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Management of the Treatment-Experienced Patient

Virologic Failure  (Last updated October 25, 2018; last reviewed October 25, 2018)

Panel’s Recommendations
•	�� Assessing and managing a patient who is experiencing failure of antiretroviral therapy (ART) is complex. Expert advice is critical and 

should be sought.

•	� Evaluation of virologic failure should include an assessment of adherence, drug-drug and drug-food interactions, drug tolerability, HIV 
RNA level and CD4 T lymphocyte (CD4) cell count trends over time, ART history, and prior and current drug-resistance test results.

•	� Drug-resistance testing should be performed while the patient is taking the failing antiretroviral (ARV) regimen (AI) or within 4 weeks 
of treatment discontinuation (AII). Even if more than 4 weeks have elapsed since ARVs were discontinued, resistance testing can still 
provide useful information to guide therapy, although it may not detect previously selected resistance mutations (CIII).

•	� The goal of treatment for ART-experienced patients with drug resistance who are experiencing virologic failure is to establish 
virologic suppression (i.e., HIV RNA levels below the lower limits of detection of currently used assays) (AI).

•	� A new regimen should include at least two, and preferably three, fully active agents (AI). A fully active agent is one that is expected to 
have uncompromised activity on the basis of the patient’s ART history and his or her current and past drug-resistance test results. A 
fully active agent may also have a novel mechanism of action.

•	� In general, adding a single ARV agent to a virologically failing regimen is not recommended, because this may risk the development 
of resistance to all drugs in the regimen (BII). 

•	� For some highly ART-experienced patients with extensive drug resistance, maximal virologic suppression may not be possible. In 
this case, ART should be continued (AI) with regimens designed to minimize toxicity, preserve CD4 cell counts, and delay clinical 
progression.

•	� It is crucial to provide continuous adherence support to all patients before and after regimen changes due to virologic failure. 

•	� Preliminary data suggest that there is an increased risk of neural tube defects in infants born to individuals who were receiving 
dolutegravir (DTG) at the time of conception. In patients with virologic failure who are of childbearing potential, pregnancy testing 
should be performed before starting DTG (AIII).

•	� For patients who are pregnant and within 12 weeks post-conception, or those who are of childbearing potential and who are not 
using effective contraception or who are contemplating pregnancy, the following factors should be considered: 

	 •	� If an alternative active ARV option to DTG exists, DTG should not be prescribed (AII). 
	 •	� If no alternatives exist, providers and individuals of childbearing potential should discuss the possible association between neural 

tube defects and DTG use during conception, and the risks of persistent viremia in the patient and HIV transmission to the fetus 
if pregnancy occurs while the patient is not on effective ART. The decision of whether to initiate or continue DTG should be made 
after careful consideration of these risks. 

•	� When it is not possible to construct a viable suppressive regimen for a patient with multidrug-resistant HIV, the clinician should 
consider enrolling the patient in a clinical trial of investigational agents or contacting pharmaceutical companies that may have 
investigational agents available.

•	� When switching an ARV regimen in a patient with hepatitis B virus (HBV)/HIV coinfection, ARV drugs that are active against HBV 
should be continued as part of the new regimen. Discontinuation of these drugs may lead to the reactivation of HBV, which may 
result in serious hepatocellular damage. 

•	� Discontinuing or briefly interrupting therapy may lead to a rapid increase in HIV RNA, a decrease in CD4 cell count, and an increase 
in the risk of clinical progression. Therefore, this strategy is not recommended in the setting of virologic failure (AI).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = Data from randomized controlled trials; II = Data from well-designed nonrandomized trials or observational 
cohort studies with long-term clinical outcomes; III = Expert opinion
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Antiretroviral (ARV) regimens that are currently recommended for initial therapy in patients with HIV have 
a high likelihood of achieving and maintaining plasma HIV RNA levels that are below the lower limits of 
detection (LLOD) of currently used assays (see What to Start). Patients on antiretroviral therapy (ART) who do 
not achieve this treatment goal or who experience virologic rebound can develop resistance mutations to one or 
more components of their regimen. Adherence to ART regimens can be challenging for some patients, and poor 
adherence can result in detectable viral loads. Depending on their treatment histories, some of these patients may 
have minimal or no drug resistance; others may have extensive resistance. Managing patients with extensive 
resistance is complex and usually requires consultation with an HIV expert. This section of the guidelines 
defines virologic failure in patients on ART and discusses strategies to manage ART in these individuals.

Virologic Response Definitions 
The following definitions are used in this section to describe the different levels of virologic response to ART:

Virologic Suppression: A confirmed HIV RNA level below the LLOD of available assays.

Virologic Failure: The inability to achieve or maintain suppression of viral replication to an HIV RNA level 
<200 copies/mL.

Incomplete Virologic Response: Two consecutive plasma HIV RNA levels ≥200 copies/mL after 24 weeks 
on an ARV regimen in a patient who has not yet had documented virologic suppression on this regimen. A 
patient’s baseline HIV RNA level may affect the time course of response, and some regimens may take longer 
than others to suppress HIV RNA levels.

Virologic Rebound: Confirmed HIV RNA level ≥200 copies/mL after virologic suppression.

Virologic Blip: After virologic suppression, an isolated detectable HIV RNA level that is followed by a return 
to virologic suppression.

Low-Level Viremia: Confirmed detectable HIV RNA level <200 copies/mL.

Antiretroviral Therapy Treatment Goals and Presence of Viremia While on  
Antiretroviral Therapy
The goal of ART is to suppress HIV replication to a level below which drug-resistance mutations do not 
emerge. Although not conclusive, the evidence suggests that selection of drug-resistance mutations does not 
occur in patients with HIV RNA levels persistently suppressed to below the LLOD of current assays.1 

Virologic blips are not usually associated with subsequent virologic failure.2 In contrast, there is controversy 
regarding the clinical implications of persistently low HIV RNA levels that are between the LLOD and <200 
copies/mL in patients on ART. Viremia at this threshold is detected with some frequency by commonly used 
real-time polymerase chain reaction (PCR) assays, which are more sensitive than the PCR-based viral load 
platforms used in the past.3-5 Findings from a large retrospective analysis showed that, as a threshold for 
virologic failure, HIV RNA levels of <200 copies/mL and <50 copies/mL had the same predictive value for 
subsequent rebound as HIV RNA levels of >200 copies/mL.6 Two other retrospective studies also support the 
supposition that virologic rebound is more likely to occur in patients with viral loads >200 copies/mL than in 
those with low-level viremia between 50 and 199 copies/mL.7,8 However, other studies have suggested that 
detectable viremia at this low level (<200 copies/mL) can be predictive of progressive viral rebound9,10 and can 
be associated with the evolution of drug resistance.11 

Persistent HIV RNA levels ≥200 copies/mL are often associated with evidence of viral evolution and 
accumulation of drug-resistance mutations.12 This association is particularly common when HIV RNA levels 
are >500 copies/mL.13 Therefore, persistent plasma HIV RNA levels ≥200 copies/mL are considered virologic 
failure.
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Causes of Virologic Failure
Virologic failure can occur for many reasons. Data from patient cohorts in the earlier era of combination ART 
suggested that suboptimal adherence and drug intolerance/toxicity are key contributors to virologic failure 
and regimen discontinuations.14,15 The presence of pre-existing (transmitted) drug resistance may also lead to 
virologic failure.16 Virologic failure may be associated with various patient/adherence-, HIV-, and regimen-
related factors, as listed below.

Patient/Adherence-Related Factors (see Adherence to the Continuum of Care)

•	�� Comorbidities that may affect adherence (e.g., active substance abuse, mental health disorders, 
neurocognitive impairment)

•	� Unstable housing and other psychosocial factors

•	� Missed clinic appointments

•	� Interruption of or intermittent access to ART

•	� Cost and affordability of ARVs (i.e., these factors may affect the ability to access or continue therapy) 

•	� Drug adverse effects 

•	� High pill burden and/or dosing frequency

HIV-Related Factors

•	�� Presence of transmitted or acquired drug-resistant virus documented by current or past resistance test 
results

•	� Prior treatment failure

•	� Innate resistance to ARVs due to viral tropism or the presence of HIV-2 infection/coinfection

•	� Higher pretreatment HIV RNA level (some regimens may be less effective at higher levels)

Antiretroviral Regimen-Related Factors

•	�� Suboptimal pharmacokinetics (PKs) (e.g., variable absorption, metabolism, or possible penetration into 
reservoirs)

•	� Suboptimal virologic potency

•	� Low genetic barrier to resistance

•	�� Reduced efficacy due to prior exposure to suboptimal regimens (e.g., monotherapy, dual nucleoside 
reverse transcriptase inhibitor (NRTI) therapy, or the sequential introduction of drugs)

•	� Food requirements

•	� Adverse drug-drug interactions with concomitant medications

•	� Prescription errors

Managing Patients with Virologic Failure
If virologic failure is suspected or confirmed, a thorough assessment of whether one or more of the above 
factors could have been the cause(s) of failure is indicated. Often the causes of virologic failure can be 
identified, but in some cases they are not obvious. It is important to distinguish among the causes of virologic 
failure because the approaches to subsequent therapy may differ. Potential causes of virologic failure should 
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be explored in depth. Once virologic failure is confirmed, steps should be undertaken to improve virologic 
outcomes. Those approaches are outlined below. 

Key Factors to Consider When Designing a New Antiretroviral Regimen

•	�� Ideally, a new ARV regimen should contain at least two, and preferably three, fully active drugs whose 
predicted activity is based on the patient’s ART history, current and previous resistance test results, or a 
new mechanistic action (AI).9,17-26 

•	�� Despite the presence of some drug resistance mutations, some ARV drugs in the regimen may still have 
partial activity against the patients’ HIV and may be retained as part of a salvage regimen. These drugs 
may include NRTIs or protease inhibitors (PIs).27 Other agents will likely have to be discontinued, as 
their continued use may lead to further accumulation of resistance mutations and jeopardize treatment 
options with newer drugs from the same drug class. These drugs may include enfuvirtide (T-20); non-
nucleoside reverse transcriptase inhibitors (NNRTIs), especially efavirenz (EFV), nevirapine (NVP), and 
rilpivirine (RPV); and the first-generation integrase strands transfer inhibitors (INSTIs) raltegravir (RAL) 
and elvitegravir (EVG).28-30 

•	�� Using a “new” drug that a patient has never used previously does not ensure that the drug will be fully 
active; there is a potential for cross-resistance among drugs from the same class. 

•	�� Archived drug-resistance mutations may not be detected by standard drug-resistance tests, particularly if 
testing is performed when the patient is not taking the drug in question. 

•	�� When constructing a salvage regimen, it is more important to consider drug potency and viral 
susceptibility based on cumulative genotype data than the number of component drugs.

•	�� Resistance testing should be performed while the patient is still taking the failing regimen or within 
4 weeks of regimen discontinuation if the patient’s plasma HIV RNA level is >1,000 copies/mL (AI), 
and possibly even if it is between 500 to 1,000 copies/mL (BII) (see Drug-Resistance Testing). In 
some patients, resistance testing should still be considered even after treatment interruptions of >4 
weeks, though clinicians should recognize that the lack of evidence of resistance in this setting does not 
exclude the possibility that resistance mutations may be present at low levels (CIII). Drug resistance 
is cumulative; thus, clinicians should evaluate the extent of drug resistance, taking into account prior 
ART history and, importantly, prior genotypic or phenotypic resistance test results. Some assays only 
detect resistance to NRTIs, NNRTIs, or PIs, whereas INSTI-resistance testing may need to be ordered 
separately. INSTI-resistance testing should be ordered in patients who experience virologic failure on an 
INSTI-based regimen. Additional drug-resistance tests for patients who experience failure on a fusion 
inhibitor (AII) and viral tropism tests for patients who experience failure on a CCR5 antagonist (BIII) 
are also available (see Drug-Resistance Testing).

•	�� Discontinuing or briefly interrupting therapy in a patient with overt or low-level viremia is not 
recommended, as it may lead to a rapid increase in HIV RNA and a decrease in CD4 T lymphocyte 
(CD4) cell count, and it increases the risk of clinical progression (AI)27,31 (see Discontinuation or 
Interruption of Antiretroviral Therapy).

•	�� When switching an ARV regimen in a patient with hepatitis B virus (HBV)/HIV coinfection, ARV drugs 
that are active against HBV should be continued as part of the new regimen. Discontinuation of these 
drugs may lead to the reactivation of HBV, which may result in serious hepatocellular damage (see 
Hepatitis B (HBV)/HIV Coinfection). 

Antiretroviral Strategies

•	�� In general, patients who receive at least three active drugs experience better and more sustained virologic 
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response than those receiving fewer active drugs. These three drugs should be selected based on the patient’s 
ART history and a review of their drug-resistance test results, both past and present.18,19,21,22,32-34 

•	�� Active drugs are ARVs that, based on current and previous resistance test results and ART history, are 
expected to have antiviral activity equivalent to the activity seen when there is no resistance to the specific 
drugs. ARVs with partial activity are those predicted to reduce HIV RNA, but to a lesser extent than when 
there is no underlying drug resistance. 

•	�� Active drugs may be newer members of existing drug classes that are active against HIV isolates that are 
resistant to older drugs in the same classes (e.g., etravirine [ETR], darunavir [DRV], and dolutegravir [DTG]).

•	�� An active drug may also be one with a mechanism of action that is different from the mechanisms of the ARV 
drugs that were previously used in that individual (e.g., the fusion inhibitor enfuvirtide, the CCR5 antagonist 
maraviroc in patients with no detectable CXCR4-using virus, and some investigational ARV drugs). 

•	�� An increasing number of studies in ART-naive and ART-experienced patients have shown that an active, 
pharmacokinetically enhanced PI plus one other active drug or several partially active drugs will effectively 
reduce viral load in most patients.35-38 

•	�� In the presence of certain resistance mutations, some ARVs, such as DTG, darunavir/ritonavir (DRV/r), and 
lopinavir/ritonavir (LPV/r), need to be given twice daily instead of once daily to achieve the higher drug 
concentrations necessary to be active against a less-sensitive virus.39,40 

Addressing Patients with Different Levels of Viremia 
Patients with detectable viral loads comprise a heterogenous group of individuals with different ART exposure 
histories, extents of drug resistance, durations of virologic failure, and levels of plasma viremia. Management 
strategies should be individualized. The first steps for all patients with detectable viral loads are to confirm 
the level of HIV viremia and assess and address adherence and potential drug-drug interactions (including 
interactions with over-the-counter products and supplements) and drug-food interactions. Some general 
approaches based on level of viremia are addressed below.

•	�� HIV RNA Above the LLOD and <200 copies/mL: Patients who have these HIV RNA levels (i.e., blips) do 
not typically require a change in treatment (AII).4 Although there is no consensus on how to manage these 
patients, the risk that resistance will emerge is believed to be relatively low. Therefore, these patients should 
continue their current regimens and have HIV RNA levels monitored at least every 3 months to assess the 
need for changes to ART in the future (AIII). 

•	�� HIV RNA Levels ≥200 and <1,000 copies/mL: In contrast to patients with detectable HIV RNA levels that 
are persistently <200 copies/mL, those with levels that are persistently ≥200 copies/mL often develop drug 
resistance, particularly when HIV RNA levels are >500 copies/mL.7,8 Persistent plasma HIV RNA levels in 
the 200 to 1,000 copies/mL range should be considered virologic failure, and resistance testing should be 
attempted, particularly in patients with HIV RNA levels >500 copies/mL. Management approaches should 
be the same as for patients with HIV RNA >1,000 copies/mL (as outlined below). When resistance testing 
cannot be performed because of low HIV RNA levels, the decision of whether to empirically change ARVs 
should be made on a case-by-case basis, taking into account whether a new regimen that is expected to fully 
suppress viremia can be constructed.

•	�� HIV RNA ≥1,000 copies/mL and No Drug Resistance Mutations Identified Using Current or Previous 
Genotypic Resistance Test Results: This scenario is almost always associated with suboptimal adherence. 
Conduct a thorough assessment to determine the level of adherence, identify and address the underlying 
cause(s) for incomplete adherence and, if possible, simplify the regimen (e.g., decrease pill count, simplify 
food requirement or dosing frequency; see Adherence to the Continuum of Care). Approaches include: 
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	� •	�� Assessing the patient’s tolerance of the current regimen and the severity and duration of side effects, 
keeping in mind that even minor side effects can affect adherence. 

	� •	�� Addressing intolerance by treating symptoms (e.g., with antiemetics or antidiarrheals), switching 
one ARV in a regimen to another agent in the same drug class, or switching from one drug class to 
another class (e.g., from a NNRTI to a PI or an INSTI; see Adverse Effects of Antiretroviral Agents). 

	� •	�� Reviewing food requirements for each medication and assessing whether the patient adheres to the 
requirements. 

	� •	�� Assessing whether there is a recent history of gastrointestinal symptoms (e.g., vomiting or diarrhea) 
that may result in short-term malabsorption. 

	� •	�� Reviewing concomitant medications and dietary supplements for possible adverse drug-drug 
interactions (consult Drug Interactions and Tables 21a–22b for common interactions) and, if possible, 
making appropriate substitutions for ARV agents and/or concomitant medications. 

	� •	�� Considering therapeutic drug monitoring if PK drug-drug interactions or impaired drug absorption 
leading to decreased ARV exposure is suspected.

	� •	�� Considering the timing of the drug-resistance test (e.g., was the patient mostly or completely ART-
nonadherent for >4 weeks before testing?). 

	�	�  •	�� If the current regimen is well tolerated and there are no significant drug-drug or drug-food 
interactions, it is reasonable to continue the same regimen. 

	�	�  •	�� If the agents are poorly tolerated or there are important drug-drug or drug-food interactions, 
consider changing the regimen to an equally effective but more tolerable regimen. 

	�	�  •	�� Repeat viral load testing 2 to 4 weeks after treatment is resumed or started; if viral load remains 
>500 copies/mL, perform genotypic testing to determine whether a resistant viral strain has 
emerged (CIII).

•	�� HIV RNA >1,000 copies/mL and Drug Resistance Identified: If new or previously detected resistance 
mutations compromise the regimen, the regimen should be modified as soon as possible in order to 
avoid progressive accumulation of resistance mutations.41 In addition, several studies have shown that 
virologic responses to new and active regimens are greater in individuals with lower HIV RNA levels 
and/or higher CD4 cell counts at the time of regimen changes; thus, the change is best done before 
viremia worsens or CD4 count declines.9,42 The availability of newer ARVs, including some with new 
mechanisms of action, makes it possible to suppress HIV RNA levels to below the LLOD in most of 
these patients. The options in this setting depend on the extent of drug resistance and are addressed in the 
clinical scenarios outlined below.

Managing Virologic Failure in Different Clinical Scenarios 
See Table 11 for a summary of these recommendations.

Virologic Failure with First Antiretroviral Regimen 

•	�� NNRTI plus NRTI Regimen Failure: These patients often have viral resistance to the NNRTI, 
with or without the M184V/I mutation, which confers high-level resistance to lamivudine (3TC) and 
emtricitabine (FTC). Additional NRTI mutations may also be present. Below are some switch options.

	� •	�� Boosted PI plus Two NRTIs: Three large randomized controlled trials (primarily conducted in 
resource-limited settings where NNRTI-based regimens have been used as first-line therapy) have 
explored different second-line regimen options. The studies found that regimens containing LPV/r 
plus two NRTIs were as effective as regimens containing LPV/r plus RAL.37,38,43 Even though 
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LPV/r was the PI used in these studies, it is likely that other PK-boosted PIs (DRV/r or atazanavir/
ritonavir [ATV/r]) would have similar activities and may be tolerated better, although this has not 
been demonstrated in large clinical trials. The EARNEST study randomized participants to receive 
LPV/r plus two or three investigator-selected NRTIs, LPV/r plus RAL, or LPV alone. Participants 
did not undergo resistance testing before randomization.38 Lower rates of virologic suppression were 
seen with LPV/r monotherapy, confirming that ritonavir-boosted PI (PI/r) monotherapy cannot be 
recommended (AI).38,44 The virologic responses were similar in the LPV/r plus NRTIs arm and the 
LPV/r plus RAL arm. A post-hoc analysis showed that viral suppression was achieved in over 80% of 
the participants who received either no active NRTIs or one active NRTI in their new regimens.45 It 
should be noted that most of the participants received thymidine analogs (stavudine or zidovudine—
NRTIs that are no longer used in first-line regimens in the United States) plus 3TC. The authors of 
this trial suggest that, as a public health approach, resistance testing after first-line failure may not 
be necessary in resource-limited countries. However, in settings where genotype resistance tests are 
available, the Panel recommends using a PK-boosted PI plus two NRTIs (at least one of which is 
active) in a regimen (AIII).

	� •	�� DTG plus One or Two Active NRTIs: In the DAWNING trial, patients who experienced virologic 
failure while on a first-line, NNRTI-based regimen were randomized to receive either LPV/r or DTG; 
each of these drugs was given with two NRTIs, one of which had to be fully active based on real-time 
resistance testing. The study was stopped early after an interim analysis showed that the DTG arm 
was superior to the LPV/r arm.46 Thus, DTG plus two NRTIs (at least one of which is active) can be 
an option after failure of a first-line, NNRTI-based therapy (AI). Bictegravir (BIC) may have activity 
that is similar to that of DTG; however, there are currently no data to support its use. There are 
limited to no data available on the efficacy of EVG or RAL to recommend the use of these INSTIs in 
the setting of first line NNRTI-based therapy failure.

	� •	�� Boosted PI plus an INSTI: As noted earlier, a regimen consisting of LPV/r plus RAL was found to 
be as effective as LPV/r plus two NRTIs.37,38,43 Thus, LPV/r plus RAL can also be a treatment option 
for those who experienced virologic failure on an NNRTI-based regimen (AI). Although data are 
limited, DTG combined with a PK-boosted PI may also be an option in this setting (AIII). There 
are no data on the efficacy of BIC or EVG with boosted PI in the setting of first line NNRTI-based 
therapy failure. 

Preliminary data from Botswana suggested that there is an increased risk of neural tube defects (NTDs) in 
infants born to individuals who were receiving DTG at the time of conception.47,48 Pregnancy testing should 
therefore be performed for those of childbearing potential prior to initiation of DTG. DTG should not be 
prescribed for patients who are pregnant and within 12 weeks post-conception. It is also not recommended 
for those of childbearing potential who desire pregnancy or who are sexually active and not using effective 
contraception. Though BIC is not specifically considered in this section, clinicians should be aware of the 
structural similarity of BIC and DTG. Since there are no safety data on the use of BIC around the time of 
conception to guide evidence-based recommendations, an approach similar to that outlined for DTG may be 
implemented before considering the use of BIC-containing ART in those of childbearing potential.

•	�� PK-Boosted PI plus NRTI Regimen Failure: In this scenario, most patients will have either no 
resistance or resistance that is limited to 3TC and FTC.49,50 Failure in this setting is often attributed to 
poor adherence, drug-drug interactions, or drug-food interactions. Below are some management options.

	� •	�� Maintain on Same Regimen: A systematic review of multiple randomized trials that investigated the 
failures of first-line, PI/r-based regimens showed that maintaining the same regimen while making 
efforts to enhance adherence is as effective as changing to new regimens with or without drugs from 
new classes (AII).51 If the regimen is well tolerated and there are no concerns regarding drug-drug or 
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drug-food interactions or drug resistance, then the regimen can be continued with adherence support 
and viral monitoring. 

	� •	�� Switch to Another Regimen: If poor tolerability, drug interactions, or drug resistance may be 
contributing to virologic failure, then the regimen can be modified to:

	�	�  •	� A different boosted PI plus two NRTIs (at least one of which is active) (AIII); or
	�	�  •	� A different boosted PI plus an INSTI (BIII); or
	�	�  •	�� An INSTI plus two NRTIs (at least one of which is active) (AIII). As noted above, if only one of 

the NRTIs is fully active or if adherence is a concern, DTG is the recommended INSTI (AIII). 
Before considering the use of DTG in persons who are pregnant or who are of childbearing 
potential, please refer to the earlier discussion regarding the use of DTG and the potential risk of 
NTDs in infants. There are limited to no data on the efficacy of BIC or EVG in this setting.

•	�� INSTI plus NRTI Regimen Failure: Virologic failure in patients on a regimen that consists of RAL or 
EVG plus two NRTIs may be associated with emergent resistance to 3TC/FTC and possibly the INSTI.52 
Viruses with EVG or RAL resistance often remain susceptible to DTG.42 In contrast, in clinical trials, 
persons who experienced virologic failure while receiving BIC or DTG plus two NRTIs as first-line 
therapy were unlikely to develop phenotypic resistance to BIC or DTG.52-54 There are no clinical trial data 
to guide therapy for first-line INSTI failures; therefore, treatment strategy should be based on resistance 
test results and the potential potency of the next regimen. Below are some treatment options, based on 
resistance pattern considerations.

	 •	�� Virologic Failure without Any Resistance Mutations: The patient should be managed as outlined 
above in the section on virologic failure without resistance. 

	 •	� Virologic Failure without INSTI Resistance: The regimen can be modified to:
		�  •	� A boosted PI plus two NRTIs (at least one of which is active) (AIII); or 
		�  •	� A boosted PI plus an INSTI (AIII); or
		�  •	� DTG plus two NRTIs (at least one of which is active) (AIII). 

	 •	�� Virologic Failure with Resistance to RAL and EVG but Susceptibility to DTG: The regimen can 
be modified to:

		�  •	� A boosted PI plus two NRTIs (at least one of which is active) (AIII); or
		�  •	� Twice-daily DTG plus two NRTIs (at least one of which is active) (AIII); or
		�  •	� Twice-daily DTG plus a PK-boosted PI (AIII). 

	� There are currently no data on the efficacy of BIC in patients who experience virologic failure while on 
an EVG- or RAL-based regimen; therefore, this drug cannot be recommended in this setting. 

Second-Line Regimen Failure and Beyond
Drug Resistance with Fully Active Antiretroviral Therapy Options
Using a patient’s treatment history and drug-resistance data, a clinician can decide whether to include a fully 
active PK-boosted PI in future regimens. For example, those who have no documented PI resistance and 
have previously never been treated with an unboosted PI likely harbor virus that is fully susceptible to PIs. In 
this setting, viral suppression should be achievable using a PK-boosted PI combined with either two NRTIs 
or an INSTI—provided the virus is susceptible to these drugs. If a fully active, PK-boosted PI is not an 
option, the new regimen should include at least two, and preferably three, fully active agents. Drugs should 
be selected based on the likelihood that they will be active, as determined by the patient’s treatment history, 
past and present drug-resistance testing, and tropism testing if a CCR5 antagonist is being considered.
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Multidrug Resistance without Fully Active Antiretroviral Therapy Options
Use of currently available ARVs has resulted in a dramatic decline in the number of patients who have few 
treatment options because of multiclass drug resistance.55,56 Despite this progress, there remain patients who 
have experienced toxicities and/or developed resistance to all or most currently available drugs. If maximal 
virologic suppression cannot be achieved, the goals of ART will be to preserve immunologic function, 
prevent clinical progression, and minimize the development of further resistance that may compromise 
future regimens. Consensus on the optimal management of these patients is lacking. If resistance to 
NNRTIs, T-20, DTG, EVG, or RAL are identified, there is rarely a reason to continue using these drugs, as 
there is little evidence that keeping them on the regimen helps delay disease progression (BII). Moreover, 
continuing these drugs (in particular INSTIs) may allow for selection of additional resistance mutations 
and development of within-class cross resistance that may limit future treatment options. It should be noted 
that even partial virologic suppression of HIV RNA to >0.5 log10 copies/mL from baseline correlates with 
clinical benefit.55,57 Cohort studies provide evidence that continuing therapy, even in the presence of viremia 
and the absence of CD4 cell count increases, reduces the risk of disease progression.58 Other cohort studies 
suggest continued immunologic and clinical benefits with even modest reductions in HIV RNA levels.59,60 
However, these potential benefits must be balanced with the ongoing risk of accumulating additional 
resistance mutations. In general, adding a single fully active ARV to the regimen is not recommended 
because of the risk of rapid development of resistance (BII). 

Before considering the use of DTG in persons who are pregnant or who are of childbearing potential, please 
refer to the earlier discussion regarding the use of DTG and the potential risk of NTDs in infants. When 
DTG is the only treatment option, or one of few treatment options, providers should counsel individuals 
who are pregnant or of childbearing potential about the possible association between NTDs and DTG use 
during conception. Providers should also discuss the risks of persistent viremia in the patient and the risk of 
HIV transmission to the fetus if pregnancy occurs while the patient is not on effective ART. The decision of 
whether to initiate or continue DTG should be made after careful consideration of all these risks. 

Patients with ongoing detectable viremia who lack sufficient treatment options to construct a fully 
suppressive regimen may be candidates for the recently approved CD4 post-attachment inhibitor ibalizumab 
(IBA).61 A single-arm, multicenter clinical trial enrolled 40 heavily ART-experienced participants who had 
multidrug-resistant HIV and who were experiencing virologic failure on an ARV regimen. Subjects received 
intravenous infusions of IBA every 2 weeks in addition to an optimized background regimen that included 
at least one additional agent to which the subject’s virus was susceptible. At week 24, 43% of participants 
achieved HIV RNA <50 copies/mL, and 50% of participants achieved HIV RNA <200 copies/mL.62 Of 
the 27 participants who continued on to the 48-week follow-up study, 59% and 63% had HIV RNA <50 
copies/mL and <200 copies/mL, respectively. All 15 patients who had HIV RNA <50 copies/mL at week 24 
maintained viral suppression up to week 48.63

Patients with ongoing detectable viremia who lack sufficient treatment options to construct a fully 
suppressive regimen may also be candidates for research studies or expanded access programs, or they may 
qualify for single-patient access to an investigational new drug as specified in Food and Drug Administration 
regulations. Information about agents that are in late-stage clinical studies (e.g., fostemsavir, PRO-140), can 
be found in the drug fact sheets available on AIDSinfo’s website.

Previously Treated Patients with Suspected Drug Resistance Who Present with Limited Information 
(Incomplete or No Self-Reported History, Medical Records, or Resistance Test Results)
Every effort should be made to obtain the patient’s ARV history and prior drug-resistance test results; 
however, this may not always be possible. One strategy is to restart the most recent ARV regimen and assess 
drug resistance in 2 to 4 weeks to guide the selection of the next regimen. Another strategy is to start two 
or three drugs that are predicted to be active based on the patient’s treatment history. If there is no available 
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ARV history, a clinician may consider using agents with a high barrier to resistance, such as twice-daily DTG 
and/or boosted DRV, as part of the regimen. Before considering the use of DTG in persons who are pregnant 
or who are of childbearing potential, please refer to the earlier discussion regarding the use of DTG and the 
potential risk of NTDs in infants. HIV RNA and resistance testing should be obtained approximately 2 to 4 
weeks after re-initiation of therapy, and patients should be closely monitored for virologic responses. Lastly, 
clinicians should be aware of the structural similarity between BIC and DTG. Since there are no safety data 
for the use of BIC around the time of conception to guide evidence-based recommendations, an approach 
similar to that outlined for DTG may be implemented before considering BIC-containing ART in those of 
childbearing potential.

Table 11. Antiretroviral Options for Patients with Virologic Failure

Designing a new regimen for patients with treatment failure should always be guided by ARV history and 
results from current and past resistance testing. This table summarizes the text above and displays the most 
common or likely clinical scenarios seen in patients with virologic failure. For more detailed descriptions, 
please refer to the text above and/or consult an expert in drug resistance to assist in the design of a new 
regimen. It is also crucial to provide continuous adherence support to all patients before and after regimen 
changes. 

Preliminary data from Botswana suggested that there is an increased risk of NTDs in infants born to 
individuals who were receiving DTG at the time of conception.47,48 Pregnancy testing should therefore be 
performed for those of childbearing potential prior to initiation of DTG. If there is an alternative option, 
DTG should not be prescribed for those who are pregnant and within 12 weeks post-conception or those 
who are of childbearing potential and who are planning to become pregnant or who are not using effective 
contraception. When DTG is the only treatment option, or one of few treatment options, providers should 
counsel individuals who are pregnant or of childbearing potential about the possible association between 
NTDs and DTG use during conception. The decision of whether to initiate or continue DTG should be made 
after careful consideration of this risk and the risks of persistent viremia in the patient and HIV transmission 
to the fetus if pregnancy occurs while the patient is not on effective ART.  

Clinical 
Scenario

Type of 
Failing 

Regimen
Resistance Considerations New Regimen Optionsa,b Goal

First Regimen 
Failure

NNRTI plus 
2 NRTIs

Most likely resistant to NNRTI +/- 
3TC/FTC (i.e., NNRTI mutations 
+/- M184V/I).c Additional NRTI 
mutations may also be present.

• �Boosted PI plus 2 NRTIs (at least 1 active) 
(AIII); or

• �DTGd plus 2 NRTIs (at least 1 active) (AI); or
• �Boosted PI plus INSTI (AIII)

Resuppression

Boosted 
PI plus 2 
NRTIs

Most likely no resistance, or 
resistance only to 3TC/FTC (i.e., 
M184V/I, without resistance to 
other NRTIs)c

• �Continue same regimen (AII); or
• �Another boosted PI plus 2 NRTIs (at least 1 

active) (AII); or
• �INSTI plus 2 NRTIs (at least 1 active; if only 

1 of the NRTIs is fully active, or, if adherence 
is a concern, DTGd is preferred over the other 
INSTIs) (AIII); or

• �Another boosted PI plus INSTI (BIII)

Resuppression

INSTI plus 
2 NRTIs

No INSTI resistance (can 
have 3TC/FTC resistance, i.e., 
only M184V/I, usually without 
resistance to other NRTIs)c

• �Boosted PI plus 2 NRTIs (at least 1 active) 
(AIII); or

• �DTGd plus 2 NRTIs (at least 1 active) (AIII); or
• �Boosted PI plus INSTI (BIII)

Resuppression
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Clinical 
Scenario

Type of 
Failing 

Regimen
Resistance Considerations New Regimen Optionsa,b Goal

First Regimen 
Failure, 
continued

INSTI plus 
2 NRTIs

EVG or RAL +/- 3TC/FTC 
resistance

Resistance to first-line BIC or 
DTG is rare 

• �Boosted PI plus 2 NRTIs (at least 1 active) 
(AIII); or

• �DTGd,e twice daily (if patient is sensitive to 
DTG) plus 2 active NRTIs (AIII); or

• �DTGd,e twice daily (if patient is sensitive to 
DTG) plus a boosted PI (AIII)

• �BIC has not been studied in this setting and 
cannot be recommended.

Resuppression

Second 
Regimen Failure 
and Beyond 

Drug 
resistance 
with active 
treatment 
options

Use past and current genotypic 
+/- phenotypic resistance testing 
and ART history in designing new 
regimen

• �At least 2, and preferably 3, fully active agents 
(AI)

• �Partially active drugs may be used when no 
other options are available

• �Consider using an ARV with a different 
mechanism of action 

Resuppression

Multiple or 
extensive 
drug 
resistance 
with few 
treatment 
options

Use past and current genotypic 
and phenotypic resistance testing 
to guide therapy

Consider viral tropism assay if 
use of MVC is considered

Consult an expert in drug 
resistance, if needed

• �Identify as many active or partially active drugs 
as possible based on resistance test results

• �Consider using an ARV with a different 
mechanism of action 

• �Consider enrollment into clinical trials or 
expanded access programs for investigational 
agents, if available

• �Discontinuation of ARVs is not recommended.

Resuppression, 
if possible; 
otherwise, 
keeping viral 
load as low as 
possible and 
CD4 cell count 
as high as 
possible

Previously 
on Treatment, 
Suspected Drug 
Resistance, 
Limited or 
Incomplete ART 
and Resistance 
History

Unknown Obtain medical records if possible

Resistance testing may be helpful 
in identifying drug resistance 
mutations, even if the patient has 
been off ART. Keep in mind that 
resistance mutations may not be 
detected in the absence of drug 
pressure.

• �Consider restarting the old regimen, and obtain 
viral load and resistance testing 2–4 weeks 
after reintroduction of therapy

• �If there is no available ARV history, consider 
initiating a regimen with drugs with high 
genetic barriers to resistance (e.g., DTGd,e and/
or boosted DRV)

Resuppression

Table 11. Antiretroviral Options for Patients with Virologic Failure  

a There are insufficient data to provide a recommendation for the continuation of 3TC/FTC in the presence of M184V/I.
b �When switching an ARV regimen in a patient with HIV/HBV coinfection, ARV drugs that are active against HBV should be continued as 

part of the new regimen. Discontinuation of these drugs may lead to the reactivation of HBV, which may result in serious hepatocellular 
damage.

c If other NRTI resistance mutations are present, use resistance test results to guide NRTI usage in the new regimen.
d �Preliminary data from Botswana suggested that there is an increased risk of NTDs in infants born to those who were receiving DTG at 

the time of conception.47,48 Pregnancy testing should therefore be performed for those of childbearing potential prior to initiation of DTG. 
Please refer to the discussion at the beginning of this table for further recommendations.

e Response to DTG depends on the type and number of INSTI mutations.

Key to Acronyms: 3TC = lamivudine; ART = antiretroviral therapy; ARV = antiretroviral; BIC = bictegravir; CD4 = CD4 T lymphocyte; 
DRV = darunavir; DTG = dolutegravir; EVG = elvitegravir; FTC = emtricitabine; HBV = hepatitis B virus; INSTI = integrase strand transfer 
inhibitor; MVC = maraviroc; NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; 
NTD = neural tube defect; PI = protease inhibitor; RAL = raltegravir
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Isolated Central Nervous System Virologic Failure and Neurologic Symptoms
Presentation with new-onset central nervous system (CNS) signs and symptoms has been reported as a 
rare form of “compartmentalized” virologic failure. These patients present with new, usually subacute, 
neurological symptoms associated with breakthrough of HIV infection within the CNS compartment despite 
plasma HIV RNA suppression.64-66 Clinical evaluation frequently shows abnormalities on magnetic resonance 
imaging and abnormal cerebrospinal fluid (CSF) findings with characteristic lymphocytic pleocytosis.67 
Measurement of CSF HIV RNA shows higher concentrations in the CSF than in plasma, and in most (though 
not all) patients, there is evidence of drug-resistant CSF virus. Drug-resistance testing of HIV in CSF can be 
used to guide changes in the treatment regimen according to principles outlined above for plasma HIV RNA 
resistance (CIII). In these patients, it may also be useful to consider CNS PKs in drug selection to assure 
adequate concentrations of drugs within the CNS (CIII). If CSF HIV resistance testing is not available, the 
regimen may be changed based on the patient’s treatment history or on predicted drug penetration into the 
CNS (CIII).68-71 

This “neurosymptomatic” CNS viral escape should be distinguished from: 

•	�� The incidental detection of asymptomatic and mild CSF HIV RNA elevation that is usually transient with 
low levels of CSF HIV RNA, likely equivalent to plasma blips;72,73 or 

•	�� A transient increase in CSF HIV RNA that is related to other CNS infections that can induce a brief 
increase in CSF HIV RNA (e.g., herpes zoster74). 

There does not appear to be an association between these asymptomatic CSF HIV RNA elevations and 
the relatively common chronic, usually mild, neurocognitive impairment in patients with HIV who show 
no evidence of CNS viral breakthrough.75 Unlike the “neurosymptomatic” CNS viral escape, these latter 
conditions do not currently warrant a change in ART.76

Summary
The management of treatment-experienced patients with virologic failure often requires expert advice to 
construct virologically suppressive regimens. Before modifying a regimen, it is critical to carefully evaluate 
the potential cause(s) of virologic failure, including incomplete adherence, poor tolerability, and drug and 
food interactions, as well as review HIV RNA and CD4 cell count changes over time, complete treatment 
history, and current and previous drug-resistance test results. If HIV RNA suppression is not possible with 
currently approved agents, consider the use of investigational agents through participation in clinical trials 
or expanded/single-patient access programs. If virologic suppression is still not achievable, the choice of 
regimens should focus on minimizing toxicity and preserving treatment options while maintaining CD4 cell 
counts to delay clinical progression. 

References
1.	� Kieffer TL, Finucane MM, Nettles RE, et al. Genotypic analysis of HIV-1 drug resistance at the limit of detection: 

virus production without evolution in treated adults with undetectable HIV loads. J Infect Dis. 2004;189(8):1452-1465. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/15073683.

2.	� Nettles RE, Kieffer TL, Kwon P, et al. Intermittent HIV-1 viremia (blips) and drug resistance in patients receiving 
HAART. JAMA. 2005;293(7):817-829. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15713771.

3.	� Lima V, Harrigan R, Montaner JS. Increased reporting of detectable plasma HIV-1 RNA levels at the critical threshold 
of 50 copies per milliliter with the Taqman assay in comparison to the Amplicor assay. J Acquir Immune Defic Syndr. 
2009;51(1):3-6. Available at: https://www.ncbi.nlm.nih.gov/pubmed/19247185.

4.	� Gatanaga H, Tsukada K, Honda H, et al. Detection of HIV type 1 load by the Roche Cobas TaqMan assay in patients 
with viral loads previously undetectable by the Roche Cobas Amplicor Monitor. Clin Infect Dis. 2009;48(2):260-262. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/19113986.



Downloaded from https://aidsinfo.nih.gov/guidelines on 9/13/2019

Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV	 H-13

5.	� Willig JH, Nevin CR, Raper JL, et al. Cost ramifications of increased reporting of detectable plasma HIV-1 RNA levels 
by the Roche COBAS AmpliPrep/COBAS TaqMan HIV-1 version 1.0 viral load test. J Acquir Immune Defic Syndr. 
2010;54(4):442-444. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20611035.

6.	� Ribaudo H, Lennox J, Currier J, et al. Virologic failure endpoint definition in clinical trials: Is using HIV-1 RNA 
threshold <200 copies/mL better than <50 copies/mL? An analysis of ACTG studies. Presented at: Conference on 
Retroviruses and Opportunistic Infections. 2009. Montreal, Canada.

7.	� Antiretroviral Therapy Cohort Collaboration. Impact of low-level viremia on clinical and virological outcomes in treated 
HIV-1-infected patients. AIDS. 2015;29(3):373-383. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25686685.

8.	� Boillat-Blanco N, Darling KE, Schoni-Affolter F, et al. Virological outcome and management of persistent low-level 
viraemia in HIV-1-infected patients: 11 years of the Swiss HIV Cohort Study. Antivir Ther. 2014. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/24964403.

9.	� Eron JJ, Cooper DA, Steigbigel RT, et al. Efficacy and safety of raltegravir for treatment of HIV for 5 years in the 
BENCHMRK studies: final results of two randomised, placebo-controlled trials. Lancet Infect Dis. 2013;13(7):587-596. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/23664333.

10.	� Laprise C, de Pokomandy A, Baril JG, Dufresne S, Trottier H. Virologic failure following persistent low-level viremia 
in a cohort of HIV-positive patients: results from 12 years of observation. Clin Infect Dis. 2013;57(10):1489-1496. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/23946221.

11.	� Taiwo B, Gallien S, Aga S, et al. HIV drug resistance evolution during persistent near-target viral suppression. Antiviral 
Therapy. 2010;15:A38. 

12.	� Aleman S, Soderbarg K, Visco-Comandini U, Sitbon G, Sonnerborg A. Drug resistance at low viraemia in HIV-1-
infected patients with antiretroviral combination therapy. AIDS. 2002;16(7):1039-1044. Available at: https://www.ncbi.
nlm.nih.gov/pubmed/11953470.

13.	� Karlsson AC, Younger SR, Martin JN, et al. Immunologic and virologic evolution during periods of intermittent and 
persistent low-level viremia. AIDS. 2004;18(7):981-989. Available at: https://www.ncbi.nlm.nih.gov/pubmed/15096800.

14.	� d’Arminio Monforte A, Lepri AC, Rezza G, et al. Insights into the reasons for discontinuation of the first highly active 
antiretroviral therapy (HAART) regimen in a cohort of antiretroviral naive patients. I.CO.N.A. Study Group. Italian 
Cohort of Antiretroviral-Naive Patients. AIDS. 2000;14(5):499-507. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/10780712.

15.	� Mocroft A, Youle M, Moore A, et al. Reasons for modification and discontinuation of antiretrovirals: results from a 
single treatment centre. AIDS. 2001;15(2):185-194. Available at: https://www.ncbi.nlm.nih.gov/pubmed/11216926.

16.	� Paredes R, Lalama CM, Ribaudo HJ, et al. Pre-existing minority drug-resistant HIV-1 variants, adherence, and risk 
of antiretroviral treatment failure. J Infect Dis. 2010;201(5):662-671. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/20102271.

17.	� Cooper DA, Steigbigel RT, Gatell JM, et al. Subgroup and resistance analyses of raltegravir for resistant HIV-1 infection. 
N Engl J Med. 2008;359(4):355-365. Available at: https://www.ncbi.nlm.nih.gov/pubmed/18650513.

18.	� Lazzarin A, Clotet B, Cooper D, et al. Efficacy of enfuvirtide in patients infected with drug-resistant HIV-1 in Europe 
and Australia. N Engl J Med. 2003;348(22):2186-2195. Available at: https://www.ncbi.nlm.nih.gov/pubmed/12773645.

19.	� Lalezari JP, Henry K, O’Hearn M, et al. Enfuvirtide, an HIV-1 fusion inhibitor, for drug-resistant HIV infection in 
North and South America. N Engl J Med. 2003;348(22):2175-2185. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/12637625.

20.	� Reynes J, Arasteh K, Clotet B, et al. TORO: ninety-six-week virologic and immunologic response and safety evaluation 
of enfuvirtide with an optimized background of antiretrovirals. AIDS Patient Care STDS. 2007;21(8):533-543. Available 
at: https://www.ncbi.nlm.nih.gov/pubmed/17711378.

21.	� Clotet B, Bellos N, Molina JM, et al. Efficacy and safety of darunavir-ritonavir at week 48 in treatment-experienced 
patients with HIV-1 infection in POWER 1 and 2: a pooled subgroup analysis of data from two randomised trials. 
Lancet. 2007;369(9568):1169-1178. Available at: https://www.ncbi.nlm.nih.gov/pubmed/17416261.

22.	� Steigbigel RT, Cooper DA, Kumar PN, et al. Raltegravir with optimized background therapy for resistant HIV-1 
infection. N Engl J Med. 2008;359(4):339-354. Available at: https://www.ncbi.nlm.nih.gov/pubmed/18650512.

23.	� Katlama C, Haubrich R, Lalezari J, et al. Efficacy and safety of etravirine in treatment-experienced, HIV-1 patients: 
pooled 48 week analysis of two randomized, controlled trials. AIDS. 2009;23(17):2289-2300. Available at: https://www.



Downloaded from https://aidsinfo.nih.gov/guidelines on 9/13/2019

Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV	 H-14

ncbi.nlm.nih.gov/pubmed/19710593.

24.	� Gulick RM, Lalezari J, Goodrich J, et al. Maraviroc for previously treated patients with R5 HIV-1 infection. N Engl J 
Med. 2008;359(14):1429-1441. Available at: https://www.ncbi.nlm.nih.gov/pubmed/18832244.

25.	� Fatkenheuer G, Nelson M, Lazzarin A, et al. Subgroup analyses of maraviroc in previously treated R5 HIV-1 infection. N 
Engl J Med. 2008;359(14):1442-1455. Available at: https://www.ncbi.nlm.nih.gov/pubmed/18832245.

26.	� Cahn P, Pozniak AL, Mingrone H, et al. Dolutegravir versus raltegravir in antiretroviral-experienced, integrase-inhibitor-
naive adults with HIV: week 48 results from the randomised, double-blind, non-inferiority SAILING study. Lancet. 
2013;382(9893):700-708. Available at: http://www.ncbi.nlm.nih.gov/pubmed/23830355.

27.	� Deeks SG, Wrin T, Liegler T, et al. Virologic and immunologic consequences of discontinuing combination 
antiretroviral-drug therapy in HIV-infected patients with detectable viremia. N Engl J Med. 2001;344(7):472-480. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/11172188.

28.	� Deeks SG, Hoh R, Neilands TB, et al. Interruption of treatment with individual therapeutic drug classes in adults with 
multidrug-resistant HIV-1 infection. J Infect Dis. 2005;192(9):1537-1544. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/16206068.

29.	� Deeks SG, Lu J, Hoh R, et al. Interruption of enfuvirtide in HIV-1 infected adults with incomplete viral suppression 
on an enfuvirtide-based regimen. J Infect Dis. 2007;195(3):387-391. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/17205477.

30.	� Wirden M, Simon A, Schneider L, et al. Raltegravir has no residual antiviral activity in vivo against HIV-1 with 
resistance-associated mutations to this drug. J Antimicrob Chemother. 2009;64(5):1087-1090. Available at: https://www.
ncbi.nlm.nih.gov/pubmed/19717396.

31.	� Lawrence J, Mayers DL, Hullsiek KH, et al. Structured treatment interruption in patients with multidrug-resistant 
human immunodeficiency virus. N Engl J Med. 2003;349(9):837-846. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/12944569.

32.	� Hicks CB, Cahn P, Cooper DA, et al. Durable efficacy of tipranavir-ritonavir in combination with an optimised 
background regimen of antiretroviral drugs for treatment-experienced HIV-1-infected patients at 48 weeks in the 
Randomized Evaluation of Strategic Intervention in multi-drug reSistant patients with Tipranavir (RESIST) studies: an 
analysis of combined data from two randomised open-label trials. Lancet. 2006;368(9534):466-475. Available at: https://
www.ncbi.nlm.nih.gov/pubmed/16890833.

33.	� Molina JM, Lamarca A, Andrade-Villanueva J, et al. Efficacy and safety of once daily elvitegravir versus twice daily 
raltegravir in treatment-experienced patients with HIV-1 receiving a ritonavir-boosted protease inhibitor: randomised, 
double-blind, phase 3, non-inferiority study. Lancet Infect Dis. 2012;12(1):27-35. Available at: http://www.ncbi.nlm.nih.
gov/pubmed/22015077.

34.	� Reece R, Delong A, Matthew D, Tashima K, Kantor R. Accumulated pre-switch resistance to more recently introduced 
one-pill-once-a-day antiretroviral regimens impacts HIV-1 virologic outcome. J Clin Virol. 2018;105:11-17. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/29807234.

35.	� Cahn P, Andrade-Villanueva J, Arribas JR, et al. Dual therapy with lopinavir and ritonavir plus lamivudine versus triple 
therapy with lopinavir and ritonavir plus two nucleoside reverse transcriptase inhibitors in antiretroviral-therapy-naive 
adults with HIV-1 infection: 48 week results of the randomised, open label, non-inferiority GARDEL trial. Lancet Infect 
Dis. 2014;14(7):572-580. Available at: http://www.ncbi.nlm.nih.gov/pubmed/24783988.

36.	� Raffi F, Babiker AG, Richert L, et al. Ritonavir-boosted darunavir combined with raltegravir or tenofovir-emtricitabine 
in antiretroviral-naive adults infected with HIV-1: 96 week results from the NEAT001/ANRS143 randomised non-
inferiority trial. Lancet. 2014;384(9958):1942-1951. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25103176.

37.	� Second-Line Study Group, Boyd MA, Kumarasamy N, et al. Ritonavir-boosted lopinavir plus nucleoside or nucleotide 
reverse transcriptase inhibitors versus ritonavir-boosted lopinavir plus raltegravir for treatment of HIV-1 infection in 
adults with virological failure of a standard first-line ART regimen (SECOND-LINE): a randomised, open-label, non-
inferiority study. Lancet. 2013;381(9883):2091-2099. Available at: http://www.ncbi.nlm.nih.gov/pubmed/23769235.

38.	� Paton NI, Kityo C, Hoppe A, et al. Assessment of second-line antiretroviral regimens for HIV therapy in Africa. N Engl J 
Med. 2014;371(3):234-247. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25014688.

39.	� Dolutegravir. [package insert]. ViiV Healthcare. 2016. Available at: https://www.gsksource.com/pharma/content/dam/
GlaxoSmithKline/US/en/Prescribing_Information/Tivicay/pdf/TIVICAY-PI-PIL.PDF. 

40.	� Darunavir [package insert]. Janssen Pharmaceuticals. 2017. Available at: https://www.prezista.com/sites/default/files/pdf/



Downloaded from https://aidsinfo.nih.gov/guidelines on 9/13/2019

Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV	 H-15

us_package_insert.pdf. 

41.	� Hosseinipour MC, van Oosterhout JJ, Weigel R, et al. The public health approach to identify antiretroviral therapy 
failure: high-level nucleoside reverse transcriptase inhibitor resistance among Malawians failing first-line antiretroviral 
therapy. AIDS. 2009;23(9):1127-1134. Available at: https://www.ncbi.nlm.nih.gov/pubmed/19417582.

42.	� Castagna A, Maggiolo F, Penco G, et al. Dolutegravir in antiretroviral-experienced patients with raltegravir- and/or 
elvitegravir-resistant HIV-1: 24-week results of the phase III VIKING-3 study. J Infect Dis. 2014. Available at: http://
www.ncbi.nlm.nih.gov/pubmed/24446523.

43.	� La Rosa AM, Harrison LJ, Taiwo B, et al. Raltegravir in second-line antiretroviral therapy in resource-limited settings 
(SELECT): a randomised, phase 3, non-inferiority study. Lancet HIV. 2016;3(6):e247-258. Available at: https://www.
ncbi.nlm.nih.gov/pubmed/27240787.

44.	� Bunupuradah T, Chetchotisakd P, Ananworanich J, et al. A randomized comparison of second-line lopinavir/ritonavir 
monotherapy versus tenofovir/lamivudine/lopinavir/ritonavir in patients failing NNRTI regimens: the HIV STAR study. 
Antivir Ther. 2012;17(7):1351-1361. Available at: http://www.ncbi.nlm.nih.gov/pubmed/23075703.

45.	� Paton NI, Kityo C, Thompson J, et al. Nucleoside reverse-transcriptase inhibitor cross-resistance and outcomes from 
second-line antiretroviral therapy in the public health approach: an observational analysis within the randomised, open-
label, EARNEST trial. Lancet HIV. 2017;4(8):e341-e348. Available at: https://www.ncbi.nlm.nih.gov/pubmed/28495562.

46.	� Aboud M, Kaplan R, Lombaard J, et al. Superior efficacy of dolutegravir (DTG) plus 2 nucleoside reverse transcriptase 
inhibitors (NRTIs) compared with lopinavir/ritonavir (LPV/RTV) plus 2 NRTIs in second-line treatment: interim data 
from the DAWNING study. Presented at: IAS Conference on HIV Science; 2017; Paris, France. Available at: http://
www.ias2017.org/Portals/1/Files/IAS2017_LO.compressed.pdf?ver=2017-07-27-211231-197.

47.	� Zash R, Makhema J, Shapiro RL. Neural-tube defects with dolutegravir treatment from the time of conception. N Engl J 
Med. 2018;379(10):979-981. Available at: https://www.ncbi.nlm.nih.gov/pubmed/30037297.

48.	� Zash R, Holmes L, Makhema J, et al. Surveillance for neural tube defects following antiretroviral exposure from 
conception. Presented at: 22nd International AIDS Conference. 2018. Amsterdam.

49.	� Lathouwers E, De Meyer S, Dierynck I, et al. Virological characterization of patients failing darunavir/ritonavir or 
lopinavir/ritonavir treatment in the ARTEMIS study: 96-week analysis. Antivir Ther. 2011;16(1):99-108. Available at: 
https://www.ncbi.nlm.nih.gov/pubmed/21311113.

50.	� Stebbing J, Nathan B, Jones R, et al. Virological failure and subsequent resistance profiles in individuals exposed to 
atazanavir. AIDS. 2007;21(13):1826-1828. Available at: http://www.ncbi.nlm.nih.gov/pubmed/17690587.

51.	� Zheng Y, Lambert C, Arendt V, Seguin-Devaux C. Virological and immunological outcomes of elvitegravir-based 
regimen in a treatment-naive HIV-2-infected patient. AIDS. 2014;28(15):2329-2331. Available at: http://www.ncbi.nlm.
nih.gov/pubmed/25313590.

52.	� White KL, Raffi F, Miller MD. Resistance analyses of integrase strand transfer inhibitors within phase 3 clinical trials of 
treatment-naive patients. Viruses. 2014;6(7):2858-2879. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25054884.

53.	� Sax PE, Pozniak A, Montes ML, et al. Coformulated bictegravir, emtricitabine, and tenofovir alafenamide versus 
dolutegravir with emtricitabine and tenofovir alafenamide, for initial treatment of HIV-1 infection (GS-US-380-1490): a 
randomised, double-blind, multicentre, phase 3, non-inferiority trial. Lancet. 2017;390(10107):2073-2082. Available at: 
http://www.ncbi.nlm.nih.gov/pubmed/28867499.

54.	� Gallant J, Lazzarin A, Mills A, et al. Bictegravir, emtricitabine, and tenofovir alafenamide versus dolutegravir, abacavir, 
and lamivudine for initial treatment of HIV-1 infection (GS-US-380-1489): a double-blind, multicentre, phase 3, 
randomised controlled non-inferiority trial. Lancet. 2017;390(10107):2063-2072. Available at: http://www.ncbi.nlm.nih.
gov/pubmed/28867497.

55.	� De Luca A, Dunn D, Zazzi M, et al. Declining prevalence of HIV-1 drug resistance in antiretroviral treatment-exposed 
individuals in Western Europe. J Infect Dis. 2013;207(8):1216-1220. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/23315324.

56.	� Paquet AC, Solberg OD, Napolitano LA, et al. A decade of HIV-1 drug resistance in the United States: trends and 
characteristics in a large protease/reverse transcriptase and co-receptor tropism database from 2003 to 2012. Antivir Ther. 
2014;19(4):435-441. Available at: http://www.ncbi.nlm.nih.gov/pubmed/24518099.

57.	� Murray JS, Elashoff MR, Iacono-Connors LC, Cvetkovich TA, Struble KA. The use of plasma HIV RNA as a study 
endpoint in efficacy trials of antiretroviral drugs. AIDS. 1999;13(7):797-804. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/10357378.



Downloaded from https://aidsinfo.nih.gov/guidelines on 9/13/2019

Guidelines for the Use of Antiretroviral Agents in Adults and Adolescents with HIV	 H-16

58.	� Miller V, Sabin C, Hertogs K, et al. Virological and immunological effects of treatment interruptions in HIV-1 
infected patients with treatment failure. AIDS. 2000;14(18):2857-2867. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/11153667.

59.	� Ledergerber B, Lundgren JD, Walker AS, et al. Predictors of trend in CD4-positive T-cell count and mortality among 
HIV-1-infected individuals with virological failure to all three antiretroviral-drug classes. Lancet. 2004;364(9428):51-62. 
Available at: https://www.ncbi.nlm.nih.gov/pubmed/15234856.

60.	� Raffanti SP, Fusco JS, Sherrill BH, et al. Effect of persistent moderate viremia on disease progression during 
HIV therapy. J Acquir Immune Defic Syndr. 2004;37(1):1147-1154. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/15319674.

61.	� Ibalizumab [package insert]. Food and Drug Administration. 2018. Available at: https://www.accessdata.fda.gov/
drugsatfda_docs/label/2018/761065lbl.pdf.

62.	� Emu B, Fessel J, Schrader S, et al. Phase 3 study of ibalizumab for multidrug-resistant HIV-1. N Engl J Med. 
2018;379(7):645-654. Available at: https://www.ncbi.nlm.nih.gov/pubmed/30110589.

63.	� Emu B, Fessel WJ, Schrader S, et al. 48-week safety and efficacy on-treatment analysis of Ibalizumab in patients with 
multi-drug resistant HIV-1. Presented at: ID Week. 2017. San Diego, CA.

64.	� Canestri A, Lescure FX, Jaureguiberry S, et al. Discordance between cerebral spinal fluid and plasma HIV replication 
in patients with neurological symptoms who are receiving suppressive antiretroviral therapy. Clin Infect Dis. 
2010;50(5):773-778. Available at: https://www.ncbi.nlm.nih.gov/pubmed/20100092.

65.	� Peluso MJ, Ferretti F, Peterson J, et al. Cerebrospinal fluid HIV escape associated with progressive neurologic 
dysfunction in patients on antiretroviral therapy with well controlled plasma viral load. AIDS. 2012;26(14):1765-1774. 
Available at: http://www.ncbi.nlm.nih.gov/pubmed/22614889.

66.	� Ferretti F, Gisslen M, Cinque P, Price RW. Cerebrospinal fluid HIV escape from antiretroviral therapy. Curr HIV/AIDS 
Rep. 2015;12(2):280-288. Available at: https://www.ncbi.nlm.nih.gov/pubmed/25860317.

67.	� Kugathasan R, Collier DA, Haddow LJ, et al. Diffuse white matter signal abnormalities on magnetic resonance imaging 
are associated with human immunodeficiency virus Type 1 viral escape in the central nervous system among patients 
with neurological symptoms. Clin Infect Dis. 2017;64(8):1059-1065. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/28329096.

68.	� Letendre S. Central nervous system complications in HIV disease: HIV-associated neurocognitive disorder. Top Antivir 
Med. 2011;19(4):137-142. Available at: http://www.ncbi.nlm.nih.gov/pubmed/22156215.

69.	� Letendre SL, Mills AM, Tashima KT, et al. ING116070: a study of the pharmacokinetics and antiviral activity 
of dolutegravir in cerebrospinal fluid in HIV-1-infected, antiretroviral therapy-naive subjects. Clin Infect Dis. 
2014;59(7):1032-1037. Available at: http://www.ncbi.nlm.nih.gov/pubmed/24944232.

70.	� Calcagno A, Di Perri G, Bonora S. Pharmacokinetics and pharmacodynamics of antiretrovirals in the central nervous 
system. Clin Pharmacokinet. 2014;53(10):891-906. Available at: http://www.ncbi.nlm.nih.gov/pubmed/25200312.

71.	� Smurzynski M, Wu K, Letendre S, et al. Effects of central nervous system antiretroviral penetration on cognitive 
functioning in the ALLRT cohort. AIDS. 2011;25(3):357-365. Available at: https://www.ncbi.nlm.nih.gov/
pubmed/21124201.

72.	� Eden A, Fuchs D, Hagberg L, et al. HIV-1 viral escape in cerebrospinal fluid of subjects on suppressive antiretroviral 
treatment. J Infect Dis. 2010;202(12):1819-1825. Available at: https://www.ncbi.nlm.nih.gov/pubmed/21050119.

73.	� Eden A, Nilsson S, Hagberg L, et al. Asymptomatic cerebrospinal fluid HIV-1 viral blips and viral escape during 
antiretroviral therapy: a longitudinal study. J Infect Dis. 2016;214(12):1822-1825. Available at: https://www.ncbi.nlm.
nih.gov/pubmed/27683820.

74.	� Moling O, Rossi P, Rimenti G, Vedovelli C, Mian P. Varicella-zoster virus meningitis and cerebrospinal fluid HIV RNA. 
Scand J Infect Dis. 2001;33(5):398-399. Available at: http://www.ncbi.nlm.nih.gov/pubmed/11440237.

75.	� Heaton RK, Franklin DR, Ellis RJ, et al. HIV-associated neurocognitive disorders before and during the era of 
combination antiretroviral therapy: differences in rates, nature, and predictors. J Neurovirol. 2011;17(1):3-16. Available 
at: http://www.ncbi.nlm.nih.gov/pubmed/21174240.

76.	� Ellis RJ, Letendre S, Vaida F, et al. Randomized trial of central nervous system-targeted antiretrovirals for HIV-
associated neurocognitive disorder. Clin Infect Dis. 2014;58(7):1015-1022. Available at: http://www.ncbi.nlm.nih.gov/
pubmed/24352352.


