyperbilirubinemia in neonates
is difficult to estimate due mainly to methodologic differences
between studies, it is thought to be high in general.® A 2003
U.S.-based study found that 4.3% of 47,801 infants had total
serum bilirubin levels in a range where phototherapy was
recommended by the 1994 AAP guidelines, and 2.9% had
values within the range where guidelines suggest considering
phototherapy.'® Typically, phototherapy is not considered
in neonates until bilirubin levels exceed 12 mg/ di®; however,
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given the fact that most of the neonates in our study
who received phototherapy had lower bilirubin levels
(i.e, <12mg/dl), the investigators may have been more
likely to initiate phototherapy at lower bilirubin levels be-
cause the mothers were receiving ATV /RTV.

A study limitation that is important to note is that neonates
who received phototherapy for elevated bilirubin levels were
not excluded from the study analyses. Of the seven neonates
who experienced Grade 3—4 bilirubin elevation, three were
born to mothers who had received ATV/RTV 300/100 and
four were born to mothers who had received ATV /RTV 400/
100. Of those who received phototherapy, three were born to
mothers who had received ATV /RTV 300/100 and three were
born to mothers who had received ATV /RTV 400/100. It is
possible that treatment with phototherapy may confound the
interpretation of the data presented in this study, although the
distribution of these patients was similar across the dosing
groups.

In conclusion, neither neonatal UGT1A1 genotype nor cord
blood ATV concentration is a good predictor of neonatal hy-
perbilirubinemia. ATV/RTV treatment of mothers does not
exacerbate neonatal physiologic hyperbilirubinemia.
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