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Therapeutics of HIV infection

Tuesday, April 11, 2017: 9:30AM

Bruce D. Cuevas, PhD
Department of Molecular Pharmacology and Therapeutics

HIV lecture topics:

-very general background of HIV, treatment goals,
and diagnostic criteria

-detailed description of approved drugs to treat HIV:
-mechanism of action, 
-adverse effects, 
-contraindications, and 
-drug interactions

-discussion of recommended (and NOT recommended)
combination therapy regimens 

Guidelines for the Use of Antiretroviral Agents in 
HIV-1-Infected Adults and Adolescents

Developed by the Department of Health 
and Human Services (DHHS) Panel on 
Antiretroviral Guidelines for Adults and
Adolescents – A Working Group of the
Office of AIDS Research Advisory Council
(OARAC)

www.aidsinfo.nih.gov
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• Baseline evaluation
• Laboratory testing (HIV RNA, CD4 cell count, 

resistance)
• When to initiate therapy 
• When to change therapy 
• Therapeutic options 
• Adherence
• Antiretroviral therapy-associated adverse 

effects

What the Guidelines Address

• Treatment of acute HIV infection

• Special considerations in adolescents, 
pregnant women, injection drug users, HIV-2 
infection, and patients coinfected with HIV and 
HBV, HCV, or TB

• Preventing secondary transmission

And….,

Websites to Access the Guidelines

• http://aidsinfo.nih.gov

• http://www.aidsetc.org
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HIV is a retrovirus that infects and kills a subset of 
immune cells leading to reduced immune function

Very brief history:
• 1981: Pneumocystis c. pneumonia and Kaposi’s sarcoma in 

young, previously healthy homosexual men

• 1984: infectious agent identified as the Human Immunodeficiency 
Virus or HIV

• HIV-associated mortality in the US has decreased markedly
since the introduction of protease inhibitors in 1996

HIV currently managed as chronic disease with antiretrovirals and 
therapy directed toward opportunistic infections

ART –AntiRetroviral Therapy doesn’t cure or
eliminate HIV infection

HIV introduction

• Major target cell = CD4+ or T-helper lymphocyte, cytolysis destroys cells

• HIV-infected patients develop severe immuno-deficiency due to 
depletion of CD4+ T cells

• Normal CD4 cell count = 800 to 1500 cells/mm3

– Without antiretroviral treatment, progressive depletion of 50 to 100 
CD4 cells per year

• CD4 cell counts < 500 cells/mm3 (and especially < 200 cells/mm3) are 
associated with the development of opportunistic infections

• Periodic CD4 cell count throughout infection to assess: 
1. immunologic status of patient, 
2. risk of opportunistic infections, 
3. need for ART, and 
4. response to ART(adequate = CD4 increase 50-150 cells/ul/yr)

HIV-associated immune phenotype

Goals of anti-retroviral therapy in HIV-infected patients:
To reduce the viral load and maintain immune function

1. Maximal and durable suppression of viral load to reduce 
the risk of disease progression

2. Restoration and/or preservation of immunologic function

3. Improvement in quality of life

4. Reduction in HIV-related morbidity and mortality

5. Prevent transmission of HIV
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Virologic suppression can be defined as a sustained 
reduction in HIV RNA level below the assay limit of 
detection (e.g., 50 copies/mL). 

Viral load assessment predicts:
1. course of disease, 
2. need for ART, 
3. which ART to utilize, 
4. clinical response to ART

PCR-based load assessment testing is distinct from 
resistance testing in which the virus are sequenced 
to identify the resistance mechanism. Resistance
testing should be performed prior to initiating ART 
and after ART fails.

When to begin Anti Retroviral Therapy 
(ART)

“ART is recommended for all HIV-infected individuals, 

regardless of CD4 T lymphocyte cell count, to reduce the

morbidity and mortality associated with HIV infection”

Always check the most recent guidelines for ART on 
AIDSinfo.nih.gov website

As per the 7/14/2016 DHHS recommendations:

FDA approved drugs available for treatment of HIV infection

6 major drug classes:

1. Nucleoside/nucleotide reverse transcriptase inhibitors
2. Nonnucleoside reverse transcriptase inhibitors
3. Protease inhibitors
4. Viral integrase inhibitors
5. Fusion inhibitors
6. CCR5 antagonists

Currently, there are >20 distinct antiretroviral drugs and several drug 
combination products available, 6 different classes

Combination therapy (3 or more drugs) recommended, attack replication 
at multiple stages to suppress and reduce resistance
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CCR5
CD4

CCR5 antagonists

Fusion inhibitors

reverse
transcription

integration

transcription

RNA

NRTIs, NNRTIs

Integrase inhibitors

Protease inhibitors

Functions targeted by
Anti-retroviral therapy

Viral enzymes:
Reverse transcriptase
Integrase
protease

HIV-2 infection

Endemic to west Africa, should be considered in that population or
if patient has contact with that population

Generally shows longer asymptomatic stage, lower viral loads and 
mortality

Multispot HIV-1/HIV-2 Rapid Test is approved for differentiating 
HIV-1 from HIV-2, but most serology and viral load tests are 
unreliable for HIV-2

HIV-2 should be considered in patients when serology and/or viral load
is negative but CD4 and clinical conditions suggest HIV infection

NNRTI not effective against HIV2. When treating HIV2 infection, use 
clinical improvement and CD4 count improvement to assess response

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTI)

1. Abacavir
2. Didanosine
3. Emtricitabine
4. Lamivudine
5. Stavudine
6. Tenofovir
7. Zidovudine



4/3/2017

6

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTI)

General mechanism of action: Nucleoside or nucleotide analogs that lack 
3’-hydroxyl group enter the cells, are phosphorylated and form synthetic
substrates for viral reverse transcriptase. These molecules compete with 
native nucleotides for incorporation into the viral genome, and when inserted
terminate proviral DNA. 
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NRTIs continued:

Onset and duration: 
-generally eliminated from plasma by renal excretion T1/2 1-10 hours
-intracellular reservoirs of active anabolite reduces dosing frequency
-generally one or two doses daily 
-only didanosine has food restrictions.

Relative effectiveness at reducing viral load:
-modestly effective as monotherapy
-generally safe and tolerable, valuable in combination therapy 
-resistance develops slowly compared to NNRTI or PIs 
-high-level resistance often requires 3 to 4 codon substitutions

Naïve vs. experienced: patients not previously treated 
with ART are considered to be “naïve”. 

Major adverse effects of NRTIs: 
-some (didanosine > stavudine > zidovudine) 
inhibit DNA polymerase , blocking production of mtDNA
and inhibiting oxydative phosphorylation complexes. This
promotes production of cytosolic lactate, and may induce

lactic acidosis-hepatic steatosis syndrome.***

Also associated with:
-anemia
-myopathy
-pancreatitis



4/3/2017

7

D.W. Ehlert, MAMS, CMI

Mechanism of NRTI mitochondrial toxicity (1)

D.W. Ehlert, MAMS, CMI

Mechanism of NRTI mitochondrial toxicity (2)

D.W. Ehlert, MAMS, CMI

Mechanism of NRTI mitochondrial toxicity (3)
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V Patel and SS Hedayati (2006) Lactic acidosis in an HIV-infected patient receiving highly active 
antiretroviral therapy. Nat Clin Pract Neprol 2: 109–114 doi:10.1038/ncpneph00102

Figure 2 Mechanisms of nucleoside reverse transcriptase inhibitor
(NRTI)-induced lactic acidosis

NRTI adverse effects (continued): “HBV flare”

Discontinuation of agents that have anti-HBV
activity is associated with increase in HBV titer.

NRTI with anti-HBV activity include:
Emtricitabine
Lamivudine
Tenofovir

Selected FDA-approved NRTIs currently in use:

Abacavir (ABC) (a ba KA veer)

a) Indications and clinical use- combination therapy 
component for HIV-1, experienced patients

b) Major adverse effects- hypersensitivity, especially in 
HLA-B 5701+ patients, rechallenge can be fatal

c) Contraindications- do not administer to HLA-B 5701+ 

patients ***
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Tenofovir (TFV) (te NOE fo veer)

a) Indications and clinical use- combination therapy 
component for HIV-1, HIV-2, HBV, naïve patients, 
prodrugs (TDF and TAF) have improved bioavailability

b) Major adverse effects- well tolerated, potential renal
toxicity and bone density changes reduced when
TAF prodrug used, HBV “flare”

c) Contraindications- tenofovir/emtricitabin/
boosted elvitegravir regimens should not be 
administered with other ART drugs, streptozocin

d) Significant drug interactions- drugs that induce P-gp
expression may lower TAF exposure

Emtricitabine (FTC) (em tri SIGH ta been)

a) Indications and clinical use- combination therapy
component for HIV-1, HIV-2, HBV, naïve patient 
combination with tenofovir

b) Major adverse effects- well tolerated, associated with
“flare” in HBV+ patients if discontinued

c) Contraindications- this is a lamivudine derivative, so
do not administer when virus resistant to lamivudine

NRTI summary table
Agent Preferred for 

naïve 
patients

Adverse 
effects

Contra-

indications

Drug 

interactions

Abacavir hypersensitivity HLA-B 5701+

Didanosine Lactic acidosis 

neuropathy

Stavudine,

zalcitabine

tenofovir

Emtracitabine yes HBV flare lamivudine 

resistance

Lamivudine HBV flare emtracitabine

resistance

zalcitabine

Stavudine lactic acidosis,

lipid metabolism

Zidovudine res.,

ddI co-admin.

zidovudine

Tenofovir yes HBV flare, 

renal toxicity

ddI/EFV 

Co-admin.

didanosine, 

atazanavir

Zidovudine anemia and 
neutorpenia

coadministering 
stavudine

Cotrimoxazole or 
ganciclovir, ribavirin
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Examples of HIV1 mutations that impact NRTI efficacy

1 259

K65 resistance to all NRTI except zidovudine

T69 “dipeptide insertion” resistance to all NRTI

Linear model of HIV1 reverse transcriptase codons 1-259

K70 resistance to stavudine, tenofovir, and zidovudine

M184 resistance to abacavir, emtricitabine, 
and lamivudine

Nonnucleotide reverse transcriptase inhibitors (NNRTI)

1. Delavirdine
2. Efavirenz
3. Etravirine
4. Nevirapine
5. Rilpivirine

Nonnucleoside reverse transcriptase inhibitors

General mechanism of action: noncompetitive
inhibitors bind to RT and induce a conformational 
change that greatly reduces enzyme activity. 

NNRTI onset and duration: 
-rapidly absorbed and metabolized by hepatic CYPs 
-half-lives range widely, from shortest (Delavirdine, 2-11) 
to prolonged (Efavirenz, 40-55). 
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Model of HIV-1 RT with NNRTI, DNA primer/template, and incoming dNTP.

Pata J D et al. PNAS 2004;101:10548-10553

X

Relative effectiveness of NNRTI at reducing viral load:

-Inhibits HIV1, but not HIV2 RT

-resistance can develop rapidly, do not use as monotherapy

-advantage of use is that PIs can be reserved for later use,
reducing exposure to common PI adverse effects

-disadvantages 1) prevalence of NNRTI-resistant virus
2) low genetic barrier of NNRTIs to resistance.

NNRTI Major adverse effects: All influence cytochrome P450 (CYP) 
enzyme activity, thus drug interactions are common.

Cytochrome P450 system and HIV drug metabolism

-the P450 cytochromes influence drug metabolism by oxidizing or reducing substrate drugs

-a P450 substrate is a drug that is metabolized by one or more P450 enzymes (e.g. CYP3A4)

-a P450 inhibitor is a drug that inhibits the metabolism of a P450 substrate

-a P450 inducer stimulates increased expression of P450 enzymes, substrate metabolism
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FDA-approved NNRTIs currently in use:

Efavirenz (EFV) (e fa VEER enz)

a) Indications and clinical use- can be part of a regimen for
initial antiretroviral therapy HIV-1, only once daily NNRTI

b) Major adverse effects- birth defects, transient CNS 
effects

c) Contraindications- 1st trimester pregnancy or in women

planning to conceive.***

d) Significant drug interactions- CYP3A4 inducer, lowers 
exposure to some PIs, methadone (CYP substrate)

Nevirapine (NVP) (ne VYE ra peen)

a) Indications and clinical use- combination component for
HIV-1, recommended as an alternative to Efavirenz in 
treatment naïve women with pretreatment CD4<250
cells/mm and men with CD4<400 cells/mm

b) Major adverse effects- severe hepatotoxicity

c) Contraindications- women with pretreatment CD4>250

cells/mm and men with CD4>400 cells/mm***

d) Significant drug interactions- CYP3A4 inducer, decreases
serum concentration of methadone, PIs

Protease inhibitors (PI):

1. Ritonavir
2. Fosamprenavir
3. Atazanavir
4. Indinavir
5. Nelfinavir
6. Saquinavir
7. Tipranavir
8. Darunavir
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Protease inhibitors

General mechanism of action: PIs inhibit HIV aspartyl protease, block
processing of viral proteins required to produce a mature viral particle. 

The contribution of naturally occurring polymorphisms in 
altering the biochemical and structural characteristics of 
hiv-1 subtype c protease.
Coman RM, Robbins AH, Fernandez MA, Gilliland CT, Sochet
AA, Goodenow MM, Mckenna R, Dunn BM
Biochemistry (2008) 47 p.731

HIV1 protease
with nelfinavir

Onset and duration: 
-Most have poor oral bioavailability, 
-some are enhanced by high fat meals 
-all are metabolized by one or more hepatic CYPs 
-substantially bound by plasma proteins, are p-glycoprotein substrates

Relative effectiveness at reducing viral load: Highly effective in the 
majority of patients when used in combination therapy.

Major adverse effects: 
-metabolic syndrome 
-commonly causes nausea, vomiting, diarrhea, and paresthesias. 
-chronic use is also associated with lipodystrophy 
-all are CYP substrates and inhibitors = significant drug interactions.

Drug CYP3A4 role Class

Quinidine substrate antiarrhythmic

Ergotamine substrate Ergot derivative

Rifampin strong inducer antimycobacterial

Midazolam substrate benzodiazepine

Phenobarbitol strong inducer barbiturate

Warfarin substrate anticoagulant

St. John’s Wart strong inducer herbal

Examples of drugs that should NOT be co-administered

PIs due to CYP-dependent metabolism***
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Selected FDA-approved protease inhibitors currently in use:

Ritonavir (RTV) (ri TOE na veer)

a) Indications and clinical use- active against HIV-1 and 
HIV-2

b) Major adverse effects- not well tolerated at doses 
required for antiretroviral activity, paresthesias

c) Contraindications- co-administration with rifampins

d) Significant drug interactions- CYP inducers, inhibitors,
and substrates

If Ritonavir is not effective, why use it? Because…

Ritonavir (RTV) “boosting” of PIs ***

-Ritonavir is a PI that is a potent CYP3A4 inhibitor 

-Co-administration of low dose ritonavir enhances or “boosts”
exposure of CYP3A4 substrates, e.g. other PIs

-RTV boosting allows for reduced dose and dosing frequency

-Low dose RTV improves tolerance and is effective at CYP3A4
inhibition

-Treat HIV-2 with boosted PI regimen

-alternative boosting agent is Cobicistat
-no anti-HIV activity
-combined and marketed in the Stribild “quad pill”

PI-induced metabolic syndrome

Definition: a cluster of metabolic risk factors that tend
to occur together that increases chances of developing
heart disease, stroke, and/or diabetes and are associated
with PI therapy

-hyperlipidemia, hypertriglyceridemia, decreased HDL 
and increased LDL

-insulin resistance, hyperinsulinemia

-lipodystrophy, central obesity, facial and limb lipoatrophy

-increased macrophage CD36 leading to increased 
cholesterol uptake, atherosclerosis
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ART and management of dyslipidemia/statin usage

Yes No

simvastatin pravastatin

atorvastatin fluvastatin

lovastatin

Statins as CYP3A4 substrates ***

-should avoid combining CYP3A4 substrate statins with boosted PIs

-Switching from PIs to NRTIs may alleviate lipodystrophy, hyperlipemia 

-prior to treating cholesterolemia in HIV-infected patients undergoing 
ART, consider statin metabolism

Remaining three drug categories include:

1. Integrase inhibitor (raltegravir, elvitegravir and 
dolutegravir)

2. Fusion inibitor (enfuvirtide)
3. CCR5 antagonist (maraviroc)

viral 
proDNA

host DNA

IN

ININ

IN

3’ processing
+

strand transfer

+

raltegravir

Interaction targeted
by integrase inhibitor

integration

http://proteopedia.org/wiki/index.php/Retroviral_Integrase
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Viral integrase inhibitor
FDA-approved integrase inhibitor currently in use: 

Raltegravir (RAL) (ral TEG ra veer)

a) Mechanism of action- Blocks the insertion of reverse-transcribed 
viral DNA into the host DNA by binding the Mg++ cofactors required 
for the strand transfer. Mutations that alter orientation of Mg++ ions 
can be resistant to INSTIs

b) Indications and clinical use- combination therapy component now 
approved for both naïve and experienced patients 

c) Onset and duration of action- twice daily following high fat meal with 
half-life of about 9 hours

d) Relative effectiveness at reducing viral load- effective when 
combined with two NRTI 

e) Major adverse effects- diarrhea, headache and nausea 

Elvitegravir (EVG)

Notes: shortest half-life if not boosted (3h, 9h if boosted), the only 
approved INTI that is a CYP substrate, available as a combo pill 
(Stibild/Gilead)

Dolutegravir (DTG)

Notes: longest half-life (12-15h) microparticle formulation 
(GSK1265744LA) is an injectable that studies show is very stable, 
with half-life of 3-7 weeks.

Host cell
membrane

CCR5
CD4

HIV virus
membrane

gp41

gp120

maraviroc enfuvirtide

X       XX

Mechanisms of action: Maraviroc and Enfuvirtide 
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Fusion inhibitor
FDA-approved fusion inhibitor currently in use:

Enfuvirtide (T20) (en FYOO vir tide)

a) Mechanism of action- This peptide binds to HIV surface glycoprotein 
gp41 to block conformation required for membrane fusion with host cell.

b) Indications and clinical use- combination therapy component in experienced
patients with viral suppression failure. Injected twice daily

c) Relative effectiveness at reducing viral load- Not active against HIV-2. 
Resistance mechanism is mutation of binding site at the HR1 region of gp41  

d) Major adverse effects- Injection site reaction/inflammation is very common,
hypersensitivity

e) Contraindications- Should not be used in patients with known hypersensitivity 
to enfuvirtide or any of its components.

CCR5 antagonists
FDA-approved CCR5 antagonist currently in use:

Maraviroc (MVC) (mah-RAV-er-rock)

a) Mechanism of action- small molecule slowly-reversible antagonist of
the CCR5 interaction with gp120, blocks CCR5-tropic HIV-1 entry

b) Indications and clinical use- combination therapy component for 
experienced patients with viral suppression failure, need tropism test

c) Resistance mechanisms- mutation of CCR5-binding amino acid sequence 
in HIV gp120 or emergence of CXCR4-tropic virus, Trofile assay

d) Major adverse effects- Hepatotoxicity and possible hypersensitivity

e) Contraindications- Use caution in patients with liver dysfunction.

f) Significant drug interactions- CYP substrate, so concentration altered 
by rifampins or ritonavir

Combination therapy and complicating conditions

Important considerations prior to initiating regimen:

1.  Co-morbid conditions (cardiovascular disease, chemical 
dependency, tuburculosis, renal, liver, or psychiatric disease), 
hepatitis C (check http://www.hcvguidelines.org for latest info)

2. potential adverse drug effects
3. potential drug interactions with other medications
4. Pregnancy (efavirenz)
5. results of drug resistance testing
6. HLA-B5701 testing if considering Abacavir
7. Gender and pretreatment CD4 count if considering Nevirapine
8. Likelihood of patient adherence with the regimen
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Tuberculosis treatment for HIV-infected patients
Rifamycin-based antimycobacterials are highly effective in treating
Mycobacteria tuburculosis infection. Rifamycin is a potent inducer
of CYP activity, and markedly effects exposure to multiple ART
drugs.

Rifampin is a rifamycin drug that dramatically reduces exposure to all PIs 
and multiple NNRTIs and should not be coadministered.

Related compound rifapentine also alters exposure to ART drugs,
and some boosted PIs can increase exposure to rifapentine. Rifapentine
is a preferred alternative to rifampin in HIV-infected patients
with active TB, whereas latent TB can be treated with non-rifamycin drug
isoniazid in combination with ANY ART drugs. 

Only efavirenz or raltegravir-based regimens (in combination with abacavir/
Lamivudine or tenofovir/emtricitabine) are recommended with rifapentine***

Bottom line: coadministration of rifapentine and ART will likely
require monitoring and dose adjustment.

• Preferred
– Randomized controlled trials show optimal efficacy and 

durability
– Favorable tolerability and toxicity profiles

• Alternative
– Effective but have potential disadvantages
– May be the preferred regimen for individual patients 

• Other
– Less virologic efficacy, lack of efficacy data, or greater 

toxicities

Initial ART Regimens: DHHS Categories

www.aidsetc.org

Combination ART options for treatment-
naïve patients (DHHS)

Recommended starting regimen consists of either:***
1 INSTI + 2 NRTI, or 

1 PI (boosted with RTV) + 2 NRTI

Note: this applies to HIV2 as well, with darunavir, lopinavir, and
saquinavir being the most effective PI options

INSTI options:

Dolutegravir, Elvitegravir, and Raltegravir all are
recommended INSTI options.  

Choice based on efficacy, genetic barrier to 
resistance, and adverse effects
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Combination ART options for treatment-
naïve patients (continued)

PI options:

preferred Darunavir + ritonavir

alternative Atazanavir + ritonavir or 
cobicistat

Do not use in patients who require 
high dose proton pump inhibitors

Combination ART options for treatment-
naïve patients (continued)

preferred Tenofovir prodrug (TAF or

TDF) + emtricitabine

Do not use with unboosted atazanavir. Use 
with caution with nevirapine or in patients 
with underlying renal insufficiency

alternative Abacavir + lamivudine Do not use when positive for HLA-B 5701.

Caution: HIV RNA>100,000 copies/ml or in 
high risk of cardiovascular disease.

Dual-NRTI options

Changing drug regimen due to treatment failure (virologic
or immune)

Definition of virologic suppression failure:

The inability to achieve or maintain suppression of viral replication to levels 
below the limit of detection (<50 copies/mL) and may manifest as:

1. Incomplete virologic response (HIV RNA >400 copies/mL after 
24 weeks on therapy or >50 copies/mL by 48 weeks, or

2. Virologic rebound (after virologic suppression, repeated detection 
of HIV RNA above the assay limit of detection).

Definition of immunologic failure:

The inability to achieve and maintain an adequate CD4 T-cell response 
despite virologic suppression.
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• Assess drug resistance: Drug resistance usually is cumulative –
consider all previous treatment history and test results

– Drug resistance test

– Prior treatment history

– Prior resistance test results

• Clarify goals: aim to reestablish maximal virologic suppression (eg, 
<50 copies/mL)

• Evaluate remaining ART options (newer agents have expanded 
treatment options)

• Base ART selection on medication history, resistance testing, 
expected tolerability, adherence, and future treatment options

• Avoid treatment interruption, which may cause viral rebound, and 
clinical progression

Changing drug regimen due to treatment failure 
(continued)

IASUSA* Drug Resistance Mutations Group

*IAS–USA is a not-for-profit, HIV clinical specialist-education organization. 
It is entirely different from and not affiliated with the International AIDS Society (Stockholm, Sweden).

2017 Update of the Drug Resistance Mutations 
in HIV-1
Wensing, A., Calvez, V., Gunthard, H., Johnson, V., Paredes, R., Pillay, D., 
Shafer, R., and Richman, D.

Topics Antiviral Med. 24(4). Updates available at 
www.iasusa.org.

What NOT to use- regimens

Monotherapy with NRTI 1. Rapid resistance 
development.

2. Inferior antiretroviral 
activity

none

Dual NRTI regimens 1. Rapid resistance 
development.

2. Inferior antiretroviral 
activity

none

Triple NRTI regimens High rate of nonresponse

in treatment-naïve 
patients

Abacavir/zidovudine/

Lamivudine or tenofovir/

Zidovudine/lamivudine in 
patients for whom other 
options are worse.

rationale exception
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What NOT to use-components
Atazanavir + indinavir Potential hyperbilirubinemia none

Didanosine + stavudine High incidence of toxicity, 
potential serious lactic acidosis

When other options not 
available

Double NNRTI combo. EFV + NVP has more adverse 
effects than separate, both 
reduce ETV

none

EFV in 1st trimester teratogenic When other options not 
available

Emtricitabine + lamivudine Similar resistance profile none

Etravirine + unboosted PI Induced PI metabolism none

Etravirine + boosted ATV, 
FPV, or TPV

Induced PI metabolism none

Nevirapine in naïve women 
with CD4>250, men CD4>400

High incidence hepatotoxicity When other options not 
available

Stavudine and zidovudine antagonistic none

Unboosted darunavir, 
saquinavir, or tipranavir

Inadequate bioavailability none

rationale exception

Cure?

Given: current ART is not a cure

Definitions:

Functional cure – prevents virus from inducing immune deficiency.
Example: CCR5 zinc fingers

Sterilizing cure – complete elimination of virus
Example: the Berlin  patient

Long-Term Control of HIV by CCR5 Delta32/Delta32 Stem-Cell Transplantation

Gero Hütter, et al. N Engl J Med. 2009 Feb 12;360(7):692-8, follow up 12/18/2014;
371:2437-8 The latest update, still disease-free

Normal CCR5

Delta32 mutant CCR5
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Reviews in Medical Virology
RMV-2014-037.R1, 2 MAR 2015 DOI: 10.1002/rmv.1831
http://onlinelibrary.wiley.com/doi/10.1002/rmv.1831/full#rmv1831-fig-0002

Functional cure options in progress:

Gene Therapy-Treated Stem Cells in Treating Patients Undergoing Stem Cell Transplant for 
Intermediate-Grade or High-Grade AIDS-Related Lymphoma
This study is ongoing, but not recruiting participants.

Sponsor:

City of Hope Medical Center

Collaborator:

National Cancer Institute (NCI)

Information provided by (Responsible Party):

City of Hope Medical Center

ClinicalTrials.gov Identifier:

NCT00569985

First received: December 7, 2007
Last updated: February 17, 2017
Last verified: February 2017

Purpose
This pilot clinical trial studies biological therapy in treating patients with acquired immune deficiency syndrome (AIDS)-related lymphoma undergoing stem 
cell transplant. Giving chemotherapy before a stem cell transplant stops the growth of cancer cells by stopping them from dividing or killing them. After
treatment, stem cells are collected from the patient's blood and stored. The stem cells are then returned to the patient to replace the blood-forming cells
that were destroyed by the chemotherapy. Giving biological therapy as part of the stem cell transplant may be more effective in treating patients with 
AIDS-related lymphoma

Condition

Lymphoma

Intervention

Biological: lentivirus vector rHIV7-shI-TAR-CCR5RZ-transduced hematopoietic progenitor cells

Study focus areas:

1. ART drug mechanism of action
2. Severe adverse effects
3. Contraindications
4. Major drug interactions
5. Recommended combination therapy for treatment 

naïve patients
6. Combination therapy regimens NOT recommended
7. Summary tables
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Example of test questions:

A 29 year-old male was previously diagnosed with
M. tuberculosis infection and rifapentine treatment was
initiated. In a follow up exam, lab results reveal
the patient to be infected with HIV, and lab results 
are as follows: CD4+ count = 460 cells/mm3

viral  load = 41,000 copies/ml
resistance testing = HIV1 

Which of the following treatment regimens would 
be a recommended option, if any?
A. dolutegravir, tenofovir, and emtricitabine
B. Nevirapine, tenofovir, and emtricitabine
C. Atazanavir, darunavir, and tipranavir
D. Didanosine, abacavir, and lamivudine
E. None of the above


