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ABSTRACT:

Background: Obesity has a large prevalence among HIV-infected patients. Increased adipose
tissue mass affects the pharmacokinetics of numerous drugs, but only a few data are available

for antiretroviral drugs.

Objective: In this study, we aimed to explore the pharmacokinetics of antiretroviral drugs and

the immune-virological response in obese patients with HIV infection.

Patients and methods: We examined data from 2009 to 2012 in our hospital’s database for
HIV-1-infected patients who received an antiretroviral drug among abacavir, emtricitabine,
lamivudine, tenofovir, efavirenz, etravirine, nevirapine, atazanavir/ritonavir,
darunavir/ritonavir, lopinavir/ritonavir and raltegravir. Obese patients were defined with body
mass index (BMI) >30 kg/m? and normal-weight patients with BMI 19-25 kg/m?. Plasma
concentrations (C12/24h) were compared for each antiretroviral using Mann-Whitney test.
Suboptimal dosing and virological outcome were assessed by logistic regression, adjusting on

covariates.

Results: We enrolled 291 obese and 196 normal-weight patients. Among the 12 analyzed
antiretroviral drugs, tenofovir, efavirenz and lopinavir C12h were significantly lower in obese
than normal-weight patients: 66 versus 86 ng/mL, 1,498 versus 2,034 ng/mL and 4,595 versus
6,420 ng/mL respectively (P < 0.001). Antiretroviral C12/24h were more frequently below
efficacy thresholds for obese than normal-weight patients after adjustment for other covariates
(P < 0.001). Although obese patients showed higher CD4 count than normal-weight (510 vs

444 cells/uL, P < 0.001), the groups did not differ in virological failure rate.

Conclusion: This study highlights the impact of obesity on antiretroviral plasma exposure, but
identifies no consequence of this suboptimal exposure on the immuno-virological control in

this population.
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Introduction

Obesity has reached a high prevalence among patients living with HIV infection during the last
2 decades.? Several reasons might explain this evolution. First, available highly active
antiretroviral (ARV) treatments have led to increased virological control in about 88% of
treated patients in France,® thereby leading to global aging of the HIV-infected population.*
Second, the increasing number of patients with access to ARV, and the recent change of
American and European recommendations to treat most of patients from the diagnostic of
infection would impact prevalence, as ARV initiation was demonstrated to be strongly
associated to weight gain and obesity.? Third, the increase in obesity is a worldwide

multifactorial trend, due to increased calories intake and lifestyle evolution.®

Besides its association with cardiovascular events, obesity may affect medical care, in particular
the dosing and pharmacokinetics of administered drugs. Obese people present varied body
composition and regional blood circulation as compared with non-obese people® affecting the
body disposition of numerous therapeutic agents and therefore plasma concentrations, related
in most cases to the drug activity.”® Thus, obesity may be a concern for treatment with several
ARV agents. In particular, non-nucleoside reverse-transcriptase inhibitors (NNRTI), protease
inhibitors (PI), and integrase inhibitors are lipophilic drugs and are susceptible to diffusion and
entrapment in adipose tissue; their antiviral activity is related to drug plasma concentration.®
Yet available data in this obese population are scarce. One study reported a decrease in
efavirenz concentration in plasma and a large accumulation in adipocytes.'® Therefore,
assessing antiretroviral exposure in these patients can provide critical insight into their medical

care and follow-up.

Obese patients living with HIV, in addition, show a specific response to the infection. Several

studies have reported that non-treated obese or overweight patients show better immunological
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control than normal-weight patients, with CD4+ T-cell count remaining higher despite similar
control of plasma viral load,**! and show lower risk of evolution to AIDS.*2!2 This superior
immunological control was also found in obese patients receiving treatment, with faster
recovery of CD4+ T-cell count after ARV initiation than in normal-weight patients.'** Yet,
the physiological features of this protection conferred by obesity are not well understood.
Adipose tissue is not a favored site of HIV replication, with little recovery of viral RNA and
integrated DNA, 1% although a recent study demonstrated potential implications for the tissue as
a viral reservoir in HIV latency.'® However, fat tissue widely contributes to an inflammatory
state, with a notably large release of cytokines.!”8 If this continuous inflammation may play a
role in immunological control, it can lead to atherosclerosis and an increase in cardiovascular

events.!®

In this study, we evaluated the impact of obesity in HIV-infected patients on ARV plasma
exposure and immuno-virological response. Viral load and ARV concentrations in plasma were
assayed in a cohort of HIV-infected obese patients and normal-weight patients. We assessed
the impact of obesity on plasma drug concentration for ARV of different classes, and the
association of obesity with ARV efficacious plasma concentration and virological failure,

adjusting for covariates.

Patients and methods

Patients

Source population was HIV-1-infected patients followed from January 2009 to December 2012
in the university hospital Bichat-Claude Bernard, Paris for whom data were collected and
available in the hospital electronic database. Patients were followed according to the French
recommendations,®?° with viral load measurement and CD4+ T-cells count frequencies

between 3 and 6 months. Therapeutic drug monitoring was commonly performed 15 to 30 days
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after introduction of new drug for various indications, as potential drug-drug interactions,

adverse event, virological failure, abnormal BMI or malabsorption suspicion.

Eligible patients were > 18 years old with available data on demographic characteristics, plasma
viral load, CD4+ T-cell count and ARV plasma concentration. They had received at least one
of the 11 ARV drugs abacavir, emtricitabine, lamivudine, tenofovir disoproxil fumarate,
efavirenz, nevirapine, etravirine, lopinavir, atazanavir, darunavir and raltegravir, the Pls being
combined with ritonavir. We included obese patients with body mass index (BMI) > 30 kg/m?
according to the WHO definition®> who matched study eligibility criteria (Figure 1). Normal-
weight patients were defined with BMI 19 to 25 kg/m?. Each was selected to correspond on age
(+/- 5 years), gender, ethnicity (African, Caucasian, Hispanic, other origins), and ARV-based
regimen to one patient of the obese group. Pregnant women after the fourth month of pregnancy,
hepatitis C virus co-infected patients, and those with BMI 26 to 30 kg/m? were excluded. Data
on demographics (age, gender, native country), infection (date of diagnosis, viral load, CD4+
T-cell count) and ARV treatment (drug, dosing regimen, treatment initiation, date of current
treatment initiation, characteristics at the date of ARV concentration sampling) were extracted

from the HIV medical database.

Included patients were followed up to December 2015. Plasma HIV-RNA and BMI data were
available for at least 1 year after ARV plasma concentration determination for all included
patients. Then, the date of drug switch, defined by the addition or removal of at least one
molecule, was recorded, as was viral load, BMI at this date, new treatment initiated, and the

reason for treatment modification advocated by the physician.
Ethics

All patients enrolled in this study gave their written informed consent to have their medical

chart recorded in the electronic medical record system NADIS (Fedialis Medica, Marly Le Roi,
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France, French National Commission on Informatics and Rights CNIL approval no. 1171457
May 24, 2006, http://www.nadis.fr/), designed for the medical follow-up of HIV-infected

patients, which also included their agreement to participate in retrospective studies.
ARV plasma concentration determination

Blood samples were collected in the patients, 12 + 2 or 24 + 4 hr after the last ARV
administration according to a twice-daily or once-daily ARV regimen, respectively, to assess
minimal plasma concentrations (C12h or C24h), excepted for nucleoside reverse transcriptase
inhibitors (NRTI) and efavirenz, for which C12h were considered. For this last molecule usually
taken once daily on the evening, its long elimination half-life (44-55 h) leads to minor plasma
concentration variation over day at steady state. On the contrary, abacavir and lamivudine short
half-lives lead to high proportion of trough concentrations below the limit of quantification
(LOQ), and most of the patients have available concentration 12 hours after the last intake.
Only one sample was considered for each patient to maintain equal contribution of all the
included patients in the analysis. ARV plasma concentrations were determined by liquid
chromatography with tandem mass spectrometry (Acquity UPLC/TQD, Waters Corp., Milford,
MA, USA) as described.?* The LOQ was defined as 30 ng/mL for ritonavir; 20 ng/mL for
efavirenz, nevirapine and lopinavir; and 5 ng/mL for atazanavir, darunavir, etravirine and
raltegravir. Concentrations below the LOQ were set by convention as LOQ/2 for statistical

analysis.

ARV plasma concentrations were interpreted with the thresholds of antiviral efficacy routinely
used in patient follow-up in Bichat hospital, from the US National Institutes of Health
recommendations® for atazanavir, efavirenz and nevirapine (150; 1,000 and 3,000 ng/mL,
respectively) or from clinical study?”2° | based on in vitro antiviral activity, for lopinavir,

darunavir, etravirine and raltegravir (3,000; 550; 200 and 50 ng/mL, respectively). NRTI
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C12/24h were interpreted regarding usual values corresponding to the respective daily doses.
Tolerance thresholds were considered for atazanavir (850 ng/ml), lopinavir (8,000 ng/mL),
efavirenz (4,000 ng/mL), etravirine (950 ng/mL) and nevirapine (6,000 ng/mL), for which a
concentration-toxicity relationship was documented.® For tenofovir C12h, a toxicity threshold

was previously determined at 160 ng/mL.%

No direct assessment of patient adherence to ARV treatment was available in the database,
therefore indirect measure of patient adherence was estimated with the number of ARV

concentrations below LOQ in each group.
Immuno-virological assessment

Plasma HIV-1 RNA was assessed by using the COBAS® AmpliPrep/COBAS® TagMan®
HIV-1 Test, v2.0 (Roche Molecular Systems, Branchburg, NJ), with an LOQ of 20 copies/mL.
Virological failure was considered with least 2 consecutive plasma HIV-RNA > 50 copies/mL
and otherwise virological success. Blood CD4+ T cells were counted by use of the FACSCanto

Il system (BD biosciences).
Statistical analysis

Data are reported as median and interquartile range (IQR: 25-75%). Demographic and infection
characteristics were compared between obese and control group using Fisher exact test for
categorical variable and non-parametric Mann-Whitney test for continuous variables. Plasma
concentrations for each ARV drug were compared by Mann-Whitney test. Proportions of
patients with concentrations below the efficacy threshold or above the toxicity threshold were
compared for each drug, except ritonavir, abacavir, lamivudine and emtricitabine, by Fisher
exact test. Multivariate logistic regression analysis was performed to explore the association of
suboptimal dosing (defined as at least one ARV plasma concentration below the efficacy

threshold) and virological failure with obesity, on the day of concentration assessment and at
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one year of follow-up, adjusting on demographic and infection characteristics. Because of the
few control patients included, matching was not considered for statistical analysis. Statistical

analysis was performed using R software v3.2.2. (https://cran.r-project.org/).

Results

Patients

We identified 540 HIV-1 infected obese patients among the 4,500 usually followed at Bichat-
Claude Bernard Hospital; 291 of them matched the study eligibility criterions and were included
(Figure 1, Table 1). We included 196 normal-weight matched patients. We were unable to
include controls for each selected obese patient because of the demographic characteristics of
patients followed at Bichat-Claude Bernard hospital and in particular the large prevalence of
obesity in African women, added to the fact that concentration assays were not systematic for
normal weight patients, according to the French recommendations.?’ For obese patients, median
(IQR) age and BMI were 44.7 years (38.5-51.8) and 32.8 kg/m? (31.1-35.4), respectively. Obese
patients were more frequently women than men (59.8% versus 40.2%), and African ethnicity
was the most represented (74.2%). Median (IQR) time from HIV infection diagnosis, time on
ARV treatment, and time on current ARV treatment on the day of concentration assessment
was 8 years (6-12), 6 years (3-10) and 1.5 years (0.6-2.4), respectively. First line therapy
patients accounted for 21.3% of the obese patients. Virological success was observed in 88.3%
of obese patients, and median (IQR) CD4+ T-cell count was at 510 cells/pL (397-719).
Demographic characteristics did not differ between obese and control patients, except for
gender, with greater proportion of obese women (59.8% versus 42.3%, P < 0.001). Median time
from HIV infection diagnosis and time on ARV treatment was shorter for obese patients than
controls (8 and 6 versus 10 and 8 years, P = 0.03 and 0.05, respectively), yet median time on

current ARV treatment was longer (1.5 versus 0.9 years, P < 0.001). The proportion of
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virological success was similar in the 2 groups, but CD4+ T-cell count was higher for obese

patients than controls (510 versus 444 cells/uL, P < 0.001).
ARV plasma concentrations

To analyze the 12 ARVs, we assayed 881 plasma concentrations from obese patients and 585
from controls. For each drug, at least 80% of patients received treatment according to French
national recommendations:>?° 600 mg once daily for abacavir and efavirenz, 200 mg once daily
for emtricitabine, 300 mg once daily for lamivudine and tenofovir disoproxil fumarate, 200 mg
twice daily /400 mg once daily for etravirine, 200 mg twice daily for nevirapine, 400/100 mg
twice daily for lopinavir associated with ritonavir, 300/100 mg once daily for atazanavir
associated with ritonavir and 400 mg twice daily for raltegravir. For darunavir, the 2 dosing
regimens associated with ritonavir, 800/100 mg once daily and 600/100 mg twice daily, were
analyzed separately because of the short half-life of darunavir. Ritonavir concentrations were

compared by dosing regimen, 100 mg twice daily and 100 mg once daily.

For the NRTIs, median (IQR) tenofovir C12h was lower by 23% for obese than normal-weight
patients (66 ng/mL [48-84] versus 86 ng/mL [54-117], P < 0.001). No significant difference
was found for abacavir, emtricitabine and lamivudine. Tenofovir concentration difference was
also significant for patients receiving tritherapy with two NRTI and one NNRTI (P = 0.013),
but not for patient treated with two NRTI and one PI (P = 0.11) (Figure 3). For the NNRTIs,
median (IQR) plasma C12h for efavirenz was lower, by 26%, for obese than control patients
(1,498 ng/mL [1,091-2,292] versus 2,034 ng/mL [1,566-3,181], P < 0.001) (Figure 2), with no
significant difference for nevirapine and etravirine. For the PI, median plasma concentration
for lopinavir was also lower, by 28%, for obese than control patients (4,595 ng/mL [3,446-
6,136] versus 6,420 ng/mL [5,215-7,677], P < 0.001), with no difference for atazanavir and

darunavir (Figure 2). Ritonavir concentrations showed comparable discrepancies as lopinavir,
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with median trough concentrations of 79 ng/mL (40-123) and 69 ng/mL (33-115) for obese
patients and 256 ng/mL (150-370) and 162 ng/mL (50-303) for controls when administered 100
mg twice daily and 100 mg once daily, respectively (P < 0.001 and P < 0.001). Finally, median
C12h for raltegravir was 44% lower for obese than control patients (120 ng/mL [62-256] versus

215 ng/mL [145-300]) but not significantly (P = 0.082).

Obese patients showed plasma concentrations below the efficacy threshold depending on the
ARV considered (Table 2), with proportions of patients > 15% for efavirenz, nevirapine,
etravirine and raltegravir and up to 24.4% for lopinavir. This suboptimal dosing was not present
in the control group, with only one patient (2.5%) showing C24h < 550 ng/mL with darunavir
once daily. Proportions significantly differed between the 2 groups for efavirenz (P < 0.001)
and lopinavir (P = 0.002). For concentrations above toxicity threshold, controls did not differ
from obese patients in concentrations being above the cutoff for the 5 drugs considered (Table

2).

We found no major compliance issue in both groups; only 4 obese patients had undetectable

concentrations for all ARV, for a probable lack of adherence.

Multivariate analysis

All the available demographic and infection characteristics were included in the multivariate
logistic regression models, except for time under ARV treatment, which was largely correlated

with time since HIV diagnosis.

The risk of at least one ARV concentration being below the efficacy threshold was strongly
associated with obesity (Table 3) (odds ratio [OR] 42.63 [95% CI 5.71-318.26]); the only other
covariates associated with ARV concentration being below the efficacy threshold were time

since HIV diagnosis (OR 0.89 [95% CI 0.83-0.97] per year) and receiving ARV tritherapy
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which was not the association of two NRTI and one Pl or two NRTI and one NNRTI (OR 3.36

[95% CI 1.07-10.59]).

However, virological failure was not associated with obesity or ARV plasma concentration
below the efficacy threshold at the day of sampling (OR 0.66 [95% CI 0.37-1.20] and 1.54
[95% CI 0.63-3.76], respectively, after adjustment for other covariates) (Table 4). The 2
variables associated were time since HIV infection diagnosis and time on current ARV
treatment (OR 0.94 [95% CI 0.89-1.00] and 0.71 [95% 0.55-0.92] per year, respectively).
Considering virological failure at one year after ARV plasma concentration assessment, we

found no association with any of the variables included in the multivariate model (Table 4).

One-year follow-up and drug switch

During the follow-up period, from the day of ARV concentration assessment to the end of the
study period, 157 (54.0%) obese patients and 110 (56.1%) controls had at least one drug switch
(Table 5), with no difference between the groups in proportion of switches (P = 0.71), time
before switch (P = 0.19), BMI evolution (P = 0.18), or virological failure at the time of the
switch (P = 0.45). However, reasons advocated by physicians for the switch differed between
the groups (global chi-square test, P < 0.01), with therapeutic simplification the most frequent

cause for obese patients and occurrence of adverse events for controls.

Discussion

Here, we report for the first time the pharmacokinetics of several ARVs in obese HIV-infected
patients in the context of usual medical care. Considering ARVs from NRTI, NNRTI, Pl and
integrase inhibitor classes, our study highlights significantly lower plasma concentrations in
obese patients for tenofovir (-23%), efavirenz (-24%) and lopinavir (-28%) and a trend for

raltegravir (-44%), for significantly greater proportion of infected obese patients with potential
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inefficient drug exposure than infected normal-weight patients (17.5% versus 0.5%). However,
we found no deleterious impact of this suboptimal dosing on this virologically controlled

population, even one year after drug concentration assessment.

Obesity is known to alter the pharmacokinetics of numerous drugs. In our study, obesity affects
plasma concentrations of 4 ARV: tenofovir, efavirenz, lopinavir and ritonavir. Although
tenofovir is a hydrophilic molecule, its ester prodrug, tenofovir disoproxil, is far more lipophilic
(logPoctanoimwater 1.25). Low body weight was previously reported to be associated to high
tenofovir plasma concentration in Caucasian women.?” We reported here a similar association
between concentration and BMI in obese population. Interestingly, this discrepancy seems
reduced in patients receiving Pl. This observation may be related to the renal drug-drug
interaction described with P, decreasing tenofovir clearance?® and protect obese patients from
concentration drop observed with other ARV. Efavirenz is a lipophilic drug (IogPoctanoliwater 4.6),
with high binding to albumin (99.5%),%° and demonstrates a high affinity for adipose tissue,
with concentrations up to 100-fold higher than in plasma.l® Underdosing was reported in
patients with this drug.3®3! Therefore, the obesity impact was expected, and an explanation
might be the sequestration of drug in adipose tissue, thereby lowering plasma concentration and
making it unavailable to target compartments. These results were more unexpected for lopinavir
and may have different physiological causes. Even if lopinavir largely binds to plasma proteins
and has high logPoctanoiwater (5.9), it undergoes fast metabolism mediated by cytochrome P450
3A isoenzymes,* for a short half-life of 5 to 6 hr. Drugs of the same class were not found to
accumulate in fat tissue,® yet a body weight effect was found in pregnant women®® and
children®** for both distribution and clearance. Interestingly, ritonavir, closely related to
lopinavir structurally, presented the same concentration pattern between our obese and normal-
weight patients. Finally, we observed a trend for raltegravir in terms of reduced concentration

in obese patients, associated with large variability, but the few number of patients receiving this
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molecule (n<30) does not allow for robust conclusions. Raltegravir does not have a lipophilic
profile (logPoctanoiwater 0.4), but has reduced solubility in acid aqueous solution. Thus, its
gastrointestinal absorption largely depends on gastric pH. Gastroesophageal reflux disease,
affecting about 50% of obese patients,® may reduce the raltegravir bioavailability and further

increase the large inter-individual variability in plasma concentrations.

The multivariate analysis found a strong effect of obesity on the risk of having concentration
below threshold, reflecting the results of the univariate analysis. An explanation to the moderate
effect of the time from HIV diagnosis may be that older patients receive lopinavir, for which
concentrations were more often under threshold than for more recent Pl darunavir and

atazanavir.

Unfortunately, we were not able to include all the potential confounding factors which may
impact ARV concentrations in this analysis. Genetics polymorphism on metabolism enzymes
would have been of interest, for instance on CYP2B6, for which single nucleotide
polymorphisms were described to affect efavirenz concentrations.®® Close adherence
measurement, as self-reporting or Medication Event Monitoring System, would also improve
this work, yet these methods are not easily applied in routine practice because of cost
effectiveness concern. Even if concentration assay might not be the most sensitive assessment,
having only four patients with all concentrations below the LOQ made unlikely a major

compliance issue in this study.

The high frequency of ARV concentrations below the efficacy threshold in obese patients was
not associated with loss of virological control, either in the global cohort or in the subgroups
receiving efavirenz or lopinavir (data not shown). This result should be cautioned considering
that ARV cutoffs were defined for induction treatment, aiming to quickly decrease viral load in

patients initiating treatment. The patients included in this study were in maintenance stage
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(median of 7 years with current treatment) and may not require such stringent levels of

concentration to control viral replication.

Both patient groups presented similar rates of virological failure on the day of drug assessment,
after one year of follow-up, and at drug switch, for those who changed treatment. Virological
control is multifactorial, depending notably on viral resistance and immunological background
and considering treatment, observance and other ARVs administered. Immunological response
was better for obese than normal-weight patients, as previously reported.! Overall, our results
largely agree with those recently reported from a large cohort of patients receiving efavirenz,*’
showing that obesity does not affect virological and immunological response, despite potential

reduced ARV exposure.
Conclusions

The increasing rate of obesity among HIV-infected patients requires adapted medical care. We
showed that obesity affects the pharmacokinetics of three frequently prescribed ARVS,
tenofovir, efavirenz and lopinavir; it lowers the plasma concentrations of the drugs and is likely
to affect others ARV. In addition, the observed large variability in concentrations implies that
some patients may be overdosed. An extension of this study to new ARV drugs recently
available, such as dolutegravir, elvitegravir or rilpivirine, would be of interest. We did not
demonstrate an impact of these concentrations on virological or immunological control, arguing
that obese patients with maintenance ARV treatment would not suffer from this suboptimal
exposure. However, these results may encourage drug therapeutic monitoring in this population
at induction when plasma viral load is high, or when resistance mutations are present and higher

therapeutic concentrations are needed.



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349
350

351
352
353

354
355

356

Acknowledgements:

Part of this work was presented on poster 570 at the 20" Conference on Retrovirus and

Opportunist Infections, held March 3-6 2013, in Atlanta, GA, USA

Funding:

This study was supported by internal funding.

Transparency declaration:

Minh Le received travel grants from Bristol-Myers-Squibb and Janssen. Yazdan Yazdanpanah
reports receiving travel grants, honoraria for presentations at workshops and consultancy
honoraria from Abbvie, Bristol-Myers Squibb, Gilead, Janssen, Merck and ViiV Healthcare.
Gilles Peytavin received travel grants, consultancy fees, honoraria, or study grants from
various pharmaceutical companies, including Bristol-Myers-Squibb, Gilead Sciences,
Janssen, Merck and ViiV Healthcare. Vincent Madelain, Karen Champenois, Charlotte
Charpentier, Roland Landman, Véronique Joly, Patrick Yeni and Diane Descamps declared

no conflict of interest.

References

1. Crum-Cianflone N, Tejidor R, Medina S, et al. Obesity among patients with HIV: the latest
epidemic. AIDS Patient Care STDs 2008; 22: 925-30.

2. Koethe JR, Jenkins CA, Lau B, et al. Rising Obesity Prevalence and Weight Gain Among
Adults Starting Antiretroviral Therapy in the United States and Canada. AIDS Res Hum
Retroviruses 2016; 32: 50-8.

3. Anon. Rapport d’experts 2013 | CNS / Conseil national du sida et des hépatites virales.
Available at: http://social-sante.gouv.fr/IMG/pdf/Rapport_Morlat_2013_Mise_en_ligne.pdf

4. Costagliola D. Demographics of HIV and aging. Curr Opin HIV AIDS 2014; 9: 294-301.



357
358

359
360

361
362

363
364

365
366
367
368

369
370
371

372
373
374

375
376
377
378

379
380

381
382
383

384
385
386

387
388
389

390
391
392

393
394

5. Anon. WHO | Obesity and overweight. WHO. Available at:
http://www.who.int/mediacentre/factsheets/fs311/en/

6. Morrish GA, Pai MP, Green B. The effects of obesity on drug pharmacokinetics in humans.
Expert Opin Drug Metab Toxicol 2011; 7: 697-706.

7. Hanley MJ, Abernethy DR, Greenblatt DJ. Effect of obesity on the pharmacokinetics of
drugs in humans. Clin Pharmacokinet 2010; 49: 71-87.

8. Jain R, Chung SM, Jain L, et al. Implications of obesity for drug therapy: limitations and
challenges. Clin Pharmacol Ther 2011; 90: 77-89.

9. Department of Health and Human Services. Panel on Antiretroviral Guidelines for Adults
and Adolescents. Guidelines for the use of antiretroviral agents in HIV-1-infected adults and
adolescents. AIDSinfo. Available at:
https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf

10. Dupin N, Buffet M, Marcelin A-G, et al. HIV and antiretroviral drug distribution in
plasma and fat tissue of HIV-infected patients with lipodystrophy. AIDS Lond Engl 2002; 16:
2419-24.

11. Blashill AJ, Mayer KH, Crane HM, et al. Body mass index, immune status, and
virological control in HIV-infected men who have sex with men. J Int Assoc Provid AIDS
Care 2013; 12: 319-24.

12. Jones CY, Hogan JW, Snyder B, et al. Overweight and human immunodeficiency virus
(HIV) progression in women: associations HIV disease progression and changes in body mass
index in women in the HIV epidemiology research study cohort. Clin Infect Dis Off Publ
Infect Dis Soc Am 2003; 37 Suppl 2: S69-80.

13. Hanrahan CF, Golub JE, Mohapi L, et al. Body mass index and risk of tuberculosis and
death. AIDS Lond Engl 2010; 24: 1501-8.

14. Palermo B, Bosch RJ, Bennett K, Jacobson JM. Body mass index and CD4+ T-
lymphocyte recovery in HIV-infected men with viral suppression on antiretroviral therapy.
HIV Clin Trials 2011; 12: 222-7.

15. Koethe JR, Jenkins CA, Lau B, et al. Body mass index and early CD4 T-cell recovery
among adults initiating antiretroviral therapy in North America, 1998-2010. HIV Med 2015;
16: 572-7.

16. Damouche A, Lazure T, Avettand-Fénoél V, et al. Adipose Tissue Is a Neglected Viral
Reservoir and an Inflammatory Site during Chronic HIV and SIV Infection. PLoS Pathog
2015; 11: e1005153.

17. Koethe JR, Dee K, Bian A, et al. Circulating interleukin-6, soluble CD14, and other
inflammation biomarker levels differ between obese and nonobese HIV-infected adults on
antiretroviral therapy. AIDS Res Hum Retroviruses 2013; 29: 1019-25.

18. Koethe JR, Hulgan T, Niswender K. Adipose tissue and immune function: a review of
evidence relevant to HIV infection. J Infect Dis 2013; 208: 1194-201.



395
396

397
398
399
400
401

402
403
404

405
406
407

408
409
410

411
412
413

414
415
416

417
418
419

420
421

422
423

424
425
426

427
428
429

430
431

19. Lake JE, Currier JS. Metabolic disease in HIV infection. Lancet Infect Dis 2013; 13: 964—
75.

20. Anon. Rapport 2010 sur la prise en charge médicale des personnes infectées par le VIH
sous la direction du Pr. Patrick Yeéni - Santé - Ministére des Affaires sociales, de la Santé et
des Droits des femmes. Available at: http://social-
sante.gouv.fr/IMG/pdf/Rapport_2010_sur_la_prise_en_charge_medicale_des_personnes_infe
ctees_par_le_VIH_sous_la_direction_du_Pr-_Patrick_Yeni.pdf

21. Jung BH, Rezk NL, Bridges AS, Corbett AH, Kashuba ADM. Simultaneous
determination of 17 antiretroviral drugs in human plasma for quantitative analysis with liquid
chromatography-tandem mass spectrometry. Biomed Chromatogr BMC 2007; 21: 1095-104.

22. Solas C, Poizot-Martin I, Drogoul M-P, et al. Therapeutic drug monitoring of
lopinavir/ritonavir given alone or with a non-nucleoside reverse transcriptase inhibitor. Br J
Clin Pharmacol 2004; 57: 436-40.

23. Boffito M, Miralles D, Hill A. Pharmacokinetics, efficacy, and safety of
darunavir/ritonavir 800/100 mg once-daily in treatment-naive and -experienced patients. HIV
Clin Trials 2008; 9: 418-27.

24. Kakuda T, Sekar V, Vis P, et al. Pharmacokinetics and Pharmacodynamics of Darunavir
and Etravirine in HIV-1-Infected, Treatment-Experienced Patients in the Gender, Race, and
Clinical Experience (GRACE) Trial. AIDS Res Treat 2012; 2012: 186987.

25. Lé MP, Soulié C, Assoumou L, et al. Plasma concentrations of maraviroc and raltegravir
after dual therapy in patients with long-term suppressed viraemia: ROChnRAL ANRS 157
study. J Antimicrob Chemother 2015; 70: 2418-20.

26. Rodriguez-Novoa S, Labarga P, D’avolio A, et al. Impairment in kidney tubular function
in patients receiving tenofovir is associated with higher tenofovir plasma concentrations.
AIDS Lond Engl 2010; 24: 1064-6.

27. Gervasoni C, Meraviglia P, Landonio S, et al. Low body weight in females is a risk factor
for increased tenofovir exposure and drug-related adverse events. PloS One 2013; 8: €80242.

28. Kiser JJ, Carten ML, Aquilante CL, et al. The effect of lopinavir/ritonavir on the renal
clearance of tenofovir in HIV-infected patients. Clin Pharmacol Ther 2008; 83: 265-72.

29. European Medicines Agency. Sustiva summary of product characteristics. Available at:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000249/hu
man_med_001068.jsp&mid=WC0b01ac058001d124

30. de Roche M, Siccardi M, Stoeckle M, et al. Efavirenz in an obese HIV-infected patient--a
report and an in vitro-in vivo extrapolation model indicate risk of underdosing. Antivir Ther
2012; 17: 1381-4.

31. Stéhr W, Back D, Dunn D, et al. Factors influencing efavirenz and nevirapine plasma
concentration: effect of ethnicity, weight and co-medication. Antivir Ther 2008; 13: 675-85.



432
433
434

435
436
437

438
439
440

441
442

443
444
445

446
447
448

449

32. European Medicines Agency. Kaletra summary of product characteristics. Available at:
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/000368/hu
man_med_000867.jsp&mid=WC0b01ac058001d124

33. Cressey TR, Urien S, Capparelli EV, et al. Impact of body weight and missed doses on
lopinavir concentrations with standard and increased lopinavir/ritonavir doses during late
pregnancy. J Antimicrob Chemother 2015; 70: 217-24.

34. Jullien V, Urien S, Hirt D, et al. Population Analysis of Weight-, Age-, and Sex-Related
Differences in the Pharmacokinetics of Lopinavir in Children from Birth to 18 Years.
Antimicrob Agents Chemother 2006; 50: 3548-55.

35. Nadaleto BF, Herbella FAM, Patti MG. Gastroesophageal reflux disease in the obese:
Pathophysiology and treatment. Surgery 2016; 159: 475-86.

36. Cressey TR, Lallemant M. Pharmacogenetics of antiretroviral drugs for the treatment of
HIV-infected patients: an update. Infect Genet Evol J Mol Epidemiol Evol Genet Infect Dis
2007; 7: 333-42.

37. Marzolini C, Sabin C, Raffi F, et al. Impact of body weight on virological and
immunological responses to efavirenz-containing regimens in HIV-infected, treatment-naive
adults. AIDS Lond Engl 2015; 29: 193-200.



Table 1.

Characteristics of obese and normal-weight controls at inclusion, corresponding to the day of drug concentration assessment.

Characteristic Obese (n=291) Normal-weight (n=196) p*
No. % No. %
Age (years) <40 91 31.3 59 30.1 0.47
40-49 103 354 58 29.6
50-59 71 24.4 67 34.2
>60 26 8.9 10 5.1
Gender Female 174 59.8 83 42.3 0.00029
Male 117 40.2 113 57.7
BMI (kg/m?) 20-25 0 0.0 196 100.0 <107
30-35 207 71.1 0 0.0
36-40 61 21.0 0 0.0
>40 23 7.9 0 0.0
Ethnicity African 216 74.2 128 65.3 0.077
Caucasian 32 11.0 38 19.4
Hispanic 20 6.9 17 8.7
Unknown 23 7.9 16 8.2
First line therapy 62 21.3 48 245 0.44
Time from HIV diagnosis (years), median (IQR) 8 [6-12] 10 [5-17] 0.029
Time on ARV treatment (years), median (IQR) 6 [3-10] 8 [2-14] 0.050
Time on current ARV treatment (years), median (IQR) 15 [0.6-2.4] 0.9 [0.3-2.1] 0.00014
CD4+ T-cell count (cells/pL), median (IQR) 510 [397-719] 444 [267-602] 0.00012
Virological success 257 88.3 164 83.7 0.18
ARV treatment 2NRTI+ 1Pl 137 47.1 77 39.3 0.12




2 NRTI + 1 NNRTI 99 34.0 62 31.6

Other tri-therapy 22 7.6 22 11.2
Mono- or bi-therapy 12 4.1 14 7.1
Quadri- or penta-therapy 21 7.2 21 10.7

Data are no. (%) or median (interquartile range).
*P < 0.05 by Fisher exact test for qualitative variables and Mann-Whitney test for quantitative variables.
NRTI, nucleoside reverse-transcriptase inhibitor; NNRTI, non-nucleoside reverse-transcriptase inhibitor; Pl, protease inhibitor; ARV,

antiretroviral; IQR, interquartile range



Table 2

Obese and normal-weight patient with ARV plasma concentration below the efficacy threshold (ARV may be inefficient) and above the toxicity

threshold (ARV may be responsible for adverse events).

Plasma concentration < efficacy threshold Plasma concentration > toxicity threshold

Obese Normal-weight Obese Normal-weight
Drug n % n % pP* n % n % pP*
ETR 4 21.1 0 0.0 0.12 7 36.8 5 35.7 1
EFV 15 19.2 0 0.0 0.00039 9 11.5 11 21.6 0.14
NVP 5 23.8 0 0.0 0.13 8 38.1 3 25.0 0.70
LPV 11 244 0 0.0 0.0019 5 11.1 8 24.2 0.14
DRV QD 6 12.8 1 2.5 0.12 _ _ _ _
DRYV BID 0 0.0 0 0.0 B _ _ _ _ _
ATV 6 9.0 0 0.0 0.17 26 38.8 12 41.4 0.82
RAL 5 17.9 0 0.0 0.053 _ _ _ _ _
TFV 5 3.1 12 10.3 0.024

EFV efavirenz, N_VP nevi_rapine, E'FR etravirﬂle, LPV Igpinavir, ATV atazanavir, DRV darunavir (QD, once a day; BID, twice a day),
RAL raltegravir, TFV tenofovir. *P < 0.05 by Fisher exact test.



Table 3. Association between underdosing and obesity, adjusted by demographics and infection characteristics.

Characteristic

Patients with at least one

ARYV plasma concentration

below therapeutic range

Patients with plasma

concentrations
within therapeutic

(n=52) range (n=435)
n % n % OR 95% CI P
BMI (kg/m2), n (%) <25 kg/m? 1 0.5 195 99.5
>30 kg/m? 51 17.5 240 82.5 42.6 [5.71-318.26] 0.00025
3
Age (years), median 475 [37.9-51.5] 45.0 [38.0-52.1] 1.00 [0.96-1.03] 0.81
(IQR)
Gender Female 30 11.7 227 88.3
Male 22 9.6 206 90.4 096  [0.43-2.11] 0.92
Ethnicity African 38 111 305 88.9
Caucasian 8 11.6 61 88.4 1.78  [0.61-5.18] 0.29
Hispanic 5 13.9 31 86.1 152  [0.45-5.12] 0.50
Other 1 2.6 37 97.4 0.18  [0.02-1.57] 0.12
Time from HIV diagnosis 6 [3.8-10] 9 [5.7-14.8] 0.89 [0.83-0.97] 0.0064
(years), median (IQR)
Time on current ARV 14 [0.6-2.2] 1.2 [0.4-2.3] 116  [0.95-1.41] 0.14
treatment (years), median
(IQR)
Line of treatment First line 16 145 94 85.5
Experienced 36 9.5 341 90.5 0.74  [0.33-1.64] 0.46
ARV treatment 2NRTI+ 1PI 20 9.5 190 90.5
2 NRTI + 1 NNRTI 21 13.3 137 86.7 1.60 [0.77-3.33] 0.21
Other tritherapy 6 13.6 38 86.4 3.36  [1.07-10.59] 0.038
Bitherapy 3 115 23 88.5 3.79  [0.84-17.11] 0.083
Quadritherapy or more 2 4.1 47 95.9 0.63  [0.13-3.06] 0.57

OR, adjusted odds ratio; 95% ClI, 95% confidence interval; IQR interquartile range



Table 4.

Association between virological failure and obesity at inclusion and at 1 year of follow-up adjusted on demographics and infection characteristics,
and ARV plasma concentrations.

Day of sampling 1 year follow-up
Characteristic Virological Virological Virological failure Virological
failure success n=70 success
n= 66 n=421 n= 387
n % n % OR 95%ClI P n % n % OR*  95%Cl P
BMI (kg/m2), n <25 kg/m? 32 163 164  83.7 _ _ _ 31 16.9 152 83.1 _ _ _
%
o >30 kg/m? 34 117 257 883 0.66 [0.37-1.20] 0.18 39 14.2 235 858 0.69 [0.39-1.23] 0.20
Age (years), 429 [35.0-50.5] 46.1 [38.6-52.6] 0.99 [0.96-1.02] 0.57 46.5 [37.0-50.9] 45.0 [38.2-52.0] 1.00 [0.97-1.03] 0.89
median (IQR)
Gender Female 31 121 226 87.9 _ _ _ 39 16.0 204 840 _ _ _
Male 35 154 193 846 1.79 [0.95-3.37] 0.072 31 14.6 181 854 111 [0.60-2.03] 0.75
Ethnicity African 51 149 292 851 _ _ _ 54 16.7 269 83.3 _ _ _
Caucasian 8 11.6 61 88.4 0.67 [0.27-1.66] 0.39 7 10.9 57 89.1 0.53 [0.21-1.35] 0.18
Hispanic 5 13.9 31 86.1 0.83 [0.28-2.49] 0.74 5 13.9 31 86.1 0.79 [0.27-2.28] 0.66
Other 2 5.3 36 94.7 0.33 [0.07-1.49] 0.15 4 12.1 29 87.9 0.70 [0.22-2.17] 0.53

Time from HIV diagnosis (years), 7.5 [3.3-11.0] 9.0 [6.7-14.7] 094 [0.89-1.00] 0.039 9.0 [5.0-155] 9.0 [5.2-140] 1.01 [0.96-1.06] 0.73
median (IQR)

Time on current ARV treatment 0.5  [0.2-1.5] 1.4 [0.5-2.4] 0.71 [0.55-0.92] 0.011 1.0 [0.4-2.2] 1.3 [0.4-2.3] 0.98 [0.82-1.17] 0.84
(years), median (IQR)

Line of treatment  First line 14 12.7 96 87.3 _ _ _ 11 10.7 92 89.3 _ _ _
Experienced 52 13.8 325 86.2 1.78 [0.86-3.70] 0.12 59 16.8 292 832 1.61 [0.76-3.44] 0.21
ARV > efficacy 57 13.1 378 86.9 _ _ _ 60 14.4 357 856 _ _ _
concentration threshold
< efficacy 9 17.6 42 82.4 1.54 [0.63-3.76] 0.35 10 20.4 39 79.6 1.70 [0.74-3.93] 0.21
threshold

OR, adjusted odds ratio; 95% ClI, 95% confidence interval; IQR interquartile range



Table 5.

Characteristics of patients at 1 year of follow-up and at drug switch.

Obese Normal-weight
(n=291) (n=196)

Characteristics n % n % p*
At 1 year follow-up
Lost to follow-up 13 4.5 14 7.1 0.23
Virological success 235 85.8 152 83.1 0.43
Virological failure 39 14.2 31 16.9
Drug switch 51 18.3 49 26.9 0.037
Difference in BMI, median (IQR) 0 [-0.9-1.2] 0.3 [-0.4-1.0] 0.12
Median time of follow-up (years), median (IQR) 4.06 [3.8-4.3] 428 [3.66-5.01 0.00093
Drug switched
Patients with at least one switch 157 54.0 110 56.1 0.71
Median time before switch (years), median (IQR) 1.58 [0.6-2.9] 1.29 [0.42-2.81] 0.19
Difference in BMI at switch, median (IQR) 0 [-0.95-1.3] 0.3 [-0.38-1.3] 0.18
Virological success at switch 126  80.3 84 76.4 0.45
Virological failure at switch 31 19.7 26 23.6
Reason for switch Virological failure 22 13.8 21 18.9 0.0089

Adverse events 35 22.0 38 34.2

Non observance 8 5.0 10 9.0

Toxicity prevention 25 15.7 5 4.5

Therapeutic simplification 50 31.4 26 23.4

Others 19 11.9 11 9.9
Type of switch Addition of drug 10 6.4 4 3.8 0.16

Removal of drug 18 115 13 12.3

Change within the same class 51 32.5 48 45.3




Pl to NNRTI 25 15.9 8 7.5

Pl to integrase inhibitor 11 7.0 3 2.8
NNRTI to PI 9 5.7 10 9.4
NNRTI to integrase inhibitor 10 6.4 6 5.7
Other class change 23 14.6 14 13.2

*P < 0.05 by Fisher exact test for qualitative variables, except for the reasons for switch, which were compared by chi-square test, and Mann-

Whitney test for quantitative variables. Other reasons for switch included pregnancy, protocol inclusion or end, drug interaction and not defined.



Figure captions:

Figure 1: Flow chart of the retrospective study.

Figure 2: Trough plasma concentrations of etravirine (ETR), nevirapine (NVP), lopinavir
(LPV), darunavir once daily and twice daily (DRV QD and DRV BID), atazanavir (ATV) and
raltegravir (RAL), and C12h concentrations of efavirenz (EFV), abacavir (ABC), lamivudine
(3TC), emtricitabine (FTC) and tenofovir (TFV) of in obese (dark grey) and normal-weight
(light gray) patients. Number of patients (upper part of boxplot) and median concentration
(lower part of boxplot) are reported for each group. P values at the top are from Mann-Whitney
test comparing obese and normal-weight patients for each drug. The dash lines represent the

efficacy thresholds for each ARV.

Figure 3: C12h concentrations of tenofovir, when associated to another nucleoside reverse
transcriptase inhibitor and one protease inhibitor (left), or associated to another nucleoside
reverse transcriptase inhibitor and one non-nucleoside reverse transcriptase inhibitor (right).
Number of patients (upper part of boxplot) and median concentration (lower part of boxplot)
are reported for each group. P values at the top are from Mann-Whitney test comparing obese
and normal-weight patients. Pl: protease inhibitor, NNRTI: non-nucleoside reverse

transcriptase inhibitor, NRTI: nucleoside reverse transcriptase inhibitor.
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