Antiretroviral Drugs in the Management of HIV and AIDS

I. Pathogenesis/Viral Replication of HIV

a. Life cycle
i. HIV is and RNA virus that needs production of proviral DNA within the host cell to complete the life cycle
ii. HIV virus envelope contains glycoprotein (gp) 120 that bonds to the CD4+ (helper cell of the immune system) cell receptor
iii. Viral RNA is uncoated and transcribed into proviral DNA by reverse transcriptase enzyme
iv. Proviral DNA is integrated into the host’s nucleus with the help of integrase enzyme
v. Integrated viral genes remain inactive or translated back into genomic RNA and messenger RNA and then translated to viral proteins
vi. Viral proteins are cleaved by protease enzymes into new HIV particles and new infectious virons bud off the CD4 cell and are released to further infect other cells
II. Basic Components of the Immune System

a. Of the white blood cells, lymphocytes primarily drive the immune system
b. Lymphocytes (2 major types which protect host)
i. B cells: formed in bone marrow and produce antibodies after exposure to an antigen
ii. T cells: processed in the thymus (two subtypes)
1. Regulator cells also known as helpers or CD4 cells (generals in army of immune system which recognize invaders and summon armies of cells to mount a direct attack)
2. Fighter or effector cells also known as cytotoxic or CD8 cells (bind directly to antigen and kill it
c. 2 types of CD4 cells
i. Memory cells: those programmed to recognize a specific antigen after it has been previously seen
ii. Naïve cells: non-specific responders
d. CD4 cells replicate 100 million times a day
e. CD4 cells are the target cells of HIV
III. CD4 cell count

a. The CD4 cell is the major target for HIV; HIV infects and destroys the CD4 cells. In infected children and adults, the CD4 T-cell count declines as HIV infection progresses; patients with decreased CD4 counts have a poorer prognosis than patients with increased CD4 counts
b. The CD4 cell count is used as a marker of the strength of the immune system. It also is used to determine an HIV-infected individual’s risk for various infections
IV. Viral Load Test

a. Viral load or HIV RNA is a measurement of host much virus (the number of HIV particles is in an HIV-infected individuals blood
b. A high number indicates that the virus is reproducing rapidly and an individual is at higher risk for HIV disease progression
c. A low number usually indicates that the virus is not reproducing or is being suppressed by the immune system and/or antiretroviral medication therapy
	Clinical Category
	CD4+ T Cell Count
	Plasma HIV RNA
	Recommendation

	AIDS-defining illness or severe Sx
	Any value
	Any value
	Treat

	Asymptomatic (AI)
	< 200mm3
	Any value
	Treat

	Asymptomatic (BII)
	> 200mm3 but <350mm3
	Any value
	Offer treatment, discuss pros and cons

	Asymptomatic (CII)
	>350mm3
	>100,000
	Most clinicians defer therapy, others will treat

	Asymptomatic (DII)
	>350mm3
	<100,000
	Defer therapy


V. Principles of HAART (Highly Active Antiretroviral Therapy)

a. HAART refers to the administration of a combination of at least three (3) agents which work via different mechanisms that will significantly decrease and maintain plasma HIV-1 viral load below the level of detection
VI. Criteria for the initiation of HAART
a. CDC-defined AIDS
b. HIV-related signs or symptoms
c. CD4 count <350 cells/mm3
d. HIV viral load >100,000 copies/ml
VII. Principles of HAART

a. Potential Benefits

i. Control viral replication and mutation
ii. Decrease viral burden
iii. Maintain immune system
iv. Delay progression to AIDS
v. Decrease risk of selecting resistant virus
vi. Decrease risk of drug toxicity
vii. Possibly decrease risk of transmitting resistant virus
b. Potential Risks

i. Decrease quality of life (ADRs, inconvenience of adhering to regimen)
ii. Earlier development to resistance
iii. Limit future medication options due to development of resistance 
iv. Long term toxicity of HAART is unknown
c. Undetectable viral load is the goal of therapy
d. The first regimen is the best chance to achieve maximal and durable viral suppression
e. Adherence is critical to achieving viral suppression and preventing resistance
f. 2 or more agents are needed
g. Do NOT add a single agent to a failing regimen. Change at least 2 of the 3 agents
h. Resistance to one agent likely confers resistance to another drug in that class (NNRTIs and PIs)
i. EDUCATE patient on antiretroviral therapy options
VIII. Goals of HIV Therapy

a. Achieve maximal and durable suppression of viral load
b. Restore and/or preserve immunologic function
c. Improve QOL
d. Reduce HIV-related morbidity and mortality 
e. Limitation of the likelihood of viral resistance to preserve future treatment options
IX. Nucleoside/Nucleotide Analogue Reverse Transcriptase Inhibitors (NRTIs)

a. MOA- inhibit the HIV reverse transcriptase enzyme by competing with normal nucleoside/nucleotide triphosphates for incorporation into growing proviral DNA chain. The viral DNA chain elongation is terminated therefore stopping viral replication
b. Must undergo phosphorylation to be active versus virus
c. First class of ARV drugs approved
d. Active against HIV-1 and HIV-2
X. NRTIs

a. Adverse reactions
i. Inhibit cellular and mitochondrial DNA polymerases and various cellular kinases resulting in many toxicities
ii. ALL NRTIs can cause lactic acidosis and severe hepatomegaly. Increase risk in women, obesity, alcoholics, and prolonged use of NRTI
b. Resistance limits usefulness
c. Agents included in this category
i. Zidovudine (AZT, ZDV) (Retrovir)
ii. Didansine (ddl) (Videx)
iii. Zalcitabine (ddC) (Hivid)
iv. Stavudine (d4T) (Zerit)
v. Lamivudine (3TC) (Epivir)
vi. Abacavir (ABC) (Ziagen)
vii. Emtricitabine (FTC) (Emtriva)
viii. Combination products include
1. ZDV + 3TC (Combovir)
2. ZDV + 3TC + ABC (Trizivir)
XI. Zidovudine (AZT) (Retrovir)

a. First ARV for HIV
b. Thymidine analogue
c. Approved for use in adults and children; post-exposure prophylaxis and for prevention of prenatal and perinatal transmission to the baby by HIV-infected pregnant women
d. ADRs- h/a, n,v,d, anorexia, bone marrow suppression
e. DDI- Ribavirin, stavudine
f. Dose adjustment required in renal dysfunction
XII. Didanosine (ddl) (Videx)

a. Adenosine analogue
b. ADRs- similar to others, diarrhea more common, also peripheral neuropathy, pancreatitis, Hyperuricemia, BMS, retinal depigmentation and optic neuritis
c. Product information- has buffering agents to counteract its degradation by gastric acid, so may cause DDI. A newer product Videx EC not susceptible to these drug interactions
d. DDI- Gancyclovir, ddC, d4T
XIII. Stavudine (d4T) (Zerit)

a. Thymidine analogue
b. ADRs- similar to others; peripheral neuropathy, increase LFTs, increase lactic acidosis, pancreatitis
c. Dose adjustment required in renal dysfunction
d. DDI- hydroxyurea, AZT
XIV. More NRTIs

a. Lamivudine (3TC) (Epivir)
b. Cytosine analogue
c. Best tolerated of all NRTI
d. Part of the initial preferred HAART regimens
e. GI effects- biggest complaint
f. Abacavir (Ziagen)
g. Guanosine analogue
h. ADR-fatal hypersensitivity reaction. Has black box warning
XV. Emtricitabine (Emtriva) (FTC)

a. Newest NRTI- July 2003
b. Now part of initial preferred HAART regiments
c. MOA- cytosine analogue NRTI
d. Long half-life- QD dosing, Can take without regard to meals
e. ADRs- similar to NRTIs, unique Hyperpigmentation of the palms
f. Dose is 200mg QD, requires dose adjustment if CrCl <50ml/min
g. Not inhibited by CYP450 enzymes- few DDI
XVI. NRTIs (Nucleotides)
a. Agents in this category include
b. Tenefovir DF (Viread)
i. Basic advantage over nucleosides is that it already has one phosphate group so it only requires diphosphorylation to be activated 
ii. QD dosing
iii. Less toxicity than nucleoside NRTIs
iv. Part of NNRTI-based initial HAART regimen
XVII. Non-nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

a. MOA- inhibit the HIV-1 reverse transcriptase enzyme by binding adjacent to the active site, inducing a conformational change that inactivates the enzyme
b. Parent molecule is active (unlike the NRTIs)
c. Second class of ARV drugs approved in 1990s
d. Active against HIV-1 only
e. Potent- but DVP resistance easily
f. ADRs- all can cause rashes
g. DDI- several
h. Agents in this category include
i. Nevirapine (NVP) (Viramune)
ii. Delavirdine (DLV) (Rescriptor)
iii. Efavirenz (EFZ) (Sustiva)
i. DDI
i. NVP and EFZ are CYP3A4 inducers
ii. DLV is a CYP3A4 inhibitor
XVIII. Nevirapine (NVP) (Viramune)

a. Can cause potentially fatal hepatic toxicity and skin rash including Steven-Johnson Syndrome and toxic epidermal necrolysis. Closely monitor during first 12 weeks of treatment
b. Other ADRs- rash, fever, n,v,d, h/a, increase LFT
c. DDI- CYP3A4 substrate and inducer
i. Decrease effectiveness of OC and many PI
ii. Decrease NVP levels if given with rifampin, rifabutin
XIX. Delaviridine (DLV) (Rescriptor)

a. Rash with pruritus most common ADR
b. Other ADRs- h/a, n,v,d, increase LFT
c. DDI
i. Drugs which increase pH will decrease DLV absorption
ii. CYP3A4 substrate and inhibitor
1. Do not give with cisapride, ergot alkaloids, and certain BDZ (alprazolam, midazolam, triazolam)
2. Increases concentration of PI
XX. Efavirenz (EFZ) (Sustiva)

a. Only NNRTI approved for QD dosing 
b. Backbone for NNRTI-based initial preferred HAART regimen
c. Rash most common ADR (rarely severe)
d. Other ADRs- increase LFT and cholesterol, CNS effects (50% of patients) including dizziness, h/a, insomnia, nightmares and hallucinations
e. Teratogenic effects in primates
f. DDIs- CYP3A4 substrate and inducer; CYP2CP inhibitor
XXI. Protease inhibitors (PIs)

a. MOA- inhibits the enzyme HIV protease by binding to its active site. This prevents the cleavage of the gag-pol precursor polyproteins, resulting in the production of incomplete and non-infectious “virions”
b. Active versus HIV-1 and HIV-2
c. ADRs- all cause significant GI effects, paresthesias, hyperglycemia, dyslipidemia, increase LFTs, fat redistribution and increase risk of bleeding in hemophiliacs
d. DDI
i. Metabolized by and inhibitor of CYP3A4
ii. Ritonavir is most potent inhibitor (used as to enhance other PIs)
e. Agents in this category include
i. Saquinavir (SQV) (Fortavase or Invirase)
ii. Ritonavir (RTV) (Norvir)
iii. Indinavir (IDV) (Crixivan)
iv. Nelfinavir (NFV) (Viracept)
v. Amprenavir (APV) (Agenerase)
vi. Lopinavir/Ritonavir (LPV/r) (Kaletra)
vii. Atazanavir (ATV) (Reyataz)
viii. Fosamprenavir (FPV) (Lexiva)
ix. Timpranavir (TPV) (Aptivus)- newest drug
XXII. Saquinavir (SQV)

a. Fortavase is soft gel preparation and has largely replaced invirase because of improved bioavailability
b. ADRs- as previously listed. Fairly well tolerated with milder GI side effects
XXIII. Ritonavir (RTV) (Norvir)

a. Not well tolerated in high doses
b. Mostly used in low doses to increase levels of other PI and to extend their dosing interval
c. ADRs- as previously listed; significant GI effects, altered taste sensation, paresthesias, hypertriglyceridemia, pancreatitis
d. DDI- most potent inhibitor of CYP3A4 of all the PI. Also inhibits CYP2D6
XXIV. Indinavir (IDV) (Crixivan)

a. ADRs- as previously listed; Nephrolithiasis, urolithiasis, renal insufficiency or renal failure. Renal problems more common in kids
XXV. Nelfinavir (NFV) (Viracept)

a. More commonly used PI because of lower incidence of ADRs
b. Most common ADRs are diarrhea and flatulence
XXVI. Amprenavir (APV) (Agenerase)

a. BID dosing- advantage over other PI
b. Sulfonamide (caution in patients with sulfa allergy)
c. ADRs- as previously listed, GI effects, mild or severe rash (SJS)
d. DDIs- metronidazole, disulfiram
e. Oral solution has large amounts of propylene glycol and should not be given to kids <4y.o. because it can induce hyperosmolarity, lactic acidosis, seizures and respiratory depression. Also avoid its use if renal/hepatic failure and in pregnant women
XXVII. Lopinavir-Ritonavir (Kaletra)

a. Lopinavir only available as a combo with Ritonavir (RTV inhibits the rapid inactivation of Lopinavir by CYP3A4)
b. Backbone of PI-based initial preferred HAART regimen
XXVIII. Atazanavir (ATV) (Reyataz)

a. MOA- azapeptide HIV-1 PI, has greater specificity for HIV protease than the other available PI
b. Decreased susceptibility to resistance due to modifications in its structure (amino acid substitutions)
c. PK profile allows for QD dosing
d. ADRs similar to other PI (except less dyslipidemia)
e. ADR of hyperbilirubinemia (discontinue it total BIR >5x ULN or if unacceptable jaundice)
f. Dose is 400mg QD with food or 300mg QD with RTV 100mg QD
XXIX. Fosamprenavir (FPV) (Lexiva)

a. MOA- Prodrug of Amprenavir
b. Advantage- Decrease pill burden from 16 caps per day to 4 tabs per day
c. Available as 700mg tab
d. Dosing
i. 1400mg BID
ii. 1400mg QD +RTV 200mg QD
iii. 700mg BID + RTV 100mg BID
XXX. Tipranavir (TPV) (Aptivus)

a. Newest ARV drug- released in 2005
b. Structurally similar to sulfonamide- use with caution in sulfa allergy
c. Similar ADRs to other Protease inhibitors 
d. Given BID in combination with Ritonavir
XXXI. Enfuviritide Administration

a. T-20 is supplied as dry powder for reconstitution
b. Store at room temperature prior to reconstitution
c. Syringe, diluent, alcohol are all supplied with product
d. 30 day supply costs approximately $1700
XXXII. Enfuviritide (Fuzeon)

a. Adverse events- injection site reaction
i. 97.9% of T-20 patients developed injection site reactions (ISRs)
ii. Most patients (85.6%) had their first ISR during week 1
iii. Average duration of an individual ISR was about 7 days
iv. 3% of patients discontinued study due to ISRs
v. Most frequent signs and symptoms were itching, swelling, redness, pain, and tenderness, hardened skin and bumps
vi. Two cases of systemic nonfatal hypersensitivity reactions to T-20 occurred
vii. Bacterial pneumonia
1. 30 patients (4.5%) on T-20 versus 1 case on QB (0.3%) (P <.0094)
viii. Sepsis
1. 12 patients on T-20 versus 1 on OBT (P=NS)
ix. Unspecified bacterial infections
1. 18% on T-20 versus 9% on OB (P=NS)
x. Low discontinuation rates:
1. 7.2% for T-20 versus 3% for OB
XXXIII. Considerations in Choosing Treatments Regimens

a. Potency
b. Pill burden
c. Tolerability
d. Convenience, lifestyle impact
e. Dosing frequency
f. Timing with meals
g. Resistance/Cross resistance
h. Drug interactions
XXXIV. Antiretroviral Regimens

a. Preferred regimens:
i. NNRTI-based
1. Efavirenz + (Lamivudine or Emtricitabine) + (Zidovudine or tenofovir DF)
ii. PI based
1. Lopinavir/Ritonavir + (Lamivudine or Emtricitabine) + Zidovudine
b. Alternate regimens-see charts
XXXV. Pregnancy considerations

a. Efavirenz (Sustiva) is teratogenic in nonhuman primates. IT SHOULD NOT be given in 1st trimester or to women with significant child-bearing potential. Use alternate HAART regimen
b. Amprenavir (Agenerase) oral solution is contraindicated in pregnant women because the propylene glycol component may be toxic
c. Zidovudine may be used as monotherapy for prevention of perinatal HIV transmission- but NOT for as monotherapy for HIV treatment of the mother
XXXVI. ARV Treatment Failure
a. Virologic failure (MOST COMMON)- usually first
i. HIV RNA still in blood 1 year after initiation of treatment or if it is detected against after ARVs had previously lower it to undetectable
b. Immunologic failure
i. CD4 increase of <25-50 cells/micro liter in first year of therapy or decline in CD4 count to below baseline
c. Clinical progression
i. Occurrence of HIV-related events or a decline in physical health after >3months on therapy
d. Causes of treatment failure include 
i. Patient factors
1. CD4 nadir, viral load, comorbidities
ii. Suboptimal adherence
iii. ARV toxicity and intolerance
iv. Pharmacokinetic problems
v. Suboptimal drug potency
vi. Viral resistance
XXXVII. Limitations of Currently Available ARV Drugs- Summary

a. Complex regimens
b. Negative effects on QOL
c. Adverse effects
d. Drug class cross resistance
e. Drug interactions
f. Submaximal potency
g. Cost
XXXVIII. Drug classes frequently involved in Drug-Drug interactions

a. Antidepressants (SSRIs, TCAs, nefazodone)
b. Antipsychotics
c. Azole antifungals (ketoconazole, Itraconazole, fluconazole)
d. Benzodiazepines
e. Calcium channel blockers (verapimil, dilitiazem, nifedipine, nicardipine)
f. Cardiovascular agents (amiodarone, digitalis, coumadin)
g. Macrolides and other anti-infectives (erythromycin, clarithromycin, ciprofloxacin)
h. Protease inhibitors (Indinavir, Nelfinavir, ritonavir, Saquinavir)
i. Others (cyclosporine, metronidazole, omeprazole, many more)
	# of Drugs
	% Chance

	2 drugs
	6%

	5 drugs
	50%

	8 drugs
	100%


XXXIX. Potential for Drug Interactions

                                                            Account for up to 3 to 10% of                                                                                    
                                                                    hospital admission

                                                                                                                                                                      HIV Related Drugs with Overlapping Toxicities

	Bone marrow suppression
	Cidofovir, cotrimoxazole, cytotoxic chemotherapy, dapsone, flucytosine, Gancyclovir, hydroxyurea, interferon, Primaquine, Pyrimethamine, ribavirn, sulfadiazine, trimetrexate, zidovudine

	Peripheral neuropathy
	Didanosine, isoniazid, stavudine, Zalcitabine

	Pancreatitis
	Cotrimoxazole, Didanosine, Lamivudine (children), pentamidine, ritonavir, stavudine

	Nephrotoxicity
	Cotrimoxazole, didanosine, lamivudine (children), pentamidine, ritonavir, stavudine 

	Hepatotoxicity
	Delaviridine, efevirenz, fluconazole, isoniazid, Itraconazole, ketoconazole, Nevirapine, NRTIs, protease inhibitors, rifabutin, rifampin

	Rash
	Abacavir, Amprenavir, cotrimoxazole, dapsone, NNRTIs, sulfadiazine

	Diarrhea
	Didanosine, clindamycin, Nelfinavir, ritonavir, Lopinavir/ritonavir

	Ocular
	Didanosine, ethambutol, rifabutin, cidofovir


XL. HIV Prophylaxis following Occupational Exposure

a. Exposures for which PEP is indicated
b. Break in the skin by a sharp object (including both hollow-bone and cutting needles or broken glassware) that is contaminated with blood, visibly bloody fluid, or other potentially infectious material, or that has been in the source patient’s blood vessel
c. Bite form an HIV-infected patient with visible bleeding in the mouth that causes bleeding in the HCW
d. Splash of blood, visibly bloody fluid, or other potentially infectious material to a mucosal surface (mouth, nose, or eyes)
e. A non-intact skin (dermatitis, chapped skin, abrasion, or open wound) exposure to blood, visibly bloody fluid, or other potentially infectious material
XLI. HIV PEP Regiment Following Occupational Exposure Among HCWs

a. Basic
i. Zidovudine 300mg po bid + Lamivudine 150mg po bid (Combovir 1 bid) or
ii. Zidovudine 300mg po bid + Emtricitabine 200mg po daily
b. Expanded
i. Basic regimen + Lopinavir/ritonavir 400/100mg po BID
Monitoring Parameters after PEP for HCW

	
	Clinic Visit
	CBC w/ Diff
	Serum Liver Enzymes
	HIV Antibody Test

	Baseline
	X
	X
	X
	X

	Week 1
	X
	
	
	

	Week 2
	X
	X
	X
	

	Week 3
	X
	
	
	

	Month 1
	X
	X
	X
	X

	Month 3
	
	
	
	X

	Month 6
	
	
	
	X


