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The aim of this study was to evaluate the relationship between the virological response to darunavir-based
salvage antiretroviral therapy and the darunavir genotypic and virtual inhibitory quotients (gIQ and vIQ,
respectively). Thirty-seven HIV-infected patients failing protease inhibitor-based antiretroviral regimens who
started salvage therapy containing darunavir-ritonavir were prospectively studied. The primary outcome of the
study was a viral load (VL) of <50 copies/ml at week 48. The trough concentrations of darunavir in plasma,
the number of darunavir resistance mutations, the change in the 50% inhibitory concentration (ICs,) of
darunavir in the virtual phenotype, and the darunavir gIQ and vIQ were correlated with the virological
outcome in regression analyses adjusted by the number of active drugs in the background regimen. The VL was
<50 copies/ml in 56.8% of patients at week 48. Changes in the VL were not significantly associated with the
darunavir concentration (P = 0.304), the number of darunavir resistance mutations (P = 0.695), or the change
in the IC;, (P = 0.750). However, patients with darunavir vIQs of =1.5 had a 12-fold greater chance of
achieving a =1 log,, reduction in the VL (odds ratio [OR], 12.7; 95% confidence interval [95% CI], 1.9 to 81.6;
P = 0.007), and a 5-fold greater chance of achieving a VL of <50 copies/ml (OR, 5.4; 95% CI, 1.2 to 24.5; P =
0.028), at week 48 than patients with darunavir vIQs of <1.5. The positive and negative predictive values of this
darunavir vIQ cutoff for achieving a VL of <50 copies/ml at week 48 were 70% and 69%, respectively. The
darunavir vIQ predicts virological response to darunavir-based salvage therapy better than the darunavir
trough concentration or resistance mutations alone. We suggest targeting a darunavir vIQ of 1.5 for achieving

long-term viral suppression.

Current guidelines for the management of antiretroviral
therapy for patients infected with human immunodeficiency
virus (HIV) (19) focus on maintaining maximal suppression of
viral replication over time, regardless of whether the patients
have prior experience with antiretroviral drugs or not. To
achieve this goal, the inclusion of at least two active drugs in
the therapeutic regimen is strongly recommended.

Darunavir is a recently licensed HIV protease inhibitor that
exerts potent antiretroviral activity against both wild-type and
mutant viral strains with reduced susceptibility to other pro-
tease inhibitors (5). The clinical effectiveness of darunavir for
patients who had experienced triple-drug-class virological fail-
ure has been shown in different clinical trials (3, 12, 13, 17)
where patients treated with darunavir had a fourfold greater
chance of attaining undetectable viral loads than patients
treated with an investigator-selected comparator protease in-
hibitor (3). However, a significant proportion of patients still
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did not achieve durable control of viral replication despite
receiving darunavir-based therapy (3, 12, 13, 17).

The number of active drugs included in the antiretroviral
regimen and the degree of viral resistance to darunavir are
factors associated with virological and immunological re-
sponses in patients undergoing darunavir-based salvage ther-
apy (3, 6, 8, 17; V. Sekar, S. De Meyer, T. Vangeneugden, E.
Lefebvre, M. De Pauw, B. van Baelen, E. De Paepe, M. P. de
Béthune, R. Hoetelmans, and W. Parys, presented at the 13th
Conference on Retroviruses and Opportunistic Infections,
2006; V. Sekar, S. De Meyer, T. Vangeneugden, E. Lefebvre,
M. De Pauw, B. van Baelen, E. De Paepe, M. P. de Béthune,
D. Miralles, and R. Hoetelmans, presented at the 16th Inter-
national AIDS Conference, 2006). Conversely, only a weak
correlation between the darunavir trough concentration
(Cirougn) and virological response has been reported (V. Sekar
et al.,, posters presented at the 13th Conference on Retrovi-
ruses and Opportunistic Infections and at the 16th Interna-
tional AIDS Conference, 2006).

The inhibitory quotient (IQ), which is the ratio between the
concentration of a drug in plasma and a measurement of viral
susceptibility to that drug, has been shown to be a better
predictor of virological response to salvage antiretroviral ther-
apy than drug concentration or resistance data considered sep-
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arately (10). In the case of darunavir, Sekar et al. (posters
presented at the 13th Conference on Retroviruses and Oppor-
tunistic Infections and at the 16th International AIDS Confer-
ence, 2006) showed that the ratio between the C,,,4, and the
50% inhibitory concentration (ICs,) of darunavir, estimated
through phenotypic resistance assays and designated the phe-
notypic inhibitory quotient (pIQ), was strongly related to the
virological response to darunavir-based salvage therapy. How-
ever, despite the predictive value of plQ, its use is limited in
clinical practice by the complexity and cost inherent to pheno-
typic resistance testing (19). As a consequence, combining
pharmacological data with alternative measurements of drug
resistance that are simpler to implement in the clinical setting,
such as the number of mutations associated with resistance to
protease inhibitors in the viral genotype (genotypic inhibitory
quotient [gIQ]) or the ICs, for the virus estimated through the
virtual phenotype (virtual inhibitory quotient [vIQ]), would be
cheaper, simpler, and faster to undertake than using the pIQ in
routine clinical practice (10). The objective of this study was to
evaluate the relationship between the virological response to
darunavir-based salvage antiretroviral therapy and the da-
runavir glQ or vIQ for HIV-infected patients who failed to
respond to protease inhibitor-based antiretroviral regimens.

MATERIALS AND METHODS

Study design. This was an open-label, prospective study including HIV-in-
fected patients aged =18 years who were failing on a protease inhibitor-based
antiretroviral regimen excluding darunavir. Virological failure was defined as a
plasma HIV type 1 (HIV-1) RNA level of >50 copies/ml after at least 24 weeks
of therapy or after the viral load had become undetectable. Patients gave in-
formed consent before enrollment, and the protocol was approved by the ethics
committee of our hospital.

Salvage antiretroviral therapy consisted of darunavir-ritonavir (600 and 100
mg, respectively, twice daily) with at least two other drugs (optimized back-
ground regimen), which were selected by the investigators according to treat-
ment history and according to genotype and virtual-phenotype testing, per-
formed at screening. Patients were visited at baseline and 4, 12, 24, 36, and 48
weeks after darunavir was initiated. The plasma HIV-1 RNA load and CD4 "
T-cell count were determined at every visit, and the concentration of darunavir
in plasma was measured at weeks 4, 12, 24, 36, and 48.

Study end points. The primary end point of the study was the percentage of
patients with plasma HIV-1 RNA loads of <50 copies/ml after 48 weeks of
follow-up (virological response). Secondary end points included the magnitude
of viral load reduction and the variability in the Ci,,q, Of darunavir in plasma
during follow-up.

Calculation of the OBS. The genetic sequences of the HIV protease and
reverse transcriptase genes and the virtual phenotype were obtained within the
4 weeks before the start of darunavir therapy by using the TruGene HIV-1
genotyping kit (Siemens Medical Solutions, Barcelona, Spain) and vircoTYPE
HIV-1, version 3 (Virco BVBA, Mechelen, Belgium), respectively. A genotypic
sensitivity score was calculated for each drug included in the background regi-
men. The drugs included in the background regimen to which the virus was not
susceptible in the virtual phenotype were scored as 0, while the drugs to which
the virus was partially or fully susceptible in the virtual phenotype were scored as
0.5 or 1, respectively. The optimized background score (OBS) was defined as the
sum of the genotypic sensitivity scores for all drugs included in the regimen.

Enfuvirtide and raltegravir were considered to be active when they were used
for the first time or if the patients had not previously failed to respond to
antiretroviral regimens containing these agents. Resistance to etravirine was
considered when three or more mutations related to resistance to nonnucleoside
reverse transcriptase inhibitors were present in the reverse transcriptase gene.

Pharmacokinetic analysis. For darunavir C,,,,, determinations, blood sam-
ples were collected into potassium- and EDTA-containing 10-ml tubes before the
morning dose of darunavir. Plasma was isolated by centrifugation (at 3,200 X g
for 15 min) and stored at —20°C until analysis (4). Darunavir concentrations
were determined by using high-performance liquid chromatography with a photo
diode array detector (HPLC-PDA 2996; Waters, Barcelona, Spain) according to
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avalidated method. A NovaPak C,g analytical column (3.9 by 150 mm) was used,
with a NovaPak C,g guard column (Waters). The method involved liquid-liquid
extraction of the drug from plasma with fert-butyl methyl ether after basification
and a second wash with hexane. The mobile phase consisted of a gradient elution
with phosphate buffer-acetonitrile (pH 6.70). The method was linear over the
range of 0.05 to 10.0 mg/liter, and the intra- and interday variations were <10%.

Darunavir IQs. The darunavir gIQ and vIQ were calculated for each partici-
pant. The darunavir glQ was calculated as the median darunavir Ci; gy, during
the follow-up divided by the number of darunavir resistance-associated muta-
tions (RAM), which included the 111, 321, 33F, 47V, 50V, 54M/L, 73S, 76V, 84V,
and 89V mutations in the protease gene (11). The darunavir vIQ was calculated
as the median darunavir Ciqe, during the follow-up divided by the change
(n-fold) in the darunavir ICs in the virtual phenotype and then multiplied by the
protein-binding-corrected darunavir ICs, for protease inhibitor-resistant viruses
(550 ng/ml) (5). For the calculation of both 1Qs, the darunavir C.,,., Was
expressed in nanograms per milliliter.

Statistical analysis. Statistical analysis was performed using SPSS statistical
software (version 15.0; SPSS Inc., Chicago, IL). The relationships between viro-
logical end points and different predictors were assessed by linear, nonlinear, or
logistic regression analysis as appropriate and adjusted for the OBS.

Receiving operator characteristic (ROC) curves were used to explore possible
cutoff values of resistance, pharmacological, and IQ data in order to properly
classify patients as responders or nonresponders. Percentages were compared
with the chi-square test or the Fisher exact test, as appropriate, and survival
analyses using the Kaplan-Meier and the log rank test were performed to com-
pare the lengths of time for patients to achieve HIV-1 RNA loads of <50
copies/ml.

Interindividual and intraindividual variabilities in the darunavir Ci,q,,, Were
assessed at each visit and for those patients who had more than one darunavir
determination available during follow-up, respectively. In both cases, variability
was expressed as the coefficient of variation, which was calculated by dividing the
standard deviation by the mean darunavir Ci,,gn-

troug|

RESULTS

Study population characteristics. A total of 37 patients were
included in the study. Patients had received a median (inter-
quartile range) of 14 (12 to 15) antiretroviral regimens, includ-
ing 5.0 (5.0 to 6.5) protease inhibitors, prior to the introduction
of darunavir. Moreover, 81.1% of the patients had received
five or more protease inhibitors before enrollment.

At the time of study entry, lopinavir and tipranavir were the
most frequently used protease inhibitors (35% and 27%, re-
spectively), and the median (interquartile range) viral load and
CD4 " T-cell count were 4.6 (3.8 to 4.9) log, , copies/ml and 210
(95 to 310) cells/mm?, respectively. Enfuvirtide was included in
the optimized background regimen for 17 (45.9%) patients. Six
(16.2%) patients received etravirine and four (10.8%) patients
received raltegravir during the study. The median (interquar-
tile range) number of active drugs in the optimized background
regimen was 1.5 (0.75 to 2.0). Table 1 summarizes other char-
acteristics of the patients at baseline.

Virological and immunological outcomes. The median (in-
terquartile range) increases in the CD4" T-cell count were 85
(14 to 181) cells/mm?> and 69 (10 to 218) cells/mm?> at weeks 24
and 48, respectively. The median (interquartile range) de-
creases in the viral load were —2.3 (—1.0 to —2.8) log,, cop-
ies/ml at week 24 and —2.1 (—0.8 to —2.9) log,, copies/ml at
week 48. The percentage of patients with HIV-1 RNA loads of
<50 copies/ml was 59.5% at week 24 and 56.8% at week 48.

Pharmacological and resistance analyses. A median (inter-
quartile range) of 3 (1 to 4) blood samples were drawn from
each patient during the study, and the median darunavir
Crougn Was 3,518 (2,612 to 5,085) ng/ml. The median inter- and

intraindividual coefficients of variation in the darunavir C, e
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TABLE 1. Demographic and main clinical characteristics of the study population”

Value for:

Characteristic P
All patients Virological responders Virological nonresponders

No. (%) of patients 37 21 (56.8) 16 (43.2)

HIV-1 RNA load (log,, copies/ml) 4.6 (3.8-4.9) 4.4 (3.8-4.9) 4.8 (3.9-5.1) 0.490
CD4™" T-cell count (cells/mm?) 210 (95-303) 238 (170-295) 174 (51-333) 0.265
OBS 1.5 (0.7-2.0) 1.5(0.7-2.2) 1.5 (0.6-2.0) 0.565
No. of RAM in the PRO gene 8 (6-11) 9 (7-11) 7 (4-10) 0.918
No. of DRV RAM 1(0-2) 1(0-2) 1(0-2) 0.918
Fold change in the DRV ICjs, 1.4 (0.6-3.5) 1.2 (0.6-2.4) 2.0 (0.6-9.3) 0.651
DRV C,,yygn (ng/ml) 3,518 (2,612-5,085) 3,389 (2,961-4,656) 3,361 (1,593-4,813) 0.377
DRYV gIlQ 2,780 (1,937-3,396) 3,144 (2,250-3,514) 2,314 (1,459-3,382) 0.353
DRV vIQ 4.1(0.9-9.7) 6.6 (1.9-10.5) 1.4 (0.8-9.6) 0.159
No. (%) of patients with a DRV 22 (59.5) 15 (71.4) 7 (43.8) 0.105

gIQ of >2,400
No. (%) of patients with a DRV 24 (64.8) 17 (70.8) 7(29.2) 0.028

vIQ of >1.5

“ Data are expressed as the median (interquartile range), except where otherwise noted. PRO, protease; DRV, darunavir.
® For difference between virological responders and nonresponders, determined by logistic regression analysis adjusted for the OBS.

determinations were 57% (49% to 63%) and 27% (19% to
44%), respectively.

Patients showed a median of 8 (6 to 11) RAM in the pro-
tease gene, including 1 (0 to 2) darunavir RAM. The L33F
mutation was observed in 19 patients (51.3%), followed by the
184V mutation (in 12 patients [32.4%]), the G73S mutation (in
5 patients [13.5%]), and the I54L and V32I mutations (in 3
patients [8.1%] each). Two patients showed the N88S muta-
tion, and one patient had the ISOL mutation, in the protease
gene; both are related to increased susceptibility to darunavir
(N. Parkin, E. Stawiski, C. Chappey, and E. Coakley, presented
at the 14th Conference on Retroviruses and Opportunistic
Infections, 2007).

The median (interquartile range) change in the darunavir
ICs, in the virtual phenotype was 1.4-fold (0.6- to 3.5-fold).
Fourteen patients (40%) showed a darunavir ICy, change of
<1-fold, and six patients (16.2%) had a darunavir ICy, change
of >10-fold at baseline.

Determinants of virological response. By regression analysis,
changes in the plasma HIV-1 RNA load were not significantly
associated with the median darunavir Cy, g, (* = 0.27 and P =
0.112 by the sigmoid E_,,, model), the number of darunavir
RAM (r = 0.36 and P = 0.695 by the linear model), or the
change in the ICs, of darunavir in the virtual phenotype (r =
0.16 and P = 0.344 by the sigmoid E,,, model) when they were
considered separately. Likewise, ROC curves and logistic re-
gression analysis did not identify any cutoff in these parameters
that was significantly associated with virological response at
week 48 (Table 1).

When darunavir pharmacological and resistance data were
combined, changes in the plasma viral load were not associated
with the darunavir glQ (r = 0.27 and P = 0.100 by the sigmoid
E ..« model) but were associated with the darunavir vIQ (r =
0.40 and P = 0.014 by the sigmoid E ,,, model) by regression
analysis. ROC curves identified cutoff values for the darunavir
¢IQ and vIQ that were related to virological response at week
48. There was a trend toward a better virological response in
patients with darunavir glQs of =2,400. Patients who had da-
runavir glQs of =2,400 had a median (interquartile range)
decrease in the HIV-1 RNA load of —2.5 (—1.4 to —3.1) log,,

copies/ml at week 48, compared with —1.6 (—0.1 to —2.7) log;,
copies/ml for patients who had darunavir gIQs of <2,400 (P =
0.139). Similarly, the chance of achieving a reduction in the
viral load of >1 log,, unit or a viral load of <50 copies/ml at
week 48 of follow-up was fourfold (odds ratio [OR], 4.0; 95%
confidence interval [95% CI], 8.0 to 20.1; P = 0.089) or three-
fold greater, respectively, for patients with darunavir glQs of
>2,400 than for those with darunavir glQs of <2,400 (Table 1).
On the other hand, patients who had darunavir vIQs of =1.5
showed a median (interquartile range) decrease in the HIV-1
RNA load of —2.5 (—3.1 to —1.6) log,, copies/ml at week 48,
compared with only —0.27 (—2.58 to 0.25) log,, copies/ml for
patients who had vIQs of <1.5 (P = 0.004) (Fig. 1). Moreover,
patients with darunavir vIQs of =1.5 had a 12-fold greater
chance of achieving a reduction in the viral load of >1 log,,
unit (OR, 12.7; 95% CI, 1.9 to 81.6; P = 0.007) and a 5-fold
greater chance of achieving a viral load of <50 copies/ml (OR,
5.4; 95% CI, 1.2 to 24.5; P = 0.028) at week 48 than patients
whose darunavir vIQs were <1.5 (Table 1; Fig. 2). The positive
and negative predictive values of this darunavir vIQ cutoff for
predicting the virological response at week 48 were 70% and
69%, respectively.

Change in log10 HIV-1 RNA

-3.0 T T v 1
0 12 24 36 48
Time (weeks)
FIG. 1. Changes in HIV-1 RNA load during follow-up. The dashed

line represents patients with darunavir vIQs of <1.5, and the solid line
represents patients with darunavir vIQs of =1.5.
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FIG. 2. Percentages of patients with HIV-1 RNA load of >50 cop-
ies/ml during follow-up. The dashed line represents patients with da-
runavir vIQs of <1.5, and the solid line represents patients with da-
runavir vIQs of =1.5.

DISCUSSION

In our population of HIV-infected patients who had been
heavily treated previously, the darunavir IQ was shown to be a
better predictor of long-term virological response to darunavir-
based salvage antiretroviral therapy than either the darunavir
Cirougn OF darunavir RAM considered separately. Moreover,
we were able to define a vIQ cutoff that correlated with a
greater chance of maintaining complete long-term viral sup-
pression.

In agreement with reports for other protease inhibitors as
well as for darunavir itself (1, 9, 10, 14-16; Sekar et al., posters
presented at the 13th Conference on Retroviruses and Oppor-
tunistic Infections and at the 16th International AIDS Confer-
ence, 2006), we did not observe a close relationship between
virological response and darunavir exposure, although the in-
terindividual variability in darunavir concentrations among our
patients was notable. Sekar et al. (posters presented at the 13th
Conference on Retroviruses and Opportunistic Infections and
at the 16th International AIDS Conference, 2006) also pointed
out the limited value of considering pharmacological data sep-
arately for the prediction of the virological response to salvage
antiretroviral therapy with darunavir, noting the importance of
integrating this information with resistance data in this setting.
In those studies, the virological outcome of darunavir-based
salvage therapy was much better predicted by the darunavir
pIQ than by either the darunavir concentration or the change
in the darunavir ICs, alone. However, phenotypic resistance
testing is complex and expensive in the clinical setting, and pIQ
data may therefore not be available for a large proportion of
patients outside clinical trials. The glQ and vIQ are simpler to
obtain than the pIQ and have been shown to predict virological
response to salvage antiretroviral therapy with several protease
inhibitors (1, 9, 10, 14-16).

In our study, in which darunavir resistance was assessed by
genotypic assays, the darunavir vIQ was the best predictor of
virological response after 48 weeks of follow-up. According to
our results, the chances of attaining complete viral suppression
were fivefold greater when patients had darunavir vIQs of
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=1.5. Using this cutoff value, we were able to correctly classify
70% of the patients as responders or nonresponders, allowing
us to predict virological response in an individualized fashion.
Consequently, this vIQ cutoff could be used to guide possible
dose adjustments of darunavir in the context of therapeutic
drug monitoring programs aimed at individualizing darunavir
dosing in order to overcome partial resistance to darunavir and
maximize the chances of virological response in the long term.

We were unable to confirm the relationship between the
degree of viral resistance to darunavir and the virological re-
sponse to darunavir-based salvage therapy that was observed in
the POWER studies (3, 6). This discrepancy between our re-
sults and those reported earlier may be explained by a lesser
extent of resistance to darunavir in our population than in the
POWER trials, where 22% of the patients who participated
had three or more darunavir RAM at baseline and the median
change in the ICs, of darunavir was approximately fourfold
(3). Conversely, only two patients (5%) in our study had three
or more darunavir RAM at baseline; the median change in the
darunavir ICy, was only 1.4-fold in our population; and only six
patients (16.2%) had a >10-fold change in the ICs, at baseline
(four of these patients were responders at week 48 even when
their darunavir vIQs were <1.5). Similarly, the low number of
darunavir RAM may also explain the lack of a significant
relationship between the darunavir glQ and virological re-
sponse in our study. In addition, although darunavir RAM are
supposed to affect drug susceptibility to different degrees, all
mutations were weighted equally in the calculation of the da-
runavir glQ in the present study. In order to overcome this
limitation, different RAM scoring systems that assign different
weights to each mutation can be applied, or the virtual phe-
notype can be used, as in our calculation of the vIQ.

The number of active drugs in the background regimen
(indicated by the OBS) is another relevant factor that has been
related to the virological response to salvage antiretroviral
therapy in different studies (2, 3, 7, 8, 12, 13, 18). We were not
able to identify such a relationship in our study, probably
because of the low OBS in our population. A quarter of the
patients in our study were treated with less than one active
drug in the background regimen, and the median OBS was <2.
Nonetheless, we are aware of the relevance of the OBS and of
its influence on virological response, and linear and logistic
analyses were therefore adjusted for the OBS.

In conclusion, the darunavir vIQ was related to the chance
of maintaining complete long-term viral suppression in our
treatment-experienced HIV-infected patients on darunavir-
based salvage antiretroviral therapy. This tool allows virologi-
cal response to be predicted at the individual level and could
be helpful in targeting darunavir concentrations in this setting.
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