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Introduction

Atazanavir (ATV) is a widely-used protease inhibi-
tor (PI) with once daily (OD) dosing approved for a 
first line antiretroviral regimen [1].
Currently approved atazanavir doses in HIV-
infected patients are two 150-mg capsules plus a 
100-mg ritonavir capsule (boosted, approved in 
Europe and the United States) [2-3] or two 200-mg 
capsules without ritonavir (unboosted, approved 
in the United  States) [3] both once daily. Avoiding 
concomitant use of ritonavir as a booster may 
result in several clinical advantages such as fewer 
gastrointestinal adverse events, a more favorable 
lipid profile and a lower rate of jaundice [4].
The occurrence of hyperbilirubinemia has been 
reported relatively frequently in clinical trials of 
ATV but is generally reversible and seldom leads 
to treatment discontinuation (<1%) [5] where the 
bilirubin was predominantly of the unconjugated 
type. Hyperbilirubinemia induced by ATV resem-
bles Gilbert’s syndrome [6] and its symptoms 
include scleral icterus or jaundice.
In a normal situation unconjugated bilirubin needs 
to be conjugated with glucuronic acid to be excret-
ed in the bile and this step is mediated by the 
microsomal enzyme UDP-glucuronosyltransferase 
(UGT). First understood as an example of unconju-
gated hyperbilirubinemia caused by ATV-competi-
tive inhibition of UGT1A1 enzyme alleles and ele-
vated bilirubin levels, the condition was explored 
by O’Mara and colleagues [7] in healthy subjects. 
They investigated the relation between the known 
allelic variants of UGT1A1, *6*7 and *7*7, and the 
rate of rise and height of bilirubin levels. Total 
bilirubin elevations were proportional to wild-type 

or allelic variant status. Mean bilirubin exposures 
were 2.1 and 4.1 mg/dl for the *6*7 and *7*7 alleles, 
respectively. In this study, atazanavir exposures 
were affected by the UGT1A1 genotype. 
Another important point is Gilbert syndrome. This 
is the most common inherited cause of unconju-
gated hyperbilirubinemia (3-10% of the general 
population) [8]. Previous studies showed that a 
polymorphism in the promoter TATA element of 
the gene encoding UGT1A1 (UGT1A1*28 allele 
containing 7 thymine adenine (TA) nucleotide 
repeats) is linked to Gilbert syndrome. Homozygo-
sis for the allele A(TA)7TAA leads to higher levels 
of unconjugated bilirubin [8-10].
A significant correlation between serum bilirubin 
concentration and ATV Ctrough was reported by 
Ray and colleagues in a study of patients receiving 
either ATV or ATV/r [11].     Hyperbilirubinemia 
was significantly higher in patients receiving the 
boosted regimen due to increased ATV concentra-
tion [12], and proportional to ATV area under the 
curve (AUC) regardless of UGT1A1 genotype [7]. 
However, it is noteworthy that: 1) two thirds of 
the patients whose atazanavir concentrations were 
within the therapeutic range also showed elevated 
bilirubin levels, and 2) one third of the patients 
who had hyperbilirubinemia showed suboptimal 
atazanavir concentrations. This means that ata-
zanavir concentrations cannot be easily predicted 
based on total bilirubin concentrations, limiting the 
potential role of total bilirubin concentration as a 
biomarker of atazanavir exposure [13].
An important tool for managing ATV concentra-
tion-related toxicities is ATV Therapeutic Drug 
Monitoring (TDM), possibly useful to optimize 
therapy and to improve grade 3 or 4 hyperbiliru-

AbstrAct

Hyperbilirubinemia is a common and reversible adverse event with atazanavir (ATV). Polymorphism at the uridin-glucoron-
osyl-transferse 1A1 (UGT1A1) and multidrug resistance 1 (MDR1) genes may influence bilirubin and ATV plasma concen-
trations respectively. A linear correlation between ATV plasma concentrations (Ctrough) and bilirubin has not been shown 
but severe hyperbilirubinemia is more frequent with higher ATV plasma levels. As shown in our case report, therapeutic drug 
monitoring is useful to evaluate ATV Ctrough variability in clinical practice. However, atazanavir remains a manageable and 
tolerable drug.
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binemia in patients. 
The likelihood of reading a grade ≥ 3 of total serum 
bilirubin in patients taking boosted ATV with ATV 
Ctrough > 0.63 mg/L was 74% in a study done in 36 
measurements on boosted ATV patients by Smith 
and colleagues [14]. 
On the whole, a correlation emerged in several 
studies between ATV exposure and the occurrence 
of chronically significant hyperbilirubinemia, even 
though this relation is more linear for boosted ATV 
[11,14-17] and patients’ acceptability of jaundice is 
heavily dependent on work place, social environ-
ment and cultural variables. 
The pharmacokinetics of atazanavir appeared to 
be significantly influenced by polymorphisms at 
MDR1-3435 that encodes P-glycoprotein. Lower 
ATV plasma concentrations were shown in patients 
with the MDR1 3435C>T change [16]. Therefore, 
C/C genotype causes higher ATV concentrations 
both boosted [16] or boosted ATV [17] compared 
with C/T or T/T carriers. 
Along with polymorphisms at the MDR1 gene, 
genetic variability on cytochrome P450 (CYP3A4) 
encoding genes may also be involved in PI (and 
ATV) plasma concentration differences among 
patients receiving some dose of drugs [18]. The 
pregnane X receptor (PXR; NR1I2) regulates the 
expression of CYP3A4 [19] and MDR1 [20] and its 
increased expression for the PXR coding region 
polymorphism influences ATV plasma concentra-
tion [21].   

Case Report
We observed a particular hyperbilirubinemia in a 
49-year-old HIV-infected male of Hispanic ethnicity. 
He had a recent history suggestive of cerebral stroke, 
and had received several highly active antiretroviral 
therapy (HAART) regimens over a number of years 
including atazanavir-containing regimens.
The patient was diagnosed as HIV-positive in 1984, 
most likely as a result of multiple homosexual con-
tacts. He was also HAV- and HBV-positive, but was 
HCV-negative and had negative syphilis serology. 
His total and fractionated bilirubin levels were nor-
mal and there was no history of Gilbert’s disease in 
his medical record.  In 2001, he suffered an episode 
of bacterial pneumonia and in 2002 he reached his 
CD4 count nadir, with 24 cells/mm3 and an HIV-
RNA plasma viral load  (HIV-RNA pVL) of more 
than 600,000 copies/mL. In 2003, he was diagnosed 
and treated for an oral Kaposi’s sarcoma. As a flight 
attendant, he had a frantic lifestyle and was treated 
for HIV infection in different countries. As a reflec-
tion of this, his medication history included several 
HAART combinations: (1) tenofovir disoproxil + 
didanosine + efavirenz (TDF + ddI + EFV); (2) teno-
fovir disoproxil + zidovudine + lopinavir/ritonavir 
(TDF + AZT + LPV/r); (3) stavudine + didanosine 
+ lopinavir/ritonavir (d4T+ ddI + LPV/r); (4) sta-
vudine + didanosine + efavirenz (d4T+ ddI + EFV); 
and (5) didanosine 250 mg od + tenofovir disoproxil 
+ efavirenz (ddI 250 + TDF + EFV). The reasons 
for switching from one regimen to another between 
2002 and January 2005 included virological failure, 
diarrhea and the development of lipodistrophy. 
When we first evaluated the patient (January 2005) 
his CD4 level was 208 cells/mm3 and viral load was 

approximately 8000 copies/mL. Genotype testing 
showed a 190Q mutation related to EFV and a 65R 
mutation related to TDF. In the protease domain, 
only a 63P polymorphism was evident. 
A new treatment regimen was started with ddI (400 
mg OD), d4T (40 mg bid), and ritonavir (RTV)-
boosted saquinavir (SQV/r), 1000 mg/100 mg bid. In 
September 2005, his HIV-RNA pVL was undetect-
able and CD4 cell count had risen to 232 cells/mm3. 
At this time, his total bilirubin concentration was 
1.40 mg/dL (unconjugated bilirubin 1 mg/dL). A few 
weeks later, the patient returned to his home coun-
try (Argentina) and was examined again in March 
2006, at which time his viro-immunological con-
trol was close to that obtained in Italy, six months 
previously. In May 2006, he returned to our Center 
complaining of colicky abdominal pain and diarrhea 
with up to eight discharges of loose stools per day. 
Scleral icterus was noted on physical examination. 
After excluding drug toxicities, viral hepatitis and 
alcohol abuse, it became evident that he had been 
switched from SQV/r to RTV-boosted atazana-
vir (ATV/r) while in Argentina. Laboratory data 
showed grade 3 hyperbilirubinemia (total bilirubin 
5.4 mg/dL; unconjugated bilirubin 5.1 mg/dL) while 
his HIV-RNA pVL and CD4 count remained basi-
cally unchanged. Trough ATV plasma concentration 
(Ctrough) was measured by HPLC and found to be 5.2 
µg/mL, around ten times the therapeutic level of 
0.15-0.85 µg/mL [22]. Accuracy of drug intake and 
blood sampling were checked and both confirmed 
as correct. 
The patient described here sought medical care in 
Milan one week after being seen at our Institution  
due to the acute onset of vomiting and diarrhea 
(May 2006). A serum total bilirubin concentration 
of 7.6 mg/dL (unconjugated bilirubin: 7 mg/dL) was 
noted but transaminase levels were within normal 
range. He was discharged from the Emergency 
Room with gastrointestinal symptoms alleviated. 
In June 2006, the patient returned to our clinic 
still showing mild scleral icterus but was otherwise 
asymptomatic. At this stage he presented a note 
from his medical caregiver in Argentina, which 
stated he had been taking 300 mg ATV boosted by 
200 mg RTV. Hence an incorrect RTV dosage had 
been taken since May 2006. A further HPLC test 
(June 2006) confirmed a high level of ATV Ctrough (5.4 
µg/mL) (Fig. 1). Interestingly, the total bilirubin con-
centration had spontaneously decreased to around 
3 mg/dL. The RTV boosting dosage was reduced 
to 100 mg resulting in a decrease of scleral icterus 
and a total bilirubin concentration of 4.3 mg/mL 
(unconjugated bilirubin 3.9 mg/dL). ATV Ctrough 
levels also fell, but were still above the therapeutic 
range.  The patient had subsequent monthly assess-
ments. In July 2006, he presented with mild scleral 
icterus, a CD4 cell count >300 cells/mm3, and an 
undetectable viral load, however total bilirubin and 
ATV Ctrough were unchanged. In August 2006, his 
jaundice had disappeared, the serum total bilirubin 
concentration was markedly reduced, and the CD4 
cell count was unchanged, though levels of HIV-
RNA pVL had increased to approximately 200 cop-
ies/mL. The patient’s ATV Ctrough level was below the 
detection limit (0.1 µg/mL) despite his assurance of 
adherence to therapy. Thus, both the total bilirubin 
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and the ATV Ctrough had decreased after reduction of 
the RTV boosting dosage. At the patient’s last clinic 
visit (August 2006), the total bilirubin concentration 
was at normal level, but the ATV Ctrough was below 
the therapeutic range. The patient was subsequently 
lost to follow-up. 

Discussion

This case report highlights 
several points of interest. 
The inappropriate doubling 
of RTV boosting resulted 
in a high ATV Ctrough and 
an initial rise in bilirubin 
plasma level. Bilirubin lev-
els later decreased, probably 
as a consequence of enzyme 
induction, whilst ATV plas-
ma concentrations remained 
elevated. An “adaptation” in 
bilirubin levels during ATV-
based therapy was reported 
indirectly at the 96-week 
follow-up in study BMS-045 
(120 patients treated with 
ATV/r), where the incidence 
of grade 3-4 bilirubin eleva-
tion was almost five times 
higher in the first year of 
treatment than in the second 
year (24 vs. 5 cases, respec-
tively) [23]. It is also note-

worthy that the patient described here tolerated 
the high ATV concentrations, tests of liver function 
remained within the normal range throughout the 
entire period of RTV overdosing. This result pro-
vides additional support to the good tolerability 
profile of this drug. 
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Fig.1. Total bilirubin and ATV plasma Ctrough concentrations measured between 
September 2005 and August 2006
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