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Strategic Use of Antiretroviral 
Therapy

Michael S. Saag, MD

Over the last decade, highly active antiretroviral therapy (HAART) has revolutionized the care 
of human immunodefi ciency virus (HIV) infected patients. Advances in the understanding of 
HIV pathogenesis, the routine use of viral load and resistance testing in clinical practice, and 
the availability of over 23 Food and Drug Administration (FDA) approved antiretroviral (ARV) 
agents (Table 4-1) have created the promise for most HIV-infected patients to live, and live well, 
for decades such that HIV ultimately has little impact on the duration or quality of their life.1–5 
Persistent, high-level viral replication is the driving force of HIV pathogenesis, with up to 10 
billion virions produced in an infected individual each day.6–9 Viral load measurements enable 
the clinician to determine the degree to which an ARV therapeutic regimen is working and, more 
importantly, when the regimen is failing.10–14 This allows therapy to be switched at the time of 
ARV failure rather than at the time of clinical failure. Once a regimen begins to fail, clinicians 
can utilize resistance test information to choose from dozens of potential alternative regimens, 
utilizing both existing approved drugs and experimental therapeutic agents with novel mecha-
nisms of action now in development.15 Through the contributions of all of these developments,C
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Year Approved Agent (Trade Name)

1987 Zidovudine (retrovir)
1991 Didanosine (videx)
1992 Zalcitabine (hivid)
1994 Stavudine (zerit)
1995 Saquinavir (invirase)
 Lamivudine (epivir)
1996 Indinavir (crixivan)
 Ritonavir (norvir)
 Nevirapine (viramune)
1997 Delavirdine (rescriptor)
 Nelfi navir (viracept)
1998 Efavirenz (sustiva)
 Abacavir (ziagen)
1999 Amprenavir (agenerase)
2000 Lopinavir/ritonavir (kaletra)
2001 Tenofovir DF (viread)
2003 Atazanavir (reyataz)
 Emtricitabine (emtriva)
 Enfuvirtide (fusion)
2004 Fos-amprenavir (lexiva)
2005 Tipranavir (aptivus)
2006 Darunavir (prezista)
 Miraviroc
2007 (in expanded access) Raltegravir
 Etravirine
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clinicians have the potential to achieve long-term clinical 
benefi ts by keeping the viral load as low as possible for as 
long as possible.

The use of modern ARV therapies has led to a striking 
reduction in HIV-associated mortality.16–18 Despite these 
advances, newly recognized toxicities of ARV treatment have 
begun to limit the long-term benefi ts of chronic therapy.19–27 
Moreover, the durability of the ARV effect is quite variable. 
Many factors infl uence the ability to sustain suppression of 
viral replication, including pharmacokinetic properties of the 
regimen, tissue penetration, cellular penetration, appropriate 
intracellular processing, ARV drug history, tolerability of the 
regimen, adherence, potency of the regimen, and the devel-
opment of or preexisting presence of resistant virus.15,28–34 
To achieve the most durable effect of ARV therapy (ART), 
clinicians must develop a strategic approach that maximizes 
the likelihood of success of each given regimen through a 
thorough understanding of the biology of HIV disease and 
the principles of ART.

THE BIOLOGY OF HIV INFECTION

Since HIV was identifi ed in 1983, several landmark dis-
coveries have helped elucidate the mechanisms by which 
HIV causes the immune system dysfunction associated with 
AIDS. These discoveries are usually linked to the applica-
tion of newly developed technology in the laboratory. Soon 
after discovery of the virus, investigators demonstrated the 
presence of HIV in virtually all tissues of the body, includ-
ing the brain.35,36 Utilizing p24 antigen assays, an association 
was made between the level of p24 antigen in plasma and the 
stage of disease, with higher levels of viremia observed during 
the time of acute seroconversion and again in the later stages 
of advanced HIV disease.37–39 Most of the individuals who 
were asymptomatic with high CD4! T-lymphocyte counts 
had no appreciable p24 antigenemia detected. During the late 
1980s, utilizing tissue culture techniques investigators were 
able to titrate the amount of infectious virus in plasma.37,40,41 

Much like p24 antigenemia, higher levels of infectious virus 
in plasma were noted at the time of acute seroconversion and 
again in later stages of disease.38,39,42 Although the plasma 
culture technique was more sensitive than the p24 antigen 
technique, substantial numbers of patients with asymptomatic 
disease, as well as those on ART, had undetectable levels of 
infectious virus.37,40,41

Utilizing this information, a picture of HIV pathogenesis 
emerged whereby the virus established widespread infection 
early in the course of disease (at the time of seroconversion), 
stimulating a potent immune system response. During the 
period of clinical latency, which typically lasts up to 10–12 
years, initial models of pathogenesis suggested that viral repli-
cation was under effective control by the immune system, only 
to reappear as high-level viremia during later stages of disease 
(Fig. 4-1).38,39,42 This model, however, could not explain the 
slow, yet progressive decline in CD4! T-lymphocyte counts 
and immune system function that occurs during the period of 
clinical latency. With the advent of quantitative polymerase 
chain reaction (PCR) technology during the early 1990s, the 
association of HIV replication and immune system destruc-
tion was more completely described. Piatak and colleagues 
were the fi rst to describe the presence of detectable virus at 
all stages of HIV infection, including the period of clinical 
latency.12,13 As was demonstrated with p24 antigen and quan-
titative plasma culture techniques, the highest levels of viral 
RNA were detected at the time of acute seroconversion and 
during later stages of disease.12,43 However, lower levels of 
virus were detected even at the early, asymptomatic stages 
of the disease, implying that viral replication is a continuous, 
ongoing process even during the period of clinical latency.

The application of viral load testing to determine the 
activity of ARV therapeutic regimens led to the opportunity 
to defi ne further the nature of HIV replication in vivo. Even 
with the use of relatively weak ARV regimens, such as zido-
vudine monotherapy, an 80% (0.9 log) reduction in viral load 
was noted within 1 week of the initiation of therapy, with a 
relatively symmetrical return to baseline within 1 week after 
discontinuing treatment.44 Based on these observations, it 
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Figure 4-1 ! Natural history of HIV-1 infection over 
time.

Modifi ed from Saag MA, Holodniy M, Kuritzkes 
DR, et al. HIV viral load markers in clinical practice. 
Nature Med 2:625, 1996. Copyright 1996 Macmillan 
Magazines Limited.
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was apparent that viral replication was not only continuous 
but also quite rapid.45 However, it was not until the dramatic 
responses to HIV protease and non-nucleoside reverse tran-
scriptase (RT) inhibitors were observed that the magnitude of 
the rate of viral replication in vivo was fully appreciated.

In separate reports, Wei et al and Ho et al quantitated the 
rapid turnover of HIV in vivo, demonstrating the production 
and clearance of up to 10 billion virions each day (!400 mil-
lion virions per hour).6,7 The half-life of virions in the circu-
lation is estimated to be 1–2 h or less. When new rounds of 
viral replication are blocked by ART, the amount of measur-
able virus drops by more than 99% within 2–7 days of initi-
ating therapy. The estimated life cycle (or generation time) of 
HIV, which represents the time from release of a virion until 
it infects another cell resulting in the release of new progeny, 
is estimated to be 1–2 days (Fig. 4-2).8,46,47 These data were 
generated by observing the rapid decay in viral load over the 
fi rst few weeks of potent therapy and represent the contribu-
tion of the acutely infected cells in the host, which have a 
half-life of 1–2 days. These cells represent more than 99% 
of the daily virus production. The remaining production of 
virus comes from a longer-lived population of cells that con-
tribute to the slower, ‘second phase’ decay of plasma viremia 
(Fig. 4-3).47,48 Therefore within 8–12 weeks after initiation of 
potent therapy, plasma HIV RNA levels generally fall below 
400 copies/mL of plasma. It usually takes several weeks longer 
to reach undetectable levels when utilizing ultrasensitive 
virologic techniques (limit of detection !5–50 copies/mL).
Most viral replication takes place in lymphoid organs, where 
most of the CD4! T lymphocytes reside.28,49–54 The detec-
tion of virus in plasma, as measured for example by the 
plasma ‘viral load’, represents spillover of virus from the 
site of production (lymphatic tissue) into the bloodstream 
where it can be readily detected. In addition to the gradual 
reduction in absolute CD4! T lymphocytes over time, loss 
of lymphoid architecture within lymph nodes also occurs 

Figure 4-2 ! HIV-1 replication is rapid in vivo. Plasma HIV-1 
viremia, depicted here as HIV-1 virions results from spillover of 
recently produced virus from infected cells in lymphatic tissue. 
Uninfected, activated CD4! T lymphocytes are the predominant 
target of HIV-1 infection. Once infected, these cells produce virus 
within 1–2 days and continue producing virus for an estimated 
1–3 days. More than 99% of the virus detected in the bloodstream 
comes from recently infected CD4! T lymphocytes. The remaining 
less than 1% of virus comes from chronically infected CD4! T 
lymphocytes or macrophages, which have life spans ranging from a 
few days to several years.

Redrawn with modifi cation from Perelson et al. HIV-1 dynamics 
in vivo: virion clearance rate, infected cell life-span, and viral 
generation time. Science 271:1582, 1996. Copyright 1996 
American Association for the Advancement of Science.
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Figure 4-3 ! Typical plasma HIV RNA 
response to potent ART. After initiation 
of treatment, a sharp decrease in viral 
load is observed over the fi rst 2–4 weeks 
of therapy. Thereafter a steady, less steep 
decline in plasma viral load is observed. 
These differential rates of decline have 
been arbitrarily divided into ‘phases’ 
for purposes of mathematic modeling. 
In reality, they represent a continuum of 
viral decay as the life span of productively 
infected cells is exhausted. If all further 
new infection is completely blocked for a 
suffi cient period of time (new estimates: 
many years) to allow all existing infected 
cells to die, a cure is theoretically possible.
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and is believed to contribute to the relative lack of immune 
system effi ciency at later stages of the disease.49,50 Although 
most newly formed virions do not result in infection of 
a neighboring cell, on average several million new CD4! 
T lymphocytes are infected each day.7,46 This high-level, con-
tinuous production of virus and subsequent infection of new 
CD4! T lymphocytes helps explain how the CD4! cells 
decline and immune system destruction occur during the time 
of clinical latency.

Activated CD4! T lymphocytes are the principal targets 
of HIV replication. The estimated life span of an infected 
CD4! T lymphocyte is 1–2 days.55 Each infected cell has 
an instantaneous burst size of !4000 copies per cell.28 The 
calculated burst size per cell is remarkably constant and is 
independent of stage of disease, plasma viral load, and ARV 
treatment status.28 Thus the plasma viral load is a direct 
refl ection of the number of infected cells in the body produc-
ing virus at any moment in time.

Whereas the instantaneous burst size, defi ned as the 
number of measurable virions produced by an infected cell 
at any given moment, is !4000 copies per cell, the effective 
burst size, defi ned as the number of viruses produced that 
result in productive infection of a neighboring cell, at steady 
state is !1 virion per cell (Fig. 4-4). At steady state, each 
patient establishes an equilibrium between the production and 

destruction of virus producing cells such that as each produc-
tive cell is destroyed or stops producing virus it is replaced 
by another newly infected, productive cell. Clinically, this 
equilibrium establishes a relatively stable viral load value 
over time, defi ned as the viral ‘set point’.8,56 Mellors and col-
leagues have demonstrated a direct relation between the viral 
load, or set point, and the rate of CD4! T-lymphocyte count 
decline.57 When viewed in the context of the direct relation 
between plasma viral load and the number of productively 
infected cells at any moment in time, these fi ndings are not 
surprising. Yet, when this concept is applied to individual 
patients the ability of the plasma viral load to predict the rate 
of CD4! T-lymphocyte decline for a specifi c patient is quite 
poor, indicating that other factors, as yet unmeasured, are 
playing a role in causing the loss of T cells in HIV-infected 
patients.58

Much attention has focused on how actively produc-
ing cells are eliminated.59,60 The leading possibilities are the 
direct cytopathic effect of the virus (or deleterious effects of 
virions budding from the cell membrane), virus-induced cell 
apoptosis, or direct destruction via an effective immune sys-
tem response. Initial experience with tissue culture growth of 
the virus supported the concept of a direct cytopathic effect.61 
Under the stimulation of phytohemaglutinin and interleukin-2 
(IL-2), most virus-infected cells died within several days of 

Figure 4-4 ! Lymph node from a patient with established HIV infection. The actively producing cells (diamonds) excrete high levels of HIV 
virions (black dots), with an average instantaneous burst size of 4000 copies per cell. These newly produced virions are trapped by follicular 
dendritic cells (large cells in germinal center), are absorbed onto circulating resting CD4! T lymphocytes (black closed circles) or activated 
CD4! T lymphocytes (black squares) passing by, or spill into the circulation. The actual number of target (activated) cells infected by virus 
produced by any actively producing cell is small: about one new cell infected over the life span of each actively producing cell at steady state.
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becoming infected in tissue culture, often through the devel-
opment of large syncytia. Syncytia have never been demon-
strated in vivo, and so the concept of death of cells via this 
mechanism remains uncertain. Apoptosis, or programmed cell 
death, is a natural mechanism for eliminating lymphocytes 
of the immune system. Viral proteins, or cytokines released 
in response to viral infection, may trigger the apoptotic path-
way in actively producing cells, although the degree to which 
this occurs is not known. What is clear, however, is the tre-
mendous loss of CD! T lymphocytes in the gut during the 
fi rst several days to weeks after initial infection.62–64 Studies 
in both animals (infected with SIV) and humans with acute 
HIV infection demonstrate profound loss of immune cells and 
disruption of normal architecture of the gut in the fi rst several 
days after infection. These data suggest strong consideration 
of aggressive use of ART during the period of acute infection.

A large body of evidence supports the role of HIV-
specifi c immune system responses to eliminate virus-
producing cells.65–69 The early and rapid development of the 
HIV quasi-species is a direct consequence of HIV-specifi c 
immunity, both cellular and humoral. Neutralizing antibody 
studies have demonstrated a very dynamic virologic escape 
phenomena within the fi rst several weeks of HIV infection, 
with persistent generation of novel viral variants in response 
to antibody responses over the life of infection.70,71 Enhanced 
HIV-specifi c immunologic responses were postulated to be 
responsible for the lower virologic set points observed among 
seroconverters who were treated within days to a couple of 
weeks after the onset of symptoms of their initial HIV infec-
tion and had therapy periodically withdrawn.72 High levels of 
anti-HIV-specifi c CD4! T-lymphocyte activity were demon-
strated in association with control of replication. This level 
of CD4! T-lymphocyte help is typical in ‘long-term nonpro-
gressor’ patients, who naturally control viral infection and do 
not suffer CD4! T lymphopenia despite chronic HIV infec-
tion. In contrast, when therapeutic withdrawal of treatment 
was performed in patients with chronic, well-established HIV 
infection who were not treated within 12–20 weeks of acute 
infection, viral load values typically rebound back to high 
levels.73,74 These patients have extremely low or absent HIV-
specifi c CD4! T-helper lymphocyte responses. Longer-term 
follow-up of the treated acute seroconversion patients revealed 
a return to higher viral load set points indicating some loss 
of the initial immunologic priming from therapy. Of more 
concern, one patient in the initial intermittent therapy study 
became superinfected with virus from another patient follow-
ing sexual exposure while off therapy. This story has created 
a challenge and some controversy for those working on devel-
opment of a preventative HIV vaccine.

Taken together, HIV pathogenesis is best depicted as a 
vicious cycle of production of large numbers of HIV virions 
that infect activated CD4! target cells, which in turn produce 
more viruses that infect additional cells (Fig. 4-5).9 The func-
tion of the targeted CD4! T lymphocytes, ironically, is to 
create an HIV-specifi c, coordinated response against the virus 
that is attacking them. Current thinking supports the concept 
that cytotoxic CD8! T lymphocytes, under the support of an 

HIV-specifi c CD4! T-lymphocyte response, are responsi-
ble, at least in part, for eliminating the active virus-producing 
HIV-infected cells.68–72,75–78 The HIV-specifi c CD4! T-helper 
lymphocyte responses appear to be lost early (within the fi rst 
few weeks after infection), perhaps never to return. The con-
tinuous infection of other activated CD4! cells is believed to 
lead to impairment of the immune responses to other antigens/
pathogens, thereby creating potential defi cits in the immune 
system’s response to opportunistic processes. The goal of 
effective ART therefore is to block, as completely as possi-
ble, the ability of the virus to infect uninfected CD4! T lym-
phocytes, thereby inhibiting de novo production of virus and, 
at the same time, preserving immune system competence.61

STRATEGIC USE OF ART

Simply stated, the goal of ART is to inhibit completely viral 
replication in vivo and sustain the effect for as long as possible. 

Figure 4-5 ! More complete picture of HIV pathogenesis. Actively 
producing CD4! lymphocytes are killed, at least in part, by HIV-
specifi c CD8! cytotoxic lymphocytes. These cytotoxic cells are 
stimulated by cytokines (e.g., IL-2) produced by HIV-specifi c 
CD4! lymphocytes. In the presence of functioning CD4! T 
lymphocytes, the inherent anti-HIV immune response is capable of 
controlling viral replication in an effi cient manner. Unfortunately, 
early during the course of infection (soon after the time of 
seroconversion), most of the HIV-specifi c CD4! activity is lost, 
and the immune response is much less effi cient. Early treatment, 
prior to the time of seroconversion, helps preserve the HIV-specifi c 
immune response, potentially abrogating the need for ART.

Latently
infected
CD4+

lymphocytes

Uninfected activated
CD4+ lymphocytes

Activated HIV-
specific CD4+
lymphocytes

Anti-HIV
cytotoxic

CD8
lymphocytes

Uninfected resting
CD4+ lymphocytes

HIV virions

HIV-
infected cells

Antiretroviral Rx

IL-2

Ch04-F06752.indd   75Ch04-F06752.indd   75 9/28/07   4:31:16 PM9/28/07   4:31:16 PM



76 Section III Antiretroviral Therapy

Theoretically, if complete suppression is sustained for a long 
enough time to allow the population of chronically infected 
cells to decay to extinction, eradication of HIV (or a true cure) 
is possible. Whether a cure is truly achievable is critical to 
establishing the foundation of an ARV therapeutic strategy. If 
cure is indeed possible, all patients should be treated with the 
most potent agents early and aggressively during the course of 
their infection, much like the treatment of acute lymphocytic 
leukemia. If a cure with ART alone is not a realistic possibil-
ity, other strategic approaches must be considered, more like 
the treatment of chronic lymphocytic leukemia.

Whether eradication is possible depends in large part 
on the life span of longer-lived, chronically infected cells 
and whether complete (or relatively complete) suppres-
sion of viral replication is achievable. About 99% of the 
plasma viremia is generated by actively producing CD4! 
T lymphocytes with a relatively short half-life (1–2 days), 
the remaining 1% or less of plasma viremia is produced by 
longer-lived cells that previously were predicted to have an 
estimated average half-life of 14–28 days, although some of 
the cells could have a life span as short as 2–4 days or as 
long as more than 400 days (Fig. 4-2).46,48,79 If the life span 
of these long-lived cells is 28 days or less and all de novo 
infection is completely blocked, eradication may be achieved 
as early as 3–5 years after initiation of therapy46,47; however, 
if the life span of the longer-lived chronically infected cells is 
substantially longer (on the order of 400 days) or if latently 
infected cells (that contain proviral DNA) are able to circu-
late, multiply or expand, and express virus at a later time, the 
time required for complete eradication of HIV could be on 
the order of decades and may not be achievable, even with 
complete block of de novo rounds of replication sustained 
over a prolonged period of time.50,67 Data generated during 
the latter portion of the 1990s demonstrated that the half-life 
of the chronically infected population of cells was not 14–28 
days as originally assumed but, rather, 6 months at the short-
est or over 44 months at the longest.29,60,80–82 Thus the time 
to eradication under the assumption of complete arrest of all 
de novo infection now ranges from 12 to well over 60 years 
of continuous, maximally effective ART.

As indicated above, the concept of eradicating HIV from 
an infected individual requires chronically infected cells 
to have a relatively short half-life but also requires com-
plete block of all new rounds of de novo infection and this 
block must be sustained for a long enough time to allow all 
chronically infected, productive cells within the body to be 
destroyed or die off. To achieve eradication, inhibitory levels 
of ART must be maintained above inhibitory concentrations 
within all body compartments and within all susceptible tar-
get cells, ideally on a continuous basis. Thus a ‘cure’ for HIV 
infection assumes complete penetration of ARV drugs into 
the cells in all compartments of the body where the virus is 
replicating and strict adherence to the regimen for a period 
long enough to allow the infected cells to die off. An impor-
tant issue in the discussion of a potential ‘cure’ relates to the 
relation of ‘undetectable’ levels of plasma virus to complete 
suppression of viral replication. ‘Undetectable’ levels of HIV 

in plasma are a function of a laboratory assay; complete sup-
pression is a biologic phenomenon. All too often patients 
and clinicians assume that achieving an undetectable level 
of virus is synonymous with complete suppression. Even 
when plasma viral load values are less than a theoretical 
1 log10 copy/mL, an estimated 75 000–150 000 cells are still 
producing virus in lymphoid tissue (Fig. 4-6).28 Zhang et al 
reported evidence of genetic drift in the envelope region in 
virus isolated from a patient who was treated at the time of 
seroconversion and sustained levels of less than 50 copies/mL 
for more than 20 months, supporting the notion of ongoing 
low-level replication when plasma viral load values are unde-
tectable.29 Therefore low-level viral replication appears to be 
ongoing even in the face of potent, yet incomplete viral sup-
pression.59 This implies that breakthrough viremia may ulti-
mately occur in any given patient with sustained plasma HIV 
RNA levels below 50 copies/mL, although the likelihood of 
such breakthrough is a function of the probability of emergent 
resistant virus in the face of strong selective drug pressure (as 
discussed in the following section). Inevitably, more sensitive 
virologic assays will become commercially available and help 
narrow the gap between ‘undetectable’ and ‘complete sup-
pression’. At the present time, however, it does not appear 
that currently available ARV agents, even when used in com-
bination, are potent enough to achieve and maintain truly 
complete suppression. Thus a gap continues to exist between 
the ideal goal of ART (defi ned as complete suppression of de 
novo infection) and the achievable goal of ART (defi ned as 
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Figure 4-6 ! A log–log plot of the relation between plasma 
viral load (copies per milliliter) and the number of cells actively 
producing virus in lymphatic tissue. Each point represents a 
separate biopsy time point paired with the plasma viral load 
obtained at the time of biopsy. The lines connecting points with 
the same symbol represent values obtained from the same patient 
before and after initiation of potent ART. The slope of this line is 
1.6, and the Pearson correlation coeffi cient (R) is 0.95, indicating a 
strong relation between the number of cells producing virus in the 
body and the plasma viral load.

Modifi ed from Hockett RD, Kilby JM, Derdeyn CA, et al. Constant 
mean viral copy number per infected cell in tissues regardless of 
high, low, or undetectable plasma HIV RNA. J Exp Med 189:1545, 
1999.
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achieving undetectable levels of virus by available viral load 
techniques). With earlier, less potent regimens, many patients 
were unable to achieve undetectable levels of virus.83–85 In 
such circumstances, the ability to achieve undetectable levels 
of virus was more diffi cult among patients with higher base-
line viral load levels and heavier treatment experience.86–92 
However, with more potent and tolerable regimens available 
today, over 80–85% of patients are able to achieve "50 c/mL 
with their initial regimens and increasingly the "50 c/mL tar-
get can be achieved even among very heavily treatment expe-
rienced patients.93–95

Taken together, evidence of chronically infected cells liv-
ing for extended periods of time combined with evidence of 
ongoing, low-level replication in the face of ‘undetectable’ 
levels of plasma viremia indicates that eradication of HIV is 
not likely to occur with potent ART alone. Although eradi-
cation of HIV remains the ultimate goal of therapy, a more 
realistic goal at the present time would be to sustain suppres-
sion as completely as possible for as long as possible utiliz-
ing existing therapy over time.

Initiation of Therapy

The ultimate success of ART is total eradication, or cure, as 
discussed above. In the case of healthcare workers who have 
been exposed to infected blood through percutaneous needle-
stick exposure, the use of ART appears to help abort early 
infection and, in this regard, is the best example of eradica-
tion occurring as a result of ART.96,97 Similarly, prevention 
of perinatal infection through the use of prepartum and peri-
partum treatment of the mother and postpartum treatment of 
the neonate is another example where early infection is either 
prevented or aborted after exposure through the use of ART.98 
Other than these two situations, success with ART in total 
eradication or cure has not been achieved. Rather, antiretro-
viral ‘success’ is defi ned more as the absence of ARV failure 
rather than as success per se. Therefore, prevention of ARV 
failure becomes the principal goal of ART.

With the development of a large number of more potent 
ARV agents, there has been a paradigm shift in the approach 
to therapy: the focus of therapy has changed from keeping 
patients alive from this year to the next to keeping patients 
alive from this decade to the next. The goals of chronic 
administration of ART can be seen as twofold: to prevent 
clinical progression and to prevent or delay development of 
resistance. Over the last decade the guidelines for treatment 
of HIV infection have vacillated, owing in large part to the 
emerging realization that a cure was not readily achievable 
with ART alone.99 The ‘treat early, treat hard’ approach to 
therapy was initially linked with the idea that complete, 
maintained viral suppression could result in the eradication 
of HIV from the body within a short time.61 In addition, con-
fusion regarding the goals of therapy at different stages of 
disease contributes to the apparent ‘change’ in guidelines. To 
prevent the emergence of viral resistance, relatively complete 
viral suppression is required. Therefore, in all newly treated 
patients the principal goal of treatment should be to achieve 

virologic suppression to undetectable levels.1,100 While clini-
cal benefi t can still be realized with less than maximal sup-
pression of viral load,83,89,101,102 use of more modern drugs 
has led to the emergence of a new treatment paradigm 
whereby the target of ARV therapy ideally should be "50 c/
mL even in heavily experienced patients.1,4 Yet, for those 
patients who cannot achieve this degree of virologic sup-
pression, a reduction in HIV RNA levels of 0.5 log10 copies/
mL below baseline is associated with relative maintenance 
of the CD4! T-lymphocyte count over time, provided this 
degree of viral suppression is sustained.83,89,102 Therefore for 
patients who have experienced multiple regimens and cannot 
achieve "50 c/mL, the goal of therapy changes from preven-
tion of further resistance mutations to prevention of clinical 
progression. In this setting, a reasonable target is to achieve 
and sustain viral load values at least 0.5 log10 copies/mL, and 
preferably 1.0 log10 copies/mL below baseline.

The ‘treat early, treat hard’ approach to therapy was 
grounded in concepts other than eradication.61,99 Most clini-
cal trials confi rm that the fi rst treatment represents the ‘best 
shot’ at achieving profound suppression of viral replication. 
Based on current knowledge of HIV pathogenesis, early 
and profound suppression also prevents the development of 
resistance by limiting replication, preserving immune system 
integrity (before there is loss of critical clones of responsive 
cells), and creating a higher virologic hurdle for emergence 
of viral resistance.103–105 Although this rationale is clearly 
sound, the approach rests on assumptions concerning adher-
ence, toxicity, pharmacokinetics/pharmacodynamics, and 
the absence of meaningful immune system recovery. First, 
complete adherence to complex ARV regimens is diffi cult 
for most patients to maintain.34,106,107 Multiple studies dem-
onstrate a striking relation between adherence and success 
of ARV therapeutic regimens. Second, although serious tox-
icity is relatively uncommon with initial treatment for early 
disease, prolonged exposure to treatment is associated with 
a number of metabolic and hepatic complications.20,21,108–114 
Third, drug pharmacokinetics and pharmacodynamics are 
subject to variability that can reduce the effectiveness of 
treatment.31,115 Not all patients are able to achieve and sus-
tain similar levels of intracellular concentrations of drug or 
are able to metabolize drugs in a predictable fashion.32,116,117 
Fourth, although treatment that is initiated late in the course 
of disease (e.g., at CD4! T-lymphocyte counts of less than 
100 cells/µL) is associated with a worse outcome, treat-
ment started at moderate CD4! T-lymphocyte counts (e.g., 
350 cells/µL) can be accompanied by preservation of immune 
competence that does not seem to be clinically distinguish-
able from that seen when starting therapy at earlier stages 
(e.g., CD4! T-lymphocyte count of 600 cells/µL).87,118,119

There are additional considerations that argue against 
universal application of very early treatment.120 Much of the 
data on progression of HIV disease from the Multicenter 
AIDS Cohort Study (MACS), which has been used to sup-
port earlier intervention, is derived from untreated individu-
als (Fig. 4-7A).56 The use of data from untreated cohorts, 
although providing information on the natural history of 
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78 Section III Antiretroviral Therapy

disease prior to the infl uence of ART, is anachronistic during 
the treatment era. Because the impact of treatment on the viral 
load determinants of progression is immediate, its predictive 
value is negated once potent treatment is initiated. Moreover, 
most clinicians do not idly observe progression of disease 
in their patients without introducing some intervention prior 
to the onset of profound CD4! T-lymphocyte depletion 
or the development of clinical disease. More recent data 
sets derived from clinical cohorts of treated individuals are 
more valuable for the ‘treatment era’ (Figs 4-7B and 4-8).119

Data from the ART-Cohort Collaborative, a compilation of 
treatment experience of over 23 000 patients from over 50 
clinical sites, demonstrate little short-term disease progres-
sion among patients who initiated therapy with more moder-
ate CD4! T-lymphocyte counts (e.g., 350–500 cells/µL), even 
if their viral load values at the time of treatment initiation are 
high (e.g., #100 000 copies/mL).87,118

Based on such considerations, along with the increased 
frequency of long-term adverse events of treatment, a more 
conservative approach than ‘treat early, treat hard’ is advo-
cated currently, although as therapies become better tolerated 
the recommendations continue to be in fl ux (Table 4-2).1,4 
Among asymptomatic patients, treatment may be initi-
ated relatively early (e.g., at CD4! T-lymphocyte counts of 

Figure 4-8 ! Progression of HIV disease to AIDS or death by initial 
CD4 count.

Used from Egger M, May M, Chene G, et al. Prognosis of HIV-1 
infected drug naive patients starting potent antiretroviral therapy: a 
collaborative analysis of prospective studies. Lancet 360:119–29, 
2002.

350–500 cells/µL; while guidelines suggest consideration of 
treatment at these CD4! T-lymphocyte counts, some experts 
now recommend treatment at this level) rather than very 
early (e.g., CD4 counts #500 cells/µL) using ARV combi-
nations that are likely to reduce the viral load below 50 cop-
ies/mL.1,4,5 In contrast, all symptomatic patients should have 
treatment initiated regardless of CD4! count and viral load. 
Similarly, all HIV-infected pregnant women should have 
treatment initiated by the beginning of the second trimes-
ter, regardless of viral load or CD4! count, to eliminate the 
transmission of HIV to her baby. Once the mother has deliv-
ered, therapy can be stopped among those women who had 
initial CD4! counts above 350–500 cells/µL and who are 
not breast-feeding (Table 4-2).1,4

Selection of the specifi c regimen is based on the predicted 
likelihood of patient tolerance and adherence, with consid-
eration of short- and long-term toxicities. The dramatically 
improved outcomes of more modern initial regimens, whereby 
over 85% of patients achieve target values of "50 c/mL at 1 
year of treatment, is due in large part to improved tolerability. 
Simply put, adherence is most directly related to drug toler-
ance. Medications and regimens that create even low-grade 
symptoms, such as intermittent nausea, mild headache, or 
occasional crampy diarrhea, ultimately lead to skipped doses. 
These skipped doses result in resolution of the offending symp-
toms, thus reinforcing the nonadherent behavior. Over time, 
skipped doses become more common, ultimately leading to 
the emergence of drug-resistant virus and regimen failure.

Drugs cannot work if they are not taken. Creating a regi-
men that is relatively easy for the patient to take therefore 
is essential when designing initial treatment (Fig. 4-9A). 
Moreover, frequently missed doses not only decrease the abil-
ity of the drugs to work, it is a recipe for the development of 
ARV resistance. A study comparing outcomes among prison-
ers versus patients who participated in clinical trials using the 

Figure 4-7 ! Likelihood of progression to AIDS or death in the 
pretreatment (A) and treatment (B) era.

Used from Egger M, May M, Chene G, et al. Prognosis of HIV-1 
infected drug naive patients starting potent antiretroviral therapy: a 
collaborative analysis of prospective studies. Lancet 360:119–29, 
2002, as presented in US Department of Health and Human 
Services Panel on Clinical Practices for Treatment of HIV Infection. 
Guidelines for the Use of Antiretroviral Agents in HIV-1 Infected 
Adults and Adolescents. Washington, DC, DHHS. Available: http://
aidsinfo.nih.gov/Guidelines/GuidelinesDetail.aspx?MenuItem=Gui
delines&Search=Off&GuidelineID=7&ClassID=1 10 Oct 2006.
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identical regimens from the clinical trials, demonstrated that 
the prisoners, who had drugs administered under conditions 
of directly observed therapy, had substantially better virologic 
outcomes (90% vs 75% achieved viral load values of less than 
400 copies/mL).121 These data underscore the importance of 
drug-taking behavior, commitment to the regimen, simplicity 
of regimens, and overall adherence to the success of the initial 
regimen.

Other considerations in the selection of the initial regimen 
include the availability of the treatments and, indirectly, their 
costs. In the past, selection of the initial regimen was made 
with a focus on keeping subsequent treatment options open 
in the case of failure of the fi rst regimen, which was believed 
to be inevitable for most patients. However, with more mod-
ern regimens that have reduced pill burdens (some requiring 
only one pill once a day) and markedly improved tolerability, 
the concept of ‘planning for failure’ has been replaced with 
a strategy of ‘planning for success’, wherein regimens are 
tailored and adjusted for each patient on an individual basis. 
Once a regimen is initiated, frequent questioning regarding 
tolerance, for even mild or intermittent symptoms related to 
the regimen, should occur at each clinic visit and the regimen 
should be modifi ed to eliminate the offending ARV agent. 
Most importantly, to ensure the best chance for success, 
patients should understand the rationale for treatment prior to 
treatment initiation and genuinely be ‘ready to start’ therapy.

The potency of the initial regimen is critical to long-term 
success. Regimens for initial treatment should be of suffi cient 
potency to ensure a high likelihood of achieving viral load 
levels below the limit of detection ("50 c/µL). Preexisting 
drug resistant virus, which has been reported with increased 

Parameter Recommendation: IAS-USA1 Recommendation: HHS4

Symptomatic HIV Disease ART is recommended ART is recommended

Asymptomatic HIV Disease 

CD4! %200 cells/µL ART is recommended ART is recommended

CD4! "350 cells/µL  ART should be consideredb and the decision Treatment should be offered following
but #200 cells/µL  is individualized (see text); monitoring and  discussion of pros and cons of therapy
 counseling for HIV transmission prevention
 should continue if therapy is deferred 

CD4! #350 cells/µL  ART is generally not recommendedc;  VL # 100 000 c/mL, most clinicians
but %500 cells/µL monitoring and counseling for HIV  recommend deferring ART, but some would
 transmission prevention should continue treat; VL " 100 000 c/mL, defer therapy

CD4! #500 cells/µL ART is generally not recommended;  VL # 100 000 c/mL, most clinicians
 monitoring and counseling for HIV  recommend deferring ART, but some would
 transmission prevention should continue  treat; VL " 100 000 c/mL, defer therapy

aNonpregnant adults.
bThe closer the CD4! cell count is to 200/µL, the stronger the recommendation, particularly if the plasma viral load is high (#100 000 copies/mL) 
or if the CD4! count is declining rapidly (#100 cells µL&1 year&1).
cConsider treatment for patients with high plasma viral load or with rapid decline of CD4! cell count.

Adapted from IAS-USA Guidelines 20061
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Recommendations for Initiating ART in Treatment-Naive Adultsa with Chronic HIV Infection

Figure 4-9 ! Proportion of patients achieving virologic success 
based on number of pills required per day in the regimen (Pill 
Burden). These data were derived from a meta-analysis of 53 trials 
that enrolled 14 264 patients into 90 treatment arms. Each regimen 
evaluated contained two nucleosides plus either a boosted-BPI (grey), 
an NNRTI (dark blue), a third nucleoside (blue), or a nonboosted 
PI (very light blue). Overall 55% of patients had plasma HIV RNA 
levels "50 copies/mL at week 48. Pill count correlated with the 
percentage of patients with plasma HIV RNA levels "50 copies/
mL at week 48 (A). In this fi gure, the size of the circles represents 
the standard error associated with the point estimate. Signifi cantly 
greater numbers of patients receiving NNRTI (64%) and boosted-PI 
(BPI; 64%) had RNA "50 copies/mL at 48 weeks compared to those 
receiving triple nucleoside (54%) or nonboosted PI (43%) regimens. 
However, when the individual trials are listed, more NNRTI-based 
treatment regimens are associated with success (B).

Adapted from Bartlett JA, Fath MJ, Demasi R, et al. An updated 
systematic overview of triple combination therapy in antiretroviral-
naive HIV-infected adults. AIDS 20:2051–64, 2006.
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frequency (between "3% and 14%), signifi cantly hampers 
the potency of the initial regimen. Current guidelines suggest 
obtaining a pre-ARV treatment genotypic resistance test for 
any patient living in an area where a high prevalence (#5%) 
of resistant virus is known to exist, for patients present-
ing with acute seroconversion syndrome, and for pregnant 
women in selected cases.

Once a decision has been made to initiate therapy the 
proper choice of regimen is essential. Meta-analyses have 

shown that efavirenz plus two nucleoside reverse tran-
scriptase inhibitors (NRTIs) demonstrates ARV effective-
ness activity comparable, if not superior, to that of ritonavir 
boosted protease inhibitor (PI)-containing regimens (Fig. 
4-9B).30,122,127 However, ritonavir-boosted regimens are more 
likely to be associated with hypertriglyceridemia and possi-
bly insulin resistance and lipodystrophy, reinforcing the trend 
for use of PI-sparing regimens as initial therapy. Unboosted 
PI-containing regimens are universally inferior to boosted-PI

Figure 4-9 ! Continued

 AI424-034: ATVqd+COM[PI]
AI424-008: NFV+d4T+3TC[PI]

PROAB3001:APV+ZDV+3TC[PI]
AI414-008:ATV(400)+d4T+3TC[PI]

AI454-152:NFV+COM[PI]
Ozcombo I:IDV+ddl+d4T [PI]
START II:IDV+ZDV+3TC [PI]

AI424-007: ATV(400)+ddl+d4T[PI]
AI424-034: EFVqd+COM[NNRTI]
AI454-152: NFV+ddl-ED+d4T[PI]

Domula:EFV+COM[NNRTI]
Domula:EFV+ddl+d4T [NNRTI]

AI424-007: NFV+ddl+d4T[PI]
CNA3005:ABC+ZDV+3TC [NNRTI]

Domula:EFV+d4T+3TC [NNRTI]
START II:IDV+d4T+ddl [PI]

NEAT Study:NFV+ABC+3TC [PI]
DMP266-006:EDV+ZDV+3TC [PI]

SUN:SQV+ZDV+3TC [PI]
VIRGO:NVP+ddl+d4T [NNRTI]
AVANTI II: IDV+ZDV+3TC [PI]

AVANTI III:NFV+ZDV+3TC [PI]
INCAS:NVP+ZDV+ddl [NNRTI]
CNA3005: IDV+ZDV+3TC [PI]

START I:IDV+ZDV+3TC [PI]
096 Arm 1:EFV+3TC+d4T(ir)[NNRTI]

Atlantic:3TC+ddl+d4T arm3[NRTI]
START I:IDV+d4T+3TC[PI]

096 Arm 2:EFV+3TC+d4T(xr)[NNRTI]
CNA3014:IDV+COM[PI]

COMBINE:NFV+COM [PI]
Atlantic:NVP+ddl+d4T arm3[NNRTI]

M98-863:NFV+d4T+3TC[PI]
SOLO:NFV+3TC+ABC[PI]

Ozcombo I:EDV+ZDV+3TC[PI]
CNA3003:ABC+ZDV+3TC[NRTI]

SOLO:fosAPV/RTV+3TC+ABC[BPI]
099 Arm 1:EFV+3TC+d4T(ir)[NNRTI]

Atlantic: IDV+ddl+d4T arm 1[PI]
CNAF3007:ABC+COM[NRTI]

CNAF3007:NFV+COM[PI]
FTC301:EFV+ddl+d4T[NNRTI]

NEAT Study:fosAPV+3TC+ABC[PI]
IMEA-01:RTV+ddl+d4T[PI]

099 Arm 2 EFV+3TC+d4T(xr)[NNRTI]
CLASS:APV/RTV+ABC+3TC[BPI]

EPV20001:3TCbd+ZDV+EFV[NNRTI]
CNA3014:ABC+COM[NRTI]

Ozcombo I:IDV+d4T+3TC [PI]
EPV20001:3TCbd+ZDV+EFV[NNRTI]

CLASS:ABC+d4T+3TC[NRTI]
DMP266-006:EFV+ZDV+3TC [NNRTI]

M02-418:LPV/r+FTC+TDF(bid)[BPI]
COMBINE:NVP+COM[NNRTI]

2nn Arm 2:NVP bid+d4T+3TC[NNRTI]
ZODIAC:EFV+ABCqd+3TC[NNRTI]

M98-863:LPV+d4T3TC[BPI]
ZODIAC:EFV+ABC+3TC[NNRTI]

CNA30024:EFV+ZDV+3TC[NNRTI]
2NN Arm 1:NVP qd+d4T+3TC[NNRTI]
2NN Arm 3:EFV qd+d4T+3TC[NNRTI]

CNA30024:EFV+ABC+3TC[NNRTI]
M)2-418:LPV/r+FTC+TDF(qd)[BPI]
FTC301:EFV+ddl+FTCqd[NNRTI]

DMP266-043:EFV+d4T+3TC [NNRTI]
CLASS:EFV+ABC+3TC[NNRTI]

ANRS 12-04:EFV+ddl+3TC[NNRTI]
M97-720/rLPV+d4T+3TC[BPI]

Dart I:EFV+ddl-EC+3TC[NNRTI]
GS903:EFV+d4T+3TC+PLA[NNRTI]
GS903:EFV+3TC+TDF+PLA[NNRTI]

ANRS091:EFV+ddl+FTC[NNRTI]

BPI Triple NNRTI Triple NRTI Triple PI Triple
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and most non-nucleoside reverse transcriptase inhibitor 
(NNRTI) containing regimens and should be used only in 
selected clinical situations, such as in some active intravenous 
drug users, in those with signifi cant hepatic compromise, or 
in patients requiring therapy for concomitant diseases where 
the drugs interact with ritonavir or NNRTI agents. In head-to-
head studies, efavirenz has generally been more effective (by 
intent to treat) than nevirapine, although the outcomes were 
at the margin of statistical signifi cance. Nevirapine should 
not be used in patients with higher CD4! T-lymphocyte 
counts (#250 cells/µL for women; #350 cells/µL for men) 
owing to a higher risk of hepatic toxicity.27 Efavirenz should 
generally be avoided in pregnant women, especially in the 
fi rst trimester when the neural tube maturation is occurring. 
The preferred and alternative regimens according to the HHS 
guidelines are shown in Table 4-3.

Notwithstanding all of the considerations listed above, the 
most important issue related to the long-term success of ART 
is the degree to which the patient desires to start therapy.128 
Patients’ ‘buy in’ is based in large part on their understand-
ing of the rationale of treatment (i.e., why should they start) 
and the degree to which they believe they have a role to play 

when selecting of the regimen. The ‘best’ choice of therapy 
must encompass not just potency, appropriate pharmacoki-
netics, minimal toxicity, and relative ease of administration, 
it must include strong consideration of how the regimen 
fi ts into the patients’ day-to-day activities and their beliefs 
regarding the likelihood that the regimen will work. Taken 
together, the timing of therapy initiation is a complex deci-
sion process that requires an understanding of HIV biology, 
pathogenesis, natural history, pharmacology, toxicology, psy-
chology, and behavior. In this regard, therapy is genuinely 
‘tailored’ for each patient, making guidelines for the initia-
tion of therapy entirely relative rather than absolute.

Management of ARV Failure

ART ‘failure’ is a relative term that can be defi ned in terms 
of both clinical and virologic parameters. Clinical failure is 
the easiest to defi ne: progression of clinical symptomatology 
or the development of a new opportunistic infection or death 
in the face of ART. From a virologic standpoint, ARV failure 
simply means the loss of control of viral replication; however, 
this loss of control is often incremental and in most cases is 

Preferred Option

NNRTI Option NRTI Options

• Efavirenz* Tenofovir !
 emtricitabine**

OR OR

PI Options
• Atazanavir ! ritonavir Zidovudine !
• Fosamprenavir ! ritonavir (BID) lamivudine**
• Lopinavir/ritonavir (BID)

Alternative Options

NNRTI Option NRTI Options

• Nevirapine# Abacavir !
 lamivudine
OR
 OR
PI Options
• Atazanavir## Didanosine ! (emtricitabine or
• Fosamprenavir lamivudine)
• Fosamprenavir ! ritonavir (1x/day) 
• Lopinavir/ritonavir (1x/day)

! As of October 2006; reference 4.
* Avoid in pregnant women and women with signifi cant pregnancy potential.
** Emtricitabine can be used in place of lamivudine and vice versa.
# Nevirapine should not be initiated in women with CD4 counts #250 cells/mm3 or men with CD4 counts #400 cells/mm3.
## Atazanavir must be boosted with ritonavir if used in combination with tenofovir.
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only partially lost. When viral load testing was fi rst used in 
clinical practice, virologic failure was originally defi ned as a 
return toward (within 0.3–0.5 log10 copies/mL) the original base-
line viral load.10 Soon thereafter the defi nition was more strin-
gently defi ned as a confi rmed return to detectable levels of 
virus (#200–500 c/mL) or the inability to achieve undetecta-
ble HIV RNA after 16–20 weeks of therapy.129 This defi nition 
of failure was deemed most appropriate for a patient’s fi rst reg-
imen, with the goal of therapy being driven predominantly by 
the desire to avoid the development of resistance. For patients 
who have experienced multiple regimen failures, the new tar-
get of therapy is the same as the fi rst regimen. However, not all 
patients can achieve this level of suppression. Since the devel-
opment of clinical progression (clinical failure) is infrequent 
provided the viral load level is maintained below 0.5 log10 
copies/mL (threefold) of the original viral load set point,89,101 
the defi nition of virologic ‘failure’ becomes dependent on the 
clinical setting and must be individualized for each patient, 
taking into account the history of ART, baseline viral load, 
response to therapy, and availability of options for treatment 
once ‘failure’ has occurred. Once the defi nitions of success 
and failure have been delineated, the choice of subsequent 
regimens depends on the prior exposure to ARV agents, pre-
vious adverse experiences, potential drug–drug interactions, 
underlying disease, CD4! T-lymphocyte count/viral load 
status, and the perspective of the patient regarding the abil-
ity to adhere to a complex drug regimen. Fortunately, with the 
newer generation of drugs, the ability to achieve "50 c/mL 
even in experienced patients is easier than in the past.93–95

The reasons for ART failure are multifactorial. The four 
primary reasons for failure include toxicity/intolerance, devel-
opment of resistance, pharmacodynamics, and nonadherence. 
Each of these factors is discussed individually below.

Toxicity/Intolerance

Each pharmaceutical agent is associated with a unique set of 
toxicities. The degree to which a given toxicity is tolerated 
by the patient depends on a number of factors, including the 
nature and severity of the toxicity, the degree to which the 
toxicity interferes with day-to-day living, and the willingness 
of the patient to live with the toxicity. Generally, a patient who 
is totally asymptomatic is less willing to tolerate an adverse 
experience from a medication than a patient who has more 
advanced, symptomatic disease or has previously experienced 
disease progression. In addition, the degree to which a patient 
believes the regimen will provide benefi t is proportional to the 
patient’s willingness to tolerate an adverse experience.

With the use of combination therapy, the individual 
adverse experience profi le for a given agent is compounded 
by drug–drug interactions, altered pharmacokinetic pro-
fi les, and synergistic toxicities of the drugs. Some adverse 
experiences develop soon after initiation of therapy, and the 
symptoms may wane after several weeks (tachyphylaxis). 
Depending on the nature of the toxicity, its severity, the ten-
dency of the toxicity to develop tachyphylaxis, and the will-
ingness of the patient to tolerate the toxicity, the decision to 

discontinue a specifi c agent (or not) must be individualized. 
In general, intolerance reported on a patients fi rst regimen is 
of special concern owing to the association with nonadher-
ence. Dose reduction or withholding a single agent for even 
a short period of time generally is not an option based on 
concern of inducing resistant virus to the agent while using 
a suboptimal dose or exposing the virus to a partially sup-
pressive regimen with inadequate potency from the remain-
ing agents in the regimen.

Development of Resistance

Resistance is a function of two principal conditions: (1) innate 
susceptibility of the virus (typically expressed in terms of 
50% (IC50) or 90% (IC90) inhibitory concentration from an 
in vitro assay); and (2) the achievable level of drug in suscepti-
ble target cells, where viral replication takes place. In the case 
of antibacterial therapy, the difference between the in vitro 
susceptibility and the tissue concentration of drug is often as 
much as 100–1000-fold; however, in the case of antiviral ther-
apy, the therapeutic window is generally much smaller. The 
maximum tolerated dose of most ARV agents limits tissue 
levels of drug to single-digit multiples of the IC90 (e.g., three- 
to sevenfold) at trough levels. Therefore any genetic mutation 
that reduces the susceptibility of the virus to even a modest 
degree may have signifi cant clinical implications.

To manage resistance clinically, the biology of how resist-
ance develops should be understood. HIV exists in vivo as a 
quasi-species.130 After initial infection with a predominant 
genotype, viral replication ensues at an extraordinary rate, 
resulting in the production of progenitor viruses that are 
highly related yet genetically distinct. The major reason for 
the generation of such enormous diversity is a combination 
of immune system pressure and the relative infi delity of the 
RT enzyme. RT is a relatively error-prone enzyme, creating 
a transcriptional error every 3000–4000 basepairs (bp) tran-
scribed.131,132 Because HIV is a 9000-bp virus, on average one 
to two transcriptional errors occur with each replication cycle. 
With the generation of up to 10 billion virions per day, a wide 
variety of genetic mutants are theoretically produced on a 
daily basis. Most of these transcriptional errors are believed 
to lead to stop codons and defective virions, although criti-
cal point mutations that confer resistance to antiviral therapy 
may be generated. Under the conditions of selective pressure 
of either the immune system or drug therapy, these mutated 
viruses become the predominant genotype. Although most of 
these errors are neutral or lead to stop codons, several muta-
tions may lead to the development of new virions with altered 
fi tness or selective advantage.133 When the mutation results in 
reduced fi tness, the mutant virus grows less well and becomes 
a minor component of the quasi-species. However, when the 
mutant virus is more fi t and has a selective growth advantage, 
it may dominate the quasi-species rapidly (within days).6 
Therefore a major difference between antibacterial suscep-
tibility testing and ARV testing becomes immediately obvi-
ous: antibacterial tests are performed against a single clone 
of bacteria isolated from an infected source, whereas ARV 
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tests are performed on a swarm of viruses that coexist in dif-
ferent frequencies and change in rapid fashion upon challenge 
with a new selective pressure (e.g., initiation of a new ARV 
regimen).

The likelihood of the development of resistance mutations 
in vivo is a function of two factors: the relative potency of the 
ARV regimen and the degree of ongoing replication occur-
ring while the regimen is being administered. A regimen that 
has relatively poor potency creates little selective pressure on 
the virus to mutate; in such cases, resistance mutations are 
unlikely to develop (Fig. 4-10). In contrast, a highly active 
regimen generates substantial selected pressure for the virus 
to mutate. The likelihood of resistance development then 
becomes a function of the degree of replication allowed to 
occur while the regimen is being administered: the more rep-
lication allowed to occur under strong selective pressure, the 
faster resistance develops. Theoretically, if a regimen is com-
pletely suppressive, no resistance develops because no repli-
cation is taking place and resistance mutations do not have 
the chance to develop.

Virally encoded RT and protease enzymes, the two primary 
targets of most ARTs, are highly plastic molecules. Some 
of the mutations induced by one agent may lead to reduced 
susceptibility of the virus to other agents (cross-resistance), 
especially to agents with the same mechanism of action 
(e.g., NNRTIs and PIs). Conversely, some mutations that 
confer high-level resistance to one agent may increase the 
susceptibility of the virus to another, resulting in a so-called 
‘hypersusceptable’ virus to the other agent.15 Additionally, 
many resistance-conferring mutations cause substantially less 

effi cient replication capacity than wild-type virus, resulting 
in a virus that is less ‘fi t’ than wild-type virus.133

Common mutations selected by NRTIs, NNRTIs and PIs 
are shown in Figure 4-11.134 Although there is general con-
cordance between laboratory-selected mutations induced 
by serial passage of the virus in the presence of drug and 
those mutations observed in clinical isolates, some muta-
tions selected in vitro have not been identifi ed from clinical 
specimens among patients receiving drug.15 In either case, 
mutations can be viewed as primary or secondary. Primary 
mutations are defi ned as those that have a demonstrable effect 
on the degree of resistance to the given agent. Secondary 
mutations often have no discernible effect on the susceptibil-
ity of the virus to the drug but are likely selected on the basis 
of their ability to improve the fi tness of the virus, usually as a 
compensatory mutation that allows more effective viral repli-
cation or enzyme function (see Chapter 28).

Variable degrees of resistance are conferred by single 
point mutations, depending on the specifi c agent and the 
ease of resistance development. For example, a single point 
mutation at amino acid position 181 of the RT enzyme 
(e.g., Y181C) can lead to profound reduction in susceptibil-
ity to most NNRTIs, whereas single amino acid changes in 
RT (e.g., M41L or T215Y) may lead to only partial reduc-
tion in susceptibility to zidovudine.135,136 Upon development 
of subsequent mutations, the degree of resistance increases 
incrementally, ultimately resulting in high-level resist-
ance when four or fi ve resistance-conferring mutations are 
present.137,138 A similar pattern of sequential mutation acqui-
sition within the protease gene product region is required for 
the development of high-level PI resistance.139,140 To com-
plicate matters, although the sequential acquisition of muta-
tions may be common among agents within a particular class, 
the precise mutation responsible for conferring resistance 
is generally agent-specifi c with varying degrees of cross-
reactivity (depending on the drugs and the mutation in ques-
tion). As an example, a single point mutation at amino acid 
position 30 (D30N) of the protease gene product leads to a 
several-fold reduction in susceptibility of the virus to nelfi -
navir but not other PIs.141,142 Subsequent acquisition of other 
mutations, at amino acid positions 82 or 84 of the protease 
gene product leads to high-level resistance to nelfi navir and 
other PIs as well. To complicate matters further, some point 
mutations create secondary changes in the functional gene 
product, leading to improved fi tness or some degree of 
reversal of resistance.133 In the case of lamivudine and entric-
itabine, an M184V mutation results in substantial reduction of 
the susceptibility of these drugs while partially reversing zido-
vudine resistance or delaying the emergence of zidovudine 
resistance when the two agents are used together in a regi-
men.143 Taken together, drug-induced mutations occur under 
the infl uence of multiple factors, often resulting in variable 
phenotypic expression and clinical consequences.

In addition to de novo development of resistance, some 
viral variants with resistance-conferring mutations may pre-
exist as subpopulations within infected T lymphocytes and 
macrophages.91,144 Under the conditions of strong selective 
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Figure 4-10 ! Likelihood of developing resistance is directly related 
to the relative activity of ART. In the absence of meaningful activity 
(far left-hand side) there is no selective pressure exerted that can 
lead to resistance. Similarly, in the absence of viral replication 
(complete suppression of virus; far right-hand side), no resistance 
can develop because there is no ongoing replication. However, 
when regimens are only partially suppressive (middle portion 
of fi gure), there is ongoing replication in the presence of ample 
selective pressure, creating a higher likelihood of resistance.

Modifi ed from presentations by Doug Richman and Emilio Emini.
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MUTATIONS IN THE REVERSE TRANSCRIPTASE GENE ASSOCIATED WITH RESISTANCE TO REVERSE 
TRANSCRIPTASE INHIBITORS
Nucleoside and Nucleotide Reverse Transcriptase Inhibitors (nRTIs)

Nonnucleoside Reverse Transcriptase Inhibitors (NNRTIs)

Multi-nRTI Resistance: 69 Insertion Complex (affects all nRTIs currently approved by the US FDA)

Multi-nRTI Resistance: 151 Complex (affects all nRTIs currently approved by the US FDA except tenofovir)

Multi-nRTI Resistance: Thymidine Analogue-associated Mutations (TAMs; affects all nRTIs currently approved 
by the US FDA)
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Figure 4-11 ! Common point mutations conferred by use of PIs (A), nucleoside RT inhibitors (B), and non-nucleoside RT inhibitors (C), 
mutations associated with decreased susceptibility to PIs. For each amino acid residue listed, the letter above the listing represents the 
wild-type virus, and the letter below the listing represents the mutation. Amino acids: A, alanine; C, cysteine; D, aspartate; E, glutamate; 
F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; P, proline; Q, glutamine; R, 
arginine; S, serine; T, theronine; V, valine; W, tryptophan; Y, tyrosine. For full details of footnotes refer to chapter.

Reprinted from the International AIDS Society-USA. Johnson VA, Brun-Vezinet F, Clotet B, et al. Update of the drug resistance mutations in 
HIV-1: fall 2006. Top HIV Med 14:125–30, 2006. Updated information and thorough explanatory notes is available at http://www.iasusa.org.
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MUTATIONS IN THE PROTEASE GENE ASSOCIATED WITH RESISTANCE TO PROTEASE INHIBITORS
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pressure, these preexistent mutants may rapidly become the 
predominant species expressed in vivo. The best example 
of this phenomenon is the development of rapid resistance 
observed when NNRTIs are administered as monotherapy.6,144 
Resistant viral variants have been observed as early as 5 days 
after the initiation of NNRTI monotherapy, with complete con-
version of the predominant genotype in plasma from wild-type 
to resistant within 14–28 days after initiation of therapy.6 
Monotherapy with NRTIs (e.g., lamivudine) typically emerges 
within 2–4 weeks of therapy and for PIs (e.g., indinavir) 
within 4–12 weeks of treatment initiation.6,145

The concept of preexistent viral mutants plays a critical 
role in the sequencing of ARV regimens and the ability of a 
new regimen to succeed after a previous regimen has failed. 
At the time a regimen fails because of the development of 
resistance, resistant genotypes predominate in the plasma. As 
the regimen is changed, if these virions are susceptible to the 
new regimen, a shift in the population generally occurs, with 
suppression of the previous resistant viruses (ideally to unde-
tectable levels).6,144 If the new regimen is not completely 
suppressive, some degree of replication continues, potentially 
utilizing the preexisting resistant mutants as substrates for the 
ongoing production of virus. This may lead to the creation 
of individual virions with multiple resistance mutations. This 
scenario is most likely to occur in the context of so-called 
sequential monotherapy, whereby a single agent is added to 
an existing failing regimen. A common example of sequential 
monotherapy is the addition of indinavir to a failing regimen 
of zidovudine/lamivudine. In this case, resistance mutations 
to zidovudine and lamivudine already exist at the time indi-
navir is added. If the new regimen is only partially suppres-
sive, mutations that confer resistance to indinavir begin to 
appear sequentially on the background of zidovudine and 
lamivudine resistance mutations, potentially leading to multi-
drug-resistant virions.139

The development of resistance is often an incremental 
process, perhaps best thought of as a function of chance; that 
is, the likelihood of resistance development is directly related 
to the degree of ongoing replication and the chance that a 
resistance mutant may be precisely the virus that infects a 
susceptible, activated CD4! lymphocyte passing by at that 
moment in time. Even with regimens that are highly potent, 
yet not completely suppressive, a single point mutation may 
occur that confers partial reduction in susceptibility.139,146 
This results in a slightly higher degree of viral replication, 
thereby increasing the likelihood of the development of a 
second resistance-conferring mutation, leading to even fur-
ther reduction in susceptibility and increased replication 
in the face of drug selective pressure. Therefore mutations 
occurring after the fi rst mutation often appear more rapidly 
because of the higher degree of replication that occurs after 
development of the fi rst mutation. The resultant end-prod-
uct is a highly resistant mutant that has multiple coexisting 
resistance mutations. From a clinical perspective, the more 
rapid acquisition of subsequent mutations suggests that regi-
mens should be changed early in the course of virologic 
failure to avoid the development of higher-level resistance, 

assuming that viable therapeutic options exist for the patient 
in question.

Pharmacologic Aspects

For ARV drugs to have activity in vivo, the drugs must be 
absorbed and delivered to the site where viral replication is 
occurring (e.g., CD4! T lymphocytes) and be appropriately 
processed by the target cell into an active moiety (e.g., the 
triphosphate derivative of nucleosides). The relative amount 
of drug in plasma may or may not refl ect the amount of drug 
at the active, intracellular site of replication; therefore meas-
uring plasma levels may only partially describe the relative 
activity of an agent. Just like toxicity profi les and resist-
ance patterns, each drug has its own unique characteristics 
of absorption, metabolism, tissue penetration (including 
penetration into various body compartments, such as the 
central nervous system), intracellular processing, intracel-
lular half-life, and mechanism of elimination (including the 
fi rst-pass effect; see Chapter 79). Not only is the pharmaco-
logic profi le unique for each agent, but the absorption and 
metabolic processing may vary from patient to patient. This 
interpatient variability, due to weight, volume of distribu-
tion, hepatic metabolism, renal function, or genetic polymor-
phisms infl uencing drug absorption and clearance, becomes 
critical when interpreting data from studies that involve large 
populations of patients receiving combination ARV regi-
mens. Even when patients within a given population adhere 
completely to the regimen, a fi xed-dose regimen of a drug 
given every 8 h may lead to adequate concentrations at the 
target site for most individuals but be too low to sustain com-
plete suppression in some or too high in others, resulting in 
early drug failure or excess toxicity, respectively.147 Because 
most ARV agents have narrow therapeutic windows, these 
issues become critical when trying to implement a strategy 
of complete suppression of viral replication for all patients. 
Thus many current studies focus on measuring drug levels as 
part of a strategy to achieve improved virologic outcome with 
less toxicity. To date, not enough data have been generated to 
recommend this approach in clinical practice.

Adherence

To achieve and maintain complete suppression of viral rep-
lication as a goal of therapy, patients must take all of the 
agents comprising a combination regimen at the prescribed 
time and under the proper conditions. Because of drug–drug 
interactions and the interference of food with the absorption 
of some agents, many patients must adhere to complicated 
regimens that require careful planning of meals, some-
times in conjunction with taking multiple tablets at different 
times during the day. Even the most dedicated and commit-
ted patients fi nd it diffi cult to remember to take each pill as 
prescribed every day over several months to years. Based on 
experience with other chronic diseases, such as hyperten-
sion, up to one-third of patients are able to adhere to their 
regimen 90% of the time, but most patients adhere poorly or 
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intermittently.148–150 For diseases in which the consequences 
of nonadherence result in some degree of morbidity, such as 
the use of insulin in brittle diabetics, the adherence is much 
better but still not 100%. In most instances, HIV infection is 
more like hypertension than diabetes; that is, most individu-
als with HIV infection are relatively asymptomatic and even 
those with symptoms usually do not experience the con-
sequences of missed doses of their medicines. Because the 
objective of therapy is to maintain complete suppression and 
to achieve this objective drug levels must remain above the 
IC90 at the target site throughout the entire viral life cycle, 
intermittent dosing that allows some degree of replication to 
occur in the face of high selective pressure becomes a recipe 
for the development of resistance and ultimate ARV failure.

Several factors may contribute to poor or intermittent 
adherence. The most common factor is poor instructions 
given to the patient regarding the regimen and its possible 
adverse experiences.150 The development of side effects and 
their severity have a signifi cant impact on a patient’s willing-
ness to take medications as prescribed or to continue a given 
regimen. The degree to which a patient is willing to tolerate 
adverse effects of medications is related to several factors, 
including the nature of the side effect, how much it interferes 
with the patient’s ability to carry on daily activities, the sever-
ity of the patient’s underlying condition (the more serious the 
disease, the higher the rate of adherence), and the patient’s 
belief that the regimen is likely to be effective.151 Even mild 
or intermittent symptoms, such as low-grade nausea or head-
ache, can lead to skipped doses that result in reinforcement 
of skipped dose behavior, especially among patients asymp-
tomatic to their HIV infection. Regimens given once or twice 
daily have a higher degree of adherence, and therefore effec-
tiveness, than three or four time a day regimens or those that 
require strict timing of drug administration in relation to 
meals (Fig. 4-9A). Other factors, such as level of education, 
socioeconomic status, and underlying substance abuse, gen-
erally do not predict adherence behavior.34

STRATEGIES FOR CHANGING THERAPY

Failure of ART can generally be divided into two categories: 
failure resulting from toxicity and that resulting from viro-
logic escape. The strategies for managing toxicity and viro-
logic escape are quite different and are discussed separately.

Strategies for Changing Therapy 
because of Toxicity

Toxicity may be due to a single agent in a regimen or to mul-
tiple agents. Adverse events may manifest either through 
the inherent toxicity of the offending agent(s), through addi-
tive toxicity between two or more agents, or through adverse 
drug–drug interactions. Even though most of the approved 
agents have been in widespread use for only a few years, the 
most common adverse experiences are well established and 
fairly distinctive for each drug. In cases where a side effect 

occurs that is commonly associated with a particular drug in 
the regimen, it is relatively easy to ascribe the toxicity to the 
most likely offending agent and adjust the regimen accord-
ingly. However, in other cases, overlapping toxicities or 
uncommon side effects occur that are diffi cult to ascribe to a 
particular drug. In such cases it is best to stop the entire regi-
men, wait for the adverse effect to abate or decrease in sever-
ity, and reinstate therapy with a new regimen that substitutes 
one or more new drugs for the most likely offending agent(s).

When adjusting regimens because of toxic effects, sev-
eral guidelines should be followed. When toxicities are noted 
within 2–4 weeks after initiating a new regimen, the most 
likely offending agent can be removed and a new drug without
overlapping toxicity added to the remaining drugs in the 
regimen. For example, the development of rash from nevi-
rapine usually occurs 14–28 days after initiating the regi-
men, in which case another agent of similar potency can be 
substituted into the regimen without changing the nucleoside 
backbone. Similarly, early manifestations of distal symmet-
ric peripheral neuropathy (DSPN) in patients who are tak-
ing didanosine or stavudine or anemia among patients taking 
zidovudine should prompt the substitution of another NRTI 
for the offending agent. When toxicity to an agent develops 
weeks to months after the regimen had been initiated and the 
virologic response has achieved and maintained undetectable 
levels of virus, substitution of a new drug for the most likely 
offending agent is still an appropriate approach. In this case it 
is assumed that the existing regimen has suppressed viral rep-
lication suffi ciently to prevent the development of resistance-
conferring mutations to the drugs remaining in the regimen as 
the regimen is changed. Perhaps the best example of this is 
the development of metabolic or lipid abnormalities among 
patients taking a PI-containing regimen who replace the PI 
with an NNRTI agent while maintaining the nucleoside back-
bone (Table 4-4). Multiple small studies have been reported 
demonstrating successful maintenance of virologic control 
with improvement in lipid profi les but variable success in 
correcting insulin resistance or body composition abnormali-
ties. Conversely, when side effects are noted weeks to months 
after starting a regimen that has not successfully achieved an 
optimal virologic response, it is best to change at least two, 
and possibly all, of the agents in the regimen (including the 
drug most likely responsible for the adverse effect) based on 
resistance testing results because of concerns regarding rapid 
development of resistance to a new drug when it is added as 
‘sequential monotherapy’.

Strategies for Changing Therapy 
because of Virologic Failure

Virologic failure may result from an inability to achieve the 
desired level of viral suppression initially or from the return 
of plasma HIV RNA to unacceptable levels after having 
achieved and sustained the targeted degree of viral suppres-
sion for months or years previously. In either case, the exist-
ence of the undesirable plasma HIV RNA value should be 
confi rmed with repeat testing before any change in therapy 
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90 Section III Antiretroviral Therapy

is initiated. This point has been emphasized with results from 
many studies, where solitary increases in viral load (‘blips’) 
up to 1000 c/mL were noted among several patients who had 
otherwise maintained undetectable levels of virus.152,153 The 
blips were followed by a second value "50 c/mL and were 
not associated with an increased risk of long-term virologic 
failure or with an increased risk of developing resistance. 
Even patients who experience multiple isolated blips during 
the course of the therapy experience no apparent long-term 
adverse consequences.

Once an elevated plasma HIV RNA level has been con-
fi rmed, resistance testing can help identify which drugs, if 
any, may be contributing to the rebounding viral load (Table 
4-5) (see Chapter 28).15 The absence of resistance muta-
tions in the face of rising viral load implies problems with 
adherence or potential pharmacologic diffi culties, such as 
poor absorption, increased metabolism (possibly due to a 
drug–drug interaction), decreased intracellular processing, 
or increased extrusion of drug from the intracellular com-
partment (e.g., as occurs with induction of P-glycopeptide 
pumps). Additionally, it is vital to confi rm that the patient 
was still on the failing regimen at the time the sample for 
resistance testing was obtained, otherwise the viral quasi-
species may have reverted back to wild-type falsely indi-
cating that resistance mutations were not the cause of the 
virologic failure. When only one of the drugs in the regimen 
has induced detectable resistance mutations, changing only 
the single drug is acceptable; however, some consideration 
should be given to changing some of the other drugs in the 
regimen owing to the theoretical presence of low-level resist-
ance to the other agents in the form of subpopulations. The 
activity of the next regimen should be at least as potent as the 
original regimen and ideally of more potency. In the absence 
of resistance testing, failure should be associated with the 
entire regimen rather than attempting to ascribe the failure 
to a particular drug in the regimen. In general, intensifi cation 
with the addition of a single agent added to a failing regi-
men should be avoided except in circumstances where a sub-
stantial reduction in viral load has been achieved but not to 
undetectable levels within 16–20 weeks of initiating therapy. 
Even when these conditions are met, great care should be 
used to ensure that the persistent detectable viral load is not 
due to problems with adherence, which would be aggravated 

with the addition of yet another pill to take. The addition of 
single new drugs, ‘sequential monotherapy’, is less likely 
to achieve either the targeted virologic effect or a dura-
ble response and is more likely to lead to the development 
of multidrug-resistant isolates. Conversely, in cases where 
adherence is judged to be the reason for failure, the substitu-
tion of ritonavir-boosted PIs (e.g., low-dose ritonavir added 
to saquinavir, indinavir, amprenavir, or lopinavir) for single 
PIs enable the regimen to be given less frequently. Several 
studies with regimens of boosted PIs given twice daily have 
reported comparable virologic results, lower total drug costs, 
greater tolerability, and improved adherence.

Selection of the next regimen must be individualized based, 
in relatively equal parts, on the last regimen, the resistance 
test results obtained while the patient is still taking the failing 
regimen, and prior exposure to other agents, with emphasis on 
tolerability and potential residual (archived) resistant viruses 
that are being harbored in latently infected cells. As when 
selecting the initial regimen, consideration must be given to 
what the patient is willing to take and likely to tolerate. In sit-
uations where options are limited because of previous toxic-
ity or prior failure of available agents, it may be necessary to 
‘recycle’ an ARV drug back into a new regimen. When this is 
necessary, it is best to use agents that have not been utilized 
in the last two or three regimens and to avoid recycling two 
or three agents from a single previous regimen back together. 
Ideally, the new regimen should consist of two or more agents 
deemed to be active, preferably with drugs that have not been 
used together in previous regimens. Most often it is prudent 
to maintain the presence of either lamivudine or emtricitab-
ine in the next regimen owing to both the observation that 
these drugs still exert a substantial antiviral effect (0.5–0.8 log 
reduction in viral load) even it the face of an M184V mutation 
and the high degree of tolerability of these drugs.145,179

Pharmacokinetic enhancement, such as boosting PI lev-
els with low-dose ritonavir, should be exploited whenever 
possible in the setting of multiple-regimen failure. The use 
of ‘double-boosted PIs’ (two PI agents along with low-dose 
ritonavir) has not been shown to have any benefi t over single-
boosted PI therapy and is associated with increased toxicity 
and unpredictable drug–drug interactions.1 Similarly, the use 
of multidrug (six or more drugs) rescue therapy has shown 
variable ARV activity.180–182 However, this approach often 

Issues Genotypic Assays Phenotypic Assays

Availability Generally available Restricted availability
Time to results Days Weeks
Technical issues Straightforward Demanding
Susceptibility measurement Indirect Direct
Sensitivity (minor species) Poor Poor
Interpretation Complex Straightforward
Cost Moderately expensive Expensive
Major limitations May not correlate with phenotype Cutoff values poorly defi ned

Ta
bl

e 
4-

5

Comparison of Genotypic and Phenotypic Resistance Assays
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Chapter 4 Strategic Use of Antiretroviral Therapy 91

leads to substantial toxicity and problems with adherence, 
drug–drug interactions, and cost. With newer, more potent 
drugs available, such as tipranavir, darunavir, and enfuvir-
tide, multiple drug regimens (so-called ‘mega-HAART’) is 
no longer a meaningful consideration.

Except in cases of toxicity, it is preferable to continue even 
‘failing’ drug regimens that maintain selective pressure on the 
viruses rather than permanently discontinuing all ART, espe-
cially in settings in which the CD4! T-lymphocyte counts 
are maintained despite a rebound in viral replication.179 
In cases where the regimen is changed, the same concepts
of defi ning the target plasma RNA values that defi ne success 
and failure of the regimen in the current clinical setting still 
apply and should be discussed with the patient.

Treatment Interruptions

Use of a ‘supervised’ treatment interruption (STI) has been 
postulated to be of clinical benefi t among certain patient 
populations. In the setting of multidrug-resistant virus, STIs 
have been used in an attempt to exploit the rapid reversion 
to wild-type viruses.183–185 Such a strategy should be under-
taken with great caution owing to the rapid increase in viral 
load and marked reduction in CD4! T-lymphocyte count in 
association with reversion to wild-type virus around week 
eight of the STI.183 Studies of this approach have yielded 
mixed results, mostly due to differences in the timing of 
reinitiation of therapy (prior to week 12 of the STI vs at week 
16).186–190 Therefore, if an STI is employed in the setting
of multiply resistant virus, frequent assessments should be 
performed during the STI with early resumption of treatment 
with any sign of plummeting CD4! T-lymphocyte count. Of 
signifi cant concern is the higher incidence of cardiovascular 
events in studies of planned treatment interruptions.186 This 
unexpected safety outcome occurred most commonly among 
those patients who stopped ART with lower CD4! counts 
and those who had a lower CD4 count nadir.

STIs have also been postulated to be a strategy among 
successfully treated patients in an attempt to reduce drug 
exposure, long-term toxicities, and costs. Several studies 
that employed this strategy have demonstrated harm associ-
ated with routine use of STIs in this setting.186 In particular, 
the SMART study, which randomized patients to standard of 
care (continuous treatment) versus routine cessation of ARV 
therapy when their CD4! count rose above 400 cells/µL and 
have treatment reinstated when the CD4! count dropped 
below 250 cells/µL, demonstrated clear harm associated 
with the STI strategy. The study was stopped early by a Data 
Safety and Monitoring Board owing to a signifi cantly higher 
degree of clinical events, including cardiac events, among the 
STI managed patients.

Another proposed use of an STI is to enhance and stimu-
late immunologic responses to HIV with the goal of reduc-
ing the need for ARV therapy. The concept is to use periodic 
treatment interruptions as a natural vaccine using autologous 
virus as the immunogen.191,192 The few studies that have been 
conducted to evaluate this concept have demonstrated some 

evidence of partial lowering of the viral load set-point, but 
the magnitude of response is quite meager and this approach 
cannot be recommended.

The most common and perhaps only appropriate use of an 
STI is in the management of treatment toxicities as discussed 
above.

Other ARV Management Issues

On occasion, patients present with a ‘discordant’ response, 
whereby the viral load is successfully suppressed but the 
CD4! T-lymphocyte count fails to increase. Several options 
exist for managing a ‘discordant’ response, but because the 
reasons for the discordant responses are not well under-
stood there is no clearly defi ned or optimal approach to 
management. Drug-related toxic effects, inhibition of de novo 
CD4! T-lymphocyte synthesis, sequestration of cells within 
lymphoid tissue, and interference with clonal expansion of 
memory CD4! T lymphocytes have been proposed as poten-
tial mechanisms. The approach to management depends on 
the suspected reason for the discordant response. For those 
patients with viral load values "50 c/mL, it is best to con-
tinue the current regimen and evaluate for other causes of bone 
marrow or cellular toxicity. For example, substituting specifi c 
drugs in the regimen, removing potentially cytotoxic drugs, 
and eliminating hydroxyurea-containing regimens are valid 
options when bone marrow toxicity is suspected. Alternatively, 
the use of cytokines, such as IL-2 or granulocyte- and gran-
ulocyte/macrophage colony-stimulating factors, are poten-
tial approaches to expand the cell populations directly (see 
Chapter 30). However there are not enough data to recommend 
cytokine therapy at this time. Trials of IL-2 (3.0–4.5 million 
units twice daily for 5 days every 2 months) are being evalu-
ated among patients with low (SILCAAT) and high (ESPRIT) 
CD4! T-lymphocyte counts in an attempt to raise the CD4! 
T-lymphocyte cell counts among patients who have achieved 
successful suppression of HIV but did not have concomitant 
increases in their CD4! T-lymphocyte counts. To date, these 
trials have not yielded defi nitive recommendations on the use 
of IL-2; but it is important to note the high degree of toxicity 
associated with IL-2 treatment and the low degree of observed 
disease progression among patients with low CD4 T-lym-
phocyte counts and persistent viral load values "50 c/mL.

The use of therapeutic drug monitoring (TDM) has been 
proposed as a means of enhancing virologic outcomes and 
assessing reasons for virologic failure or toxicity (see Chap-
ter 79). TDM is a process whereby drug levels are meas-
ured at fi xed time intervals after a dose of medicine has been 
ingested. The PK curve of a given drug can be modeled with 
as few as one or two measurements. Once determined, the 
peak and trough levels can be estimated and used to assess 
the likelihood of virologic suppression or development of tox-
icity. Although the concept is attractive on face value, mul-
tiple assumptions limit the usefulness of TDM in practice. 
For example, to model accurately, the time of dosing must 
be known precisely. Relying on verbal reports of dosing is 
inaccurate. Moreover, the modeling assumes that the patient 
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is at steady state, which means that all previous doses were 
taken correctly and on time, which may not be the case. The 
modeling is inaccurate if it utilizes levels determined on 
samples obtained within the fi rst 2 h (absorption/distribution 
phase) of dosing; therefore, only levels for samples obtained 
‘postpeak’ can be used. Finally, it is unclear which ‘level’ is 
the optimal target for best virologic response for each indi-
vidual drug. Because TDM is based solely on plasma levels, 
there is no consideration for intracellular drug concentra-
tions or intracellular processing, creating further limitations 
of the technique. Nonetheless, TDM can be a useful adjunct 
to therapy when assessing the possibility of nonadherence or 
poor absorption (e.g., absence of drug in the bloodstream) or 
in cases of extremely advanced disease where higher doses of 
drug are being considered to maximize ARV benefi t. Outside 
of these two circumstances, TDM remains a research tool.
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