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Therapeutics of HIV infection 
 
I. HIV introduction 

A. HIV is a retrovirus that infects and kills a subset of immune cells leading to 
reduced immune function 

1. HIV is managed as a chronic disease with antiretrovirals and therapy of 
opportunistic infections. 

2. ARV (AntiRetroviral therapy) doesn’t cure or eliminate HIV infection. 
3. HIV targets CD4+ or T-helper lymphocytes, destroying the cells. 
4. CD4+ depletion leads to severe immuno-deficiency. 
5. CD4+ counts below 500 cells/mm3 associated with opportunistic 

infections. 
6. periodic CD4 counts of infected patients are performed to assess: 

i. immunologic status 
ii. risk of opportunistic infections 
iii. need for ARV 
iv. response to ARV 

B. Goal of anti-retroviral therapy-reduce 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 vertical transmission of HIV 

C. laboratory parameters for HIV 
1. virologic suppression can be defined as a sustained reductiojn in HIV 

RNA level below the assay limit of detection (<50 copies/ml) 
2. viral load assessment predicts: 

i. course of disease 
ii. need for ARV 
iii. which ARV to utlize 
iv. clinical response to ARV 

3. genotypic resistance testing to determine the resistance mechanism, 
perform before initiating ARV and after regimen failure  

D. When to begin ARV 
1. The decision to begin ARV is based on an assessment of disease 

progression risk. 
2. Indicators for initiation of ARV include: 

i. a history of AIDS-defining illness 
ii. CD4 count <500 cells/mm3 
iii. Pregnancy 
iv. HIV-associated neuropathy 
v. HBV co-infection when HBV treatment is indicated 

3. Check for latest ARV guideline updates on AIDSinfo.nih.gov. 
 

E. HIV-2 infection 



Pharmacology & Therapeutics  Therapeutics of HIV infections 
February 19, 2013  B. Cuevas, Ph.D. 

 2

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

2. Generally shows longer asymptomatic stage, lower viral loads and mortality 
3. 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 
4. HIV-2 should be considered in patients when serology and/or viral load are 

negative but  CD4 and clinical  conditions suggest HIV infection 
5. NNRTI not effective against HIV-2. Use clinical improvement and CD4 

count improvement to assess response to treatment. 
 

II. FDA approved drugs available for treatment of HIV infection- 
6 major drug classes 

 
A. Nucleoside/nucleotide reverse transcriptase inhibitors (NRTI) 

1. General mechanism of action-nucleoside or nucleotide analogs that 
lack 3’ hydroxyl group enter the cells, are phosphorylated and form 
sythetic substrates for viral RT. NRTI compete with native nucleotides, 
and terminate proviral DNA when incorporated 

2. Onset and duration- NRTIs generally eliminated from plasma by renal 
excretion with half-lifes of 1-10 hours, intracellular reservoirs more 
persistent. One or two doses daily except zalcitabine (every 8h). Only 
didanosine has food restrictions. 
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3. Relative effectiveness at reducing viral load- Modestly effective as 
monotherapy (not recommended), valuable when used in combination 
therapy. Resistance develops slowly compared to NNRTIs or PIs. 

4. Major adverse effects- Some in this class capable of inhibiting 
mitochondrial DNA polymerase, toxicities include anemia, myopathy, 
and pancreatitis and are associated with serious lactic acidosis-hepatic 
steatosis syndrome. (didanosine > stavudine > zidovudine) 

  
5. Class members currently in use: 

a. Abacavir  
i. Indication: activity against HIV-1 
ii. Adverse effect: associated with serious hypersensitivity 

reaction in patients with HLA-B 5701 genotype 
iii. Contraindicated: in patients with HLA-B 5701 

genotype***  
b. Zidovudine (AZT) 

i. Indications: activity against HIV-1 and HIV-2, used as 
exposure prophylaxis, OK for children or adults and in 
pregnancy 

ii. Major adverse effects: anemia and neutropenia 
iii. Contraindications: do not co-administer with 

stavudine (antagonist) 
iv. Significant drug interactions: cotrimoxazole or 

ganciclovir (bone marrow toxicity), ribavirin 
(antagonist) 

 
B. Nonnucleotide reverse transcriptase inhibitors (NNRTI) 

1. General mechanism of action- noncompetitive inhibitors that bind to 
reverse transcriptase and induce a corformational change that greatly 
reduces enzyme activity 

2. Onset and duration- rapidly absorbed and metabolized by hepatic 
CYPs, half-lives range from delavirdine (2-11h) to efavirenz (40-50h) 

3. relative effectiveness at reducing viral load- Activity against HIV-1 
but not HIV-2. Resistance can develop rapidly, never use a 
monotherapy. One advantage of NNRTI-based regimen is that PIs can 
be reserved for later and thus avoid PI adverse effects. The 
disadvantages are the prevalence of resistant virus, low genetic barrier 
to resistance. 

4. Major adverse effects/drug interactions: all influence CYP activity, so 
drug interactions common. 

 
 
 
 

 
 

Cytochrome P450 system and HIV drug metabolism 
- the P450 cytochromes influence drug metabolism by oxidizing or 

reducing substrate drugs 
- P450 substrate drug metabolism is dependent on 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
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5. FDA-approved class members currently in use: 

a. Efavirenz 
i. Indications: preferred as part of initial antiretroviral 

therapy, the only once daily dose NNRTI 
ii. Major adverse effects: birth defects, transient CNS 

effects 
iii. Contraindications: 1st trimester pregnancy or women 

planning to conceive*** 
iv. Significant drug interactions: CYP3A4 inducer, so 

reduces concentration of PIs, methadone 
b. Nevirapine 

i. Indications: recommended as an alternative to 
Efavirenz in treatment naïve women with pretreatment 
CD4<250 cells/mm and men with CD4<400 cells/mm 

ii. Major adverse effects: severe hepatotoxicity 
iii. Contraindications: women with pretreatment CD4 

>250 cells/mm3 and men with pretreatment CD4 >400 

cells/mm3 ***
  

iv. Significant drug interactions: CYP inducer, reduces 
concentration of methadone, PIs 

 
C. Protease inhibitors (PI) 

1. General mechanism of action- specifically and reversibly inhibit the 
HIV aspartyl protease and thereby block post-translational processing of 
viral proteins required to produce a mature viral particle 

2. Onset and duration- Most PIs have poor bioavailability, absorption of 
some enhanced by high fat meals, all metabolized by hepatic CYP 
system 

3. Relative effectiveness at reducing viral load: highly effective as part 
of combination therapy 

4. Major adverse effects: associated with metabolic syndrome, 
lipodystrophy, lipoatrophy of face and limbs, lipemia, nausea, vomiting, 
diarrhea and paresthesias. All are substrates and  inhibitors of CYPs. 

5. Ritonavir (RTV) “boosting” of PIs*** 
a. ritonavir is a PI that is a potent CYP3A4 inhibitor 
b. co-administration of low dose ritonavir enhances or “boosts” 

exposure   of other PIs 
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c. RTV boosting allows for reduced dose and dosing frequency 
d. low dose RTV improves tolerance and is effective at CYP3A4 

inhibition 
6. Class members currently in use: 

a. Ritonavir 
i. Indications: active against HIV-1 and 2, potent 

CYP3A4 inhibitor that is used to boost availability of 
drugs that are CYP3A4 substrates and to reduce dose 
and dosing frequency 

ii. Major adverse effects: not well tolerated at doses 
required for antiviral activity, but low doses used for 
boosting are well tolerated, paresthesias 

iii. Contraindications/significant drug interactions: 
similar to other PIs 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
                
 
 
 
 
 
 

ARV and management of dyslipidemia/statin usage 
 

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

- should avoid combining CYP3A4 substrate statins with boosted PIs 
- switching from PIs to NRTIs may alleviate lipodystrophy, hyperlipidemia 

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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D. Viral integrase inhibitors- Raltegravir 
1. Mechanism of action: blocks insertion of reverse-transcribed viral 

DNA into the host DNA 
2. Indications: in combination therapy for experienced patients with 

suppression failure or excess toxicity 
3. Onset and duration: twice daily dose following high fat meal 
4. Relative effectiveness at reducing viral load: effective when combined 

with PI and NRTI 
5. Major adverse effects: diarrhea, headache, and nausea 
6. Contraindications: not for use as monotherapy 
7. NEW DRUG: Elvitegravir introduced this year, but only as a pre-

packaged combo drug including Tenofovir, Emtricitabine, and 
Cobicistat (CYP3A4 inhibitor). 

 
 

E. Fusion inhibitors- Enfuvirtide 
1. General mechanism of action: peptide inhibitor that binds HIV surface 

glycoprotein gp41 to block conformation required for membrane fusion 
with host cell 

2. Indications: combination therapy component in experienced patients 
with viral suppression failure. Injected twice daily 

3. Relative effectiveness at reducing viral load: not active against HIV-2, 
mutation of the HR1 region of gp41 associated with resistance 

4. Major adverse effects: Injection site reaction/inflammation is very 
common, hypersensitivity 

5. Contraindications: do not use in patients with known hypersensitivity 
 
 

F. CCR5 antagonists- Maraviroc 
1. General mechanism of action: small molecule slowly-reversible 

antagonist of the CCR5 interaction with gp120, blocks CCR5-tropic 
HIV-1 entry 
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2. Indications: combination therapy component for experienced patients 
with viral suppression failure, should perform tropism test first 

3. Resistance mechanisms: mutation of the CCR5-binding amino acid 
sequence in HIV gp120, or emergence of CXCR4-tropic virus 

4. Major adverse effects: hepatotoxicity and possible hypersensitivity 
5. Contraindications: liver dysfunction 
6. Significant drug interactions: CYP substrate, concentration altered by 

CYP inducers and inhibitors 
 
 

III. Combination therapy for HIV infection 
A. Complicating conditions and considerations: 

1. comorbid conditions such as cardiovascular disease, chemical 
dependency, tuburculosis, renal, liver, or psychiatric disease 

2. potential adverse drug effects 
3. potential drug interactions with other medications  
4. pregnancy 
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 
 

B. Combination ARV options for treatment-naïve patients-recommended starting 
regimen consists of either 1 NNRTI + 2 NRTI, or 1 PI (preferably boosted with 
ritonovir) + 2 NRTI.*** 
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C. Changing drug regimen due to treatment failure (virologic or immune) 

1. 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: 

a. incomplete virologic response to therapy, or 
b. virologic rebound (after virologic suppression, repeated detection 

of HIV RNA above the assay limit of detection) 
2. Definition of immune failure: the inability to achieve and maintain 

adequate CD4 T-cell response despite virologic suppression 
D. Tuberculosis treatment for HIV-infected patients 

1. Rifampin-based antimycobacterials are highly effective in treating MTB 
infection. Rifamycin is a potent inducer of CYP activity, and markedly 
effects exposure to multiple ARV drugs.  

2. Rifampin dramatically reduces exposure to all PIs and multiple NNRTIs 
and should not be coadministered (except efavirenz).*** 

3. Rifabutin is preferred drug for HIV patients with active MTB, but still 
interacts with PIs and requires caution. 

4. Bottom line is that coadministration of rifabutin and ARV will require 
monitoring and dose adjustment. 
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F.  What NOT to use  
 
Regimens             rationale                               
exception 
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What NOT to use (continued) 

Components   rationale  
 exception 

 
 
 
Example of a test question: 
 
A 29 year-old male was previously diagnosed with 
M. tuberculosis infection and rifampin 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. efavirenz, tenofovir, and emtricitabine 
B. Nevirapine, tenofovir, and emtricitabine 
C. Atazanavir, abacavir, and lamivudine 
D. Didanosine, abacavir, and lamivudine 
E.   None of the above 

 



Pharmacology & Therapeutics  Therapeutics of HIV infections 
February 19, 2013  B. Cuevas, Ph.D. 

 12

Summary tables: 
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