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Generic name Trade name Formulation Standard adult dose Pills/day Major side-effects Food restrictions
Single-tablet regimens

Efavirenz / 
emtricitabine / 
tenofovir disoproxil

Atripla Tablet comprising  
600mg efavirenz,  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Sleep disturbances, tiredness, abnormal dreams, impaired concentration, dizziness, 
rash, nausea, vomiting, diarrhoea, headache, anxiety, depression, raised creatine kinase levels, 
skin darkening, low blood phosphate levels, weakness, stomach pains, bloating, flatulence
Rare: Allergic reaction, abdominal pain, psychosis, liver inflammation

Take on an empty 
stomach, preferably  
at bedtime

Rilpivirine / 
emtricitabine /
tenofovir disoproxil

Eviplera Tablet comprising  
25mg rilpivirine,  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Nausea, vomiting, diarrhoea, dizziness, insomnia, headache, weakness, rash, 
stomach pains, fatigue, bloating, flatulence, changes in kidney function, raised creatine kinase 
levels, low blood phosphate levels, skin darkening, mood changes, depression
Rare: Changes in heart rhythm, known as QT prolongation

Take with food

Rilpivirine / 
tenofovir alafenamide 
/ emtricitabine 

Odefsey Tablet comprising  
25mg rilpivirine, 
25mg tenofovir alafenamide,
200mg emtricitabine

One tablet once a day 1 Common: Reduced white and red blood cell count and platelets, raised lipids, tiredness, 
insomnia, depression, headache, dizziness, nausea, abdominal pain, vomiting, flatulence, dry 
mouth, raised amylase levels, liver enzymes and bilirubin, rash
Rare: Severe rash and fever, anaemia

Take with food

Elvitegravir / cobicistat 
/ emtricitabine / 
tenofovir alafenamide

Genvoya Tablet comprising 150mg 
elvitegravir, 150mg 
cobicistat, 200mg 
emtricitabine, 10mg 
tenofovir alafenamide

One tablet once a day 1 Common: Nausea, abnormal dreams, headache, dizziness, diarrhoea, vomiting, stomach pain, 
wind, rash, tiredness
Rare: Anaemia, depression, swelling of the skin, face, lips, tongue or throat

Take with food

Elvitegravir /cobicistat 
/ emtricitabine /
tenofovir disoproxil

Stribild Tablet comprising  
150mg elvitegravir,  
150mg cobicistat,  
200mg emtricitabine,  
245mg tenofovir disoproxil 

One tablet once a day 1 Common: Nausea, diarrhoea, abnormal dreams, headache, fatigue, dizziness, insomnia, rash, 
flatulence, sleepiness 
Rare: Serious liver problems, kidney problems, bone thinning 

Take with food

Dolutegravir /  
abacavir /  
lamivudine

Triumeq Tablet comprising 50mg 
dolutegravir,  
600mg abacavir  
and 300mg lamivudine

One tablet once a day 1 Common: Insomnia (difficulty sleeping), headache, diarrhoea, nausea, fatigue, rash, itching, 
vomiting, stomach pain, drowsiness, dizziness, hair loss, depression, flatulence, muscle pain and 
discomfort, joint pain, an irritated or runny nose, indigestion, loss of appetite
Rare: Inflammation of the liver or pancreas, suicidal thoughts and behaviours, severe rash

Take with or  
without food

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs)
Abacavir Ziagen 300mg tablet 300mg twice a day 

or 600mg once a day
2 Common: Nausea, vomiting, diarrhoea, fever, headache, abdominal pain, tiredness, loss of 

appetite
Rare: Hypersensitivity reaction, lactic acidosis

Take with or 
without food

Emtricitabine Emtriva 200mg capsule 200mg once a day 1 Common: Nausea, diarrhoea, headache, raised creatine kinase levels, skin darkening
Rare: Lactic acidosis, liver damage

Take with or 
without food

Lamivudine Epivir 150* and 300mg tablets 150mg twice a day 
or 300mg once a day

2
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Common: Nausea, vomiting, diarrhoea, headache, abdominal pain, hair loss, fever, insomnia 
(difficulty sleeping), rash, tiredness, joint pain
Rare: Lactic acidosis, liver damage

Take with or 
without food

Zidovudine Retrovir 100 and 250mg* capsules 250mg twice a day 2 Common: Nausea, vomiting, fatigue, headache, dizziness, weakness, muscle pain, loss of 
appetite, fever
Rare: Blood disorders, lipoatrophy, lactic acidosis

Take with or 
without food

Tenofovir disoproxil Viread 245mg tablet 245mg once a day 1 Common: Nausea, vomiting, diarrhoea, flatulence, dizziness, low blood phosphate levels, 
weakness, rash, headache, stomach pains, fatigue, bloating 
Rare: Kidney problems, bone thinning

Take with food

NRTI fixed-dose combinations
Abacavir /  
lamivudine

Kivexa Tablet comprising  
600mg abacavir  
and 300mg lamivudine

One tablet once a day 1 Common: Nausea, vomiting, diarrhoea, fever, headache, stomach pains, tiredness, loss of 
appetite, hair loss, cough, runny nose, insomnia (difficulty sleeping), rash, joint pain, muscle 
pain, hypersensitivity reaction
Rare: Lactic acidosis, liver damage

Take with or 
without food

Abacavir /  
lamivudine / 
zidovudine

Trizivir Tablet comprising  
300mg abacavir,  
150mg lamivudine and 
300mg zidovudine

One tablet twice a day 2 Common: Nausea, vomiting, diarrhoea, fever, headache, stomach pains, tiredness, loss of 
appetite, hair loss, cough, runny nose, insomnia (difficulty sleeping), rash, joint pain, dizziness, 
muscle pain, hypersensitivity reaction
Rare: Lactic acidosis, liver damage, blood disorders, lipoatrophy

Take with or 
without food

Emtricitabine / 
tenofovir disoproxil

Truvada Tablet comprising  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Nausea, diarrhoea, vomiting, flatulence, dizziness, low blood phosphate levels, 
weakness, rash, headache, raised creatine kinase levels, rashes, skin darkening, stomach pains, 
difficulty sleeping, bloating
Rare: Lactic acidosis, liver damage, kidney problems, bone thinning

Best taken with food, 
but can be taken on an 
empty stomach

Emtricitabine / 
tenofovir alafenamide

Descovy Tablet comprising 200mg 
emtricitabine and 10mg 
or 25mg* tenofovir 
alafenamide

One tablet once a day. The 10mg version is 
recommended for use in combination with 
some boosted protease inhibitors.

1 Common: Nausea, abnormal dreams, headache, dizziness, diarrhoea, vomiting, stomach pain, 
flatulence, rash, tiredness
Rare: Anaemia, swelling of the skin, face, lips, tongue or throat, joint pain

Take with or  
without food

Lamivudine / 
zidovudine

Combivir Tablet comprising  
150mg lamivudine and 
300mg zidovudine

One tablet twice a day 2 Common: Nausea, vomiting, diarrhoea, headache, stomach pains, hair loss, fever, insomnia 
(difficulty sleeping), cough, runny nose, rash, tiredness, joint pain, dizziness, muscle pain, loss 
of appetite
Rare: Blood disorders, lipoatrophy, lactic acidosis, liver damage

Take with or 
without food

Integrase inhibitors
Dolutegravir Tivicay 50mg tablet 50mg once a day or 50mg twice a day if 

taken with efavirenz, nevirapine  
or tipranavir, or for HIV known to be 
resistant to integrase inhibitors

1 or 2 Common: Nausea, diarrhoea, headache, rash, itching, vomiting, stomach pain or discomfort, 
insomnia, dizziness, abnormal dreams, fatigue, flatulence, increase in liver and muscle enzymes.
Rare: Allergic reaction, liver problems

Take with or  
without food

Raltegravir Isentress 400mg tablet 400mg twice a day 2 Common: Headache, insomnia (difficulty sleeping)
Rare: Severe rash, hypersensitivity reaction, extreme thirst

Take with or 
without food

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
Efavirenz Sustiva

Stocrin
600mg tablet* and  
200mg capsule

600mg once a day 1 or 3 Common: Rash, dizziness, sleep disturbance, abnormal dreams, impaired concentration, 
nausea, vomiting, headache, tiredness, diarrhoea, anxiety, depression, suicidal thoughts
Rare: Psychosis, severe rash, liver problems

Take on an empty 
stomach, preferably  
at bedtime

Etravirine Intelence 100 and 200mg* tablet 200mg twice daily 2 or 4 Common: Rash, peripheral neuropathy
Rare: Severe rash (Stevens Johnson syndrome)

Take with food

Nevirapine Viramune 200mg tablet 200mg once a day for two weeks
then 200mg twice a day 

2 Common: Liver toxicity, allergic reaction, rash, nausea, headache, fatigue, stomach pain, 
diarrhoea 
Rare: Severe rash (Stevens Johnson syndrome)

Take with or 
without food

Nevirapine Viramune 
prolonged-
release

400mg tablet 400mg once a day after introductory 
period on non-extended-release 
nevirapine

1 Common: Liver toxicity, allergic reaction, rash, nausea, headache, fatigue, stomach pain, 
diarrhoea
Rare: Severe rash (Stevens Johnson syndrome)

Swallow whole.  
Take with or 
without food

Rilpivirine Edurant 25mg tablet 25mg once a day 1 Common: Insomnia (difficulty sleeping), headache, rash, raised liver enzymes, depression, 
dizziness, stomach pains, vomiting
Rare: At doses above 25mg may cause a disturbance to the heart rhythm

Take with a meal

Protease inhibitors
Atazanavir Reyataz 150, 200 and 300mg* 

capsule
300mg with 100mg ritonavir once a day 2 or 3 § Common: Nausea, diarrhoea, rash, stomach ache, headache, insomnia  (difficulty sleeping), 

vomiting, hyperbilirubinaemia, lipodystrophy, liver toxicity, diabetes
Rare: Kidney stones, kidney problems, abnormal liver function, changes in heart rhythm

Take with food

Darunavir Prezista 600, and 800mg* tablet 800mg with 100mg ritonavir once a 
day or 600mg with 100mg ritonavir 
twice a day

2 to 4 § Common: Diarrhoea, nausea, rash, stomach pain, vomiting, headache, lipodystrophy, liver 
toxicity, diabetes, fever
Rare: Abnormal liver function, changes in heart rhythm

Take with food

Darunavir /  
cobicistat 

Rezolsta Tablet comprising 800mg 
darunavir and 150mg 
cobicistat

One tablet once a day 1 Common: Diarrhoea, nausea, rash, itching, stomach pain, vomiting, flatulence, headache, muscle 
pain, bone problems, tiredness, loss of appetite, abnormal dreams, diabetes
Rare: Liver problems, severe rash

Take with food

Fosamprenavir Telzir 700mg tablet 700mg with 100mg ritonavir  
twice a day

4 § Common: Raised lipids, nausea, vomiting, diarrhoea, rash, abdominal pain, headache, dizziness, 
tiredness, tingling around the mouth, changes in liver and pancreas function, lipodystrophy, liver 
toxicity, diabetes
Rare: Severe rash, changes in heart rhythm

Take with or 
without food

Lopinavir /  
ritonavir

Kaletra Tablet comprising 200mg  
lopinavir and 50mg 
ritonavir

Two tablets twice a day
or four tablets once a day

4 Common: Lipodystrophy, raised liver enzymes, nausea, vomiting, diarrhoea, abdominal pain, 
weakness, heartburn, headache, raised lipids, liver toxicity, diabetes
Rare: Changes in heart rhythm

Swallow whole.  
Take with or 
without food

Atazanavir /  
cobicistat

Evotaz Tablet comprising 300mg 
atazanavir, 150mg 
cobicistat

One tablet once a day 1 Common: Jaundice (yellowing of the skin and/or eyes), nausea, high blood sugar, increased 
appetite, change of taste, dry mouth, headache, dizziness, sleep problems, vomiting, diarrhoea, 
stomach problems, hyperbilirubinaemia, rash, lipodystrophy, fatigue
Rare: Irregular heart beat, severe rash (Stevens-Johnson syndrome), liver problems, kidney 
problems, kidney stones, muscle aches or weakness, swelling of the skin, face, lips, tongue or throat

 Take with food

CCR5 inhibitor
Maraviroc Celsentri 150* and 300mg tablets 300mg twice a day or 150mg twice a day 

with ritonavir-boosted PI except tipranavir 
and fosamprenavir or 600mg twice a day 
with efavirenz or etravirine without a 
ritonavir-boosted PI

2 to 4 Common: Nausea, diarrhoea, fatigue, headache
Rare: Allergic reaction, liver problems

Take with or 
without food

Booster drugs
Cobicistat Tybost 150mg tablet One tablet once a day 1 Common: Nausea, jaundice, high sugar levels in the blood, increased appetite, disturbed sense 

of taste, dry mouth, headache, dizziness, vomiting, diarrhoea, stomach pain, indigestion, feeling 
bloated, flatulence, rash, difficulty sleeping, abnormal dreams, drowsiness, tiredness
Rare: Blood in the urine, protein in the urine, feeling depressed, itchiness, aching muscles, 
weakness, kidney stones, fever

Take with food

Ritonavir Norvir 100mg tablet To ‘boost’ other PIs: 100 – 200mg  
once or twice a day

1 to 4 Common (at low dose): Raised lipid levels
Rare: Changes in heart rhythm

Swallow whole.  
Take with food to avoid 
nausea

Drugs licensed  
in the European Union  
Septem

ber 2016

*Formulation(s) shown.        § Includes ritonavir tablet(s).
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Efavirenz / 
emtricitabine / 
tenofovir disoproxil

Atripla Tablet comprising  
600mg efavirenz,  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Sleep disturbances, tiredness, abnormal dreams, impaired concentration, dizziness, 
rash, nausea, vomiting, diarrhoea, headache, anxiety, depression, raised creatine kinase levels, 
skin darkening, low blood phosphate levels, weakness, stomach pains, bloating, flatulence
Rare: Allergic reaction, abdominal pain, psychosis, liver inflammation

Take on an empty 
stomach, preferably  
at bedtime

Rilpivirine / 
emtricitabine /
tenofovir disoproxil

Eviplera Tablet comprising  
25mg rilpivirine,  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Nausea, vomiting, diarrhoea, dizziness, insomnia, headache, weakness, rash, 
stomach pains, fatigue, bloating, flatulence, changes in kidney function, raised creatine kinase 
levels, low blood phosphate levels, skin darkening, mood changes, depression
Rare: Changes in heart rhythm, known as QT prolongation

Take with food

Rilpivirine / 
tenofovir alafenamide 
/ emtricitabine 

Odefsey Tablet comprising  
25mg rilpivirine, 
25mg tenofovir alafenamide,
200mg emtricitabine

One tablet once a day 1 Common: Reduced white and red blood cell count and platelets, raised lipids, tiredness, 
insomnia, depression, headache, dizziness, nausea, abdominal pain, vomiting, flatulence, dry 
mouth, raised amylase levels, liver enzymes and bilirubin, rash
Rare: Severe rash and fever, anaemia

Take with food

Elvitegravir / cobicistat 
/ emtricitabine / 
tenofovir alafenamide

Genvoya Tablet comprising 150mg 
elvitegravir, 150mg 
cobicistat, 200mg 
emtricitabine, 10mg 
tenofovir alafenamide

One tablet once a day 1 Common: Nausea, abnormal dreams, headache, dizziness, diarrhoea, vomiting, stomach pain, 
wind, rash, tiredness
Rare: Anaemia, depression, swelling of the skin, face, lips, tongue or throat

Take with food

Elvitegravir /cobicistat 
/ emtricitabine /
tenofovir disoproxil

Stribild Tablet comprising  
150mg elvitegravir,  
150mg cobicistat,  
200mg emtricitabine,  
245mg tenofovir disoproxil 

One tablet once a day 1 Common: Nausea, diarrhoea, abnormal dreams, headache, fatigue, dizziness, insomnia, rash, 
flatulence, sleepiness 
Rare: Serious liver problems, kidney problems, bone thinning 

Take with food

Dolutegravir /  
abacavir /  
lamivudine

Triumeq Tablet comprising 50mg 
dolutegravir,  
600mg abacavir  
and 300mg lamivudine

One tablet once a day 1 Common: Insomnia (difficulty sleeping), headache, diarrhoea, nausea, fatigue, rash, itching, 
vomiting, stomach pain, drowsiness, dizziness, hair loss, depression, flatulence, muscle pain and 
discomfort, joint pain, an irritated or runny nose, indigestion, loss of appetite
Rare: Inflammation of the liver or pancreas, suicidal thoughts and behaviours, severe rash

Take with or  
without food

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs)
Abacavir Ziagen 300mg tablet 300mg twice a day 

or 600mg once a day
2 Common: Nausea, vomiting, diarrhoea, fever, headache, abdominal pain, tiredness, loss of 

appetite
Rare: Hypersensitivity reaction, lactic acidosis

Take with or 
without food

Emtricitabine Emtriva 200mg capsule 200mg once a day 1 Common: Nausea, diarrhoea, headache, raised creatine kinase levels, skin darkening
Rare: Lactic acidosis, liver damage

Take with or 
without food

Lamivudine Epivir 150* and 300mg tablets 150mg twice a day 
or 300mg once a day

2
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Common: Nausea, vomiting, diarrhoea, headache, abdominal pain, hair loss, fever, insomnia 
(difficulty sleeping), rash, tiredness, joint pain
Rare: Lactic acidosis, liver damage

Take with or 
without food

Zidovudine Retrovir 100 and 250mg* capsules 250mg twice a day 2 Common: Nausea, vomiting, fatigue, headache, dizziness, weakness, muscle pain, loss of 
appetite, fever
Rare: Blood disorders, lipoatrophy, lactic acidosis

Take with or 
without food

Tenofovir disoproxil Viread 245mg tablet 245mg once a day 1 Common: Nausea, vomiting, diarrhoea, flatulence, dizziness, low blood phosphate levels, 
weakness, rash, headache, stomach pains, fatigue, bloating 
Rare: Kidney problems, bone thinning

Take with food

NRTI fixed-dose combinations
Abacavir /  
lamivudine

Kivexa Tablet comprising  
600mg abacavir  
and 300mg lamivudine

One tablet once a day 1 Common: Nausea, vomiting, diarrhoea, fever, headache, stomach pains, tiredness, loss of 
appetite, hair loss, cough, runny nose, insomnia (difficulty sleeping), rash, joint pain, muscle 
pain, hypersensitivity reaction
Rare: Lactic acidosis, liver damage

Take with or 
without food

Abacavir /  
lamivudine / 
zidovudine

Trizivir Tablet comprising  
300mg abacavir,  
150mg lamivudine and 
300mg zidovudine

One tablet twice a day 2 Common: Nausea, vomiting, diarrhoea, fever, headache, stomach pains, tiredness, loss of 
appetite, hair loss, cough, runny nose, insomnia (difficulty sleeping), rash, joint pain, dizziness, 
muscle pain, hypersensitivity reaction
Rare: Lactic acidosis, liver damage, blood disorders, lipoatrophy

Take with or 
without food

Emtricitabine / 
tenofovir disoproxil

Truvada Tablet comprising  
200mg emtricitabine and 
245mg tenofovir disoproxil

One tablet once a day 1 Common: Nausea, diarrhoea, vomiting, flatulence, dizziness, low blood phosphate levels, 
weakness, rash, headache, raised creatine kinase levels, rashes, skin darkening, stomach pains, 
difficulty sleeping, bloating
Rare: Lactic acidosis, liver damage, kidney problems, bone thinning

Best taken with food, 
but can be taken on an 
empty stomach

Emtricitabine / 
tenofovir alafenamide

Descovy Tablet comprising 200mg 
emtricitabine and 10mg 
or 25mg* tenofovir 
alafenamide

One tablet once a day. The 10mg version is 
recommended for use in combination with 
some boosted protease inhibitors.

1 Common: Nausea, abnormal dreams, headache, dizziness, diarrhoea, vomiting, stomach pain, 
flatulence, rash, tiredness
Rare: Anaemia, swelling of the skin, face, lips, tongue or throat, joint pain

Take with or  
without food

Lamivudine / 
zidovudine

Combivir Tablet comprising  
150mg lamivudine and 
300mg zidovudine

One tablet twice a day 2 Common: Nausea, vomiting, diarrhoea, headache, stomach pains, hair loss, fever, insomnia 
(difficulty sleeping), cough, runny nose, rash, tiredness, joint pain, dizziness, muscle pain, loss 
of appetite
Rare: Blood disorders, lipoatrophy, lactic acidosis, liver damage

Take with or 
without food

Integrase inhibitors
Dolutegravir Tivicay 50mg tablet 50mg once a day or 50mg twice a day if 

taken with efavirenz, nevirapine  
or tipranavir, or for HIV known to be 
resistant to integrase inhibitors

1 or 2 Common: Nausea, diarrhoea, headache, rash, itching, vomiting, stomach pain or discomfort, 
insomnia, dizziness, abnormal dreams, fatigue, flatulence, increase in liver and muscle enzymes.
Rare: Allergic reaction, liver problems

Take with or  
without food

Raltegravir Isentress 400mg tablet 400mg twice a day 2 Common: Headache, insomnia (difficulty sleeping)
Rare: Severe rash, hypersensitivity reaction, extreme thirst

Take with or 
without food

Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
Efavirenz Sustiva

Stocrin
600mg tablet* and  
200mg capsule

600mg once a day 1 or 3 Common: Rash, dizziness, sleep disturbance, abnormal dreams, impaired concentration, 
nausea, vomiting, headache, tiredness, diarrhoea, anxiety, depression, suicidal thoughts
Rare: Psychosis, severe rash, liver problems

Take on an empty 
stomach, preferably  
at bedtime

Etravirine Intelence 100 and 200mg* tablet 200mg twice daily 2 or 4 Common: Rash, peripheral neuropathy
Rare: Severe rash (Stevens Johnson syndrome)

Take with food

Nevirapine Viramune 200mg tablet 200mg once a day for two weeks
then 200mg twice a day 

2 Common: Liver toxicity, allergic reaction, rash, nausea, headache, fatigue, stomach pain, 
diarrhoea 
Rare: Severe rash (Stevens Johnson syndrome)

Take with or 
without food

Nevirapine Viramune 
prolonged-
release

400mg tablet 400mg once a day after introductory 
period on non-extended-release 
nevirapine

1 Common: Liver toxicity, allergic reaction, rash, nausea, headache, fatigue, stomach pain, 
diarrhoea
Rare: Severe rash (Stevens Johnson syndrome)

Swallow whole.  
Take with or 
without food

Rilpivirine Edurant 25mg tablet 25mg once a day 1 Common: Insomnia (difficulty sleeping), headache, rash, raised liver enzymes, depression, 
dizziness, stomach pains, vomiting
Rare: At doses above 25mg may cause a disturbance to the heart rhythm

Take with a meal

Protease inhibitors
Atazanavir Reyataz 150, 200 and 300mg* 

capsule
300mg with 100mg ritonavir once a day 2 or 3 § Common: Nausea, diarrhoea, rash, stomach ache, headache, insomnia  (difficulty sleeping), 

vomiting, hyperbilirubinaemia, lipodystrophy, liver toxicity, diabetes
Rare: Kidney stones, kidney problems, abnormal liver function, changes in heart rhythm

Take with food

Darunavir Prezista 600, and 800mg* tablet 800mg with 100mg ritonavir once a 
day or 600mg with 100mg ritonavir 
twice a day

2 to 4 § Common: Diarrhoea, nausea, rash, stomach pain, vomiting, headache, lipodystrophy, liver 
toxicity, diabetes, fever
Rare: Abnormal liver function, changes in heart rhythm

Take with food

Darunavir /  
cobicistat 

Rezolsta Tablet comprising 800mg 
darunavir and 150mg 
cobicistat

One tablet once a day 1 Common: Diarrhoea, nausea, rash, itching, stomach pain, vomiting, flatulence, headache, muscle 
pain, bone problems, tiredness, loss of appetite, abnormal dreams, diabetes
Rare: Liver problems, severe rash

Take with food

Fosamprenavir Telzir 700mg tablet 700mg with 100mg ritonavir  
twice a day

4 § Common: Raised lipids, nausea, vomiting, diarrhoea, rash, abdominal pain, headache, dizziness, 
tiredness, tingling around the mouth, changes in liver and pancreas function, lipodystrophy, liver 
toxicity, diabetes
Rare: Severe rash, changes in heart rhythm

Take with or 
without food

Lopinavir /  
ritonavir

Kaletra Tablet comprising 200mg  
lopinavir and 50mg 
ritonavir

Two tablets twice a day
or four tablets once a day

4 Common: Lipodystrophy, raised liver enzymes, nausea, vomiting, diarrhoea, abdominal pain, 
weakness, heartburn, headache, raised lipids, liver toxicity, diabetes
Rare: Changes in heart rhythm

Swallow whole.  
Take with or 
without food

Atazanavir /  
cobicistat

Evotaz Tablet comprising 300mg 
atazanavir, 150mg 
cobicistat

One tablet once a day 1 Common: Jaundice (yellowing of the skin and/or eyes), nausea, high blood sugar, increased 
appetite, change of taste, dry mouth, headache, dizziness, sleep problems, vomiting, diarrhoea, 
stomach problems, hyperbilirubinaemia, rash, lipodystrophy, fatigue
Rare: Irregular heart beat, severe rash (Stevens-Johnson syndrome), liver problems, kidney 
problems, kidney stones, muscle aches or weakness, swelling of the skin, face, lips, tongue or throat

 Take with food

CCR5 inhibitor
Maraviroc Celsentri 150* and 300mg tablets 300mg twice a day or 150mg twice a day 

with ritonavir-boosted PI except tipranavir 
and fosamprenavir or 600mg twice a day 
with efavirenz or etravirine without a 
ritonavir-boosted PI

2 to 4 Common: Nausea, diarrhoea, fatigue, headache
Rare: Allergic reaction, liver problems

Take with or 
without food

Booster drugs
Cobicistat Tybost 150mg tablet One tablet once a day 1 Common: Nausea, jaundice, high sugar levels in the blood, increased appetite, disturbed sense 

of taste, dry mouth, headache, dizziness, vomiting, diarrhoea, stomach pain, indigestion, feeling 
bloated, flatulence, rash, difficulty sleeping, abnormal dreams, drowsiness, tiredness
Rare: Blood in the urine, protein in the urine, feeling depressed, itchiness, aching muscles, 
weakness, kidney stones, fever

Take with food

Ritonavir Norvir 100mg tablet To ‘boost’ other PIs: 100 – 200mg  
once or twice a day

1 to 4 Common (at low dose): Raised lipid levels
Rare: Changes in heart rhythm

Swallow whole.  
Take with food to avoid 
nausea

Drugs licensed  
in the European Union  
Septem

ber 2016

*Formulation(s) shown.        § Includes ritonavir tablet(s).
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CONCLUSIONS AND RELEVANCE—
Antiretroviral agents remain the cornerstone of 
HIV treatment and prevention. ,,,. When used 
effectively, currently available ARVs can sustain 
HIV suppression and can prevent new HIV 
infection. With these treatment regimens, 

.  
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 Key Issues

Incremental Innovation in 
HIV/AIDS Treatment
Over the last two decades, research advances have 
transformed treatment for many patients infected with HIV. 
In that time, HIV/AIDS has moved from an acute, fatal 
illness to a chronic disease, managed by effective treatment 
regimens. In the United States, death rates have fallen by more 
than 80 percent since 1995 as a result of the development 

and introduction of multiple drugs used in innovative 
combinations, known as antiretroviral therapy (ART).

For HIV/AIDS, the introduction of novel therapies and 
continuous research into their best use in patients has revealed 
value beyond what was known at the time of approval 

by the FDA. This value has been realized over time as new 
treatments build on one another and real world knowledge is 
accumulated. Additional post-approval value for HIV/AIDS 
therapies include use in combination with other therapeutics, 
treatment earlier in the disease state, and use to prevent HIV 
transmission in certain situations.

Source: Magic Johnson Foundation, Arthur Ashe Learning Center (AALC).

HIV/AIDS UNITED STATESIN 
THE

Since HIV/AIDS was first recognized in 1981, advances in medicines have helped 
lower the death rate by 83%. Prior to 1995, when the first antiretroviral treatment 
was approved by the FDA, an HIV diagnosis was a death sentence. Now, thanks to 
medicines developed by biopharmaceutical scientists and their research partners, 
it is a chronic condition with manageable costs and patients are able to reach 
nearly a full life expectancy.

THEN AND NOW

ARTHUR ASHE
Due to the lack of effective 
medicines, Arthur Ashe 
succumbed to AIDS-related 
pneumonia at 50 years old 
in 1993, just 10 years after 
he contracted the disease 
and 5 years after diagnosis

MAGIC JOHNSON
Despite being diagnosed 
with HIV/AIDS in 1991, 
Magic is expected to meet 
his full life expectancy due 
to the treatments available 
at the outset of his 
diagnosis 

PDUFA V SEEKS TO GAIN PATIENT PERSPECTIVE 

As part of the reauthorization of the Prescription Drug User Fee Act in 2012 (PDUFA V), FDA committed 

to hold 20 Patient-Focused Drug Development (PFDD) meetings on a set of disease areas in order 

to gain the patient perspective on disease severity and unmet medical need. In June 2013, FDA 

conducted a PFDD public meeting on “HIV Patient-Focused Drug Development and HIV Cure 

Research” to get patient input on the impact of HIV on daily life, therapies currently available to 

treat the infection, and patients’ views on issues related to HIV research. Consideration of patients’ 

perception of the acceptable balance of known and possible risks and benefi ts has the potential to add 
crucial perspective when regulators are faced with diffi cult benefi t-risk decisions.

“Developing a safe and suffi  ciently 
eff ective HIV vaccine is essential if 
we are to achieve a timely and 
durable end to the global HIV/AIDS 
pandemic.”
 — Anthony S. Fauci, M.D., NIAID Director
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Fig. 1. Essential steps in the HIV life cycle and targets of currently available antiretroviral drugs
1) HIV virus particles (virions) bind to CD4 and a coreceptor (generally CCR5 or CXCR4)
on target cells. 2) The viral envelope proteins mediate fusion of the viral and host cell
membranes, allowing the viral RNA to be released into the host cell cytoplasm. 3) The viral
RNA is reverse transcribed into double stranded DNA by the HIV reverse transcriptase
enzyme. 4) Double stranded viral DNA is translocated into the nucleus and the HIV
integrase enzyme catalyzes integration of this DNA into the host cell’s chromosomes. At
this point the HIV genome is referred to as “proviral DNA” or an “integrated provirus”. 5)
Transcription of the HIV genome is mediated by host cell polymerases. 6) and 7) HIV RNA
is exported to the cytoplasm for translation or incorporation into new virions. For expression
of some proteins, the RNA is spliced prior to nuclear export. 8 and 9) New virions assemble
and bud from the plasma membrane. 10) As virions bud, the viral protease enzyme cleaves

Marsden and Zack Page 11
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Zidovudine, 19/3/1987 – Emtricitabine, 2/7/2003 

Nevirapine, 21/6/1996 – Rilpivirine, 20/5/2011 

Saquinavir, 6/12/1995 – Darunavir, 23/6/2006 

Enfuvirtide, 13/3/2003 –  

Maraviroc, 6/8/2007 –  

Raltegravir, 12/10/2007 – Elvitegravir, 24/9/2014  

Cobicistat, 24/9/2014 –  
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NRTIs block reverse
transcriptase, an
enzyme HIV needs to make
copies of itself.

abacavir 
(abacavir sulfate, ABC)

Ziagen December
17, 1998

didanosine 
(delayed-release didanosine, dideoxyinosine,
enteric-coated didanosine, ddI, ddI EC)

Videx October 9,
1991 

Videx EC 
(enteric-
coated)

October
31, 2000

emtricitabine
(FTC)

Emtriva July 2,
2003

lamivudine 
(3TC)

Epivir November
17, 1995

stavudine 
(d4T)

Zerit June 24,
1994

tenofovir disoproxil 
fumarate
(tenofovir DF, TDF)

Viread October
26, 2001

zidovudine
(azidothymidine, AZT, ZDV)

Retrovir March 19,
1987

FFDDAA--AApppprroovveedd  HHIIVV  MMeeddiicciinneess

Treatment with HIV medicines is called antiretroviral therapy (ART). ART is recommended for everyone with
HIV. People on ART take a combination of HIV medicines (called an HIV regimen) every day. A person's initial
HIV regimen generally includes three HIV medicines from at least two different drug classes. 

ART can’t cure HIV, but HIV medicines help people with HIV live longer, healthier lives. HIV medicines also
reduce the risk of HIV transmission.

The following table lists HIV medicines approved by the U.S. Food and Drug Administration (FDA) for the
treatment of HIV infection in the United States. The HIV medicines are listed according to drug class and
identified by generic and brand names. Click on a drug name to view information on the drug from the
AIDSinfo Drug Database. Or download the AIDSinfo Drug Database app to view the information on your Apple
or Android devices.

To see a timeline of all FDA approval dates for HIV medicines, view the AIDSinfo FDA Approval of HIV
Medicines infographic.
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27,	9,	1997	

lopinavir	and	ritonavir	 15,	9,	2000	

abacavir	and	lamivudine	 2,	8,	2004	

abacavir,	dolutegravir,	and	lamivudine	 22,	8,	2014	

	 14,	11,	2000	

emtricitabine	and	tenofovir	disoproxil	fumarate	 2,	8,	2004	

efavirenz,	emtricitabine,	and	tenofovir	disoproxil	fumarate	 12,	7,	2006	

emtricitabine,	rilpivirine,	and	tenofovir	disoproxil	fumarate	 10,	8,	2011	

27,	8,	2012	

atazanavir	and	cobicistat	 29,	1,	2015	

darunavir	and	cobicistat	 29,	1,	2015	

5,	11,	2015	

emtricitabine,	rilpivirine,	and	tenofovir	alafenamide	 1,	3,	2016	

emtricitabine	and	tenofovir	alafenamide	 4,	4,	2016	
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Treatment with HIV medicines is called antiretroviral therapy (ART). ART is recommended for everyone with
HIV. People on ART take a combination of HIV medicines (called an HIV regimen) every day. A person's initial
HIV regimen generally includes three HIV medicines from at least two different drug classes. 

ART can’t cure HIV, but HIV medicines help people with HIV live longer, healthier lives. HIV medicines also
reduce the risk of HIV transmission.

The following table lists HIV medicines approved by the U.S. Food and Drug Administration (FDA) for the
treatment of HIV infection in the United States. The HIV medicines are listed according to drug class and
identified by generic and brand names. Click on a drug name to view information on the drug from the
AIDSinfo Drug Database. Or download the AIDSinfo Drug Database app to view the information on your Apple
or Android devices.

To see a timeline of all FDA approval dates for HIV medicines, view the AIDSinfo FDA Approval of HIV
Medicines infographic.
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The number of 
 rapidly (40% of people with AIDS in the 

USA are over age 50). 
 

. These can complicate the selection of anti-
HIV medications. They can also be confused with 
some of the side effects of HIV drugs. 
 

 seem to 
, although their CD4 cell counts 

may be lower.  
8 
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-alfuzosina ( ) 
-amiodarone, chinidina ( ) 
-carbamazepina, oxcarbazepina, fenobarbital, fenitoina, topiramato 
( ) 
-rifampicina, rifabutina (tubercolosi) 
-diidroergotamina, ergometrina, ergotamina ( ) 
-cisapride ( ) 
-prodotti contenenti l’erba di S. Giovanni ( ) 
-lovastatina, simvastatina ( ) 
-pimozide (alterazioni del pensiero) 
-sildenafil ( ) 
-vardenafil ( ) 
-midazolam somministrato per via orale, triazolam, clorazepato, 
diazepam, furazepam ( ) 
-desametasone (infiammazioni e immunità) 
-dabigatran (sangue) 
-bosentan ( ) 10 
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As the world moves towards adopting 
the WHO 2015 guidelines, 

, including 

 that allow more 
people to be on ART with the resources 
available. 

PLOS	Medicine	|	DOI:10.1371/journal.pmed.1001907	November	24,	2015	 12 



 (namely, a new 
antiretroviral for a known target) 

: 
 

(i)  against WT and resistant virus; 
 

(ii) favorable  and metabolic 
stability; 
 

(iii) minimal  and good safety profile; 
 

(iv) lack of  (ability to interact 
beneficially with other drugs); 
 

(v) ease of preparation and  

Anti-HIV Drug Discovery and Development: Current Innovations
and Future Trends
Miniperspective

Peng Zhan,† Christophe Pannecouque,‡ Erik De Clercq,*,‡ and Xinyong Liu*,†

†Department of Medicinal Chemistry, Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical
Sciences, Shandong University, 44, West Culture Road, 250012, Jinan, Shandong, P. R. China
‡Rega Institute for Medical Research, Katholieke Universiteit Leuven, Minderbroedersstraat 10, B-3000 Leuven, Belgium

ABSTRACT: The early effectiveness of combinatorial antiretroviral
therapy (cART) in the treatment of HIV infection has been compromised
to some extent by rapid development of multidrug-resistant HIV strains,
poor bioavailability, and cumulative toxicities, and so there is a need for
alternative strategies of antiretroviral drug discovery and additional
therapeutic agents with novel action modes or targets. From this perspective,
we first review current strategies of antiretroviral drug discovery and
optimization, with the aid of selected examples from the recent literature.
We highlight the development of phosphate ester-based prodrugs as
a means to improve the aqueous solubility of HIV inhibitors, and the
introduction of the substrate envelope hypothesis as a new approach for
overcoming HIV drug resistance. Finally, we discuss future directions for
research, including opportunities for exploitation of novel antiretroviral
targets, and the strategy of activation of latent HIV reservoirs as a means to eradicate the virus.

1. INTRODUCTION
Human immunodeficiency virus type 1 (HIV-1) is the main
causative agent of acquired immunodeficiency syndrome (AIDS),
which remains a serious public health problem throughout the
world. At present, about 30 drugs in five main classes have been
approved for the treatment of HIV/AIDS. These drugs target
different steps of the viral life cycle: (i) viral entry (e.g., co-
receptor antagonists and fusion inhibitors); (ii) reverse tran-
scription (reverse transcriptase (RT) inhibitors); (iii) integration
(integrase (IN) inhibitors); and (iv) viral maturation (protease
(PR) inhibitors).1 Powerful combinatorial antiretroviral therapy
(cART, a combination of anti-HIV drugs targeting different steps
in the life cycle of the virus) has had considerable success in
controlling HIV infection. However, there are still two key issues:
first, the emergence of extensively cross-resistant strains of HIV-1
(partly because of poor compliance), and second, the adverse
effects (poor tolerability, drug−drug interactions, toxicities) of
long-term use of these drug regimens, leading to poor patient
compliance (namely, failure of patients to adhere to the drug
regimen).2−6 Thus, there is an urgent need for new anti-HIV drug
candidates with increased potency, novel targets, improved
pharmacokinetic properties, and reduced side effects.
The traditional approach of random screening and subsequent

optimization of lead compounds by systematic organic synthesis
is highly resource- and time-consuming. Thus, more efficient and
faster strategies that shorten and facilitate the discovery process
would be extremely beneficial. Indeed, the discovery of anti-
HIV agents is moving on from trial-and-error approaches to

sophisticated methodologies. In recent years, several strategies
have been employed to discover novel anti-HIV agents with
novel scaffolds and better resistance profiles, including fragment-
based screening, privileged fragment-based reconstruction,
dynamic ligation screening (DLS)-based drug discovery, rapid
diversity-oriented synthesis combined with in situ screening,
and hierarchical multiple-filter database searching. In this article,
we present a critical survey of current structural modification
strategies in the medicinal chemistry of anti-HIV agents, with the
aid of selected examples from the recent literature. We also
highlight a new strategy for improving drug efficacy and mitigating
solubility-limited bioavailability by using phosphate ester-based
prodrugs, and a novel structure-based drug designmethodology to
reduce drug susceptibility to resistance mutations, based on the
substrate envelope hypothesis. Finally, we present an overview of
structure biology-based exploration of novel targets in the HIV-1
replication cycle, as well as an alternative strategy, which has been
described as the “shock-and-kill” (or “kick-and-kill”) strategy,
based on the idea of activating the latent viral reservoirs in order
to completely eradicate the virus.

2. NEW MEDICINAL CHEMISTRY STRATEGIES FOR
LEAD DISCOVERY

Orthodox drug discovery has usually relied on screening a
significant number of druglike molecules to find lead compounds
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Maintenance Therapy: LATTE-2 Week 32 Results
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AAbbssttrraacctt  BBooddyy::  
Cabotegravir (CAB), an HIV INSTI and rilpivirine (RPV), an HIV NNRTI are both under
development as long-acting (LA) injectable nanosuspensions. LATTE-2 was
designed to select an intramuscular (IM) regimen of CAB LA + RPV LA and to
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Cabotegravir+Rilpivirine as Long-Acting Maintenance Therap... http://www.croiconference.org/sessions/cabotegravirrilpivirin...

3 di 5 03/04/17, 11:28

Q8W and Q4W CAB LA + RPV LA as 2-drug injectable maintenance therapy 
demonstrated comparable antiviral activity to daily oral CAB + ABC/3TC 
through 32 weeks in virologically suppressed pts. Injectable CAB LA + RPV 
LA were generally well tolerated.  
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Globally, approximately 35 million people 
are infected with human immunodefi -
ciency virus (HIV), the virus that causes 
acquired immune defi ciency syndrome 
(AIDS). However, new infections have 
dropped by 38 percent since 2001, 
according to UNAIDS, the Joint United 
Nations Programme on HIV/AIDS. 

In the United States, more than 
1.1 million people are living with HIV 
and 15.8 percent of those are unaware 
they are infected, according to the 
U.S. Centers for Disease Control and 
Prevention (CDC). Although the U.S. 
HIV/AIDS-related death rate has fallen 
by more than 80 percent since the 
introduction of antiretroviral therapies in 
1995, new HIV infections have stabilized 
at approximately 50,000 each year, 
according to the CDC.

Since AIDS was fi rst reported in 1981, 
nearly 40 medicines have been approved 
to treat HIV infection in the United 
States. Although those medicines 
have made HIV infection a manageable 
chronic disease and helped to prolong the 
lives of infected patients, opportunities 
for even greater progress remain.

Biopharmaceutical research companies 
are developing 44 medicines and 
vaccines for HIV infection, focusing on 
improved treatment regimens, more 

effective therapies, and preventative 
vaccines. These medicines and vaccines 
are either in clinical trials or awaiting 
review by the U.S. Food and Drug 
Administration (FDA).

The 44 medicines and vaccines in the 
development pipeline include:

•  A fi rst-in-class medicine intended to 
prevent HIV from breaking through 
the cell membrane.

•  A cell therapy that modifi es a 
patient’s own cells in an attempt to 
make them resistant to HIV.

Biopharmaceutical Company Researchers Are 

Developing More Than 40 Medicines and Vaccines 

For HIV Infection Treatment and Prevention
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•  A therapeutic vaccine designed to induce responses from 
T cells that play a role in immune protection against viral 
infections.

The development of new, innovative therapies would not be 
possible without the patients who volunteer to participate in 
clinical trials. Currently, there are 94 active clinical trials for 
HIV infection medicines and vaccines in the United States. 
Of those, 43 have not yet started recruiting patients or have 
just begun to seek volunteers to participate; the other 51 are 
ongoing but not recruiting new patients.* 

Researching and developing new medicines remains a risky 
investment and a lengthy process. On average, it costs 
$1.2 billion and takes between 10–15 years to bring a new 
medicine to patients. Despite the risks, America’s 
biopharmaceutical research companies are continuing their 
efforts to develop novel and more effective treatments, 
vaccines to prevent HIV infection, and potentially a cure.

HIV Medicines and Vaccines in 
Development
Biopharmaceutical research companies are investigating 
new ways to treat and prevent HIV infection. Potential 
therapies being developed for HIV infection include:

Attachment Inhibitor—A new class of HIV medicines is 
intended to protect cells from HIV infection by preventing 
the virus from attaching to new cells and breaking through 
the cell membrane. One attachment inhibitor in development 
attaches to gp120, a part of the virus, and inhibits the entry 
of the virus into cells by blocking the interaction between 
gp120 and the cell receptors.

Gene Modifi cation—CCR5 is a co-receptor on the surface 
of cells that allows HIV to enter and infect T cells. Without 
this receptor on the cell surface, it is more diffi cult for HIV 
to infect the cells. One cell therapy currently in clinical trials 
is designed to modify the DNA sequence encoding CCR5 
with the intent of making the patient’s own cells resistant to 
infection by HIV. The patient’s cells are extracted, modifi ed, 
and then reinserted into the patient. The goal of this therapy 
is to provide the patient with a population of cells that can 
fi ght HIV as well as the opportunistic infections from which 
patients with HIV often suffer. 

Inducing T Cell Responses—Another therapeutic vaccine in 
development is designed to induce CD4+ T cell responses in 
HIV-infected people. CD4+ T cells play a key role in immune 
protection against viral infections. Defi cits in CD4+ T cells are 
associated with virus reactivation, vulnerability to opportunistic 
infections, and poor vaccine effi cacy. 

Key Issues

Source: U.S. Centers for Disease Control and Prevention (CDC).

HIV/AIDS UNITED STATESIN 
THE

>1.1 MILLION
living with HIV infection
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Source: 2014  PhRMA Medicines in Development for HIV/AIDS, PhRMA.
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*Source: www.clinicaltrials.gov, search performed 8/5/2014. Search criteria: HIV infection, United States, Phase 0, 1, 2, 3; industry only.
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Fig. 2. Suppression of HIV replication during therapy
The natural course of HIV infection is associated with extremely high levels of virus
replication. Treatment with highly active antiretroviral therapy (HAART) inhibits the vast
majority of this replication, but HIV persists at low levels in very rare cellular reservoirs in
these individuals. If HAART is stopped for any reason, the virus can emerge from these
reservoirs, allowing replication to continue at pretherapy levels.
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Fig. 3. Generation of HIV latency
A) Resting CD4+ T cells cannot generally support HIV replication. B) However, if the cells
are stimulated by cytokines or recognition of their cognate antigen then they become
activated and susceptible to HIV infection. Infection will generally result in death of the host
cell, but a small subset of these cells will transition back to a resting state before they can be
killed by the virus. C) The result is a shut-down of HIV expression and production of a
long-lived latently-infected cell that harbors an HIV provirus that is not producing viral
proteins. D) Subsequent activation of this latently infected cell (perhaps many years later)
results in re-initiation of virus expression and production of new infectious virions.
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: effetto citotossico di Chemioterapia 
e Radiazioni 

: effetto della mutazione del gene per 
CCR5 nel midollo trapiantato 

: GVHD 

AIDS 1995; leucemia linfoide 
2006; “curato” da entrambi 
con trapianto midollo 
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Fig. 5. Activation/elimination approaches to purge the latent HIV reservoir
A) A variety of different stimuli have been shown to be capable of inducing a latent HIV
provirus to express new viral proteins. In some cases combinations of inducers (such as PKC
activators and HDAC inhibitors) can act synergistically in this process. B) Once virus
expression has been activated in the latently-infected cell, HIV spread to new cells will be
inhibited by the continued presence of HAART. The host cell may be killed directly by
cytopathic effects associated with virus replication. Alternatively, the cell could be killed by
immune effector mechanisms or novel therapeutic approaches targeted towards viral
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RIVER: Research In Viral Eradication of HIV Reservoirs 

A new way to reduce the size of the HIV reservoir. 
Vorinostat, a HDAC inhibitor, is the “kick” and the 
boosted immune response is the “kill” 

       ART is used to make sure HIV is undetectable 
 

       Two vaccines are then used to train the immune 
   system to recognise cells that will be activated 

 
       Vorinostat  is used to wake and activate the   
   sleeping HIV containing cells 

 
       The immune system, boosted by the vaccines,  
   attacks and kills the newly activated cells 

Recruitment	started	in	December	2015	and	closed	in	February	2017	 Sarah	Fidler	



Fig 4. Gene therapy approaches for eliminating HIV
Therapeutic genes can be introduced into CD34+ hematopoietic stem cells. As these cells
differentiate, the introduced genes will also be present and expressed in progeny cells. In
this way CD4+ T cells can be produced that are resistant to HIV infection or encode genes
for anti-HIV factors. Examples shown here include: genes encoding T cell receptors against
HIV, that could be used to produce cytotoxic T lymphocytes that target HIV-infected cells;
genes encoding short-hairpin RNAs (shRNAs) and ribozymes, that can cleave viral RNA or
the RNA for the CCR5 receptor for HIV, making the cell resistant to infection; genes
encoding recombinases or homing endonucleases, that can inactivate integrated HIV DNA,
and various RNAs and proteins that can interfere with HIV protein functions.
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T-Cell Homeostasis and CD8 Responses Predict
Viral Control Post SB-728-T Treatment
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Joumana Zeidan ; Gary K. Lee ; Clarisse Benne ; Slim Fourati ; Shelley K. Wang ;
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AAbbssttrraacctt  BBooddyy::  
Infusion of ZFN driven CCR5 modified T-cells (SB-728-T) in HIV infected subjects
was previously shown to durably improve CD4 counts. Long-term CD4
reconstitution and decay of the HIV reservoir were previously correlated with a
novel memory stem cell (TSCM) CD4 subset that expands post-infusion and is
enriched in CCR5-modified cells. This current study aims at identifying correlates
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18  with CD4 counts above 500 
were preconditioned with Cytoxan prior to 

. Subjects initiated TI at 6 weeks post infusion. 

Of the 9 subjects pre-conditioned with 1.0 and 1.5 g/m2 
Cytoxan,  demonstrated  of 
viremia (VL<10,000) in extended TI (duration= 14-26 
months), with  showing  
measurements <1000 (duration= 17 & 20 months). 

Results indicate that , along with 
 polyfunctional anti-HIV gag  during 

TI (p=0.04) were . 
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Trapianto midollo nel 2008 e 2010; ricomparsa 
HIV dopo 12 e 32 settimane da interruzione 
HAART 

1 trapiantato nel 2011 con midollo con 1 delle 
coppie geniche mutata per CCR5 e 1 
trapiantato nel 2012 con midollo “normale”: 
apparente assenza di virus in 2014 ma sospetto 
attività HAART 
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Dr. Lambros Kordelas et al. (New England Journal of 
Medicine 2014) described the case of a 

 who also was given a 
 from a homozygous  donor. 

 
After the stem cell transplant, the  in his body 

 mode of entry via the  receptor  
entry via the  receptor. 
 
The genotypic analyses showed a  a dominantly 

  after 
transplantation, probably driven by transplantation with 
stem cells homozygous for the CCR5 delta32 mutation. 
 
This case highlights the fact that 

to control 
HIV infection.” 
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HIV-Tat immunization induces 
cross-clade neutralizing antibodies and CD4+ 
T cell increases in antiretroviral-treated South 
African volunteers: a randomized phase II 
clinical trial
Barbara Ensoli1*, Maphoshane Nchabeleng2, Fabrizio Ensoli3, Antonella Tripiciano1,3, Stefania Bellino1,10, 
Orietta Picconi1, Cecilia Sgadari1, Olimpia Longo1,11, Lara Tavoschi4,12, Daniel Joffe4, Aurelio Cafaro1, 
Vittorio Francavilla1,3, Sonia Moretti1, Maria Rosaria Pavone Cossut1, Barbara Collacchi1, Angela Arancio1,3, 
Giovanni Paniccia1,3, Anna Casabianca5, Mauro Magnani5, Stefano Buttò1, Elise Levendal6,13, 
John Velaphi Ndimande7, Bennett Asia8, Yogan Pillay8, Enrico Garaci9,14, Paolo Monini4 and SMU-MeCRU study 
group

Abstract 
Background:  Although combined antiretroviral therapy (cART) has saved millions of lives, it is incapable of full 
immune reconstitution and virus eradication. The transactivator of transcription (Tat) protein is a key human immu-
nodeficiency virus (HIV) virulence factor required for virus replication and transmission. Tat is expressed and released 
extracellularly by infected cells also under cART and in this form induces immune dysregulation, and promotes virus 
reactivation, entry and spreading. Of note, anti-Tat antibodies are rare in natural infection and, when present, corre-
late with asymptomatic state and reduced disease progression. This suggested that induction of anti-Tat antibodies 
represents a pathogenesis-driven intervention to block progression and to intensify cART. Indeed Tat-based vaccina-
tion was safe, immunogenic and capable of immune restoration in an open-label, randomized phase II clinical trial 
conducted in 168 cART-treated volunteers in Italy. To assess whether B-clade Tat immunization would be effective also 
in patients with different genetic background and infecting virus, a phase II trial was conducted in South Africa.

Methods: The ISS T-003 was a 48-week randomised, double-blinded, placebo-controlled trial to evaluate immuno-
genicity (primary endpoint) and safety (secondary endpoint) of B-clade Tat (30 μg) given intradermally, three times at 
4-week intervals, in 200 HIV-infected adults on effective cART (randomised 1:1) with CD4+ T-cell counts ≥200 cells/
µL. Study outcomes also included cross-clade anti-Tat antibodies, neutralization, CD4+ T-cell counts and therapy 
compliance.

Results: Immunization was safe and well-tolerated and induced durable, high titers anti-Tat B-clade antibodies in 
97 % vaccinees. Anti-Tat antibodies were cross-clade (all vaccinees tested) and neutralized Tat-mediated entry of 
oligomeric B-clade and C-clade envelope in dendritic cells (24 participants tested). Anti-Tat antibody titers correlated 
positively with neutralization. Tat vaccination increased CD4+ T-cell numbers (all participants tested), particularly 
when baseline levels were still low after years of therapy, and this had a positive correlation with HIV neutralization. 

© 2016 Ensoli et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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*Correspondence:  barbara.ensoli@iss.it 
1 National AIDS Center, Istituto Superiore di Sanità, Rome, Italy
Full list of author information is available at the end of the article

: The data indicate that  can 
 and induces cross-clade 

neutralizing anti-Tat antibodies  different 
genetic backgrounds and , supporting the 
conduct of phase III studies in South Africa. 
Trial registration ClinicalTrials.gov NCT01513135, 01/23/2012 
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drug-naïve patients or in association with cART. In drug-
naïve patients, therapeutic vaccines are expected to con-
tain infection (i.e. low to undetectable plasma viral load 

and CD4+ T cell preservation), preventing progression 
to disease as well as virus transmission, while in cART-
treated patients therapeutic vaccination is expected to 
intensify the efficacy of cART, thus supporting a more 
effective immune restoration and virological control, 
particularly in poor immunological responders or cART 
non-compliant patients, preventing progression to AIDS-
related as well as non AIDS-related diseases and virus 
transmission.

No therapeutic vaccines are currently market approved. 
However, the rapidly expanding HIV/AIDS therapeu-
tic vaccine field portraits a variety of approaches, which 
differ sensibly in many aspects, the most relevant being 
the antigen chosen (unlike preventative vaccines, regula-
tory and accessory genes are frequently targeted; in some 
cases almost the entire HIV genome is targeted), and the 
delivery systems, which range from simple subcutaneous, 
intradermal, or intramuscular vaccine administration 
to reinfusion of autologous DCs loaded ex vivo with the 
selected antigen(s) [9, 79–89]. In most vaccine trials con-
ducted in treated patients cART therapy was interrupted 
to assess the potency of the immunological control of 
infection provided by vaccination, while they were not 
aimed at evaluating the immunological recovery, with the 
exclusion of CD4+ T cell counts, which, however, did not 
appear to go beyond the restoration provided by cART 
alone [9, 79].

Our approach has focused on Tat, a key HIV virulence 
factor, which is released extracellularly in a biologically 
active form also under cART, and promotes virus reacti-
vation, replication and spreading while inducing immune 
activation and disabling the host immune defense 
(reviewed in [25]). Thus, induction of effective anti-Tat 
Abs may represent a pathogenesis-driven therapeutic 
intervention to block disease progression as indicated by 

Fig. 5 Neutralization of Tat/Env complex entry in DC. Baseline values (left panels) and changes from baseline after immunization (right panels) of 
B-clade Env entry in DC in the absence (a) or presence (b) of B-clade Tat in anti-Tat Ab-positive (n = 13) vaccinees, and anti-Tat Ab-positive (n = 6) 
or anti-Tat Ab-negative (n = 5) placebos at week 20 and 48 from the first immunization. Reduction of Env entry in DC by sera indicates neutraliza-
tion. Student’s t test was applied to evaluate the changes from baseline within and between treatment groups

Fig. 6 Neutralization of B- and C-clade Tat/Env complex entry in DC 
in vaccinees. Neutralization of B- (n = 13) and C- (n = 10) clade Env 
entry in DC in the presence or absence of (B- or C-clade) Tat by sera of 
Ab-positive vaccinees, measured at week 20 or week 48 after immu-
nization. Data are presented as mean values with standard errors. 
Student’s t test for paired data was used for the analyses

Table 6 Relationship between  anti-Tat or anti-Env Ab 
titers and Tat-mediated Env entry in DC in vaccinees

A longitudinal analysis for repeated measures by generalized estimating 
equation method was used for the analysis. Vaccinees anti-Tat Ab-positive 
n = 19 (86 observations), placebos anti-Tat Ab-negative n = 5 (30 observations)

CI confidence interval

Parameter Estimate 95 % CI p value

Vaccinees

 Anti-Tat IgM (log10 titers) −0.15 −0.31 0.02 0.0853

 Anti-Tat IgG (log10 titers) −0.12 −0.20 −0.04 0.0039

 Anti-Tat IgA (log10 titers) −0.02 −0.12 0.08 0.7579

 Anti-Env IgG (log10 titers) −0.06 −0.09 −0.02 0.0015

Placebos

 Anti-Env IgG (log10 titers) 0.00 −0.02 0.02 0.9471


