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Introduction

Atazanavir is indicated for managing human immunodeficiency virus (HIV) infection as part of a multi-drug
regimen (1). While it was once widely recommended as a first-line therapy, it is now primarily suggested as a
second-line therapeutic option due to potential adverse effects leading to discontinuation of therapy (2, 3).
Atazanavir can cause hyperbilirubinemia (not associated with liver injury) leading to jaundice, which is a
common cause of drug discontinuation. Individuals with 2 decreased-function alleles for UGTIA1 are most
likely to experience jaundice leading to atazanavir discontinuation, although this can occur despite the
individual having a reference UGTIA1 genotype (4). The Clinical Pharmacogenetics Implementation
Consortium (CPIC) recommends that when an individual is a known UGT1A1 poor metabolizer, an alternative
therapy should be considered particularly when jaundice is of concern to the individual (Table 1) (4). The US
Food and Drug Administration (FDA) approved drug label states that certain comedications that depend upon
UGT1A1 or the cytochrome P450 family member CYP3A are contraindications for atazanavir therapy due to
the potential for elevated plasma concentrations of these comedications (1).

Table 1: The Clinical Pharmacogenetics Implementation Consortium (CPIC) Recommended Use of Boosted Atazanavir by UGTIAI
Phenotype (2016)

Phenotype Example UGTIAI Implications for Dosing recommendation Strength of
genotype? phenotypic measures recommendation
Normal *1/%1 Reference® UGT1A1 There is no need to avoid Strong
metabolizer? *1/%36 activity; very low prescribing atazanavir based on
*36/*36 likelihood of bilirubin- UGTI1AL1 genetic test results. Inform
related discontinuation of ' the individual that some individuals
atazanavir stop atazanavir because of jaundice
Intermediate *1/%6 Somewhat decreased ‘(yzl'lc).v(xir ea}i’es and skin), blll{t thit. this Strong
metabolizer *1/*27 UGT1A1 activity; low m 1?11 lu ls getrlllotype rmases ‘ ; 1ls
*1/°28 likelihood of bilirubin- "% Y (hess L appr Aty
*36/*37 related discontinuation of 1-in-20 chance o stop Pg
. atazanavir because of jaundice).
atazanavir.
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Table 1 continued from previous page.

Phenotype Example UGTIAI Implications for Dosing recommendation Strength of
genotype? phenotypic measures recommendation
Poor metabolizer *6/%6 Markedly decreased Consider an alternative agent Strong
*6/*27 UGT1A1 activity; high ~ particularly where jaundice would
*6/%28 likelihood of bilirubin-  be of concern to the individual.
*27/*28 related discontinuation of If atazanavir is to be prescribed,
*37/%37 atazanavir there is a high likelihood of

developing jaundice that will result
in atazanavir discontinuation (at
least 20% and as high as 60%).

Note: All studies correlating UGT1A1 genotype with atazanavir adverse events have involved ritonavir boosting.

4 Example genotype (also called a diplotype) data from CPIC Diplotype-Phenotype table, as provided in (5).

b Original CPIC guidelines used the term of “extensive metabolizer” which has been substituted for the current, standardized term of
“normal metabolizer”

¢ “Reference” function refers to the UGT1A1 allele to which other alleles are compared.

This table has been adapted from (4).

Drug: Atazanavir

Atazanavir is an antiretroviral protease inhibitor (PI) used to treat HIV infection in adults and pediatric
individuals weighing at least 15 kilograms (1, 6, 7). The current standard of care for HIV infection is
combination antiretroviral therapy (cART), where multiple classes of antiretroviral medications are taken
together (3). Atazanavir is most often prescribed with 2 nucleoside reverse transcriptase inhibitors (NRTIs) and
a pharmacokinetic booster——either ritonavir or cobicistat—-to slow the metabolism of atazanavir and ensure
sufficient plasma levels for therapeutic efficacy (3). Atazanavir-containing ART is recommended by the World
Health Organization (WHO) as a second-line drug regimen for individuals for whom a dolutegravir-based first-
line therapy has failed (2). However, both the WHO and the U.S. Department of Health and Human Services
Panel on Antiretroviral Guidelines for Adults and Adolescents recommend darunavir over atazanavir due to its
lower rate of drug discontinuation in response to adverse effects (2, 3). Atazanavir-containing regimens should
be avoided in individuals with high viral load (HIV RNA >100,000 copies/mL), chronic kidney disease
(creatinine clearance <60 mL/min), severe hepatic impairment (Child-Pugh Class C), or a history of clinically
significant hypersensitivity (including Stevens-Johnson syndrome, erythema multiforme, or toxic skin eruptions)
to components of the medication formulation (1, 3).

Primary metabolism of atazanavir occurs via the cytochrome P450, family 3, subfamily A (CYP3A) enzymes,
and both isoenzymes 4 and 5 (CYP3A4/5) (1, 8). Coadministration with ritonavir or cobicistat leads to
inhibition of the CYP3A4/5 enzymes and improves pharmacokinetics, decreasing the daily pill burden for the
individual (8). Thus, for individuals who can tolerate ritonavir, the recommended daily dose of atazanavir is 300
mg (plus 100 mg of ritonavir); if ritonavir is not well tolerated, the daily dose of atazanavir should be 400 mg (1).
Atazanavir is administered orally and should be taken with food to increase overall bioavailability; absorption is
rapid, and maximum plasma concentration is reached approximately 2.5 hours after dosing (or up to 5 hours if
taken with a high-fat meal) (1). In plasma, atazanavir is 86% bound to proteins, including alpha-1-acid
glycoprotein and albumin (1). The WHO recommends avoiding atazanavir with rifampin, a strong CYP3A4
inducer, due to decreased plasma levels of atazanavir (2, 9). Medications that inhibit CYP3A activity can
significantly increase plasma atazanavir and ritonavir levels and lead to severe, life-threatening, or fatal events
and should be avoided if possible; these medications include amiodarone and indinavir (1, 9). Some medications
may be used with altered dosing (see the FDA-approved drug label for full information) (1). Coadministration of
ritonavir-boosted atazanavir with the antifungal voriconazole leads to altered pharmacokinetics of voriconazole,
especially for individuals with a CYP2C19 genotype associated with poor metabolism of voriconazole; experts
recommend using this medication combination only when the benefits outweigh the risks (10).
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Atazanavir inhibits the uridine diphosphate-glucuronosyltransferase 1A1 (UGT1A1) enzyme—the only enzyme
that conjugates bilirubin for excretion in bile (8, 11). Atazanavir therapy causes an elevation of unconjugated
bilirubin in most individuals, though many remain asymptomatic (1). Some individuals can progress to
hyperbilirubinemia and jaundice, leading to discontinuation of or non-adherence to cART (4, 12, 13). The
increase in unconjugated bilirubin is not associated with other signs of hepatic injury, and any observed
elevations of hepatic transaminases should be evaluated for alternative causes (1). Individuals with 2 decreased-
function UGTI1ALI alleles are at highest risk of bilirubin-related atazanavir discontinuation, although bilirubin
elevations can also occur in the absence of this genotype (4).

Other potential side effects associated with atazanavir (with or without ritonavir) include cardiac symptoms,
severe skin reactions, liver toxicity in individuals with elevated liver transaminases, development of chronic
kidney disease, diabetes mellitus and hyperglycemia, immune reconstitution syndrome, and metabolic
abnormalities (1). Cardiac symptoms may include a prolonged duration of the PR interval. The PR interval is a
period lasting from the beginning of the P wave (reflecting atrial depolarization) until the beginning of the QRS
complex (indicating ventricular depolarization) in an electrocardiogram. The PR interval, sometimes called the
PQ interval, is normally between 120 and 200 milliseconds in duration. (14) Reports of prolonged PR intervals
associated with atazanavir therapy were not acute but occurred after a few weeks of therapy, either alone or with
NRTI (15). Cardiac conduction abnormalities, specifically asymptomatic first-degree atrioventricular (AV)
block, were reported in 5.9% of atazanavir-treated individuals (1). In some individuals, the AV block and
abnormal ECG rhythm resolved within one week following atazanavir discontinuation, but for others it persisted
for one month (15). Individuals with underlying hepatitis B or C infection or preexisting renal disease may
require additional monitoring or alternative medications; cases of kidney stones have been reported in
individuals during atazanavir therapy and may require temporary interruption of therapy (1). Individuals with
hepatic impairment should not take ritonavir to boost atazanavir pharmacokinetics. Thus, individuals with
moderate (Child-Pugh class B) hepatic impairment are recommended to be given a daily dose of 300 mg
atazanavir without ritonavir boost, while individuals with mild (Class A) hepatic impairment can take the
standard 400 mg dose (without ritonavir) (1). Kidney disease, including nephrolithiasis and nephrotoxicity
without large calculi, have also been reported in association with atazanavir therapy (16, 17). While PI therapy
has been associated with diabetes mellitus and hyperglycemia (1), a pooled meta-analysis found no significant
differences in insulin sensitivity during atazanavir therapy (18). Similarly, the reported association of PI therapy
leading to increased risk of cardiovascular disease and dyslipidemia is less significant for atazanavir as compared
with older PIs (19).

Atazanavir can be used in children, with a recommended daily dose of 200 mg (together with 100 mg ritonavir)
in individuals weighing 15-35 kg, and 300 mg daily (with 100 mg ritonavir) for individuals weighing at least 35
kg. Individuals must be 13 years of age and weigh at least 40 kg for unboosted atazanavir therapy, which is dosed
at 400 mg per day (1, 20). Increased age is also associated with a higher exposure to atazanavir at standard doses,
which may result in a more pronounced decrease in bone mineral density in older adults when compared with
darunavir cART (21).

Pregnant women may be prescribed atazanavir and should be given a form of ART to minimize the risk of
maternal-fetal HIV transmission (2, 22). The FDA recommends the standard dose of atazanavir for pregnant
individuals (300 mg daily with 100 mg ritonavir) (1). Despite the risk of hyperbilirubinemia and jaundice linked
to atazanavir therapy, atazanavir was not associated with higher rates of neonatal jaundice (23). Pregnant
individuals should not use cobicistat-boosted atazanavir (1, 3) due to reduced exposure and potential loss in
efficacy during 20d and 314 trimesters (22). One systematic review reported an association of maternal PI
therapy with an increased risk of the child being small or very small for gestational age (relative risk 1.24-1.4),
though this risk was not significantly different among the multiple PIs studied, including atazanavir (24).
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Individuals using hormone-based contraceptive medication may experience drug-drug interactions and altered
metabolism when taking boosted-PI based cART. One study reported changes in exposure to etonogestrel
(increased) and ethinyl estradiol (decreased) when used concomitantly with atazanavir (25). Similarly, a
cobicistat-boosted atazanavir or darunavir regimen was found to increase exposure to drospirenone, leading to
an increased risk of hyperkalemia and a subsequent recommendation to avoid atazanavir and cobicistat with
drospirenone (24).

Gene: UGTI1AI1

The UGT enzymes (uridine diphosphate-glucuronosyltransferase) are a superfamily of enzymes that metabolize
a wide range of lipophilic molecules, including bilirubin, steroids, toxins, and drugs. These enzymes mediate
glucuronidation, a phase II metabolic pathway in which glucuronic acid is conjugated to specific targets to
convert them into water-soluble metabolites that can then be eliminated from the body (11).

The UGT genes are polymorphic, and genomic processes such as variant splicing and epigenetic factors likely
contribute to their diversity. As a result, the substrates catalyzed by UGT enzymes are particularly variable (26).
In humans, the UGT superfamily is made up of 22 enzymes divided into 4 families, of which UGT1A is a
member (27). The UGT1A gene locus is a cassette gene located on chromosome 2q37, where common exons 2-
5a and 5b are differentially spliced to unique first exons, resulting in the 9 functional UGT1A family members
(UGT1A1 and UGT1A3-UGTI1A10) (28, 29). The UGTIAI promoter is regulated differently from other
UGT1As and consists of elements sensitive to various substances: xenobiotics (for example, pregnane X receptor
(PXR) and constitutive androstane receptor), hydrocarbons (for example, the aryl hydrocarbon receptor),
electrophilic nucleophiles and reactive oxygen species (for example, the nuclear factor 2 receptor), endobiotics,
and fatty acids (such as the glucocorticoid receptor). The UGT1A1 promoter also contains a critical Thymine-
Adenine-Thymine-Adenine (TATA) box that consists of polymorphic tandem repeats, (TA)53TAA. Several CpG
islands (DNA regions rich in cytosine-guanine dinucleotide pairs) at the promoter can further alter the affinity
and activity of nuclear receptors.

Whereas many UGT enzymes have overlapping glucuronidation substrates, UGT1A1 is the only enzyme that
glucuronidates bilirubin, a yellow waste product produced during the catabolism of heme, a constituent of
hemoglobin (30). When old or damaged red blood cells are broken down in the spleen, their hemoglobin is
broken down to heme, which is then converted to bilirubin. The UGT1A1 enzyme converts this toxic, insoluble
form of bilirubin (unconjugated bilirubin) to its non-toxic, soluble form (conjugated bilirubin). Since conjugated
bilirubin is water-soluble, it can be dissolved in bile and eliminated with solid waste. If bilirubin is not eliminated
and instead builds up to high levels (hyperbilirubinemia), it can cause a yellowish discoloration of the skin and
eyes, commonly known as jaundice.

Over 150 genetic variants in the UGT1A1 gene have been reported (11, 30, 31). Of these, the available evidence
indicates that 5 polymorphic variants are of clinical importance to UGT1A1 activity (UGT1A1*6, UGTIA1*27,
UGTI1A1%28, UGT1A1%36, UGT1A1*37); 3 of these variants affect the tandem repeat of the TATA box
((TA)5TAA - UGT1A1*36, (TA);TAA - UGT1A1%28, (TA)gTAA - UGTIA1*37 (4)). The wild-type allele is
called UGTI1A1*1, which is associated with normal enzyme activity and the reference TATA box tandem repeat
length ((TA)gTAA) (Table 2).

As with all genetic variation, specific alleles or haplotypes can vary in frequency across populations based on
genetic ancestry and any history of evolutionary migration or bottleneck. To characterize the range of genetic
variation in different populations, studies have used a mix of ethnic, racial, and geographic descriptors to group
individuals with assumed common ancestry and shared genetic traits. Those descriptors are used
interchangeably below, based on the cited literature; however, the goal is to reflect a shared genetic background
arising from common ancestry.
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There are multiple genetic variations in the UGT1A1 locus that reduce UGT1A1 enzyme activity and can lead to
jaundice in the absence of exogenous substances, such as belinostat. The jaundice may be mild, as seen in Gilbert
syndrome, or severe, as observed in Crigler-Najjar syndrome. (12)

The most common variant UGT1A1 allele is UGT1A1*28, which is commonly found in individuals of African
descent (“African Americans”; 0.42-0.45 allele frequency, or 17-20% frequency of homozygosity in the
population), European descent (“Caucasians”; 0.26-0.31 allele frequency, or 6-9% homozygosity), and in
Western and South Asian populations (0.26-0.33 allele frequency, or 6-10% homozygosity). In contrast, it is less
common in East and Southeast Asian populations (0.09-0.16 allele frequency, or 0.8-2.5% homozygosity) (32,
33, 34). Within European-and African-descended American populations, the UGT1A1*28 variant is a common
cause of Gilbert syndrome (32, 35). The UGTIA1*28 [(TA);TAA] variant contains an extra thymine-adenine
(TA) repeat within the TATA box promoter region (7 TA repeats as opposed to 6 in the wild-type allele) (36).
This extra TA repeat reduces the rate of transcription initiation of the UGTIAI gene, leading to decreased
enzyme activity and bilirubin glucuronidation (37). Evidence indicates that one copy of the UGT1A1*28 allele
results in an approximately 35% decrease in transcriptional activity, and 2 copies (*28/*28, homozygous) yield an
approximate 70% decrease (38, 39).

Another variant allele, UGTIA1%37 [(TA)gTAA], has 8 TA repeats at the TATA box site, and results in reduced
promoter activity to levels lower than the UGTIA1*28 allele. In contrast, the UGTIA1*36 [(TA)5TAA] allele only
has 5 repeats and is associated with increased promoter activity and a reduced risk of neonatal
hyperbilirubinemia (a common and typically benign condition). The UGT1A1*36 and UGT1A1*37 alleles occur
almost exclusively in populations of African origin, with estimated allele frequencies across African-descended
populations of 0.07 for *36 (TAs5) and 0.05 for *37 (TAg) (gnomAD browser version 3.1.2, accessed 27 April
2023) (40). By comparison, the average frequency of these alleles across all populations in gnomAD is 0.01-0.02.
The UGT1A1*80 allele exhibits almost complete linkage disequilibrium with both UGT1A1*28 and *37 and can
be considered as a surrogate marker for these alleles (4).

Other promoter variants have been reported in the phenobarbital-responsive enhancer module of the UGTIA
locus. A thymine (T) to guanine (G) substitution, known as UGT1A1*60, results in decreased transcription and
is found more often in individuals with mild hyperbilirubinemia (41). However, other studies indicate no
significant difference in total bilirubin concentration between individuals homozygous for UGTIAI1%60 versus
wild-type homozygotes (42). The UGT1A1*60 allele has been observed more frequently in individuals of African
compared to European descent (43). It's worth noting that the UGT1A1*28 and *60 alleles are reported to be in
linkage disequilibrium in multiple ethnic groups (43, 44). This means an individual with a higher number of TA
repeats in the promoter (UGT1A1*28) is also likely to have the T to G substitution (UGT1A1*60) in the
phenobarbital-responsive enhancer module region. As a result, discerning the individual contribution of these
variants to total enzyme activity in vivo can be difficult. The UGT1A1*60 allele has a reported frequency of 0.47
in individuals of European descent and 0.85 in Americans of African descent (43).

Another variant allele, UGT1A1*6, is more prevalent in East Asian populations, with allele frequencies ranging
from 0.10-0.30 in Taiwanese, Chinese, Korean, and Japanese populations (34, 38, 45, 46). Conversely, the
UGTI1A1%6 allele is less common in Southeastern and Southern Asian populations, with frequencies ranging
from 0.027-0.12 in Thai, Malay, Indonesian, Vietnamese, and Indian population studies (34). This missense
variant results in a glycine to arginine amino acid change at position 71 (p.Arg71Gly), and individuals who are
homozygous for this allele have reduced UGT1A1 enzyme activity, which can cause Gilbert syndrome and
prolonged neonatal jaundice (47, 48, 49, 50).

The UGT1A1*27 (p.Pro229GIn) variant is in exon 1 and has a minor allele frequency between 0.00011-0.0030 in
individuals with Asian ancestry. This allele is associated with Gilbert syndrome, post-irinotecan
hyperbilirubinemia, and severe or life-threatening leukopenia or diarrhea during irinotecan therapy (51, 52).
The allele is also associated with a significant decrease in UGT1A1 substrate binding and catalytic activity (53).


https://www.ncbi.nlm.nih.gov/medgen/4891
https://www.ncbi.nlm.nih.gov/medgen/4891
https://www.ncbi.nlm.nih.gov/medgen/1789261
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Table 2: Relative Enzymatic Activity of UGT1A1 Variants

Allele name Variant Relative activity Potential impact on drug metabolism CPIC functional status®
UGTIAI*I None (Promoter [TA]¢TAA) 100%? Normal Normal function
UGTIAI*6 p.Arg71Gly 70%P Slower Decreased function
UGT1A1*27 p.Pro229GIn 50% © Slower Decreased function
UGT1A1*28 Promoter [TA];TAA 65%%2 Slower Decreased function
UGT1A1*36 Promoter [TA]sTAA 130%? Faster Increased function
UGTI1A1*37 Promoter [TA]gTAA 50%% Slower Decreased function
UGTIAI*60 c.-3279T>G 60%4 Slower Normal functionf

CPIC - Clinical Pharmacogenetics Implementation Consortium
4 Activity level from (32)

b Activity level from (48)

¢ Activity level from (53)

d Activity level from (41)

€ Functional status from (54)

f Functional status from (55)

Other genes of note:

Variation at the NR112, ABCB1, and SLCO1BI loci has been associated with altered atazanavir pharmacokinetics
(56, 57, 58, 59). The PXR protein, encoded by NR112, controls the expression of several genes involved in drug
transport and metabolism, while P-glycoprotein (also known as multi-drug resistant protein and encoded by
ABCBI) and OATP1B1 (encoded by SLCOIBI) are membrane transport proteins that may facilitate the
movement of atazanavir (8). Multiple studies have associated the C to T variation at rs2472677 in the NR1I2
locus with faster atazanavir clearance (57, 58, 60). One study reported that individuals with at least 2 variants in
any of these 3 loci (NG_011856.1:g.24087C>T at rs2472677 in NR112, NG_011513.1:g.208920T>C at rs1045642
in ABCBI, and NM_006446.5:c.521T>C at rs4149056 in SLCO1BI) maintained a plasma concentration of
atazanavir above 150 ng/mL when the unboosted medication was administered at 200 mg twice daily, rather
than 400 mg once daily (56). Variants in these drug transport proteins (or overall reduced expression of multiple
transporters) can impact clearance of atazanavir, though no official guidance has been issued to suggest
alternative dosing schedules based on these genotypes. Additionally, one small study reported an association of a
variant in intron 1 of SORCS2 (rs73208473, NM_001348945.2:¢.3645T>G) with decreased plasma concentration
and exposure to atazanavir; potentially via miRNA4798 and expression regulation of NR112 mRNA (61).

Genetic variations at the CYP3A4 and 5 loci have also been studied for their potential impact on atazanavir
pharmacokinetics and clinical outcomes. Studies have reported that CYP3A5 expression is associated with
altered metabolism of atazanavir (62) and decreased clearance rates (13). Individuals with 2 no-function alleles
of CYP3AS5 (such as CYP3A5%3, *6, or *7) have slower oral clearance of unboosted atazanavir compared to those
with at least one normal-function allele (8). Similarly, in a study of a Thai population, variation in CYP3A5 was
associated with decreased clearance of ritonavir-boosted atazanavir (63). Increased total bilirubin levels were
also associated with a variant (rs4253728, NM_001393941.1:¢.209-1003G>A) in the PPARA locus, potentially
due to the role of peroxisome proliferation-activated receptor alpha as a CYP3A trans-acting factor (64).

Linking Gene Variation with Treatment Response: UGT1A1

Decreased UGT1A1 enzymatic activity, including decreases in activity observed in Gilbert syndrome, is
associated with an increased risk of atazanavir discontinuation due to hyperbilirubinemia (65, 66, 67).
Individuals who have 2 decreased-function alleles (such as UGT1A1*28 or *37) are at greatest risk for jaundice
(4, 68, 69, 70). Significant hyperbilirubinemia (>85 micromol/L) was found in association with a haplotype
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involving multiple variants at the UGT1A locus affecting 3 members of the UGT1A family (71, 72). Some studies
have reported that the correlation between UGT1A1 decreased-function alleles and atazanavir discontinuation is
stronger in individuals with lower skin melanin content (Whites), possibly due to jaundice being more
noticeable in these individuals (72, 73).

Genetic Testing

The NIH Genetic Testing Registry (GTR) has tests for atazanavir response and UGT1A1 genetic variation.
Variants impacting UGT1A1 enzyme activity affect both the coding sequence as well as the promoter region of
the UGTIA locus. Genotyping for different lengths of the TA promoter requires a high degree of precision,
particularly given the multiple variant alleles reported for that position. It is therefore important to consider the
testing methodology when selecting a genetic test or reviewing testing results.

The UGT1A1*28 allele has been reported to be in near complete linkage disequilibrium with the *80 allele;
however, the UGT1A1*80 variant itself is not known to influence UGTIA1 expression (74). Instead, UGT1A1*80
has been suggested to serve as a proxy for *28 identification in some genotyping assays (4, 74, 75).

Additionally, UGT1A1 genotyping may reveal variants that are associated with Gilbert syndrome or Crigler-
Najjar syndrome type 1 or type 2. Additional information on these conditions is available through MedGen.
While more clinical data may be needed on atazanavir metabolism, studies have shown that variants associated
with Gilbert syndrome or Crigler-Najjar syndrome type 2 impact the metabolism of bilirubin and multiple
exogenous substances (4, 30, 53, 76).

The UGT1A1 Gene Interactions with Medications Used for
Additional Indications

Variations in UGT1A1 and its promoter region are associated with risks of adverse reactions for a range of
medications.

@ Multiple oncology medications including irinotecan, belinostat, nilotinib, and sacituzumab govitecan are
metabolized by UGT1A1. Decreased UGT1A1 activity may lead to increased exposure to these medications with
a higher risk of adverse reactions; adjusted dosing may be necessary based on UGT1A1 genotype.

 Additional HIV medications, including dolutegravir, are also metabolized by UGT1A1 (77)
« A medication used for acromegalia, pegvisomant, has caused liver injury in individuals positive for
UGTIAI*28 (11)

Additional information on gene-drug interactions for UGT1A1 are available from PharmGKB, CPIC and
the FDA (search for “UGT1A1”).

Therapeutic Recommendations based on Genotype

This section contains excerpted | information on gene-based dosing recommendations. Neither this section
nor other parts of this review contain the complete recommendations from the sources.

T The FDA labels specific drug formulations. In this excerpt, we have substituted the generic names for any specific drug
labels. The FDA may not have labeled all formulations containing the generic drug. Where necessary, certain terms,
genes and genetic variants may be corrected in accordance with nomenclature standards. We have provided the full
name of abbreviations, shown in square brackets, where necessary.


https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=CN417141
https://www.ncbi.nlm.nih.gov/gtr/all/tests/?term=54658%5bgeneid%5d
https://www.ncbi.nlm.nih.gov/medgen/
https://www.ncbi.nlm.nih.gov/books/n/atazanavir/irinotecan/
https://www.ncbi.nlm.nih.gov/books/n/atazanavir/belinostat/
https://www.pharmgkb.org/gene/PA420
https://cpicpgx.org/genes-drugs/
https://www.fda.gov/drugs/science-and-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
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2023 Statement from the US Food and Drug Administration (FDA)

Contraindications

Atazanavir capsules are contraindicated... when coadministered with drugs that are highly dependent on
CYP3A or UGT1A1 for clearance, and for which elevated plasma concentrations of the interacting drugs are
associated with serious and/or life-threatening events |...]

Drug interactions

Atazanavir is an inhibitor of CYP3A and UGT1A1. Coadministration of atazanavir and drugs primarily
metabolized by CYP3A or UGT1A1 may result in increased plasma concentration of the other drug that could
increase or prolong its therapeutic and adverse effects. [...]

Atazanavir is a CYP3A4 substrate; therefore, drugs that induce CYP3A4 may decrease atazanavir plasma
concentrations and reduce atazanavir's therapeutic effect.

Please review the complete therapeutic reccommendations that are located here: (1)

2016 Statement from the Clinical Pharmacogenetics Implementation
Consortium (CPIC)

For individuals carrying two UGT1A1 decreased function alleles (i.e., UGT1A1*28/*28, UGT1A1%*28/*37,
UGT1A1*37/*37, or rs887829 T/T), the likelihood of bilirubin-related atazanavir discontinuation is substantial.
Before such individuals are prescribed atazanavir (boosted with either ritonavir or cobicistat), all such patients
should be advised about the substantial likelihood of developing jaundice. Prescribing atazanavir to such
individuals should generally be avoided unless the patient does not consider jaundice to be a concern, or there
are other compelling reasons to prescribe atazanavir.

For individuals carrying fewer than two UGT1A1 decreased function alleles (i.e., ¥1/*28, *1/*37, *36/*28, *36/
*37, rs887829 C/C or rs887829 C/T), the likelihood of bilirubin-related atazanavir discontinuation is low. This
risk is extremely low for individuals carrying no UGT1A1 decreased function alleles (i.e., UGT1A1*1/*1,
UGT1A1*1/*36, UGT1A1*36/*36, or 1s887829 C/C). Among patients with extensive metabolizer UGT1A1
phenotypes it may not be necessary to discuss the possibility of jaundice with atazanavir. This decision about
whether to discuss possible jaundice should be based on the clinical situation and provider judgment. If advice is
offered, such discussion may note that the likelihood of developing jaundice that would require discontinuation
of atazanavir is very low.

Please review the complete therapeutic reccommendations that are located here: (4)

Nomenclature for Selected UGT1AT1 Alleles

Common allele Alternative HGVS reference sequence dbSNP reference
name names . . identifier for allele
Coding Protein .
location

UGT1AI1"1 (TA)6TAA NM_000463.2:c.-53_-52TA[7] ~ Not applicable—variant occurs in a rs3064744

non-coding (TATA box promoter)

region
UGT1AI*6 211G>A NM_000463.2:c.211G>A NP_000454.1:p.Gly71Arg rs4148323

Gly71Arg (NM_001072.4:¢.862-6536G>A)

UGT1A1*27 Pro229GIn NM_000463.3:c.686C>A NP_000454.1:p.Pro229GIn rs35350960


https://www.ncbi.nlm.nih.gov/snp/rs3064744
http://www.ncbi.nlm.nih.gov/clinvar/variation/12280/
http://www.ncbi.nlm.nih.gov/clinvar/variation/12280/
https://www.ncbi.nlm.nih.gov/snp/rs4148323
https://www.ncbi.nlm.nih.gov/clinvar/variation/12274/
https://www.ncbi.nlm.nih.gov/clinvar/variation/12274/
https://www.ncbi.nlm.nih.gov/snp/rs35350960
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Table continued from previous page.

Common allele Alternative HGVS reference sequence dbSNP reference
name names . . identifier for allele
Coding Protein .
location
UGT1A1*28 (TA);TAA NM_001072.4:¢c.862-6800AT[8] Not applicable—variant occurs in a rs3064744
non-coding (TATA box promoter)
region
UGT1A1%36 (TA)sTAA NM_001072.4:c.862-6800AT[6] Not applicable—variant occurs in a rs3064744
non-coding (TATA box promoter)
region
UGTIAI*37 (TA)gTAA NM_001072.4:c.862-6800AT[9] Not applicable—variant occurs in a rs3064744
non-coding (TATA box promoter)
region
UGT1A1%60 -3263T>G NM_001072.4:c.862-10021T>G Not applicable—variant occurs in a rs4124874
-3279T>G non-coding region

Pharmacogenetic Allele Nomenclature: International Workgroup Recommendations for Test Result Reporting (78).

UGT Allele nomenclature and definitions are available from (31)

Guidelines for the description and nomenclature of gene variations are available from the Human Genome Variation Society (HGVS).
TATA - Thymine-Adenine-Thymine-Adenine
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