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Background

Plasma concentrations of some protease inhibitors are reduced in the 3rd trimester (3TRI) of pregnancy relative 
to non-pregnant controls, presumably due to metabolic and physiologic changes associated with pregnancy. 
There are limited data on the pharmacokinetics (PK) and safety of ATV in pregnancy. 

Methods

BMS AI424182 is an ongoing, prospective study in HIV+ pregnant women to determine dosing of ATV/r that 
achieves predefined AUC and Cmin targets in the 3TRI. A planned interim analysis was conducted when
12 subjects completed the 3TRI (weeks 28-36) intensive PK. Subjects ≥ 12 weeks gestation received ATV/r 
300/100 mg once daily (QD) and ZDV/3TC 300/150 mg twice daily for 2 weeks prior to intensive PK sampling in 
the 3TRI and at 4 weeks post-partum (PP). Protocol-defined exposures not requiring a dose adjustment were 
geometric mean AUCτ ≥ 30 µg h/mL and 10 of 12 Cmin ≥ 150 ng/mL. Safety assessments on mothers and 
infants included clinical examination and laboratory testing at each study visit. ATV and ritonavir were analyzed 
by LC/MS/MS. Descriptive statistics for 3TRI and PP PK parameters were calculated and compared with 
historical data in HIV+ subjects as a reference; all available safety data are reported. 

Results

ATV geometric mean [GM (%CV)] AUC was 26.6 (43) µg h/mL for the 3TRI intensive PK (n=12); all ATV Cmin
were ≥150ng/mL; Cmin GM (%CV) was 514 (48) ng/mL. 3TRI ATV AUC and Cmin were approximately 40 and 
21% lower, respectively, than historical data in HIV+ subjects [44 (51) µg h/mL and 654 (76) ng/mL, respectively 
(n=33)]. PP (n=9) GM (%CV) AUC [57 (41) µg h/mL] and Cmin [1192 (68) ng/mL] appear higher than historical 
data. SAEs unrelated to study drug occurred in 4/21 treated subjects. Grade 3 bilirubin occurred in 5/18 subjects 
with lab results. All 10 subjects reaching delivery achieved HIV RNA < 50 copies/mL; all infants tested HIV 
negative. All infant bilirubins were within normal limits through day 14; there was 1 Grade 3 (4.5 mg/dL) at
day 15.

Conclusions

ATV/r 300/100 QD did not meet the protocol-defined AUC criterion. Although the Cmin criterion was met, these 
exposures may not be optimal for ARV-experienced patients. A protocol-specified dose increase to ATV/r 
400/100 QD in the 3TRI will be evaluated in a subsequent cohort. ATV exposures appear higher than historical 
data at 4 weeks PP in HIV+ women likely due to ongoing physiologic changes. Study drugs were well tolerated. 
No unexpected safety events related to ATV/r occurred.
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Figure 2. Interim Analysis Decision Tree

Timothy Eley1, Eric Vandeloise2, Michael Child1, Francesca Conradie3, Carmen Zorrilla4, Deirdre Josipovic5, Yonghua Wang1, Shanmei Liao1, Rong Yang6, Heather Sevinsky1, Marina Mathew6, Stefanie Marais6, Donnie McGrath6, Richard Bertz1, and The Atazanavir 182 Pregnancy Study Group

Atazanavir (ATV), a potent, once-daily (QD) HIV-1 protease inhibitor (PI), has demonstrated clinical efficacy comparable to 
standard of care in antiretroviral naïve patients, and when boosted with ritonavir (r), to twice-daily lopinavir/r (LPV/r) in 
treatment-experienced patients. 
Plasma concentrations of some PIs are reduced in the 3rd trimester of pregnancy relative to non-pregnant controls, 
presumably due to metabolic and physiologic changes associated with pregnancy.[1]

Due to reduced concentrations observed in the third trimester with LPV/r at 400/100 mg twice daily, a dose increase of 
LPV/r to 533/133 mg twice daily in the third trimester produced exposures similar to non-pregnant historical controls.[2]

There are limited data on the pharmacokinetics (PK) and safety of ATV in pregnancy. Ripamonti, et al, reported ATV 
plasma concentrations in 17 women in the third trimester that were similar to post-partum.[3]

BMS AI424182 is an ongoing, prospective study in HIV+ pregnant women to determine dosing of ATV/r that achieves 
predefined AUC and Cmin targets in the third trimester. 
The results presented here are from a planned interim analysis that was conducted when 12 subjects completed the third 
trimester (weeks 28-36) intensive PK. At the time of the interim analysis, post-partum data from 9 mothers and 10 infants 
were also available.
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a Screening/Enrollment (Enrollment at <12 to < 32 weeks gestation)
b Discharge

Pharmacokinetics
Blood samples collected following ≥ 2 weeks of adherent dosing

– Up to 24 hours post-dose for ATV/r from mother in 3rd trimester and ~ 4 weeks post-partum 
– Single blood collection from mother and neonate (umbilical cord) at Labor and Delivery

PK parameters derived by non compartmental PK analysis: Cmax, Tmax, Cmin, AUC(TAU), T-Half
ATV and ritonavir analyzed by LC/MS/MS

– ATV standard curve range (10-10,000 ng/mL)
– Ritonavir standard curve range (5-5,000 ng/mL)

Statistics
Descriptive statistics for third trimester and post-partum parameters were calculated
Ratios of adjusted geometric means, point estimates and 90% confidence intervals for ATV Cmax, AUC(TAU) and 
Cmin in the third trimester relative to postpartum data were calculated with postpartum data as a reference
Ratios of geometric means, point estimates and 90% confidence intervals for ATV Cmax, AUC(TAU) and Cmin
were calculated for third trimester data relative to pooled historical HIV+ data and for postpartum data relative to 
historical HIV+ data

Safety
All safety assessments on mothers and infants including clinical examination and laboratory testing at each study 
visit at the time of the interim datalock are reported
Incidence of AEs were tabulated and reviewed for potential significance and clinical importance

Interim Analysis
An interim analysis was planned once the PK data from the third trimester in 12 subjects were available.
Targeted exposures and a decision tree for the interim analysis is presented in Figure 2

Table 1. Subject Demographics at Baseline

161 (1.8)162 (2.5)Height (cm) – Mean (SE)

79 (4.0)82 (4.8)Weight (kg) – Mean (SE)

3.57 (1.69-5.11)4.09 (1.69-5.11)HIV RNA log10 c/mL – Median (Range)

438 (37.4) 395 (28.4) CD4 cells/mm3 – Mean (SE) 

18 (86)
3 (14) 

11 (92)
1 (8)

Race (%)
– Black/African-American 
– White/Caucasian 

23 (1.2)24 (1.1)Gestational Age – Mean (SE)

29 (20-38)28 (21-38)Age (yrs) – Median (Range)

All Treated Subjects
N = 21

Interim Analysis Subjects
N = 12

Demography
At the time of the interim analysis,

– Thirty-five (35) expectant mothers were enrolled; twenty-one (21) were treated; Twelve (12)  underwent third 
trimester intensive PK

– One (1) mother discontinued due to premature delivery
– Nine (9) had completed the study
– Eleven (11) were still on treatment 
– There were ten (10) live-born infants

C O N C L U S I O N SC O N C L U S I O N S

Relative to data in non-pregnant historical controls, the AUC and Cmin of ATV after treatment with
ATV/r 300/100 mg QD in 3rd trimester were reduced by 40% and 21%, respectively.

Postpartum PK data suggest that the PK of ATV up to 4 weeks postpartum remains different from the
non-pregnant state. Subsequent post-partum PK will be evaluated at ~8 weeks after delivery.

Based on the results of the interim analysis of ATV/r 300/100, the predefined Cmin criterion was met but the 
AUC criterion was not.  Increasing the ATV dose to an ATV/r 400/100 mg QD regimen is indicated.  A cohort 
of 20 is planned to evaluate this dosing regimen.

The study drugs were well tolerated by the subjects with no discontinuations due to drug-related AEs.
There were no unexpected safety events that were related to ATV/r.

There was no evidence of pathologic neonatal jaundice and no infant required medical intervention for 
jaundice. This is consistent with the findings of previous studies of ATV in pregnancy by Ripamonti, et al,[3]

and Natha, et al,[4] in cohorts of 17 and 26 infants, respectively. 

All 10 infants had negative HIV DNA PCR testing at birth.  All follow-up testing was also negative. 

The effect of pregnancy was relatively consistent across subjects: the subjects with the highest AUCs in the third 
trimester tended to have the highest AUCs post-partum (Figure 4, connected symbols). Similar trends were observed 
with ATV Cmin (Figure 5)  
Note that all ATV Cmins were > 150 ng/mL (~10-fold the protein binding adjusted EC90 for ATV vs wild-type HIV)

M E T H O D SM E T H O D S

Primary
To determine which dosing regimen of ATV/r produces adequate drug exposure during pregnancy compared to drug 
exposure in historical data in HIV-infected subjects

Secondary
To assess the safety in the neonate of maternally administered ATV/r
To assess the safety and tolerability of an ATV/r-based HAART regimen during pregnancy.
To compare ATV/r drug exposure during the 3rd trimester of pregnancy to drug exposure in the same women in the study 
cohort during the postpartum period

O B J E C T I V E SO B J E C T I V E S

Study Design
Multi-center, open-label, prospective, single-arm study (Figure 1)
Subjects received ATV/r 300/100 mg once daily (QD) and ZDV/3TC 300/150 mg twice daily for at least 2 weeks prior to 
intensive PK sampling in the third trimester and 4 weeks post-partum

Key Inclusion Criteria
HIV-1 infected, pregnant women with a CD4 count of ≥ 200 cells/mm3 at ≥ 12 weeks to < 32 weeks gestation
Singleton pregnancy
Agreement to formula feed throughout study

ARV history of the following:
ARV-naive with HIV RNA > 400 copies/mL
Currently on HAART and switching to the study regimen for a reason other than virologic failure of a PI-based regimen
if HIV RNA < 50 copies/mL
HAART for 90 days or less with HIV RNA > 50 copies/mL but ≥ 1 log drop in HIV RNA within 90 days of screening
ATV-based HAART for ≥ 3 weeks not allowed except for prior MTCT prevention with documented < 50 copies/mL at the 
time of discontinuation of ATV
Limited prior use of FTC or 3TC allowed
Prior use of ddI, ddC, d4T, ZDV, TDF, ABC or NNRTIs allowed

S/Ea Db

Interim Analysis

Geometric Mean AUC < 30 
ug h/mL but ≥ 15 µg h/mL OR
> 2 subjects with Cmin < 150 

ng/mL but 10 of 12 ≥ 50 ng/mL?

Geometric Mean AUC
< 15 µg h/mL OR ≥ 2 subjects 

with Cmin < 50 ng/mL?

Geometric Mean AUC
≥30 µg h/mL and 10 of 12 

Cmin ≥ 150 ng/mL?

Fully enroll at ATV/r 300/100 QD 
+ ZDV/3TC

Increase to ATV/r 400/100 QD + 
ZDV/3TC

Stop study/ 
re-evaluate

Figure 1. Study Design

Pharmacokinetics:  Atazanavir
Figure 3. Mean (SD) Plasma Concentration-Time Profiles for Atazanavir

3rd Trimester Interim PK
The geometric mean ATV AUC(TAU) observed in the third trimester was 26.6 µg h/mL and fell below the protocol-
defined minimum AUC(TAU) of 30 µg h/mL
All individual ATV Cmin values, however, were above the protocol-defined minimum Cmin of 150 ng/mL; the lowest 
observed Cmin in the third trimester was 196 ng/mL
Based on the predefined PK criteria for the interim analysis, these exposures will trigger a protocol-defined dose 
increase and evaluation of ATV/r 400/100 once daily with ZDV/3TC twice daily in the third trimester 
Third trimester ATV exposures at 300/100 were comparable with those observed by Ripamonti et al[3]

Table 2. Comparison of 3rd Trimester ATV PK vs Historical HIV+ Non-Pregnant Controls receiving ATV/r 300/100
Once Daily

0.786 (0.539, 1.147)654 (76)514 (48)Cmin (ng/mL)#

0.603 (0.466, 0.780)44.2 (51)26.6 (43)AUC(TAU) (µg•h/mL)

0.562 (0.418, 0.755)4466 (42)2509 (50)Cmax (ng/mL)

3rd Trimester vs
Historical

Historical HIV+
(n=33)

3rd Trimester
(n=12)PK Parameter

Ratio of
Geometric Means

Point Estimate (90% CI)Geometric Means (CV%)

# Cmin is defined as the 24 hour post-dose concentration on serial PK sampling days

Table 3. Comparison of 3rd Trimester ATV PK vs Week 4 Postpartum HIV+ Women receiving ATV/r 300/100
Once Daily

0.409 (0.302, 0.555)1192 (68)514 (48)Cmin (ng/mL)#

0.454 (0.352, 0.586)57.2 (41)26.6 (43)AUC(TAU) (µg•h/mL)

0.402 (0.297, 0.545)6046 (32)2509 (50)Cmax (ng/mL)

3rd Trimester vs
Postpartum

Postpartum
(n=9)

3rd Trimester
(n=12)PK Parameter

Ratio of Adjusted 
Geometric Means

Point Estimate (90% CI)Geometric Means (CV%)

# Cmin is defined as the 24 hour post-dose concentration on serial PK sampling days

ATV AUC(TAU), Cmax, and Cmin were lower in the third trimester of pregnancy relative to historical data from
HIV-infected subjects (Table 2) and week 4 postpartum (Table 3).  
The finding of notable difference between 3rd trimester and postpartum data is in contrast to Ripamonti et al, who 
reported a mean time of postpartum PK as 10 weeks (71 days) after delivery[3]

Postpartum ATV AUC(TAU) and Cmin were approximately 30% and 82% higher (90% CI: 0%-69% and 17%-183%, 
respectively), relative to historical data from HIV-infected subjects, suggesting the PK of ATV had not returned to 
baseline by 4 weeks postpartum

Figure 4. Scatterplot of Individual 3rd Trimester and Postpartum Atazanavir AUC(TAU) vs Historical HIV+
Non-Pregnant Controls receiving ATV/r 300/100 Once Daily 

Note: open symbols represent female subjects

Figure 5. Scatterplot of Individual 3rd Trimester and Postpartum Atazanavir Cmin vs Historical HIV+ Non-Pregnant 
Controls receiving ATV/r 300/100 Once Daily

Note: open symbols represent female subjects

Table 5.  Maternal SAEs

0.475 (0.284, 0.793)79 (60)38 (111)Cmin (ng/mL) #

0.327 (0.240, 0.444)10.9 (39)3.6 (55)AUC(TAU) (µg•h/mL)

0.308 (0.198, 0.480)1304 (61)412 (79)Cmax (ng/mL)

3rd Trimester vs
Postpartum

Postpartum
(n=9)

3rd Trimester
(n=12)PK Parameter

Ratio of Adjusted 
Geometric Means

Point Estimate (90% CI)Geometric Means (CV%)

# Cmin is defined as the 24 hour post-dose concentration on serial PK sampling days

Ritonavir plasma concentrations are reduced in the third trimester of pregnancy relative to postpartum  
Ritonavir plasma concentrations were comparable between postpartum and historical data in HIV-infected subjects 
(data not shown)

Safety:  Mothers
There were no deaths or AEs leading to discontinuation. There were no on-study CDC Class C AIDS events.

1Possible pre-eclampsia

1Pregnancy Induced hypertension

2Decidual endometritis

1Cardiomyopathy

5*SAEs (none considered treatment-related)

n=35 
Enrolled

Table 6.  Maternal Treatment-Related Adverse Events 

Table 7.  Maternal Grade 3 Laboratory Abnormalities* 

Table 8. Infant SAEs

Table 4.  Comparison of 3rd Trimester Ritonavir PK vs Postpartum HIV+ Women receiving ATV/r 300/100 Once Daily 

1Allergic Dermatitis

1Premature Labor

1Vomiting

1Diarrhea

3Grade 2 related AEs*

n=21
Treated

* There were no Grade 3-4 related AEs

1Glycosuria

1Proteinuria

1Reduced bicarbonate

1Decreased hematocrit

2Direct bilirubin elevation

5Total bilirubin elevation

n=21
Treated

Safety:  Infants
There were no reported deaths of live-born infants. All 10 infants had negative HIV DNA PCR testing at birth and 
throughout follow-up (range, days 16 to 184) 

1Constipation / Vomiting

1Overdose**

1Syphilis

1Anemia

4SAEs*

n=10

* Relatedness to study drugs was not assessed for infants
** AZT given for prevention of mother-to-child HIV transmission
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Table 9.  Infant Adverse Events

1Rash

1Neonatal Respiratory Distress Syndrome

1Prematurity

1Overdose

4Infections (bronchiolitis, bronchitis, oral candidiasis, otitis media)

1Jaundice

1Anemia

5Any Grade 2-4 AEs*

n=10

* Relatedness to study drugs was not assessed for infants

No infant had a ≥ Grade 1 total bilirubin in the age Day 1 to Day 14 period. One infant had a Grade 3 total bilirubin
(4.5 mg/dL at age 15 days). Other Grade 3 to 4 laboratory abnormalities were hyperkalemia (2/9 subjects) 
Most infants had increasing bilirubin through the first 3 days of life, with resolution to normal levels thereafter
(Figure 6)

Figure 6: Infant Bilirubin Levels Over Time

≥ 12 weeks Gestation
24h PK once during 

3rd Trimester (28-36 weeks)

Post Partum
24h PK at
~4 weeks

Labor
&

Delivery

Pharmacokinetics:  Ritonavir
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* No Grade 4 Laboratory Abnormalities were reported


