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The study aimed at defining protease (PR) 
resistance mutations associated with darunavir 
(DRV) failure and PR resistance evolution at DRV 
failure, in a large database of HIV patients.
Overall, 1104 patients were included: only 118 
(10.7%) failed at a median observation time of 
16 months. The mean number of PR mutations 
at baseline was 2.7, but  it was higher in patients 
who subsequently failed DRV (3.8 vs. 2.6). In 
addition the number of PR mutations increased 
at failure (mean 4.3).
The higher statistical difference at baseline 
between failing vs. non-failing patients was 
observed for V32I and I84V mutations. At DRV 
failure the major increase was still observed for 
V32I; I54L, V11I and I50V also increased. Despite 
the increment in the mean number of mutations 
per patient between baseline and failure, in 21 
patients (17.8%) at baseline and 36 (30.5%) at 
failure no PR mutation was detected. 
Different interpretation systems yielded different 
levels of DRV full resistance both at baseline 
and at failure. The HIV-DB system showed a low 
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level of DRV full resistance, with a low increase 
at failure. In contrast, the Rega interpretation 
algorithm detected the highest proportion of 
full DRV resistant isolates and both Rega and 
ARNS algorithms detected significant differences 
in full DRV resistance between patients who 
subsequently failed versus those who responded 
to the DRV containing regimen. Rega and ARNS 
algorithms also showed a further increase in full 
resistance to DRV at failure, with ARNS that 
almost doubled the proportion of full resistant 
patients.

Introduction

Darunavir (DRV) is the last licensed protease 
inhibitor (PI) with in vitro activity against both 
wild-type and PI-resistant HIV isolates and has 
exhibited clinical efficacy in patients in whom 
multiple PI-containing regimens have failed 
[1]. Compared to earlier PIs, DRV has a higher 
genetic barrier to resistance and is active against 
resistant HIV isolates, making it a valuable 
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The study aimed at defining protease (PR) resistance mutations associated with darunavir (DRV) failure and PR resistance 
evolution at DRV failure, in a large database of HIV patients. Overall, 1104 patients were included: only 118 (10.7%) failed 
at a median observation time of 16 months. The mean number of PR mutations at baseline was 2.7, but it was higher in 
patients who subsequently failed DRV (3.8 vs. 2.6). In addition the number of PR mutations increased at failure (mean 
4.3). The higher statistical difference at baseline between failing vs. non-failing patients was observed for V32I and I84V 
mutations. At DRV failure the major increase was still observed for V32I; I54L, V11I and I50V also increased. Despite the 
increment in the mean number of mutations per patient between baseline and failure, in 21 patients (17.8%) at baseline 
and 36 (30.5%) at failure no PR mutation was detected. Different interpretation systems yielded different levels of DRV 
full resistance both at baseline and at failure. The HIV-DB system showed a low level of DRV full resistance, with a low 
increase at failure. In contrast, the Rega interpretation algorithm detected the highest proportion of full DRV resistant 
isolates and both Rega and ARNS algorithms detected significant differences in full DRV resistance between patients 
who subsequently failed versus those who responded to the DRV containing regimen. Rega and ARNS algorithms also 
showed a further increase in full resistance to DRV at failure, with ARNS that almost doubled the proportion of full 
resistant patients.
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treatment option for treatment experienced and 
naïve patients [2].
Eleven mutations at 10 PR positions have been 
associated with DRV resistance  and reduced 
virological response: V11I, V32I, L33F, I47V, 
I50V, I54L/M, T74P, L76V, I84V, and L89V [3,4].
Other groups have also observed a relationship 
between the response to DRV and major PI 
mutations other than those specifically associated 
with DRV resistance [5-7].
The potent activity of ritonavir-boosted DRV 
was confirmed in patients failing a PI-containing 
regimen in Power 1, 2 and 3 studies [8,9] as well 
as in moderately pre-treated patients [10] and 
also in antiretroviral naïve patients [11]. In naïve 
patients (Artemis trial), no major PI resistance  
associated mutations to DRV developed in 
the few virological failures recorded and virus 
isolates from these cases remained phenotypically 
susceptible to all PI. In heavily experienced 
patients (TRIO Trial)  the selection of DRV 
resistance-associated mutations was observed 
in only one case, showing the emergence of I50V 
mutation at week 16 replaced with L76V at week 
24 [12].
In this study we aimed at defining protease (PR) 
resistance mutations associated with DRV failure 
and evolution of resistance after subsequent 
failure to DRV-containing regimens, in a large 
database of HIV patients.

Methods

The ARCA (Antiretroviral Resistance Cohort 
Analysis) data base, containing data from patients 
who undergo genotype resistance test (GRT) for 
any reason throughout most of Italy, was used to 
perform the retrospective analysis. Demographic, 
clinical and laboratory data at GRT and during 
follow-up after GRT were also available.
Patients initiating any DRV-containing regimen 
between 2005 and 2010 after treatment failure 
were selected. The PR mutational pattern before 
DRV and after DRV failure was analysed according 
to IAS-USA criteria [13]. In particular, the 
frequency and type of mutations were analysed, 
taking into account both major PR mutations and 
specific DRV mutations.
Baseline PR mutation patterns were compared 
in patients who subsequently failed and patients 
who did not fail. When available, the HIV PR 
genotype at failure was compared with the 
baseline genotype. Patients who stopped DRV 
due to lack of virological suppression or due to 
virological rebound after an initial virological 
success were defined treatment failures. The 
interpretation algorithms HIV-DB (Version 
6.0.11), Rega (Version 8.0.2) and ARNS (Version 
2010.07), available on line at the Stanford 
University website [14] were used to assess the 
level of DRV resistance and compared between 
themselves.
The statistical analysis was performed using 
Fisher exact test for categorized variables 
and ANOVA test to compare means between 
continuous variables. SPSS (version 17.0) was 
used as statistical tool. 

Results

Overall, 1104 patients were included, of whom 118 
(10.7%) failed at a median observation time of 16 
months (IQ range 8-37). Patients characteristics 
were: males 72.9%, median age 45 (IQ range 
41-50), intravenous drug users 35.0%,  median 
number of previous regimens 11, median number 
of previous PI-based regimens 7.
The mean number of PR mutations at baseline was 
2.7 (median 3, IQ range 0-4) , but it was higher 
in patients who subsequently failed DRV than 
in patients who responded to DRV (3.8 vs. 2.6, 
p<0.001). The number of PR mutations increased 
at failure (mean 4.3).
The frequency of each PR mutations at baseline 
and failure is presented in table 1. The highest 
statistical difference at baseline between failing 
versus non-failing patients was observed for 
V32I and I84V mutations. Moreover, significant 
differences were observed for L33F, M46I, I47V, 
I54L, I54/M, L76V and L89V. 
At DRV failure the major increase was also 
observed for I32V. Mutations I54L, V11I and I50V 
also increased significantly. In contrast, mutation 
V82A/T and G48V showed a decrease at failure. 
Of note, despite the increment in the median 
number of mutations per patient between baseline 
and failure, in 21 patients (17.8%) at baseline and 
36 (30.5%) at failure no major PR mutation was 
detected. This result was mainly related to the 
loss of several mutations, in particular the pattern 
M46I-I84V-L90M was lost in 9 patients.
The results of the level of full DRV resistance 
measured with the interpretation algorithms is 
reported in figure 1. The three interpretation 
systems considered showed three different 
levels of complete resistance to DRV both at 
baseline and at failure. HIV-DB showed a very 
low level of high-level resistance to DRV (0.8% 
in responders vs. 2.3% in failing patients with an 
increase at failure of 9.3%). In contrast, the Rega 
interpretation algorithm detected the highest 
proportion of cases with full resistance to DRV 
(23.3% in responders vs. 46.6% in failing patients) 
and both Rega and ARNS detected significant 
differences in complete DRV resistance between 
the two groups at baseline (4.6% vs. 20.3%). 
Finally, both algorithms also showed a further 
increase in complete resistance to DRV at failure 
(54.2% vs. 42.4%), with ARNS almost doubling the 
proportion of fully resistant cases.

Discussion

Our results indicate that both the risk of failure 
to DRV-based regimes and the risk of developing 
DRV resistance is relatively low also in experienced 
patients. 
We observed that the number of mutations at 
baseline is crucial for subsequent DRV failure: as 
observed in the TRIO trial, virological failure in 
heavily experienced patients was not observed in 
those without DRV resistance at baseline  [15].
The higher statistical difference at baseline 
between subsequently failing vs. non-failing 
patients was observed for V32I and I84V 
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Figure 1. Proportion of patients with full DRV resistance by interpretation algorithms.
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Table 1.  Protease mutations at baseline in patients with virological success vs. patients failing DRV and at DRV failure: baseline 
n. 986; failure n. 118

Baseline responders
N. (%)

Baseline failure
N. (%)

 P-value
(fail. vs. resp.)

Follow-up failure 
N. (%)

V11I 76  (7.7) 14 (11.9) 0.151 25 (21.2)
D30N 16  (1.6) 5  (4.2) 0.064 5  (4.2)
V32I 74  (7.5) 24 (20.3) <0.001 46 (39.0)
L33F 253 (25.7) 47 (39.8) 0.001 57 (48.3)
M46I 301 (30.5) 51 (43.2) 0.006 51 (43.2)
M46L 37 (13.9) 16 (13.6) 0.921 14 (11.9)
I47A 13  (1.3) 2  (1.7) 0.670 0  (0.0)
I47V 97  (9.8) 26 (21.2) 0.001 31 (26.3)
G48V 58  (5.9) 4  (3.4) 0.395 1  (0.8)
I50L 21  (2.1) 3  (2.5) 0.736 1  (0.8)
I50V 21  (2.1) 6  (5.1) 0.059 15 (12.7)
I54L 35  (3.5) 10  (8.5) 0.022 25 (21.2)
I54M 43  (4.4) 12 (10.2) 0.012 14 (11.9)
Q58E 139 (14.1) 22 (18.6) 0.213 27 (22.9)
T74P 30  (3.0) 3  (2.5) 0.763 9  (7.6)
L76V 43  (4.4) 12 (10.2) 0.012 14 (11.9)
V82A 287 (29.1) 28 (23.7) 0.237 23 (19.5)
V82F 19  (1.9) 7  (5.9) 0.016 7  (5.9)
V82L 12  (1.2) 2  (1.7) 0.655 5  (4.2)
V82S 20  (2.0) 1  (0.8) 0.718 1  (0.8)
V82T 102 (10.3) 17 (14.4) 0.207 7  (5.9)
I84V 244 (24.7) 52 (44.1) <0.001 46 (39.0)
N88S 3  (0.3) 2  (1.7) 0.091 0  (0.0)
L89V 74  (7.5) 20 (16.9) 0.001 26 (22.0)
L90M 460 (46.7) 66 (55.9) 0.064 59 (50.0)

 
DRV resistance mutations are underlined.
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mutations. Significant differences were also 
observed for L33F, M46I, I47V, I54L, I54/M, L76V 
and L89V. These data confirm the POWER trials 
results, where DRV activity was impaired only in  
the presence of  three or more DRV resistance 
mutations [8].
At DRV failure, the major increase in prevalence 
was observed for V32I, I54L,V11I and I50V 
mutations. This result confirms the DUET trials 
results, being V32I and I54L the most frequently 
emerging DRV mutations  [11,16]. Nonetheless, 
in the DUET trials, as we also observed, complete 
resistance to DRV was rare [17].
The current list of DRV resistance mutations 
include 11 amino-acid changes at 10 different 
codons [3,4,18]. All of these  were recognized 
in our DRV data set as being significantly more 
prevalent at baseline in non-responders and/or 
being selected at failure. However, the increase 
in the prevalence  of mutations at failure was 
generally modest, with 30.5% of patients harboring 
virus without any PR mutation at DRV failure. 
While adherence data were not available, failure 
of DRV and other boosted PI therapy without 
detectable PI resistance is thought to derive at 
least in part from the high genetic barrier typical 
of boosted PI. 
Various studies have evaluated the performance 

of the main HIV genotype interpretations 
algorithms in predicting susceptibility to first-
generation PIs [19-21], however a large DRV 
treatment data set has been rarely available. 
According to the HIV-DB system, a surprisingly 
small proportion of the failing patients harboured 
a virus that was fully resistant to DRV at baseline. 
This figure was much lower than that obtained 
with Rega and ARNS. On the other hand, HIV-DB 
yielded  a large number of patients classified with 
intermediate resistance, likely including isolates 
with a wide range of susceptibility fold change 
[22].
In conclusion, even including patients harbouring 
highly PI-resistant isolates, reduced genotypic 
susceptibility to DRV was infrequent. The V32I 
mutation was the most frequently present at 
DRV failure, but, due to the complexity of DRV 
resistance profile, it is likely that different patterns 
related to different treatment histories, baseline 
resistance and treatment settings  may emerge.
The Rega and ARNS interpretation algorithms 
performed similarly in assessing DRV failure, 
whereas HIV-DB appeared to underestimate DRV 
resistance, as most of the patients not responding 
to DRV were scored as harbouring virus with 
intermediate, but not complete, resistance to 
DRV.  
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