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Background. Ritonavir-boosted darunavir (DRV/r) is a protease inhibitor (PI) indicated for the treatment of naive and
pretreated HIV-infected patients since 2007. Our study aims to describe DRV/r-treated patients experiencing virological failure
(VF) documented with HIV resistance testing.

Methods. Data from patients belonging to the ANRS CO3 Aquitaine Cohort treated with a regimen including DRV/r be-
tween February 2007 and December 2015 were analyzed. Baseline characteristics of patients experiencing VF (defined by 2 con-
secutive plasma viral loads >50 copies/mL) were compared with those without VE We then described factors associated with VF as
emergence of IAS DRV resistance-associated mutations (RAMs).

Results. Among the 1458 patients treated at least once with a DRV/r-based regimen, 270 (18.5%) patients experienced VF
during follow-up, including 240 with at least 1 genotype resistance test (GRT). DRV RAMs were detected in 29 patients (12%).
Among them, 25/29 patients had >2 DRV RAMs before DRV/r initiation, all of whom had experienced VF during previous PI
treatments. For 18/29, DRV/r was maintained after VE and controlled viremia was restored after modification of DRV-associated
antiretroviral molecules or increased DRV dose. Finally, only 6/29 patients selected new DRV RAMs after DRV/r initiation. All of

these experienced previous VFs while on other Pls.
Conclusions.
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These results highlight the efficacy and robustness of DRV/r, as the emergence of DRV RAMs appeared in <0.4%
of patients receiving a DRV/r-based regimen in our large cohort.

HIV infection has changed from a fatal to a chronic, manage-
able infection where patients live longer while receiving an-
tiretroviral therapy (ART). Development of HIV-1 protease
inhibitors (PIs) was a turning point in clinical management, as
their use as a component of highly active antiretroviral therapy
dramatically reduced the morbidity and mortality associated
with HIV disease [1].
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Ritonavir-boosted darunavir (DRV/r) is a potent PI indicated
for the treatment of naive and pretreated HIV-infected patients
since 2007. DRV/r was approved for 800/100-mg once-daily
(QD) dosing in treatment-naive individuals, then in treatment-
experienced individuals without DRV resistance-associated
mutation (RAM) [2-4]. Twice-daily dosing (600/100 mg twice
a day) was recommended in treatment-experienced patients,
based on an analysis of subjects with triple-class ARV experi-
ence with 1 or more primary PI RAMs [5].

Although recent European guidelines for the treatment
of people with HIV (PWH) favor the use of an unboosted
integrase strand transfer inhibitor with a high genetic barrier
(DTG or BIC) as the preferred third agent for treatment of
naive infected people, DRV is still recommended in this indi-
cation [6, 7]. Dual therapy associating DRV with 3TC can be
proposed as a switch strategy as well as DRV/r monotherapy
after at least 2 years of sustained virological suppression ac-
cording to French guidelines [8, 9]. In patients experiencing
virological failure (VF) and those with poor adherence, DRV/r
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remains a preferred molecule due to its high genetic barrier
and low cross-resistance with other PIs [10]. In France, the
ANRS Multivir study performed in 2014 on patients experi-
encing VF showed that 1.6% of viruses were not susceptible to
any PI [11]. Resistance genotypes performed for ACTG A5288
screening revealed that susceptibility to DRV was preserved in
97% of PWH experiencing second-line ART containing PIs in
resource-limited settings [12]. Due to this low prevalence of
DRV resistance among highly antiretroviral-experienced HIV-
infected patients, DRV is a key molecule in salvage or simplifi-
cation strategies [13, 14].

The efficacy and safety of DRV/r have been extensively dem-
onstrated in different clinical trials [15]. Here, we aimed to
study the long-term virological response in a large cohort of
HIV-infected patients starting a DRV/r-containing regimen ac-
cording to their baseline PI resistance and to describe the viro-
logical failures and DRV RAMs occurring in the very long term
and in real-life settings.

METHODS

Study Design and Patients

The ANRS CO3 Aquitaine Cohort is an open, prospective
hospital-based cohort of HIV-1-infected adults under rou-
tine clinical management. This cohort was initiated in 1987 at
the Bordeaux University hospital and involves 10 other public
hospitals of the Aquitaine region in Southwestern France. The
present study includes patients aged 18 years or older who were
treated at least once with DRV/r between February 1, 2007,
and December 31, 2015, and for whom at least 1 T-CD4 lym-
phocyte measure and 1 plasma HIV viral load (pVL) measure
were available in the year following the introduction of DRV/r.
Patients who initiated DRV/r before inclusion in the ANRS CO3
Aquitaine Cohort were not included in the present analysis.

Patient Consent Statement

All patients sign an informed consent to be included in the co-
hort. The ANRS CO3 Aquitaine Cohort received approval from
the Ethics Committee of the CHU de Bordeaux (Comité de
Protection des Personnes).

Data Analysis

Data were collected at baseline (at DRV/r initiation date) and
at all subsequent clinic visits or hospitalizations. Demographic
characteristics (age, gender), comorbidities, mode of infec-
tion, hepatitis B and C serological status, AIDS stage, pre-
vious antiretroviral treatments, and previous virological
failure were considered. Virological success (VS) was defined
as plasma viral load (pVL) <50 copies/mL after DRV/r initia-
tion. Virological failure (VF) was defined (i) for ARV-naive
PWH as 2 consecutive pVL >50 copies/mL or 1 pVL >1000
copies/mL after 1 pVL <50 copies or no pVL <200 copies/mL
at 6 months or <50 copies/mL at 1 year after DRV/r starting;

(ii) for ARV-experienced PWH switching to DRV while VS as
2 consecutive pVL >50 copies/mL or 1 pVL >1000 copies/mL;
(iii) for ARV-experienced PWH switching to DRV while failing
therapy as 2 consecutive pVL >50 copies/mL or 1 pVL >1000
copies/mL after 1 pVL <50 copies or no pVL <50 copies/mL at
6 months.

DRV Resistance

HIV-1 genotype resistance testing (GRT) was performed from
plasma HIV RNA or proviral DNA (if viral load was <120 copies/
mL) according the ANRS consensus method (http://www.
hivfrenchresistance.org) as previously described [16]. All geno-
types were reviewed according to the 2019 IAS and ANRSv29
mutation lists to determine PI drug resistance-associated mu-
tations (RAMSs): V111, V32I, L33F 147V, 150V, 154L/M, T74P,
L76V, 184V, L89V. The resistance to DRV, depending on the
dose (>3 mutations for 600/100 mg twice daily or >2 RAMs for
800/100 mg once daily) was determined according to the ANRS
algorithm, version 29. The Genotypic Susceptibility Score (GSS)
was used to estimate the resistance to the prescribed treatment
and was calculated as the sum of fully active drug belonging to

the antiretroviral treatment.

Statistical Analysis

The Aalen-Johansen estimator was used to estimate the cumu-
lative incidence of VF and VS up to M36, considering DRV/r
discontinuation, loss to follow-up, and death as a competing
risk. Comparisons of patients’ characteristics at baseline and at
VF were carried out by the Student ¢ test for quantitative vari-
ables and by the chi-square test for qualitative variables. All pa-
tients were compared at baseline according to VF, and patients
with VF were compared according to presence of DRV RAMs
at DRV initiation. P values <.05 were considered statistically
significant. All analyses were performed with SAS 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

Virological Outcome and Patient Characteristics

A total of 1458 PWH were treated at least once with a DRV/r-
containing regimen. All patients received DRV boosted with
ritonavir because cobicistat was not available in France. Among
them, 212 were ARV naive, 654 were ARV experienced but vi-
rologically suppressed, and 592 experienced virological failure
at the time of DRV/r initiation. The median duration of fol-
low-up (interquartile range [IQR]) was 24.7 (9.1-49.0) months
in an undertreatment approach.

We estimated the probability of VF for these 3 groups
(Figure 1). Overall, VF was observed for 270 patients
(18.5%). The cumulative incidence of VF at 36 months for the
DRV/r-based regimen was 6.8% (95% CI, 3.6%-11.3%), 7.1%
(95% CI, 5.1%-9.5%), and 22.0% (95% CI, 18.5%-25.6%)
for ARV-naive patients, ARV-experienced but VS patients,
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Figure 1. Aalen-Johanssen estimates of cumulative incidence of virological failure according to status at DRV/r initiation, considering DRV/r discontinuation, loss-to-

follow-up, and death as a competing risk.

and ARV-experienced but VF patients, respectively. At VF,
the median CD4 cell count (IQR) was 384 (204-584) cells/
mL, and the HIV-1 pVL (IQR) was 399 (95-7594) copies/
mL. Likely, the cumulative incidence of VS calculated at
36 months for ARV-naive patients, ARV-experienced but VS
patients, and ARV-experienced but VF patients treated with
a DRV/r-based regimen was 89.4% (95% CI, 84.4%-92.9%),
81.8% (95% CI, 78.6%-84.5%), and 67.2% (95% CI, 63.3%-
70.8%), respectively.

Baseline patient characteristics according to their virological
response to the DRV/r-based regimen are described in Table 1.
Compared with patients achieving a controlled viremia on a
DRV/r-based regimen, patients experiencing VF during fol-
low-up have a lower nadir CD4 cell count (IQR) (154 [53-152]
vs 208 [101-337] cells/mL; P <.0001), patients had received
more previous regimens (6 [3-10] vs 5 [1-9]; P =.0118), the
baseline CD4 cell count was lower (327 [164-538] vs 456 [308—
668] cells/mL; P <.0001), and HIV RNA >50 copies/mL was
most frequently observed.

Triple therapy with 2 nucleoside reverse transcriptase inhibi-
tors (NRTIs) was the most prescribed combination therapy. The
most frequent NRTT associations were emtricitabine/tenofovir
(79.2%) and lamivudine/abacavir (15.3%). Among the 866
ARV-naive and ARV-experienced but virologically suppressed
patients, 74.8% received triple therapy with 2 NRTIs (75.4%
of no VF patients vs 69.2% of VF patients), 10.4% DRV/r dual

therapy (10.2% of no VF patients vs 12.8% of VF patients), and
3% DRV/r monotherapy (2.9% of no VF patients vs 3.8% of VF
patients).

Drug Resistance Mutations and Virological Failure

Among the 270 patients who experienced VF, baseline and/or VF
genotype resistance testing (GRT) was available for 240 of them,
including 222 with GRT performed before DRV/r initiation and
18 at VF only. Among the 222 patients with GRT before DRV/r
initiation, 140 had also a GRT at VE To describe the relation-
ship between VF and the presence of DRV RAMs, we focused
our analysis on the presence of DRV RAMs before DRV-based
treatment and at failure. In the 222 baseline resistance analysis,
only 5 were performed from proviral DNA. Finally, 25 GRTs per-
formed at baseline (on 222 samples, before DRV/r initiation) ex-
pressed >2 DRV RAMs (conferring HIV resistance according to
the ANRS algorithm, version 29). Four additional GRTs (on 158
samples) expressed >2 DRV RAMs on GRT at VE The character-
istics of these 29 patients with viruses harboring >2 DRV RAMs
are presented in Table 2. They were receiving more drugs (3 or
more in 55.1% of patients vs 22.3% for the group without RAMs),
had received more previous therapeutic combination regimens
containing PIs (IQR) (7 [4-12] vs 3 [1-5]; P <.0001), and had
experienced more previous VF on PI treatment (96.6% vs 60.7%;
P =.0001). The dose of DRV/r at VF was 1200 mg/200 mg per
day for 26 of the 29 patients with DRV RAMs.
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Table 1. Characteristics of Patients at Baseline Starting a Darunavir/Ritonavir-Containing Regimen According to the Virological Response

No Virological Failure

Virological Failure

Characteristics (n=1188) (n=270) PValue
Age, median [IQR], y 474 [40.8-53.5] 46.1 [39.2-52.0] .0938
Male sex, No. (%) 861 (72.5) 187 (69.3) .2888
Route of transmission, No. (%) .0166

Men who have sex with men 503 (42.3) 92 (34.1)

Heterosexual sex 396 (33.3) 94 (34.8)

Injection drug use 200 (16.8) 51 (18.9)

Others 89 (75) 33(12.2)
Years since HIV diagnosis, median [IQR] 14.8 [6.3-20.5] 14.9 [8.6-19.8] 1871
AIDS stage, No. (%) 292 (24.6) 76 (28.1) .2230
CD4 count, median [IQR], cells/mm? 456 [308-668] 327 [164-538] <.0001
CD4 nadir, median [IQRI, cells/mm? 208 [101-337] 154 [53-252] <.0001
Patient status, No. (%) <.0001

Naive 195 (16.4) 17 (6.3)

Pretreated success 593 (49.9) 61 (22.6)

Pretreated failure 400 (33.7) 192 (71.1)
HIV RNA <50 cp/mL, No. (%) 596 (50.2) 61 (22.6) <.0001
Baseline therapeutic combination, No. (%) .0396

2 NRTI + DRV/r 804 (67.7) 161 (59.6)

DRV/rbased dual therapy 124 (10.3) 31 (11.5)

DRV/r monotherapy 27 (2.3) 5(1.9)

Others 233 (19.7) 73 (27)
No. of previous therapeutic combinations, median [IQR] 5 [1-9] 6 [3-10] .0118

Abbreviations: DRV/r, darunavir/ritonavir; |IQR, interquartile range; NRTI, nucleoside reverse transcriptase inhibitor.

In the 25/29 patients with viruses carrying >2 DRV RAMs
before DRV/r initiation, the number of DRV RAMs was 2, 3,
and 4 or more in 12, 7, and 6 patients, respectively (Table 2).
When DRV RAMs were reanalyzed according to French resist-
ance rules (ie, including the number of RAMs and the DRV/r
dosing), we observed that susceptibility to DRV/r at initiation
was preserved in 11 cases and that intermediate to full resist-
ance was retained for 14 patients.

At the time of VE additional DRV RAMs were selected
by 6 of those 29 patients including 4 with 1 previous DRV
RAM and 2 with 2 previous DRV RAMs (Table 3). All pa-
tients who acquired RAMs after DRV/r initiation were ARV-
experienced with VE treated with DRV/r 600/100 twice
daily. The delay between DRV/r initiation and VF of these
6 patients varied between 12 and 55 months. Five patients
were treated with 2 NRTIs plus DRV 600 mg with ritonavir
100 mg twice daily, with 1 having additional raltegravir.
One patient had 3TC plus raltegravir plus DRV 600 mg with
ritonavir 100 mg twice daily (lamivudine). Baseline GSS
showed that the NRTI backbone was inefficient in patients
1 and 4. At failure, RAMs were detected only on protease.
Four of the 6 patients experiencing VF had viruses with <2
DRV RAMs (ie, without any DRV resistance) before DRV in-
itiation (Tables 2 and 3). The P RAM L76V was preexisting
for 2 of the 6 patients, whereas patients 1 and 4 had viruses
harboring 184V and I54L, respectively.

The pattern of acquired resistance was different, but the V32I
mutation was found for 4 out of the 6 (66.7%) patients. Patient
5 had only 1 V32I additional RAM, which should not affect
the virological response to DRV prescribed at 1200-mg dosing.
Protease sequencing showed that I54M + 184V were added to
the unique baseline DRV RAM L76V in patient 3. In patient 1,
the V32I and L33F mutations were newly identified at failure,
and patients 2 and 6 had viruses with 1 additional DRV RAM
(V321 and T74P, respectively) at failure. These additional muta-
tions increased the total number of DRV RAMs to 3 and then
increased the level of resistance to DRV/r.

For patient 4, 3 DRV RAMs (V321 + L33F + 184V) were
selected in addition to the baseline I54L, conferring com-
plete resistance to DRV, even at a 1200-mg dose. No data on
plasma DRV plasma concentrations during follow-up were
available.

Among these 6 patients whose plasma virus has selected
resistance mutations, the follow-up showed that DRV/r
was maintained for 4 patients, with modification of DRV/r-
associated antiretroviral molecules for 3 of them. Three of
these 4 patients achieved an undetactable HIV-1 pVL; 1 with
modification of DRV/r-associated molecules experienced an-
other VF and died.

The long-term virological follow-up of the 29 patients with
DRV RAMs showed that DRV/r was maintained after VF
for 18 (62.1%) of them (9 with the same treatment, 8 with
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Table 2. Characteristics of Patients at Baseline Starting a Darunavir/Ritonavir-Containing Regimen According to VF DRV RAMs

No DRV RAMs DRV RAMs
(n=211) (n=29) PValue

Age, median [IQR], y 45.5[39.0-51.8] 46.6 [41.3-55.0] .3505
AIDS stage, No. (%) 60 (28.4) 9 (31.0) 7719
Years since HIV diagnosis, median [IQR] 14.5[70-19.6] 16.6 [12.1-20.6] .0165
CD4 count, median [IQR], cells/mm?® 293 [130-533] 283 [180-422] 7384
CD4 nadir, median [IQRI, cells/mm?® 147 [49-248] 71 [33-206] .2026
HIV RNA <50 cp/mL, No. (%) 45 (21.3) 3(10.3) .1656
Patient status, No. (%) .0765

Naive 17 (8.1) 0(0.0)

Pretreated success 45 (21.3) 3(10.3)

Pretreated failure 149 (70.6) 26 (89.7)
Baseline therapeutic combination, No. (%) 211 29 .0044

2 NRTI + DRV/r 131 (62.1) 10 (34.5)

Dual therapy 28 (13.3) 3(10.3)

DRV/r monotherapy 5(2.4) 0 (0.0

Others 47 (22.3) 16 (65.1)
No. of previous therapeutic combinations, median [IQR] 5 [2-10] 10 [7-15] <.0001

Including PI, median [IQR] 3 [1-5] 7 [4-12] <.0001
Previous Pl treatment, No. (%)

Saquinavir 44 (20.9) 15 (51.7) .0003

Indinavir 54 (25.6) 19 (65.5) <.0001

Nelfinavir 50 (23.7) 17 (58.6) .0001

Amprenavir 11 (6.2) 16 (55.2) <.0001

Lopinavir 112 (53.1) 26 (89.7) .0002

Atazanavir 111 (52.6) 6 (20.7) .0013

Tipranavir 4 (1.9) 13 (44.8) <.0001

Fosamprenavir 29 (13.7) 17 (58.6) <.0001
Previous VF on PI treatment 128 (60.7) 28 (96.6) .0001
No. of DRV RAMs before DRV/r start®

0 170 0

1 23

2 - 12

3 - 7

4 or more - 6

Abbreviations: DRV, darunavir; DRV/r, darunavir/ritonavir; IQR, interquartile range; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; RAM, resistance-associated muta-

tion; VF, virological failure.

“The presence of DRV RAMs was not determined for 18 patients due to missing genotypic resistance testing.

modification of DRV/r-associated molecules, and 1 with in-
creased DRV/r dose) and that controlled viremia (pVL < 50
cp/mL) was restored. Finally, DRV/r was stopped for 8/29
(27.6%) patients, 6 of whom were DRV resistant (20.7%)
and 3/29 (10.3%) of whom died while on the DRV/r regimen
(Supplementary Data).

DISCUSSION

Clinical studies have described the long-term efficacy and safety
of DRV/r in randomized trials with screened patients, but there
are few data available on DRV resistance in real-life settings. In
our study, we estimated the probability of virological failure and
the emergence of DRV resistance-associated mutations in pa-
tients included in the large ANRS CO3 Aquitaine Cohort.

We showed that VF occurred for 18.5% of patients treated
with a DRV-based regimen. Cumulative incidence rates of VS
at 36 months in ARV-naive patients and ARV-experienced pa-
tients who were virologically controlled were 89.4% and 81.8%,
respectively. These results were close to those provided by the
FHDH, which studied DRV/r use in France between 2012 and
2016 [17]. The FHDH showed that the 4-year cumulative in-
cidence of VS was 80.9% and 87.4% for ARV-naive PWH and
ARV-experienced patients who were virologically controlled,
respectively. In a Spanish cohort of 173 PWH who initiated
DRV/r between 2007 and 2015, the rate of virological sup-
pression in naive patients was 63.6% at 144 weeks [18]. In the
ARTEMIS trial, 68.8% of ARV-naive patients randomized to re-
ceive DRV/r achieved a pVL <50 cp/mL at week 192 [2]. The
low rate of VF in naive patients observed in our study might
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Yes (TDF + FTC + DTG)

15V 20T 361 54L 63P 711V 74S 90M

62
192
17958

DO

TDF + FTC + DRV/r

10F 15V 20T 32/ 33F 361 54L 711 73S 84V 90M

15

VF M48
DO

No (RAL + ETR + DRV/r)

101 15V 461 54V 58E 60E 62V 63T 71V 76V 771 82F 90M

TDF + FTC + DRV/r

101 15V 32/ 461 54V 58E 60E 62V 63T 71V 76V 771 82F 90M

10F 15V 33F 461 50V 63P 82°

1200
55787

VF M53
DO

No (ETR + DDI + DRV/r)

TDF + FTC + DRV/r + RAL

10F 151V 33F 461 50V 63P 74P 82°

1008

0.5

VF M55

All these patients were ARV experienced treated with a salvage regimen containing DRV BID. Neither ARV-naive nor ARV-experienced but virologically suppressed patients had virus with DRV additional RAMs at VF

Abbreviations: ARV, antiretroviral; BID, twice a day; DO, baseline; DRV, darunavir; DRV/r, darunavir/ritonavir; IQR, interquartile range; NRTI, nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; RAM, resistance-associated mutation; VF, virological

failure; VF M, delay to VF in months.

“Genotypic susceptibility score was determined according to the ANRS, version 29, algorithm (0 resistant; 0.5 intermediate resistance; 1 susceptible). DRV RAMs are underlined. DRV RAMs accumulated at VF are shown in bold.

be related to the lower VL at DRV initiation. Indeed, the me-
dian (IQR) pVL was 61018 (16 152-175 500) copies/mL, and
61.7% of patients had a baseline VL <100 000 copies/mL (data
not shown).

For ARV-experienced PWH switching to DRV/r while failing
therapy in the FHDH cohort, the 4-year cumulative incidence
of VS varied from 63.2% to 81.8% according to their baseline
pVL [17]. The rate of virological suppression in treatment-
experienced patients was 79.1% at 144 weeks in the study of
Pernas and colleagues [18]. The efficacy observed in clinical
trials varied between 55% and 89% depending on the previous
combination ART—especially PI—experience of included pa-
tients [5, 19-21]. In our study, the probability of virological
success at 36 months was quite similar (67.2%). This subgroup
of patients had baseline characteristics similar to those of the
patients included in the POWER 1 and 2 trials [5]; they started
DRV/r in a more advanced clinical stage and were highly
pretreated.

Among the 240 patients who presented VF during follow-up
and with at least 1 GRT available (including 222 patients with
GRT at inclusion and 158 at VF), we identified only 29 patients
with >2 DRV RAMs. Twenty-five of these 29 patients had >2
preexisting RAMs at inclusion, conferring intermediate to high
resistance to DRV/r, depending on the dosing. Half had been
treated with complex therapeutic combination therapies that
could be considered salvage therapies. Many previous PI treat-
ments, often associated with VF experiences, were reported,
suggesting that DRV resistance was the result of cross-resistance
with other molecules belonging to the PI class [22]. Indeed, half
of the patients had been treated with (fos)amprenavir, which
shares mutational resistance patterns with DRV, due to their
close molecular structures, explaining the preexisting DRV
RAMs [23].

It has been shown that the prevalence of emerging DRV
RAMs at previous failure in PI-experienced patients depends
on the number of baseline DRV mutations, which is also a de-
terminant of DRV response [24]. This explains why DRV-based
treatments failed to control pVL in patients with preexisting
DRV/r RAMs. Nevertheless, follow-up showed that controlled
viremia was finally obtained with DRV/r, associated with the
same or an optimized backbone, for 18 of 29 patients. This sug-
gests that VF was mostly due to adherence problems and/or that
DRV retained its antiviral activity despite RAMs. The presence
of the V82A, which is associated with a better virological re-
sponse to DRV/r, could have contributed to improved activity
of DRV in viruses harboring this classic major PI resistance
mutation [24]. Altogether, our data indicate that DRV/r could
provide a sustained virological response even in patients with
preexisting PI RAMs, as previously shown [5].

We observed a very limited emerging resistance to DRV.
Only 6 patients who were heavily pretreated, out of 1458
(0.4%), developed DRV RAM:s while on DRV. These results are
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consistent with findings previously described in clinical trials
(TITAN and POWER 1 and 2 studies). Similar data from the
UK Collaborative HIV Cohort combined with the HIV Drug
Resistance Database showed that 2.8% of participants devel-
oped emergent DRV RAMs [25]. All of the patients with addi-
tional DRV RAMs at failure had baseline genotypes indicating
the presence of at least I DRV RAM. The patterns of resist-
ance showed the well-identified mutations: V32I, L33E, 184V,
I54M/L, 76V, 54L, 50V, T74P. The V32I critical mutation was
selected in 4/6 of patients with emerging DRV RAMs, in as-
sociation with the A71V, which compensated for compromised
viral fitness by acquisition of V32I [26]. However, the number of
these additional RAMs was limited and should have moderately
increased the level of DRV/r resistance. In the last guidelines,
the World Health Organization recommend the use of DRV/r
as an alternative second-line regimen after a preferred second-
line regimen with dolutegravir or PI atazanavir or lopinavir as
the third agent [27]. We believe that according to our results
and the safety of DRV/r it should be the preferred choice for PI
instead of atazanavir or lopinavir to prevent the emergence of PI
RAMs and to bolster the resistance profile. In addition, DRV/r
is a therapeutic-based strategy available in pregnant women, in-
fants, and adolescents.

CONCLUSIONS

The low rate of RAM selection at DRV failure confirmed the
high genetic barrier of this PI molecule and its efficacy against
resistant viruses. Ritonavir-boosted DRV might be considered
as a highly valuable therapeutic option for those patients who
have failed several ART regimens but also as the preferred PI
choice in settings where genotypic resistance testing cannot be
routinely performed.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility
of the authors, so questions or comments should be addressed to the
corresponding author.

Acknowledgments

Scientific committee. P. Bellecave, P. Blanco, F. Bonnet (Chair),
S. Bouchet, D. Breilh, C. Cazanave, S. Desjardin, V. Gaborieau, A. Gimbert,
M. Hessamfar, L. Lacaze-Buzy, D. Lacoste, ME Lafon, S. Lawson-Ayayi,
E. Lazaro, O. Leleux, E Le Marec, G. Le Moal, D. Malvy, L. Marchand,
P. Mercié, D. Neau, I. Pellegrin, A. Perrier, V. Petrov-Sanchez, M.O. Vareil,
L. Wittkop (Methodologist).

Participating centers. Hopital Saint André, CHU de Bordeaux,
Médecine Interne et Maladies Infectieuses (N. Bernard, FE Bonnet,
D. Dondia, P. Duffau, I. Faure, M. Hessamfar, D. Lacoste, P Mercié, P. Morlat,
E Paccalin, M.C. Pertusa, E. Riebero, C. Rivoisy, M.A. Vandenhende);
Hopital Pellegrin, CHU de Bordeaux, Maladies Infectieuses et Tropicales
(C. Cazanave, EA. Dauchy, A. Desclaux, M. Dupon, H. Dutronc, D. Neau,
D. Malvy, A. Ochoa, T. Pistone, M.C. Receveur, G. Wirth); Hopital Haut-
Lévéque, CHU de Bordeaux, Médecine Interne et Maladies Infectieuses
(C. Greib, E. Lazaro, ].L. Pellegrin, J.E. Viallard); Hopital d’Agen, Médecine
Interne (Y. Imbert, M. Thierry-Mieg, P. Rispal); Hopital de Libourne,

Meédecine Interne (O. Caubet, H. Ferrand, S. Tchamgoué); Hopital de
Bayonne, Maladies Infectieuses (S. Farbos, M.O. Vareil, H. Wille); Hopital
de Dax, Médecine Interne et Maladies Infectieuses (K. Andre, L. Caunegre,
Y. Gerard, E. Osorio-Perez); Hopital Saint-Cyr/Villeneuve-sur-Lot, Maladies
Infectieuses (I. Chossat); Hopital de Mont de Marsan, Médecine Interne et
Maladies Infectieuses (G. Iles, Y. Gerard, M. Labasse-Depis, F. Lacassin);
Hopital d'Arcachon, Médecine Interne (A. Barret, C. Courtault); Hopital
de Périgueux, Médecine Interne et Maladies Infectieuses (N. Berthol,
B. Cougoul, P. Lataste, ]. Marie, N. Rouanes); Hopital de Pau, Médecine
Interne et Maladies Infectieuses (G. Dumondin, V. Gaborieau); Hopital
d’Orthez, Médecine Interne (Y. Gerard).

Immunology. P. Blanco, I. Pellegrin; CRB-BBS: C. Carpentier,
L. Pellegrin; Virology: P. Bellecave, M.E. Lafon, C. Tumiotto; Pharmacology:
S. Bouchet, D. Breilh, G. Miremeont-Salamé; data collection: M.J.
Blaizeau, M. Decoin, S. Delveaux, F. Diarra, C. Hanapier, S. Lawson-Ayayi,
E. Lenaud, A. Pougetoux, B. Uwamaliya, K. Zara; IT department: V. Conte,
M. Gapillout, V. Sapparrart; Project Team: O. Leleux (Project Leader), F. Le
Marec (Statistician), A. Perrier (Data Manager).

Financial support. This project is financed by agence national de
recherche sur le SIDA et les hépatites virales, the CHU de Bordeaux: centre
hospitalier universitaire de Bordeaux, and pharmaceutical companies of
Johnson and Johnson.

Potential conflicts of interest. 'The authors declare that they no com-
peting interests. All authors: no reported conflicts of interest. All authors
have submitted the ICMJE Form for Disclosure of Potential Conflicts of
Interest. Conflicts that the editors consider relevant to the content of the
manuscript have been disclosed.

Author contributions. H.C.,C.T,, ELM,, O.L,E.L, M.EL, EM,, PD,,
D.N,, PB,, and EB. performed the research; H.C,, C.T., EL., M.ELL.,, EM,,
PD., D.N,, P.B, and EB. collected the data; H.C., C.T.,, ELM,, O.L,, EM,,
D.N., PB., and EB. designed the research study and analyzed the data;
H.C., PB., and EB. wrote the paper. All authors have read and approved
the manuscript.

Additional files. Description of the 29 patients with baseline
DRV RAMs.

References

1. Palella FJ Jr, Delaney KM, Moorman AC, et al. Declining morbidity and mortality
among patients with advanced human immunodeficiency virus infection. HIV
Outpatient Study Investigators. N Engl ] Med 1998; 338:853-60.

2. Orkin C, DeJesus E, Khanlou H, et al. Final 192-week efficacy and safety of once-
daily darunavir/ritonavir compared with lopinavir/ritonavir in HIV-1-infected
treatment-naive patients in the ARTEMIS trial. HIV Med 2013; 14:49-59.

3. De Meyer SMJ, Spinosa-Guzman S, Vangeneugden TJ, et al. Efficacy of once-daily
darunavir/ritonavir 800/100 mg in HIV-infected, treatment-experienced patients
with no baseline resistance-associated mutations to darunavir. ] Acquir Immune
Defic Syndr 1999 2008; 49:179-82.

4. Lathouwers E, De La Rosa G, Van de Casteele T, et al. Virological analysis of
once-daily and twice-daily darunavir/ritonavir in the ODIN trial of treatment-
experienced patients. Antivir Ther 2013; 18:289-300.

5. Clotet B, Bellos N, Molina JM, et al; POWER 1 and 2 study groups. Efficacy and
safety of darunavir-ritonavir at week 48 in treatment-experienced patients with
HIV-1 infection in POWER 1 and 2: a pooled subgroup analysis of data from two
randomised trials. Lancet 2007; 369:1169-78.

6. Anon. Prise en charge médicale des personnes vivant avec le VIH.
Recommandations du groupe dexperts. Available at: https://cns.sante.fr/
actualites/prise-en-charge-du-vih-recommandations-du-groupe-dexperts/.
Accessed 6 August 2019.

7. Ryom L, Cotter A, De Miguel R, et al. 2019. update of the European AIDS Clinical
Society Guidelines for treatment of people living with HIV version 10.0. HIV Med
2020; 21:617-24.

8. Pulido E Ribera E, Lagarde M, et al; DUAL-GESIDA-8014-RIS-EST45 Study
Group. Dual therapy with darunavir and ritonavir plus lamivudine vs triple
therapy with darunavir and ritonavir plus tenofovir disoproxil fumarate and
emtricitabine or abacavir and lamivudine for maintenance of human im-
munodeficiency virus type 1 viral suppression: randomized, open-label,
noninferiority DUAL-GESIDA 8014-RIS-EST45 Trial. Clin Infect Dis 2017;
65:2112-8.

9. Arribas JR, Clumeck N, Nelson M, et al. The MONET trial: week 144 analysis of
the efficacy of darunavir/ritonavir (DRV/r) monotherapy versus DRV/r plus two

XXXX ¢ OFID » 7

1202 UoIBI || UO 3senb Aq 4912665/, 9GBRIO/Z /L /I0IE/PIO/WOd"dNO"D1WSpED.//:SARY WOl PSPEOUMOQ


https://cns.sante.fr/actualites/prise-en-charge-du-vih-recommandations-du-groupe-dexperts/
https://cns.sante.fr/actualites/prise-en-charge-du-vih-recommandations-du-groupe-dexperts/

10.

11.

12.

13.

14.

15.

16.

17.

18.

nucleoside reverse transcriptase inhibitors, for patients with viral load < 50 HIV-1
RNA copies/mL at baseline. HIV Med 2012; 13:398-405.

Arastéh K, Yeni P, Pozniak A, et al. Efficacy and safety of darunavir/ritonavir in
treatment-experienced HIV type-1 patients in the POWER 1, 2 and 3 trials at
week 96. Antivir Ther 2009; 14:859-64.

Assoumou L, Charpentier C, Recordon-Pinson P, et al. Prevalence of HIV-1 drug
resistance in treated patients with viral load >50 copies/mL: a 2014 French nation-
wide study. ] Antimicrob Chemother 2017; 72:1769-73.

Wallis CL, Hughes MD, Ritz J, et al. Diverse HIV-1 drug resistance profiles at
screening for ACTG A5288: a study of people experiencing virologic failure on
second-line art in resource limited settings. Clin Infect Dis 20120; 71:e170-7.
Capetti AF, De Socio GV, Cossu MV, et al. Durability of dolutegravir plus boosted
darunavir as salvage or simplification of salvage regimens in HIV-1 infected,
highly treatment-experienced subjects. HIV Clin Trials 2018; 19:242-8.
Yazdanpanah Y, Fagard C, Descamps D, et al; ANRS 139 TRIO Trial Group.
High rate of virologic suppression with raltegravir plus etravirine and darunavir/
ritonavir among treatment-experienced patients infected with multidrug-resistant
HIV: results of the ANRS 139 TRIO trial. Clin Infect Dis 2009; 49:1441-9.
Antinori A, Lazzarin A, Uglietti A, et al. Efficacy and safety of boosted darunavir-
based antiretroviral therapy in HIV-1-positive patients: results from a meta-
analysis of clinical trials. Sci Rep 2018; 8:5288.

Tumiotto C, Bellecave P, Recordon-Pinson P. et al. Diversity of HIV-1 in
Aquitaine, Southwestern France, 2012-2016. AIDS Res Hum Retroviruses 2018;
34:471-3.

Potard V, Canestri A, Gallien S, Costagliola D. Use of darunavir in HIV-1-infected
individuals in routine clinical practice from 2012 to 2016 in France. ] Antimicrob
Chemother 2019; 74:3305-14.

Pernas B, Grandal M, Tabernilla A, et al. Long-term clinical experience with
darunavir (2007-2015) in a large cohort of HIV-infected patients in Spain. ] Med
Virol 2016; 88:2125-31.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cahn P, Fourie ], Grinsztejn B, et al. Week 48 analysis of once-daily vs. twice-daily
darunavir/ritonavir in treatment-experienced HIV-1-infected patients. AIDS
2011; 25:929-39.

Peeters M, Vingerhoets ], Tambuyzer L, et al. Etravirine limits the emergence of
darunavir and other protease inhibitor resistance-associated mutations in the
DUET trials. AIDS 2010; 24:921-4.

Delaugerre C, Buyck JE Peytavin G, et al. Factors predictive of successful
darunavir/ritonavir-based therapy in highly antiretroviral-experienced HIV-1-
infected patients (the DARWEST study). ] Clin Virol 2010; 47:248-52.

Poveda E, de Mendoza C, Martin-Carbonero L, et al. Prevalence of darunavir re-
sistance mutations in HIV-1-infected patients failing other protease inhibitors. ]
Antimicrob Chemother 2007; 60:885-8.

Delaugerre C, Mathez D, Peytavin G, et al. Key amprenavir resistance mutations
counteract dramatic efficacy of darunavir in highly experienced patients. AIDS
2007; 21:1210-3.

Meyer SD, Dierynck I, Lathouwers E, et al. Phenotypic and genotypic deter-
minants of resistance to darunavir: analysis of data from treatment-experienced
patients in POWER 1, 2, 3 and DUET-1 and DUET-2. Antiviral therapy 2008;
13:A33.

El Bouzidi K, White E, Mbisa JL, et al; UK HIV Drug Resistance Database;
(UKHDRD) and the UK Collaborative HIV Cohort (UK CHIC) Study Steering
Committees; UK HIV Drug Resistance Database (UKHDRD) and the UK
Collaborative HIV Cohort (UK CHIC) Study Steering Committees. HIV-1 drug
resistance mutations emerging on darunavir therapy in PI-naive and -experi-
enced patients in the UK. ] Antimicrob Chemother 2016; 71:3487-94.

Aoki M, Das D, Hayashi H, et al. Mechanism of darunavir (DRV)’s high genetic
barrier to HIV-1 resistance: a key V32I substitution in protease rarely occurs, but
once it occurs, it predisposes. mBio 2018; 9:02425-17.

World Health Organization. Update of Recommendations on First- and Second-
Line Antiretroviral Regimens. Geneva: World Health Organization; 2019.

8 « OFID « Chaussade et al

1202 UoJBIN || U0 1s8nb Aq $91,Z665/.9GE.IO/Z 1/ L/R10IME/PLO/W0o dNo-oIWapeoe//:SsdRy WOl pepeojumoq



