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ABSTRACT Ritonavir-boosted darunavir (DRV/r) and dolutegravir (DTG) are affected
by induction of metabolizing enzymes and efflux transporters caused by rifampicin
(RIF). This complicates the treatment of people living with HIV (PLWH) diagnosed
with tuberculosis. Recent data showed that doubling DRV/r dose did not compen-
sate for this effect, and hepatic safety was unsatisfactory. We aimed to evaluate the
pharmacokinetics of DRV, ritonavir (RTV), and DTG in the presence and absence of
RIF in peripheral blood mononuclear cells (PBMCs). PLWH were enrolled in a dose-
escalation crossover study with 6 treatment periods of 7 days. Participants started
with DRV/r 800/100 mg once daily (QD), RIF and DTG were added before the RTV
dose was doubled, and then they received DRV/r 800/100 twice daily (BD) and then
1,600/200 QD or vice versa. Finally, RIF was withdrawn. Plasma and intra-PBMC drug
concentrations were measured through validated liquid chromatography-tandem
mass spectrometry (LC-MS/MS) methods. Seventeen participants were enrolled but
only 4 completed all study phases due to high incidence of liver toxicity. Intra-PBMC
DRV trough serum concentration (Ctrough) after the addition of RIF dropped from a
median (interquartile range [IQR]) starting value of 261 ng/mL (158 to 577) to
112 ng/mL (18 to 820) and 31 ng/mL (12 to 331) for 800/100 BD and 1,600/200 QD
DRV/r doses, respectively. The DRV intra-PBMC/plasma ratio increased significantly
(P = 0.003). DTG and RIF intra-PBMC concentrations were in accordance with previ-
ous reports in the absence of RIF or DRV/r. This study showed a differential impact
of enzyme and/or transporter induction on DRV/r concentrations in plasma and
PBMCs, highlighting the usefulness of studying intra-PBMC pharmacokinetics with
drug-drug interactions. (This study has been registered at ClinicalTrials.gov under
registration no. NCT03892161.)

KEYWORDS darunavir, rifampicin, dolutegravir, drug-drug interaction, PBMC,
pharmacokinetics, drug interactions

In the context of combined antiretroviral therapy (cART), the boosted protease inhibi-
tor (bPI) combination of darunavir with ritonavir (RTV) is frequently chosen as the

preferred first- or second-line antiretroviral treatment, due to good efficacy, tolerability,
and a high genetic barrier to resistance (1). There are some concerns with the use of

Copyright © 2022 De Nicolò et al. This is an
open-access article distributed under the terms
of the Creative Commons Attribution 4.0
International license.

Address correspondence to Amedeo De
Nicolò, amedeo.denicolo@unito.it, or Antonio
D’Avolio, antonio.davolio@unito.it.

The authors declare no conflict of interest.

Received 26 January 2022
Returned for modification 17 February 2022
Accepted 28 April 2022

Month YYYY Volume XX Issue XX 10.1128/aac.00136-22 1

PHARMACOLOGY

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
19

 M
ay

 2
02

2 
by

 1
51

.3
2.

20
0.

71
.

https://orcid.org/0000-0002-5973-9948
https://orcid.org/0000-0003-2534-8815
https://orcid.org/0000-0002-1321-4126
https://orcid.org/0000-0002-9070-8699
https://orcid.org/0000-0003-3080-6606
https://orcid.org/0000-0002-0982-6226
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/aac.00136-22
https://crossmark.crossref.org/dialog/?doi=10.1128/aac.00136-22&domain=pdf&date_stamp=2022-00-00
https://crossmark.crossref.org/dialog/?doi=10.1128/aac.00136-22&domain=pdf&date_stamp=2022-5-18


these drugs, as they are prone to drug-drug interactions (DDIs), particularly with sub-
strates or inducers of cytochrome P450 3A4 (CYP3A4) and P-glycoprotein (P-gp) (2–6).
Concurrent use of rifampicin (RIF), a key component of combination antitubercular
therapy, is expected to cause a significant reduction (about 57% for area under the
concentration-time curve [AUC] and 80% for trough serum concentration [Ctrough] by in
silico modeling [7]) in darunavir (DRV) with an 800/100 mg dose of ritonavir-boosted
darunavir (DRV/r). This drug interaction is a major barrier to the use of DRV/r in coun-
tries where tuberculosis is endemic (7–9).

Recently, Ebrahim et al. reported that doubling the daily dose of DRV/r, in either one or
two doses, did not adequately compensate DRV exposures in plasma for the induction by
RIF, particularly with the Ctrough (10). The same study showed an unacceptably high inci-
dence of symptomatic hepatitis with marked alanine aminotransferase (ALT) elevations af-
ter the introduction of RIF to the DRV/r regimen, leading to premature closure of the study.
Nevertheless, while the impact of this DDI on plasma concentrations of DRV was well
described in this study, the effect of RIF on DRV drug disposition in circulating mononu-
clear cells is still unknown.

Since the concentrations of antiretrovirals (ARVs) within peripheral blood mononuclear
cells (PBMCs) are more closely correlated with those in lymphoid tissues (11) than are
plasma concentrations, intracellular PBMC concentrations provide useful information about
antiretroviral disposition at the active sites. As the relative intracellular exposure of PIs can
show significant intra- and interpatient variability, particularly considering different drug
combinations, this information could explain variation in their antiviral effect (12–15). In this
substudy, we aim to explore the concentrations of DRV, RTV, dolutegravir (DTG), and RIF
within PBMCs in the context of the same prospective dose-escalation crossover study.

RESULTS
Patient characteristics and treatment safety. A total of 17 participants were en-

rolled. All were of black African ethnicity, most were female (16, 94.2%), and their me-
dian (interquartile range [IQR]) age was 44 (39 to 47) years.

Median (IQR) body weight and body mass index (BMI) were 73 kg (67 to 91) and
31 kg/m2 (27 to 34), respectively; median (IQR) CD4 count at the baseline was 684 cell/
mm3 (452 to 886), and median duration on their previous second-line ART was
58 months (IQR, 31 to 87). All patients were switching from an lopinavir-ritonavir (LPV/
r)-based regimen and were virologically suppressed. In cohort 1, 1 of 5 patients devel-
oped symptomatic hepatic toxicity with grade 3 and 4 ALT elevation; 4 patients com-
pleted the full protocol. In cohort 2, 5 of 12 patients showed hepatic toxicity, and the
study was stopped according to the stopping criteria. The hepatotoxicity developed
9 to 11 days after the introduction of RIF and 2 to 4 days after 100 mg RTV was added
to DRV/r 800/100 mg once daily (QD).

DRV Ctrough and AUC in plasma and PBMCs. After the addition of RIF, at the end of
week 2, the concentrations of DRV measured in both plasma and PBMCs dropped sig-
nificantly (n = 16; P, 0.001 by Wilcoxon test). The descriptive analysis of concentration
data for each drug, with median values and IQR is summarized in Table S1 in the sup-
plemental material. In patients who completed the full protocol, dose escalation did
not sufficiently compensate for the inductive effect of RIF on DRV concentrations,
which were significantly lower than before RIF addition (n = 4; P , 0.001 for both 800/
100 mg twice daily [BD] and 1,600/200 mg QD by Wilcoxon test). DRV/RTV 800/100 BD
resulted in slightly higher trough concentrations than 1,600/200 QD with RIF, although
this difference did not reach statistical significance (n = 4; P = 0.101). Conversely, as
summarized in Fig. 1, the differences within PBMCs were less pronounced. Differences
in intra-PBMC DRV concentrations in 800/100 mg BD compared with 800/100 mg QD
before RIF addition did not reach statistical significance (n = 4; P = 0.432), while the
1,600/100-mg QD dosage only resulted in a borderline reduction of intra-PBMC con-
centrations, both compared with 800/100 QD and 800/100 BD after RIF addition (n = 4;
P = 0.068 for both differences). As depicted in Fig. 1, DRV PBMC/plasma concentration
ratios were significantly increased (n = 16; P = 0.003) after the addition of RIF (week 2),
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and dose escalation did not result in statistically significant changes after week 2
(n = 10, 4, and 4, respectively; P. 0.324).

DRV area under the concentration-time curve from 0 to 24 h (AUC0–24) in plasma
declined from a median value of 92,461 h � ng/mL (IQR, 39,655 to 197,735), before
addition of RIF, to 45,532 h � ng/mL (IQR, 27,298 to 118,740; P = 0.114) and 34,695
h � ng/mL (IQR, 8,025 to 69,029; P = 0.068) with RIF and DRV/RTV dose escalation at
800/100 BD and 1,600/200 QD, respectively. AUC0–24 in PBMCs showed a similar reduc-
tion from a median (IQR) value of 17,503 h � ng/mL (10,975 to 34,876), before addition
of RIF, to 11,100 h � ng/mL (8,756 to 31,100; P = 0.068) and 10,087 h � ng/mL (8,292 to
21,726; P = 0.068) with RIF and DRV/RTV dose escalation at 800/100 BD and 1,600/200
QD, respectively. A nonsignificant increase in the AUC PBMC/plasma ratio was
observed for DRV after the addition of RIF and dose escalation to 800/100 BD and
1,600/200 QD (both P = 0.068) as summarized in Table S1.

RTV Ctrough and AUC in plasma and PBMCs. As reported in Table S1, RTV trough
plasma concentrations with the DRV/r 800/100-mg QD dose were significantly reduced
after the addition of RIF (P , 0.001). DRV/RTV dose escalation to 800/100 mg BD
resulted in RTV trough concentrations not significantly different to those before addi-
tion of RIF (P = 0.554), while trough concentrations on 1,600/200 mg QD were signifi-
cantly lower (P, 0.001) than those without RIF on the 800/100-mg QD dose.

Similar to what was observed for DRV, RTV trough concentrations in PBMCs
appeared slightly less affected by the DDI than in plasma. RTV intra-PBMC concentra-
tions were significantly reduced after the addition of RIF at week 2 (P , 0.001), while
dose escalation to 800/100 BD yielded intra-PBMC concentrations not significantly
lower than the ones before RIF addition (Fig. 2); conversely, the 1,600/200-mg QD regi-
men showed significantly lower intra-PBMC RTV through concentrations (P = 0.003).
Compared with week 1, the intra-PBMC/plasma concentration ratio for RTV appeared
significantly higher after the addition of RIF (week 2; n = 16; P = 0.012) and with the
1,600/200-mg QD dosage (n = 4; P = 0.045) as depicted in Fig. 2. Interestingly, the
PBMC/plasma concentration ratio dropped again at week 6, after RIF withdrawal, sug-
gesting that the observed increased ratio was actually due to the interaction with RIF.

DTG Ctrough and AUC in plasma and PBMCs. Trough concentrations of DTG
appeared mostly unchanged both in plasma and PBMCs among different treatment
periods (Fig. 3; see also Table S2 in the supplemental material), confirming its robust-
ness in terms of DDI profile.

Interestingly, significant differences in the intra-PBMC/plasma concentration ratio for
DTG (P = 0.016 by Kruskal-Wallis test; P = 0.022 by Kendall test for paired samples) were
observed between treatment periods, particularly when administered with DRV/RTV
1,600/200 QD dose. No significant differences were observed in terms of AUC0–24 in plasma

FIG 1 Distribution of the intra-PBMC DRV trough concentrations (left) and intra-PBMC/plasma concentration ratios (right) in each treatment period.
Whiskers represents the first and fourth quartile, respectively; circles represent mild outliers (.2 standard deviations), and asterisks represent extreme
outliers (.3 standard deviations).
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and PBMCs (P = 0.785 and 0.773, respectively). A significant increasing trend was observed
for DTG intra-PBMC/plasma ratio (P = 0.003) throughout the protocol, although no signifi-
cant differences between treatment periods were confirmed by Kendal and Wilcoxon tests
(also considering the low sample size), suggesting a progressive relative accumulation of
DTG in PBMCs during this time and upon DRV/r dose escalation (Fig. 3).

RIF Cmax and AUC in plasma and PBMCs. As depicted in Fig. 4, no significant differ-
ences were observed between RIF maximum concentrations observed with DRV/RTV
800/100 BD and 1,600/200 QD doses, both in plasma and PBMCs (P = 0.465 and 0.144,
respectively). No significant differences were observed in plasma or PBMCs in terms of
RIF AUCs (P = 0.237 and 0.317, respectively) (see Table S2).

DISCUSSION

To date, the magnitude of DDIs between strong cytochrome and P-gp inducers,
such as RIF, and drugs which are substrates of these enzymes, as well as the appropri-
ate eventual posological adjustments needed to overcome these DDIs, are commonly
studied by evaluating variations in their plasma exposure. The impact of such DDIs on
pharmacokinetic (PK) profiles could, however, vary significantly between plasma and
intracellular compartments. The present study shows that DRV/r and DTG concentra-
tions within PBMC after RIF addition and DRV/r dose escalation decreases in a slightly
less marked way than in plasma, increasing the intra-PBMC/plasma ratio during the
protocol.

FIG 3 Distribution of the intra-PBMC DTG trough concentrations (left) and intra-PBMC/plasma trough concentration ratios (right) in each treatment period.
Whiskers represents the first and fourth quartile, respectively; circles represent mild outliers (.2 standard deviations), and asterisks represent extreme
outliers (.3 standard deviations).

FIG 2 Distribution of the intra-PBMC RTV trough concentrations (left) and intra-PBMC/plasma trough concentration ratios (right) in each treatment period.
Whiskers represents the first and fourth quartile, respectively; circles represent mild outliers (.2 standard deviations), and asterisks represent extreme
outliers (.3 standard deviations).
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The clinical relevance of this data cannot be overstated, as boosted protease inhibi-
tors (bPIs), including DRV/r, remain the most commonly used ARVs in people living
with HIV (PLWH) receiving second-line regimens in resource-limited settings. The DRV/
r combination is known to be extremely prone to DDIs since both drugs are able to act
both as perpetrators and victims.

RTV is both a strong inhibitor (3) and weak inducer of CYP3A4 and of P-gp (4, 5)
and a substrate of these proteins, while DRV metabolism and elimination is strongly
dependent by CYP3A4 and P-gp (2, 5, 6, 16, 17).

Recently, Ebrahim et al. (10) reported that doubling DRV/r dose once daily or twice
daily did not compensate completely for the reduction in plasma exposure to DRV.
Nevertheless, in the main, DRV plasma concentrations exceeded the 90% effective con-
centration (EC90) of 200 ng/mL for DRV (18) with the twice daily 800/100-mg dose, thus
arguably sufficiently mitigating the DDI. Conversely, this study demonstrated an unac-
ceptable high rate of hepatic toxicity to be the main problem associated with the
administration of RIF and DRV plus adjusted doses of RTV. The mechanism underlying
this toxicity remains poorly understood.

Through deepening the PK evaluation in these patients to the intracellular level,
the present study highlighted that the magnitude of the changes in drug concentra-
tions in plasma and PBMCs were significantly different, with an increase in the intra-
PBMC/plasma concentration ratio after the addition of RIF for both DRV and RTV. This
evidence could impact both treatment efficacy and safety. In weighing the impact of
the DDI on antiviral activity, the relative increase in the intracellular disposition for DRV
and RTV should be considered. Therefore, while PK data in plasma and PBMC would
suggest that DRV/r dose escalation could be effective from a virological point of view,
the high rate of hepatic toxicity indicates that this option cannot be recommended.
Regarding the possible explanations for this toxic effect and in light of the timing of its
occurrence and of the observed relative increase in the intracellular disposition of
DRV/r, we could suppose an increased concentration of these drugs (all characterized
by a mild hepatotoxic potential [18–21]) within hepatocytes, in synergy with a signifi-
cant alteration in their intracellular metabolism and a potential “trapping” effect due
to the presence of RTV.

Concerning the impact of altered metabolism on drug toxicity, a recent work showed
that activation of the pregnane X receptor (PXR) by RIF or efavirenz increased the hepato-
toxic potential of RTV in a transgenic mouse model. This effect, clearly mediated by height-
ened CYP3A4 function and indicated by RTV intracellular metabolites (particularly M1 and
M13), was most likely responsible for the observed toxicity (19).

FIG 4 Distribution of the plasma and intra-PBMC RIF peak concentrations (left) and intra-PBMC/plasma peak concentration ratios (right) in each treatment
period. Whiskers represents the first and fourth quartile, respectively; circles represent mild outliers (.2 standard deviations), and asterisks represent
extreme outliers (.3 standard deviations).
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Conversely, previous data showed that LPV/r dose escalation was effective in over-
coming RIF induction and relatively well tolerated (22). Nevertheless, RTV intracellular
exposure in the presence of DRV was previously reported to be slightly higher than
that with LPV (14, 15). Therefore, the combined effect of higher intracellular RTV pene-
tration and higher production of hepatotoxic metabolites (19-fold increase for M1 and
9-fold increase for M13 in the mouse model) might explain the observed phenomenon.
Alternatively, in vitro data discourage the use of cobicistat as a safer alternative booster
due to lower boosting effect on DRV, particularly with RIF. Finally, based on the
observed PK data, we found no evidence to support safety concerns due to the RIF
and DTG concentrations. RIF exposure in terms of maximum concentration of drug in
serum (Cmax) and AUC, both in plasma and PBMCs, appeared comparable with previous
data: the observed similar RIF concentrations in plasma and PBMC in accordance with
previous works (23) suggest that the antitubercular activity of RIF would be maintained
in the presence of DRV/r and DTG. Similarly, DTG Ctrough in PBMC appeared lower than
in plasma (about 25%) throughout the protocol in accordance with previous data (24).
Actually, a slight increase appeared in RIF Cmax in 3 patients out of 4, with DRV/r 1,600/
200 QD, maybe due to the capability of RTV to inhibit OATP1B1 and P-gP, increasing
RIF bioavailability (25–27). Nevertheless, the low sample size does not allow us to draw
definitive conclusions. Conversely, by a technical point of view, drug loss from PBMCs
during cell washing could have affected drug quantification to some extent despite
the possible magnitude for this possible bias still being debated (from 10% to 50%
according to previous works [28–30]); nevertheless, since all of the PBMC samples were
processed following the same protocol, any possible bias was normalized in the com-
parisons among treatment periods. Taken together, the evidence from this study indi-
cates the intracellular PK evaluation as a useful tool to better understand the results
from clinical trials concerning DDIs, confirming or not their theoretical relevance and/
or the appropriateness of dose modification strategies.

MATERIALS ANDMETHODS
Study design and patient enrollment. PLWH on cART with boosted PIs and dual nucleoside reverse

transcriptase inhibitors (NRTIs) were enrolled into the “DaRifi” study (ClinicalTrials registration no.
NCT03892161) approved by the University of Cape Town Human Research Ethics Committee and the
South African Health Products Regulatory Authority. All patients signed informed consent before enroll-
ment, in compliance with the Declaration of Helsinki and the standards of good clinical practice.

The study was an open-label, single-center, dose-escalation crossover study to determine the phar-
macokinetics (PK) of DRV, RTV, and DTG in the presence or absence of RIF. The planned enrollment of 28
participants was scheduled in 3 consecutive cohorts (cohort 1, 5 patients; cohort 2, 11 patients; cohort
3, 12 patients) in order to allow early study discontinuation in case of major safety concerns; stopping
criteria for the study were 2 out of 5 patients experiencing serious adverse events (SAE) in the first
cohort or a cumulative incidence of SAE higher than 20% with the following cohorts. Review of the
safety data from the first cohort by the independent data and safety monitoring committee was com-
pleted before starting enrollment into cohort 2. Patients were recruited from the antiretroviral clinic of
the Hannan Crusaid Treatment Centre in Gugulethu (Cape Town, South Africa). Patients were aged
between 18 and 60 years, virologically suppressed (HIV-1 RNA , 50 copies/mL) for at least 3 months,
and with a CD4 count higher than 200 cells/mL. Exclusion criteria included the following: active or sus-
pected tuberculosis (TB), impaired hepatic function or documented cirrhosis, hepatitis C virus (HCV) or
hepatitis B virus (HBV) coinfection, ALT elevation . 2.5 times the upper limit of normal, grade 3 or 4
hematological abnormalities, AIDS-defined illness, and impaired renal function (estimated glomerular fil-
tration rate , 50 mL/min, calculated through the modification of diet in renal disease [MDRD] formula).
The study protocol was based on 6 different treatment periods of 1 week each, with a total study dura-
tion of 6 weeks for each patient. Patients started the study (week 1) switching their previous PI to the
standard DRV/r dose of 800/100 mg once daily (QD), continuing their NRTI backbone. Then, DTG 50 mg
twice daily (BD) and RIF 600 or 750 mg QD for volunteers weighing less or more than 70 kg, respectively,
were added (week 2) at day 7. At day 14, RTV was increased to 200 mg QD (week 3), and subsequently,
at day 21, patients were randomized in a 1:1 proportion to receive either 800/100 mg BD during week 4
and then switched to 1,600/200 mg QD during week 5 or vice versa. Finally, RIF was withdrawn while
DRV/r dose was left unchanged during week 6.

Drug measurement in plasma and PBMCs. Blood sampling for PK purposes was carried out using a
4-mL EDTA tube for each plasma time point, and 2 cell preparation tubes (CPT) (Becton, Dickinson and
Co., Franklin Lakes, NJ, USA) for the isolation of PBMCs. The intensive PK sampling for the definition of
the area under the concentration effect curve (AUC) was based on sampling before dose (Ctrough) and at
0.5, 1, 2, 4, 6, 8, 12, and 24 h after an observed dose. The measurement of DRV, RTV, and RIF
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concentrations in plasma was performed at the University of Cape Town through different liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) methods previously described (10, 23, 31). DTG
was analyzed with a validated LC-MS/MS method developed at the Division of Clinical Pharmacology,
University of Cape Town. Briefly, samples were processed with a liquid-liquid extraction method using
dolutegravir-d4 as the internal standard, followed by high-pressure liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) analysis using an AB SCIEX API 4000 instrument. The analyte and in-
ternal standard were monitored at mass transitions of the protonated precursor ions m/z 420.1 and m/z
424.2 to the product ions m/z 277.2 and m/z 279.1, respectively. The calibration curve fitted a quadratic
regression model over the range of 0.030 to 10.0 mg/mL. Accuracy (%bias) and precision (% coefficient
of variation [CV]) statistics of the quality control samples were between 103.5% and 106.0% and 4.6%
and 6.1%, respectively. The laboratory participated in the Clinical Pharmacology Quality Assurance exter-
nal quality control program under a contract with the Division of AIDS of the National Institute of
Allergy and Infectious Diseases. The assay was Clinical Pharmacology Quality Assurance program (CPQA)
approved.

Simplified PK sampling was performed for PBMC determinations, including sampling before dose intake
and 2 and 6 h after dose. In order to accurately determine the capability of dose escalation to compensate
for metabolic induction, intensive PK sampling was scheduled at day 7 (at the steady-state for DRV/r, before
the addition of RIF), day 28, and day 35, describing the plasma and PBMC PK at the theoretically steady-state
of DRV/r 800/100 mg BD and 1,600/200 mg QD treatment periods. A single predose sampling was also per-
formed at the end of each other treatment period to determine the steady-state trough concentrations. The
evaluation of RIF concentrations was performed only at weeks 4 and 5, since RIF trough concentrations are
expected to be undetectable and since its antimicrobial activity is led by its Cmax. PBMCs were isolated from
blood collected with cell preparation tubes (CPT vacutainer; Becton, Dickinson, Franklin Lakes, NJ, USA) based
on a separation by density gradient through centrifugation and 2 washing steps as previously described in
several works (24, 32, 33); the cell pellets were lysed with water/methanol 30:70 and then shipped on dry ice
to the Laboratory of Clinical Pharmacology and Pharmacokinetics of the University of Turin where the analy-
ses were performed.

The quantifications of DRV, RTV, DTG, and RIF in PBMCs were performed through the application of
two previously published validated ultra-high performance liquid chromatography coupled to tandem
mass spectrometry (UHPLC-MS/MS) methods for the quantification of ARVs (32) and anti-TB drugs (24),
respectively. Cell number in each sample and the mean cellular volume for PBMCs was used to normal-
ize the drug amounts within PBMCs, obtaining concentrations expressed in nanograms per milliliter. A
turbidimetric assay was performed using an HPLC system equipped with a photodiode array (PDA) de-
tector, settled in fast injection analysis (without column) and monitoring light absorption at 260 nm (the
most specific one for DNA). The assay was calibrated with a PBMC aliquot of known cell number in a
range between 1 � 106 and 4 � 107 cells/mL and isolated with the same protocol used for patient sam-
ples from buffy coats supplied by the blood bank of the “Città della Salute e della Scienza” of Turin. A
cross-validation was performed between the standard automated count through a Z2 cell counter
(Beckman Coulter, Milan, Italy) and this turbidimetric count on 30 samples extracted from buffy-coats,
showing a mean between-assay bias of 6.3% (relative standard deviation of 6.7%). A mean corpuscular
volume of 282.9 fL was considered to calculate the total volume of cells in order to obtain intracellular
concentrations, as described by Simiele et al. (33).

Statistical analysis. Derivation of the plasma PK measures was performed using noncompartmental
analysis. The intra-PBMC AUC0–24 values of DRV, RTV, DTG, and RIF were calculated through Phoenix
WinNonlin software (version 8.1; Certara, Princeton, NJ, USA). For the twice-daily regimens, AUC0–24 was
calculated by doubling AUC0-12. A “linear-up/log-down” algorithm was applied for the integration of sim-
plified AUC data (0, 2, 6, and 12 h after dose) in order to avoid overestimation. An adjusted determina-
tion coefficient (R2) for the calculation of the predicted/observed AUCs of at least 0.8 was considered as
the minimum acceptable cutoff. All AUC data and trough concentrations were evaluated on the last day
of each treatment period at the theoretical steady state; Ctrough were considered as the C0. The concen-
tration at 2 h was used as an approximation of the Cmax for the intra-PBMC PK. Drugs concentrations in
plasma and PBMC were described as median values and interquartile ranges (IQR), considering the low
sample size and the difficulty to assess distribution normality. Differences between treatment periods
were evaluated through nonparametric tests for independent samples (Kruskal-Wallis and Mann-
Whitney tests) or for patients who completed the full protocol for coupled samples (Kendall and
Wilcoxon tests).
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