




















O
(1)
——
U2)
(0)
o
——
o
g
\9)
2]
>
(=
=

Chemotherapy

Chemotherapy

456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mueck W, Kubitza D, Becka M. 2013. Co-administration of rivaroxaban with drugs
that share its elimination pathways: pharmacokinetic effects in healthy subjects.
Br ] Clin Pharmacol 76(3): 455-66.

Stader F, Khoo S, Stoeckle M, Back D, Hirsch HH, Battegay M, Marzolini C. 2020.
Stopping lopinavir/ritonavir in COVID-19 patients: duration of the drug
interaction effect. ] Antmicrob Chemother [epub ahead of print] doi:
10.1093/jac/dkaa253.

Zhang L, Lin D, Sun X, Curth U, Drosten C, Sauerhering L, Becker S, Rox K,
Hilgenfeld R.. 2020. Crystal structure of SARS-CoV-2 main protease provides a
basis for design of improved a-ketoamide inhibitors. Science 368(6489): 409-12.
Sheahan TP, Sims AC, Leist SR, Schafer A, Won ], Brown A], Montgomery SA, Hogg
A, Babusis D, Clarke MO, Spahn JE, Bauer L, Sellers S, Porter D, Feng JY, Cihlar T,
Jordan R, Denison MR, Baric RS. 2020. Comparative therapeutic efficacy of
remdesivir and combination lopinavir, ritonavir, and interferon beta against
MERS-CoV. Nat Commun 11(1): 222.

Choy KT, Wong AY, Kaewpreedee P, Sia SF, Chen D, Hui KPY, Chu DKW, Chan
MCW, Cheung PP, Huang X, Peiris M, Yen HL. 2020. Remdesivir, lopinavir,
emetine, and homoharringtonine inhibit SARS-CoV-2 replication in vitro.
Antiviral Res 178: 104786.

Fan ], Zhang X, Liu ], Yang Y, Zheng N, Liu Q, Bergman K, Reynolds K, Huang SM,
Zhu H, Wang Y. 2020. Connecting hydroxychloroquine in vitro antiviral activity to
in vivo concentration for prediction of antiviral effect: a critical step in treating
COVID-19 patients. Clin Infect Dis [epub ahead of print] doi:10.1093/cid/ciaa623.
Dumond ]B, Rigdon ], Mollan K, Tierney C, Kashuba AD, Aweeka F, Collier AC.
2015. Brief Report: Significant Decreases in Both Total and Unbound Lopinavir
and Amprenavir Exposures During Coadministration: ACTG Protocol
A5143/A5147s Results. ] Acquir Immune Defic Syndr 70(5): 510-4.

Atzori C, Villani P, Regazzi M, Maruzzi M, Cargnel A. 2003. Detection of
intrapulmonary concentration of lopinavir in an HIV-infected patient. AIDS
17(11): 1710-1.

Ford N, Vitoria M, Rangaraj A, Norris SL, Calmy A, Doherty M. 2020. Systematic
review of the efficacy and safety of antiretroviral drugs against SARS, MERS or
COVID-19: initial assessment. | Int AIDS Soc 23(4): e25489.

Cao B, Wang Y, Wen D, Liu W, Wang ], Fan G, Ruan L, Song B, Cai Y, Wei M, Li X, Xia
], Chen N, Xiang ], Yu T, Bai T, Xie X, Zhang L, Li C, Yuan Y, Chen H, Li H, Huang H,
Tu S, Gong F, Liu Y, Wei Y, Dong C, Zhou F, Gu X, Xu ], Liu Z, Zhang Y, Li H, Shang L,
Wang K, Li K, Zhou X, Dong X, Qu Z, Lu S, Hu X, Ruan S, Luo S, Wu ], Peng L, Cheng
F, Pan L, Zou ], Jia C, et al. 2020. A Trial of Lopinavir-Ritonavir in Adults
Hospitalized with Severe Covid-19. N Engl ] Med 382(19): 1787-99.
Martin-Blondel G, Ruiz S, Murris M, Faguer S, Duhalde V, Eyvrard F, Izopet ],
Mansuy JM, Rolland Y, Delavigne K, Guimbaud R, Pugnet G, Conil JM, Georges B,
Delobel P, Minville V, Silva Sifontes S, Concordet D, Gandia P. 2020.
Hydroxychloroquine in COVID-19 patients: what still needs to be known about
the kinetics. Clin Infect Dis [epub ahead of print] doi:10.1093 /cid/ciaa558.

Morita S, Takahashi T, Yoshida Y, Yokota N. 2016. Population Pharmacokinetics of
Hydroxychloroquine in Japanese Patients With Cutaneous or Systemic Lupus
Erythematosus. Ther Drug Monit 38(2): 259-67.

Geleris ], Sun Y, Platt ], Zucker ], Baldwin M, Hripcsak G, Labella A, Manson D,
Kubin C, Barr RG, Sobieszczyk ME, Schluger NW. 2020. Observational Study of

18

1sanb Aq 020z ‘TZ 1290100 uo /610 wse oee//:dny woly papeojumoq



(1)

=

6

O]

(1)

o=
%)

o
1 505 Hydroxychloroquine in Hospitalized Patients with Covid-19. N Engl ] Med 382
(OF 506 (25): 2411-18.

S 507 41. Boulware DR, Pullen MF, Bangdiwala AS, Pastick KA, Lofgren SM, Okafor EC,
%) 508 Skipper CP, Nascene AA, Nicol MR, Abassi M, Engen NW, Cheng MP, LaBar D,
2 509 Lother SA, MacKenzie L], Drobot G, Marten N, Zarychanski R, Kelly LE, Schwartz
(@] 510 IS, McDonald EG, Rajasingham R, Lee TC, Hullsiek KH. 2020. A Randomized Trial

E 511 of Hydroxychloroquine as Postexposure Prophylaxis for Covid-19. N Engl ] Med

—o) 512 [epub ahead of print] doi:10.1056/NEJM0a2016638.

o 513 42.  Papanicolaou DA. 2000. Interleukin-6: The Endocrine Cytokine. The Journal of
% 514 Clinical Endocrinology & Metabolism 85(3): 1331-3.

O 515
<(
516

O

<2

.0 o

§

o <

E"”

c

<
19

P
o
O
_
Q
=
[e]
£
Q
EC
O

Anfimicrobial A

158n6 Aq 0202z ‘T2 41800190 uo /Bio wse oee//:d)y WoJlj papeojumoq


http://aac.asm.org/

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

517

518

Table 1. Demographic, clinical and laboratory characteristics of the study population on

the day of LPV plasma concentration measurement.

Parameters All patients No ICU ICU
(N=92) (N =65) (N=27)
Male sex, n (%) 65 (71) 44 (68) 21 (78)
Age, years, median (range) 59 (24-85) 59 (24-85) 60 (32-85)
Weight, kg (IQR) (n = 83) 84 (70-94) 81 (70-92) 90 (84-100)
Time from symptom onset to 7 (4-10) 7 (4-9) 8 (5-11)
hospitalization, day
Time from symptom onset to LPV/r | 8 (5-10) 8 (5-10) 8 (6-11)
+ HCQ treatment, day
Time from hospitalization to LPV/r | 0 (0-1) 1(0-1) 0 (0-1)
+ HCQ treatment, day
Albumin, g/L (n = 84) 28 (24-31) 29 (26-32) 24 (21-28)
Hemoglobin, g/L (n = 90) 130 (116- 132 (120- 121 (111-
142) 146) 133)
Leukocytes, 10%/L (n =91) 5.3 (4.3-7.2) 5.3 (4.3-7.2) 5.4 (4.2-7.6)
Thrombocytes, 10%/L (n = 86) 238 (184- 238 (185- 238 (186-
312) 321) 278)
ASAT,U/L (n=90) 43 (28-57) 36 (26-54) 51 (43-69)
ALAT, U/L (n =90) 37 (23-52) 37 (21-53) 37 (30-48)
Alkaline phosphatase, IU/L (n=87) | 61 (48-74) 62 (49-74) 57 (44-76)
GGT, U/L (n=87) 55 (34-94) 54 (32-92) 63 (38-121)
Bilirubin, pmol/L (n = 87) 17 (12-22) 17 (13-22) 16 (11-21)
Pancreatic amylase, U/L (n = 83) 38 (29-55) 35 (27-48) 45 (36-108)
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eGFR, mL/min/1.73 m2 (n = 92) 81 (64-97) 81 (65-97) 84 (57-98)

Creatine kinase, U/L (n = 84) 106 (57-226) | 88 (54-154) 209 (78-547)

CRP, mg/L (n=92) 65 (36-113) 53 (28-102) 89 (57-139)

Systolic blood pressure, mmHg (n= | 112 (99-121) | 114 (105- 93 (84-118)

91) 124)

Pulse, beats/min (n = 91) 66 (60-73) 67 (61-73) 62 (55-69)

Body temperature, Celsius (n=76) | 36.8 (36.5- 36.8 (36.5- 37.1 (36.5-
37.1) 37.0) 37.5)

Pulse oximetry, % (n=91) 92 (90-94) 92 (90-94) 90 (87-92)

Variables are median and interquartile range (IQR) unless stated otherwise. Laboratory

values were not available for all patients. The number of patients with measurements is

indicated for each separate laboratory parameter.

ASAT = aspartate aminotransferase, ALAT = alanine aminotransferase, CRP = C-reactive

protein, eGFR = estimated glomerular filtration (using CKD-EPI formula), GGT = gamma-

glutamyl transferase, HCQ = hydroxychloroquine, ICU = intensive care unit, LPV/r =

lopinavir/ritonavir.
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526 Figure 1. Lopinavir (n = 92) and hydroxychloroquine (n = 59) plasma

527 concentrations in COVID-19 patients
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531 median Hydroxychloroquine plasma concentration was 171 (IQR, 128-207) ng/mL. The
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532  dashed line represents the historical lopinavir trough level observed in HIV-infected
533  individuals treated with lopinavir/ritonavir 400/100 mg twice daily (i.e., 7.1 pg/mL)
534  (15).

535
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536  Figure 2. Box plots (showing the 5th, 25th, 50th 75th and 95th percentiles) of lopinavir
537  trough concentrations by CRP values in all patients and by age group (A) and box plots
538  of hydroxychloroquine concentrations by CRP values for COVID-19 patients with trough

539 levels (B).
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544  CRP = C-reactive protein. The dashed line represents the historical lopinavir trough level
545  observed in HIV-infected individuals treated with lopinavir/ritonavir 400/100 mg twice

546  daily (i.e., 7.1 ug/mL) (15).
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547  Figure 3. Box plots (showing the 5th, 25th 50th 75th and 95th percentiles) of lopinavir

548  plasma trough concentrations in COVID-19 patients by administration of tocilizumab.
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550 The left bar includes LPV plasma levels from COVID-19 patients with no TCZ B
=2
551  administration (n = 57) or TCZ administration < 12 hours prior to LPV measurement (n Z
c
552 = 19), (median 28.8 pg/mL). The right bar represents LPV samples from COVID-19 2

553  patients with TCZ administration > 12 hours prior to LPV measurement (median 18.7
554  pg/mL).
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