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Adverse Drug Effects

Differentiating between adverse consequences of
HIV infection and toxicities of drugs used in the
management of HIV infection is challenging.
However, the experience gained with combination
antiretroviral (ARV) drugs has led to the recognition
of several distinct adverse drug events. These
include:

e mitochondrial dysfunction (including lactic
acidosis, hepatic toxicity, pancreatitis, and
peripheral neuropathy);

e metabolic abnormalities (such as fat
maldistribution and body habitus changes;
hyperlipidemia; hyperglycemia and insulin
resistance; and osteopenia, osteoporosis, and
osteonecrosis);

¢ hematologic adverse events from drug-induced
bone marrow suppression (anemia, neutropenia,
and thrombocytopenia); and

e allergic reactions (skin rashes and hypersensitivity
responses).

While individual ARV drugs or classes of ARV
drugs are associated with specific toxicities,
interaction between ARVs and interactions with
other drugs used in the management of HIV/AIDS
complications can result in altered pharmacokinetics
and additional drug toxicities. The major adverse
drug events seen in children and the management of
these events are discussed in this supplement,
recognizing that experience in children is more
limited than in adults. Therefore, the management of
complications of pediatric HIV infection, including
ARYV drug toxicities, requires consultation with a
physician experienced in management of pediatric
HIV/AIDS. The sections that follow provide an
overview of adverse events associated with ARV
treatment.

- Lactic Acidosis

- Hepatic Toxicity

- Fat Maldistribution and Body Habitus Changes
- Hyperlipidemia

- Hyperglycemia and Insulin Resistance

- Osteopenia, Osteoporosis, and Osteonecrosis

- Hematologic Complications

- Hypersensitivity Reactions and Skin Rashes

LACTIC ACIDOSIS

Background

Chronic, asymptomatic mild hyperlactatemia (2.1-
5.0 mmol/L) is relatively frequent among HIV-
infected adults receiving nucleoside analogue reverse
transcriptase inhibitors (NRTIs); it occurs in
approximately 15%—35% of adults receiving ARV
therapy longer than 6 months [1-3]. There are few
data in pediatric patients. In a longitudinal study
conducted in Spain of 80 HIV-infected children, 9
months to 17 years of age, receiving ARV therapy,
29% had asymptomatic mild hyperlactatemia [4].
The incidence was 8.7 per 100 patient-years.
Younger age at start of ARV therapy was
significantly associated with the development of
hyperlactatemia. Similarly, in a study conducted in
Great Britain of 146 children, those <3 years of age
on combination ARV therapy had higher lactate
concentrations than those >3 years of age on
combination ARV therapy and higher than children
not on combination ARV therapy, in any age group
[5]. In the U.S., asymptomatic hyperlactatemia was
observed in 32% of 127 HIV-infected children
receiving combination ARV therapy [6].

Symptomatic severe hyperlactatemia (>5.0 mmol/L)
is less common (reported in 0.2%—2.5% of HIV-
infected adults), and the syndrome of lactic
acidosis/hepatic steatosis is rare [7, 8]. In a cohort of
adults receiving NRTI therapy in the United States
between 1989 and 1994, the incidence of the lactic
acidosis/hepatic steatosis syndrome was 0.13%; in a
cohort of 964 infected adults from France followed
during 1997-1999, the incidence of symptomatic
hyperlactatemia was 0.8% per year for all patients
and 1.2% for patients receiving a stavudine (d4T)-
containing regimen [9, 10]. In another cohort of
1,566 adults followed for a total of 4,788 person-
years during 1999-2003, only 4 (0.3%) developed
lactic acidosis and there was an association with
regimens containing didanosine (ddI) and d4T in
combination as well as those containing efavirenz
[2]. Life-threatening and fatal cases of lactic acidosis
have also been reported in HIV-infected children
[11-15]. While symptomatic lactic acidosis is
uncommon, it has been associated with a high
fatality rate in the range of 33%—57%.
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Lactic acidosis/hepatic steatosis is thought to be
secondary to mitochondrial dysfunction induced by
NRTI treatment [16, 17]. NRTI drugs have varying
affinity for mitochondrial DNA polymerase gamma.
The relative potency of the NRTIs in inhibiting
mitochondrial DNA polymerase gamma in Vitro is
highest for zalcitabine (ddC), followed by ddl, d4T,
and zidovudine (ZDV); lamivudine (3TC), abacavir
(ABC), emtricitabine (FTC), and tenofovir disoproxil
fumarate (TDF) have lower affinity for the
mitochondrial polymerase [17-20]. Inhibition of
mitochondrial DNA polymerase gamma can result in
inhibition of mitochondrial DNA replication,
resulting in impaired synthesis of mitochondrial
respiratory chain enzymes, deterioration of oxidative
phosphorylation, and depletion of ATP levels. When
a cell is unable to generate enough energy through
oxidative phosphorylation, anaerobic respiration
occurs via conversion of pyruvate to lactate in the
cytoplasm. This results in an excess production of
hydrogen ions, which can lead first to a cellular, then
to a systemic metabolic acidosis if uncontrolled.
Lactate clearance normally occurs via the liver or
kidneys, but if production is excessive or the organs
have pre-existing malfunction, accumulation of
lactate and hydrogen ions can result. Thus, both
overproduction and decreased clearance of lactate
occur. Steatosis occurs secondary to inhibition of
fatty acid oxidation, leading to excess hepatic fat
production and accumulation of microvesicular lipid
droplets in the liver.

Risk factors for lactic acidosis/hepatic steatosis
described in adults include female gender, high body
mass index, chronic hepatitis C infection, African-
American ethnicity, prolonged NRTI use
(particularly d4T and ddI), coadministration of ddI
with other agents, (such as d4T, TDF, tetracycline, or
ribavarin), acquired riboflavin or thiamine
deficiency, and possibly pregnancy [21-30].
However, there is no proven way to predict who will
develop lactic acidosis.

Clinical Features

Onset of symptoms associated with lactic acidosis
can be acute or subacute. Cases have occurred as
early as 1 month and as late as 20 months after
starting therapy, with a median onset of 4 months in
one case series [7, 31]. Initial symptoms are variable
and non-specific; a clinical prodromal syndrome may
include generalized fatigue, weakness, and myalgias;
gastrointestinal symptoms (nausea, vomiting,
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diarrhea, abdominal pain, hepatomegaly, anorexia,
and sudden unexplained weight loss); and respiratory
(tachypnea and dyspnea) or neurologic symptoms
(motor weakness, including a Guillian-Barre—like
syndrome of ascending neuromuscular weakness)
[32]. Features of hepatic dysfunction may include a
tender and enlarged liver, ascites, and
encephalopathy; jaundice is unusual, and hepatic
enzymes are usually modestly elevated [31]. Patients
receiving NRTIs who present with this constellation
of symptoms should undergo prompt evaluation for
lactic acidosis. With progression of lactic acidosis,
hepatic and renal failure, clotting abnormalities,
seizures, cardiac arrhythmias, and death can ensue.

In HIV-infected adults, symptomatic lactic acidosis
is associated with hepatic steatosis in 69% of cases
and pancreatitis in 22% [1]. Hepatic steatosis is a
common finding on imaging studies or liver biopsy;
hepatic necrosis can occur in fulminant cases [33].
Laboratory abnormalities with lactic acidosis include
hyperlactatemia, low bicarbonate, increased anion
gap (>16), systemic acidosis (arterial pH <7.35), and
elevated hepatic transaminases, creatine
phosphokinase, lactate dehydrogenase, lipase, and
amylase. Arterial or venous lactate concentrations
are generally >5 mmol/L, and serum bicarbonate is
decreased in patients with symptomatic lactic
acidosis, indicating widespread cellular energy
deficit and metabolic decompensation. Lactate
concentrations >10 mmol/L are life-threatening and
are associated with mortality of >80% [34]. A CT
scan may demonstrate an enlarged fatty liver;
histologic examination of the liver may reveal
microvesicular steatosis.

Recommendations for Assessment and
Monitoring

Routine monitoring of serum lactate in asymptomatic
patients is not recommended as part of routine
clinical practice [8, 33, 35]. Patients with mild
elevations in arterial or venous lactate (2.1-5.0
mmol/L) and a normal bicarbonate level are usually
asymptomatic, and subsequent progression to the
lactic acidosis syndrome is rare. Mild
hyperlactatemia in asymptomatic patients does not
predict which patients are at greater risk for
development of symptomatic lactic acidosis or
hepatic steatosis. In a cross-sectional analysis of 284
patients receiving NRTIs, mild to moderate
symptoms of fatigue, abdominal pain, abdominal
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bloating, jaundice and vomiting did not correlate
with increased lactate [36].

Measurement of serum lactate is recommended only
for patients presenting with clinical signs or
symptoms consistent with lactic acidosis, e.g., new-
onset extreme fatigue, vague abdominal pain, sudden
weight loss, unexplained nausea or vomiting,
peripheral neuropathy, or sudden dyspnea.
Additional diagnostic evaluations include assessment
of serum bicarbonate and anion gap and/or arterial
blood gas (to assess extent of acidosis); amylase and
lipase (to assess for pancreatitis); and hepatic
transaminases and serum albumin level (to assess for
hepatic dysfunction).

Proper blood collection is critical for accurate
determination of serum lactate. This may be difficult
in children. Vigorous exercise, prolonged vigorous
crying, poor hydration, and prolonged tourniquet use
are associated with falsely elevated results. Blood
should be collected without prolonged tourniquet
application or fist clenching into a pre-chilled, gray-
top, fluoride-oxalate-containing tube and transported
on ice to the laboratory to be processed within 4
hours of collection [31]. An elevated lactate level
should be confirmed with a repeat measurement.

Serum lactate levels of 2—5 mmol/L are considered
elevated and need to be correlated with symptoms. A
confirmed lactate concentration of >5 mmol/L in a
symptomatic patient or a confirmed lactate >10
mmol/L regardless of clinical symptomatology,
establishes the diagnosis of lactic acidosis.

Management/Treatment (Table 1)

Although it is not recommended to measure serum
lactate in asymptomatic patients as a routine
measurement, if it measured for other indications,
and is <2 mmol/L, no alteration in therapy is advised.

For symptomatic patients with normal serum
bicarbonate and lactate concentrations <2 mmol/L,
no change in therapy is indicated. If lactate
concentrations are confirmed to fall between 2.1-5.0
mmol/L, the replacement of ddI and d4T components
of ARV therapy by other medications should be
considered.

For symptomatic patients with repeated
measurements of lactate >5 mmol/L, or for any
patient with a confirmed value >10 mmol/L, ARV
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therapy and any other potentially contributory drugs
should be stopped and treatment for lactic acidosis
initiated [37]. If NRTI therapy is continued in such
patients, progressive toxicity may occur, with severe
lactic acidosis, respiratory failure, and death.

Therapy of lactic acidosis is primarily supportive,
and includes a combination of intravenous fluids as
well as sedation and respiratory support as needed, to
reduce oxygen demand and ensure adequate
oxygenation of tissues [38, 39]. Although some
reports suggest that alkalinizing the blood with
bicarbonate infusions to clear or neutralize the lactic
acid might improve prognosis, this remains
controversial [39-41]. Thiamine (vitamin B;) and
riboflavin (vitamin B;) are both important for
mitochondrial function; nutritional deficiencies of
these vitamins could predispose the patient to
mitochondrial toxicity [42-47]. In some uncontrolled
case reports, administration of high doses of these
vitamins has been associated with improvement in
NRTI-associated lactic acidosis. Administration of
antioxidants such as vitamins C, E, and K, or of L-
carnitine [11] and co-enzyme Q (ubiquinone), has
also been reported in case reports to be beneficial.
Doses of L-carnitine that have been used for
treatment of HIV-infected adults were 50 mg/kg/day
divided into three doses and administered by a 2-
hour infusion in a 5% glucose solution for 15 days
[48]. However, there are no controlled data to show
efficacy of any of these agents in the treatment of
NRTI-associated lactic acidosis.

In adults with lactic acidosis, lactate concentrations
return to normal at a mean of 3 months following
discontinuation of ARV therapy [31]. However,
symptoms associated with lactic acidosis may
continue or worsen for a longer period after ARV
discontinuation. It is not known whether there are
long-term sequelae of NRTI-related lactic acidosis.

Following resolution of symptoms, ARV therapy can
be resumed. There are insufficient data to
recommend restarting with an NRTI-sparing regimen
(e.g., a non-nucleoside reverse transcriptase inhibitor
and dual protease inhibitor regimen) or with a
revised NRTI-containing regimen. If an NRTI is
required for an effective regimen, the drugs least
likely to inhibit mitochondrial DNA polymerase
gamma (preferably ABC or TDF; possibly ZDV,
3TC, or FTC) can be used with caution [20, 49, 50].
ddI and d4T should be especially avoided. Patients
should be closely monitored; some clinicians
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recommend monthly monitoring of lactate for at least
3 months in patients who experienced NRTI-
associated lactic acidosis [31, 33]. The recurrence
rate of symptomatic hyperlactatemia has been
estimated to be 45.5 cases per 1000 patient-years of
NRTI rechallenge but lower rates may occur for
patients rechallenged with two compared to three
mitochondria toxicity-sparing NRTIs [49].

Special Case: In Utero Antiretroviral
Exposure

Background

Blanche and colleagues from France reported 8 cases
of HIV-exposed uninfected infants with in utero
and/or neonatal exposure to either ZDV/3TC or ZDV
alone (4 infants each) who developed indications of
mitochondrial dysfunction after the first few months
of life [51]. Two infants exposed to ZDV/3TC
developed severe neurologic disease and died, 3 had
mild to moderate symptoms, and 3 had no symptoms
but transient laboratory abnormalities. All infants
had elevated lactic acid concentrations.

Among 4,392 perinatally HIV-exposed uninfected or
HIV-indeterminant children (2,644 with perinatal
ARYV exposure) followed within the French Pediatric
Cohort or identified within a France National
Register developed for reporting of possible
mitochondrial dysfunction in HIV-exposed children,
12 children had evidence of mitochondrial
dysfunction (including the 8 cases mentioned above),
all of whom had perinatal ARV exposure,
representing an 18-month incidence of 0.26% [52].
Risk was higher among infants exposed to
combination ARV drugs (primarily ZDV/3TC) than
ZDV alone. All children presented with neurologic
symptoms, often with abnormal MRI and/or
significant hyperlactatemia, and all had a deficit in
one of the mitochondrial respiratory chain complexes
and/or abnormal muscle biopsy histology. In a
separate publication, the same group reported an
increased risk of simple febrile seizures during the
first 18 months of life among uninfected infants with
ARV exposure [53]. A case report from Italy
describes a child with perinatal exposure to ZDV
who developed neonatal encephalomyopathy, anemia
and hyperlactatemia and muscle biopsy showed
mitochondrial damage [54].

A retrospective review of several large U.S.
cohorts that included over 16,000 perinatally HIV-
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exposed uninfected children with and without
ARYV exposure identified no deaths similar to those
reported from France or clinical findings
attributable to mitochondrial dysfunction [55].
Additionally, a review of data from 1,954 living
HIV-exposed uninfected children in the
prospective Perinatal AIDS Cohort Transmission
Study has not identified any child with ARV
exposure with symptoms attributable to
mitochondrial dysfunction [56]. The European
Collaborative Study also reviewed clinical
symptoms in 2,414 uninfected children (1,008 with
perinatal ARV exposure) followed prospectively
for a median length of 2.2 years (maximum 16
years) [57] and found no association between
clinical manifestations suggestive of mitochondrial
abnormalities and perinatal ARV exposure. Four
children had seizures, but none of them had been
exposed to perinatal ARV therapy.

A retrospective review of 1,037 uninfected
children born to HIV-infected mothers, enrolled in
Pediatric AIDS Clinical Trials Group protocols
219 and 219C, was undertaken to identify children
who developed signs of possible mitochondrial
dysfunction by 3 years of age. Twenty children
(1.9%) had signs suggestive of possible
mitochondrial dysfunction but none had
mitochondrial histological or enzymological
studies or cerebral MRI to make a definitive
diagnosis of mitochondrial dysfunction. Three of
the children had no exposure to antiretroviral drugs
in utero or perinatally. As compared to children
without abnormalities, cases were significantly
more likely to have first been exposed to 3TC or
the combination of ZDV and 3TC in the third
trimester of pregnancy [58].

A preliminary observational study of 75 HIV-
uninfected infants exposed to combination ARV
therapy in utero and to ZDV for 6 weeks after birth
showed that treated infants had greater increase in
mitochondrial DNA levels during the first 6 weeks
of life compared with control infants born to HIV-
uninfected women. The ARV-exposed infants had
persistence of the elevation and concurrent
decrease in mitochondrial RNA after ZDV
discontinuation, which suggested that significant
changes in blood mitochondrial proliferation and
gene expression take place during and after ARV
exposure [59].
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Thus, there are conflicting data regarding the
association of mitochondrial dysfunction in HIV-
exposed but uninfected children with perinatal ARV
exposure. If such an association exists, the
development of severe or fatal mitochondrial disease
appears to be extremely rare and should be weighed
against the clear benefit of ARV prophylaxis in
reducing perinatal HIV transmission by 70% or more

[60-63].
Recommendations for Assessment and Monitoring

Routine monitoring of lactate levels in asymptomatic
neonates with ARV exposure is not recommended at
this time as the significance is unclear.

Two studies involving small numbers of infants,
suggested that mild, transient elevations in lactate
may be observed in 85%—92% of HIV-exposed
uninfected infants with perinatal ARV exposure,
although moderate elevations (>5 mmol/L) were
seen in fewer infants (26% of 38 infants in one
study) [64, 65]. The elevations were generally not
accompanied by clinical manifestations, and serum
lactate normalized by age 6 months. In a prospective
study conducted during 2000-2002, among 127
perinatally HIV-exposed uninfected infants, 50%
developed hyperlactatemia, with 70% of these
elevations resolving within the first year of life.
Three girls presented a slight and self-limited delay
in psychomotor development, with peak lactate
concentrations of 7.3, 4.0, and 4.6 mmol/L. Only the
gestational use of ddI was associated with a higher
risk of hyperlactatemia [66].

A study conducted in the Ivory Coast during 2002—
2005 evaluated serum lactate concentrations in
infants with >2 measurements by type of prenatal
ARV regimen (started in the 3" trimester): ZDV
(n=112) (cohort 1) or ZDV plus 3TC (n=110) (cohort
2). Both cohorts received ZDV and nevirapine
(NVP) in the intrapartum and postnatal periods. The
regimen for the control group (n=70), included NVP
in the intrapartum and postnatal periods. The
prevalence of hyperlactatemia was 11.6% in cohort
1, 14.5% in cohort 2, and 14.3% in the control group.
The relatively low prevalence may be related to the
short-course ARV regimens. All elevated lactate
levels normalized and no case of symptomatic
hyperlactatemia was detected [67].

While routine monitoring of lactate levels in
asymptomatic neonates with ARV exposure is not
recommended, children with in utero ARV exposure
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should have long-term follow-up with careful
clinical evaluations for potential late toxicities as part
of routine care. In uninfected children with perinatal
ARYV exposure who present with severe clinical
findings of uncertain etiology, particularly
neurologic signs or symptoms or hepatic disorders,
serum lactate should be assayed and further
evaluation performed to determine if there are
additional signs of a mitochondrial disorder.
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Table 1: Recommendations for Evaluation and Management of Lactic Acidosis
Associated with Antiretroviral Therapy in Symptomatic Patients*

Clinical symptoms
« usually insidious onset of:
> generalized fatigue,
> weakness, and
> myalgias or
» gastrointestinal,
> respiratory, or
> neurologic symptoms

« some patients may present

with multi-organ failure,
such as:

» fulminant hepatic
failure,

> acute pancreatitis, or

> respiratory failure

Note: if ability to obtain lactate measurement is delayed and this syndrome
is suspected, discontinue all antiretroviral drugs pending evaluation.

Diagnostic evaluations:
e Serum lactate
e Serum bicarbonate, anion gap
e Hepatic transaminases, serum albumin
e Amylase
e Lipase
e Arterial blood gas

e Imaging studies, such as, abdominal ultrasound or CT scan, as
indicated (to evaluate for hepatic steatosis and/or pancreatitis)

Management:
Lactate <2.0 mmol/L and normal bicarbonate:

e Continue antiretroviral therapy
e Not lactic acidosis; evaluate for alternative etiology of symptoms

Lactate 2.1-5.0 mmol/L (confirm with second test):
e Antiretroviral therapy can be continued but consider replacing ddI
and d4T components of ARV therapy by other medications.
e Alternatively, temporarily discontinue therapy while conducting
additional diagnostic work-up

Lactate >5.0 mmol/L (confirm with second test) or if lactate >10.0 mmol/L,
e Discontinue all antiretroviral therapy
e Supportive therapy (intravenous fluids; reduce oxygen demand and
ensure adequate oxygenation of tissues through sedation and
respiratory support, as needed)
e Anecdotal, although unproven, supportive therapies:
= Bicarbonate infusions
= High dose thiamine (vitamin B;) and riboflavin (vitamin B;)
= Oral antioxidants (e.g., L-carnitine, co-enzyme Q, vitamin C)

Following Resolution of Clinical & Laboratory Abnormalities:
Antiretroviral therapy can be resumed, either with:
e NRTI-sparing regimen (e.g., a non-nucleoside reverse transcriptase
inhibitor and dual protease inhibitor regimen); or
e A revised NRTI-containing regimen, instituted with caution
= Use NRTI less likely to inhibit mitochondria (preferably ABC
or TDF; possibly ZDV or 3TC)
= (Close monitoring (recommend monthly monitoring of lactate
for at least 3 months)

* Routine monitoring of serum lactate is not recommended in asymptomatic patients.
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HEPATIC TOXICITY

Background

ARV-related hepatic toxicity events include
elevations in transaminases (aspartate
aminotransferase [AST] or alanine aminotransferase
[ALT]) with or without clinical symptoms of
hepatitis and elevated bilirubin with or without
jaundice. Elevations in hepatic transaminases may
also herald the rare, but serious, events of hepatic
steatosis associated with lactic acidosis or fulminant
hepatic necrosis that is associated with
hypersensitivity reactions. The majority of our
understanding of hepatotoxic events related to ARV
use comes from studies of adults. A number of large
studies have reviewed the incidence of hepatic
toxicity and its risk factors in adults receiving
antiretroviral treatment. Some of the non-drug
associated risk factors that have been identified
include elevated baseline serum transaminase
enzyme levels at initiation of therapy, fatty liver
disease, coinfection with hepatotropic viruses (e.g.,
hepatitis B or C viruses), use of concomitant
hepatotoxic medications, thrombocytopenia, renal
insufficiency, and use of alcohol [1-8].

In general, children are thought to have fewer hepatic
adverse effects with antiretroviral drug treatment
compared to adults but this may be related to the
reduced prevalence of underlying chronic viral
hepatitis associated with hepatitis B and C.
Knowledge of the presentations of hepatic toxicity
and the potentially associated drugs will help the
clinician effectively manage these events.

Clinical Manifestations
Elevations of Hepatic Transaminases

Elevations in hepatic enzymes with or without
clinical hepatitis have been reported in 14%—-20% of
HIV-infected adults receiving HAART [1, 9-12].
The differential diagnosis of liver dysfunction in an
HIV-infected patient is complicated, as abnormalities
in liver function are common and may be caused by
HIV itself, coinfection with hepatitis B or C viruses
or opportunistic infections, malignancies, coexisting
conditions (e.g., chronic alcohol use), drug
interactions, or drug-induced hepatic toxicity.
Elevated AST and ALT levels have been reported
with all of the available NRTI, NNRTI, and PI drugs
as well as the fusion inhibitor, enfuvirtide. A
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summary of the known drug-related toxicities is
shown in Table 1.

NRTI-associated hepatotoxicity is thought to be
primarily due to mitochondrial toxicity [10].
Lactic acidosis associated with hepatic steatosis is
recognized as a rare but serious and potentially
life-threatening complication of treatment (see
Lactic Acidosis for a more detailed discussion of
the syndrome and its management).

In pediatric patients, elevation of transaminases
while receiving only NRTI therapy is well
documented. Unfortunately, there are no studies to
determine pediatric risk factors and a review of the
pediatric literature is hindered by the variability in
reporting of hepatic events. However, several
consistent observations can be made. Early studies
with NRTI drugs in pediatric patients with mild to
moderate symptoms of HIV disease demonstrated
that elevated liver function tests were a relatively
common event. In an early study of ZDV
monotherapy, 12.8% of patients developed ALT >5
times the upper limit of normal [ULN] [13].In a
study of combination NRTI therapies, 4% of the
children developed ALT >10 times ULN [14].

Additionally, patients who are coinfected with
hepatitis B and are receiving NRTIs for HIV
infection which are also active against hepatitis B
virus (i.e., 3TC, FTC, or tenofovir) may experience a
flare in hepatic enzymes if these agents are
discontinued [15]. An increase in hepatic enzymes
can occur even if the drugs are not stopped if the
hepatitis B virus develops resistance to the agents.

NNRTISs are associated with several types of
hepatic toxicity, including asymptomatic elevation
in transaminases (which can occur early during
therapy or, less frequently, with a later onset) and
hypersensitivity reaction with hepatitis [9].
Although there is debate about whether
asymptomatic transaminase elevations are more
common with NNRTIs than other drugs, the
NNRTIs have been the most common ARV drug
class implicated in hypersensitivity reactions (see
also Hypersensitivity Reactions and Skin
Rashes) [9, 12, 16, 17].

Among NNRTIs, nevirapine (NVP) is reported to be
associated with more hepatotoxicity than efavirenz
(EFV) or delavirdine (DLV) [9, 16-18]. In adults,
asymptomatic transaminase elevations have been
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reported in 6%—13% of patients receiving NVP,
while symptomatic hepatitis has been reported in
approximately 4%—5% of patients [2, 12, 16, 17, 19].
NVP-associated symptomatic hepatitis develops
during the first 6 to 18 weeks of therapy, and may
have associated symptoms of skin rash, fever, and
hypotension [12]. In adults, this type of reaction has
been observed more frequently in females than males
and in patients with higher CD4 cell counts (i.e.,
>250/mm’ in women, >400/mm’ in men) [12, 17].
Patients coinfected with hepatitis B or C may also be
at higher risk [19].

Symptomatic hepatic toxicity appears to be less
frequent in children than adults. In a review of 783
HIV-infected children receiving NVP as a
component of therapy identified from scientific
literature and the FDA Adverse Event Reporting
System database, hepatic toxicity was reported in
2.7%, primarily elevated liver enzymes [20]. There
was only one case of fulminant hepatitis, which
occurred in a 17 year old adolescent; there was no
evidence of a serious clinical hepatic event
associated with NVP in children prior to adolescence
[20]. However, although rare, this syndrome can
progress rapidly to hepatic failure and death within
days, and progression can occur even after NVP is
discontinued [3, 21, 22]. NVP should be
permanently discontinued in children who develop
severe NVP-associated symptomatic hepatotoxicity.

Pl-associated hepatic enzyme abnormalities can
occur any time during the course of treatment. The
pathogenesis of Pl-associated liver injury is not
known. As a class, PIs are extensively metabolized
by the liver cytochrome P450 enzyme system. Thus,
underlying hepatic impairment may result in elevated
PI levels, which could enhance the risk of toxicity.
Additionally, other drugs (including ARVs) that are
metabolized in the liver can affect PI metabolism and
hence predispose to toxicity as well [11]. The overall
incidence of hepatic enzyme elevations 5—10 times
ULN in adult patients receiving PIs ranged from
3%—18%, but the incidence of symptomatic liver
toxicity is lower (1%—5%). Coinfection with
hepatitis B or C viruses has been consistently
associated with a greater risk of severe liver injury in
adult patients receiving Pls. Tipranavir (TPV) with
low-dose ritonavir (RTV) has been associated with
clinical hepatitis and hepatic decompensation in
infected adults, including some fatalities. This
toxicity has generally occurred in adults with
advanced HIV disease receiving multiple
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medications. Patients with chronic hepatitis B or C
virus coinfection have an increased risk of TPV-
associated hepatotoxicity [23]. It has also been
suggested that TPV/RTV coadministered with
enfuvurtide may result in higher levels of TPV and
RTYV that may increase risk of hepatitis [24]. RTV
has been identified as a risk factor for severe hepatic
toxicity independent of coinfection with chronic viral
hepatitis. However, low-dose RTV used for
pharmacologic “boosting” of other PIs has generally
not been associated with liver toxicity to the same
extent as observed with therapeutic doses of RTV [3-
5,11, 19].

Although it is important to know the contributions of
each drug class to hepatoxicity, most patients are
treated with a minimum of two drug classes. In
pediatric patients, studies with HAART regimens
have not demonstrated an increased risk of hepatitis
with use of two class combination therapies. In one
study comparing 100 children receiving combination
NRTI treatment to 197 children receiving an RTV-
containing regimen, the rates of hepatic adverse
events were not statistically different: 16% and 17%
of the children receiving RTV in combination with
ZDV+3TC or stavudine (d4T), respectively,
experienced moderate to severe hepatic toxicity
(defined as >5 times ULN), compared to 10% of the
children who received only NRTIs [25]. In a study
conducted in a similar study population that included
129 children treated with NVP-containing regimens,
rates of hepatic events varied by treatment arm, but
ranged from 12%—-18% in the NVP-containing arms
[26]. There were, however, no treatment
discontinuations for any hepatic-related adverse
events. In subsequent studies of a spectrum of
HAART regimens in a variety of pediatric
populations, severe hepatic toxicity has rarely been
reported and even more rarely resulted in treatment
discontinuation [27-32].

Physicians should be aware that improvement in
immune status with HAART might have a
deleterious effect on the course of hepatitis infection
in some patients with hepatitis B or C coinfection
(e.g., immune reconstitution inflammatory syndrome
[IRIS]). Patients with chronic hepatitis B or C may
experience a rise in transaminase levels after starting
HAART therapy. This has been reported in adults
and attributed to immune reactivation, with a rapid
increase in cytotoxic T cells leading to immune-
mediated destruction of HBV- or HCV-infected
hepatocytes [11, 33, 34].
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Elevations of Indirect Bilirubin

Elevation in indirect (unconjugated) bilirubin levels
without increases in transaminases have also been
reported with indinavir and atazanavir use in adults
[4, 35-37]. In children and adolescents, aged 2-21
years, bilirubin levels >5 times ULN occurred in 9%
of 130 atazanavir recipients. Of these, only 3 patients
developed clinical jaundice [38]. In a smaller study
of 23 children and adolescents from France, marked
elevations of bilirubin (greater than 4.7 mg/dL)
leading to discontinuation of atazanavir occurred in 2
children [39]. The increase is due to competitive
inhibition of UDP-glucuronosyltransferase 1A 1
leading to the development of a reversible,
asymptomatic, indirect hyperbilirubinemia that
clinically resembles Gilbert’s disease and is not
associated with hepatic injury [36]. Although it is a
common adverse event with atazanavir usage (22%—
47% of patients), only a small number of patients,
fewer than 2%, discontinue therapy because of
elevated levels [36]. In addition, underlying hepatitis
B or C infections do not increase the risk of
developing indirect hyperbilirubinemia associated
with atazanavir [35]. Although less common,
increased bilirubin levels have been reported in up to
31% of subjects receiving indinavir [37]. There are
sparse data on the incidence of increased bilirubin
levels associated with atazanavir or indinavir in
pediatric patients.

Evaluation

Obtaining hepatic function tests as part of routine
periodic laboratory evaluations of HIV-infected
children remains an important part of standard
monitoring. Such monitoring is particularly
important in the first few months after initiating
antiretroviral therapy or changing therapies, as liver
toxicities may be more common early after initiating
a new therapy [16, 40]. However, liver function
abnormalities can occur at any time while on
treatment. In addition to toxicity from antiretrovirals,
other etiologies, including other drugs, drug
interactions, and infectious causes of hepatitis,
should be considered. Patients with early increases in
hepatic enzymes (i.e., within the first 6 weeks)
should be monitored more closely to exclude the
possibility of hypersensitivity to the drug (e.g., in
patients receiving NVP or abacavir [ABC]). Early
increases in hepatic enzymes can also herald IRIS in
children coinfected with hepatitis B or C virus. In
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contrast, if hepatic enzymes become elevated months
after initiation of therapy, lactic acidosis or liver
steatosis should be considered. Children who are
coinfected with hepatitis B or C viruses should have
increased monitoring due to potential interaction of
coinfection with development of drug toxicity.

Management

Observations from pediatric studies and adult cohorts
[1, 3, 34] suggest that HAART regimens generally
do not need to be interrupted for asymptomatic mild
to moderate elevations in serum transaminases (<10
times ULN). Evidence of clinical hepatitis or severe
hepatotoxicity should trigger an investigation for
other causes (e.g., hepatitis A, B, or C or
cytomegalovirus) and may result in interruption of
ARYV therapy. In children with hepatitis B
coinfection who are receiving 3TC as a component
of HAART for treatment of HIV, continued use of
3TC should be considered, even if 3TC-resistant
strains of HIV develop, to avoid flare-up of hepatitis
B infection should 3TC be discontinued [3]. NVP-
containing regimens should be permanently
discontinued if a patient develops clinical hepatitis.
Some experts would consider discontinuation of
HAART in patients with hepatic enzyme elevation
>10 times ULN. It is important to note that a clinical
picture of acute liver failure may progress rapidly
and may require intensive supportive care [34, 41].
Reintroduction of the potential offending agent after
the resolution of severe clinical hepatitis should be
done cautiously, as it may result in a relapse of liver
toxicity [34]. Rechallenge with NVP or ABC after
any episode of acute clinical hepatitis, regardless of
severity, should not occur as rapid hepatic
deterioration and death can occur.

Because HIV infection itself can result in elevations
of hepatic transaminases, patients naive to
antiretrovirals may have abnormal findings. There
are no specific guidelines about initiating HAART in
these patients. Alternate etiologies for the elevated
hepatic enzymes, including infectious hepatitis and
tuberculosis, should be evaluated. Many experts
would recommend initiation of HAART therapy with
cautious monitoring of liver function. If hepatic
enzymes are increased >10 times ULN, most experts
would choose not to initiate NVP as a component of
HAART.
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Table 1. Hepatic Toxicities
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Hepatic Toxicity

Associated ARV’s

Onset, Clinical Findings, and Management

Elevated AST
and/or ALT,
including clinical
hepatitis

All NRTIs,
NNRTIs, Pls,
enfuvutide

Onset and Clinical Findings

¢ Onset depends on the drug class. With NNRTIs and PI therapy, the
majority of events occur during the first 12 weeks of therapy. With NRTI
therapy, findings usually occur after months to years of usage. Any
HAART regimen can result in early elevation due to immune
reconstitution inflammatory syndrome.

e Most elevations are asymptomatic but may be associated with symptoms
of clinical hepatitis including nausea, fatigue, and jaundice.

o If NRTIs are being administered, care should be taken to rule out lactic
acidosis and hepatic steatosis. If NNRTIs are being administered, careful
monitoring is necessary to be sure that the elevations are not associated
with a hypersensitivity reaction.

Management

o HAART regimens usually do not need to be stopped for elevations in
transaminases <10 times ULN.

o If clinical hepatitis develops in patients receiving nevirapine and/or
abacavir, the nevirapine and/or abacavir should be permanently
discontinued.

¢ Investigation for other etiologies of hepatic disease such as hepatitis A, B,
and C and cytomegalovirus should be performed.

o Rechallenge with an agent suspected to be associated with clinical
hepatitis should be done with caution. Rechallenge with nevirapine or
abacavir should NOT occur.

o Caution should be used when discontinuing NRTI known to be effective in
treatment of hepatitis B (lamivudine, emtricitabine, tenofovir) in patients
with active hepatitis B disease to avoid flares of hepatic transaminases.

o Initiation of HAART recommended if elevation thought related to HIV
infection. If hepatic enzymes elevated >10 times ULN, nevirapine should
be avoided.

Elevated indirect
bilirubin

Indinaivr,
atazanavir,
fosamprenavir,
darunavir

Onset and Clinical Findings
¢ Elevations in indirect bilirubin levels are not associated with increases in
hepatic transaminases.
¢ Elevations can be asymptomatic or result in jaundice.

Management
¢ Discontinuation of the offending agent is not necessary except for
cosmetic reasons.
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FAT MALDISTRIBUTION AND
BODY HABITUS CHANGES

Background

Changes in body fat distribution (lipodystrophy)
have been reported to occur in 1%—-33% of children
with HIV infection in clinic-based case series [1-10],
and has been found more commonly in adolescents
than in prepubertal children [4-7]. In adults, body
habitus changes have been reported to occur in 2%—
84% of patients [11-14], with prevalence associated
with older age at ARV initiation, lower CD4 cell
counts, and longer duration of HIV infection [15].
These changes of “lipodystrophy” include either loss
of subcutaneous fat (peripheral fat wasting, termed
lipoatrophy), deposition of fat tissue subcutancously
or in visceral stores (central fat deposition or
accumulation, sometimes termed truncal
lipohypertrophy), or a mixture of the two. The body
habitus changes usually occur gradually, with the full
impact not apparent until months after the initiation
of combination ARV therapy. After initiating ARV
therapy there is an early increase in both trunk and
limb fat noted within a few months (giving an
appearance of lipohypertrophy), which may be
followed by a relatively faster loss of peripheral fat
(giving an appearance of lipoatrophy) in 26% of
patients [16].

While biochemical abnormalities may occur in
children with body habitus changes, changes in lipid,
glucose, and bone metabolism need to be considered
separately from those of change in physiognomy
since the pathogenesis of each may be different.
Hyperlipidemia (elevated cholesterol and
triglycerides; see Hyperlipidemia section) has been
noted more commonly in children with body habitus
changes in most, but not all, of the case series
reported in children [2-6, 8-10, 17]. Insulin
resistance may be found along with the body habitus
changes, but hyperglycemia is rare (see
Hyperglycemia section). These biochemical changes
frequently occur in the absence of changes in body
habitus [18]. Bone mineral loss, another HIV-
associated metabolic abnormality, may be more
common in children with lipodystrophy, but can
occur in the absence of body habitus change as well

[19] (see Osteopenia section).
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Lipohypertrophy

In lipohypertrophy (central fat accumulation),
findings may include central obesity, including the
presence of dorsocervical fat accumulation (“buffalo
hump”), and increase in visceral adipose tissue
(VAT) with increased abdominal girth and increased
waist-to-hip ratio. Breast enlargement may occur
[20, 21]. The lipohypertrophy syndrome has been
referred to as “pseudo-Cushing’s syndrome” [22]. In
children, this syndrome is defined by physical
examination showing increased abdominal girth,
dorso-cervical fat accumulation, and/or breast
enlargement [5, 6, 8], by trunk/arm skinfold ratio >2
standard deviations from the mean [10], or by dual
energy x-ray absorptiometry (DEXA)-identified
increase in the trunk/total fat or trunk/limb fat ratio
[9, 23]. Increased intra-abdominal adipose tissue
(TAT) can be measured with MRI [23, 24], or
computed tomography (CT) [25]. Cross-sectional
measurements allow calculation of total, visceral,
and subcutaneous adipose tissue (TAT, VAT, and
SAT, respectively) and whole-body MRI allows
comparison of SAT in trunk and extremities [24, 26,
27].

Genetic and developmental characteristics,
interacting with diet [28], activity, and ARV
exposure and duration [29], may be important in
development of the metabolic and body habitus
changes of the lipohypertrophy syndrome [30]. In a
comparison of serum lipids, glucose homeostasis,
and abdominal adipose tissue distribution in 50 HIV-
infected children ages 3 to 18 years in Toronto,
serum cholesterol, LDL cholesterol, and triglycerides
were statistically significantly higher in 30 Pl-treated
children compared with 20 children not treated with
PIs [17]. However, glucose homeostasis was more
closely associated with Tanner stage than with HIV
therapy, and VAT to SAT ratio (i.e.,
lipohypertrophy) was most closely associated with
patient age [17]. In another study, insulin resistance
in the adipose tissue was present to similar degree in
6 children with HIV-associated lipohypertrophy and
6 obese children without HIV infection, but such
insulin resistance was not found in 8 children with
HIV but without lipohypertrophy [31]. Cross-
sectional data comparing prevalence of
lipohypertrophy in adults with and without HIV
infection [26] showed no association of HIV with
increase in body fat measured by patient report,
physical exam, or MRI measurement of VAT and
SAT in both men [24, 27] and women [27].
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While use of Pls, especially indinavir [32], has been
implicated in the pathogenesis of lipohypertrophy,
hypercholesterolemia, hypertriglyceridemia, and
insulin resistance [33-36], central fat accumulation
has been found in PI-naive patients [15, 37]. While a
complete understanding of the relationship of
lipohypertrophy, HIV, and ARVs is still evolving, it
seems that the body habitus changes of
lipohypertrophy are related to patient genetic and
lifestyle factors (diet and exercise) as well as to HIV
and its therapy. The biochemical changes associated
with PI use in patients with HIV are also associated
with morphologic changes similar to lipohypertrophy
(even in the absence of HIV), and this association
has been an important confounder in case series
which may have been performed without appropriate
controls who do not have HIV infection. The initial
increase in trunk and limb fat observed in adult
patients with HIV following initiation of ARVs may
add further complexity to evaluation of data from
short-term case series [16].

Lipoatrophy

Lipoatrophy is marked by sometimes dramatic
thinning of subcutaneous fat in the face, buttocks,
and extremities, with the decrease in peripheral
subcutaneous fat on the arms and legs associated
with a prominent appearance of peripheral veins. It
can be identified by a decrease in the ratio of
limb/total fat or limb/truncal fat on DEXA scan [23],
by triceps and biceps skinfold thickness below the
third percentile for gender and age [10], changes in
SAT on whole-body MRI [26], or based on clinical
evaluation [5, 6, 8]. The preservation of lean body
mass in lipoatrophy helps distinguish it from HIV
wasting syndrome, in which there is loss of both
SAT and lean body mass [15].

Compared to lipohypertrophy, lipoatrophy is more
specific to HIV and its therapy. Lipoatrophy is most
closely associated with use of NRTIs, especially
stavudine (d4T) and didanosine (ddI) [38-43]. It is
postulated to occur from alterations in mitochondrial
function caused by NRTIs, especially the
dideoxynucleosides d4T, ddl, and zalcitabine (ddC)
[44-48], although older age, lower pretherapy body
mass index, and other host factors may be important
risks [49, 50], and there are other theories that may
explain the syndrome, making this an area of
continued active research [51, 52].
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Assessment and Monitoring

Lipohypertrophy and the associated risk of metabolic
syndrome in adults are best identified by
measurement of waist circumference. In adults, waist
circumference >102 cm for men or >88 cm for
women is considered abnormally increased and is
associated with increased risk of metabolic syndrome
[15], so these measurements may reasonably apply
to older adolescents. For children and adolescents,
both waist circumference, waist to height ratio, and
BMI are associated with the presence of the
metabolic syndrome [53-57]. Waist circumference
above the 75% percentile for age has been associated
with an increased risk of metabolic syndrome in
children without HIV [58]. Waist circumference
reference charts for children and adolescents can be
found at
http://www.cdc.gov/nchs/data/nhanes/t47.pdf.

Patient self-report and physicial examination by an
experienced clinician are the most appropriate
methods for routine diagnosis of lipoatrophy [15, 26,
59]. Anthropometric measurements of limb
circumference and triceps skinfold thickness are of
limited use because results are so examiner-
dependent.

Although different technologies may document the
presence of lipohypertrophy or lipoatrophy, these
modalities add little to the history and physical exam,
and are more appropriately used in a research setting.
While single-slice MRI and CT scanning can
accurately measure TAT, VAT, and SAT, there are
no studies that take age, gender, race, and nutritional
status into account to allow for appropriate
standardization and interpretation of the results. Both
methods are expensive, and CT scanning has the
disadvantage of radiation exposure. Bioelectrical
impedance analysis can be used to measure whole-
body composition, but it cannot be used to measure
regional distribution of body fat, which is key to
identifying the lipoatrophy or lipohypertrophy
syndromes. DEXA scanning has been used by some
investigators, but it cannot differentiate VAT from
truncal SAT, and appropriate normal reference
standards are not available; interpretation of results
can be quite misleading. Ultrasound can be used for
3-dimensional measurements of adipose and lean
body tissue, but there are no data on this modality in
children.
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Treatment

Metabolic abnormalities of hypercholesterolemia,
hypertriglyceridemia, and insulin resistance (see
sections on Hyperlipidemia and Hyperglycemia)
can be partially reversed by switching patients from
PIs to NVP or EFV [60], although such a switch may
not reverse the body habitus changes of
lipohypertrophy [61], and may be associated with
breakthrough viremia [62, 63].

Diet and exercise are perhaps the most effective
approach to reversing the fat maldistribution and
body habitus abnormalities of lipohypertrophy [64,
65]. Thiazolinidinediones should not be used for
lipohypertrophy [15]. Metformin may improve
metabolic abnormalities, and produce loss of VAT
and SAT, but also causes loss of lean body mass,
which may not be beneficial [66-68]. There are no
data on the use of metformin for treatment of
lipohypertrophy in children. Since impaired growth
hormone secretion has been found in adolescents and
adults with HIV-associated lipohypertrophy [69-71],
treatment with growth hormone [72] and growth
hormone releasing factor (hormone) [73, 74] have
been tried with some success, but lack of clear
dosing guidelines, potential for side effects, and cost
limit the use of these therapies, which are not
recommended outside of a clinical trial setting.
Because of the association of lipoatrophy with the
use of certain NRTIs, avoidance of d4T and
especially the combination of d4T and ddI is the
most effective approach to lipoatrophy prevention.
Discontinuation of PI therapy does not lead to
improvement in lipoatrophy [75]. Substitution of
abacavir or tenofovir for d4T or zidovudine leads to
an improvement in limb fat [76, 77], but if the
change is delayed the improvement in peripheral fat
may be slower and less complete [78].

Improvements of lesser degree have been shown
when zidovudine is substituted for d4T [79]. These
improvements after NRTI switch were associated
with increase in mitochondrial DNA [80], consistent
with the hypothesis that it is the mitochondrial
toxicity of d4T that is responsible for lipoatrophy.
Antioxidants and mitochondrial cofactors have been
used in small studies, and while uridine
supplementation may attenuate decreases in

February 28, 2008

mitochondrial DNA, more studies are needed before
these agents can be recommended [81]. The insulin-
sensitizing agents (thiazolidinediones) rosiglitazone
and pioglitazone may be beneficial in some patients
with lipoatrophy and associated insulin resistance,
but the effect is small and cannot overcome the
effects of continuing d4T [15, 82-84]. Poly-L lactic
acid is approved by the FDA for surgical
implantation into areas of severe lipoatrophy, but use
is limited by expense of this intervention, need for
experience in its application, and potential
complications [85]. Other than switching from d4T,
none of these therapies have been studied in children.

The presence of lipoatrophy is often psychologically
difficult for patients, families, and providers, and
may lead to non-adherence with antiretrovirals [86].
Changes in appearance may be slow to resolve even
after changes in NRTI therapy. The choice between
loss of viral control and change in appearance may
be difficult to make, especially for adolescents.
Support of the patient and family is an important
aspect of care.
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Table: Risk factors, diagnosis, and therapy of body habitus changes in children with HIV

Disorder Major Risk Factors Assessment and Treatment
Monitoring

Lipohypertrophy | Obesity prior to therapy BMI, waist Diet and exercise
circumference,

waist/height ratio

Lipoatrophy Thymidine analogue use, Self-report and Switch from stavudine or
especially stavudine > zidovudine | clinical examination | zidovudine (e.g., to abacavir
or tenofovir)
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