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Antônio Maria (1951)

Ô Ô saudade

Saudade tão grande

Saudade que eu sinto

Do Clube das Pás, do Vassouras

Passistas traçando tesouras

Das ruas repletas de lá

Batidas de bombos são maracatus retardados

Chegam da cidade cansados

Com seus estandartes no ar

Que adianta se o Recife está longe

E a saudade é tão grande

Que eu até me embaraço

Parece que eu vejo Walfrido Cebola no passo

Haroldo, Mathias, Colaço

Recife está dentro de mim

“PASSO DO FREVO”, Recife
Pierre Verger (1947)
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Antiretroviral terminology

ART - Antiretroviral therapy

ARV - Antiretroviral (drug)

EI - Entry Inhibitors

FI - Fusion Inhibitors

HAART - Highly active antiretroviral therapy 

INSTI - Integrase strand-transfer inhibitor

NNRTI - Nonnucleoside reverse transcriptase inhibitor

NRTI - Nucleoside (nucleotide) reverse transcriptase inhibitor

PI - Protease inhibitor

PIMT - Ritonavir-boosted protease inhibitor monotherapy 

STR - Single-tablet regimen

Antiretroviral drugs

3TC - Lamivudine

ABC - Abacavir

ATV -Atazanavir

ddI - Didanosine

DRV - Darunavir

d4T - Stavudine

EFV - Efavirenz

ENF - Enfuvirtide

ETR - Etravirine

EVG - Elvitegravir



Abbreviations

FTC - Emtricitabine

IDV - Indinavir

LPV/r - Lopinavir/ritonavir

NVP - Nevirapine

RAL - Raltegravir

RPV - Rilpivirine

RTV - Ritonavir, (used as booster=/r)

TAF - Tenofovir alafenamide fumarate

TDF - Tenofovir disoproxil fumarate

ZDV - Zdovudine

COBI - Cobicistat

Other Abbreviations 

HIV-1 - Human immunodefi ciency virus type-1

CYP3A4 - Cytochrome P450 3A4 enzyme

CHD - Coronary heart disease 

CVD - Cardiovascular disease

HDL-c - High-density lipoprotein cholesterol

LDL-c - Low-density lipoprotein cholesterol

MI - myocardial infarction

TC - Total cholesterol

TG - Triglycerides

VL - Viral load (HIV-RNA)
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“Sem um fi m social, o saber será a maior das futilidades”.
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BACKGROUND 

The AIDS pandemic began more than 30 years ago and has killed up to 40 million peo-
ple. Despite the fact that 35 million people are living with HIV worldwide, the response to 
AIDS epidemic have faced undeniable progress over the past 10 to 15 years. The number 
of people who are newly infected with HIV-1 is decreasing and more people are now re-
ceiving antiretroviral therapy (ART). In addition, fewer people are dying of AIDS-related 
diseases (Figure 1). Since 2005, when the highest number of deaths was reported, AIDS-
related deaths has declined by 35%.1 

Figure 1. Numbers of new HIV infections, and AIDS deaths, 2001-2012, globally. Source: http://www.unaids.org/sites/
default/fi les/media_asset/UNAIDS_Gap_report_en.pdf.

While AIDS defi ning events have been steadily decreasing as a cause of death, the propor-
tion of deaths attributed to non-AIDS related conditions, such as cardiovascular disease, 
cancers, and end-stage liver and renal disease, has increased over the past years 2, 3, 4 and 
life expectancy of HIV-1-infected patients is still lower than that in the general population 
of a similar age. 5, 6, 7  The reasons for this excess mortality are not yet fully understood.    
Probably,  it is partly a result of increased life expectancy with widespread use of combi-
nation ART, but also because HIV-1 infection is related to several chronic conditions (Fig-
ure 2). 8, 9, 10 

Figure 2. Range of non-AIDS chronic conditions that can complicate the care of people living with HIV. Adapted from a 
presentation given by Professor Wafaa El-Sadr of Columbia University and ICAP, at a meeting on strengthening services 
for chronic diseases and HIV, held in Ethiopia in 2010.
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Eff ects of uncontrolled viral replication leading to immune activation, infl ammation, coag-
ulation, and lipoprotein particle changes is thought to contribute to higher rates of cardio-
vascular and other end-organ damage reported in HIV-1-infected cohorts. HIV-1 replication 
and activation of lymphocytes and monocytes is associated with release of infl ammatory 
cytokines and early vessel dysfunction. 11, 12, 13   Similarly, past or present HIV-1-induced im-
mune depression refl ected by the CD4 cell nadir or the CD4/CD8 cell ratio were identifi ed 
as risk factors for noninfectious comorbidities. 8, 14 Suppression of HIV-1 replication with 
ART attenuate, though incompletely, some of these mechanisms, but exposure to ART is 
also associated with variable toxicity that may increase risk of comorbidities. 15 Underlying 
lifestyle factors, including smoking and alcohol use, oft en common among HIV-1-infect-
ed individuals, may also play a part in this discrepancy in life expectancy (Figure 3). 16, 17

Figure 3. Factors that are thought to be implicated in the pathogenesis of non-AIDS related conditions. Adapted from 
Deeks SG. HIV infection, infl ammation, immunosenescence, and aging. Annu Rev Med. 2011;62:141-55.

ROLE OF TREATMENT FOR HIV-1 INFECTION

At present, eradication of HIV-1 infection cannot be achieved with available regimens and 

treatment for HIV-1 is considered lifelong. ART consists of a combination of drugs target-

ing the HIV-1 life cycle with the aim of stopping HIV-1 replication. The primary goals of 

ART for the treatment of HIV-1 infection are to reduce the disease progression preventing 

HIV-1-associated morbidity and mortality, to restore and preserve immunologic function 

and to prevent HIV-1 transmission. 18
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There are 6 available classes of antiretroviral (ARV) drugs targeting several steps of HIV life 
cycle. The fusion inhibitor, enfuvirtide (ENF), and the CCR5 coreceptor antagonist, mara-
viroc, block fusion and viral binding, respectively, at virus entry. The nucleoside and nu-
cleotide reverse transcriptase inhibitors (NRTIs) and nonnucleoside reverse transcriptase 
inhibitors (NNRTIs) act at reverse transcription, in which the single stranded HIV-1 RNA is 
transcribed into double-stranded DNA by the HIV enzyme reverse transcriptase. Integrase 
strand transfer inhibitors (INSTIs) target the integration of HIV DNA into the DNA of the 
host cell. The site of action of protease inhibitors (PIs) is the cleavage of the transcribed 
proteins into smaller components (Figure 4). 

Figure 4. Reproductive cycle of Human Immunodefi ciency Virus type 1 (HIV-1) and sites of action of the major classes of 
antiretroviral medications. Source: Gandhi M, Gandhi RT. Single-pill combination regimens for treatment of HIV-1 infec-
tion. N Engl J Med. 2014 Jul 17;371(3):248-59.

Because of the high replication and mutation rates of HIV-1, multiple ARV agents must be 
taken simultaneously to suppress replication and prevent the development of viral resist-
ance. Aft er 1996, it became clear that combining three active drugs from two or more drug 
classes, known as HAART (highly active antiretroviral therapy), could result in sustained 
suppression of viral replication and increase in CD4+ cell count. 19, 20 Since then, combi-
nation ART has dramatically reduced HIV-1-associated morbidity and mortality and has 
transformed HIV-1 disease into a chronic, manageable condition. 21, 22, 23, 24 Figures 5 illus-
trate the decline in the number of AIDS deaths during the fi rst 10 years of the HAART era.
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The Joint United Nations Programme on HIV/AIDS in its annual update reported that the 

number of people receiving ART worldwide has tripled over the last fi ve years. As of June 

2014, 13.6 million people, 38% of all adults living with HIV, had access to ART. 25 In June 2013 

the World Health Organization (WHO) updated its treatment guideline, written primarily for 

use in resource-limited settings, and recommended starting treatment when CD4 count is 

less than 500 cells/μL. Accordingly to this CD4 threshold for treatment initiation, WHO es-

timates that the number of people in need of ART will increase up to 30.7 million in 2015. 26 

Figure 5. Acquired immunodefi ciency syndrome (AIDS) cases, deaths, and persons living with acquired AIDS by year, 
1981 to 2008, United States. Source: Bennett JE, Dolin R, Blaser MJ. Mandell, Douglas, and Bennett’s principles and prac-
tice of infectious diseases. 8ª ed. Philadelphia: Elsevier-Saunders; 2015. 1489 p.

Figure 6. Incidence of death and use of protease inhibitors in HIV-1-infected patients with a CD4+ count lower than 
100/mm3 in the HIV Outpatient Study. Source: Bennett JE, Dolin R, Blaser MJ. Mandell, Douglas, and Bennett’s principles 
and practice of infectious diseases. 8ª ed. Philadelphia: Elsevier-Saunders; 2015. 1546 p.

At present, with use of available ARV, nearly all adherent HIV-1-infected patients are 
able to achieve sustained virologic suppression.27 Maximal and sustained viral suppres-
sion is the foundation for immune recovery, it decreases infl ammation and immune 
activation and preserves CD4 T-cell numbers. Additionally, it prevents the selection of 
drug-resistance mutations and reduces the spread of HIV at a community level.28, 29, 30, 31       
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The body of evidence supporting earlier initiation of ART indicates that HIV-1-infected 
patients should start treatment earlier in order to achieve substantial clinical and pre-
vention benefi ts, improving survival and reducing the incidence of HIV-1 infection. 30 

We can speculate that at some point every person infected with HIV-1 will eventually 
need treatment.  Indeed, the US Department of Health and Human Services (DHHS), 
and the International Antiviral Society–USA, have updated their treatment guidelines 
in 2014 and recommend ART for all HIV-1-positive patients regardless of CD4 count. 18, 32

Recommendations for the initiation of therapy are developed and updated by an in-
ternational panel of experts in HIV-1 research and patient care, based on data from 
randomized clinical trials in ARV-naive patients. For the overwhelming majority of pa-
tients, initial regimen consists in a combination of 2 NRTIs and a third active agent, ei-
ther an INSTI, a NNRTI, or a protease inhibitors boosted with ritonavir (PI/r). 18, 32, 33, 34

Figure 7. Timeline for development of antiretroviral agents. Dates indicate FDA approval. 3TC, lamivudine; ABC, abacavir; 
APV, amprenavir; ATV, atazanavir; COBI, cobicistat; d4T, stavudine; ddC, zalcitabine; ddI, didanosine; DLV, delavirdine; DTG, 
dolutegravir; DRV, darunavir, EFV, efavirenz; ENF, enfuvirtide; ETR, etravirine; EVG, elvitegravir; FPV, fosamprenavir; FTC, 
emtricitabine; IDV, indinavir; LPV, loponavir; MVC, maraviroc; NFV, nelfi navir; RTV, ritonavir; RAL, raltegravir; RPV, rilpi-
virine; SQV, saquinavir; TDF, tenofovir; ZDV, zidovudine.  Adapted from: Gallant, JE; Grant, P. Overview of Antiretroviral 
Agents. http://www.inpractice.com.
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Over the last 15 years, ARV development has improved continuously (Figure 7). ARV drugs 

have become less toxic, more potent, and more convenient, increasing the feasibility of 

early and lifelong treatment.  Some of the older regimens used in the past included up to 

20 pills daily and today there are fi ve regimens that involve one pill a day. With currently 

available ARV agents, 25 individual and 11 fi xed-dose coformulations products (Table 1), 

is possible to design virologically suppressive treatment regimens for ARV-naive and most 

ARV-experienced patients. 27 In 2015, most HIV-1-infected persons initiating fi rst-line ART 

are prescribed a once-daily, single-tablet regimen (STR) coformulations of ART, of which 

there are four options available. Currently approved coformulated ARV agents are shown 

on table 2. 
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The choice of a regimen should consider individual needs and characteristics. Virologic 
eff icacy, toxicity, tolerability, potential of drug-drug interaction, resistance testing results 
and cost issues infl uence the selection of an optimal regimen, as well as the presence of 
acute and chronic conditions. In the following sections we will focus on the four classes 
of ARV that are currently recommended for the majority of patients: NRTIs, NNRTIs, PIs, 
and INSTIs. 

Nucleoside reverse transcriptase inhibitors

NRTIs appeared earlier and have been more widely used than other classes of ARVs, al-
though older drugs within their classes were particularly toxic.35 The NRTIs that are cur-
rently in common usage are abacavir (ABC), emtricitabine (FTC), lamivudine (3TC), and 
tenofovir (TDF). Tenofovir DF/emtricitabine (TDF/FTC) and abacavir/lamivudine (ABC/3TC) 
are available in fi xed-dose coformulations and also as part of once-daily STR. Both com-
binations of NRTI plus a third agent are generally recommended by treatment guidelines 
in United States and Europe for initial therapy in ARV-naive patients. 18, 32, 33 They can eff ec-
tively treat HIV-1 infection, but their toxicity profi les are diff erent. ABC is associated with a 
hypersensitivity reaction,36,37 which can be largely avoided with HLA-B*5701 screening. 37 
An increased risk of myocardial infarction associated with ABC use has been reported.38, 39 
Cumulative use of tenofovir was independently associated with increased rates of chron-
ic kidney disease, 40,41 loss of bone mineral density,42 hypophosphatemic osteomalacia,43 
and increases in serum alkaline phosphatase levels.44

Because ABC/3TC and TDF/FTC may have a diff erent impact on comorbidities, choos-
ing between them could be helpful to customize the optimal therapy. Although ABC/3TC 
could be used like TDF/FTC in combination with the integrase inhibitor raltegravir (RAL) 
in virologically suppressed HIV-1-infected patients, there are no data comparing the two 
combinations of NRTIs in this setting.

Nonnucleoside reverse transcriptase inhibitors

NNRTI are common components of fi rst-line HAART. There are four NNRTIs in common 
usage, nevirapine (NVP), efavirenz (EFV), rilpivirine (RPV) and etravirine (ETR). In general 
NNRTI have shown long-term eff icacy and good long-term tolerability. 45, 46 One limitation 
to the use of fi rst-generation NNRTIs NVP and EFV, is their low genetic barrier to the de-
velopment of resistance and substantial cross-resistance. 47 Rash, ranging in severity from 
mild to life threatening, is a class adverse eff ect.
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NVP was the fi rst NNRTI introduced in clinical practice and is still widely used in resource-
limited settings, where generic formulations are available. 26 NVP is associated with life-
threatening hepatotoxicity that generally occurs during the fi rst 18 weeks of therapy, as 
well as severe and potentially fatal skin reactions that may be part of a hypersensitivity 
reaction. In controlled trials, symptomatic hepatic events occurred in 4% of NVP recipi-
ents, and severe or life-threatening rash occurred in approximately 2% of patients. Al-
though hepatotoxicity can occur in any patient, women and individuals with higher CD4+ 
cell counts are at greatest risk. 48

EFV is one of the recommended regimens as initial therapy of HIV-1 infection for its long-
term eff icacy and safety data. Is available as a 1-pill once-daily regimen with TDF/FTC. 
Many patients develop central nervous system adverse eff ects such as drowsiness, in-
somnia, vivid dreams, and impaired concentration. These symptoms usually calm within 
4 weeks, 49 although recent trials showed that the early central nervous system adverse 
eff ects of EFV may persist longer. 50, 51 Both NVP and EFV are metabolized via cytochrome 
P450 3A4 enzymes (CYP3A4) and subsequently have numerous important drug–drug in-
teractions with other medications.

Second-generation NNRTI, ETR and RPV, were developed to improve the resistance profi le 
and overcome the safety and toxicity limitations. 52, 53 The major advantage of ETR com-
pared with the fi rst-generation NNRTI agents is its activity against many NNRTI-resistant 
variants. In particular, the K103N mutation alone has not been shown to compromise the 
activity of ETR. For other NNRTI-associated mutations, a scoring system has been devel-
oped to predict response to ETR. 53 ETR is generally well tolerated with lower rates of rash 
in clinical trials when compared with other NNRTIs and lower rate of central nervous sys-
tem adverse events when compared with EFV. 54

RPV, is also available as a once-daily STR with TDF/FTC. In treatment-naive adults RPV 
demonstrated antiviral eff icacy similar to that of EFV with regard to establishing virologi-
cal suppression over 96 weeks of therapy in adults with baseline viral load (VL) ≤ 100000 
copies/mL. RPV was generally well tolerated and appeared to have a more favourable 
tolerability profi le than EFV. 55

Protease inhibitors

PI/rs are indicated in combination with other ARV medications for both treatment-naive 
and treatment-experienced patients because of their proven virologic eff icacy and high 
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barrier to resistance. 18, 33 In most cases, co-administration with either ritonavir (RTV) or 
cobicistat (COBI) is required to boost PI levels through inhibition of the CYP3A4, increasing 
the potential for drug-drug interactions. As a class, PIs are associated with gastrointesti-
nal adverse eff ects, particularly nausea and diarrhoea and dyslipidaemia. Lipid changes 
consist in increases in fasting total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-c), and very low-density lipoprotein cholesterol (VLDL-c) fractions and in triglycer-
ides (TG), with minimal eff ect on high-density lipoprotein cholesterol (HDL-c) concentra-
tions. 56, 57

Early generation PI, particularly indinavir (IDV) and lopinavir/ritonavir (LPV/r) have been 
independently associated with a 12% to 16% increased relative risk of myocardial infarc-
tion (MI), per year of exposure. 58, 59 The two currently-recommended PI are atazanavir/
ritonavir (ATV/r) and darunavir/ritonavir (DRV/r). 33 To date, ATV has not been associated 
with an increased incidence of cardiac or cerebrovascular events 60 while no similar analy-
sis is available for DRV/r. Yet both of these PI produce elevations in total and LDL-c and TG 
in comparison with the integrase inhibitor RAL. 61

Mechanisms other than lipids including chronic infl ammation, 62, 63 endothelial dysfunc-
tion, 64, 65 insulin resistance, 66 and macrophage accumulation of cholesterol, 67, 68 have 
been suggested to contribute to the negative impact of PI/r on cardiovascular health. 
Increase in plasma lipids are usually associated with higher levels of infl ammatory bio-
markers in the general population, 69 therefore plasma biomarkers may help to assess the 
mechanisms involved in atherosclerosis pathogenesis. 70

Integrase strand-transfer inhibitor - Raltegravir

RAL was the fi rst INSTI, the most recent drug class, approved for use in HIV-1-infected 
patients. INSTI exhibit a novel mechanism of action against HIV-1 as they potently inhibit 
integrase enzyme, one of the three viral enzymes essential for HIV-1 replication. Ralte-
gravir introduction revolutionized the management of multidrug-resistant viruses. 71 Cur-
rently, it has several potential applications. When used in combination with optimized 
background therapy allows treatment-experienced patients with multidrug-resistant vi-
rus and limited treatment options to achieve viral suppression. 72

As a result of its eff icacy, tolerability, and convenience, INSTIs are indicated in a variety of 
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clinical settings. It is appropriate for use in special populations given its favourable lipid 
profi le, such as individuals with increased cardiovascular risks. It is also a good selec-
tion when drug interaction is an issue as for those on treatment for tuberculosis, chemo-
therapy, imunosupression or any treatment which impacts on cytochrome P450. Today is 
part of the preferred fi rst-line regimens and is being studied as a signifi cant part of drug 
class-sparing regimens. 18, 32, 33, 34

INSTIs target the HIV-1 enzyme integrase, diff erently to proteases and polymerases, host 
cells have no integrase, thus RAL is not expected to have the same toxicity profi le than 
other ARVs, although it may have its own particular adverse eff ects. 73 Indeed, studies 
have shown that RAL is eff ective and also well tolerated, has fewer neuropsychiatric, gas-
trointestinal and lipid-related eff ects compared to other commonly used agents, needs 
no food requirement and has hardly any drug interactions. 74, 75, 76 Most common related 
adverse eff ects are diarrhoea, nausea and headache. Drug discontinuation for adverse 
events is uncommon, as reported in studies of both naive and treatment-experiment pa-
tients. 71, 77, 78, 79

Apart from being eff icacious and have few adverse eff ects, RAL needs no food require-
ment and has no CYP3A4 interactions. From a convenience perspective, there could be 
disadvantages with RAL, as it is given twice daily. In this regard  the results of ACTG 5257 
turned that RAL regimen (despite being given twice daily) was either equivalent or supe-
rior to the PIs (DRV/r 800/100 mg once daily, or ATV/r 300/100 mg once daily) when consid-
ering both virologic success and tolerability. 80

However, clinical trials and post-marketing surveillance in RAL-treated patients have re-
ported laboratory abnormalities that could be an expression of skeletal muscle toxicity. 
In particular, transient elevations in serum creatine kinase (CK) have been described in 
association with RAL treatment, but they usually were self-limited and did not require 
treatment interruption or discontinuation. 71, 72, 79, 81

Clinical myopathy, myositis and rhabdomyolysis appear to be very uncommon. Since its 
approval, in 2007, fi ve isolated cases of myositis and rhabdomyolysis were associated 
with RAL.82, 83, 84, 85, 86 Although a causal relationship with RAL has not been clearly estab-
lished, the Food and Drug Administration (FDA), the European Medicines Agency (EMA) 
and the manufacturer recommend using RAL with caution in individuals at increased risk 
of myopathy.87 The incidence, clinical signifi cance and risk factors are not well fully un-
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derstood.
HIV-1 INFECTION, ANTIRETROVIRAL THERAPY, AND COMORBIDITIES

With the defi nitive success of ART in improving prognosis for persons living with HIV-1 
infection, many people are aging with HIV. 88 Actually, thirteen per cent of the world adult 
population living with HIV-1 is aged 50 or older, 1 reaching more than 30 % of HIV-1 adult 
population in high-income countries. 4, 89 Consequently, age-associated comorbidities, 
such as hypertension, dyslipidaemia, diabetes, coronary artery disease, osteoporosis and 
malignancies, became increasingly important among HIV-1-infected people. In fact, more 
than half of HIV-1-infected patients aged ≥50 years have been reported to suff er from two 
or more concomitant noninfectious comorbidities (Figure 8).8

In this population, the presence of comorbidities may aff ects the tolerability and toxic-
ity of ARV agentes. Treatment for these conditions oft en involves polypharmacy, which 
increases the risk of suboptimal adherence and the possibility of drug-drug interactions. 
Furthermore, some ARV agents may worsen comorbid conditions or increase the risk of 

Figure 8. Prevalence of polypathology (Pp) defi ned as the simultaneous presence of ≥2 noninfectious comorbidities 
among patients and control subjects, by age categories. The following comorbidities were included: hypertension, diabe-
tes mellitus, hypothyroidism, cardiovascular disease, and bone fractures. Source: Guaraldi G, Orlando G, Zona S, Menozzi 
M, Carli F, Garlassi E, Berti A, Rossi E, Roverato A, Palella F. Premature age-related comorbidities among HIV-infected 
persons compared with the general population. Clin Infect Dis. 2011 Dec;53(11):1120-6. 
negative clinical outcomes. 18

Cardiovascular disease in HIV-1-infected persons

Among the many noninfectious comorbidities, cardiovascular disease (CVD) have be-
come of particular concern. For HIV-1-infected persons with access to eff ective combina-



21

tion ART, atherosclerotic cardiovascular disease is now a leading cause of morbidity and 
mortality. 90 ARV-induced metabolic changes, high prevalence of risk factors for CVD (e.g. 
smoking), and growing evidence on HIV-1-accelerated infl ammatory processes are known 
to interact and promote atherosclerosis. 91 The majority of observational and retrospec-
tive data in treated and untreated patients support the proposition that HIV-1 infection is 
associated with an increase in accelerated atherosclerosis and CVD events. 8,91, 92, 93,94

The relative contributions of HIV-1 and ART to CVD are subject of intense investigation. 
Untreated HIV-1 infection increases a number of factors that are known to be pro-athero-
genic (Figure 9). HIV-1 persistence, permanent damage to mucosal lymphatic tissue with 
increased microbial translocation, and the presence of copathogens (e.g. cytomegalovi-
rus) activate lymphocytes and monocytes and is associated with release of infl ammatory 
cytokines and early vessel dysfunction. Subsequent coagulation and thrombotic activity, 
via cell damage and up-regulation of tissue factor pathways, platelet activation, or oth-
er mechanisms may contribute to premature atherosclerosis. Pro-atherogenic changes 
in lipids and lipoprotein metabolism are also consequences of both HIV-1 infection and 

Figure 9. Pro-atherogenic factors related to untreated human immunodefi ciency virus (HIV) infection. Adapted from: 
Baker JV, Lundgren JD. Cardiovascular implications from untreated human immunodefi ciency virus infection. Eur Heart J. 
2011 Apr;32(8):945-51.

chronic infl ammation. 15

The Strategic Management of AntiRetroviral Therapy (SMART) study, is a trial of intermit-
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tent versus continuous use of ART as a strategy to reduce toxicities, including CVD risk.96 

In patients randomized to interrupt ART when their CD4+ cell count increased to > 250 

cells/mm3 the relative risk for CVD events was 60% greater compared with patients who 

remained on continuous ART. Follow-up biomarker analyses demonstrated that D-dimer 

and interleukin-6 were associated with risk of death from all causes and individuals in the 

treatment interruption group experienced marked elevations in IL-6 and D-dimer levels. 11 

Subsequently, increased concentrations of CRP, interleukin 6, and d-dimer were indepen-

dently associated with CVD events in patients with HIV-1. 97

ART has both positive and negative eff ects on cardiovascular risk. ART-related suppres-

sion of HIV-1 replication improves immune function and is associated with reductions in 

systemic infl ammatory markers and risk for a CVD event, but is also associated with vari-

able toxicity that may, itself, increase CVD risk. 98 

The D:A:D study, one of the largest observational trials on HIV and CVD with more than 

30,000 patients in Europe, United States, and Australia, reported a 26% relative increase 

in the rate of MI per year of ARV exposure (95% CI: 1.12-1.41) during the fi rst 4-6 years of 

treatment, aft er adjustment for demographic risk factors, including age (Figure 10). 99 A 

recent update from the D:A:D study has underlined the importance of traditional risk fac-

tors for CVD in HIV-1-infected patients. Across all the risk factors age contributed to the 

Figure 10. Incidence of myocardial infarction according to the duration of exposure to combination antiretroviral 
therapy. Source: Friis-Møller N, Sabin CA, Weber R, et al. Combination antiretroviral therapy and the risk of myocardial 
infarction. N Engl J Med. 2003 Nov 20;349(21):1993-2003.
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greatest increase in risk of CVD. 100

Early reports of the D:A:D study identifi ed an association between PI but not NNRTI use 
and CVD risk (relative risk per year: 1.16; 95% CI: 1.10-1.23). Risk was reduced, but re-
mained signifi cant, aft er adjustment for serum lipids, suggesting that the increased risk 
is not explained solely by drug eff ects on lipids (relative risk: 1.10; 95% CI: 1.04-1.18). 58  
As already mentioned, further analysis of this cohort found that cumulative exposure to 
IDV and LPV/r, were associated with a signifi cantly increased risk of MI. 59 No associations 
were found for nelfi navir, saquinavir with or without RTV, or for ATV. 60 Suff icient follow-up 
data have not been available to report on associations with darunavir.

Observational and retrospective cohorts have reported confl icting results for the associa-
tion of ABC use with risk of MI. D:A:D reported 2-fold increased MI risk with ABC use (rela-
tive risk: 1.90, 95% CI: 1.47-2.45). 101 Other FDA and ACTG studies reported no increased 
risk for MI development among ABC recipients. 102,103 Additional information on ABC and 
MI risk has subsequently been reported, including studies that found no signifi cant as-
sociation between them, 104, 105, 106, 107, 108 as well as studies that support the observations in 
D:A:D. 109, 110, 111, 112, 113 Studies must be interpreted with caution because observational data 
are subject to bias and confounding factors, furthermore individuals initiating ABC are 
more likely to have many traditional MI risk factors vs. non-ABC users. 114

The pathophysiology of coronary heart disease (CHD) in HIV-1-infected patients is very 
complex with a combination of conventional and emerging risk factors that are synergis-
tic and interconnected. ART and HIV-1 itself could promote CHD through various patho-
physiological pathways, together with environmental and genetic factors (Figure 11).

Figure 11. Hypothetical model for the pathogenesis of cardiovascular disease in HIV-infected persons. ART antiretro-
viral therapy; CMV cytomegalovirus. Adapted from: Hemkens LG, Heiner CB. HIV infection and cardiovascular disease. 
European Heart Journal (2014) 35, 1373–1381.
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Both HIV-1 and ART have direct eff ects on adipose and liver function with subsequent dys-
lipidemia, lipodystrophy and insulin resistance. Persistent HIV-1 replication along with 
other viruses, e.g. cytomegalovirus leads to immune activation and chronic infl amma-
tion. Increased microbial translocation in the gut, is also associated with a chronic status 
of infl ammation and coagulation disorders. Adipose tissue dysfunction, immune activa-
tion, and chronic infl ammation have deleterious impact on endothelial cells and vascular 
smooth muscle cells leading to vascular and endothelial dysfunction with subsequent 
hypertension, atherosclerosis and myocardial infarction. 91

Management of risk factors for cardiovascular disease

People living with HIV-1 are at increased risk of CVD 115 and therefore stratifying risk among 
this population and planning cardiovascular preventive strategies should be regularly 
done in all patients, especially in those receiving ART. Conventional cardiovascular risk 
equations do not take into account emerging cardiovascular risk factors such as infl am-
mation, immune activation, coagulation disorders, kidney disease, HIV-1 itself, and ARV 
that have been associated with increased risk of MI or atherosclerosis, 91 which may un-
derestimate risk in HIV-1-infected patients. 116 A cardiovascular risk calculator has been 
developed based on data from the D:A:D study that includes exposure to ARV with known 
increased risk of CVD. 100 Although the validation of this tool had some limitations 117 this 
instrument has been shown to predict the individual CVD risk marginally better than the 
established Framingham risk equation. 116 

The role for routine monitoring of surrogate markers of CVD in HIV-1 patients is not yet 
defi ned. Monitoring of infl ammatory biomarkers and surrogate markers of CVD risk has 
been the subject of intense study, both to elucidate mechanisms associated with CVD 
and to identify the best markers of risk in HIV-1 patients. 118, 119 Impaired endothelium-de-
pendent vasodilation is an indicator of atherosclerotic disease and can be assessed with 
a number of procedures, such as evaluation of carotid intima-media thickness, brachial 
artery fl ow-mediated dilation, and aortic pulse-wave velocity. Subclinical atherosclerosis 
has been reported in patients on ART, although traditional CVD risk factors remain the 
strongest predictors of risk compared to PI therapy and HIV-1 infection per se. 120, 121121 
Data from cross-sectional studies on endothelial dysfunction suggest that validated sur-
rogate markers may eventually serve to stratify and monitor high-risk patients. 122, 123, 124

Given the high prevalence of traditional risk factors for CVD in HIV-1 individuals, man-
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agement of dyslipidaemia, glucose abnormalities, hypertension and counselling for be-
haviour changes have become an important part of the overall care for patients living 
with HIV-1 infection. Management of such risk factors for CVD can, with few exceptions, 
be done according to the guidelines established for non-HIV infected individuals. 33, 125 A 
fasting lipid profi le and screening for diabetes should be performed every 6-12 months 
in all patients, as well as before initiation of ART, and 1-3 months aft er ART initiation or 
switches. Frequent blood pressure monitoring is also advised. 91

Rates of cigarette smoking among HIV-1-infected is 2 to 3 times higher compared to the 
general population. Prevalence of current smoking among HIV-1-infected varies from 40% 
to 70% across diff erent studies. 126, 127, 128, 129 Accordingly, successful smoking cessation has 
been proved to reduce risk of CVD in HIV-1-infected persons. 130 Thus, smoking cessation 
eff orts should be a priority in routine care of HIV-1-infected patients.

Increased lipid concentrations augment risk of CVD and therefore require concern, es-
pecially in patients with other associated factors. The patterns of dyslipidaemia change 
during the course of HIV-1 disease. Following HIV-1 infection, low levels of HDL-c and LDL-
c predominate along with increase in TG levels. 131 Dyslipidemia that occurs during treat-
ment for HIV-1 disease is characterized by increases in TC, LDL-c, and TG with HDL-c re-
maining low. The extent of lipid changes diff ers between ARV drugs and drug classes and 
the expected lipid disturbances is an important consideration when selecting a regimen.

PI-based therapy is generally associated with hypertriglyceridaemia and increases in LDL-
c, 132 although lipid eff ects of diff erent PIs may vary, especially regarding their eff ects on 
TG and HDL-c. 133, 134 Dyslipidaemia also has been associated with exposure to NRTIs, and 
lipid eff ects also vary across the NRTI class. TDF has less impact on lipid parameters than 
stavudine (d4T), zidovudine (ZDV) and also ABC. 42,135, The favourable lipid infl uence of TDF 
in comparison with ABC was demonstrated in several studies. 136, 137, 138  Unfavourable lipid 
changes are also observed with agents from the NNRTI class. Increases in TC and TG are 
observed with use of EFV, particularly with longer duration of therapy. EFV was associ-
ated with greater lipid eff ects than NVP and ATV/r  but with less hypertriglyceridemia than 
LPV/r 139, 137, 140 . Clinical trials investigating INSTI-based regimens have demonstrated that 
members of this class have little impact on lipid levels. 78, 50, 51, 141, 142

Treatment of dyslipidemia in HIV-1-infected individuals receiving ART poses some par-
ticularities in relation to possible drug interactions with ARV drugs, since statins, PIs, and 
NNRTIs are all metabolized in the liver via CYP3A4 system. 143 Diet modifi cations, exercise, 
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maintaining normal body weight, reducing alcohol intake and stopping smoking are rec-
ommended as an initial step in management of dyslipidemia and CVD risk. In addition, 
guidelines for HIV-1 care that have addressed the management of dyslipidemia, recom-
mend switching to a more lipid-friendly regimen, whenever feasible, and lipid-lowering 
therapy in second place. 33, 125 This strategy is best undertaken in patients in whom the 
lipid derangement is suspected to be the result of a specifi c ARV component.

For patients with elevated TC and LDL-c, 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitors (statins) are the preferred fi rst-line therapy. HIV-1 guidelines recommend 
the use of statins that have fewer interactions with ART, such as pravastatin, but also ator-
vastatin and rosuvastatin. 144, 125 Choosing a drug is based on the presence of potential 
interactions and lipid lowering eff ective. Individual responses to statin therapy varied in 

Figure 12. Drug interactions between lipid-lowering and antiretroviral drugs from the Liverpool HIV Pharmacology 
Group, University of Liverpool. Source: http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrinta-
bleChartID8.pdf

the clinical trials and should be expected to vary in clinical practice (fi gure 12).

Lipid lowering eff ect is greater for rosuvastatin and atorvastatin and low to intermedi-

ate to pravastatin (Table 3). Simvastatin, and lovastatin, should not be administered with 

PIs due to potential for serious reactions and atorvastatin should be used with caution, 

increasing dose gradually to achieve the expected benefi t . 145 Rosuvastatin undergoes 

minimal metabolism by CYP3A4 and has been shown to decrease LDL-c, reduce the ath-

erogenic LDL phenotype, and reduce TG in HIV-1 patients. 146 In addition, switch strategies 

that employ ARVs with more favourable lipid profi le are increasingly used as an interven-

tion for ART-related dyslipidemia. 147, 148, 149 To our knowledge statins and PI/r switching 
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have not been compared using current generation statins and PIs.

Diff erent strategies to minimize ARV-related eff ects on lipids and other intolerance or tox-

icity issues are discussed in the following section.

STRATEGIES TO LIMIT TOXICITY AND IMPROVE TOLERABILITY OF ART

New ARV are more eff ective, convenient, and better tolerated than past regimens in-
creasing the feasibility of successful treatment even for patients with prior treatment 
failure and multidrug resistance. Once the goal of virological suppression has been ac-
complished, most patients will likely continue the same treatment without any need for 
change. However, for some, there are oft en important, nonvirologic reasons to modify 
their ARV regimen. 150

The advances in HIV-1 treatment and the understanding about drug resistance enabled 
to consider diff erent strategies to minimize toxicity and maximize adherence. Multiple 
therapeutic switch options are now available for patients on suppressive ART with vary-
ing eff icacies and eff ects on treatment-associated adverse events (Table 4). When modi-
fi cation is necessary, the fi rst goal of the new regimen should always be to maintain viral 
suppression. Yet, must be managed with caution and should only be done when potential 
benefi ts outweigh the potential risks. Critical factors to consider in the selection of a new 
regimen include consideration of the history of previous ARV drug exposure, current drug 
resistance patterns, other drugs with the potential for drug interactions, and individual 

comorbid conditions. 18, 32
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Modifying PI/r regimens in virologically suppressed patients

Most common nonvirologic reasons to modify a PI/r–containing regimen are gastrointes-
tinal adverse eff ects, dyslipidemia, risk of drug interactions with RTV, and need for regi-
men simplifi cation.

Switch from a higher to a lower dose of ritonavir

When an HIV-1-infected patient is experiencing adverse events associated with the use 
of RTV, one strategy is to switch to a regimen with lower dose of RTV. In the ATAZIP study 
switching to ATV/r was noninferior in maintaining virologic suppression with signifi cant 
decreases in TG, TC level, and TC:HDL ratio compared with continuing the LPV/r regimen. 
More patients in ATV/r arm experienced hyperbilirubinemia compared with those in the 
LPV/r arm (17% and 2%, respectively). However, adverse events resulting in treatment 
discontinuation were similar in each arm (5%). 151

Switch from a PI/r to unboosted ATV

Even low doses of RTV can be a source of adverse events, therefore switching patients 
with virologic suppression on a PI/r–based regimen to unboosted ATV might be of inter-
est. In the ARIES trial, 515 treatment-naive patients with HIV-1 RNA < 50 copies/mL and 
no evidence of virologic failure during a 36-week induction phase of ATV/r plus ABC/3TC 
were randomized to switch to unboosted ATV or to continue the induction regimen. Af-
ter 48 weeks, changes in median lipid levels from randomization were more favourable  
with ATV vs. ATV/r, as was the incidence of hyperbilirubinemia (4% vs. 10%). 152 Virologic 
suppression rates were similar between groups, even at 144 weeks, 77% of patients who 
switched to unboosted ATV vs. 73% of patients who continued the induction regimen.  153  

Other studies have reported similar benefi ts of switching to unboosted ATV. 154, 155, 156 How-
ever, it should be noted that unboosted ATV cannot be combined with tenofovir. The AS-
SURE trial evaluated regimen simplifi cation in 296 HIV-1-infected patients with TDF/FTC 
plus ATV/r to a regimen of ABC/3TC plus unboosted ATV. There were signifi cant reductions 
in bone and renal biomarkers with maintained virologic suppression. 157

Switch from a PI/r to NRTI or NNRTI

Switching from a PI/r to NNRTI in patients receiving a virologically suppressive regimen 
is a valuable option for prevention or improvement of metabolic and gastrointestinal 
toxicity and regimen simplifi cation. NVP and RPV have the advantage of their metabolic 

profi le. A meta-analysis of clinical trials evaluating the switch from suppressive PI-based 
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regimens to NVP-based regimens concluded that switching to NVP is virologically and im-

munologically safe. 158 Although not found in all studies, one advantage of switching from 

a PI to NVP is an improved lipid profi le. 159

EFV and RPV have the advantage of being available as once-daily STR. In a study with 300 

patients on stable ART (NNRTI or PI based) without previous virologic failure  patients 

were randomized to switch to coformulated TDF/FTC/EFV or to continue their current 

regimen. 160 The results demonstrated noninferiority of TDF/FTC/EFV through 48 weeks 

compared with baseline ARV regimen (88% vs 89%, respectively). Added benefi ts of the 

switch to the single pill combination included improvements in triglycerides levels and 

quality-of-life measurements. In the SPIRIT trial, a randomized, 48-week switch study, 476 

virologically suppressed patients switching to the single pill TDF/FTC/RPV from PI/r regi-

men maintained virologic suppression with a low risk of virologic failure, while improving 

TC, LDL-c, and TG. 161

NNRTIs have a low genetic barrier to resistance and must be supported by an active back-

ground regimen. Switching from a PI/r to an NNRTI must follow strict selection criteria 

to ensure that patients do not harbour NRTI resistance mutations which increases risk of 

virologic failure. 147 Use of triple NRTIs is no longer recommended in any clinical situation, 

including switch scenarios, according to current guidelines, for its reduced eff icacy. 18, 33

Switch from PI/r to an INSTI

Studies evaluating switch on virologically suppressed patients receiving stable PI/r-based 

ART to an INSTI found improvements in serum lipids. The SPIRAL study, explored the strat-

egy of switching from a PI/r to RAL or to continue on PI/r-based therapy. Switching to RAL 

resulted in a better lipid profi le than continuing PI/r while sustaining noninferior eff icacy 

at week 48, even in patients who had experienced previous virologic failure (Figure 13). 148 

SWITCHMRK 1 and 2 studies which randomized patients suppressed on stable on LPV/r-

based ART with ≥ 2 NRTIs to switch to RAL or continue their original regimen, showed 

greater percentage changes in lipid concentrations from baseline in the switch arm. The 

study had to be early stopped at week 24, since RAL failed to meet the protocol-defi ned 

criteria for noninferiority. 149
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Although it is not clear why the result of these studies diff ered, one possible explanation 
is the longer duration of virologic suppression required as an inclusion criteria in SPIRAL. 
Some of these patients may have had underlying NRTI resistance and, therefore, aware-
ness of treatment history and resistance profi le is crucial to evaluate the activity of the 
background regimen to support RAL. 18, 33

The STR of elvitegravir/COBI/TDF/FTC (EVG/COBI/TDF/FTC) is currently included as a 
recommended fi rst-line regimen for treatment-naive patients with estimated creatinine 
clearance ≥ 70 mL/min. 18, 33 Recently, a multicenter, prospective, randomized, open-label 
phase III trial, the STRATEGY-PI study, evaluated eff icacy and safety of switching to single-
tablet, once-daily EVG/COBI/TDF/FTC from PI/r plus FTC/TDF regimens. Switching from 
LPV/r resulted in decreases in TC, TG, and HDL-c with 94% of patients who switched main-
taining HIV-1 RNA < 50 copies/mL vs. 87% of patients in the control arm. This approach 
appeared to be well tolerated with no cases of renal tubulopathy and no treatment-emer-
gent resistance. In addition, switching to the STR was associated with a decrease in diar-
rhoea and bloating from baseline to week 48. 162

It is well known that integrase inhibitors, particularly RAL, have been associated with 
greater reduction in lipids following replacement from a PI/r while sustaining virologi-
cal suppression in plasma. Whether this approach has an impact on other mechanisms 
involved in the pathogenesis of atherosclerosis, such as infl ammatory and coagulation 
biomarkers, require further study. 

Figure 13. Percentage changes in fasting lipid concentrations from baseline to week 48. LDL low-density lipoprotein 
cholesterol, HDL high-density lipoprotein cholesterol, lP/r ritonavir-boosted protease inhibitor.
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Switch to a ritonavir-sparing and NRTI-sparing regimen

Although it is desirable to use always the most potent available ART regimen for treat-
ment of HIV-1 infection, in clinical practice ARV choices including NRTIs or PIs may be 
challenging for some patients. In select circumstances a clinician may decide to switch a 
patient who has achieved virologic suppression to a less potent agent or regimen or with 
a lower genetic barrier to resistance. Furthermore, nowadays eff icacy is less of a problem 
compared with previous times. Indeed, a large proportion of ARV-naive patients achieve 
undetectable HIV-1 RNA in plasma (less than 50 copies/mL) aft er starting ART. 27

In contrast, the contributions of ART to the development and progression of comorbidi-
ties have gained increasing importance as HIV-1-infected patients are getting older. In a 
context of a patient with high risk of CVD or a positive HLA-B*5701 assay, who also has 
osteoporosis or chronic kidney disease, an alternative regimen avoiding NRTI, may be 
the optimal regimen. Secondly, regimens that include PI/r have a greater pill burden, and 
are associated with mild to moderate nausea, diarrhoea, and dyslipidaemia, even though 
these adverse eff ects occur less frequently with newer PIs. In those circumstances, a new 
regimen that excludes both PI/r and NRTIs might be considered. In these situations, it is 
important to consider the possibility of archived HIV-1 resistance mutations and the re-
quirement for a high level of adherence to the new regimen.

New ARVs, such as the integrase inhibitor, RAL, and the NNRTI, ETR, have not shown ma-
jor limiting toxicities, are eff ective in patients with prior resistance to NRTIs and PIs and 
pose a low risk of clinically signifi cant drug interactions. 71, 163 The results of a small retro-
spective study evaluating the switch from diff erent ART regimens to RAL plus ETR in 18 
patients with virologic suppression have demonstrated promising early fi ndings. 164

Another study evaluated RAL in combination with ATV in 25 HIV-1-infected adults. Aft er 
week 48, all were found to have maintained undetectable HIV-1 RNA, no serious adverse 
events were identifi ed, and no patient discontinued therapy due to adverse events. 165 It 
is worth noting that the SPARTAN study, although not a switch study, demonstrated an 
increased incidence of grade 3/4 hyperbilirubinemia and an unacceptably high incidence 
of integrase resistance at virologic failure in the experimental arm with unboosted ATV 
300 mg plus twice-daily RAL 400 mg. 166 

Recent data from the LATTE study that evaluated a treatment simplifi cation strategy 
based on GSK1265744, an investigational INSTI and dolutegravir analogue may provide 
useful information on future PI/r- and NRTI-sparing switch strategies. In treatment-naive 
patients an induction regimen consisting of GSK1265744 plus 2 NRTIs, followed by main-
tenance GSK1265744 plus RPV, resulted in similar virologic suppression rate as EFV plus 
2 NRTIs over 48 weeks. In addition, GSK1265744 was well tolerated and associated with 
fewer discontinuations due to adverse events than EFV. 167 Based upon these considera-
tions, for carefully selected patients a dual therapy based on ETR plus RAL is worthy to be 
investigated.
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Treatment simplifi cation strategies

As already mentioned, PI have been substantially involved in the toxicity and tolerability 

issues. However, agents form this class have a very high genetic barrier to resistance and 

multiple viral mutations are required to reduce their activity, suggesting they can main-

tain virologic suppression without the need for 2 other drugs. Maintenance of virologic 

suppression with PI/r monotherapy (PIMT) is an investigational therapeutic strategy that 

takes advantage of this high genetic barrier to resistance, it allows to prevent toxicity as-

sociated with NRTIs, simplifi es some regimens, lowers costs and preserves newer drugs 

for future use in case of resistance related to drug failure.

PIMT  has been tested in diff erent settings and the data on simplifi cation strategies to PI/r 

alone aft er virologic suppression have been diverse. In combination, some studies have 

demonstrated maintenance of virologic suppression with PIMT  aft er suppression with a 

standard regimen, while other studies suggest more low-level viremia, virologic failure, 

and detectable virus in the cerebrospinal fl uid than standard 3-drug therapy. 168, 169, 170, 171 

Although, the overwhelming majority of failing patients regained virological suppression 

following reintensifi cation with 2 NRTI (165). 172, 173, 174

Focusing on switch studies, data on DRV/r 172, 173  and LPV/r 175, 176 , showed eff icacy as a 

maintenance strategy in patients with prior suppression, while studies on ATV/r do not 

recommend its use as monotherapy due to higher rates of viremia compared with triple 

therapy. 177, 178 On the other hand, it has not shown suff icient eff icacy in patients with de-

tectable VL, either in naive patients or as second-line therapy. 154, 179, 180

In aggregate, all studies have similar limitations: the number of included patients is rela-

tively small and the results may not be generalized as they have diff erent inclusion cri-

teria. Selection criteria for PIMT  applied to a clinic population in Spain identifi ed 17% 

of patients suitable for this approach. 181 At present, PIMT  is accepted as an alternative 

regimen in some HIV-1 treatment guidelines, especially in patients showing NRTI-related 

toxicity, although only in patients without history of failure on prior PI based therapy, with 

undetectable VL for at least 6 months and excellent adherence. 18, 33
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Modifying NRTIs in virologically suppressed patients

ZDV and d4T are no longer recommended for use in current ART regimens, but there are 

patients  who still receiving a thymidine analogue since  many years. 18 The strategy for 

these patients, in general is to switch to TDF or ABC. There is evidence demonstrating 

the benefi ts of switching from thymidine analogues to TDF or ABC in virologically sup-

pressed patients. 113, 182, 183 Regarding second generation NRTI, studies have demonstrated 

improvements in lipids when switching from ABC/3TC to TDF/FTC. 138, 184

Modifying NNRTIs in virologically suppressed patients

A few studies have examined the eff icacy of switching NNRTIs in virologically suppressed 

patients because of toxicity and dosing complexity. The largest study is the STRATEGY-

NNRTI in which virologically suppressed patients were switch from an NNRTI plus TDF/

FTC to EVG/COBI/TDF/FTC. Among 439 patients, 290 were randomized to switch regimens. 

At the Week 48 the single-tablet integrase inhibitor regimen was noninferior to continuing 

the NNRTI-containing regimen. In addition switching from an EFV-based regimen to the 

STR was associated with decreased rates of neuropsychiatric symptoms. Virologic failure 

rates were 1% in both arms, and there was no treatment-emergent resistance. 186

The results of an open-label trial indicate that switching from EFV to RPV may be a safe 

option for patients who cannot tolerate EFV. 187 In an ACTG study, switching from EFV to 

NVP for toxicity was generally safe. 188 In another study, patients who switched to NVP 

experienced signifi cant decreases in their low-density lipoprotein cholesterol aft er 1 year, 

compared to patients who maintained EFV. 189 Switching from EFV to ETR in virologically 

suppressed patients due to toxicity has also been studied. ETR maintained virologic sup-

pression and patients randomized to the ETR arm experienced signifi cant reductions in 

grade 2-4 central nervous system adverse events vs patients who continued EFV. 190

Switch from enfuvirtide to RAL

ENF is a potent agent in patients with multidrug-resistant HIV-1, availability of more con-

venient and better-tolerated alternatives has limited its use. In virologically suppressed 

patients, ENF can be safely switched to RAL. 191
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Switch versus treatment for dyslipidemia

Replacing an implicated drug by another that is better indicated and exhibits similar 
potency is a strategy applied to handle complications such as an adverse event or drug 
interaction or to maximize the potential for optimal adherence. Nevertheless, for treat-
ment-experienced patients with underlying resistance mutations this approach may not 
be feasible. In these situations, it may be appropriate to treat the adverse eff ect and main-
tain the ARV regimen.

Hypercholesterolaemia associated with PI/r may be managed by lipid lowering therapy, 
such as statins, or by replacing the PI/r with an alternative ARV with fewer lipids eff ects. 
Switching from a PI/r for hyperlipidaemia is generally safe and eff ective in virologically 
suppressed patients. Studies using a switch strategy from a PI/r to RAL have shown sub-
stantial improvement in lipids. 148, 149 However, not all switches are completely successful. 
Switching potentially removes the underlying cause of dyslipidaemia, but also carries the 
possibility of losing virological control, as demonstrated in switch studies from a PI/r to 
RAL, in which a compromised NRTI back bone increased the risk of treatment failure. 149 
In this situation the activity of the accompanying drugs is a key determinant of outcome.

The eff icacy of statins in reducing serum lipids and in preventing cardiovascular events 
amongst the general population has been established in multiple trials.192, 193 Adding a sta-
tin may, however, introduce new adverse events (e.g. myopathy) and increase pill burden, 
cost, and risk of drug interactions. Ultimately, intervening for hypercholesterolaemia will 
only be of clinical relevance if those treated have elevated cardiovascular risk.194

Although both statin therapy and PI/r switching lower total and non-HDL cholesterol and 
triglyceride levels 148, 149, 195, 196 only one randomized study has compared these two ap-
proaches 197. The interventions employed in this study, pravastatin or bezafi brate, were 
each more eff ective than PI/r switching for reducing lipid levels over a 12-month period. 
The PIs included are no longer recommended, also the options for ARV switch were lim-
ited at that time, statins used were less potent and cardiovascular risk reduction was not 
evaluated.

BRIEF OUTLINE OF THE THESIS

In summary, modifying regimens in the setting of viral suppression is an approach that 
can be contemplated to simplify treatment and improve adherence by reducing pill bur-
den and dosing frequency, to prevent short or long-term toxicity and enhance tolerability, 
to minimize or address drug interaction, but also to preserve future treatment options 
and even to reduce costs in particular settings. 

PI/r have a very high genetic barrier to resistance and multiple viral mutations are required 
to reduce their activity, suggesting they can maintain virologic suppression without the 
need for 2 other drugs. PIMT  has been tested in diff erent clinical trials, but not in clinical 
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practice, and data reported have been diverse. However, agents form this class have been 
substantially involved in tolerability and toxicity issues, especially lipid toxicity. 

RAL, have been associated with greater reduction in lipids following replacement from 
a PI/r while sustaining virological suppression in plasma. Whether this approach has an 
impact on other mechanisms involved in the pathogenesis of atherosclerosis, such as in-
fl ammatory and coagulation biomarkers, requires further study. Although ABC/3TC and 
TDF/FTC could be equally used in combination with RAL, there are no data comparing the 
two combinations of NRTIs in virologically suppressed HIV-1-infected patients switching 
from PI/r to RAL. 

Replacing a PI/r for dyslipidaemia potentially removes the underlying cause, but also car-
ries the possibility of losing virological control. In this situation, it may be appropriate 
to manage hypercholesterolaemia associated with PI/r with lipid lowering therapy, such 
as statins. Another strategy to avoid adverse eff ects associated with PI/r and NRTI is a 
ritonavir-sparing and NRTI-sparing regimen, such as dual therapy with ETR/RAL. 

Finally, RAL is known to be eff ective and well tolerated and currently has several appli-
cations for treatment of HIV-1 infection. However, post-marketing surveillance have re-
ported laboratory abnormalities that could be an expression of skeletal muscle toxicity. 
The potential causal relationship of RAL with muscle toxicity in clinical practice deserves 
additional investigation. 

This thesis is presented as a compendium of articles according to the regulation adopted 
by the Commission of the Doctoral Program “Medicine” at the University of Barcelona. Six 
strategies to optimize treatment for HIV-1 infection in adults with sustained virological 
suppression are evaluated, in the following articles:

1. Eff ectiveness and tolerability of PIMT in the clinical practice. 
2. Changes in cardiovascular biomarkers in ART-experienced patients switching from PI/r 
to RAL. 
3. Eff icacy and safety of ABC/3TC vs. TDF/FTC in ART-experienced patients switching from 
PI/r to RAL.
4. Eff icacy and safety of rosuvastatin vs. PI/r switching for treatment of hypercholesterol-
aemia  in adults with increased cardiovascular risk.
5. Eff icacy and safety results of a pilot study with ETR plus RAL in ARV-experienced pa-
tients .
6. Incidence and risk factors for RAL associated CK elevation in clinical practice.
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HYPOTHESIS

HIV treatment can be simplifi ed in antiretroviral-experienced patients by improving the 

tolerability and reducing toxicity with new drugs and new strategies without compromis-

ing virological eff icacy. 
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OBJECTIVES

The main objective of this thesis is to evaluate new strategies to limit treatment complica-

tions and to assess safety considerations aiming to improve antiretroviral tolerability in 

HIV-1-infected adults with sustained virological suppression. Secondary objectives are:

1: To evaluate the eff ectiveness and tolerability of ritonavir-boosted protease inhibitor 

monotherapy and predictors of virological failure in clinical practice.

2: To assess changes in cardiovascular biomarkers in virologically suppressed patients 

switching from ritonavir-boosted protease inhibitor to raltegravir. 

3: To compare the eff icacy and tolerability of abacavir/lamivudine and tenofovir/emtric-

itabine, in virologically suppressed patients switching from ritonavir-boosted protease 

inhibitor to raltegravir. 

4: To compare the hypolipidemic eff icacy of ritonavir-boosted protease inhibitor switch 

vs. statin therapy for hypercholesterolaemia in HIV-infected patients with increased car-

diovascular risk.

5: To investigate the eff icacy and safety of a new dual therapy with etravirine plus raltegra-

vir in antiretroviral-experienced HIV-1-infected patients.

6: To determine the incidence and risk factors for creatinine kinase elevation in HIV-1-in-

fected patients receiving raltegravir-containing regimen.
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“A vida não se resolve com palavras”.

João Cabral de Melo Neto
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Discussion

SUMMARY OF MAIN FINDINGS

Article 1: Eff ectiveness of ritonavir-boosted protease inhibitor monotherapy in the clinical 

setting: same results as in clinical trials? The PIMOCS Study Group

Article 2: Changes in cardiovascular biomarkers in HIV-infected patients switching 

from ritonavir-boosted protease inhibitors to raltegravir 

Article 3: Abacavir/lamivudine versus tenofovir/emtricitabine in virologically suppressed patients 

switching from ritonavir-boosted protease inhibitors to raltegravir 

Article 4: Rosuvastatin versus protease inhibitor switching for hypercholesterolaemia: 

a randomised trial 

Article 5: Dual therapy with etravirine plus raltegravir for virologically suppressed HIV-infect-

ed patients: a pilot study

Article 6: Creatine kinase elevation in HIV-1-infected patients receiving raltegravir-containing antiretro-

viral therapy: a cohort study 

CONTRIBUTIONS AND FUTURE PERSPECTIVES
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The literature brings evidence that a variety of factors have contributed to the multiple 

benefi ts of ARV; however the most important probably is tolerability profi le and lack of 

long-term toxicity, leading to a high grade of adherence to the treatment and consequent-

ly high rates of virological control. Durable control of virus replication restores immuno-

logic function, reduces HIV-associated morbidity and prolongs life. Furthermore, eff ective 

ART suppress plasma VL and is highly eff ective at preventing HIV transmission.

Now that ART may be considered for all HIV-1-infected patients, and life expectancy is 

greatly prolonged by suppressive therapy, many of the complications due to long-term 

toxicity of HIV treatment and age-associated comorbidities may become more promi-

nent. In this regard it is important to evaluate the impact of new interventions to prevent 

or reduce the morbidity associated with HIV-1 infection and its treatment. 

This thesis addresses the eff icacy and safety of diff erent approaches to limit potential 

complications of ART, with the purpose of improving ARV tolerability in HIV-infected 

adults. 

PI/rs are still widely used, even though they have more adverse eff ects than other agents. 

We describe its eff ectiveness and safety when use in monotherapy in routine care set-

tings. It is well known that RAL is very potent, easy to take and has a good safety pro-

fi le. We discuss its impact on cardiovascular biomarkers aft er switching from PI/r-based 

therapy, as well its eff icacy and safety when used in combination with ABC/3TC backbone. 

Regarding CVD, we report the results of the Statin or Switch (SoS) trial for the treatment 

of hypercholesterolaemia. Simplifi cation of regimens to dual therapy avoiding NRTI and 

PI, were also explored in a pilot study of eff icacy and safety of dual therapy with ETR plus 

RAL. Finally, we address the implication of RAL in muscular toxicity. 
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SUMMARY OF MAIN FINDINGS

Article 1: Eff ectiveness of ritonavir-boosted protease inhibitor monotherapy in the clini-
cal setting: same results as in clinical trials? The PIMOCS Study Group.

Between January 2004 and July 2012, 664 patients started LPV/r or DRV/r monotherapy 
(65% DRV/r) for maintenance of viral suppression in routine care setting. Most patients 
(90%) had been previously exposed to a PI and one-third of them had experienced vi-
rological failure (VF) on a PI-containing regimen. The median time with undetectable VL 
prior to PIMT initiation was 49 months. 

Aft er a median follow-up of 16 months, 78% of patients remained free from therapeutic 
failure (TF) by modifi ed intention-to-treat analysis (stopping or changing PIMT due to any 
reason equals failure, except for changes from one PIMT to another PIMT, censoring data 
at treatment change). By ITT analysis (VF, stop or change for any reason equals failure), 
cumulative survival at 12 months was 83% for DRV/r and 77% for LPV7r (P=0.001 between 
PIs). This eff ectiveness is higher than that reported from a observational study from the 
French cohort 168 and matched the results of randomized clinical trials. 172, 173, 198

The use of PI monotherapy for maintenance of viral suppression has been evaluated in 
several trials with diff erent endpoints to evaluate its eff icacy. Four trials evaluated DRV/r 
monotherapy (n=785: MONET, MONOI, MONARCH, PROTEA), fi ve evaluated LPV/r mono-
therapy (n=592: OK-04, KalMo, KALESOLO, KRETA, MOST) and one evaluated both DRV/r 
and LPV/r (MRC PIVOT, n=587). 199 Small diff erences in the PIMT outcome between clinical 
trials and our cohort are probably driven by patients characteristics. Indeed, the risk of 
VF in our study, 12% aft er 16 months of PIMT, was similar to that observed in randomized 
clinical trials. 172, 173, 175, 201

The probability of being free from VF aft er 12 months was 91% in general, 92.7% for DRV/r 
and 88.4% for LPV/r (P=0.139 between PIs). At month 24 of follow-up, time to TF was sig-
nifi cantly shorter with LPV/r, but no diff erences were seen between groups considering 
time to VF. When comparing the eff ectiveness of LPV/r versus DRV/r, the TF rate was higher 
among patients receiving LPV/r. However, these diff erences must be taken cautiously as 
baseline characteristics were not comparable and no diff erences in terms of viral response 
were seen between PIs. Adverse events leading to PIMT discontinuation were relatively 
rare. Twenty patients switched from one PIMT to another, the overall majority from LPV/r 
to DRV/r due to gastrointestinal or lipid disturbances. Stopping PIMT in LPV/r group was 
twice more frequent than in DRV/r group (36 % x 17%).
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Consistent with data obtained in randomized clinical trials, almost one-quarter of patients 
receiving PIMT in our study had transient viremia, with no diff erences in the incidence risk 
between both PI/r combinations. 173, 202, 203 Low-level replication and transient elevations 
of VL are frequently observed during PIMT, underscoring a lower antiviral potency of PIMT 
and less forgiveness for suboptimal adherence as compared with ART. 172, 173

A total of 158 patients stopped PIMT, mostly for VF but also for adverse events and other 
reasons. The strongest predictor of VF in our cohort was time on a suppressive viral regi-
men before PIMT switching. The risk of VF was almost 2-fold higher among patients with 
viral suppression < 24 months previous to change and 1.6-fold higher in patients with a 
CD4+ cell count nadir < 200 cells/mm3. In agreement, short duration of viral suppression 
and low CD4+ cell count nadir have been reported as risk factors for virologic failure in 
previous studies. 168, 169, 171, 175

Remarkably, one-third of patients in our study had previously failed on a PI-containing 
regimen, but the risk of VF was not increased in these patients, which highlights the high 
genetic barrier of both LPV/r and DRV/r. We found few patients experiencing VF to have 
emergent PI resistance mutations, a fi nding consistent with previous trials. 205, 206  Indeed, 
in the PIVOT trial patients exposed to monotherapy did not have a higher risk of losing 
therapeutic options. 170

The results of recent studies provide an interesting intermediate approach between 3 ac-
tive drugs and PIMT . The GARDEL study, demonstrated noninferior results from LPV/r 
plus 3TC vs. LPV/r plus 2 NRTIs as initial therapy, at 48 weeks of follow up. There were 
more grade 2/3 adverse events in the triple arm and only 2 patients developed M184V af-
ter virologic failure in both arms. 207 The OLE study provided further information with this 
combination in virologically suppressed patients. Switching suppressed patients to LPV/r 
plus 3TC or FTC was noninferior to the triple-agent regimen. 208 But not all 2-drug strate-
gies with a PI/r are successful. The HARNESS trial was stopped earlier for higher rates of 
virologic failure in patients who switched to ATV/r plus RAL compared with ATV/r plus 2 
NRTIs, with 2 cases of integrase inhibitor resistance. 209

Indeed, In 2014 International Antiviral Society-USA guidelines included alternative PI regi-
mens for fi rst-line in specifi c situations, such as a patient at high risk of CVD or osteopo-
rosis or one with chronic kidney disease who is HLA-B*5701–positive. These alternative 
regimens include combination of DRV/r plus RAL, LPV/r plus 3TC, and DRV/r plus RAL in 
selected circumstances. 32
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One important concern regarding PIMT is whether patients who achieve viral suppression 
in blood also achieve suppression in the central nervous system. Data on this issue are 
limited and somewhat confl icting. 171, 210, 211, 212 In our cohort, two patients had evidence of 
CNS replication. Both cases had low CD4+ cell count nadir (<100 cells/mm3). To date, risk 
factors for CNS replication among patients on PIMT is far from clear, but incidence seems 
to be low. 170, 198, 199

In conclusion, the safety and eff icacy of a maintenance strategy with PIMT in a routine 
care setting matched the results of randomized clinical trials, almost 80% of patients re-
ceiving PIMT in our cohort remained free from TF aft er a median of 16 months of therapy 
and 88% remained free from VF. Long duration of sustained viral suppression (>2 years) 
prior to PIMT initiation and high CD4+ cell count nadir (>200 cells/mm3) were indepen-
dently associated with a favourable outcome.

Article 2: Changes in cardiovascular biomarkers in HIV-infected patients switching from 
PI/r to RAL.

The SPIRAL study was a 48-week, multicenter, open-label, randomized trial in which HIV-
1-infected adults virologically suppressed for at least 6 months on PI/r-based therapy 
were randomized (1:1) to switch from the PI/r to RAL or to continue on PI/r-based therapy. 
Two hundred and thirty-three patients (RAL, n=119; PI/r, n=114) remained on their allo-
cated therapy for 48 weeks. None of them had experienced virological failure throughout 
the study follow-up. Most common PIs at entry were LPV/r (45%) and ATV/r (36%). Eigthy-
fi ve (36%) patients had experienced prior virological failure, but the median of virological 
suppression was 71 months before randomization.

Although there were no diff erences in any lipid parameter at baseline, TG, TC, LDL-c, and 
HDL-c signifi cantly decreased in RAL group relative to PI/r group. In patients switching to 
RAL, TG decreased signifi cantly more when the PI discontinued was LPV/r than when it 
was ATV/r. Similarly, TC decreased signifi cantly more when the PI discontinued was LPV/r. 

Switching from PI/r to RAL in the SPIRAL trial led not only to signifi cant changes in plas-
ma lipids but also to signifi cant changes in several cardiovascular biomarkers associated 
with infl ammation, insulin resistance, and hypercoagulability, although not in those as-
sociated with endothelial dysfunction. There were signifi cant decreases in hsCRP, MCP-
1, osteoprotegerin, IL-6, TNF-a, insulin and D-dimer in the RAL group relative to the PI/r 
group, whereas IL-10, ICAM-1, VCAM-1, E-selectin, P-selectin, and adiponectin remained 
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unchanged. There were few and not strong signifi cant correlations between changes in 
lipids and changes in biomarkers. TG, TC and LDL-c changes at 48 weeks were weakly 
correlated with hsCRP, MCP-1, and insulin. These results suggest that switching from PI/r 
to RAL induced changes in infl ammation, insulin resistance, and hypercoagulability bio-
markers that were not completely explained by lipid changes.

Changes in biomarkers and lipids in patients switching from PI/r  to RAL could be theoreti-
cally due to discontinuation of protease inhibitors, introduction of RAL, or both. A recent 
randomized study also reported signifi cant decreases in hsCRP, IL-6, and D-dimer at 24 and 
48 weeks in virologically suppressed patients switching from ENF to RAL. 213 Another study 
measured markers of immune activation, microbial translocation, and T-cell exhaustion 
in 15 treatment naive patients initiating RAL-containing therapy and compared results 
with historical controls who had received a similar duration of non-RAL therapy and to 
HIV-uninfected controls. At 48 weeks, levels of immune activation, microbial transloca-
tion, and T-cell exhaustion were reduced from baseline to levels that were signifi cantly 
lower than those in the historical controls but higher than those in uninfected patients. 214

The ACTG 5262 trial evaluated biomarkers of immune activation, microbial translocation 
and infl ammation during initial ART with a NRTI-sparing regimen consisting of DRV/r plus 
RAL. Aft er 48 weeks, assays were completed for 107 participants. DRV/r plus RAL led to a 
decline in soluble CD14, interleukin-6 and interferon-�-inducible protein-10 levels. T cell 
activation remained higher in subjects with virological failure, driven for high baseline VL. 
215 In a randomized trial in HIV-infected women with central adiposity, a switch to RAL was 
associated with statistically signifi cant declines in sCD14 compared with subjects remain-
ing on a PI or NNRTI-based therapy. 216

In contrast, a recent prospective study of ART-naive subjects described changes in im-
mune activation and infl ammation markers aft er initiation of TDF/FTC with RAL, ATV/r or 
DRV/r . Interestingly, RAL did not have a greater impact on decreasing systemic infl am-
mation and immune activation markers compared to PIs. Furthermore, some markers 
remained elevated despite successful ART therapy, suggesting incomplete reversal of in-
fl ammation and immune activation despite eff ective treatment. 217

The results of the SPIRAL study suggest that PI/r-containing therapy may be not only as-
sociated with increased plasma lipids but also with increased markers of infl ammation, 
insulin resistance, and hypercoagulability relative to RAL-containing therapy. These fi nd-
ings are in accordance with previous studies showing associations between protease in-



105

hibitors and elevated fi brinogen 63 levels in patients and increased TNF-a and IL-6 expres-
sion in macrophages cultures. 218

Nevertheless, changes in biomarkers study were marginally related to changes in lipids, 
suggesting that PI/r-related eff ects on cardiovascular biomarkers are not driven only by 
lipid changes. In contrast to other biomarkers, we did not detect changes in markers of 
endothelial dysfunction. Although fi rst-generation PI were able to induce endothelial dys-
function through diff erent pathways, 65 contemporary PI such as LPV/r or ATV have not 
been shown to induce endothelial dysfunction in healthy volunteers 219 or HIV-1-infected 
patients 122.

Finally, diff erent markers were investigated, but there are other potentially important 
ones that were not assessed in this study. This study and others suggest that there may 
be diff erential eff ects of ART on cardiovascular biomarkers associated with infl ammation, 
insulin resistance and hypercoagulability, but it remains to be seen whether these fi nd-
ings are clinically relevant.

Recently, case- control studies have reported associations between plasma markers of 
infl ammation, coagulation and gut barrier dysfunction, and the risk of non AIDS-defi ning 
events and mortality. 220, 221 The ALLRT cohort, evaluated the impact of markers of infl am-
mation (IL-6), monocyte activation/microbial translocation (sCD14), coagulation (D-dim-
er), and T-cell activation/dysfunction before the initiation and during ART. Elevated levels 
of IL-6, sCD14, D-dimer and soluble tumor necrosis factor receptors (sTNFR1 and sTNFR2), 
were associated with the occurrence of non AIDS-related morbidities and death, inde-
pendently of traditional risk factors, other comorbid conditions, age, treatment regimen, 
and treatment-mediated changes in CD4+ T-cell counts. 222 However, further studies are 
needed to determine whether ART-mediated changes in any infl ammatory biomarker are 
associated with reduced morbidity and mortality.

Article 3: Abacavir/lamivudine versus tenofovir/emtricitabine in virologically suppressed 
patients switching from PI/r to RAL.

NRTI combinations form the backbone of the majority of fi rst-line regimens for treat-
ment of HIV-1 infection. Data with ABC/3TC plus new drugs, such as RAL, are more limited 
compared to TDF/FTC, and are restricted to ARV naive patients. The eff icacy and safety 
of ABC/3TC was compared to TDF/FTC when each was combined with either RAL or PI/r 
in the SPIRAL trial. The analysis included 197 patients (72.16%), 143 (73%) treated with 
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TDF/FTC and 54 (27%) with ABC/3TC. In the population assigned to RAL, patients taking 
ABC/3TC were older and a higher proportion had suff ered previous virological failure than 
those taking TDF/FTC.

With regard to eff icacy there were no real diff erences between the regimens. Rates of 
treatment failures (11%) and virological failures (4%) were similar in both groups. In the 
STARTMRK study TDF/FTC plus RAL demonstrated no inferiority when compared with EFV. 
70, 71, 67 The SHIELD trial was a prospective, observational study enrolling 35 ARV-naive pa-
tients who initiated ABC/3TC plus RAL. At week 48 regimens was considered eff ective and 
well-tolerated. 224

In terms of lipids, the data suggest that the improvement in plasma lipids expected when 
PIs are replaced by RAL in virologically suppressed HIV-1-infected patients should not be 
worse when the combination of NRTIs used is ABC/3TC than when it is TDF/FTC. Switching 
individuals from PI to RAL resulted in greater improvements in lipid profi les in patients on 
ABC/3TC than in patients on TDF/FTC, suggesting that the combination of an ABC and PI 
might have distinct synergistic lipid eff ect. This fi nding was unexpected and the reason 
is not clear. These results should be taken with caution because of the small sample size 
and the lack of signifi cance at 48 weeks in most lipid changes. 

The overall incidence of adverse eff ects was also similar between groups (61% ABC/3TC 
x 57% TDF/FTC).  Although no patient discontinued ABC/3TC due to adverse events, four 
(2.80%) patients (all in the PI/r group) discontinued TDF/FTC because of kidney or bone 
events. There were no discontinuations of any combination of NRTIs due to adverse 
events when combined with RAL. 

Because ABC/3TC and TDF/FTC may have a diff erent impact on comorbidities, choosing 
between them could be helpful to customize an optimal therapy. Nephrotoxicity is the 
most important adverse event associated with TDF treatment. 42 In addition, the ACTG 
5224 (metabolic substudy of ACTG 5202) demonstrated signifi cantly greater losses in 
bone mineral density in both the lumbar spine and hip in TDF/FTC-treated participants 
compared with ABC/3TC. 221 Moreover, treatment with ABC may lead to a potentially life-
threatening event. Hypersensitivity reactions occurs in 5% of patients treated with ABC 
although risk may be minimized by prior testing for the presence of HLA-B*5701 allele 
which is strongly linked to ABC hypersensitivity reactions. 38, 40 ABC has also been linked in 
to increased risk of myocardial infarction and so far evidence of this association remains 
inconsistent. 41,  42, 178, 179 
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Prior comparisons between both fi xed-dose NRTI combinations in virologically sup-

pressed HIV-infected adults have also shown similar results in the BICOMBO and STEAL 

trials. Although in the BICOMBO trial there were more discontinuations with ABC/3TC due 

to hypersensitivity because patients had not been previously tested for HLA-B*5701. 181, 103 

In summary, this analysis of the SPIRAL trial does not suggest that outcomes of ABC/3TC 

are worse than those of TDF/FTC when combined with RAL in virologically suppressed 

HIV-1-infected adults.

Article 4: Rosuvastatin versus protease inhibitor switching for hypercholesterolaemia: a 

randomised trial.

The Statin or Switch (SoS) trial randomized 43 HIV-1-infected adults with fasting hyper-

cholesterolaemia and increased cardiovascular risk to start rosuvastatin (23 patients) or 

to switch PI/r (20 patients). The majority of patients were using LPV/r (51%) at enrolment 

followed by ATV/r (28%), and DRV/r (11%). Within the PI/r switch group, RAL (45%) and 

RPV (20%) were the most common PI/r substitutions.

At week 12, rosuvastatin was more eff ective at lowering TC than PI/r switching regardless 

of the baseline TC level. Rosuvastatin use was associated with an 11.6% greater decline 

in fasting TC at week 12 than PI/r . The fall in TC was also larger when the baseline TC 

was higher. Reductions in total and LDL-c in the rosuvastatin group were comparable to 

those observed with rosuvastatin therapy in other HIV-1-infected cohorts. 196, 228 Likewise, 

compared to earlier PI/r switch studies. 148, 149, 156, 161 TC, LDL- c and TG reductions achieved 

within our PI/r switch group were similar. It should be noted, however, that none of these 

previous clinical trials included participants with clinically elevated cardiovascular risk; 

thus the lipid-lowering strategies to results to date are of uncertain clinical signifi cance.

Our results concur with those of the only prior study to compare a statin (pravastatin) 

with PI/r switching. 197 However, this earlier study used EFV as a switch option, despite 

its known lipid eff ects, 229 and also used pravastatin, a less potent statin 196. In fact, as 

progressively fewer patients are commenced on non-preferred PI/r such as LPV/r as initial 

ART, PI/r switching as a hypolipidemic strategy is likely to become less clinically relevant. 

This would leave statin therapy as the intervention of choice for hypercholesterolaemia 

for the majority of adults receiving a PI/r.
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Mean absolute cardiovascular risk reduction was higher with rosuvastatin than PI/r 

switching, but the observed lipid changes in this study were insuff icient to aff ect a sig-

nifi cant between-group diff erence for either the Framingham or D:A:D scores. The mean 

scores nevertheless fell from baseline with either intervention. 

Rosuvastatin is aff ected by PI/r interactions that inhibit its metabolism, increasing mean 

exposure by 1.5, 2, and 3-fold with concomitant twice-daily DRV/r, twice-daily LPV/r, and 

once-daily ATV/r, respectively. 230 Despite pharmacokinetic boosting, rosuvastatin-related 

laboratory adverse events were absent. There were no instances of myalgia or myopathy, 

grade 3 or 4 laboratory adverse events, or premature discontinuation, and quality-of-life 

assessments were similar between the groups. Nevertheless, most participants (65%) ex-

perienced at least one clinical adverse event. More drug-related events were observed in 

the PI/r switch group (10 events vs. 1 event, p=0.001); mainly gastrointestinal symptoms. 

One participant assigned to rosuvastatin experienced loss of virological suppression; ad-

judged to be secondary to suboptimal ART adherence.

The signifi cantly greater estimated insulin secretion with rosuvastatin at week 12 was an 

unexpected fi nding. Rosuvastatin has been associated with a higher incidence of diabe-

tes mellitus compared to placebo in the JUPITER study over a median two-year period 

of treatment. 231 The mechanism is unknown, and the few studies examining the eff ect of 

rosuvastatin on insulin resistance parameters have given inconsistent results. 232, 233 Both 

interventions showed minimal, but favourable changes in both the D-dimer and LDL par-

ticle size; a larger sample size may reveal greater changes and signifi cant between-group 

diff erences. 

In this randomized study for treatment of hypercholesterolaemia in adults with increased 

cardiovascular risk, both rosuvastatin and PI/r switching yielded decreases in total and 

LDL-c, by week 4 that were maintained through to week 12. Rosuvastatin 10 mg/day led to 

deeper decreases in total and LDL-c, both parameters that either determine CV risk or are 

targets for intervention, with fewer adverse events. Subgroup analyses revealed rosuvas-

tatin was more eff ective than PI/r switching at all levels of hypercholesterolaemia , and in 

participants receiving regimens based on preferred PI/r.
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Article 5: Dual therapy with etravirine plus RAL for virologically suppressed HIV-infected 

patients: a pilot study.

For a long time, many diff erent combinations have been studied to identify a suitable 

regimen that excludes NRTIs with safety, tolerability, and equally eff ective as the standard 

NRTI-containing regimens. Recent studies have shown promising results with combina-

tions of a PI/r plus INSTI in treatment-naive patients. 234, 235, 236 The overall results showed 

that that dual therapy was noninferior than standard triple therapy but raised questions 

on the noninferiority of those regimens in the subset of patients with CD4+ counts < 200 

cells/mm3 and HIV-1 RNA > 100,000 copies/mL. Anyhow, PI/r remain an important compo-

nent of those NRTI-sparing regimens; the searching for a regimen that excludes both NRTI 

and PI class is clearly an area for extensive debate.

In the HIV Unit of Hospital Clinic of Barcelona, where 4000 patients have been actively 

cared for in the previous 5 years, twenty-fi ve patients over a 3 year period had their regi-

men switched to ETR plus RAL because of tolerance and toxicity problems with both PIs 

and NRTIs. The most frequent reasons for switching were metabolic issues and/or lipod-

ystrophy and gastrointestinal symptoms. Other reasons were renal toxicity and neuropsy-

chiatric symptoms, although many of them had two or more diff erent reasons to enter 

the study. Improvement in at least one of the conditions underlying regimen switch was 

reported in 80% of patients; these conditions were mostly gastrointestinal symptoms and 

lipid abnormalities but also included renal laboratory parameters. 

All patients were older than average in the HIV Unit, had a long history of HIV infection 

and extensive treatment experience. The majority of patients (76%) were in PI-based regi-

mens before changing to dual therapy and although were EFV or NVP-experienced more 

than 80% was ETR naive and 44% had previously experienced treatment with RAL. 

Virological failure to a prior regimen was diagnosed in 21 (84%) patients, 73% presented 

more than four PI resistance mutations, and 32% had a plasma sample containing NNRTI 

mutations. At 48 weeks the therapeutic eff icacy of dual therapy was 84% by ITT analysis 

and 91.3% by per-protocol analysis. All 21 patients who reached week 48 continued on 

ETR/RAL dual therapy, follow-up ranged from 51 to 194 weeks and no further treatment 
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interruption or death was observed. Regarding the immunological response, at week 48 
of follow-up there was a median increase of 114 cells/mm3 in CD4+ T cell counts and of 
0.14 in the T4/T8 ratio.

The eff icacy results seen in this study are similar to reported data obtained in similar set-
tings with the same combination. Calin et al analyzed 18 patients who were switched from 
diff erent ARV regimens to 200 mg of ETR twice daily plus 400 mg of RAL twice daily, in ITT 
analysis 94.4% achieved virological suppression at 6 months and 83.3% at 12 months and 
only one patient who started treatment with detectable VL presented virological failure. 
164 Recently, Casado et al evaluated prospectively 25 virologically suppressed and largely 
pre-treated patients, who were switched to ETR plus RAL. There were no cases of virologi-
cal failure and only one participant changed therapy due to a rash. 237 

RAL-based regimens might suppose a risk of resistance at virologic failure, even more in 
a context of a dual therapy that exclude PI, in this study virological failure was observed 
in one patient at week 28, with good compliance and an adequate RAL level (0.3 mg/mL). 
Resistance genotype testing revealed a high level of resistance to ETR (103N, 179F, 179I, 
181C and 225H) and no integrase mutations. This fi nding suggest that RAL might have a 
higher genetic barrier than we have supposed so far. Consistent with this thought, recent 
data from the ACTG 5257, a very large open-label phase III trial in which more than 1800 
treatment-naive participants were randomized to either ATV/r, RAL or DRV/r plus FTC-TDF 
backbone, showed that at week 96, only 11 from 600 patients (2%) randomized to RAL 
developed an integrase inhibitor resistance mutation. 80

Not surprisingly, lipid levels improved in all patients receiving RAL, even in those who 
were on DRV/r and unboosted ATV prior to switch, and two individuals had their dosage 
of lipid-lowering drugs reduced or discontinued. Consistent with this, in previous studies 
in which a PI was changed to RAL, fasting lipids improved irrespective of the PI that was 
discontinued. 148, 149 With respect to safety and tolerability, regardless of the report of two 
treatment discontinuations due to gastrointestinal intolerance, clinical tolerability was 
good; there were no cases of rash or any laboratory-related adverse events.

Given that, the results suggest that a regimen with ETR and RAL might ensure conveni-
ence and tolerance and provide enough potency to achieve viral suppression in selected 
pre-treated patients. There is a need for powered randomized trials to rigorously evaluate 
this strategy in order to optimize long-term patient outcomes. 
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Some very novel combinations of INSTI and NNRTI are been studied as maintenance 
therapy with some interesting and promising results in treatment-naive patients. An in-
vestigational HIV-1 INSTI and dolutegravir analogue was given in association with RPV to 
patients with suppressed viremia aft er an induction regimen of the same INSTI plus TDF/
FTC. The virologic eff icacy results at week 48 were remarkable, with more than 90% of 
patients experiencing successful virologic suppression. This may be the fi rst large study 
with a 2 drug maintenance regimen that does not include a PI/r. 238

Article 6: Creatine kinase elevation in HIV-1-infected patients receiving RAL-containing 
ART: a cohort study.

INSTIs represent a relatively new class with several agents that have proven to be eff i-
cacious and well tolerated and, depending on which is chosen, may provide options for 
virtually all patients. Currently there are 3 drugs from this class among the recommended 
options for fi rst-line therapy, and two of them (EVG and dolutegravir) are now available 
as a STR. RAL was the fi rst representative of this drug class and therefore has the longest 
post marketing experience in comparison to other INSTIs. It was fi rst recommended for 
use in treatment-experienced patients with multidrug-resistance HIV 71 and now is con-
sidered an excellent fi rst-line option for treatment-naive patients, as a switch option for 
PI-based regimens in suppressed patients and as alternative regimen in the context of 
NRTI-sparing regimens.

Most safety data regarding muscle adverse events in RAL-containing regimens are avail-
able from clinical trials and the results vary according to the defi nition of abnormality and 
to the characteristics of the patients included. We evaluated the incidence and risk fac-
tors for CK elevation in 475 HIV-1-infected patients who were prescribed a RAL-containing 
regimen in the setting of routine clinical practice. Signifi cant CK elevation was defi ned an 
increase of at least 3-fold in CK from the ULN during RAL therapy. The frequency of signifi -
cant CK elevation with RAL-containing regimens was 11.2%, with an incidence of 3.8/100 
person-years. This incidence was higher than that observed in phase II and III trials, a fi nd-
ing already expected since we used lower limits for detecting laboratory abnormalities.

Since RAL was approved by the FDA in 2007, few cases of rhabdomyolysis have been 
reported to be associated with RAL-containing regimens. In these cases, other identifi -
able risk factors for rhabdomyolysis were present in diff erent associations, except in the 
most recent case report. A 32-year-old, Asian male who lacked risk factors associated 
with rhabdomyolysis, developed rhabdomyolysis with a rapid onset in only 4 days aft er 
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switching from LPV/r  to RAL 400 mg twice daily plus ddI and lamivudine. 86 We did not 
fi nd any reports of rhabdomyolysis and only a minority (1.0%) of patients presented with 
a CK ≥10×ULN.

Clinical symptoms, muscle pain and/or contractures, developed a median period of 7.8 
months aft er starting RAL (IQR 6.5–22.5 months). Symptomatic CK elevations were very 
few (7/98, 7.1%) and the intensity of symptoms was not related to CK increase, in agree-
ment with the other two observational studies published to date. 239, 240 Moreover, there 
were other possible underlying factors (alcohol consumption and ZDV use) that may have 
played a part in symptomatic patients. Male sex was associated with signifi cant CK eleva-
tion, as also observed in others observational studies. 240, 241 A possible explanation for this 
fi nding could be that male patients are more likely to undergo strenuous physical exercise 
during sports or job activities compared with females. Lee et al found strenuous exercise 
to be independently associated with muscle toxicity. 239

The REALMRK was a multi-centre, open-label, single-arm observational study, conduct-
ed to assess eff icacy and safety of RAL in patients with diff erent categories of treatment 
experience and in groups oft en underrepresented in clinical trials, women and patients 
from diverse racial and ethnic backgrounds. In a population of 206 patients (47% female, 
74% black and 10% naive) from 34 sites, increased creatine kinase (grade 2 or higher) 
was more common in men (10%) than women (0%) but occurred with similar frequency 
in blacks (5%) and nonblack (6%). One patient had a serious event of rhabdomyolysis, 
which was considered related to RAL, although the patient’s urine toxicology was positive 
for cocaine, which can cause rhabdomyolysis. 241

A cross-sectional, 2-arm prevalence study compared the prevalence of skeletal muscle 
toxicity in HIV-infected adults receiving RAL to a control group. Skeletal muscle toxicity 
was defi ned by the presence of one of the following components: (1) isolated CK eleva-
tion, (2) myalgia; (3) proximal myopathy on examination (4) rhabdomyolysis. In the study 
318 participants (159 RAL, 159 controls) were evaluated by a mean of 28 months of RAL 
exposure. Skeletal muscle toxicity was present in 37% of the RAL versus 19% of the con-
trol group (p<0.001). There were signifi cant diff erences in myalgia (19 vs. 3%, p<0.001) 
and proximal myopathy (4 vs. 0%, p=0.030). However, no signifi cant diff erence was found 
in the proportion of CK increases and myalgia and myopathy were seen in patients with 
normal or only low level elevations in plasma CK. 239

We fi nd, elevation prior to RAL therapy and abnormal baseline CK to be independent risk 
factors for CK elevation during RAL treatment, what might suggest a possible individual 
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predisposition to muscular toxicity. These fi ndings were consistent to a recent retrospec-
tive analysis by Calza et al. In 155 patients receiving a RAL-containing regimen 21% of pa-
tients presented isolated CK elevation, with an incidence of 4.2/100 person-years. Among 
factors signifi cantly associated with CK elevation were previous use of zidovudine, higher 
baseline CK levels, previous increase of the CK levels, and a higher body mass index. As in 
other observational studies, frequency of myalgia and muscle weakness was low (<3%).242

A recent multicentre phase II trial assessed the safety and eff icacy of two doses of ralte-
gravir in combination with TDF/FTC in HIV patients co-infected with tuberculosis. 155 pa-
tients taking rifampicin as part of a standard tuberculosis treatment were randomly allo-
cate to receive either EFV, RAL 400 mg or RAL 800mg twice a day. Although authors did not 
present in detail data of CK or muscle symptoms the number of serious adverse events in 
general were similar in all three groups. 243

Thus, although myopathy seems to be a rare event, 1 in 10 patients on RAL therapy devel-
oped signifi cation creatine kinase elevation, symptoms were uncommon and not severe. 
As observed by Lee et al 239, CK used alone may not be a sensitive marker of muscle toxicity 
in the setting of longstanding RAL therapy and patients receiving RAL should be actively 
monitored for myalgia and myopathy.

CONTRIBUTIONS AND FUTURE PERSPECTIVES

Our fi ndings suggest that the potential benefi t of RAL lays beyond virological control, 
with improvement in lipids and infl ammatory markers, but it remains to be seen whether 
diff erential eff ects of ARV therapies on cardiovascular biomarkers are clinically relevant. 
Prospective cohort studies of long-term outcomes of ART that incorporate the biomarkers 
identifi ed in this and other studies might address this question.

RAL have shown to be eff ective and well tolerate in virologically suppressed HIV-infected 
adults when used in combination with ABC/3TC, a combination less studied than TDF/
FTC. In accordance, recently was approved the single-tablet coformulation of ABC, 3TC 
and the integrase inhibitor dolutegravir, an important step forward for treatment of HIV-
1. The study on dual therapy provided novel and clinically relevant data on the simplifi -
cation of ART in selected patients in whom there are concerns about both PI and NRTI 
therapy. This approach needs to be validated in prospective studies. From the perspective 
of muscle toxicity our fi ndings confi rm that RAL is safe in routine clinical setting, although 
1 in 10 patients on RAL developed signifi cant creatine kinase elevation, as defi ned in the 

study.
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Collectively, these data support and concord with the current experts’ recommendation 

of RAL as one of the preferred backbones of fi rst-line ART. Another point to consider is the 

possibility of transmitted integrase resistance becomes a problem in the future. Never-

theless, new data suggest that concern is not yet upon us. 244 Similarly, as more inhibitors 

of integrase with higher genetic barrier are becoming available, switching to drugs other 

than RAL may become a valuable strategy to be investigated. Hopefully, RAL will also be-

come aff ordable and available for patients in many resource-limited countries in the near 

future.

PI monotherapy may have an important role in long-term management of HIV infection, 

yet with a lower antiviral potency as compared with standard triple therapy and carrying 

concerns regarding ongoing viral replication in the CNS. Whereas maintaining viral sup-

pression, it minimizes long-term toxicity related to NRTI; maintain an armamentarium for 

future treatment options, and save costs what makes this strategy very appealing in the 

setting of economic restrictions. 

Modifi cation of suppressive regimens is an important issue that, until recently, received 

little attention in international guidelines.  European guidelines accept PIMT with DRV/r 

or LPV/r as a valid option for persons with intolerance to NRTIs, for treatment simplifi -

cation or even for illicit drug users with documented frequent interruption of ART. In all 

circumstances, this strategy only applies to persons without history of failure on prior PI-

based therapy and who have had HIV-VL < 50 copies/mL in at least the past 6 months and 

who do not have chronic hepatitis B. 33, 34 
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In our study higher CD4+ cell count nadir was associated with a favourable PIMT outcome. 

In this regard, measurement of the size of HIV reservoirs could help to identify individuals 

who could benefi t from this exceptional treatment, and deserve further research.

However, for some patients maintenance of a triple therapy based on PI is mandatory. In 

this situation treatment of comorbidities might be the most appropriate option. Combi-

nation of a PI-based therapy with a lipid lowering drug, in this particular case, rosuvas-

tatin, have demonstrated to be safe and eff ective in reducing TC. Furthermore, for some 

situations a dual intervention (PI/r switch plus statin) may be needed to better achieve 

LDL-c targets. This intervention may be more potent that each one separately and could 

be of interest for future investigation. 

While an HIV vaccine is in progress, eff orts are needed to fully exploit all the potential of 

ART in maintaining viral suppression. Indeed, viral suppression will not only decrease HIV-

1-associated morbidity and reduce transmission rates but may also decrease immune ac-

tivation, a factor known to contribute to metabolic disorder. As knowledge on noninfec-

tious complications continues to grow along with ongoing improvement on ART, we will 

be able to develop newer strategies to limit their impact on those living with HIV-1 and to 

assure they may age with optimal health. 
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CONCLUSIONS

1. Eff ectiveness of ritonavir-boosted protease inhibitor monotherapy in clinical practice is 
consistent with data from clinical trials. Sustained viral suppression prior to initiation of 
monotherapy and nadir CD4 cell count are associated with a favourable outcome. 

2. Switching from ritonavir-boosted protease inhibitors to raltegravir leads to signifi cant 
changes in cardiovascular biomarkers associated with infl ammation, insulin resistance, 
and hypercoagulability. 

3. Abacavir/lamivudine exhibits similar eff icacy and tolerability as tenofovit/emtricitabine 
in virologically suppressed patients switching from ritonavir-boosted protease inhibitors 
to raltegravir.

4. In adults with hypercholesterolaemia and increased cardiovascular risk, rosuvastatin 
10 mg/day for 12 weeks produced larger decreases in total cholesterol and low-density  
lipoprotein cholesterol than ritonavir-boosted protease inhibitors switching.

5. Dual therapy with etravirine plus raltegravir is well tolerated and maintained durable 
viral suppression in selected virologically suppressed patients for whom both protease 
inhibitors and nucleoside reverse transcriptase inhibitor  therapy is challenging.

6. Signifi cant creatinine kinase elevation is observed in approximately one out of ten pa-
tients during treatment with raltegravir. Evidence of creatinine kinase elevation prior to 
raltegravir therapy and higher creatinine kinase at baseline are independent risk factors 
for creatinine kinase elevation during treatment with raltegravir.
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