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demo-graphic, biological, and clinical covariates were investigated. The median HCQ concentration
was: 0.096 mg/L on day (D) 2, 0.129 mg/L on D3 to D5, 0.140 mg/L on D6 to D10 for DR1 versus
0.116 mg/L, 0.261 mg/L, and 0.30 mg/L, respectively, for DR2. At D2, 53.9% and 46.2% of patients
with DR1 and DR2, respectively, presented HCQP concentrations <0.1 ug/mL and 48.2% versus 10.7%
at D3 to D5. Time post-initiation, dosing regimen, nasogastric administration, and weight showed
significant association with HCQ variability. The high proportion of suboptimal HCQ concentrations
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1. Introduction

First reported in China in December 2019, the COVID-19 epidemic, causing severe
acute respiratory syndrome, is ongoing. The World Health Organization described the
global COVID-19 situation as a pandemic on 11 March 2020. In this context, several drugs
have been repurposed as potential candidates for the treatment of SARS-CoV-2 infection.
Preliminary choices were essentially based on in vitro potency and clinical translation
in-to effective therapies and may be challenging due to in vivo pharmacokinetic (PK) and
pharmacodynamic (PD) properties [1]. Hydroxychloroquine (HCQ), a well-known drug
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effective in the treatment of malaria and autoimmune diseases [2—4], was among the first
drugs to be tested due to demonstrated in vitro antiviral activity against SARS-CoV-2.

Approximately 25% of hospitalized patients infected by SARS-CoV-2 required inten-
sive care unit (ICU) admission, and HCQ was widely prescribed in this population [5].
Indeed, numerous studies have demonstrated that antimicrobial plasma concentrations
are often variable and unpredictable in this population [6]. Due to the frequent comor-
bidities (i.e., obesity, diabetes, and cardiovascular complications) and pathophysiological
modifications (cytokine storms, multivisceral failure, and life-threatening prognosis) ob-
served in severe COVID-19 patients, high antimicrobial PK variability was expected in
this population.

Moreover, HCQ presents uncommon PK properties, with strong tissue tropism (in
particular for the kidneys and liver) and a long half-life [7], combined with a narrow
therapeutic index [8]. In this context, HCQ therapeutic drug monitoring (TDM) was
proposed in the French Pharmacology Committee guidelines [9]. Despite there being
no clear association between concentration and response and/or side effects [10,11], a
minimal plasma threshold of 0.1 mg/L was proposed based on in vitro and modelling
experiments [12,13].

Little information was available concerning HCQ pharmacokinetics in ICU patients,
especially in the context of COVID-19, and the PK parameters of HCQ were mostly es-
timated from studies carried out on patients with rheumatoid arthritis or lupus [14,15]
or on healthy patients [16]. Moreover, the variability of HCQ patient exposure may be
in-creased by the lack of consensus on the optimal dosing regimen. Indeed, several dosing
regimens have been proposed, based on a PD/PK model and simulations or adapted from
other indications [17]. In this context, the aim of this study was to describe HCQ plasma
concentrations in ICU patients and assess variability factors.

2. Materials and Methods

A multicentric, retrospective study was carried out in four ICUs in Marseille University
Hospitals on hospitalized patients from March 20 to 13 April 2020. Patients >18 years of
age, infected by COVID-19, treated with HCQ, and with at least one available plasma
concentration measurement were eligible for inclusion. Two different dosing regimens
were used according to ICU protocols: 400 mg daily (200 mg twice a day (BID) or 400 mg
once a day (QD)) after a 400 mg BID loading dose (dosing regimen 1, DR1) [12] or 200 mg
three times a day (TID) without a loading dose (dosing regimen 2, DR2) [17]. For patients
under mechanical ventilation, the 200 mg film-coated tablet was ground and administrated
by an enteral feeding tube (EFT).

This study was declared to the local institutional committee as a retrospective, non-
interventional, and unnamed study (AP-HM N° PADS20-200, 20 April 2020).

Plasma HCQ concentrations were determined using ultra-high-performance liquid
chromatography—-tandem mass spectrometry (UPLC-MS/MS, Waters, Milford, MA, USA)
with a lower limit of quantification of 0.015 mg/L [18]. The assay matrix was plasma,
the exact time of blood sampling was recorded by the medical staff, and samples were
immediately sent to the laboratory and aliquoted into 2 mL polypropylene tubes. As
recommended, plasma samples for HCQ determination were collected at multiple time
points: 48 h post-treatment initiation and every 2 or 3 days until the end of treatment.
TDM was performed before steady state was reached, given the long half-life of HCQ
and the need for short and rapidly effective treatment [8]. For patients with HCQ plasma
concentrations below the 0.1 mg/L thresh-old, the dose could be increased, given the
clinical context.

A descriptive study was performed examining plasma HCQ concentrations according
to the dosing regimen and timing. Patient characteristics are presented as the frequency and
percentage of patients for categorical variables and by the mean and standard deviation
(SD) for continuous variables. Differences between the two dosing regimens were tested
using the Student’s ¢-test and the chi-square test (or Fisher exact test). HCQ concentrations
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are presented as the mean, SD, and coefficient of variation (%) and were compared between
the two dosing regimens according to the time from treatment initiation: day 2, days 3-5,
and days 6-10. Linear mixed models with random intercepts and subjects were used to
explore the association between clinical and biological parameters and HCQ concentration.
The quantitative covariates studied were age, weight, body mass index (BMI), creatinine
concentration, and estimated glomerular filtration rate (eGFR: calculated with the CKD-EPI
formula), as well as urea, C reactive protein (CRP), potassium, and albumin concentrations.
The qualitative covariates were sex, administration by EFT, moderate-to-severe renal failure
(eGFR < 60 mL/min), weight > 90 kg, and BMI > 30 kg/m?. Biological and clinical data
were recorded concurrently with the TDM sample. The retained model is presented as
coefficients with 95% confidence intervals (CI). Statistical significance was considered for
p < 0.05. Calculations were performed using SAS (version 9.4, SAS Institute Inc., Cary,
NC, USA).

3. Results

In total, 139 plasma samples were collected from 76 ICU patients, 40 treated with DR1
and 36 with DR2. The baseline demographics and clinical characteristics, depending on the
dosing regimen, are presented in Table 1. The patients were mostly men, between 60 and
70 years of age, with a BMI > 30 kg/m?. The two populations were comparable, except for
age, eGFR, and CRP levels.

Table 1. Patient characteristics. (n (%) or median + standard deviation).

DR1* DR2 ** p-Value
Number of patients 40 36 -
Number of samples 67 72 -
Age, years 67.5+ 8.3 59.54+12.3 <0.0001
Sex, M 54 (80.6) 57 (79.2) 0.834
Weight, kg 834+ 160! 88.4+18.1 0.122
Weight < 90 kg 19 (37.3) 26 (36.1) 0.897
BMI, kg/m? 295 +6.22 29.6 +6.1 0.909
BMI < 30 kg /m? 11 (45.8) 26 (36.1) 0.397
Mechanical ventilation 49 (73.1) 51 (72.7) 0.971
eGFR, mL/min 78.34+28.0°3 922 +3034 0.010
Moderate-to-severe kidney failure
(GFR < 60) 10 (16.4) 10 (17.0) 0.935
Creatinine, umol/L 110 £+ 114 86.9 &+ 58.1 0.147
Urea, mmol/L 104 +7.3 9.7 £6.0 0.570
CRP, mg/L 167 +104° 213 £101° 0.024
CRP > 100, mg/L 33 (68.8) 47 (81.0) 0.143
K*, mmol/L 43+06 42+08 0.321
Albumin, g/L 26.6 +£25.77 262 £3.8 0.560
QT prolongation, ms 5(7.5) 3(4.2) 0.482

* DR1: dosing regimen 1—400 mg daily (200 mg BID or 400 mg QD) after a 400 mg BID loading dose. ** DR2:
dosing regimen 2—200 mg TID; Th=51,2n=243n=61,*n=59,°n=48,n=58,7 n = 66.

The median HCQ concentrations observed according to the dosing regimen were
(standard deviation, CV%): 0.096 mg/L on day 2 (£0.052, 54%), 0.129 mg/L on days
3-5 (£0.078, 61%), and 0.140 mg/L (£0.072, 50%) on days 6-10 for DR1 and 0.116 mg/L
(££0.065, 56%) on day 2, 0.261 mg/L on days 3-5 (£0.090, 46%), and 0.30 mg/L (£0.082,
31%) on days 6-10 for DR2 (Figure 1).
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Figure 1. HCQ concentrations according to the time from treatment initiation and dosing regimen.
% in italics indicates the % of concentrations <0.1 ug/mL.

On day 2, 53.9% and 46.2% of patients treated with DR1 and DR2, respectively, pre-
sented HCQ plasma concentrations <0.1 ug/mlL, 48.2% and 10.7% on days 3-5, and 31.3%
and 3.9% on days 6-10. Among the patients treated with DR1, the daily dose was increased
for seven (17.5%): two between days 1 and 2 (600 mg), three between days 3-5 (800 mg),
and two between days 6-10 (800 mg). Among the patients treated with DR2, the daily dose
was increased for seven (19.4%): three between days 3-5 (1000 mg, n = 1; 1200 mg, n = 2)
and four between days 6-10 (1000 mg).

We studied the impact of ICU patient covariables on circulating HCQ concentrations
by first performing univariate analysis. Only variables with a p-value < 0.2 were retained
for multivariate analysis: time post-initiation (p = 0.0005), dosing regimen (p = 0.0015), CRP
(p = 0.0791), moderate-to-severe renal failure (p = 0.1573), EFT administration (p = 0.0101),
and weight (p = 0.0288). In multivariate analysis, time post-initiation (p = 0.001), dosing
regimen (p = 0.0029), EFT administration (p = 0.0081), and weight (p = 0.0333) showed a
significant association with HCQ concentration variability.

4. Discussion

The main results of our study can be summarized as follows. (1) High variability
in HCQ plasma concentrations was observed in ICU COVID-19 patients. (2) Time from
treatment initiation, dosing regimen, administration by EFT, and weight were identified as
the main factors of HCQ exposure variability. (3) The use of a loading dose and high daily
dosage is required to optimize HCQ exposure.

Patients included in the present study were representative of the ICU population
hospitalized for severe forms of SARS-CoV-2 infection between March and April 2020 in
France: an elderly population (64.5% > 60 years of age), predominantly men (79.9%), over-
weight (71.7%), under mechanical ventilation (67%), and presenting serious inflammatory
syndrome [19,20]. As expected in this specific population, HCQ plasma concentrations
were highly variable.
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We identified delay post-administration and daily dosing as variability factors of HCQ
concentration. The goal with SARS-CoV2-infected patients was to quickly reduce the viral
load (as HCQ was proposed as an antiviral), which is problematic for a drug with a long
half-life for which the steady state will not be reached before the end of treatment. These
results highlight the importance of determining an optimized dosing regimen in drug
repositioning, notably in acute, severe infection. First, the requirement of a loading dose
merits consideration. In the present study, HCQ concentrations at day 2 were no different
between the two dosing regimens, despite lower daily dosing for DR1 (400 mg vs. 600 mg).
These results support the value of a loading dose to optimize exposure in the first days
of treatment, as previously described by Lé et al. in the DisCoVeRy trial [20]. Despite
an 800 mg loading dose at DO, more than 50% of patients had suboptimal plasma HCQ
concentrations in our population. A larger loading dose would have been more efficient
to quickly reach the 0.1 mg/L threshold. However, the loading dose is not sufficient to
maintain HCQ plasma exposure throughout treatment, and an appropriate daily dose
should be considered. Our results indicate that a higher dose is necessary to optimize
dose exposure. Indeed, patients treated with DR2 had higher HCQ concentrations and
presented a better target attainment after the third day of treatment than patients treated
with DR1. The combination of a higher loading dose and higher daily dosing was surely
the best choice to maintain HCQ concentrations above the 0.1 mg/L plasma threshold.

We also identified administration by EFT and weight as variability factors. Lower
HCQ concentrations were observed for patients under mechanical ventilation and/or
those who were overweight. During HCQ administration via EFT, the HCQ film-coated
tablets were ground up, and absorption was probably reduced. Such PK variability has
been previously described for other drugs [21], and a higher dosing regimen should be
considered for such patients. Weight was also identified as a variability factor of HCQ
clearance in two recent population PK models [22]. Overweight patients presented higher
HCQ clearance and therefore lower exposition. A dose-adjusted to body weight should
thus be considered to optimize HCQ treatment in the ICU population. The occurrence of an
inflammatory reaction may result in changes in the PK of a drug by inhibiting its intrinsic
clearance by inhibiting hepatic cytochromes or altering its binding to plasma proteins for
strongly bound drugs. An impact of inflammation on PK has been highlighted for other
anti-infective drugs in COVID-19 patients [21-24] and in other diseases [25]. However, we
observed no impact of CRP variability on HCQ concentrations, probably due to the mixed
urinary and hepatic elimination of this drug, in contrast to lopinavir or voriconazole, which
are exclusively metabolized by the hepatic route [26].

Based on in vitro HCQ potency and clinical translation, in the complete absence of
drugs with proven efficacy against COVID-19, hydroxychloroquine has been used off-label
by many physicians worldwide as a potential anti-COVID-19 drug. A retrospective analysis
that reported an increased risk of serious heart disorders in patients treated with HCQ was
published in the Lancet journal on 22nd May. The Lancet paper was then retracted over
the authenticity of the unreleased patient database. In the meantime, the Food and Drug
Administration (FDA) had revoked the Emergency Use Authorization (EUA), the World
Health Organization halted its trial of hydroxychloroquine in hospitalized COVID-19 pa-
tients, and the European Medicine Agency stopped the off-label use of hydroxychloroquine.
Many publications have been made so far on the use of hydroxychloroquine for treatment
or prevention of COVID-19, but only few have come from highly ranked published studies,
and there is still a need for further evidence on the benefits and risks of hydroxychloro-
quine in different settings. The retrospective, observational design of our study is its main
limitation. First, it was not possible to record all covariate data and information on weight,
GFR, CRP, and/or albumin, which were lacking for some patients. In addition, there was
a selection bias between patients treated with the two dosing regimens. Patients treated
with DR2 had higher CRP concentrations, and those treated with DR1 were older, with
a lower median eGFR. However, CRP, age, and eGFR were not identified as variability
factors of HCQ concentrations in our study. An influence of renal function on HCQ PK was
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previously described but limited to severe impairment [27], and the difference between the
two groups was no longer observed considering severe-to-moderate renal failure. Finally,
the correlation of observed pharmacokinetic variability and clinical outcomes was not
studied. Indeed, the clinical effectiveness of hydroxychloroquine against COVID19 has
not been demonstrated in randomized clinical trials, and the European Medicine Agency
stopped the off-label use of hydroxychloroquine.

5. Conclusions

In conclusion, this study illustrates the large interindividual variability of HCQ concen-
trations in the ICU population. The high proportion of suboptimal plasma concentrations
can be explained by the lack of an optimized dosing regimen and the numerous patho-
physiological changes observed in the combined COVID-19/ICU population. Although
the efficacy of HCQ was not confirmed in COVID-19 patients [28], this study high-lights
the requirement to characterize drug exposure and variability factors in the context of drug
repositioning, especially in the ICU population.

Author Contributions: Conceptualization, G.R., C.S. and R.G.; methodology, G.R., C.S. and R.G.; soft-
ware, G.R. and E.J.; validation, G.R., C.S. and R.G; formal analysis, G.R., E.J. and R.G,; investigation,
G.R, L.V, ML, G.D,, ].B. and K.H.S.; resources, L.V.,, M.L., G.D., ].B. and K.H.S.; data curation, G.R.
and E.J.; writing—original draft preparation, G.R.; writing—review and editing, G.R.; visualization,
G.R. and R.G; supervision, C.S.; project administration, C.S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board, AP-HM N° PADS20-200
(20 April 2020).

Informed Consent Statement: Patient consent was waived due to a retrospective, non-interventional
and unnamed study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Venisse, N.; Peytavin, G.; Bouchet, S.; Gagnieu, M.-C.; Garrafo, R.; Guilhaumou, R.; Solas, C. Concerns about pharmacokinetic
(PK) and pharmacokinetic-pharmacodynamic (PK-PD) studies in the new therapeutic area of COVID-19 infection. Antivir. Res.
2020, 181, 104866. [CrossRef] [PubMed]

Petri, M. Use of hydroxychloroquine to prevent thrombosis in systemic lupus erythematosus and in antiphospholipid antibody-
positive patients. Curr. Rheumatol. Rep. 2011, 13, 77-80. [CrossRef] [PubMed]

Kivity, S.; Landevitz, P; Shoenfeld, P.; Ben-Zvi, I. Hydroxychloroquine: From malaria to autoimmunity. Clin. Rev. Allergy Immunol.
2012, 42, 145-153. [CrossRef]

Alarcon, G.; McGwin, G.; Bertoli, A.; Fessler, B.; Calvo-Alén, ].; Bastian, H.; Vila, H.; Reveille, J. Effect of hydroxychloroquine on
the survival of patients with systemic lupus erythematosus: Data from LUMINA, a multiethnic US cohort (LUMINA L). Ann.
Rheum. Dis. 2007, 66, 1168-1172. [CrossRef] [PubMed]

Arabi, Y.; Murthy, S.; Webb, S. COVID-19: A novel coronavirus and a novel challenge for critical care. Intensive Care Med. 2020, 46,
833-836. [CrossRef]

Abdul-Aziz, M.H.; Alffenaar, ].-W.; Bassetti, M.; Bracht, H.; Dimopoulos, G.; Marriott, D.; Neely, M.; Paiva, ].-A.; Pea, F; Sjovall, E;
et al. Antimicrobial therapeutic drug monitoring in critically ill adult patients: A Position Paper. Intensive Care Med. 2020, 46,
1127-1153. [CrossRef]

Rainsford, K.D.; Parke, A.L.; Clifford-Rashotte, M.; Kean, W.E. Therapy and pharmacological properties of hydroxychloroquine
and chloroquine in treatment of systemic lupus erythematosus, rheumatoid arthritis and related diseases. Inflammopharmacology
2015, 23, 231-269. [CrossRef]

Smit, C.; Peeters, M.; Van den Anker, ].; Knibbe, C. Chloroquine for SARS-CoV-2: Implications of Its Unique Pharmacokinetic and
Safety Properties. Clin. Pharmacokinet. 2020, 59, 659-669. [CrossRef]


http://doi.org/10.1016/j.antiviral.2020.104866
http://www.ncbi.nlm.nih.gov/pubmed/32659293
http://doi.org/10.1007/s11926-010-0141-y
http://www.ncbi.nlm.nih.gov/pubmed/20978875
http://doi.org/10.1007/s12016-010-8243-x
http://doi.org/10.1136/ard.2006.068676
http://www.ncbi.nlm.nih.gov/pubmed/17389655
http://doi.org/10.1007/s00134-020-05955-1
http://doi.org/10.1007/s00134-020-06050-1
http://doi.org/10.1007/s10787-015-0239-y
http://doi.org/10.1007/s40262-020-00891-1

Future Pharmacol. 2022, 2 98

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gagnieu, M.-C.; Garraffo, R.; Solas, C.; Peytavin, G.; Guilhaumou, R.; Bouchet, S.; Djerada, Z.; Montange, D.; Gandia, P.; Gautier,
E.; et al. Recommandations pour le Suivi Thérapeutique Pharmacologique du lopinavir/r et de I'hydroxychloroquine chez
les patients traités pour une infection a SARS-CoV-2 (COVID-19). Groupe Pharmacologie—AC43 de I’ANRS et le groupe
STP-PT (SFPT). 2020. Available online: https:/ /sfptfr.org/images/documents/STP/Recommandations_STP_ANRS_AC43_
Pharmacologie_v2_26_03_20.pdf (accessed on 25 November 2021).

Abdulaziz, N.; Shah, A.R.; McCune, W. Hydroxychloroquine: Balancing the need to maintain therapeutic levels with ocular
safety: An update. Curr. Opin. Rheumatol. 2018, 30, 249-255. [CrossRef]

Cunha, C.; Alexander, S.; Ashby, D.; Lee, J.; Chusney, G.; Cairns, T.; Lightstone, L. Hydroxycloroquine blood concentration in
lupus nephritis: A determinant of disease outcome? Nephrol. Dial. Transplant. 2018, 33, 1604-1610. [CrossRef]

Yao, X.; Ye, F; Zhang, Y.; Cui, C.; Huang, B.; Niu, P;; Liu, X.; Zhao, L.; Dong, E.; Song, C.; et al. In Vitro Antiviral Activity
and Projection of Optimized Dosing Design of Hydroxychloroquine for the Treatment of Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2). Clin. Infect. Dis. Off. Publ. Infect. Dis. Soc. Am. 2020, 28, 732-739. [CrossRef] [PubMed]

Roustit, M.; Guilhaumou, R.; Molimard, M.; Drici, M.-D.; Laporte, S.; Montastruc, J.-L. Chloroquine and hydroxychloroquine in
the management of COVID-19: Much kerfuffle but little evidence. Therapies 2020, 75, 363-370. [CrossRef] [PubMed]
Carmichael, S.; Charles, B.; Tett, S. Population pharmacokinetics of hydroxychloroquine in patients with rheumatoid arthritis.
Ther. Drug Monit. 2003, 25, 671-681. [CrossRef] [PubMed]

Morita, S.; Takahashi, T.; Yoshida, Y.; Yokota, N. Population Pharmacokinetics of Hydroxychloroquine in Japanese Patients With
Cutaneous or Systemic Lupus Erythematosus. Ther. Drug Monit. 2016, 38, 259-267. [CrossRef]

Fan, H.-W,; Ma, Z.-X,; Chen, J.; Yang, X.-Y; Cheng, J.-L.; Li, Y.-B. Pharmacokinetics and Bioequivalence Study of Hydroxychloro-
quine Sulfate Tablets in Chinese Healthy Volunteers by LC-MS/MS. Rheumatol. Ther. 2015, 2, 183-195. [CrossRef]

Lagier, J.-C.; Million, M.; Gautret, P.; Colsona, P.; Cortaredonaa, S.; Giraud-Gatineaua, A.; Honore, S.; Gauberth, ].-Y.; Fournier,
P-E.; Tissot-Duponta, H.; et al. Outcomes of 3737 COVID-19 patients treated with hydroxychloroquine/azithromycin and other
regimens in Marseille, France: A retrospective analysis. Travel Med. Infect. Dis. 2020. [CrossRef]

Wu, C.; Chen, X; Cai, Y,; Xia, J.; Xing, Z.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk Factors Associated With Acute
Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934-943. [CrossRef] [PubMed]

Zhou, F; Yu, T.; Du, R;; Fan, G,; Liu, Y,; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 396, 1054-1062.
[CrossRef]

Lé, M.P; Peiffer-Smadja, N.; Guedj, J.; Néant, N.; Mentré, F.; Ader, F.; Yazdanpanah, Y.; Peytavin, G. Rationale of a loading dose
initiation for hydroxychloroquine treatment in COVID-19 infection in the DisCoVeRy trial. ]. Antimicrob. Chemotherpy 2020, 175,
2376-2380. [CrossRef]

Oberoi, R.K.; Zhao, W,; Sidhu, D.; Viani, R.; Trinh, R.; Liu, W. A Phase 1 Study to Evaluate the Effect of Crushing, Cutting Into
Half, or Grinding of Glecaprevir/Pibrentasvir Tablets on Exposures in Healthy Subjects. J. Pharm. Sci. 2018, 107, 1724-1730.
[CrossRef]

Thémans, P.; Belkhir, L.; Dauby, N.; Yombi, J.-C.; De Greef, J.; Delongie, K.A.; Vandeputte, M.; Nasreddine, R.; Wittebole,
X.; Wuillaume, E; et al. Population Pharmacokinetics of Hydroxychloroquine in COVID-19 Patients: Implications for Dose
Optimization. Eur. J. Drug Metab. Pharmacokinet. 2020, 45, 703-713. [CrossRef] [PubMed]

Yasu, T.; Konuma, T.; Kato, S.; Kurokawa, Y.; Takahashi, S.; Tojo, A. Serum C-reactive protein levels affect the plasma voriconazole
trough levels in allogeneic hematopoietic cell transplant recipients. Leuk. Lymphoma 2017, 58, 2731-2733. [CrossRef] [PubMed]
Gautier-Veyret, E.; Truffot, A.; Bailly, S.; Fonrose, X.; Thiebaut-Bertrand, A.; Tonini, J.; Cahn, J.-Y.; Stanke-Labesque, F. Inflammation
is a potential risk factor of voriconazole overdose in hematological patients. Fundam. Clin. Pharm. 2019, 33, 232-238. [CrossRef]
[PubMed]

Marzolini, C.; Stader, E; Stoeckle, M.; Franzeck, F,; Egli, A.; Bassetti, S.; Hollinger, A.; Osthoff, M.; Weisser, M.; Gebhard, C.;
et al. Effect of Systemic Inflammatory Response to SARS-CoV-2 on Lopinavir and Hydroxychloroquine Plasma Concentrations.
Antimicrob. Agents Chemother. 2020, 64. [CrossRef]

Giaime, P.; Guenoun, M.; Pedinielli, N.; Narbonne, H.; Bergounioux, J.-P; Solas, C.; Guilhaumou, R.; Sampol, J.; Ollier, J.; Sichez,
H.; et al. Hydroxychloroquine and azithromycin tolerance in haemodialysis patients during COVID-19 infection. Nephrol. Dial.
Transplant. 2020, 35, 1346-1353. [CrossRef] [PubMed]

Doudka, N.; Giocanti, M.; Basso, M.; Ugdonne, R.; Barthelemy, K.; Lacarelle, B.; Blin, O.; Solas, C.; Guilhaumou, R. Development
and validation of a simple and rapid UHPLC-MS/MS method for the quantification of hydroxychloroquine in plasma and blood
samples in the emergency context of SARS-CoV-2 pandemic. Ther. Drug Monit. 2020, 43, 570-576. [CrossRef] [PubMed]
Mahévas, M,; Tran, V.-T.; Roumier, M.; Chabrol, A.; Paule, R.; Guillaud, C.; Fois, E.; Lepeule, R.; Szwebel, T.-A.; Lescure, F.-X; et al.
Clinical efficacy of hydroxychloroquine in patients with COVID-19 pneumonia who require oxygen: Observational comparative
study using routine care data. Br. Med. |. 2020, 14, 1844. [CrossRef]


https://sfptfr.org/images/documents/STP/Recommandations_STP_ANRS_AC43_Pharmacologie_v2_26_03_20.pdf
https://sfptfr.org/images/documents/STP/Recommandations_STP_ANRS_AC43_Pharmacologie_v2_26_03_20.pdf
http://doi.org/10.1097/BOR.0000000000000500
http://doi.org/10.1093/ndt/gfx318
http://doi.org/10.1093/cid/ciaa237
http://www.ncbi.nlm.nih.gov/pubmed/32150618
http://doi.org/10.1016/j.therap.2020.05.010
http://www.ncbi.nlm.nih.gov/pubmed/32473812
http://doi.org/10.1097/00007691-200312000-00005
http://www.ncbi.nlm.nih.gov/pubmed/14639053
http://doi.org/10.1097/FTD.0000000000000261
http://doi.org/10.1007/s40744-015-0012-0
http://doi.org/10.1016/j.tmaid.2020.101791
http://doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/32167524
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1093/jac/dkaa191
http://doi.org/10.1016/j.xphs.2018.02.015
http://doi.org/10.1007/s13318-020-00648-y
http://www.ncbi.nlm.nih.gov/pubmed/32968954
http://doi.org/10.1080/10428194.2017.1300897
http://www.ncbi.nlm.nih.gov/pubmed/28306482
http://doi.org/10.1111/fcp.12422
http://www.ncbi.nlm.nih.gov/pubmed/30306637
http://doi.org/10.1128/AAC.01177-20
http://doi.org/10.1093/ndt/gfaa191
http://www.ncbi.nlm.nih.gov/pubmed/32844224
http://doi.org/10.1097/FTD.0000000000000836
http://www.ncbi.nlm.nih.gov/pubmed/33165216
http://doi.org/10.1136/bmj.m1844

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

