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Learning objectives
You will learn:

• Current evidence on the efficacy and tolerability of atazanavir and darunavir

• South African and international recommendations on the use of protease inhibitors in 
antiretroviral therapy

• The evidence on how atazanavir and darunavir compare against other antiretroviral drug 
classes. 

Introduction
Protease inhibitors (PIs) are a potent class of antiretroviral drugs that bind to the active 
site of HIV-1 protease, thereby preventing maturation of newly produced virions. One 
of the oldest of the PIs, ritonavir (r), is used at very low doses as a pharmacokinetic 
‘booster’ in combination with other PIs such as lopinavir (LPV), atazanavir (ATV) and 
darunavir (DRV), thereby rendering the newer PIs more effective, reducing their pill 
burden and simplifying dosing schedules. 

This report was made possible 
by an unrestricted educational 
grant from Cipla. The content 
of the report is independent of 
the sponsor.

©
iS

to
ck

/1
04

10
87

77
8



2  I  MAY 2021

Protease inhibitors for second-line antiretroviral therapy

There are not 
very many data 
available on the 
use of the newer 
PIs in the South 
African context 
of a second-line 
regimen and 
beyond 

Recommended antiretroviral therapy (ART) regimens have evolved regularly since the 
inception of ART in South Africa as safer and more potent antiretroviral drug classes and 
individual agents have been developed. In previous years, the HIV community used LPV/r as it 
was the only PI that could be used together with the tuberculosis (TB) drug, rifampicin, and 
was the cheapest available. Real-world experience with LPV/r has revealed some limitations, 
including a high pill burden with most patients using it twice daily and poor gastrointestinal 
(GIT) tolerability. There is also the need to monitor lipids to identify those with LPV/r-induced 
hyperlipidaemia, although Professor Maartens advises that this probably only needs to be 
done once, rather than periodically as many practitioners tend to do. 

Attention now turns to ATV and DRV, particularly as DRV/r, developed to be a high-affinity 
‘best fit’ within the active site of HIV-1 protease and currently the benchmark molecule 
for resistance barriers across all antiretroviral drugs, is at the cusp of entering mainstream 
treatment of HIV. Which molecule reigns supreme as the preferred PI for second-line ART? A 
boxing match debate between Professor Gary ‘Marciano’ Maartens (champion of ATV for this 
bout) and Professor Francois ‘Virulent’ Venter (defender of DRV) was deftly refereed by the 
esteemed Professor Yunus Moosa.

Issue: Which of the PIs do the guidelines prefer? 
In recent years, the Southern African HIV 
Clinicians Society (SAHCS) requested the 
National Department of Health (NDoH) to 
switch from LPV/r to ATV/r as the preferred 
PI. While there was agreement that the data 
did favour this switch, at that time the lack 
of a fixed-dose combination (FDC) was a 
key barrier to this progression. If  using the 
molecules separately, patients may take one 
and not the other and stockouts of ritona-
vir may also occur; in these cases, patients 
could develop resistance if  taking ATV alone. 
Several ATV/r FDCs are now registered in 
South Africa, used as a single 300/100mg 
tablet once daily.

The SAHCS1 and many international guide-
lines from high-income countries recommend 
DRV/r 800/100mg daily as the preferred PI, 
with ATV/r now classified as an alternative 
regimen. DRV/r, along with dolutegravir 
(DTG), is remarkably effective as the back-
bone of the South African third-line pro-
gramme, with 83% of patients attaining viral 
suppression to <1 000 copies/ml.2 There is 
currently one FDC DRV/r (two 400/50mg 
tablets once daily) registered in South Africa, 
but it is not yet available in the private sector.

Issue: PI vs PI – what is the evidence for each 
molecule?
Most head-to-head PI randomised controlled 
trials (RCTs) have been done in ART-naïve 
people because PIs are preferred in many 
high-income countries for the initiation of 
ART; there are not very many data avail-
able on the use of the newer PIs in the South 

African context of a second-line regimen and 
beyond. Also relevant is that a number of the 
current PI studies are in combination with 
cobicistat, unlikely to be used in South Africa 
due to drug interactions and the expense of 
manufacture. 

ATV/r vs LPV/r
The CASTLE3 study randomised ART-naïve 
patients to ATV/r or LPV/r. There was no 
difference in efficacy, with time to virological 
suppression and the proportion of patients 
suppressed to <50 copies/ml at 48 weeks 
being the same in both arms. In terms of 
safety, there were considerably more GIT 
events in the LPV/r arm (Table 1). Professor 

Maartens, well aware that his opponent 
would attempt an uppercut with the issue 
of jaundice, emphasised that only 4% of 
patients in the ATV/r arm developed clinical 
grade 2-4 jaundice even though one-third had 
laboratory grade 3-4 bilirubin elevation. On 
balance, overall safety favoured ATV/r over 
LPV/r.
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Grade 3-4 
elevations in 
bilirubin were 
more common 
in ATV/r patients 
(53%) than LPV/r 
patients (<1%) 
with no resulting 
discontinuations

Table 1. CASTLE adverse events - ATV/r vs LPV/r3

Adverse event ATV/r LPV/r

Clinical grade 2-4

Jaundice 4% 0%

Nausea 4% 8%

Diarrhoea 2% 11%

Laboratory grade 3-4

Bilirubin 34% <1%

Cholesterol 4% 18%

Triglycerides <1% 4%

An RCT comparing ATV/r against LPV/r 
in patients with virological failure (a median 
of two PI resistance mutations) found, at 
96-week follow up, that there were similar 
rates of virological efficacy and, importantly, 

discontinuations. A direct quote from the 
study: “Grade 3-4 elevations in bilirubin 
were more common in ATV/r patients (53%) 
than LPV/r patients (<1%) with no resulting 
discontinuations.”4 

DRV/r vs LPV/r
The ARTEMIS trial5 comparing DRV/r 
(800/100mg once daily) against LPV/r 
(400/100mg twice daily or 800/200mg once 
daily) in ART-naïve patients showed no dif-
ference in efficacy at the primary endpoint 
of 48 weeks; at 96 weeks DRV/r showed 

marginally greater efficacy with more failure 
events occurring in the LPV/r arm. In terms 
of safety, GIT and lipids were worse in the 
LPV/r arm, which also had more discontinu-
ations for adverse events generally than the 
DRV/r arm (Table 2).6

Table 2. ARTEMIS 48-week safety – DRV/r vs LPV/r6

DRV/r LPV/r P value

Grade 2-4 AEs:
GIT
Triglycerides
Cholesterol
Rash

7%
3%
13%
3%

14%
11%
23%
1%

<0.01
<0.001
<0.01

NS

Permanently stop for AEs 3% 7% <0.05

The 2LADY study,7 a second-line RCT 
conducted in Africa, randomised two LPV/r 
arms (+ TDF/FTC or ABC/DDI) and a 
DRV/r (800/100mg) + TDF/FTC arm. 
Efficacy was the same across all three arms. 

In terms of toxicity, nobody had discontinued 
treatment at 48 weeks and there was no differ-
ence in grade 3-4 adverse events across the 
arms. GIT events were twice as common in 
the LPV/r arm (Table 3).

http://www.denovomedica.com


4  I  MAY 2021

Protease inhibitors for second-line antiretroviral therapy

Table 3. 2LADY toxicity7

Arm LPV/TDF/FTC LPV/ABC/DDI DRV/TDF/FTC P value

Grade 3-4 events 11% 15% 12% 0.6

GIT events grade 1-4 33% 33% 17% 0.001

FTC: emtricitabine; ABC: abacavir; DDI: didanosine

ATV/r vs DRV/r

A large pivotal AIDS Clinical Trials Group 
(ACTG) study8 of ATV/r versus DRV/r 
versus RAL A5257 in ART-naïve patients 
showed no difference in virological failure 
at 96 weeks across the three arms. Professor 
Venter notes that as almost half  of the trial 
cohort was black, this study is particu-
larly notable for the South African context 
where new and different side effects may be 
observed in this population.  

Cumulative incidence of discontinuation for 
toxicity showed ATV/r (12%) to be signifi-
cantly worse than the other two molecules 
(Figure 1), with just over half  of the ATV/r 
discontinuations being due to jaundice. 
Discontinuation due to GIT toxicity was 
worse in the ATV/r arm than the DRV/r arm 
(Table 4).9 There were no differences in lipids 
between the ATV/r and DRV/r arms.10 

Figure 1. Discontinuation for toxicity – ATV/r vs DRV/r vs RAL A52579
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When discussing 
jaundice 
associated with 
ATV/r, Professor 
Maartens 
emphasises that 
overt ATV-induced 
liver injury is rare 
and that there 
is no evidence 
whatsoever 
that there is any 
liver damage 
from prolonged 
elevated 
unconjugated 
hyperbilirubin-
aemia

Table 4. ACTG 5257 tolerability failure: toxicity-associated discontinuation 

Toxicities associated with discontinuation, n (%)
ATV/r 

(n=605)
RAL 

(n=603)
DRV/r 

(n=601)

Any 95 (16%) 8 (1%) 32 (5%)

Gastrointestinal toxicity 25 2 14

Jaundice/hyperbilirubinaemia 47 0 0

Other hepatic toxicity 4 1 5

Skin toxicity 7 2 5

Metabolic toxicity 6 0 2

Renal toxicity (all nephrolithiasis) 4 0 0

Abnormal chem/haem (excl. LFTs) 0 0 2

Other toxicity 2 3 4

Issue: What are the tolerability issues with ATV/r 
and DRV/r? 
Adverse events common to the class of PIs 
include GIT events, liver toxicity, altered lipid 
profiles and QTc prolongation. Dysglycaemia 
can be a side effect of LPV/r, and jaun-
dice and renal and biliary stones may arise 
from use of ATV/r. Although rare, 3-4% 

of patients using DRV/r will have a sul-
phur allergy. Professor Venter does find it 
interesting, however, that most people with 
documented sulphur allergies do not get this 
reaction when using DRV/r. 

ATV pharmacogenomics and bilirubin
When discussing jaundice associated with 
ATV/r, Professor Maartens emphasises that 
overt ATV-induced liver injury is rare and 
that there is no evidence whatsoever that 
there is any liver damage from prolonged 
elevated unconjugated hyperbilirubinaemia. 
Professor Venter agrees that it is largely a 
cosmetic concern but still considers jaundice 
to be a major side effect as many patients, 
particularly adolescents, find it problematic 
and this will undoubtedly affect adherence. 

Bilirubin is lipid-soluble and needs to be 
conjugated to glucuronide by the enzyme 

UGT1A1 so that it can be excreted in the 
bile. UGT1A1 is inhibited by ATV, leading to 
an increase in the amount of unconjugated 
bilirubin in the blood (Figure 2). Professor 
Maartens maintains that this is not indicative 
of any liver damage and is not dangerous, 
being similar to Gilbert’s syndrome, the com-
mon genetic disorder of UGT1A1. Genetic 
variants of UGT1A1 predispose to more 
severe jaundice on ATV; one-third of peo-
ple sampled in a KwaZulu-Natal study had 
variant alleles. However, the positive predic-
tive value of these variants is only 40.3% in 
systematic review.11,12 

http://www.denovomedica.com
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Issue: Drug interactions between hormonal 
contraceptives and antiretrovirals 
Drug interactions between hormonal con-
traceptives and antiretrovirals are depicted 
in Table 5; DRV/r has an advantage over 

ATV/r as it has less of an interaction with the 
DMPA injectable contraceptive. 

Table 5. Drug interactions between hormonal contraceptives and ARVs

Hormonal 
contraceptive

NRTI PI NNRTI INSTI

Any* ATV LPV DRV RTV EFV NVP ETR RPV DTG RAL EVG/C

Combined oral 
contraceptives

Etonogestrel or 
levonorgestrel 
implant

Transdermal 
ethinyl oestradiol

Norethisterone
(norethindrone)

DMPA injectable

*Includes 3TC, ABC, DDI, d4T, FTC, TDF, ZDV

 No clinically significant interaction, or interaction unlikely

 Potential interaction that may require monitoring or regimen alteration

Issue: What about paediatrics, pregnancy and TB? 
DRV/r can be used in paediatric patients 
from the age of three years, and the low 
dose (400/100mg) can be used until the age 
of 18 years. The dose of ATV/r needs to 

be increased in later pregnancy. For those 
patients on TB treatment, neither DRV/r nor 
ATV/r is an option.

Figure 2. ATV and bilirubin
Figure adapted from Ma G, Zhang Y, Chen W, et al. Mol Pharmaceutics 2017; 14(9): 2952-2966. https://pubs.acs.org/doi/abs/10.1021/acs.
molpharmaceut.7b00365
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https://pubs.acs.org/doi/abs/10.1021/acs.molpharmaceut.7b00365
https://pubs.acs.org/doi/abs/10.1021/acs.molpharmaceut.7b00365
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Issue: How do ATV/r and DRV/r compare against 
other antiretroviral drug classes? 
Integrase inhibitors
The ARIA study13 showed similar efficacy 
of a DTG combined regimen compared to 
an ATV/r combined regimen in ART-naïve 
patients, with a similar safety profile. The 
FLAMINGO14 trial randomised ART-naïve 
patients to DTG or DRV/r; discontinuations 
for tolerability were four versus 10, respec-
tively, and each arm had two discontinuations 

for virological failure. Publication of data 
from the NADIA study of first-line failures is 
greatly anticipated; 48-week primary out-
come data presented at the Conference on 
Retroviruses and Opportunistic Infections 
indicated no differences in terms of tolerabil-
ity between DRV/r and DTG.  

Non-nucleoside reverse transcriptase inhibitors
Doravirine, currently ‘best-in-class’, was com-
pared against DRV/r in the Drive-Forward 

study15 showing similar virological suppres-
sion and minor differences in toxicity.

Issue: Cost 
Professor Moosa emphasises that any dis-
cussion around recommended HIV drugs 
and treatment regimens must consider the 
scale of the South African epidemic with 
7.9 million, or 14%, of our population being 
HIV-positive. South Africa has the largest 
ART programme in the world; in 2017, five 
million (62.5%) people were on ART, with 
approximately 200 000 (4%) using second-line 
regimens and approximately 3 000 people 
using third-line regimens. 

When considering quotes for FDC PIs 
received by the NDoH in October 2020 
(Table 6), Professor Maartens delivers a 
sucker punch: “How much should be paid 
to prevent a reversible cosmetic adverse drug 
reaction?” While he concedes that some 
people do need to discontinue ATV/r due to 

intolerance and that an alternative should be 
available, Professor Maartens maintains that 
currently, and until there is a price reduction 
in DRV/r, this is a debate that cannot take 
place in South Africa. 

Professor Venter bobs and weaves - his view 
is that cost is the only advantage of ATV/r; 
DRV/r is somewhat better tolerated and it 
remains the benchmark resistance barrier drug.

He also argues that even though DRV/r is 
very expensive, the numbers of patients using 
second-line regimens is tiny compared to 
those on first-line ART. Should DRV/r be 
adopted into the NDoH programme in the 
future, these volumes may drive the cost to 
being only marginally more expensive than 
ATV/r.

Table 6. PI FDC quotes for NDoH – October 2020

Product description Cost per pack as  
per quotation

Current cost using 
single agents 

ATV/r 300/100mg tablets, 30 tablets R350.00 R315.48

DRV/r 400/50mg tablets, 60 tablets R852.00 R647.62

The verdict
Professor Moosa felt dubious about having 
the honour of determining the winner of this 
boxing bout; the synthesis and presentation 
of the science was excellent for both of the 

opponents – equal points, he declares a tie. 
In terms of clinical value, in his mind DRV/r 
outdoes ATV/r and reigns supreme. 

http://www.denovomedica.com
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Key learnings

• DRV/r is currently the benchmark molecule for resistance barriers across all antiretroviral drugs

• The SAHCS recommends DRV/r 800/100mg daily as the preferred PI for second-line ART

• ATV/r and DRV/r are equally effective for viral suppression

• There are more discontinuations for toxicity with ATV/r than DRV/r, predominantly due to jaundice and 
GIT toxicity

• There is no evidence of liver injury arising from prolonged elevated unconjugated hyperbilirubinaemia 
associated with ATV/r

• DRV/r has less of an interaction when used with the DMPA injectable contraceptive

• Neither DRV/r nor ATV/r is an option for patients with TB.
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