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INTRODUCTION

Due to the risk of long-term toxicity, patient’s perception, 
treatment fatigue, and costs, an increasing frequency of 
switches from standard to non-standard regimens has 
been observed in clinical practice (The Antiretroviral 
Therapy Cohort Collaboration (ART-CC), 2013; Castagna 
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et al., 2014) and prompted the search for an alternative 
and affordable antiretroviral regimen in fully suppressed 
patients. (Baril et al., 2014; Colasanti et al., 2014; Di Giam-
benedetto et al., 2013; Perez-Molina et al., 2015). 
Several clinical trials analysed the 96 week efficacy and 
safety of lopinavir/ritonavir (Arribas et al., 2009; Nunes et 
al., 2009; Meynard et al., 2010; Ghosn et al., 2010; Gutmann 
et al., 2010; Cahn et al., 2011; Bernardino et al., 2013; 
Gianotti, et al., 2014) or darunavir/ritonavir (Clumeck et 
al., 2011; Valantin et al., 2012; Antinori et al., 2015) mon-
otherapy in virologically suppressed HIV patients and 
their results showed a lower efficacy of ritonavir-boosted 
PI (PI/r) monotherapy than triple therapy in maintaining 
virological suppression. Similarly, the recently published 
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SUMMARY

The 96-week results of the Monotherapy Once a Day with Atazanavir/r (MODAt) study [NCT01511809] 
showed an inferior virological efficacy of atazanavir (ATV)/ritonavir monotherapy versus triple therapy, 
which was promptly retrieved by the reintroduction of nucleoside/nucleotide inhibitors of reverse 
transcriptase [N(n)RTIs].
We aimed to identify potential relationships between ATV exposure and clinical outcome in HIV-1 subjects 
treated with ATV/ritonavir monotherapy [ATV/r 300/100 mg] versus ATV/ritonavir triple therapy [ATV/r 
300/100 mg+2NRTIs].
A chromatographic method coupled with tandem mass spectrometry was applied to analyze ATV plasma 
concentrations in a pharmacokinetic sub-study from the MODAt trial. Mixed linear models were used to 
examine the ATV plasma concentration trend during follow-up and to assess the association between ATV 
plasma concentrations trajectories with the study arm or the occurrence of treatment failure or drug-
related adverse events or the grading of baseline total bilirubin (<3 vs ≥3). The analyses were performed 
using SAS Software, release 9.4 (SAS Institute, Cary, NC, USA).
Overall, ATV plasma Ctrough concentration did not vary during follow-up (slope: +0.75 ng/mL/week, 
95%CI: -0.97 to 2.47, p=0.387); trajectories did not differ between study arms (p=0.527). The unadjusted 
model-based means (95%CI) of ATV Ctrough during follow-up were 835 (95%CI: 657-1012) ng/ml in the 
ATV/r monotherapy arm as compared to 911 (95%CI: 740-1082) ng/mL in the ATV/r triple therapy arm 
(p=0.621).
Mean ATV Ctrough was similar in subjects with or without adverse events (AEs). Subjects treated with 
ATV/r monotherapy showed significantly higher ATV concentrations as compared to subjects without 
adverse events or treated with ATV/r triple therapy. ATV concentrations were associated with the grading 
of baseline total bilirubin and the occurrence of drug-related AEs but not with HCV infection.
Our findings showed a lack of association between ATV concentrations and treatment failure both in 
ATV/r monotherapy and triple therapy. Conversely, these data emphasized that ATV concentrations are 
associated with the development of side-effects in both subjects treated with ATV/r monotherapy and 
subjects treated with ATV/r triple therapy.

Received September 12, 2017   Accepted December 22, 2017



Atazanavir pK in the MODAt randomized trial 107

96-week results of the Monotherapy Once a Day with 
Atazanavir/r (MODAt) study showed an inferior virolog-
ical efficacy of atazanavir/ritonavir monotherapy [ATV/r 
300/100 mg + 2NRTIs] in comparison with triple therapy 
[ATV/r 300/100 mg + 2NRTIs], which was promptly re-
trieved by the reintroduction of NRTIs (Galli et al., 2016).
Considerable inter-individual variability has been ob-
served in plasma concentrations of ATV after standard 
dosing, mainly related to drug-to-drug interactions and 
genetic variants affecting the enzymes involved in the he-
patic metabolism of ATV (Van Schaik et al., 2002; Evans 
and McLeod, 2003; Wempe and Anderson, 2011; Le Tiec 
et al., 2005; Solas et al., 2008). This may be clinically rel-
evant considering that significant correlations have been 
reported between plasma ATV concentrations and clinical 
outcome. Indeed, the highest probability of achieving un-
detectable viral load in treatment-experienced as well as 
naïve HIV patients has been associated with ATV plasma 
Ctrough >150 ng/mL (Gonzalez de Requena et al., 2005; 
Bonora et al., 2011; Gervasoni et al., 2015). Conversely, 
thresholds ATV Ctrough of around 700-1000 ng/mL have 
been proposed as risk factors for ATV-related complica-
tions, such as hyperbilirubinemia (Bonora et al., 2011), 
dyslipidemia or nephrolitiasis (Gervasoni et al., 2015; Gia-
comelli et al., 2016).
The aim of this MODAt sub-study was to investigate 
whether significant relationships exist between ATV plas-
ma concentrations and clinical outcome either in terms of 
efficacy and safety among patients enrolled in the MODAt 
study.

MATERIALS AND METHODS

Study design and population
This was a sub-study of the MODAt trial: a multicentre, 
randomized, open-label, non-inferiority trial in adult 
HIV-1-infected subjects (Galli et al., 2016). Patients un-
derwent clinical assessment and routine laboratory tests 
at screening, baseline and at weeks 4, 8, 12, 16, every 8 
weeks until week 48 and then every 12 weeks until week 
96 or discontinuation (Galli et al., 2016). The sub-study 
protocol was approved by the ethics committee of each 
participating site and all the enrolled patients provided 
additional written informed consent to use their stored 
plasma samples, all collected before the administration of 
the next dose of the randomized treatment. Patients’ ad-
herence to therapy was verified through direct questioning 
during every outpatient visit. Data on self-reporting ad-
herence were cross-checked with the refill data from the 
Pharmacy Department in order to validate self-reported 
data. Only patients with high adherence to antiretroviral 
medications (above 95% of the doses) were considered in 
the present study.
Plasma samples for the assessment of plasma ATV con-
centrations were collected at different time-points during 
follow-up, with an average of 4 measurements/patient; at 
all time-points, plasma samples were collected after an 
overnight fast (at least 8 hours since midnight: range 8-12 
hours). Treatment failure (TF) was defined as the occur-
rence of a virological failure (VF, defined as 2 consecutive 
values of HIV-RNA >50 copies/mL) or discontinuation for 
any reason. Treatment tolerability was defined as the oc-
currence of ATV drug-related adverse events of any grade 
recorded during the MODAt trial and judged by the inves-
tigators as potentially related to ATV.

Pharmacokinetic evaluations
ATV plasma concentrations were assessed by a chromato-
graphic method coupled with tandem mass spectrometry 
(lower limit of quantification 20 ng/mL). Method perfor-
mance was verified during each analytical run by means 
of internal and external quality controls (the KKGT Asso-
ciation for Quality Assessment in TDM and Clinical Toxi-
cology program, The Netherlands).
Some patients did not take ATV in the morning. Therefore, 
the plasma samples were randomly drawn during the dos-
ing interval and ATV trough plasma concentrations were 
not always available. To overcome this limitation, trough 
plasma concentrations were predicted using the interval 
between last dose intake and blood sampling and the mean 
ATV elimination half-life using the following formula:

[ATV]24h = [ATV]t x 0.5 EXP(24-interval)/half-life

where [ATV]t is the measured ATV concentration and “in-
terval” is the time between the last dose intake and blood 
sampling. All the ATV plasma samples were collected in 
the elimination phase. ATV plasma trough concentrations 
were evaluated according to the therapeutic window (set 
at 150-800 ng/mL) (Bonora et al., 2011; Gervasoni et al., 
2015).

Statistical analyses
Demographic, immune-virological, haematological and 
other biochemical parameters were described by median 
(IQR) or frequency (%). Comparisons of demographic, 
haematological and biochemical parameters, as well as 
immune-virologic status between groups were carried out 
using the Wilcoxon rank-sum test or chi-square/Fisher ex-
act test.
We used linear mixed modelling with random intercept 
and slope to evaluate ATV plasma Ctrough concentration 
trend over time (trajectories), accounting for the with-
in-patient correlation of measurements obtained at dif-
ferent weeks on the same patient (by use of an unstruc-
tured covariance matrix). Linear mixed models were also 
applied to assess the effect of study arm (monotherapy vs 
triple therapy), grading of baseline total bilirubin (<3 vs 
≥3), treatment failure occurrence (yes vs no) or drug-relat-
ed adverse events occurrence (yes vs no) on ATV plasma 
Ctrough concentration trajectories. In case of non-signif-
icant changes over time, unadjusted model-based (linear 
mixed model) means of ATV plasma Ctrough concentra-
tions were reported for each of the previous groups with 
the corresponding 95% confidence interval (95%CI). All 
two-tailed P values were considered significant at a thresh-
old of P <0.05. The analyses were performed using SAS 
Software, release 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Patients’ characteristics
One hundred and one out of the 103 patients enrolled in 
the MODAt trial (51 in the ATV/r monotherapy arm [ATV/r 
300/100 mg] and 52 in the ATV/r triple therapy arm [ATV/r 
300/100 mg+2NRTIs]) completed the study 96 weeks. Sev-
enty-four out of the 103 patients (72%) patients gave their 
consent to participate in this pharmacokinetic sub-study 
(35 patients in the ATV/r monotherapy arm and 39 in the 
ATV/r triple therapy arm). Samples for the determination 
of ATV Ctrough were available in 60/74 (81%) patients and 
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were considered for these analyses: 28/35 (80%) patients 
randomized to the ATV/r monotherapy arm and 32/39 
(82%) to the ATV/r triple therapy arm.
Among the 28 patients randomized to ATV/r monotherapy, 
9 subjects had virological failure and were re-intensified 
with their previous NRTIs. Four patients in the monothera-
py arm (2 with previous re-intensification) and 4 patients in 
the triple therapy arm discontinued during follow-up. The 
baseline characteristics of the 60 patients enrolled in this 
sub-study are shown in Table 1. Twenty-eight patients did 
not have a grade ≥3 elevation at baseline [12 (43%) subjects 
in the ATV/r monotherapy arm and 16 (50%) subjects in 
the ATV/r triple therapy arm]. Among these subjects, 8/12 
(75%) subjects of the ATV/r monotherapy arm vs 10/16 
(63%) subjects of the ATV/r triple therapy arm had a grade 
≥3 elevation in total bilirubin during follow-up (p=0.999).

Trend over time of measured ATV concentrations
A total of 215 samples were analyzed and provided valid 
values of ATV plasma concentrations: the overall median 

(IQR) number of measurements per patient was 4 (3-4) [4 
(3-4) and 3 (2-4) measurements per patients in the ATV/r 
monotherapy arm and in the ATV/r the triple therapy arm, 
respectively (p=0.021)].
Overall, ATV plasma Ctrough concentration did not vary 
during follow-up (slope: +0.75 ng/mL/week, 95%CI: -0.97 
to 2.47, p=0.387); trajectories did not differ between study 
arms [ATV/r monotherapy arm: +0.96, 95%CI: -1.00 to 
2.92, p=0.330; ATV/r triple therapy arm: +0.51, 95%CI: 
-1.53 to 2.55, p=0.622; comparison between study arms: 
p=0.527]. The unadjusted means (95%CI) of ATV Ctrough 
during follow-up were 835 (95%CI: 657-1012) ng/ml in the 
ATV/r monotherapy arm as compared to 911 (95%CI: 740-
1082) ng/mL in the ATV/r triple therapy arm (p=0.621). 
All ATV plasma determinations from both arms were 
>150 ng/mL, except for two values which resulted below 
the detection limit [patient T01-033 (arm A) at week 132 
followed by values >3000 ng/mL at week 144 and week 
180; patient T01-045 (arm B) at week 144 with no further 
values thereafter].

Table 1 - The Pharmacokinetic MODAt sub-study: baseline characteristics.

ATV/r monotherapy
(arm A) (N=28)

ATV/r triple therapy
(arm B) (N=32) P-value

Age, years 41 (36-47) 42 (34-48) 0.994a

Males 25 (89%) 30 (94%) 0.657b

Race
Caucasian
Black
Hispanic

27 (96%)
0

1 (4%)

29 (91%)
1 (3%)
2 (8%)

0.565b

BMI, kg/m2 23.9 (21.5-25.2) 24.3 (21.7-25.3) 0.630a

Years of HIV infection 6 (3-8) 4 (2-6) 0.060a

HIV risk factor
IDU
MSM
Heterosexual
Other/unknown

0
17 (61%)
4 (14%)
7 (25%)

2 (6%)
15 (47%)
7 (22%)
8 (25%)

0.255b

CDC  C Stage 0 0 -
CD4+ nadir, cells/μL 274 (224-365) 307 (260-348) 0.499a

HCV co-infection 3 (11%) 3 (9%) 0.998b

ART duration, months 25 (17-56) 20 (18-45) 0.667a

Months on ATV/r + 2 NRTIs 21 (15-32) 20 (17-29) 0.813a

TDF/FTC backbone 26 (93%) 27 (84%) 0.459b

HIV-1 RNA <50 cp/mL, months 22 (14-55) 18 (13-25) 0.205a

HIV-1 RNA at ART start, log10 copies/mL 4.91 (4.41-5.35) 4.82 (3.85-5.27) 0.673a

CD4+, cells/μL 626 (466-825) 570 (417-684) 0.166a

Fasting glucose (mg/dL) 82 (77-91) 82 (79-91) 0.888a

Total cholesterol (mg/dL) 185 (160-212) 181 (158-209) 0.807a

LDL-cholesterol (mg/dL) 127 (99-136) 119 (103-135) 0.998a

HDL-cholesterol (mg/dL) 42 (36-48) 45 (38-50) 0.365a

Triglycerides (mg/dL) 112 (100-183) 110 (82-129) 0.187a

ALT (UI/L) 29 (21-39) 24 (18-35) 0.230a

AST (UI/L) 29 (21-39) 20 (14-26) 0.859a

Creatinine (mg/dL) 0.87 (0.80-0.99) 0.90 (0.78-1.00) 0.700a

ALP (U/mL) 94 (72-114) 99 (85-116) 0.332a

Total bilirubin (mg/dL) 1.63 (1.30-3.12) 2.20 (1.57-3.53) 0.445a

grade ≥3 16 (57%) 16 (50%) 0.613b

Results are expressed as median (IQR) or frequency (%).
Abbreviations: ATV/r, atazanavir/ritonavir; NRTIs, nucleoside reverse transcriptase; BMI, body mass index; IDU, intravenous drug user; MSM, men who have sex with men; 
ART, antiretroviral treatment; TDF, tenofovir; FTC, emtricitabine; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.
ªby Wilcoxon rank-sum test.
bby Fisher exact test, as appropriate.
Mean values (95% confidence intervals) were calculated by use of the mixed linear model.
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Association of ATV concentrations  
with treatment failure
No significant difference in ATV Ctrough trajectories 
were found according to treatment failure (TF) [with-
out TF: +0.67, 95%CI: -1.09 to 2.43, p=0.450; with TF: 
+1.23, 95%CI: -1.52 to 3.99, p=0.377; comparison between 
groups: p=0.616]. The unadjusted means of ATV Ctrough 
during follow-up was 885 (95%CI: 644-1126) ng/mL in 
subjects with TF and 871 (95%CI: 728-1014) ng/mL in sub-
jects without TF (p=0.917). We examined in detail subjects 
randomized to ATV/r monotherapy who had virological 
failure (n=9/11): in 4/9 (44%) subjects, the lowest value of 
ATV Ctrough was observed at the date of re-intensification 
with previous NRTIs, although these values were all in the 
therapeutic range.

Association of ATV concentration  
with treatment tolerability
There were 20/60 (33%) subjects with at least one drug-re-
lated adverse event (AE) grade 1-3 related to ATV, for a total 
of 20 drug-related adverse events: 8 and 12 AEs in the ATV/r 
monotherapy and triple therapy arm, respectively (Table 2). 
Overall, no difference in trajectories of ATV Ctrough between 
subjects with or without AEs was found [subjects with AEs: 
+1.31, 95%CI: -0.95 to 3.58, p=0.252; subjects without AEs: 
+0.45, 95%CI: -1.43 to 2.34, p=0.632; comparison between 
groups: p=0.522]. The unadjusted means of ATV Ctrough 
according to the occurrence of drug-related AEs are shown 
in Table 3: ATV Ctrough concentrations were 945 (95%CI: 
730-1161) ng/mL versus 838 (95%CI: 692-983) ng/mL in 
subjects with or without AEs, respectively (p=0.403).

Table 2 - Patients’ characteristics with drug-related Adverse Events.

Patient ID Study arm Description of adverse event Grade Mean ATV Ctrough during follow-up

T01-006 A Hypertriglyceridemia 2 875.72

T01-007 A Diarrhea 1 662.23

T01-018 A Asthenia 1 1149.32

T01-031 A Nephrolithiasis 2 1386.68

T01-033 A Hypertriglyceridemia 2 1666.06

T01-048 A Nephrolithiasis 3 931.19

T01-052 A Hypercholesterolemia 2 1066.41

T01-060 A Nephrolithiasis 2 1847.90

T01-001 B Creatinine increase 1 484.54

T01-010 B Hypertriglyceridemia 1 311.53

T01-014 B Nephrolithiasis 2 754.13

T01-024 B Hypercholesterolemia 1 1130.22

T01-029 B Nephrolithiasis 2 523.70

T01-045 B Hemoglobinuria 1 425.47

T01-056 B Hypercholesterolemia 1 775.85

T01-058 B Hypertriglyceridemia 2 1437.60

T01-072 B Diarrhea 1 413.39

T01-076 B GFR decrease 3 689.40

T01-077 B Nephrolithiasis 2 1414.42

T01-082 B Nephrolithiasis 2 1196.88
Arm A: ATV/r monotherapy; arm B: ATV/r triple therapy.
Abbreviations: ATV, atazanavir.

Table 3 - Predicted atazanavir Ctrough according to study arm and occurrence of drug-related adverse events.

Characteristic Group N Mean atazanavir Ctrough (95% CI), ng/mL§ P-value§

Study Arm ATV/r monotherapy 28 835 (657-1012)
0.621

ATV/r triple therapy 32 911 (740-1082)

Treatment failure occurrence No 45 871 (728-1014)
0.917

Yes 15 885 (644-1126)

Occurrence of drug-related 
adverse events No 40 838 (692-983)

0.403
Yes 20 945 (730-1161)

Baseline total bilirubin 
grading <3 28 704 (537-871)

0.012
≥3 32 1007 (852-1162)

HCVAb Negative 54 914  (775-1052)
0.124

Positive 6 602 (215-989)
§Unadjusted model-based mean values (95% confidence intervals) were calculated and compared by use of the mixed linear model.
Abbreviations:  ATV/r, atazanavir/ritonavir



E. Colella, D. Cattaneo, L. Galli et al.110

Twenty out of the 40 patients (50%) without drug-related 
adverse events during follow-up and 12/20 (60%) subjects 
with AEs had a grade ≥3 total bilirubin at baseline. Sub-
jects with a grade ≥3 in total bilirubin at baseline showed 
a statistically significant increase in atazanavir Ctrough 
concentrations during follow-up as compared to those 
with a grade <3 in total bilirubin at baseline [subjects 
with a baseline total bilirubin of grade <3: -0.77, 95%CI: 
-2.87 to 1.32, p=0.463; subjects with a baseline total bili-
rubin of grade ≥3: +2.10, 95%CI: +0.06 to 4.15, p=0.044; 
comparison between groups: p=0.012]. The unadjusted 
means atazanavir Ctrough values according to the grad-
ing of total bilirubin at baseline are shown in Table 3: 
differences in the mean values of atazanavir Ctrough 
between grading classes of total bilirubin at baseline 
(p=0.012) were detected. 
Among subjects who had AEs (Table 4), those with a grade 
<3 as compared to those with a grade ≥3 in total biliru-
bin at baseline had lower atazanavir Ctrough (p=0.002). 
Among subjects who had no AEs, grading of total bilirubin 
at baseline was not associated with different atazanavir 
Ctrough (p=0.098).
No differences were observed in the ATV Ctrough trajec-
tories during follow-up between subjects with (n=6) or 
without (n=54) hepatitis C [subjects with of hepatitis C: 
-2.56, 95%CI: -6.94 to 1.81, p=0.247; subjects without of 
hepatitis C: +1.04, 95%CI: -0.99 to 3.07, p=0.310; compar-
ison between groups: p=0.157]. Mean atazanavir Ctrough 
values according to the presence of hepatitis C are shown 
in Table 3. The same findings were obtained also when the 
comparison was performed taking into account the study 
arm (data not shown).

DISCUSSION

HAART has radically improved HIV patients’ life expec-
tancy, so it will be necessary to move forward to new tol-
erable HAART regimens, with the aim to be life-long and 
economically sustainable, both for younger and older 
HIV-infected patients. A PI-based monotherapy seemed 
to be a good compromise for maintaining a genetic bar-
rier, to preserve the pool of antiretroviral drugs and mini-
mize metabolic iatrogenic disorders in view of a life-long 
therapy.
In this pharmacokinetic sub-study, we investigated 
whether the results of MODAt trial, which showed a low-
er efficacy of the ATV-based monotherapy versus the ATV-
based triple therapy, could have been affected, at least in 
part, by differences in ATV exposure. ATV Ctrough con-
centrations in both arms did not significantly differ from 
values reported in naïve patients (150-800 ng/mL) (Gon-
zalez de Requena et al., 2005). Overall, we found no dif-
ferences in ATV trough concentrations between the two 
treatment arms of the MODAt trial and, most important-

ly, no association between ATV plasma concentrations 
and study outcome in terms of therapeutic success. This 
finding allows us to conclude that the observed differenc-
es in efficacy between ATV-based monotherapy and triple 
therapy were not related to differences in ATV exposure 
and bioavailability.
This MODAT sub-study partially confirmed previous find-
ings (Gervasoni et al., 2015; Giacomelli et al., 2016) by 
documenting that higher ATV plasma concentrations have 
been shown to play a role in adverse events occurrence, 
with a significant relationship between baseline bilirubin 
grade (when ≥3), ATV concentrations and adverse events 
occurrence. This sub-study has important limitations. 
First of all, the limited sample size of this study and the 
lack of some plasma samples at the predefined time-points 
may have masked differences between groups (according 
to study arm, treatment failure, occurrence of AEs, grad-
ing of baseline total bilirubin) that might indeed exist. In 
addition to this caveat, there is a difference in numbers be-
tween HCV-positive and HCV-negative patients who gave 
their additional consent to participate in this pharmacoki-
netic sub-study, thus the role of HCV infection could not 
be properly weighted. Another possible limitation is base-
line bilirubin role as a confounder in interpreting data of 
adverse events. As is well known, ATV has the character-
istic to produce hyperbilirubinemia: for this reason, the 
high prevalence of baseline hyperbilirubinemia makes it 
difficult to interpret adverse events data. Moreover, our 
patients were exposed to ATV for a median time of rough-
ly 2 years and this could have selected a group of subjects 
who tolerated ATV quite well. Nonetheless, as in every 
study, AEs could arise throughout the observation time in 
an open-label trial.
In conclusion, the present study documented that differ-
ences in the efficacy of patients enrolled in the MODAt 
trial were not related to different ATV concentrations. 
Rather, our findings emphasized an association of ATV 
plasma concentrations with the development of side-ef-
fects in both subjects treated with ATV/r monotherapy 
and subjects treated with ATV/r triple therapy. Side-ef-
fects were more frequently observed in subjects treated 
with ATV/r monotherapy and with higher ATV plasma 
concentrations.
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