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In This Issue

his issue of Improving the Management of HIV Disease high-

lights selected presentations from the International AIDS Soci-
ety-USA advanced courses in Atlanta, San Francisco, and Chicago.
Dr Yvonne J. Bryson presents an update on maternal-fetal transmis-
sion of HIV infection, with an emphasis on prevention with zidovu-
dine for HIV-infected mothers during pregnancy and delivery and for
the newborn, and on early intervention with potent combination
therapy for HIV-infected infants. In her update, Dr Bryson also high-
lights advances made in identifying the risk factors associated with
vertical transmission and with disease progression in HIV-infected
infants. Dr Donald E. Ganem summarizes recent findings on the eti-
ology and pathogenesis of Kaposi’s sarcoma (KS), highlighting the as-
sociation of the herpesvirus with KS. And Dr Donald 1. Abrams and
Dr Charles Steinberg discuss complementary approaches currently
in use and under investigation for HIV disease, as well as the contro-
versies regarding their use.

As a supplement to the summaries from the IAS-USA courses,
this issue includes a state-of-the-art review article by Drs Stefano
Vella and Marco Floridia on HIV resistance to antiretroviral drugs, in
which they discuss the general mechanisms of and the latest findings
on viral resistance to nucleoside and nonnucleoside reverse tran-
scriptase inhibitors, protease inhibitors, as well as resistance in
combination therapy. Drs Vella and Floridia highlight our current
understanding of and the progress made in delaying, suppressing,
and reversing viral resistance, and the implications of complex viral
resistance patterns for the care of patients with HIV/AIDS-all of
which appear to underscore the importance of initiating treatment
early in the course of infection when the virus is most homogeneous
to induce and maintain maximal viral suppression and to help pre-
vent the emergence of resistant viral strains.

Finally, this issue includes a reprint of the clinical recommenda-
tions for use of currently (mid 1996) available antiretroviral drugs in
HIV-infected persons. When to start therapy, what to start with,
when to change therapy, and what to change to are addressed. A
13-member panel representing international expertise in antiretrovi-
ral research and HIV patient care was convened by the International
AIDS Society-USA, and the recommendations of the panel were
published in the July 10, 1996, issue of The Journal of the American
Medical Association.

A Special Welcome...

The International AIDS Society-USA is pleased to announce

the appointments of Constance A. Benson, MD, and Peter C.

Cassat, JD, to its Board of Directors. Renowned for her research in
| infectious diseases, especially in the pathogenesis, prevention, and
treatment of opportunistic infections in HIV-infected persons, Dr
Benson, Associate Professor of Medicine at Rush Medical College
in Chicago, has made significant contributions to the field of HIV
‘ disease. Dr Benson has been involved in the educational efforts of
| IAS-USA since the formation of the organization, and her contribu-

tions have helped to further the mission of the IAS-USA. Mr

Cassat, Associate General Counsel with U.S. News & World Re-
port in Washington, DC, generously donated his time and efforts
to help the IAS-USA receive its 501(c)(3) not-for-profit status during
the initial formation of the organization, and he has continued to

provide guidance on corporation and legal issues.

of Directors!

I
| Dr Benson and Mr Cassat, welcome to the IAS-USA Board
i
!

About The International AIDS Society-USA

he International AIDS Society-USA (IAS-USA) is a 501(c)(3)

not-for-profit organization committed to improving the
treatment, care, and quality of life of persons with HIV disease
by providing balanced and relevant information to physicians.
The IAS-USA programs are particularly intended to bridge clin-
ical research and patient care. This publication is part of the
ongoing efforts by the International AIDS Society-USA to pro-
vide information for physicians involved in HIV/AIDS care.

Please contact us.

International AIDS Society-USA
353 Kearny Street
San Francisco, CA 94108
(415) 675-7430 (phone)
(415) 675-7438 (fax)
IASUSAT@aol.com (e-mail)
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ADVANCES IN THE PREVENTION AND
TREATMENT OF PERINATAL HIV INFECTION

Recent information on the prevention and
treatment of perinatal HIV infection was dis-
cussed at the Chicago conference by
Yvonne J. Bryson, MD, from the University
of California, Los Angeles School of
Medicine. In her presentation, Dr Bryson
highlighted advances in our knowledge of
the risk factors associated with vertical trans-
mission and with disease progression in
HIV-infected infants.

n the US and around the world, the

majority of pediatric HIV infection
= occurs by maternal-fetal transmis-
sion, with transmission rates varying by
population and geographic area. In the
US and Europe, the transmission rates in
women not treated with antiretroviral
therapy are estimated at 25% to 30%, and
at 13%, respectively. In Africa, HIV
transmission rates were estimated at 40%
by epidemiological studies earlier in the
epidemic; however, more recent studies
using better methods for early diagnosis
of HIV in infants have reported transmis-
sion rates of approximately 25%. Hetero-
sexual transmission of HIV is the most
common route of transmission to women
worldwide, and at present intravenous
drug use is the most common risk factor
among HIV-infected pregnant women in
the United States. The number of women
with HIV disease continues to rise, and as
it does, the incidence of perinatal HIV in-
fection is expected to increase if no inter-
vention is employed.

As demonstrated in the ATDS Clinical
Trials Group (ACTG) protocol 076, zi-
dovudine given to HIV-infected pregnant
women during gestation and at delivery
who were previously untreated with an-
tiretroviral drugs and to the infant during
the first six weeks of life reduced perinatal
transmission by approximately 70%. In
this study, the transmission rate was 25.5%
in the placebo group and 8.3% in the zi-
dovudine-treated group. The reduction in
transmission is most likely achieved by ei-
ther or both of the following mechanisms:
reduction of maternal viral load and pro-
phylaxis of the fetus and infant.

The results of ACTG 076 provided
proof of concept that vertical transmis-
sion can be significantly reduced with the
use of antiretroviral therapy. Zidovudine
has become the current antiretroviral drug
of choice in the US for pregnant women
with HIV to prevent perinatal transmis-
sion. Based on this concept, with the re-
cent availability of new and more potent
antiretroviral drugs, investigators expect
to be able to reduce perinatal transmission
even further, with a goal of less than 2%
transmission. However, a number of key
questions remain: Which specific aspects,
if any, of this multifactorial process can
be used to help predict those women who
are at highest risk for transmitting the
virus? Why do more than 70% of infants
born to untreated HIV-infected women
avoid infection themselves? At what
point during gestation and delivery and by
what means is transmission most likely to
occur? Is there an increased risk associ-
ated with early breast-feeding? Ongoing
international studies have been designed
to address the relative importance of pre-
natal, intrapartum, and postpartum drug
administration and other practical and
cost-effective prevention strategies in re-
ducing vertical transmission and the re-
sults will help to identify optimal ap-
proaches for its prevention.

Risk Factors Associated with Vertical
Transmission of HIV

Risk factors and the timing of HIV in-
Section. Viral, immunologic, and clinical
factors in both the mother and the infant
all play a role in the multifactorial process
of vertical transmission of HIV disease.
These factors, and, therefore, the efficacy
of different interventions vary according
to the timing of transmission. There is
evidence supporting transmission before
birth (in utero), during labor and delivery
(intrapartum), and after birth (postpartum:
breast-feeding). (See Table 1.) In non-
breast-fed infants, the working definition
of transmission in utero is based on a pos-
itive culture and/or polymerase chain re-

action (PCR) assay in infants within 48
hours of life. Intrapartum transmission is
defined by a negative culture and DNA-
PCR assay in infants within 48 hours of
life and by a positive culture and DNA-
PCR assay after 48 hours of life and up to
90 days after birth (see Suggested Read-
ing: Bryson et al. N Engl J Med. 1992).
An HIV-1 DNA-PCR assay was used to
assess the relative contribution of in-
trauterine and intrapartum transmission of
HIV in 271 HIV-infected infants. In this
study, 38% had a positive DNA-PCR
within 48 hours of birth, which is consis-
tent with infection in utero. Within 28
days after birth, 96% of all of the infected
infants had a positive DNA-PCR.

Intrauterine HIV transmission. Al-
though the exact timing of in utero infec-
tion is unknown, most evidence points to
transmission in late gestation in the ma-
jority of live-born infants. However,
transmission has been documented in the
first trimester based on finding HIV in
aborted fetuses. A recent study suggested
that there may be a higher frequency of
HIV infection in spontaneous fetal loss.
Risk factors that have been potentially as-
sociated with perinatal transmission dur-
ing gestation include high maternal viral
load (see below), decreased CD4+ cell
counts, and stage of disease (primary in-
fection and advanced maternal clinical
HIV disease). Several small studies have
shown that a lack of autologous neutraliz-
ing antibody in the mother is associated
with a higher risk of perinatal HIV trans-
mission, and that many women who
transmit do not have neutralizing anti-
body to the infant’s virus. It is also possi-
ble that HIV-infected mothers who do not
transmit the virus to their infants may
have a broader neutralizing antibody. In a
study by Bryson and colleagues, both the
presence and titer of autologous neutraliz-
ing antibody were decreased in women
who transmitted in utero.

Intrapartum HIV transmission. Fac-
tors associated with intrapartum transmis-
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Table 1. Potential Risk Factors
Associated with
Perinatal Transmission
According to the
Timing of Infection.

T e S A T e DA R R R T

“In utero” transmission

¢ Increased maternal viral load (cell-free,
cell-associated)

« Advanced maternal clinical disease

* Primary infection during pregnancy
» Lack of neutralizing antibody

» Decreased maternal CD4+ cell count

e Cell-mediated immunity (CTL, CD8+
cell suppression)

* Syncytium-inducing viral phenotype/
tropism

¢ Placental breaks
¢ Maternal-fetal transfusion
» HIV or other infection of the placenta

* Spontaneous fetal loss

“Intrapartum” transmission
* High maternal viral load
In blood (cell-free, cell-associated)
In cervicovaginal secretions
* Prolonged ruptured membranes (>4 h)
* Infant exposure to blood/secretions
Swallowing
Mucous membranes
Maternal-fetal transfusion

* Delivery mode (vaginal vs cesarean
section)

¢ Trauma

* Placental factors
Abruption
Chorioamnionitis
Co-infections

e Infant prematurity

* First-born twin

“Postpartum” transmission
* Breast-feeding

* High risk during primary maternal
infection

sion of HIV may also include maternal
viral load in both plasma and in cervico-
vaginal secretions. It is estimated that
30% of HIV-positive women may have
virus in cervicovaginal secretions de-
tectable by PCR and/or culture and that
these findings may not necessarily corre-
late with levels of maternal plasma HIV
RNA (see Suggested Reading: Nielsen et
al. J Infect Dis. 1995). HIV has recently
been detected in the gastric aspirates of
HIV-infected newborns, which may also
be a risk factor for infection.

Intrapartum HIV transmission may
occur despite the presence of maternal au-
tologous neutralizing antibody. In the
study mentioned above, Bryson and col-
leagues found no significant difference in
the mean autologous neutralizing anti-
body titer in those women transmitting
the virus intrapartum compared with that
in women who did not receive zidovudine
and did not transmit the virus. This sug-
gests that the protective effects of anti-
body may be overcome and that virus
may be transmitted cell to cell or by the
oral route. The question of whether the
passive transfer of neutralizing antibody
can modify viremia and HIV disease
course in infants infected intrapartum re-
quires further investigation.

Other factors associated with intra-
partum HIV transmission include the
mode of delivery, trauma (particularly for
premature infants), the duration of rup-
tured membranes, and placental factors,
such as abruption or coinfections. In the
European Collaborative Study, the verti-
cal transmission rate was reduced from
17% (127/727) in vaginal deliveries to
12% (21/172) in elective cesarean sec-
tions and to 10% (7/67) in emergency ce-
sarean sections. These findings represent
an approximately 50% reduction in verti-
cal transmission of HIV for women un-
dergoing a cesarean section (P = .005).
This study, however, was not randomized,
and other studies have not shown the
same results. A recently published study
by Landesman and colleagues for the
Women and Infants Transmission Study
(WITS) group showed that in the absence
of antiretroviral treatment there was a sig-
nificantly increased risk of transmission
in women who had ruptured membranes
for more than 4 hours regardless of the
mode of delivery. There is no current rec-

ommendation for cesarean section for the
prevention of perinatal transmission.

Maternal viral load and risk of peri-
natal transmission. A number of studies
have demonstrated that high levels of
HIV in pregnant women as measured by
several different assays including ICD
p24 antigen, HIV-limiting dilution co-cul-
ture, DNA-PCR, and plasma HIV RNA
have been associated with an increased
risk of vertical HIV transmission. Most
recently, plasma HIV RNA assays have
been shown to be the most sensitive.
Plasma HIV RNA levels greater than or
equal to 50,000 copies/mL were associ-
ated with a more than 50% risk of vertical
HIV transmission in one study and were
most highly associated with transmission
in utero. In a study by Weiser and col-
leagues, all women (8/8) transmitting
HIV had plasma HIV RNA levels at or
above 100,000 copies/mL compared with
only 2 of 22 women who did not transmit
the virus (P =.001).

Dickover and coworkers showed that
75% (15/20) of pregnant women trans-
mitting HIV had plasma HIV RNA levels
greater than 50,000 copies/mL compared
with 5.3% (4/75) of HIV-infected preg-
nant women who did not transmit the
virus (P < .0001). The risk of transmis-
sion increased with higher plasma HIV
RNA levels (Figure 1). The median
plasma HIV RNA level at delivery was
94,054 copies/mL for women who trans-
mitted HIV and 4596 copies/mL for those
who did not (P < .0001).

The maternal use of zidovudine in
this cohort significantly reduced maternal
plasma HIV RNA levels in the drug-naive
women who did not transmit the virus,
with a median six- to eightfold reduction
from initiation of therapy to the time of
delivery. Several patterns of viral load
were observed in this cohort. Women
who did not receive zidovudine and did
not transmit HIV had stable and consis-
tently low plasma HIV RNA levels. Ap-
proximately 50% of the untreated trans-
mitters had unexplained increases in
plasma HIV RNA prior to delivery, which
points out that a low level of plasma HIV
RNA early in pregnancy cannot be used
to predict a low risk of vertical transmis-
sion. This study also revealed that 4 of 22
HIV-infected women given zidovudine
did transmit the virus despite treatment,
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Figure 1. Risk of vertical HIV transmission by maternal plasma HIV RNA level at delivery in a
cohort of 95 HIV-infected pregnant women. Adapted with permission from Dickover RE et al.
JAMA. 1996; 275: 599-605. Copyright 1996, American Medical Association.

and this finding was associated with high
plasma HIV RNA levels at delivery with-
out evidence of zidovudine-resistant virus
in maternal or infant samples. According
to Dr Bryson, plasma HIV RNA levels in
this subgroup were very high and the
modest reductions achieved with zidovu-
dine use may not have been enough to
significantly reduce maternal viral load or
to protect the infant. Since the majority
of infants in this study as well as in a re-
cent larger study of more than 180
women did not receive zidovudine after
birth, maternal treatment prior to delivery
may be most critical.

It is of interest that all of the women
with lower plasma HIV RNA levels (less
than 50,000 copies/mL) at delivery trans-
mitted intrapartum. Preliminary analysis
of plasma HIV RNA levels in women en-
rolled in the ACTG 076 study revealed
that risk of transmission increased with
increasing plasma HIV RNA levels; how-
ever, transmission occurred in some
women with lower plasma HIV RNA lev-
els. At present it is unknown if transmis-
sion at lower levels occurred intrapartum
and/or resulted from cervicovaginal viral
shedding or from other factors related to
delivery. The ACTG 076 study also
demonstrated that use of zidovudine was
associated with reduced vertical HIV
transmission in women with all levels of

plasma HIV RNA, underscoring the abil-
ity of the drug to protect the fetus and in-
fant from infection by a mechanism other
than reduction of maternal plasma HIV
RNA levels.

Questions remain about the relation-
ship of plasma HIV RNA levels to verti-
cal transmission. Several recent studies
have shown that transmission can occur at
lower plasma HIV RNA levels. The ques-
tion is why and if this transmission may
be associated with events at the time of
delivery or with other viral factors. It is
also premature at this time to identify any
specific HIV RNA copy number with risk
of transmission since plasma HIV RNA
measurements vary. The proper collec-
tion and processing of blood prior to
assay is also important to avoid loss of
HIV RNA. Both the choice of anticoagu-
lant and rapid separation of plasma within
4 to 6 hours will help to ensure accurate
results. Collection in heparin will result
in a 38% decrease in HIV RNA levels
compared with baseline levels in EDTA if
processed immediately and a greater than
70% decrease in levels will occur if pro-
cessing is delayed up to 24 hours.
Clearly, a high maternal plasma HIV
RNA level is an important risk factor, but
it is not the only risk factor. According to
Dr Bryson, current data support the use of
antiretroviral therapy in pregnant HIV-

positive women at any level of plasma
HIV RNA.

Approaches to Preventing Vertical HIV
Transmission

At present, antiretroviral therapy is
recommended for pregnant HIV-infected
women during gestation and delivery, and
for infants postpartum. While most re-
search has been conducted with zidovu-
dine monotherapy, proposed trials include
studies of a combination of zidovudine/
nevirapine during labor and delivery. Phase
I trials with a variety of combined anti-
retroviral drugs are under way, including
zidovudine and lamivudine, alone and
combined with several of the protease in-
hibitors, as well as other investigational
nucleosides. An efficacy study is planned
for early 1997, based on results of these
phase I studies. Drug combinations that
prove to be safe, well-tolerated, cross the
placenta, and maximally reduce maternal
viral load will be chosen for this study.
Phase I studies of nevirapine have been
completed. Owing to its long half-life, a
single dose of nevirapine given during
labor results in significant drug levels in
the infant for 3 days and may help prevent
intrapartum transmission. This approach
may be very attractive as a practical and
cost-effective strategy to reduce intra-
partum transmission in developing coun-
tries. OQOutside of the US, various regi-
mens of reduced courses of zidovudine
are being evaluated in mother/infant pairs,
and in the mother or the infant alone.
Studies of zidovudine/lamivudine in
combination are also under way in Africa.

Immune-based therapies are also
being investigated for use in pregnant
HIV-infected women and in infants born
to HIV-infected mothers. In the ACTG
185 protocol, pregnant HIV-infected
women have been randomized to receive
zidovudine and HIV intravenous gamma
immunoglobulin (HIVIG) or intravenous
gamma immunoglobulin (IVIG). To date,
more than 250 women and infants have
been enrolled in this efficacy trial. Phase
I studies are under way in infants born to
HIV-infected women to evaluate broadly-
neutralizing monoclonal antibodies, and
to evaluate tolerance to and immuno-
genicity of new vaccines. Studies evalu-
ating a combination of vaccine and anti-
body therapy are planned.
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Local approaches, such as vaginal
washing, are also in use outside of the US.
A large study in Africa evaluated the effec-
tiveness of vaginal washing at delivery with
chlorhexidine in more than 3000 deliveries
and found no effect in terms of perinatal
transmission. Topical and/or oral treatment
of the infant may be other options.

Disease Progression in HI'V-infected
Infants

Although the majority of perinatally-
infected children survive less than eight
years, there are long-term pediatric sur-
vivors, and significant variation in disease
progression and in life span in this popu-
lation. A number of factors are assumed
to effect disease progression, including
the timing of perinatal infection, the viral
load, the infant’s immune response, and
the virulence of the virus itself.

In a prospective cohort of 34 HIV-in-
fected infants followed from birth, Dr
Bryson and colleagues have conducted
ongoing analyses on the risk factors for
clinical progression. Rapid progression
was defined as the onset of symptoms
with disease progression within 6 months,
an AIDS diagnosis within 2 years, and a
significant and sustained fall in CD4+ cell
counts. Slow progression was defined as
no symptoms for at least 6 months, stable
CD4+ cell counts, and no disease pro-
gression for at least 2 years. A third cate-
gory, intermediate progressors, had early
onset of symptoms, a transient fall in

CD4+ cell counts, and no disease pro-
gression for 2 or more years. Most in-
fants in this latter category received early
antiretroviral therapy. Of the 34 infants
followed, 18 were infected in utero (PCR-
and culture-positive at birth), 13 intra-
partum (PCR- and culture-negative
at birth), and 3 had no birth samples
available.

Early onset of symptoms and rapid
progression was associated with high lev-
els of plasma HIV RNA at birth and dur-
ing the first 6 months of life, rapid and
sustained loss of CD4+ cells, and in utero
HIV infection. A peak plasma HIV RNA
level greater than 10¢ copies/mL was as-
sociated with an onset of symptoms
within 6 months (P = .002); a persistent
level of plasma HIV RNA greater than
108 copies/mL was associated with early
onset of symptoms (P = .0002), a diagno-
sis of AIDS within 2 years (P = .003), and
a survival time of less than 2 years (P <
.02). Those infants with CD4+ cell
counts less than 1000/uL and those with
an age-adjusted CD4+ cell count less than
50% of the normal median were also sig-
nificantly more likely to experience the
onset of symptoms within the first 6
months (P = .005).

Early, aggressive antiretroviral ther-
apy in perinatally-infected infants may
alter the rate of disease progression, and,
subsequently, the long-term prognosis, by
reducing viral load and preserving the im-
mune system during this primary infant

infection. Studies using the combination
of zidovudine/nevirapine, or the triple
combination of zidovudine/didanosine/
nevirapine, have produced promising
early results, including the ability to re-
duce the viral load below detectable ley-
els for up to 9 months in some infants,
Studies of protease inhibitors in children
with HIV are currently under way. Stud-
ies of treatment of infants upon diagnosis
of HIV with potent combinations of an-
tiretroviral drugs including protease in-
hibitors to maximally reduce viral load
during primary infection are planned.

Summary

There is cause for optimism in the
prevention of perinatal HIV infection.
Effective antiretroviral therapy can signif-
icantly reduce the risk of vertical trans-
mission and clinical trials currently under
way will help to identify optimal drugs,
doses, and timing. In addition, early in-
tervention in neonatal primary infection
may potentially alter disease outcome for
those infants who are infected with HIV.
Raising awareness, providing education,
translating scientific advances into clini-
cal practice, and making effective inter-
ventions accessible worldwide remain the
greatest challenges.

Yvonne J. Bryson is Professor of Pediatrics
at the University of California, Los Angeles
School of Medicine.

Suggested Readings

Pedlatrics. 1995;96:977-979,

1992;327:1246-1247.

American Academy of Pediatrics. Human milk, breastfeeding, and
transmission of human immunodeficiency virus in the United States.

Boyer PJ, Dillon M, Navaie M, et al. Factors predictive of maternal-
fetal transmission of HIV-1. JAMA. 1994;271:1925-1930.

Bryson Y], Luzuriaga K, Sullivan JL, Wara DW. Proposed definitions
for in utero versus intrapartum transmission of HIV-1. N Engl | Med.

Connors EM, Sperling RS, Gelber R, et al, and the Pediatrics AIDS

Dunn DT, Newell ML, Ades AE, Peckham CS. Risk of human im-
munodeficiency virus type 1 transmission through breastfeeding.
Lancet. 1992;340:585-588.

Fang G, Burger H, Grimson R, et al. Maternal plasma human im-
munodeficiency virus type T RNA level: a determinant and pro-
jected threshold for mother to child transmission. Proc Natl Acad
Sci USA. 1995;92:12100-12104.

Fiscus SA, Adimora AA, Schoenbach VJ, et al. Perinatal HIV infec-
tion and the effect of zidovudine therapy on transmission in rural
and urban counties. JAMA. 1996;275:1483-1488.

Clinical Trials Group Protocol 076 Study Group. Reduction of ma-
ternal-fetal transmission of human immunodeficiency virus type 1
with zidovudine treatment. N Engl ] Med. 1994;331:1173-1180.

Dickover RE, Dillon M, Gillespie-Gillette SM, et al. Rapid increases
in HIV-T proviral load correlate with accelerated disease progression
in vertically infected children. J Infect Dis. 1994;170:1279-1284.

Dickover RE, Garratty EM, Herman SA, et al. Identification of levels
of maternal HIV-1 RNA associated with risk of perinatal transmis-
sion: effect of maternal zidovudine treatment on viral load. JAMA.
1996;275:599-605.

Landesman SH, Kalish LA, Burns DN, et al. Obstetrical factors and
the transmission of human immunodeficiency virus type 1 from
mother to child. N Engl ] Med. 1996; 334:1617-1623.

Nielsen K, Wei LS, Sim MS, et al. Correlation of clinical progression
in human immunodeficiency virus infected children with in vitro zi-
dovudine resistance measured by a direct quantitative peripheral
blood lymphocyte assay. J Infect Dis. 1995;172:359-364.

Peckman C, Gibb D. Mother to child transmission of the human im-
munodeficiency virus. N Engl ] Med. 1995;333:298-302.

7




KAPOSI’S SARCOMA-ASSOCIATED

HERPESVIRUS

Recent findings on the etiology and patho-
genesis of Kaposi’s sarcoma (KS) and on the
association of a novel herpesvirus with KS
were discussed at the San Francisco confer-
ence by Donald E. Ganem, MD, from the
University of California San Francisco.

haracteristics of Kaposi’s
Q Sarcoma )

Kaposi’s sarcoma (KS) is an atypi-
cal tumor; indeed, KS should probably
not be thought of in the same way as most
cancers. Whereas most tumors derive
from the clonal outgrowth of a single ma-
lignant cell, KS tumors do not appear to
evolve in this manner. The exact events
involved in their formation remain un-
clear. In advanced lesions, the predomi-
nant cell is the spindle cell. It is now gen-
erally believed that spindle cells are of
endothelial origin, although precisely
where in the endothelial cell lineage these
cells originate remains the subject of in-
vestigation and debate. Spindle cells lack
many of the markers of mature endothe-
lial cells, with a very small percentage
(2% to 5%) having the canonical factor
VIII marker. Other evidence suggests that
spindle cells are heterogeneous: 80% to
85% of these cells are positive for the en-
dothelial cell marker CD34 and a similar
proportion is positive for the CD36
marker. However, 5% of spindle cells are
positive for smooth muscle actin. Thus it
has been proposed that spindle cells may
be derived from primitive, bipotential
mesenchymal cells that can become either
vascular smooth-muscle cells or vascular
endothelial cells.

The complexity of KS lesions is un-
derscored by the fact that they contain
many infiltrating plasma cells, lympho-
cytes, and other inflammatory cells, as
well as spindle cells. In addition, KS le-
sions are characterized by a profusion of
aberrant slit-like neovascular spaces with
extravasated red blood cells. Further-
more, KS often presents in multicentric
fashion, with lesions appearing simulta-
neously at different sites. Kaposi’s sar-

coma is also characterized by an unusual
propensity for regression or exacerbation,
which is again atypical of most cancers.
Lesions have been found to regress with
reduced immunosuppression in posttrans-
plantation patients and in patients treated
with protease inhibitors for HIV disease.
Tumors in KS have been reported to
progress very rapidly following severe
episodes of sepsis or Pneumocystis
carinii pneumonia (PCP) in patients with
HIV disease.

Early studies of the pathogenesis of
KS showed that cultured spindle cells re-
quire growth factors for their prolifera-
tion and that they produce a host of

It has been proposed
that spindle cells may
be derived from primi-
tive, bipotential mes-
enchymal cells that
can become either vas-
cular smooth-muscle
cells or vascular

endothelial cells.

growth factors and factors with some an-
giogenic potential. Interestingly, cultured
human spindle cells are nontumorigenic
in nude mice: complete involution of
these cells occurs within 1 to 2 weeks.
However, prior to their involution, these
cells lead to the development of lesions
consisting of aberrant blood vessels and
infiltrating inflammatory cells of murine
origin. These neoangiogenic, KS-like le-
sions resolve following the involution of
the human spindle cells. These findings
led to the currently favored model of his-
togenesis in which the proliferation of
spindle cells is accompanied by the pro-

duction of growth and angiogenic factors,
which in turn, results in the formation of
new blood vessels and the presence of
plasma cells and lymphocytes.

Role of HIV in KS Pathogenesis

What triggers spindle cell prolifera-
tion? Early attention regarding this issue
focused on the role of HIV. HIV infec-
tion is associated with a 20,000-fold in-
creased risk for KS, and models proposed
to explain the role of HIV in KS have
greatly influenced studies of KS patho-
genesis. In one proposed model, HIV-in-
fected cells produce cytokines and other
growth factors (eg, basic fibroblast
growth factor and oncostatin M) that trig-
ger the proliferation of spindle cells. The
researchers who formulated this model
showed that HIV-infected cells also re-
lease small quantities of Tat protein,
which can bind to cell-surface receptors
of the integrin family and stimulate spin-
dle-cell proliferation.

One problem with a model that re-
quires only the effects of HIV infection to
induce KS is that KS tracks poorly with
HIV infection within the cohort of pa-
tients with AIDS. A number of investiga-
tions have shown that the prevalence of
KS varies in patients with AIDS: 15% to
35% in male homosexuals, 1% to 3% in
transfusion recipients and in persons with
hemophilia, and less than 1% in children
with vertically transmitted HIV disease.
This variability in the prevalence of KS
suggests the presence of an etiologic co-
factor other than HIV, as does the fact that
KS occurs in HIV-negative populations,
including elderly Mediterranean men,
residents of certain areas in Africa, and
transplant recipients. The pattern of KS
cases in AIDS is most consistent with the
cofactor being sexually transmissible.

Association of Human Herpesvirus 8
with KS

Given the epidemiology of KS, a
number of research groups began to
search for a viral etiologic agent in KS.
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The approach that succeeded was to iden-
tify viral DNA in KS tissue that was not
present in non-KS tissue. Two small ex-
ogenous DNA fragments—300 kilobases
(kb) and 600 kb in length, respec-
tively—were found to track closely with
KS. In one series, these viral markers
were found in more than 95% of AIDS
patients with KS, in 10% of lymph node
samples from AIDS patients without KS,
and in no tissue samples from subjects
without HIV infection. The DNA se-
quencing revealed that these DNAs de-
rive from a novel herpesvirus, termed
KS-associated herpesvirus (KSHV) or
human herpesvirus 8 (HHVS8). These
DNA sequencing studies have shown that
HHVS is related to the gamma her-
pesviruses, or lymphotrophic herpes-
viruses, of which the Epstein-Barr virus
(EBV) is the best-known agent in hu-
mans. However, HHVS8 is much more
closely related to the simian virus Her-
pesvirus saimiri than to EBV. (The typical
host of H saimiri is the squirrel monkey
in which it causes asymptomatic infec-

Findings indicate that
HHV8 infection pre-
cedes the clinical onset
of KS, suggesting that
HHV8 infection is not
a superinfection of the
KS lesion.

tion. In the related owl monkey, however,
this virus causes an aggressive T-cell
lymphoma.) It has subsequently been
shown that the HHV8 DNA sequences
originally found in AIDS-KS tissues are
also present in KS tissues from patients
without HIV infection.

The association of HHV8 with KS
was further supported by findings in a
study that used a polymerase chain reac-
tion (PCR) assay for viral DNA in periph-
eral blood mononuclear cells (PBMCs).
This assay is positive for HHV8 in ap-
proximately half of patients with KS.
Whitby and colleagues tested stored sam-
ples of PBMCs from HIV-positive pa-

tients who did not have clinical KS at the
time of sampling to examine the relation-
ship between the presence of viral DNA
and subsequent development of KS. In a
cohort of 143 AIDS patients without KS,
11 subjects had PBMC samples that were
positive for HHV8. Of these 11, 55%
subsequently developed KS. Of the 132
AIDS patients whose PBMC samples
were negative for HHV8, 9% subse-
quently developed KS. These findings in-
dicate that HHVS infection precedes the
clinical onset of KS, suggesting that
HHV8 infection is not a superinfection of
the KS lesion.

Subsequent cloning of the HHVS
genome has shown that it is 160 kb in
length. Dr Ganem and colleagues are
currently attempting to identify the genes
produced in the KS tumor as a means of
better understanding the pathogenesis of
KS lesions. Previous studies of cultured
spindle-cell lines indicated that the viral
genome was not present in spindle cells,
and some investigators speculated that the
lymphoid cells in KS were the likely tar-
get of HHVS8 infection. However, Dr
Ganem and colleagues as well as other re-
searchers have found that spindle cells
are in fact the in vivo target of HHVS in-
fection. Probes were developed by iden-
tifying and cloning the most abundant
viral messenger RNA (mRNA) fragments
in KS and using them in in situ hybridiza-
tion studies. These investigations showed
that there are at least two different tran-
scriptional programs occurring in KS.
Most spindle cells (80% to 90%) are la-
tently infected. A minority of these cells
(1% to 3%) seem to be lytically infected
by HHVS, and, therefore, are likely to be
producing virus. The latently infected
cells are only expressing a small subset of
viral genes, and studies are ongoing to
identify all of these genes. The role of
the lytically infected subset of cells is at
present unclear.

Initial Seroprevalence Findings

Dr Ganem and colleagues have re-
cently developed a system for viral
growth in cell culture that will allow a
better understanding of HHVS replication
and should facilitate studies of the patho-
genesis and epidemiology of KS. Human
herpesvirus 8 has been found in AIDS pa-
tients with rare B-cell lymphomas (ie,

body-cavity based lymphomas). These
lymphomas do not involve bulky lym-
phadenopathy; instead they are character-
ized by malignant effusion usuvally of the
pleural space or peritoneum consisting of
a monoclonal population of malignant B-
cells. It was initially believed that HHVE
was always present with EBV in these

HHV8 infection is not
ubiquitous in the gen-
eral population as are
many other herpes-
viruses, and there is

a strong association
between markers of
sexual activity and
acquiring HHV8
infection.

lymphomas; however, recent investiga-
tions have shown that HHV8 can be pre-
sent without EBV in such tumors. A cell
line for HHVS culture has been devel-
oped from one of these cases of lym-
phoma in which EBV was not present.
The cells, which replicate in vivo as an
ascites tumor, grow readily in culture
medium.

Using this cell line, Dr Ganem and
colleagues have developed an im-
munofluorescence test for HHV8 anti-
bodies that is not complicated by the
presence of EBV antibodies, which are
nearly ubiquitous in the population. This
assay, which in its current form has been
found to detect HHVS8 antibody in ap-
proximately 85% of AIDS patients with
KS, has been used in initial seropreva-
lence studies. In a cohort of 150 blood
donors who were negative for HIV and
for hepatitis B and C viruses, Dr Ganem
and colleagues found that the prevalence
of HHVSE antibody was approximately
1% to 2%. In a group of 120 HIV-nega-
tive men with positive Venereal Disease
Research Laboratories (VDRL) test re-
sults who presented to a sexually trans-
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mitted disease (STD) clinic, 8% were
found to be positive for HHV8 antibody.
In still another cohort of 125 HIV-
seropositive men, most of whom were
gay, Dr Ganem and colleagues found that
31% were positive for HHVS8 antibody.
In contrast, only 2% to 3% of 300 HIV-
positive persons with hemophilia were
found to be HHV8 seropositive. These
findings suggest that HHVS infection is
not ubiquitous in the general population
(as are many other herpesviruses) and
that there is a strong association between
markers of sexual activity and acquiring
HHVS infection. In addition, they show a
striking link between HHVS infection
and risk of KS. Taken together, the evi-
dence strongly suggests that HHVS is the
sexually transmitted cofactor predicted
by the epidemiology of KS.

Implications for Prevention and
Treatment of KS

What are the implications of this re-
search for the prevention and treatment of

KS? Clearly, if further evidence confirms
that HHV8 infection predisposes a patient
to the development of KS, strategies
aimed at preventing this infection will as-
sume a high priority. Investigators need
to determine which specific practices
confer the greatest risk of transmission.
With such detailed information not yet
available, it seems prudent to add HHVS8
to the list of reasons for adhering to cur-
rent safer-sex guidelines. Development
of a vaccine for HHV8 infection will also
need to be initiated in parallel. A suc-
cessful vaccine has been developed for at
least one herpesvirus infection (for the
varicella-zoster herpesvirus, which causes
chickenpox and shingles); thus, success is
possible in principle. In practice, how-
ever, there are many potential obstacles
and development of a vaccine for HHV8
infection is not likely within the next ten
years.

An important question concerns the
role of antiviral drugs. Since most KS
spindle cells are latently infected, it is not
likely that conventional antiviral therapy

will have a dramatic effect on established
KS tumors, even though available anti-
herpesvirus drugs target lytic viral
growth. However, it is possible that such
therapy could have an impact on the natu-
ral history of HHVS infection in asymp-
tomatic HHV8-seropositive patients. For
example, reducing the number of infec-
tious virions may reduce viral spread to
susceptible spindle-cell targets. Over
time, sustained therapy may reduce the
risk of subsequent development of KS.
However, it is to be emphasized that at
present there is no solid evidence for such
a scenario. Moreover, such a regimen
would require an orally-active drug with
an exceptionally favorable side effect
profile, since therapy would presumably
have to be protracted. None of the cur-
rently available drugs that are active
against HHV8 meet this standard.

Donald E. Ganem is Professor of Micro-
biology/Immunclogy and Investigator,
Howard Hughes Medical Institute, Uni-
versity of California San Francisco.
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Objective.—To provide clinical recommendations for antiretroviral therapy for
human immunodeficiency virus (HIV) disease with currently (mid 1996) availabls
drugs. When to start therapy, what to start with, whento change, and whatto change
to were addressed.

Participants.—A 13-member panel representing international expertise in anti-
retroviral research and HIV patient care was selected by the International AIDS
Society—USA.

Evidence.—Available clinical and basic science data, including phase 3 con-
trolled trials, clinical endpoint data, virologic and immunologic endpoint data, interim
analyses, studies of HIV pathophysiclogy, and expert opinions of panel members
were considered. Recommendations were limited to drugs available in mid 1996,

Process.—For each question posed, 1 or more member(s} reviewed and pre-
sented available data. Recommendations were determined by group consensus
(January 1996); revisions as warranted by new data were incorporated by group
consensus (February-May 1996).

Conclusions—Recent data on HIV pathogenesis, methods to determine
plasma HIV RNA, clinical trial data, and availability of new drugs point to the need
for new approaches to treatment. Therapy is recommended based on CD4* cell
count, plasma HIV RNA level, or clinical status. Preferred initial drug Yegimens in-
clude nucleoside combinations; at present protease inhibitors are probably best re-
served for patients at higher progression risk. For treatment failure or drug intoler-
ance, subsequent regimen considerations include reasons for changing therapy,
available drug options, disease stage, underlying conditions, and concomitant
medication(s). Therapy for primary (acute) infection, high-risk exposures ta HIV,
and maternal-to-fetal transmission are also addressed. Therapeutic approaches

need to be updated as new data continue to emerge.
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standing the biology and treatment of
human immunodeficiency virus (HIV)
infection have oceurred during the past
18 months. As a result, new scientifi-
cally sound approaches to therapy have
been developed that offer new options
for persons with HIV infection. The rel-
evant recent advanees fall inte 4 major
categories: (1) a better understanding
of the replication kinetics of HIV
throughout all stages of disease; (2} the
development of assays to determine the
viral load in individual patients; (3) the
availability of several new effaclive
drugs; and (4) the demonstration that

combination therapy is more effective
than zidovudine monctherapy.

In light of these advances, the rec-
ommendations of earlier state-of-the-art
puidelines'? are no longer applicable to
clinical decision making in 1996. There-
fore, an international panel of clinical
investigators experienced in HIV pa-
tient care was selected and convened by
the International AIDS Society-USA
to develop current recommendations for
the elinical management of HIV-infeeted
individuals.

The panel addressed 4 central ques-
tions about antiretroviral therapy: when
toinitiate therapy, which types of drugs
to use, when to change therapy, and
which types of drugs to use when a
change in therapy is indicated. In addi-
tion, the treatment of primary HIV in-
fection, prevention of vertical transmis-
sion, and postexposure prophylaxis were
addressed. The recommendations are not
golely based on the results of eontrolled
clinical trials with well-defined clinical
endpaints. Developing clinical guidelines
in the HIV field at this time requires an
approach firmly anchored in data from
contirolled, double-blind clinical trials
when available, but must also include
information from trials in progress and
available virologic and immunologic end-
point data, as well as extrapolations from
studies of the pathophysiology of HIV
infaetion, Clinieal decisions must be made
for hest use of up to 8 available anti-
retroviral drugs, at a time when long-
term studies with clinical endpoints have
been completed for only a few possible
combinations.

The recommendations herein reflect
the panel's agreement on the importance
of plasma HIV RNA measurements for
predicting risk of elinieal progression as
well ag of the recent demonstration from
clinical trials of combination therapies
that reductions in plasma HIV RNA
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levels are associated with increased sur-
vival and deereased progression to
ATDS. The recommendations do not pro-
vide precise algorithms for treatment of
specific clinical situations, beeause avail-
able data do not define a single first-line
regimen for any given indication. Ac-
knowledging the paucity of clinical trial
experience with some drug combinations
and with all of the newly available pro-
tease inhibitors, the goal of the recom-
mendations is to provide enough infor-
mation to permit rational decisions for
regimens and strategies in mid 1996,

INITIATING ANTIRETROVIRAL
THERAPY

Background

Recent data havé shed important light
on the virologic and immunologic dy-
namics of HIV infection (reviewed in
reference 3). Early infection of lymphoid
tissue,’® with continuous high-level vi-
ral replication throughout the course of
the disease, is well documented. % Half
of the virus population in plasma is
turned over within hours, which trans-
lates to billions of virions produced and
destroyed daily.™ Several hillion CD4*
cells are likewise produced and de-
stroyed each day.

The rate of virus replication stabilizes
after primary infection at a particular
level or “set point” in each individual,
This level appears to be between 1P
and 10° HIV RNA copies/mL of plasma
and remains relatively stuble in asymp-
tomatic patients over months and pos-
gibly years.” Although it is convenient
to measure viral RNA in plasma, it
should be emphagized that these RNA
levels are an indirect reflection of the
numbey of productively infected cells in
the body as a whole, and that most viral
replication oceurs in extravasecular fixed
lymphoid tissues. It is this viral repli-
cation in lymphoid tissues rather than
cireulating virus per se that is mecha-
nistically linked to the progressive im-
munologie depletion that characterizes
the illness. Although there appears to
be a proportionality between plasma vi-
ral RNA and the amount of virus in
fixed lymphoid tissues, the total amount
of virus in the body cannot be directly
calculated from the plasma viral RNA
level. The set point is strongly assoei-
ated with rate of disease progression
and time to death, with a continuum of
increased risk with increased plasma
HIV RNA level. At one extreme of this
continuum, a small proportion of sub-
jects with very long-standing HIV in-
fection have low HIV RNA levels and
near-normal CD4* cell eounts and ap-
pear to have a particularly prolonged
course. Af the other extreme, those with
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high levels of plasma viremia (=50 000-
100000 HIV RNA copies/ml:) are at a
greatly increased risk of clinical pro-
gresgsion.

Several observational studies and
treatment trials have confirmed this gra-
dient of risk according to baseline plasma
HIV RNA level."M With remarkable
agreement between 2 recent studies,
subjects in the lowest quartile (the 25%
of subjects with the lowest viral load;
<5000 HIV RNA copies/mL of plagma)
had the lowest risk of progression to
clinical aequired immunodeficiency syn-
drome (AIDS) and death. Subjects with
a plasma virus level of more than about
30000 to 50000 HIV ENA copies/mL
(the highesl quartile) were at the great-
est risk of progression.!h1?

HIV RNA levels appear to be more
predictive of progression than CD4*
counts, particularly in asymptomatic pa-
tients with cell counts higher than
0.350% 10%L 350/ Li). 15 The CD4~ eell
numbers may be difficult to interpret
because the number at any point in time
is only a partial indicator of the risk of
AIDS.*The onset of HIV-related symp-
toms is a strong predictor of further
progression to serious epportunistic dis-
eases.

Until recently, entry criteria for most
clinical trials of antiretroviral drugs have
centered on pretreatment symptom sta-
tus, prior treatment history, and entry
CD4* eell count. Overali, zidovudine
monotherapy was shown to be effective
in advanced symptomatic disease, in
mildly symptomatic disease, and in
asymptomatic patients with CD4" cell
counts less than 0.500x10%L."" In pa-
tients with CD4* cell counts higher than
0.500x 10%/L, zidovudine monotherapy
reduced CD4™" cell loss bul had no sig-
nificant effect on clinical progression to
AIDS or on survival compared with ini-
tiation of the drug at CD4* cell count at
or below 0.500 X 10°/L.2!

More recently, plasma HIV RNA as-
says have permitted smaller and more
efficient trial designs using viral load
measurements in addition to or instead
of clinical and CD4" cell endpoints, Be-
cause of the important new insights
gained from the use of these assays,
strategies for earlier treatment with
maore potent combination antiretroviral
regimens in asymptomatic disease are
heing considerad.!!1222:28

In addition to the usefulness in as-
sessing prognosis and guiding the ini-
tiation of therapy, HIV RNA. levels are
of potential value in assessing response
to therapy (see next section). Redue-
tions of HIV RN A. titer generally occur
within 4 weels of starting or changing
treatment. Several of the more potent
combinations of antiretroviral drugs arve

capable of inducing such profound re-
ductions in viral replication that virus is
no longer detectable in plasma with cur-
rently available techniques. Although
studies of the relationship between
changes in viral RNA in plasma and
changes in the levels of virus in fixed
lymphoid tissues are fragmentary, those
that have been completed suggest that
changes in the plasma compartment are
an indirect reflection of events in fixed
lymphoid tissues.?* A reduction in
plasma viral RNA to levels that are he-
low those detectable by current tech-
niques does not necessarily reflect com-
plete suppression of viral replication,
As an estimated 10° to 10" virions are
produced daily, it is highly likely that
HIV-1replication continues inlymphoid
tissues following a reduction in plasma
viral RNA by 2 to 4 logy,, albeit at a
significantly lower rate.® Even at these
lower replication rates it would be ex-
pected that viral variants with reduced
susceptibility to antiretroviral drugs will
evolve over time, In that viral variation
begins with the first eycles of replica-
tion during primary infection, as HIV-1
infeetion proceeds a subpopulation of
viral variants that is resistant to anti-
retroviral drugs evolves, even in the
absence of selective pressure, The preva-
lence of such mutants in the population
of virus prior to the initiation of anti-
retroviral therapy is a function of the
number of prior rounds of viral replica-
tion, the mutation rate, and the selec-
tive advantage (fitness) possessed by
wild-type virus over variants that have
incorporated mutations conferring drug
resistance.® Such considerations add
further support to the concept that ear-
lier initiation of therapy would be ex-
pected to result in a more durable re-
sponsge than would be expected in later
stages ofillness when a broader array of
drug-resistant mutants would be ex-
pected to be present. Reductions in
plasma viremia correlate with inereased
CD4" cell numbers and AIDS-free sur-
vival.2® Treatments that achieve a
greater and more durable suppression
of HIV replication are assumed to be of
greater clinical benefit. However, the
magnitude and durability of the clinical
benefits asscciated with plasma viral
RNA suppression to undetectable lev-
els have not been established.
Antiretroviral-Naive Patients—Sev-
eral frials have shown improvement
based on laboratory indices or clinieal
benefits of combinations of 2 nucleoside
analogues for initial therapy in HIV in-
fection (Table 1}, Three trials compared
combination therapy with zidevudine
and didanosine or zidovudine and zal-
citabine with monotherapy regimens. In
the US AIDS Clinical Trials Group
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Table i.—Results of Selected Recent Contralled Clinical Trials of Nucleoside Analogues: Studies With 250 Patlents or More Observed for 48 Weeks or More
e,

No. of Studies Approximate

MaxIimum HIV
RNA Reductlon,

Maximum GD4* Cell
Count Increase,

Reglmen* (References) Na. of Patlents x10%Lt log;, Copies/mLt

Trials of initial therapy in antirstroviral-naive subjects

Zidovud Ine/didancsine 3 {12, 27, 33-35) 1000 0.085 1.4

Zidovuding/zalcitabine 3 {12, 27, 33-35) 1000 0.085 1.1

Didanosine. 1{12,33) 250 0.040 0.8

Zidovudinef/lamivudine 2 {24, 38, 107) 300 0,085 1.7
Trlals In antiretrovira-experienced patientsf

Zidovudine/didanosine 3 {12, 33-35, 108) 1000 0.040 1.1

Zidovudine/zalcitabine 3 (12, 22, 33-35) 800 0.020 0.9

Didancsine 1{12,33) 350 0.035 07

Zidovudine/lamivudine 2 (41, 66, 109) 275 0,032 1.5

*Each of these regimens axcept zidovudine/lamivudine has been shown to be superior to zldovudine monotherapy In delaying disease progression or dealh. Comparable
dala on the efiect of zidovudine/lamivudine on clinieal outcome are pending, but not yet available.

tFer ragimens evaluated in more than 1 trial, the maximum value is the highest mean peak value reported. HiV indicates human immunodeficiency virus.

$The populations in the studies of antiretroviral-experienced patients vary considerably in terms of stage of disease and extent of prefreatment at entry.

(ACTG) 175 study, previously untreated
patients with CD4* cell counts of 0.200
to 0.500X 1081 at entry randomized to
combination therapy had sustained elini-
cal benefits and plasma HIV RNA and
CD4* count improvements!®® very simi-
lar results were obtained in the Euro-
pean-Australian trial, Delta 1, in patients
with CD4* cell counts of less than
0.350x 10%L at entry. 3 In ACTG 175,
didanosine monotherapy was as effec-
tive as the combinations and was supe-
rior to zidovudine monotherapy; didano-
sine alone was not evaluated in the Delta
1 study. In other studies, initial combi-
nation treatment with zidovudine and
lamivudine reduced plasma HIV RNA
levels and raised CDM4" cell counts more
than either drug alone®* for longer than
76 weelks in some patients. These trials
were not powered to detect differences
in rates of clinical endpoints.

There are limited data on other initial
nucleoside analogue-containing regi-
mens that do not include zidovudine. In
a small study of asymptomatic patients
with CD4* cell counts of less than
0.500x 10%L, the combination of stavu-
dine and didanosine had laboratory ef-
fects comparable to any of the other
2-drug combinations studied to date and
modest toxic effects.’” The combination
of stavudine and lamivudine may have
similar antiretroviral potency and tol-
erability, but no data are currently avail-
able on the combination. Stavudine
monotherapy is also being investigated
for initial therapy, and preliminary data
indicate antiretroviral activity compa-~
rable to zidovudine,®

Antiretroviral-Experienced Pa-
tients.—Results of some clinical trials
in antiretroviral-experienced popula-
tions are considered because they pro-
vide insight into potential regimens for
initial treatment. The US Corumunity
Programs for Clinieal Research on AIDS
(CPCRA) 007 trial comnpared combina-
tion therapy (zidovudine/didanosine or
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zidovudine/zalcitabine) with zidovudine
monotherapy in patients with CD4+ cell
counts less than 0.200x10%L or with
AIDS at entry® Overall, there were
CD4" eell eount increases but no elini-
cal benefit with combination therapies.
However, most patients had prior zido-
vudine therapy (median, 12 months) and
the risk of disease progression or death
increased proportionally to the dura-
tion of prior zidovudine therapy for both
combinations. In the subset of antiret-
roviral-naive patients or those with less
than 12 months of prior therapy, clini-
cal progression or death was reduced in
the zidovudine/didanosine group.
Combinations of nucleoside analogues
with or without protease inhibitors ap-
pear to have more potent antiretroviral
activity than monotherapy and may also
delay or prevent the emergence of drug
resistance, Several recent trials of pro-
tease inhibitor-containing combinations
have been reported. In patients with
moderately advanced disease, there
were more substantial effects on labo-
ratory markers with the combination of
zidovudine, zalcitabine, and saquinavir
than with the combination of zidovudine
and saquinavir or the combination of
zidovudine and zalcitabine.® In 1 large
phase 3 study, patients with CD4* cell
counts of 0.050 to 0.300%10%L and at
least 16 weeks of prior zidovudine
therapy, the combination of saquinavir
and zalcitabine was associated with sig-
nificantly better clinical (P=.002) and
survival (P=.002) outeomes than either
saquinavir or zalcitabine alone.”® These
effects were, however, less striking than
those seen subsequently with better akb-
sorbed protease inhibitors. In a small
study, the ecombination of zidovudine,
lamivudine, and indinavir resulted in a
greater than 2.5 logy, HIV RNA redue-
tion at 16 weeks; more than 90% of those
patients had reductions to fewer than
500 HIV RNA copies/mL at 6 months #
The triple-drug combination was as well

tolerated as indinavir alone or zidovu-
dineflamivudine. The combination of
zidovudine, zalcitabine, and ritonavir ex-
hibited antiretroviral activity compa-
rable to zidovudine, lamivodine, and in-
dinavir.® In alarge trial in patients with
very advanced HIV disease (median
CD4* eell count of 0.018X10%L), the ad-
dition of ritonavir to an existing regi-
men (including no current therapy)
reduced progression to AIDS and moy-
tality by approximately 50%.%4 Ag yet,
however, there are very few data from
long-term (=52 weeks), large (=250 pa-
tients) controlled clinical trials of any
protease inhibitors.

Lead compounds in the nonnueleoside
reverse transcriptase inhibitor (NNRTT)
class, nevirapine, delavirdine, and lovi-
ride, are extremely potent in vitro, but
are associated with rapid development
of viral resistance, Efforts are continu-
ing to reduce the elinical impact of viral
resistance by using higher drug doses
and combination therapy with nucleo-
side analogues and protease inhibitors
and evaluating these drug combinations
for initial therapy.

When to Initiate Therapy

Ideally, therapy of HIV infection
should be initiated before irreversible
immunologic damage has oecurred. The
decislon of when to initiate therapy
should be based on the assessment of
disease progression risk. Natural his-
tory studies and treatment trials dem-
onstrate a continuum of increased risk
with higher viral load and lower CD4*
cell count, As such, the experts differ
somewhat with regard to the precize
trigger point for recommending therapy
(Table 2).

Clinical trial data support the initia-
tion of therapy in patients with CD4"
cell counts below 0.500<10%L (ora CD4*
percentage of <25), Some experts would
defer therapy in a subset of patients
with stable CD4* cell counts between
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Table 2.—Recommendations for When to Initiate
Treatmant

Status Recommendation
Symptematic Therapy recommended
HIV disease™ for all patients

Asymptomatic, Therapy recommendadt

CDa+ cell count

<0.600x10°%L.

Asymptomatic, Therapy tecommended
CD4+ cell count for patients with
=>0.600%10%L >30000-50000 HIV

RMA copies/mL or
rapidly declining CD4*
cell counts

Therapy should be
considered for patients
with =>5000-10000 HIV
RNA copiesfmL

*Symptematic human immunodeficiency viras (HEV)
disease Includes symptoms such as recurrent mucosal
candidlasis, oral hairy leukoplakia, and chranic and un-
explained fever, night sweats, and welght loss.

tSome would defer therapy in a subset of patients
with stabls CD4* cell counts between 0.350 and 0.500
x 10%1and plasma HIY RNA levels consistently below
5000-10000 copies/mL.

0.350 and 0.500%10%L (eg, counts that
remain at the same level for 18 to 36
months) in whom plasma HIV RNA lev-
els are congistently less than 5000 to
10000 HIV RNA copies/mL.,

Available clinical {rial results do not
define the optimal treatment strategy
for asymptomatic patients with CD4*
cell counts above 0.500x10%L. In such
patients, treatment is recommended for
those with more than 30000 to 50000
HIV RNA copies/ml: or with rapidly
declining CD4* cell counts (ie, a greater
than 0.300x10%1. loss over 12 to 18
months), based on the very high pro-
gression risk, Treatment should be con-
sidered for patients with HIV RNA lev-
elg higher than 5000 to 10 000 copies/mI.
based on the high progression risk. How-
ever, any decision to initiate therapy at
CD4* cell counts above 0.500x10%L
must be tempered by the fact that there
are no available clinical data to support
treatment at this stage of HIV disease,
and that such earlier therapy carries
with it potential problems related to
long-term toxicity, tolerance, acceptance,
expense, and the pessible induction of
drug-resigtant virus,

Antiretroviral therapy should be ini-
tiated in all patients with symptomatic
HIV disease {eg, recurrent mucosal can-
didiasis; oral hairy leukoplakiza; chronic
or otherwise unexplained fever, night
sweats, or weight loss).

Initial Antiretroviral Regimens

A central question in the choice of an
initial antiretroviral regimen is whether
to use the most potent antiretroviral
therapy available first in all patients or
to reserve such therapy for patients with
a higher pretreatment progression risk
or for those progressing after initial
therapy has been instituted. At this time,
both approaches are defensible. Based
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on current virologic and immunologic
data, the most potent treatment regi-
men at this time would probably include
2nucleoside analogues and a potent pro-
tease Inhibitor; however, experience
with protease inhibitors as initial therapy
and in early HIV disease is still limited.
Untillonger-term clinical trial data from
initial regimens with protease inhibitors
are available, most patients in whom
therapy isindicated should probably be-
gin with 1 of the nucleoside analogue-
containing regimens described below
(Table 3).

The nucleoside analogue combinations
with the most demonstrated clinical ben-
efits are zidovudine/didanosine and zi-
dovudine/zalcitabine (Table 1). Zidovu-
dine/lamivadine may be better tolerated
and appears to have comparable anti-
retroviral potency, but supporting clini-
cal endpoint data are not now available.
Also, there is some concern that initial
lamivudine therapy with resulting re-
sistance mutations at reverse transcrip-
tase codon 184 may impairlater response
to didanosine or zalcitabine, should they
be required.

Although emerging data support com-
bination therapy, didanosine mono-
therapy is also a reasonable option,!%%
particularty for patients who cannot tol-
erate or who refuse zidovudine. This
approach may allow the possibility of
adding zidovudine at a later time or
switching to zidovudine/zalcitabine or
zidovudine/lamivudine, although there
are no published data regarding the ef-
ficacy of these regimens in patients pre-
viously treated with didanosine mono-
therapy.

Initial therapy with other non-zidovu-
dine-containing combinations are less well
supported by clinical trial data. Stavadine/
didanosine has antiretroviral potency that
appears comparable to other 2-drug com-
binations®; eareful monitoring is clearly
indicated for neurotoxicity, especially in
more advanced disease. Stavudine/lam-
ivudine is well tolerated, particularly for
patients with limited bone marrow re-
serve who are poor candidates for zido-
vudine-containing regirnens. However, no
formal evaluation of the pharmacokinet-
ics, safety, or activity of the combination
has been completed. Stavudine mono-
therapy is also well tolerated, but avail-
able information does not permit adequate
comparisons with other initial monothera-
pies (zidovudine or didanosine}. Zalcitab-
ine and lamivudine are not satisfactory
single-drug therapies.

As noted, it may be reascnable to in-
clude a protease inhibitor in the initial
regimen for any patient in whom therapy
is indicated, particularly for patients at
higher rigk for progression. In this strat-
egy, a protease inhibitor could be added

for symptomatic patients, patients with
lower or rapidly falling CD4" eell counts,
and those with high plasma HIV RNA
levels. The choice of a protease inhibitor
should be made on the basis of efficacy
and potency, safety and tolerability, du-
rability of antiviral effects, drug resis-
tance patterns, the potential for limiting
future treatment options, and cost. Sa-
quinavir, the first approved protease in-
hibitor, is well tolerated but has limited
bioavailability and thus poteney inits cur-
rently available formulation. A new for-
mulation with improved bioavailability
ig under study. Indinavir is very potent
and well tolerated. Toxic effects include
benign hyperhilitubinemia and a 3% to
4% rate of nephrolithiasis (stones are pri-
marily composed of precipitated indina-
vir). Ritonavir is comparable in potency
to indinavir; it has more frequent adverse
effects including gastrointestinal dis-
turbanee (20% to 25% of patients), he-
patotoxicity, headache, and transient
cireumoral paresthesia. Ritonavir is a
particularly efficient inhibitor of the he-
patic enzyme cytochrome P450, which
complicates its use with other drugs me-
tabolized by this pathway, This may be
particularly difficult in patients with ad-
vanced HIV disease in whom 1 or more
of these drugs are commonly required.
The choice of initial therapy, includ-
ing use of nucleasides and protease in-
hibitors, may be puided by emerging
data on cross-resistance between
drugs.* In the case of nucleosides, cross-
resistance among lamivudine, didano-
sine, and zalcitabine based on codon 184
mutations provides an example of these
concerns, The frequency of selection for
viruses that are cross-resistant in vitro
to some protease inhibitors suggest that
an initial drug may limit future options
for additional or alternative protease in-
hibitors.”® Limited data from in vitro
and sequential treatment studies sup-
port the hypothesis that ritonavir and
Indinavir select multiple mutations that
often confer cross-resistance between
these drugs. The mutations most com-
monly selected by saquinavir therapy in
vivo are different and less numerous
and may not confer cross-resistance in
vitro.® However, some of the saquinavir-
gelected mutations have also been seen
in subjects receiving indinavir and rito-
navir, and the clinical consequences of
initiating one protease inhibitor with re-
gpect to possible future henefits of an-
other have not yet been fully defined.
The clinical correlates of protease in-
hibitor resistance and cross-resistance
will only be defined by careful analysis
of current and future studies. Tt is im-
portant to maintain continuous drug ad-
ministration at the optimal dosage level
with all protease inhibitors, as dose re-
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Table 3.—Recommendaticns for [nitial Therapy Regimens

Zidovudine/didanosine, or
zidovudine/zalcitabine, or
zidovudineflamivudine, or
didanosine monctherapy®

If a protease inhibitor is added to a nucleoside analogue-cantaining
regimen, the cheice of protease inhibitor should be based primarily
on anliretroviral potency and secondarily on other considerations as
described in the textt

]
*Didanosine monotherapy may be less effective as initlal therapy in pattents with mere advanced human im-

munodeficiency virus (H'V) disease. Other possible non—zidovudine-containing regimens include didanosine/stavu-

dine, stavudine/lamivudine, and stavudine monotherapy, although these regimens are less well studisd,
tAntiretrovirai potency refers to plasma HIV RNA and CD4* cell count responses associated with these drugs at

approved doses and with currently available formulations.

duction will contribute te the develop-
ment of resistance to these drugs. When
drug toxicity develops it is generally
better to stop the protease inhibitor drug
than to reduce its dose.

CHANGING ANTIRETROVIRAL
THERAPY

Reasons for Changing Therapy

The initial antiretroviral repimen is
of critical importance; however, few pa-
tients will remain on that treatment for
prolonged periods of time, In general,
there are 3 primary reasons for consid-
ering a change in antiretroviral therapy:

1. Treatment failure. Increased viral
replication, due at least in part to the
emergence of drug-resistant viral vari-
ants, is directly linked to immunologic
and clinical progression. Treatment fail-
ure is indicated by increases in viral
load (eg, a return toward or within 0.3
to 0.5 logy of pretreatment plasma HIV
RNA levels), decreases in CD4* celi
count or percentage, or clinical progres-
sion, Ideally the patient should be moni-
tored frequently enough that the deci-
sion to change the regimen can be made
before symptomatic disease progression
oecurs.

Plasma HIV RNA assays have pro-
vided precise and compelling data on
the relative magnitude and durability of
effects of antiretroviral regimens. These
data underscore the potential of plasma
viral load levels, in conjunction with
CD4* cell counts, for guiding treatment
decisions. Preliminary guidelines are
available for using plasma HIV RNA
levels in individual patient manage-
ment,?” If used, plasma HIV RINA level
should be measured 3 to 4 weelks after
initiating or changing therapy, and then
periodically on the same schedule as
CD4* cell counts (eg, every 3 to 6
months). The minimum reductionin HIV
RNA titer indicative of antiretroviral
activity ig 0.5 log;g or more (about 3-fold)
from pretreatment value (based on intra-
assay variability of about 0.2 logy, and
biologie variation of about 0.3 logy,). The
HIV RNA levels measured within about
1 month after immunizations or active
intercurrent illnesses may show substan-
tial but transient elevations associated
with these events, which will resolve
without alteration in therapy.s°

CD4* cell enumeration has been ex-
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tensively used to guide treatment de-
cisions. As with plasma HIV RNA mea-
surements, it is not possible to strictly
define CD4* cell changes that definitely
indieate that a change in therapy should
be made. Most experts would view a
return of CD4" cell counts to pretreat-
ment values as evidence of a loss of drug
effect. Other factors, such as rate of de-
cline of CD4* cell count and extent to
which additional treatment regimens are
available, should also be eonsidered.

The oecurrence of HIV-associated
clinical complications is considered evi-
dence of treatment failure. The goal of
using virologic and immunologic param-
eters to guide therapy is to prevent clini-
cal disease progression, as clinical indi-
cators of progression are, at best,
insensitive and late indicators of treat-
ment failure. Decisions to change {reat-
ment are often made relatively late, per-
haps in part because of limited options
and access to drugs, the general con-
servatism of many physicians, and the
implication that altering therapy ac-
knowledges disease progression. How-
ever, accumulating evidence suggests
that earlier decigions to change therapy
are more likely to have a significant im-
pact on diseage progressign,33395L-5

2. Toxicity, intolerance, or nonadher-
ence. Each of the available antiretrovi-
ral treatments is associated with dose-
limiting toxie effects. In general, they
occur more frequently in individuals with
advanced disease; in addition, overlap-
ping toxicities with other drugs are more
likely to eneroach on therapeutic options
in patient populations with more ad-
vanced disease. Physicians and patients
must maintain an open dialogue about
toxic effects and adherence to drug regi-
mens.

3. Current use of a suboptimal treat-
ment regimen. Zidovudine monotherapy
is a suboptimal regimen and treatment
should be reevaluated in any patient whe
is receiving it.

What to Change to

Several factors must be congidered in
determining which drugs should be
added or substituted when a decision is
made to change therapy, including the
primary reason for changing, prior treat-
ment history, currently available options,
stage of disease, underlying conditions

3

(eg, neuropathy), concomitant medica-
tions, and cost and reimbursement is-
sues associated with the regimens. An
essential consideration relates to why a
change in therapy is being made. For
toxicity or intolerance, finding a regi-
men that a patient will tolerate and he
willing to take on an ongoing basis is
crucial. For treatment failure, drugs with
greater potency, with different mecha-
nism(s) of action, and those without
crogs-resistance should be sought.

With an expanding number of avail-
able antiretroviral drugs, opportunities
will arige for continuing modification of
the antiretroviral regimen, and the deci-
sion to use a particularly potent therapy
early in treatment should he weighed
against the type of regimen that can be
employed at later stages of HIV disease.
As with the recommendations for initial
treatment, the most appropriate regimen
cannot be defined specifically for each
clinical seenario. In general, a change to
the most potent regimen available is rec-
ommended, hased on the virologic, im-
munologie, and clinical characteristics of
the individual patient. Table 4 provides
some representative options for subse-
quent regimens.

Patients currently on zidovudine mono-
therapy should be reevaluated as to
whether a more potent antiretroviral regi-
men (eg, adding didanosine, zaleitabine,
ar lamivudine to the zidovudine regimen,
or switching to didanosine monotherapy)
should be recommended, 2343551885 Ty by
tients with advanced disease and those
with extensive zidovudine experience,
adding lamivudine to zidovudine or
switching to another type of nucleoside
analogue combination with or without a
protease inhibitor may be beneficial. In
patients with advanced discase, switch-
ing to zaleitabine or adding zalcitabine
provides no additional benefit over zido-
vudine monotherapy ®®% The benefits
of adding didanosine are more modest
than those observed with the initial use
of this combination and are less demon-
strable or absent in patients with exten-
sive zidovudine experience or advanced
disease 12#83855 Ty such patients, new
combinations of nuclecside analogues plus
a protease inhibitor are appropriate,

In patients who have received a com-
bination of 2 nuelecside analogues, such
as zidovudine/didanogine, zidovudine/
zaleitabine, or zidovudine/lamivudine, a
change to combination therapy with at
least 2 new drugs, such ag 1 or 2 nueleo-
side analogues and a protease inhibitor
(indinavir, ritonavir, saquinavir) may be
appropriate. For patients for whom ini-
tial regimens included a protease inhibi-
tor, subsequent regimens should include
atleast 2new drugs; there are currently
insufficient data on viral resistance pat-
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Table 4—Some Selected Options for Changing
\TheraP)‘ Owing to Treatment Failure or Drug

tolerance™

Subsequent
Initial Regimen Regimen Options

Treatment Failure

Zidovudine/didanosine +
protease inhibitor
Zidovudineflamivudine +
protease inhibitor
Didanesine & protease
inhibitor
Didanosinefstavuding *
proteasae inhibitor
Zidovudineflamivudine »
protease inhibitor
Zldovudine/didanosine/
protease inhibitor
Stavudine/protease
inhibitor
Zidovudineflamivudine
protease inhibitor
Slavudine/protease
inhibitor
Zidovudine/lamivudine
« protease inhibilor
Stavudine/protease
inhibitor
Didanosine/protease
inhiibitor
Didanosine/protease
inhibitor
Stavuding/protease
inhfoitor
Didanosinefstavudine
Lamivudine/stavudine

: dovudineT

_Didgnosine

I+

Zidovudine/didanosing

Zidovudingfzalcitabine

Zidovudineflamivudine

Drug Intolerances

Didanosine
Didanosine/stavudine
Lamivudine/stavudine
Stavudine
Zidovudineflamivudine
Lamivudine/stavudine
Stavudine/protease
inhibitor

Zidovudinet

Didanosine

Zidovudine/zalcitabine

Intolerance 1o Didanosine
zidovuding Didanasinefprotease
inhibitor

Cidanosinefstavudine
Stavudine/protease
inhibitor
Zidovudineflamivudine =
protease inhibilor
Didanesine/protease
inhibitor
Stavudine/protease
inhibitor
Didanasine/stavudine
"
*For patients whoss initial regimen includes a pro-
{ease inhibitor, subseguent regimens should include at
least 2 new drugs chosen from among nucleoside ana-
logues, nonnucleoside reverse transeriptase inhibitors
(1t available), and protease inhibitors {one should be
selected for which there s likely to be litle or no cross-
resistance to the initial protease inhibitor}.
tConsidered a suboplimal regimen; all patients on
zidovudine monotherapy should be reevaluated.
1A protease inhibltor could be added Lo the mucleo-
slde analogue regimens listed,

Intolerance to
zalcitabine
Zidevudine/lamivuding

terns Lo be able to provide specific rec-
ommendations for additional or alter-
native protease inhibitors in this setting.

Considerations for Stopping
Antiretroviral Therapy

Stopping antiretroviral therapy may
be appropriate in patients with very ad-
vanced disease for whom there are sig-
rificant toxieity and quality-of-life issues
associated with continued antiretroviral
therapy. Data on viral dynamics™ sup-
port the need for continuous therapy with
continued monitoring and reevaluation of
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the antiretroviral regimen. The conse-
quences of drug withdrawal are immedi-
ately evident (within days) in terms of
inereases in plasma HIV RNA levels 5%
In light of this, efforts should be made to
manage drug-related toxicity before all
therapy is abandoned.

SPECIAL CONSIDERATIONS

Treatment of primary (acute) HIV in-
fection, prophylaxis for the prevention
of HIV transmission by accidental ex-
posures, and the prevention of maternal-
fetal transfer are discussed below. The
latter 2 settings have been covered in
detail by others.®%® The recommenda-
tions herein address these 8 areas with
regard torecent insightsinto HIV patho-
genesis and clinical trials of newer and
more potent antiretroviral treatments,

Primary Infection

Background.—Primary HIV infec-
tion refers to the 4- to T-week period of
rapid viral replication immediately fol-
lowing exposure. The number of virions
produced during primary infection is
similar to that produced during several
subsequent years of established, agymp-
tomatic infection.™ Roughly 80% to 60%
of individuals with primary infection de-
velop an acute syndrome characterized
by fever, malaise, lymphadenopathy,
pharynpitis, headache, myalgia, and
sometimes rash.%® Following primary
infection, seroconversion and a broad
HIV-1 specific immune response oceuy,
usually within 3¢ to 50 days.®

Primary HIV infection is characterized
by high plasma HIV RNA levels (10° to
10® copies/mL). Each individual seems to
establish 1 plasma HIV ENA set point
that is highly predictive of subsequent
progression risk. %% Theoretical reagons
to treat during primary infection include
the opportunity te intervene before the
infection is fully established with the pos-
sibility of lowering the viral sel point and
the opportunity to intervene when the
geneticdiversity of HIV ineach individual
is more restricted.

Little informationis available to guide
treatment in primary HIV infection. Pa-
tients with primary infection and very
recent seroconverters treated with zi-
dovudine monotherapy (250 mg twice a
day) for 6 months had slower progres-
sion to minor clinical endpoints and bet-
ter CD4* cell counts than did patients
without antiretroviral treatment.®® Re-
ductions in plasma HIV RNA levels
were more pronounced in the treated
group.

Recommendations for Primary In-
fection.—To increase antiretroviral
treatment effect and minimize or delay
emergence of drug resistance (also, pri-
mary infection may have been with a

drug-resistant virus), treatment of pri-
mary infection with the most potent com-
bination therapy available seems war-
ranted. If enrcllment in a clinical trial is
not possible, a combination of at least 2
nucleoside analogues is recommended
(eg, zidovudine plus didanosine, zalcita-
bine, or lamivudine). The addition of a
protease inhibitor or an NNRTL, if avail-
able, should also be considered. Prelim-
inary investigations of 2- and 3-drug
combinations are under way.

At this time, the appropriate duration
of antiretroviral therapy for primary in-
fection has not been determined. It is
recommended that treatment continue for
at least 6 months, the duration of the only
published study.® Until more data are
available, further treatment should be
guided by clinical judgment, weighing fac-
tors including plasma HIV RNA levels
and CD4" cell counts, as well as patient
acceptance, long-term drug toxicity, and
cost.

Postexposure Prophylaxis

Background.—Risk of HIV transmis-
sion through oceupational exposure in
health care workers is approximately 0.3%
from a percutaneous injury from aneedle
or other device,%® Variables apparently
related to risk of HIV transmission in-
clude volume of blood involved in the ex-
posure (for example, 90% of transfusion
recipients receiving HIV antibody-—posi-
tive blood sercconvert); stage of disease
and plasma HIV RNA level in the source
patient; and site and meehanism of ex-
posure 64891 The yigl of transmission in
other types of accidental exposure, ie,
that among HIV laboratory workers, be-
tween sexual partners of infected indi-
viduals, and from human bites, is less
well characterized.™"

Zidovudine has been the predominant
drug evaluated for postexposure pro-
phylaxis. Arnimal data on its protective
effect have been inconclusive.™™ There
is limited experience with zidovudine
prophylaxis in humang. ™

In a recently reported case-control
study from public health anthorities in
France, Great Britain, and the United
States, experience with zidovudine pro-
phylaxis was reported for 31 cases of
seroconversion and for 679 controls with
no seroconversion.” Risk factors asso-
ciated with seroconversion were deep
injury; visible blood on needle or device
involved; procedures involving a needle
placed directly into a vein or artery; and
terminal illness in the source patient.
Prophylaxis with zidovudine (1000 mg/d
for 3 to 4 weeks) was shown to reduce
risk of transmission by nearly 80%. Cau-
tion should be used in interpreting these
results, however, as data were collected
refrospectively; the study used case con-
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trols rather than placebo controls; cases
and controls were identified from dif-
ferent sources; and reporting or ascer-
tainment bias is possible.

Recommendations for Post-exposure
Prophylaxis.—Despite limited data, post-
exposure prophylaxis is recommended in
occupational and accidental situations in
which there is a definite high risk for
transmission.” Clinicians may be faced
with decisions regarding prophylaxis in
less well-studied exposures, such as trans-
plantation of an HIV-pasitive donor or-
gan, rape, or accidents in HIV laborato-
ries. A level of risk per episode at least
analogous to that of percutaneous needle-
gtick injury can be agsumed to exist in
these settings, and a similar consideration
of prophylaxis may be appropriate. Pre-
yiously published guidelines on post-ex-
posure prephylaxis recommend zidovu-
dine, 200 mg every 4 hours for 3 days,
then 100 to 200 mg every 4 hours for the
next 25 days.?® Current guidelines have
been proposed hy the Centers for Dis-
ease Control and Prevention Tasgk Foree ™

Maximal benefit of prophylaxis can
be expected if therapy is begun as soon
as possible after exposure (le, within
hourg). It is strengly recommended that
each institution develop a specific regi-
men and have available standard pro-
phylaxis kits for use in eccupational and
nosacomial exposures. In view of the
greater efficacy of combination therapy
in patients with established infection and
the increasing incidence of zidovudine
resistance in source patients,** potent
combination therapy may confer more
protection than monotherapy. If pos-
sible, at least 2 drugs that have not been
used in the source patient should be con-
gidered. Alternatives to zidovudine
monotherapy include therapy with at
least 2 nueleoside analogues (Table 3).
Three or more drug regimens that in-
clude a potent protease inhibitor or an
NNRTI, if available, may also be con-
sidered. Newer trealments may soon
provide more choices #2088

The specific time courses (ie, 4 to 6
weeks) for prophylaxis that have been
evaluated are largely based on cutmoded
concepts of viral pathogenesis ! Based
on the eurrent understanding of viral
replication, it may be that shorter, more
intensive courses of therapy (eg, 2 weeks
of triple-combination therapy) are more
appropriate, but this needs further
evaluation before it can be recom-
mended.

Vertical Transmission Prophylaxis

Background.— Without antiretroviral
intervention, 15% to 35% of infants born
to HIV-infected mothers will acquire HIV
infection.® Factors associated with in-
creased risk of vertical transmission in-
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clude the rupture of membranes for more
than 4 hours and events that expose the
infant to maternal blood 2% There ap-
pears to be no threshold for maternal
plasma HIV RNA levels above which
transmission always occurs or below
which it does not oceuy %!

The effectiveness of antiretroviral
therapy in preventing maternal-to-fetal
transmission has been demonstrated in
women with CD4” ecell counts above
0.200% 10%L and little or no prior zido-
vudine experience 5 Zidovudine therapy
for the mother during the antepartum
and intrapartum period and for the new-
born for 6 weeks after birth reduced
transmission by approximately two
thirds, from 24.9% to 7.8%. Recent ob-
servational studies have also shown re-
duced transmission associated with zi-
dovudine therapy. '™

Recommendations  for  Vertical
Trangmission Prophylaxis.—Counsel-
ing and HIV testing should be offered to
all pregnant women.* Perinatal prophy-
laxis is recommended for all HIV-in-
fected women, ag is treatment for the
newhorn regardless of whether the
mother is treated. All women currently
receiving antiretroviral therapy should
continue to receive therapy during preg-
nancy. Following the guidelines of the
AAP Y HIV.infected women, if local
conditions permit, should be encouraged
to bottle-feed their newborns as HIV
can be transmitted in breast milk.}®

There are insufficient data on elficacy,
safety, or possible teratogenicity to per-
mit recommendations of any regimen
other than zidovudine for preventing
vertieal transmission at this time.!®

CONCLUSIONS

More effective treatment of HIV dis-
pase is now possible, and treatment
decisions have become more complex,
requiring an understanding of viral
pathogenesis, antiretroviral resistance
patterns, and use of laboratory markers
of HIV disease progression and anti-
retroviral efficacy. These recommenda-
tions are designed to assist clinicians in
making informed decisions regarding the
treatment of HIV disease and will nee-
essarily change as new data are gener-
ated. The panel intends to update the
recommendations as warranted.
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' COMPLEMENTARY THERAPIES IN

" HIV DISEASE

Overviews of alternative or complementary
therapies were presented at the San Fran-
cisco conference by Donald |. Abrams, MD,
from the University of California San Fran-

3 cisco, and at the Atlanta conference by

Charles Steinberg, MD, of the Beacon Clinic
" in Boulder. The following summary high-
" lights some of the complementary ap-
* proaches currently in use and under investi-
~ gation for HIV disease.

4 any approaches outside of main-
- l ! ! stream western medicine, includ-
3 ing traditional Chinese herbs and
E acupuncture, foreign pharmaceuticals, vi-
- tamin supplements, massage, and spiritual
~ healing, have been explored for the treat-
'f' ment of HIV disease and its associated
symptoms. Although little data from for-

" mal controlled clinical trials exist, com-

plementary or alternative therapies are
widely used by persons with HIV and
other diseases or conditions. In a report

~ published by Eisenberg and colleagues in
1993, a survey of 1539 adults in the US
~ revealed that 34% used at least one un-

~ conventional treatment in the past year;
one third of the 34% made an average of
~ 19 visits to providers of unconventional
- therapy during the preceding year. In this
~ study, those reporting use of complemen-
- tary therapies were more likely to be
- non-African-Americans, 25 to 49 years
- of age, and to have higher levels of in-
- come and education, indicating that they
- had the access and resources necessary to
- explore unconventional strategies. It is
- important to note that 72% of those who
- Ieported using complementary therapies
- had not discussed their use with their pri-
- ary care physicians.
Studies from around the world on the
~ use of complementary or alternative ther-
~ apies in persons with HIV disease have
- Ievealed an even higher prevalence: 40%
- 10 70% are seeking unconventional treat-
ments in addition to (ie, complementary),
Or in place of (ie, alternative), conven-
- tional treatment. There have been distinct
1 fluctuations in the search for and use of
- Unconventional therapies for HIV disease,

which, according to Dr Abrams, reflect
the availability of effective conventional
drugs. Through the 1980s, limited op-
tions and disappointing data from trials of
traditional drugs fueled an upward trend
in the use of complementary therapies.
With an expanded indication for zidovu-
dine and the availability of didanosine
and zalcitabine, interest in alternative
compounds leveled off until discouraging
results from the Concorde study spurred
renewed interest. Now, with the avail-
ability of stavudine, lamivudine, and the
potent protease inhibitors, the focus in the
complementary/alternative therapy move-
ment may be shifting toward
investigating therapies for HIV-related
symptoms or conditions for which few ef-
fective prescription drugs are available.

In addition to introducing a wide va-
riety of nonconventional treatments, the
complementary/alternative therapy
movement in HIV disease has exerted in-
fluence in the political and regulatory
arenas. Bans on importing drugs for per-
sonal use have been lifted in certain cir-
cumstances and buyers’ clubs have been
established. Widespread use of comple-
mentary therapies has also contributed to
the modification of trial protocols to in-

clude patients with prior alternative-drug
experience, the development of expanded
access/parallel track programs for investi-
gational drugs, and the accelerated drug
approval policy.

Given the widespread use of comple-
mentary therapies and the strength of the
complementary/alternative therapy move-
ment in HIV disease, it is important that
physicians and other healthcare providers
working in mainstream western medicine
be aware of these treatments, the risks and
benefits associated with their use (see
Table 1), and the role they may play in a
comprehensive, holistic approach to man-
aging HIV disease.

Selected Complementary Therapies
Vitamins and supplements. At pre-
sent, there are no formal data from
prospective, placebo-controlled, clinical
trials evaluating the use of vitamins and
supplements in persons with HIV disease.
Antioxidants, including vitamins A,
C, E, beta-carotene, zinc, selenium, glu-
tathione, and coenzyme Q-10, may reduce
the level of free radicals in the body. A
dose-ranging trial of vitamin C (ascor-
bate) is under consideration at the Na-
tional Institutes of Health (NIH) to evalu-

Table 1. The Potential Risks and Benefits of Complementary
Therapies for HIV Disease.
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Potential risks

Potential benefits

* Immune stimulation or suppression

* Interaction with prescribed medication
e Exclusion from orthodox clinical trials
 Invalidation of clinical trial data

* Strain on physician-patient
relationship

* Financial hardship

* Potential for quackery or fraud

* Evaluation of more potential
treatments

Community education on scientific
methods and clinical trials

= Increased sense of patient hope and
empowerment
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ate its effect on plasma HIV RNA levels.
A pilot study of beta-carotene has shown
possibly suggestive short-term but not
statistically significant improvement in
CD4+ cell counts. In a number of recent
trials in older non-HIV-infected adults,
the use of beta-carotene supplements ap-
peared to be associated with a higher
death rate.

Dinitrochlorobenzene. Dinitro-
chlorobenzene (DNCB), a chemical used
in color photography, was one of the first
unconventional therapies used in HIV
disease. A topical sensitizer for anergy
testing and the treatment of warts and
alopecia areata, DNCB was used at un-
derground clinics in the early 1980s as a
topical therapy for Kaposi’s sarcoma
(KS) lesions. Recently, there has been
renewed interest in DNCB, based on
anecdotal reports of the ability of the
compound to enhance cutaneous—and
subsequently—systemic, cellular im-
mune response to HIV. Treatment in-
volves painting a 2- to 4-inch patch of
DNCB on the skin; the solution is di-
luted as sensitivity increases. Severe skin
irritations have been observed, and find-
ings from an observational cohort study
have proven inconclusive.

Tumor necrosis factor (TNF) in-
hibitors. Another group of drugs widely
available through underground treatment
networks are those believed to inhibit
TNF, including N-acetylcysteine (NAC),
procysteine, pentoxifylline, peptide-T,
and thalidomide. High concentrations of
TNF in some in vitro systems activate
HIV, inducing viral replication and in-
creased destruction of the immune sys-
tem. In addition, TNF-inhibitors may be
useful in treating other cytokine-mediated
symptoms of HIV disease, such as fever
and wasting. N-acetylcysteine, a cysteine
precursor available as a mucolytic agent
in Europe, was evaluated by the National
Institute of Allergy and Infectious Dis-
eases (NIAID) and was found to have no
effect on plasma cysteine levels, CD4+
cell counts, or viral load. Despite disap-
pointing trial results and poor oral
bioavailability, NAC remains popular at
buyers’ clubs. Pentoxifylline was evalu-
ated in an AIDS Clinical Trials Group
(ACTG) protocol and was found not to
have any beneficial clinical effects.

Thalidomide inhibits TNF by inter-
fering with messenger RNA (mRNA)
production; it is being evaluated for the
treatment of wasting and aphthous ulcers.
Studies in the US and Thailand in persons
with HIV and tuberculosis (TB) demon-
strated that the addition of thalidomide to
anti-TB medications increased weight
gain. In an ACTG placebo-controlled
study that evaluated thalidomide for the
treatment of oral and esophageal ulcers,
95% of patients with oral ulcers had ei-
ther complete or partial resolution com-
pared with 10% of patients given
placebo. The oral-ulcer component of the
study was terminated; evaluation of
thalidomide for the treatment of
esophageal ulcers is ongoing. The pri-
mary side effect associated with thali-
domide is sedation. The well-documented
teratogenic side effects require that
women of child-bearing age who are
given thalidomide use strict methods of
birth control. Based on early promising
reports, thalidomide was being widely
distributed through the underground buy-
ers’ club networks until prohibited by
the Food and Drug Administration (FDA).
Because of the controversies in the past
regarding its use in pregnant women,
emotional reactions to the use of thalido-
mide, particularly in HIV-infected
women and minorities, have hampered its
evaluation in larger clinical trials.

Complementary Therapies for Wasting

The lack of available effective inter-
ventions for HIV-associated wasting has
spurred an increased use of complemen-
tary therapies in this area. In addition to
thalidomide, testosterone, given by injec-
tion or patch, testosterone-like agents,
and anabolic steroids are also being
widely used for their potential to increase
lean muscle mass. Efforts are under way
to conduct clinical trials on nandrolone
and decadurabolin through the ACTG; a
study that would compare IM nandrolone
with oral oxandrolone has been proposed
by the Community Programs for Clinical
Research on AIDS (CPCRA). Trials on
these and other steroids are needed to ex-
amine their potential as immunosuppres-
sants. There have been anecdotal reports
from the alternative underground of more
rapid HIV disease progression in persons
using injected anabolic steroids; specifi-

cally, there is an increasing number of re-
ports of cytomegalovirus (CMV) disease
developing in patients with CD4+ cell
counts higher than would normally be
expected.

Dehydro-3-epiandrosterone (DHEA),
an adrenal steroid present in decreased
amounts in persons with HIV, has been
reported to have antiretroviral and im-
munomodulatory effects in vitro. In a
phase I dose-escalation study, 31 subjects
were given the drug in doses ranging
from 250 to 750 mg tid for 16 weeks. No
changes were observed in CD4+ cell
counts, B-microglobulin levels, or p24
antigen levels. A transient decrease in
serum neopterin levels was noted. There
were no consistent side effects; rare in-
stances of insomnia, fatigue, and nasal
congestion were observed. At present,
DHEA is the largest selling agent in the
San Francisco Buyers’ Club, and is used
by persons with HIV for wasting and by
HIV-negative consumers because of its
reputation as a “smart drug,” with alleged
anti-aging, anti-obesity, and anti-cancer
properties.

Ketotifen, an antihistamine widely
used in Europe, is a best-selling item in
the New York buyers’ clubs as another
potential treatment for wasting. Interest
in ketotifen was sparked by a small Ger-
man study suggesting decreased levels of
TNF-alfa and a six-pound weight gain in
HIV-infected patients with wasting dur-
ing the 12-week treatment period. In ad-
dition to lowering TNF-alfa levels and
stimulating the appetite, ketotifen may
also have anti-inflammatory properties.
Associated side effects include temporary
drowsiness and dry mouth.

Marijuana, either inhaled or ingested
in the form of dronabinol capsules, has
also been widely used as an appetite stim-
ulant by persons with HIV disease. As of
July, the Cannabis Buyers’ Club in San
Francisco (shut down in August) made
this drug available to approximately 8000
people with HIV disease and other life-
threatening medical conditions. Based on
reports of patients’ preferences for in-
haled marijuana because of the ability to
titrate onset of appetite and duration ef-
fect, researchers at the University of Cali-
fornia San Francisco designed a clinical
trial to compare three strains of inhaled
marijuana with dronabinol. Although the
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study protocol was approved by the FDA
and the institutional review board, ques-
tions regarding the source of the mari-
juana to be used have caused significant
delays. An intensive inpatient evaluation
of 15 adults using inhaled marijuana has
been designed and submitted to the
NIAID. Outcome measures will include
food intake and impact on the lungs, the
immune system, and viral load.

Chinese Medicine

Chinese medicine is used by more
than 20% of the world’s population. Fo-
cusing on the whole person rather than
specific pathogens, these ancient methods
of healing combine acupuncture and
herbal treatment to realign the balance of
energy in the body. Although a number
of treatments have been evaluated for use
in patients with HIV disease, primarily
for their effect on constitutional symp-
toms, formal clinical trials remain a chal-
lenge, largely owing to the individualized
nature of these approaches.

In studies involving persons with
HIV, the use of acupuncture and herbs
has been reported anecdotally to yield
improvements in symptoms such as fever,
night sweats, fatigue, and weight loss.
No consistent beneficial effects on labo-
ratory parameters such as CD4+ cell
count and viral load have been observed.
In a recent study, investigators at San
Francisco General Hospital collaborated
with practitioners of traditional Chinese
medicine at the Quan Yin (a traditional
Chinese medicine clinic) to conduct a 12-
week randomized, double-blind, placebo-
controlled trial using a combination of
ENHANCE™ and CLEAR HEAT™. The
combination comprised 31 herbal ingre-
dients in a 650-mg tablet. Thirty HIV-
positive patients with CD4+ cell counts
of 200 to 500/uL. and HIV-related symp-
toms but with no diagnosis of AIDS were
given 28 herbal or placebo tablets daily.
The results from 29 patients are presented
in Table 2. Adherence was high, with pa-
tients in both groups taking an average of
26 pills daily. One patient discontinued
treatment after two weeks due to diar-
thea, one patient had a transient increase
in hepatic transaminase levels, and one
patient refused to return for follow-up;
all three of these patients were in the
Placebo group.

Table 2. Results from a Placebo-controlled Trial of ENHANCE™ and

CLEAR HEAT™,
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Herbal Placebo

group group
Outcome measure (n=15) (n=14) P-value
Mean life satisfaction score 0.86 0.20 <.05
Mean change in number of symptoms -2.2 +0.3 <.05
Mean change in CD4+ count (cells/ul.) -30 -11 NS
Mean increase in weight (1b) 0.04 0.31 NS

NS, not significant.
Data from Burack JH et al. JAIDS. 1996.

The results of this collaborative trial
proved inconclusive, and the methodol-
ogy used was criticized by practitioners
of both western medicine and traditional
Chinese medicine. Western concerns in-
cluded the small sample size, the short
duration of the study, and the subjective
outcome measures. The practitioners of
traditional Chinese medicine also ex-
pressed concern about the trial’s short du-
ration, as well as the lack of a Chinese
diagnosis and of complementary acu-
puncture, and the use of herbal extracts
rather than the herbs themselves. Clinical
trials are also under way for Source Qi,
an herbal preparation for the treatment of
patients with chronic Cryptrosporidium-
negative diarrhea, and for Marrow Plus,
an herbal combination treatment for pa-
tients with mild-to-moderate anemia. In
addition, the CPCRA is conducting a ran-
domized, placebo-controlled study of
acupuncture and amitriptyline for the
treatment of peripheral neuropathy.

Complementary Therapies with
Reported Antiretroviral Activity

An extract of the Boxwood ever-
green with purported antiretroviral ef-
fects, SPV-30 has recently received much
positive publicity. A placebo-controlled
study at the Pasteur Institute in Paris
demonstrated a modest increase in CD4+
counts in a cohort of about 30 patients
with 250 to 500 cells/uL and no previous
antiretroviral therapy. In patients given
SPV-30, mean CD4+ counts increased by
94 cells/uL compared with a decrease of
43 cells/pL in patients given placebo. No
toxicities were reported, and patients

given SPV-30 reported a decrease in fa-
tigue. To date, more than 150 subjects
have been enrolled in a larger follow-up
phase II/III study in France; results were
reported at the International Conference
in Vancouver. The group that received a
low dose of SPV-30 had fewer therapeu-
tic failures (defined as progression to
ARC or AIDS, or a CD4+ cell decline)
than the placebo or high-dose SPV-30
groups. The authors concluded that “this
trial shows that [SPV-30] slows down
progression of disease.” However, these
results have been considered inconclu-
sive, at best. In the US, an informal, com-
munity-based study of SPV-30 enrolled
400 HIV-infected persons with CD4+ cell
counts of 0 to 700/uL and plasma HIV
RNA levels of 0 to 106 copies/mL. Partic-
ipants added SPV-30 to their existing
antiretroviral therapy, completed ques-
tionnaires, and supplied samples for labo-
ratory testing every two months. Prelimi-
nary analysis of the study was presented
in Vancouver. There was no CD4+ count
benefit and only mild plasma HIV RNA
activity; hence, these results are similarly
considered inconclusive.

Cytolin, a mouse monoclonal anti-
body directed against the LFA-1 adhesion
molecule of CD8+ cells, has been investi-
gated for its ability to down-regulate cy-
totoxic CD8+ cells. HIV-induced cyto-
toxic CD8+ cells mediate the destruction
of the immune system by killing CD4+
expressing cells. The cytotoxic CD8+
cells are covered with adhesion
molecules, which are the primary im-
munologic lesions. Cytolin, targeted at
the LFA-1 adhesion molecule of CD8+
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cells, is postulated to block the killing of
CD4+ cells. A pilot study conducted by
the Search Alliance, a community-based
trial group in Los Angeles, demonstrated
decreased plasma HIV RNA levels, re-
mission of early disease symptoms, and
resolution of refractory molluscum. Ad-
ditional data are currently being col-
lected. Of concern is the potential for
anaphylaxis and for the development of
human anti-mouse antibodies (HAMAS)
from using a foreign-protein product. In
addition, some investigators question the
use of LFA-1 as a target molecule. Criti-
cal for the attachment of CD8+ cells to
virus-infected and cancer cells, blocking
expression may promote the development
of cancers and the spread of opportunistic
viral infections in patients with HIV. An-
imals injected with anti-LFA-1 have
shown markedly decreased cellular im-
mune response.

Sho-Saiko-To (SSKT), a traditional
Japanese medicine, is a precise mixture
of 7 herbs and has been reported to have
in vitro anti-HIV activity via reverse tran-
scriptase inhibition. A trial of this drug
conducted at Columbia University using
lymphocyte cultures found that the de-
gree of anti-HIV activity correlated with
disease stage.

Summary

Given the widespread use of comple-
mentary or alternative therapies, it is im-
portant that physicians and other health
care providers maintain open communi-
cation with their patients on issues relat-
ing to these unconventional therapies.
Awareness of the drugs and compounds
being used, the rationales for their use,
and their potential toxicities, allows
physicians to monitor treatment effects,
prevent potential drug interactions, ward
off fraud, and educate patients on treat-

ment issues. Such unconventional
therapies should be subjected to the same
rigorous, systematic assessment of risks
and benefits as are the more conventional
interventions. Complementary or alterna-
tive therapy may be one part of an inte-
grated and individualized treatment
program. For the person with HIV dis-
ease, seeking information on all available
options and making informed treatment
decisions are important components of
keeping hope alive.

Donald I. Abrams is Assistant Director of
the AIDS Program at San Francisco
General Hospital and Professor of Clinical
Medicine at the University of California
San Francisco.

Charles Steinberg is Director of the Beacon
Clinic, Boulder Community Hospital,
Founder of AIDS, Medicine and Miracles,
and is a physician in private practice in
Boulder, Colorado.
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HIV RESISTANCE TO ANTIRETROVIRAL DRUGS

STEFANO VELLA, MD, AND MARCO FLORIDIA, MD

New insights into HIV pathogenesis, the develop-
ment of quantitative plasma HIV RNA testing, and
the increased availability of antiretroviral drugs
have significantly changed our approach to
treating HIV infection over the last year or two.
Moreover, recent results of two large controlled
trials (the European-Australian DELTA trial and
the US AIDS Clinical Trials Group [ACTG] 175
study)—although different in design, pretreat-
ment characteristics of the patients, and primary
endpoints—provided the long-awaited proof of
concept that a significant and sustained reduc-
tion of viral replication is associated with im-
proved clinical outcome.

The emergence of HIV resistance has been
described for all classes of antiretroviral drugs
used in monotherapy or in dual combination
regimens and has continued to be considered an
inevitable factor that ultimately determines the
loss of efficacy of antiretroviral treatment, even
though treatment failure is complicated by the
concomitant interaction of virologic factors
other than resistance. In this article, the general
mechanisms of the development of resistance to
antiretroviral drugs are reviewed together with
recent findings in the field, and the latest ad-
vancements that have been made toward over-
coming resistance.

Virology of Drug Resistance

The high rate of viral replication found
throughout the course of HIV infection and the
high frequency of virus mutations occurring
during each replication cycle (a phenomenon
common to all single-stranded RNA viruses) due
to the lack of proofreading mechanisms, are the
basis for the emergence of drug-resistant vari-
ants under the selective pressure of antiretrovi-
ral drugs. In fact, 2 “Darwinian” model can be
applied to HIV dynamics, with the continuous
production of variants and the continuous selec-
tion of the “fittest” virus.

Unfortunately, with daily production of per-
haps 108 to 1010 virions and a mutation rate of
3 x 10° nucleotides per replication cycle, it is
likely that any single mutation already exists be-
fore any drug is introduced. The relative level of
Viral mutants at a given point in time is probably
determined by the forward mutation frequency
(the amount of copying errors at a particular
codon) and the cost of the mutation to the
teplicative capability of the virus.

Drug resistance, which in reality, can be bet-
ter described as altered drug susceptibility, is
clearly a relative characteristic, and is defined as
the alteration of the drug concentration needed
to inhibit in vitro growth of the virus. Virus sus-
ceptibility is usually quantified in terms of the
concentration of a drug that is needed to inhibit
50% or 90% of viral growth, which defines the
1Csp or ICyo, respectively. If the ICsy (or ICyo)
value that is characteristic of the so-called wild-
type virus is known, the ICs (or ICqo) value for a
resistant virus will be X-fold greater. The in-
crease in the ICso value needed to define a virus
as resistant to a particular drug is often empiri-
cally established. For example, a virus highly-
resistant to zidovudine is assumed to have an
ICsp value at least greater than 1.00 pM, while
wild-virus generally have an 1Csy value of about
0.01 pM to 0.05 pM.

Drug susceptibility of the virus harbored by
an HIV-infected individual can be assessed by
isolating the virus, preferably from plasma
(which will better represent the actively growing
virus population), in the presence of various
concentrations of the drug under study (pheno-
typic analysis of resistance). However, because
phenotypic resistance is the consequence of spe-
cific mutations in the genes for the target
enzymes (ie, reverse transcriptase [RT] or pro-
tease), polymerase chain reaction (PCR) assays

and gene sequencing methods have been devel-
oped to detect these mutations directly (geno-
typic analysis of resistance). The relationship
between phenotypic and genotypic analyses of
resistance is often direct, but can be altered in
some cases by the fact that the emergence of re-
sistance is a dynamic process, and multiple
strains of virus with various susceptibilities fre-
quently coexist in the patient.

Because resistant variants may exist before
treatment is initiated and may evolve under
selective pressure, therapy can address viral
resistance in three ways: (a) maximizing the
suppression of viral replication; (b) using drugs
when multiple mutations are required for re-
sistance; and (c) forcing the emergence of
variants with attenuated replication or de-
creased virulence.

Resistance to RT Inhibitors

Resistance to nucleoside analogues. HIV
variants with decreased susceptibility to zidovu-
dine were first reported in 1989. Viral variants
with different levels of drug resistance to other
nucleoside analogues subsequently have been
described (see Table 1).

In general, advanced disease-stage, baseline
low CD4+ cell counts, and high plasma HIV RNA
levels predict the development of resistance to
zidovudine, and this is likely to be true for all
other antiretroviral drugs.

TaLe 1. Some GENOTYPIC CHANGES ASSOCIATED WITH THE IN Vivo USE oF

ANTIRETROVIRAL DRuUGS.

Reverse Codon mutations in the Protease ~ Codon mutations in
transcriptase inhibitor  reverse transcriptase gene inhibitor  the protease gene
Nucleoside Saquinavir 10, 48, 63, 71,90
Zidovudine (ZDV) 4], 67, 70, 1 5, 219 Ritonavir 20’ 33’ 36, 46, 54'
Didanosine (ddl) 65, 74, 184 71,82, 84,90
Lalditabine (ddC) 65, 69, 184 Indinavir 10, 20, 24, 46, 54,
Lamivudine (3TC) 184 63, 64, 82, 84, 90
Stavudine (d4T) 75 (rare)
Nonnucleoside
Nevirapine 103, 106, 108, 181, 188, 190
Loviride 103, 181
Delavirdine 181, 236
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Although resistance to zidovudine appeared
to be related to the ordered emergence of viral
variants with mutations at RT codons 70, 215,
41, 67, and 219, high-level resistance to didano-
sine has not been reported to date; also, dimin-
ished susceptibility to zalcitabine and stavudine
in vivo has not been well documented. There is
not a clear explanation for these findings, al-
though it has been hypothesized that it may be
related to the greater similarity of these com-
pounds to the natural substrate. The pattern of
viral mutations associated with didanosine has
been further investigated by several groups, and
their results substantially confirm that suscepti-
bility is reduced when strains with one or more
of the L74V, K65R, and M184V mutations
emerge. One exception to the above statements
are the recently described isolates that are highly
cross-resistant to zidovudine, didanosine, zal-
citabine, and stavudine on the basis of a distinc-
tive set of mutations in the RT, the most impor-
tant being at codon 151. This multiple resistance
associated with unique genetic patterns has also
been observed in HIV strains isolated from pa-
tients given combination therapy with nucleoside
analogues, especially zidovudine and didanosine.

Cross-resistance has been reported between
zidovudine and other 3’-azido-nucleosides. Re-
duced susceptibility has been described among
zalcitabine, didanosine, and lamivudine (involv-
ing the K65R, V75T, and M184V mutations) and
between didanosine and zalcitabine (L74V). Al-
though zidovudine resistance was shown to pre-
dict more rapid progression of HIV disease, the
clinical significance of resistance to the
dideoxynucleosides and the clinical correlates of
in vitro cross-resistance within this class are still
not completely defined.

Resistance to lamivudine occurs rapidly in
vivo, and is associated with substitution at codon
184. This mutation leads to high-level resistance
to lamivudine, as well as to some cross-resis-
tance to didanosine and zalcitabine. This muta-
tion antagonizes zidovudine resistance mediated
through the 215 (and 41) mutations, restoring
phenotypic sensitivity to zidovudine.

The genetic profile of resistance to the new
carbocyclic nucleoside 1592U89 has also been
investigated in patients in early clinical trials.
Some mutations common to other nucleosides
have been observed (M184V, K65R, L74V), but
their role has not yet been fully established.

Resistance to NNRTIs. The rapid develop-
ment of reduced susceptibility to nonnucleoside
reverse transcriptase inhibitors (NNRTIs) when
used in monotherapy or in dual combination
regimens initially suggested a limited use for
these drugs in clinical practice. However, very
interesting results were obtained using one drug

in this class, nevirapine, as part of triple
combination regimens in antiretroviral-naive pa-
tients. Effects on CD4+ cell counts and plasma
HIV RNA levels were sustained for at least one
year in many of the patients. Interim results of
the Boehringer Ingelheim 1046 trial in an-
tiretroviral-naive patients given either zidovu-
dine/didanosine, zidovudine/nevirapine, or zi-
dovudine/didanosine/nevirapine demonstrated
that in the triple combination arm the majority
of isolates obtained from patients who were com-
pliant with all three of the medications remained
sensitive to nevirapine. Patients who were
poorly compliant with the medications had de-
tectable nevirapine-resistant isolates. These
findings again prove the concept that resistance
occurs as a direct consequence of viral replica-
tion. When the regimens used do not completely
suppress HIV, resistance emerges in the pres-
ence of plasma levels of the drug.

Treatment with another NNRTI, delavirdine,
has induced the emergence of variant strains
with K103N and Y181C mutations and occasion-
ally with the P236L mutation. The pattern of re-
sistance may vary according to the extent of the
genetic pressure of the drug, with some muta-
tions being preferentially selected by more grad-
ual increases in drug concentrations (V106I,
G190T) and others being selected by greater in-
creases in drug concentrations with every subse-
quent passage (G190E).

Cross-resistance is a common phenomenon
with NNRTIs. In vitro studies have revealed sev-
eral mutations common to different compounds:
A98G (pyridinones); L1001 (TIBOs, pyridi-
nones, BHAPs); K103N (TIBOs, pyridinones,
nevirapine, BHAPs); V106A (TIBOs, BHAPs,
HEPTS, nevirapine); V108l (nevirapine, pyridi-
nones); Y181C (nevirapine, TIBOs, pyridinones,
BHAPs); Y188H (nevirapine, TIBOs, BHAPs);
and Y188C (nevirapine, HEPTs). Most of these mu-
tations also have been observed in vivo following
treatment with these drugs as monotherapy.

Resistance to Protease Inhibitors
Resistance or reduced susceptibility has
been reported with all available protease in-
hibitors, and appears to be associated with a
loss of therapeutic effect. Results clearly indi-
cate the frequent selection of strains exhibiting
cross-resistance to different protease inhibitors
following in vitro or in vivo drug exposure. The
patterns of mutations for protease inhibitors,
however, appear to be more complex than for
RT inhibitors, with a greater number of sites in-
volved, and greater variability in the temporal
patterns and in the combinations of mutations
leading to phenotypic resistance. This finding
suggests that the protease gene may be able to
adapt more easily than the RT gene under the

genetic pressure induced by drugs. Although
about 20 codons have been identified as sites of
mutation, some changes appear to be more fre-
quent and can therefore help to define sub-
groups of protease inhibitors according to
different genetic profiles.

A phenomenon that has been frequently ob-
served with protease inhibitors is that viruses
selecting for a compromising mutation may sur-
vive under the pressure of protease inhibitors by
selecting compensatory mutations that restore
original levels of viral replication. In other
words, two kinds of mutations are often seen
during protease inhibitor therapy. The first type
of mutations are active-site and non—active-site
mutations that reduce inhibitor binding. The
second type are nonspecific mutations that can
restore impaired enzymatic activity.

The issue of resistance to protease in-
hibitors is also complicated by the fact that the
protease enzyme cleaves itself out of the wider
gag-pol precursor and that the replicative disad-
vantage conferred by specific mutations may be
complemented by adaptive mutations in the gag
gene whose sequence is recognized by the pro-
tease enzyme. This has been shown for the
V82F/184V mutations, whose significant negative
impact on replication is apparently reversed by
the presence of some mutations in the p17 gag
region, such as E52Q and Q63E. Interestingly,
these mutations do not necessarily involve
known protease cleavage sites.

The V82T mutation has been confirmed as a
leading viral mutant in reducing binding of the
HIV protease to indinavir, although it seems that
resistance to indinavir develops as a conse-
quence of multiple changes in the protease gene
(eg, V82AF, or T, plus M461,L) and the number
of subsequent mutations correlates with the de-
gree of resistance. Viral isolates from patients
given indinavir showed a very high occurrence
of cross-resistance to other protease inhibitors.
Cross-resistance was invariably present between
indinavir and ritonavir. A 60% to 80% rate of
cross-resistance was observed between indinavir
and saquinavir or VX478/141W94.

Resistance to ritonavir also occurs as a con-
sequence of the stepwise accumulation of differ-
ent mutations in the protease gene. Mutations in
codon 82 appear to be the critical initial muta-
tions, but additional changes in the protease
gene are necessary for high-level resistance to
develop. These mutants, including M46I and
184V, are also common to indinavir. The V82T
mutation has been found to determine a reduc-
tion in replicative efficacy; however, this obser-
vation needs confirmation. Cross-resistance to
indinavir and to a more limited extent to
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saquinavir has been reported in samples from
patients given long-term ritonavir.

With respect to saquinavir, the association of
48V and L90OM has been confirmed as a double
mutation with significant impact on the drug’s
activity—an impact that is greater than that of the
two mutations alone. In patients given saquin-
avir, mutations at residues 10, 54, 63, and 71
may also contribute to resistance. The low inci-
dence of resistance mutations in patients treated
with saquinavir (approximately 50% at one
year) may be an inherent attribute of the drug;
however, it may also be the result of the low se-
lective pressure exerted on the virus by
saquinavir in its present formulation.

During in vitro selection with VX478/
141W94, the 150V mutant is associated with an
eightyfold reduction in affinity to VX478/
141W94, but with only a minor reduction in
affinity to saquinavir and indinavir.

Nelfinavir is another protease inhibitor that
seems to be characterized by some distinct ge-
netic pattern of mutations; the D30N mutation is
associated with a sevenfold reduction in sensitiv-
ity in vitro (after 22 passages at increasing drug
concentrations). The same mutation has also
been observed in samples from patients given
nelfinavir in clinical trials. Other less common
mutations include M361, L63P, V771, and N8SD.
The L90M mutation has rarely been observed
with nelfinavir, and other mutations, such as
(48Y, V82A,ET, and 184V, common to other pro-
tease inhibitors have not been detected. How-
ever, only results from preliminary studies are
available.

Resistance in Antiretroviral-naive Patients

Pretreatment genotypic resistance in anti-
retroviral-naive patients in the DELTAI and ACTG
175 trials suggests a low incidence of preexisting
resistant virus (10 of 173[6%] patients in the
DELTAL study had mutations in codons 70 or
215; 13% of patients in the ACIG 175 study had
mutations in codon 215). These results, which
need to be confirmed by sequencing, may indi-
cate an unreported previous use of zidovudine;
however, they are consistent with data from sero-
converters (a mutation in codon 215 was found
in about 10% of patients who seroconverted),
which indicates transmission of zidovudine-
resistant strains,

Multidrug Resistance

The patterns of mutations observed during
combination therapy may be substantially differ-
ent from those observed using the same drugs as
monotherapy. Assessment of the genotype of
HIV strains from patients given different anti-
retrovirals has also shown that although still
rare, multidrug resistance can occur. The ge-

netic basis of this phenomenon is currently
being investigated. Some sets of mutations re-
sponsible for multiple high-level resistance to
dideoxynucleosides—particularly to zidovudine,
didanosine, zalcitabine, and stavudine—have
been described, including V751, F77L, F116Y,
AG2V, and Q151M. The Q151M mutation, which
appears to be the critical first mutation in this
set, is somewhat uncommon in untreated pa-
tients, and seems to arise via a two-step pro-
cess—through a Q-L change that precedes the
I-M change. The prevalence of this mutation ap-
pears to be about 5% in patients treated with
combinations of zidovudine and didanosine.

Reversal, Delay, and Suppression of Drug
Resistance

As a general rule, drugs that rapidly induce
high-level resistance have been expected to have
limited clinical use. However, at least two issues
have recently modified this view: (a) the theoret-
ical possibility that higher drug dosages can par-
tially overcome resistance (provided that the
drug has a very high therapeutic index); and (b)
the possibility that the selection of resistance
mutations can become a positive tool, if the re-
sistance pattern of one drug can restore or in-
crease the sensitivity to another drug.

Several in vitro experiments have shown that
depending on the combinations of mutations,
both multiple resistance and restored sensitivity
are possible. Most of these studies have been
conducted in zidovudine-resistant virus (specifi-
cally, with the T215Y mutation alone or in asso-
ciation with the M41L mutation). Interestingly,
in these studies, the effect of a second drug-in-
duced mutation was potentially different, ac-
cording to the genetic pattern of zidovudine
resistance. The L74V mutation, associated with
didanosine exposure, has been shown to restore
zidovudine sensitivity in the presence of the
T215Y mutation alone; resistance to both zi-
dovudine and didanosine was induced when
both the T215Y and the M41L mutations were
present. The addition of the V106A mutation to
this set (V100A being associated with exposure
to nevirapine and other NNRTIs) conferred
added resistance to nevirapine. In contrast, the
Y181C mutation confers added resistance to
nevirapine, but restores zidovudine sensitivity in
the presence of the T215Y mutation.

Zidovudine/lamivudine has become an at-
tractive combination, based on the observed
suppression of zidovudine resistance in lamivu-
dine-resistant strains with the M1841/V muta-
tions. In the antiretroviral-naive population of
the NUCB3001 trial, the combination of zidovu-
dine/lamivadine induced significant CD4+ in-
creases and viral load reductions, with both
responses being greater in magnitude than

would be expected with this nucleoside
combination. The rapid emergence of variant
strains with the M184V mutation was observed
in almost all patients, indicating rapid selection
of lamivudine-resistant strains. At week 24, the
proportion of patients who maintained wild-type
strains with respect to zidovudine-associated
mutations was significantly greater in the zidovu-
dine/lamivudine arm than in the monotherapy
arm (75% vs 31%, respectively). This finding
suggests that a delay in zidovudine resistance
may contribute to the sustained antiretroviral ef-
fects of this combination. In this trial, the possi-
bility of reversing zidovudine resistance by
adding lamivadine could not be evaluated, be-
cause the study population was zidovudine-
naive. This important issue has been investi-
gated in other trials of zidovudine-pretreated
individuals. Preliminary results, although con-
firming that resensitization to zidovudine also
can occur in vivo, have shown that resistance to
both zidovudine and lamivudine can occur with
the loss of activity of the combination.

Mutually counteracting mutations have been
detected also among NNRTIs. The P236L muta-
tion, associated with the BHAP compounds
delavirdine and atevirdine, apparently reverses
resistance to nevirapine, TIBOs, and L697,661
conferred by the Y181C mutation. Unfortu-
nately, the Y181C mutation confers resistance
to delavirdine and atevirdine as well, so the
combined use of NNRTIs selects for virus with
mutations conferring resistance to all of the
components of the combination.

As discussed above, there was enough evi-
dence only a few months ago to assume that
resistance would occur with any effective anti-
retroviral drug, even when given in combin-
ation regimens. However, results, although
anecdotal, emerged from the recently reported
preliminary analyses of trials of zidovudine/
lamivudine/indinavir and zidovudine/didano-
sine/nevirapine to suggest that a sustained high-
level suppression of viral load can significantly
delay or even prevent the emergence of resistance.

As a consequence of these experiments, it
has been hypothesized that after some years of
theoretical “zero viral replication,” HIV infection
may even “burnout” as chronically infected cells
die off (described as viral eradication). How-
ever, reducing viral load to below the level of de-
tection of the assays does not necessarily mean
that HIV is absent from the body. Although it is
generally accepted that an undetectable viral
load level is the optimal target, this target cannot
be achieved in all patients, even with highly ef-
fective regimens. Also, resistance can occur the-
oretically even at plasma HIV RNA levels below
the current limits of detection, if some level of
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replication occurs in “reservoir” tissues. Fur-
ther studies are clearly needed to investigate
these issues.

Clinical Implications

The increased number of available anti-HIV
compounds is opening new perspectives and
new questions for the design of therapeutic
strategies. With about 15 drugs now in clinical
practice or in clinical trials, the potential num-
ber of combinations is remarkable, and rational
criteria must be adopted to select the combina-
tions with the greatest likelihood of efficacy.

The level and durability of antiretroviral ac-
tivity (ie, viral load and CD4+ cell count changes)
is undoubtedly a good criterion for selection of
regimens, but other factors, including the resis-
tance characteristics of the drugs, are also im-
portant considerations. Although further studies
are necessary to assess the complex implications
of the resistance patterns for the care of patients
with HIV/AIDS, some of the information already
available can be used in clinical practice. Asa
general rule, combinations of drugs that share
clear cross-resistance properties should be
avoided. Switching between such drugs should
also be performed with caution, considering the
possibility of a reduced efficacy with the new
regimen.

Ideally, therapy with regimens able to in-
duce and maintain maximal viral suppression
must be started early to prevent the emergence
of resistant strains. Because even complete inhi-
bition of viral replication may not prevent the se-
lection of resistant mutants in the long term if

they exist at a sufficiently high frequency prior to
therapy, there is a compelling rationale for treat-
ing the patient very early in the course of infec-
tion, when the virus is most homogeneous.
There is current interest in whether determina-
tion of resistance patterns in patients’ isolates
would be useful in clinical practice. Such infor-
mation might theoretically be useful for planning
treatment on the basis of pretreatment suscepti-
bility or of cross-resistance profiles.

However, a number of issues limit the use of
resistance information as a longitudinal marker
in clinical management, including: differences
among the laborintensive and time-consuming
techniques used; difficulties in quantifying the
drug-resistant virus by PCR assays; and the un-
certain clinical meaning of drug resistance for
many of the currently used anti-HIV drugs. It is
also not known to what extent cross-resistance
in vitro precludes sequential use of drugs char-
acterized by common mutation profiles. Further
clarification of these issues, together with the de-
velopment of simpler tests that could be used in
clinical practice, would be required before drug
sensitivity information would have a role in plan-
ning and managing antiretroviral therapy for in-
dividual patients.

Summary

The possibility of preventing or counteract-
ing the emergence of drug-resistant strains still
represents 4 major issue in antiretroviral ther-
apy. The mechanisms and patterns of resistance
development in combination therapy appear to

be more complex than those in monotherapy,
and their clinical implications remain only par-
tially known. Although dual combination treat-
ment does not seem to avoid the emergence of
resistance, at least in some cases it has been
shown to limit or to delay it, or to lead to the se-
lection of less pathogenic quasispecies, all of
which may yield a positive impact on the pro-
gression of HIV disease. An issue currently
being evaluated in clinical trials is the efficacy
of combination regimens based on mutu-
ally counteracting, drug-induced mutations,
which may convert the unavoidable selection of
mutant viruses into an at least partially favorable
phenomenon.

Finally, there is hope that the prevention of
the emergence of resistance may be achieved by
using combinations of drugs that completely in-
hibit viral replication. This strategy has been
shown to be effective in vitro. Data emerging
from triple combination regimens with en-
hanced antiretroviral potency suggest that the
emergence of resistance is reduced when viral
replication is effectively suppressed, with the
subsequent hope of prolonging the antiretroviral
effects of future therapeutic strategies.
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