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Abstract
Objective To develop a population pharmacokinetic model for lopinavir boosted by ritonavir in coronavirus disease 2019
(Covid-19) patients.
Methods Concentrations of lopinavir/ritonavir were assayed by an accredited LC-MS/MS method. The population pharmaco-
kinetics of lopinavir was described using non-linear mixed-effects modeling (NONMEM version 7.4). After determination of the
base model that better described the data set, the influence of covariates (age, body weight, height, body mass index (BMI),
gender, creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), C reactive protein (CRP), and trough
ritonavir concentrations) was tested on the model.
Results From 13 hospitalized patients (4 females, 9 males, age = 64 ± 16 years), 70 lopinavir/ritonavir plasma concentrations
were available for analysis. The data were best described by a one-compartment model with a first-order input (KA). Among the
covariates tested on the PK parameters, only the ritonavir trough concentrations had a significant effect on CL/F and improved
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the fit. Model-based simulations with the final parameter estimates under a regimen lopinavir/ritonavir 400/100 mg b.i.d. showed
a high variability with median concentration between 20 and 30 mg/L (Cmin/Cmax) and the 90% prediction intervals within the
range 1–100 mg/L.
Conclusion According to the estimated 50% effective concentration of lopinavir against SARS-CoV-2 virus in Vero E6 cells
(16.7 mg/L), our model showed that at steady state, a dose of 400 mg b.i.d. led to 40% of patients below the minimum effective
concentration while a dose of 1200 mg b.i.d. will reduce this proportion to 22%.

Keywords Lopinavir . Pharmacokinetics . Covid-19

Introduction

The pandemic of coronavirus disease 2019 (Covid-19) caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) needs to identify effective drugs for treatment.
Until now, no proven effective therapies for this virus has been
highlighted. Remdesivir, a nucleoside analog, has shown effect
on coronavirus in vitro [1, 2] but it is not still European
Medicine Agency approved, even if it has been recently ap-
proved by US Food and Drug Administration. It is still current-
ly being tested in ongoing randomized trials. So, it can be
obtained only for a compassionate use at least in Europe [3].
Hydroxychloroquine has been proposed, in association or not
with azithromycin, to treat Covid-19 patients, sometimes with
success [4] and others with failure [5]. The association of
lopinavir and ritonavir has been developed in order to treat
human immunodeficiency virus (HIV), and it has been shown
to have an excellent diffusion including in cerebrospinal fluid
[6]. Lopinavir presented antiviral effect against SARS-CoV-2
virus in Vero E6 cells with a minimal effective concentration
(MEC) at 26.63 μM (molecular weight = 628.8 g/mol, corre-
sponding to 16.7 mg/L) in vitro [2]. Both drugs interacted well
with the residues at the active site of the SARS-CoV-2 prote-
ase, and this interaction seemed to play an important role in the
drug binding on the virus and the global effect of the drugs on
the virus [7]. Although ritonavir is a protease inhibitor like
lopinavir, it is used at low dose associated with lopinavir in
order to inhibit cytochrome P450 3A4 (CYP3A4) isoenzyme
which is responsible for the metabolism of lopinavir, leading to
markedly increased plasma lopinavir concentrations [8, 9]. A
ritonavir plasma concentration of 0.06 mg/L has been associ-
ated with a 50%maximum inhibition of the lopinavir clearance
at the standard 400 mg lopinavir-100 mg ritonavir (LPV/r)
twice-daily dose in healthy subjects [10] and 0.36 mg/L in
HIV-infected patients [11]. A few clinical studies have been
conducted in Covid-19 using the association LPV/r. Some pre-
cedent studies have shown positive results in severe acute re-
spiratory syndrome with SARS-CoV-1 [12, 13]. However, a
randomized, controlled, open-label trial was conducted in 199
adult patients hospitalized for severe and confirmed Covid-19
by Cao et al., showing no benefit with LPV/r treatment beyond
standard care [14], leading many clinicians to abandon the use
of this treatment. However, this study has been contested by

many authors, for two main reasons: study statistically under-
powered to demonstrate the chosen primary endpoint (time to
clinical improvement) [15–17] and amedian interval of 13 days
between symptom onset and drug administration, which ap-
peared to be too late since antiviral drugs were most effective
when they were administered early in the infection [18,19]. In
addition, in this study, no data on lopinavir exposure were
available. These points of view led Cao et al. to reconsider their
main conclusion and to declare that the association LPV/r could
still be a potential therapeutic agent against Covid-19 [20].
However, one point could be critical and was not still studied:
the variability in the pharmacokinetics (PK) of LPV/r in Covid-
19 patients. Indeed, a study has shown that body weight was
the only demographic factor that could be related to lopinavir
exposure in HIV patient, leading clinicians to be aware for an
increased risk of suboptimal antiviral efficacy in patients with
high body weight [21]. Since a relationship seems to exist
between critically ill Covid-19 patients and obesity [22,23], it
will be important to determine the PK parameters of lopinavir
in this population. So, the aim of this study was to evaluate the
population PK of lopinavir in Covid-19 patients.

Methods

Patients

All procedures performed in this study involving human par-
ticipants were in accordance with the ethical standards of the
institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or com-
parable ethical standards. All patients were included in the
RHU (Hospital-University Research in health) RECORDS
program on sepsis (from ANR, French National Agency of
Research) and gave their informed consent to participate to
this program. All adults admitted to the intensive care unit
(ICU) or in the medicine wards for a COVID-19 infection
confirmed by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) reverse transcriptase-
polymerase chain reaction (RT-PCR) and/or a compatible pul-
monary computerized tomography-scan and treated with
LPV/r (Kaletra®) with at least one sampling available (1 to
7/patient) for measurement of plasma concentrations of both
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compounds were retrospectively included in this study. All
patients received 400 mg/100 mg of LPV/r twice daily.

LPV/r measurement

Sampling of blood for measurement of LPV/r was carried out
at the start of treatment for 2 patients (no. 5 and 11). In all
patients except one (no. 13, sampled 5 h after administration),
the first sampling corresponded to a trough concentration, and
if possible, sampling was carried out 2 h, 4 h, 6 h, 8 h, 10 h,
and 12 h after drug administration. Blood was collected in
sample tube containing EDTA as anticoagulant. After centri-
fugation and decantation, plasma samples were kept frozen at
− 20 °C until analysis, which occurred in the next week.
Plasma concentrations of lopinavir and ritonavir were quanti-
fied using a validated and accredited (COFRAC, Comité
Français d’Accréditation) turbulent-flow liquid chromatogra-
phy mass spectrometry method. Briefly, 50 μL of sample,
calibrator, or quality control was treated with 75 μL of meth-
anol (precipitation reagent) containing internal standard
(lopinavir-D8). Samples were immediately vortexed, stored
15 min at 4 °C, and centrifuged at 14,000g for 15 min. The
supernatant was injected into the chromatographic system,
consisting on a Turboflow® on-line extraction system using
a cyclone column (50 × 0.5 mm, 50 μm particles), a CTC auto
sampler, and a triple quadruple mass spectrometer TSQ
QUANTUMAccessMAX equippedwith an electrospray ion-
ization interface. The analytical HPLC column was a Hypersil
GOLD (50 × 3 mm× 3 μm) column. Data analysis was per-
formed using an LCQuan™ 2.7 software package (all Thermo
Fisher Scientific®, Les Ulis, France).

Population pharmacokinetic analysis

The population PK analysis of lopinavir plasma concentra-
tions was performed using the software non-linear mixed-ef-
fects modeling version 7.4 (NONMEM Icon Development
Solutions, Ellicott City, MD). The usual first-order condition-
al estimation (FOCE) method with the interaction option was
used throughout. Data management, statistical analysis, and
graphical outputs were realized with R version 3.6.1. [24].

For the structural model, the NONMEM analysis subrou-
tines ADVAN2 and ADVAN 4 were used to test for one- and
two-compartment models with an oral dosing compartment. To
describe the oral absorption phase, zero-order and first-order
absorption models were tested in addition to a lag-time. Inter-
subject variability of the different PK parameters was estimated
with a proportional error model. Several error models (additive,
proportional, or both) were investigated to describe residual
variability. The performance of the model was judged by both
statistical and graphic methods [25,26]. The minimal value of
the objective function (OFV) as calculated by NONMEM was
also used to assess the goodness-of-fit. An increase in

goodness-of-fit is accompanied by a decrease in objective func-
tion, and this decrease is asymptotically distributed as a chi-
square distribution. Furthermore, relative standard errors (RSE)
were calculated by use of the COVARIANCE option of
NONMEM. For graphic model diagnostics, the following
graphs were compared (“goodness-of-fit plots” or “diagnostic
plots”): observed concentrations (depending variable, DV) vs.
predictions and normalized predictive distribution error
(NPDE) vs. predictions or TIME [25,26].

This first analysis was performed to define the base model
that better described the data set. Once this has been realized,
the influence of each covariate was tested on the model. These
covariates were age, body weight, height, body mass index
(BMI), gender, creatinine, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), C reactive protein (CRP),
and trough ritonavir concentrations. The potential influence
of the covariates was tested using linear or non-linear function
as appropriate. The continuous variables were centered on
their median value and categorical variables were coded as 0
or 1. The effect of ritonavir trough concentrations on lopinavir
clearance was further tested with the following equation:

CL=F ¼ CL0=F*inhibition
inhibition ¼ 1– Imax*CresRTV= IC50 þ CresRTVð Þ½ � ð1Þ

where CL/F is the lopinavir clearance, CL0/F the lopinavir
clearance in the absence of ritonavir, Imax the maximum in-
hibitory effect of ritonavir on CL/F; CresRTV the trough con-
centration of ritonavir (mg/mL), and IC50 the ritonavir con-
centration producing half of the Imax.

The diagnostic plots described above, the change in objective
function, and the change in parameter variability were noted to
select the covariates which improved the model prediction. A
decrease in the objective function value (OFV) of at least 3.84
(chi-squared distribution with one degree of freedom for
P < 0.05) relative to the base PK model was required for the
addition of a single parameter in the model. All selected covar-
iates were included in a so-called full model. Then a backward
elimination procedure was performed in which each covariate
was removed in turn from the full model and the difference in
OFV between the full and each reduced model was examined.
An increase in OFV greater than 6.63 (P < 0.01, 1 degree of
freedom) was required to retain the covariate in the final model.

The graphical evaluation described above as diagnostic plots
were performed for all models as well as for the final model. The
precision of the parameter estimates was expressed as relative
standard error (RSE, %) and confidence intervals (CI). The RSE
were directly computed by NONMEM, and a value < 30% for
fixed effects and < 50% for random effects were considered
acceptable. A bootstrap method was used to verify the robust-
ness of standard approximations for parameter uncertainty. The
percentile bootstrap confidence intervals were constructed by
taking the lower 2.5% and the upper 97.5% value of each
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parameter. To perform a prediction-corrected visual predictive
check (pcVPC), the final model, the corresponding parameter
values (including inter-individual variability and residual vari-
ability), and the original dataset were used to simulate 500 rep-
licates, using the SIMULATION, SUBPROBLEM feature in
NONMEM (Monte Carlo simulation).

Simulations of 500 individuals based on the final model
with between subject variability were conducted to describe
the expected time course of lopinavir concentrations during
the whole treatment. Another set of simulations was per-
formed to explore new dosing options. Using the final model
with the corresponding estimated parameters, Monte Carlo
simulation (n = 500) predicted the doses reaching the MEC
at steady state and the proportion of patients below this thresh-
old. An empirical cumulative distribution function was com-
puted using the R software [24].

Results

Thirteen patients were included: 4 females and 9 males, age =
64 ± 16 years, bodyweight = 85 ± 15 kg, and bodymass index

(BMI) = 27.9 ± 5.4 kg/m2. Demographic and clinical charac-
teristics of these patients are detailed in Table 1.

The data of plasma lopinavir concentrations obtained in the
thirteen patients according to the day of treatment and their
evolution in terms of survival are shown in Fig. 1. The trough
ritonavir concentrations were in the range < 0.02–1.5 mg/L.
Different structural PK models were tested, one compartment
and two compartments, and the lopinavir concentrations were
best described by a one-compartment model with a first-order
input (KA), a central volume of distribution (V/F), and a clear-
ance (CL/F). However, the first-order absorption rate constant
(KA) was not estimable appropriately, and the relative stan-
dard error (RSE) was higher than 50%. It was then decided to
fix the KA to a constant value. Several values of KA were
tested to evaluate the model sensitivity. A value close to a
previous published KA value obtained in healthy volunteers
[10] allowed the better estimation of other parameters and was
retained for the analysis. The addition of a lag time failed to
produce standard error estimates and was not included. The
inter-individual variability (IIV) was estimated on clearance
(CL/F) and on the volume of distribution (V/F). The residual
unexplained variability (RUV) was modeled as proportional
plus a fixed additive part. Among the covariates tested on the

Table 1 Demographic and clinical characteristics of the patients at baseline

1 2 3 4 5 6 7 8 9 10 11 12 13

Gender (M/F) F M F M M M M F F M M M M

Age (years) 72 69 42 42 55 62 50 82 55 88 73 92 52

Body weight (kg) 93 79 83 97 80 80 73 65 120 80 69 86 104

Hospitalization M M ICU ICU ICU ICU ICU ICU ICU ICU ICU ICU M

Height (cm) 164 190 162 182 182 187 180 160 174 182 165 177 178

Body mass index (BMI) 34.6 21.9 31.6 29.3 24.0 22.9 23.0 25.4 39.6 24.0 25.1 28.0 33.0

Diabetes (Y/N) N N N N N N Y5 N N N Y5 N N

History of high blood pressure Y N N Y N N N N N N N Y Y

SAPS II score at admission* – – 19 60 22 69 68 40 47 66 46 28 –

SOFA score at admission* – – 1 7 4 8 12 2 4 8 2 4 –

Delay between symptoms onset and L/R treatment (day) 9 6 10 7 7 7 6 5 7 14 6 7 7

Delay between L/R treatment onset and sampling (day) 2 3 3 3 0 3 5 6 1 1 0 5 2

Delay between sampling and death (day) A A A A 28 A A 6 11 35 7 2 10

Creatinine1 (μmol/L) 81 73 106 106 111 202 124 117 108 478 209 330 101

Alanine1 aminotransferase (ALAT, U/L) 37 41 69 205 103 201 157 86 290 297 50 252 133

Aspartate1 aminotransferase (ASAT, U/L) 81 31 50 59 57 101 66 66 119 535 124 239 97

C reactive protein1 (CRP, U/L) 174 114 342 294 113 218 903 192 258 100 170 2114 131

Simplified Acute Physiology Score (SAPS) II (measure the severity of disease) and Sequential Organ Failure Assessment (SOFA score). L/R, lopinavir/
ritonavir; M, medicine unit; ICU, intensive care unit; A, alive

*Only for ICU patients
1 At the moment of the sampling
2Only available 2 days after sampling
3Only available 2 days after sampling
4Only available 5 days before sampling
5 Insulin-requiring diabetes mellitus
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PK parameters, only the ritonavir trough concentrations had a
significant effect on CL/F and improved the fit. The best mod-
el was a direct relationship between ritonavir trough concen-
trations and CL/F with a maximal inhibitory effect (Eq. 1).
Owing to identifiability problems (RSE > 50%), the theta
values for Imax and IC50 were fixed. After testing for different
values, the more precise estimation of other parameters was
found by using previous published values of Imax and IC50

[10]. The final population PK estimates of other parameters
were well described with a small relative standard errors
(RSE < 30%) and within the 95% confidence intervals con-
structed by the bootstrap. These results are presented in
Table 2 together with the shrinkage estimates for CL/F and
V/F. The diagnostic plots (supplemental Fig I) as well as the
pcVPC (Fig. 2) did not show a trend, indicating that the model
adequately describes the PK profile of lopinavir. Model-based
simulations were performed with the final parameter estimates
under a similar regimen, lopinavir 400 mg every 12 h (plus

ritonavir b.i.d.). The median concentrations and the 90% pre-
diction interval are presented with the MEC of lopinavir
against SARS-CoV-2 virus in Vero E6 cells (Fig. 3). An em-
pirical cumulative distribution function (ECDF) depicted the
percent of patients below theMEC according to doses ranging
from 400 to 1200 mg every 12 h (Fig. 4). The figure showed
that a dose of 400 mg b.i.d. at steady state led to 40% of
patients below the MEC while a dose of 1200 mg b.i.d. re-
duced this proportion to 22%.

Discussion

In this study, we were able to model the population PK of
lopinavir in 13 Covid-19 treated patients using 70 measure-
ments of plasma concentration of lopinavir in these patients.
Two main points appeared in the study: the high variability of
lopinavir concentrations observed in the Covid-19 patients

Table 2 Parameter estimates of the final lopinavir pharmacokinetic model in COVID-19 patients

PK parameters Unit Estimation RSE (%) Shr (%) Bootstrap
0.025 median 0.975

KA (fixed)a h−1 0.572 –
CL0/F L/h 4.88 22.1 17.4 0.15 3.93 18.7
V/F L 94.8 29.9 11.2 35.5 106 1325
IC50 (fixed)

a mg/L 0.057 –
Imax (fixed)a 0.929 –
Inter-individual variability (ω)
CL 2.881 35.4 13.4 0.30 2.57 40.4
V 0.801 19.9 20.0 0.003 0.98 2.97
Residual unexplained variability (σ)
Proportional 0.186 25.4 0.09 0.178 0.294
Additive (fixed) mg/L 0.071 –

KA, first-order absorption rate constant; CL0/F, apparent clearance without ritonavir; V/F, apparent volume of distribution; IC50, ritonavir concentration
associated with half the maximal inhibition of the lopinavir CL/F; CresRTV, trough ritonavir concentration (mg/L); Imax, maximum inhibitory effect of
ritonavir on the lopinavir CL/F; RSE, relative standard error; Shr, shrinkage
a Ref (10)

CL/F = CL0/F × [1 – (Imax × CresRTV)/(IC50 + CresRTV)]

1
2

3

4

5

6

7

8

9

10

11

12

13

Fig. 1 Concentration versus time
curves of lopinavir over 12 h
following 400 mg b.i.d. in
COVID-19 patients
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and the median concentrations obtained at steady state which
appeared to be near the estimated 50% effective values of
lopinavir concentration against SARS-CoV-2 virus in vitro
in Vero E6 cells [2].

The limited sample size (13 patients only) and the sparse
sampling in some of them did not allow to estimate all the PK
parameters, which was a limitation of our study. However, we
decided to fix the KA and the theta values for Imax and IC50

according to previous published PK values in healthy subjects
[10], and we controlled to allow a more precise estimation of
other parameters by testing different values.

Despite this limitation, a population PK model for
lopinavir/ritonavir used in Covid-19 patients was developed
giving an adequate description of the PK of lopinavir. A rela-
tionship between the apparent clearance CL/F of lopinavir and
the exposure to ritonavir was found, as previously shown in
healthy volunteers [10] and in human immunodeficiency virus
(HIV) type-1 infected patients [27], in relation with the inhib-
itory effect of ritonavir on CYP3A4 activity. It has been
shown that this inhibitory effect on the metabolism of
lopinavir by ritonavir was obtained with very low concentra-
tion of ritonavir, with IC50 values of 0.05mg/L on human liver

microsomes [28] and 50% of lopinavir CL/F inhibition with
ritonavir plasma concentration of 0.06 mg/L in healthy volun-
teers [10] or 0.36 mg/L in HIV-1 patients [11]. Only 13 sam-
ples among the 70 samples collected in the study had concen-
trations below this cut-off, where 7 of those samples were
from the same patient (no. 11) with all values < 0.02 mg/L
(with lopinavir concentrations also very low, all < 0.07 mg/L).
CL/F of lopinavir without ritonavir in Covid-19 patients
(4.88 L/h) appeared to be lower than those obtained in healthy
volunteers which was found at 21.6 L/h [10] and 14.8 L/h in
HIV-patients [9]. This lower CL/F is probably due to the char-
acteristics of our patients since 10 of our 13 patients were in
ICU, intubated, and ventilated. Lopinavir (and ritonavir) are
metabolized by CYP3A4. Infection and inflammation are as-
sociated with downregulation of these cytochrome [29], and
lopinavir concentrations are modified by the blood CRP levels
[30]. Our patients were infected by severe acute respiratory
syndrome coronavirus 2, and all of them presented high level
of inflammation. At the moment of sampling for lopinavir/
ritonavir plasma concentrations, all had CRP levels higher
than 100 mg/L except patient no. 3 and 7 where CRP was
available only 2 days after sampling (with level at 34 mg/L

Fig. 2 Prediction-corrected visual
predictive check of the final
model of lopinavir. Open circles
represent prediction-corrected
observed concentrations; black
solid line and dashed lines repre-
sent the median and the 90% pre-
dicted interval (90%PI) of the
observed data; shaded area repre-
sent the model-predicted 95%
confidence interval of the simu-
lated median and 90%PI

Fig. 3 Concentration versus time
of lopinavir simulations over
10 days following 400 mg bid in
covid-19 patients. Under the fig-
ure: The continuous line repre-
sents the median lopinavir con-
centration and the shaded area the
90% prediction interval deter-
mined by 500 simulations (5th/
95th). The horizontal dashed line
is the estimated minimal effective
concentration (MEC) of lopinavir
(16.7 mg/L) against SARS-CoV-
2 virus in Vero E6 cells [2]
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and 90 mg/L, normal value < 5 mg/L), which could then ex-
plain the decrease in apparent clearance observed in our pa-
tients. Moreover, ten patients among the 13 had renal failure,
with creatinine > 104 μmol/L and until 478 μmol/L (normal
range of the laboratory = 59–104 μmol/L) which could de-
crease the renal elimination of the compounds, even if the
excretion of unchanged lopinavir in urine is low. V/F was
found at 94.8 L in our patients, which is higher than the values
observed in healthy subjects (55.3 L) [10] or in HIV-infected
patients (61.6 L) [27]. This difference could be also due to the
characteristics of our patients since 8 were in overweight
(BMI > 25), and 4 were obese (BMI > 30). The effect of
weight on lopinavir concentrations has already been reported
by Stohr et al. [31]. The absorption rate constant was fixed in
our study at 0.572 h−1, since values found in other studies in
HIV-1 infected patients (0.564 h−1) [27] or healthy subjects
(0.57 h−1) [10] were similar. However, 10 of our patients were
in ICU and tablets were administered by nasogastric tube after
crushing them, which could have modified this absorption
rate.

The concentrations measured in the patients showed very
large variation, with 45 mg/L in one patient (patient no. 9)
after 1 day of treatment to 0.7 mg/L (no. 7) after 5 days or
0.9 mg/L (no. 4) after 3 days. This variation could be due in
part to a poor intestinal absorption of lopinavir in some pa-
tients (patient no. 11 for example) and to the decrease clear-
ance in some others. The high variation of concentrations did
not seem to be correlated with survival (Fig. 1), since 2 pa-
tients with very high lopinavir concentrations died 6 and
11 days after sampling (patient no. 8 and 9, respectively),
and 2 patients with very low concentrations stayed alive and
have recovered from their illness (patient no. 4 and 7). The
median plasma lopinavir concentrations predicted with our
model at steady state was between 20 and 30 mg/L, with large
90% prediction interval between 1 and 100 mg/L (Fig. 3).
Median (range) trough concentrations in the same dosage
scheme than our patients were found in Covid-19 patients at
18 mg/L (11.4 to 30.8 mg/L) by other authors, showing also a
high variation of concentrations [32]. This median plasma

lopinavir concentration observed in Covid-19 patients is high
compared to that usually observed in HIV-1 infected patients,
around 5 to 6 mg/L at the same dosage regimen (400/100 mg
b.i.d) [33], probably related to the decrease apparent clearance
highlighted in our model. However, the median concentra-
tions obtained appeared to be near the estimated MEC of
lopinavir against SARS-CoV-2 virus in vitro in Vero E6 cells
(16.7 mg/L) [2]. That means that near 50% of the patients did
not achieve enough plasma concentration in order to fight the
virus. Moreover, the concentration of lopinavir has been
shown to be around 1.7 higher in epithelial lining fluid than
in plasma in one patient, which means that probably concen-
trations obtained in lung in our patient should be at least for
half of the patients under the active concentration on SARS-
CoV-2 virus [34]. Using our model, we evaluated that a dose
of 1200 mg b.i.d. will reduce this proportion to 22%. A prob-
ably good strategy could be to have a 400/100 mg as a starting
dose, to use therapeutic drug monitoring after collecting a
trough plasmatic concentration rapidly (around 3 days after
first administration according Fig. 3) and, if below the targeted
effective concentration, to increase until 1200/400 mg b.i.d.
which will decrease the number of patient below the effective
concentration. However, side effects at such a dose remain to
be assessed.

In conclusion, our model-based simulations in Covid-19
patients with the final parameter estimates under a regimen
lopinavir/ritonavir 400/100 mg b.i.d. showed a high variabil-
ity with median concentration between 20 and 30 mg/L (Cmin/
Cmax) and the 90% prediction interval = 1–100 mg/L.
According to the estimated MEC of lopinavir against SARS-
CoV-2 virus in Vero E6 cells (16.7 mg/L), near 50% of pa-
tients did not reach enough concentration in plasma and lung
with a classical regimen lopinavir/ritonavir 400/100 mg b.i.d.
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