Analyzing US FDA-Approved Infectious Disease Drugs from 2015-2023

Rizamari May Pascua: Tracy Pham, and Dianqing Sun
Department of Pharmaceutical Sciences, The Daniel K. Inouye College of Pharmacy, University of Hawaii at Hilo, Hilo, HI.

1 i i Table 1. Key attributes, physicochemical properties and PK parameters (Lexicomp, 2023) of FDA approved infectious disease agents from 2015-2023
Introduction, Objectives, and Methods ‘ y - phy: prop: P ( P 2023) PP g
Introduction: In 2019, there are approximately 10.2 million hospital visits for infectious and parasitic disease in the Chemical class Mechanism of Action MW (g/mol)  logP HBA  HBD PSA(A) RoA  Tmax Protein binding ~ Metabolism Excretion (%) Developed and/or marketed Initial US
" . i d publi I ltya] () %) Urine Feces by Approva
US. Because of emerging multidrug resistance and public health threats, new drugs are urgently needed to combat  ndiviral ~ Technivie (Ombitasvir/ Antihepaciviral HCV NSSA inhibitor/HCV NS3/4A protease 0712712015
problematic bacterial, viral, fungal, and parasitic infections. The US Food and Drug Administration (FDA) approved Paritaprevir/Ritonavir) [DSC] inhibitor/CYP3A inhibitor
i 1 1 role in enhanc timal patient ing clinical out 4 broad treatment Daklinza (Daclatasvir) [DSC] Antiviral Agent Inhibits viral RNA replication & virion xx;cmh]y 07242015
Tugs play a crucial role in enhancing optimal patient care, improving clinical outcome, and broadening treatment Genvaya (Elvitegravir/ Antiretroviral (Anti-HIV) Integrase strand \mmfcr inhibitor, CYP3A e 447.9/7760/ 326/221/- 6/12/62/3/3/3 87/195/ PO 4/33/1[129/3.5/10/99/98/<4/~80 CYP3A (major), UGTIALB/ICYP3A  6.7/82/70/<1 94.8/86.2/ Gilead Sciences INC 11052015
options. Objectives: The objective of this study is to review all US FDA approved infectious disease (ID) agents from Cobicistat/Emtricitabine/ inhibitor + Tucleotde reverss wamseriptase 247214765 0277306 111 113 /153 0] (major), 2D6/not significantly metabolized 71317
2015-2023 and analyze their medicinal chemistry properti f action, pha inetic (PK) profiles, and AT bt comon g el (e
-2023 yze their medici chemistry properties, of action, T profiles, Epclusa (Sofosbuvir/Velpatasvir)  Antihepaciviral, NSSA  Inhibits HCV NSSA protein, wﬁbsbuwr inhibits NSSB 529.4/883.0  1.62/6.78  12/16 3/4 163/193 PO 0.5-1/3 [0.5/15] 61-65/>99.5 cathepsin A, CES1, HINT1/CYP2B6, 2C8, 80/ 0.4 14/94 Gilead Sciences INC 06/28/2016
clinical applications. Methods: This study utilized prescribing information and online open resource by the US FDA’s Inhibitor (Anti-HCV)  RNA-dependent RNA pol 4
Zepatier (Elbasvivirazoprevir)  Anthepaciviral, NSSA  Dirccacing anivial agent aganst hepatis Cvinus 882017669 698/393  16/15 413 189/204 PO 32[2431] 299.9/98.8 partial oxidative metabolism via CYP3A, <1 % Merck & Co., Inc 011282016
Center for Drug Evaluation and Research (CD!:R) Drug information resources such as Lexicomp and Sanford guide Inhibitor (Anti-HCV) metabolites not detected in plasma
were searched for the dosing, route of PK pe s, and indication of the infectious disease Vosevi Anti-HCV HCV NS5B RNA-dependent RNA polymerase 520.45/883.00/8 2.21/4.78/3.60 12/16/153/4/3 163/19320 PO 24/4[05/17/33]  61-65/>99/>99 prodrug o active form GS-461203 8000410 14094 Gilead Sciences 07/18/2017
& L (sofosbuvir/velpatasvir/voxilaprevir) inhibitor/NSSA inhibitor/NS3/4A protease inhibitor  68.93 4 (cathepsin A, CESI, HINTI)/CYP2B6, (77P)94
medications. Physicochemical properties and Lipinski’s Rule of 5 such as molecular weight, hydrogen bond donor, 2C8, 3A4/CYP3A4 (40P)
. » . . M I ir/pibi ir) Anti-HCV HCV NS3/4A protease inhibitor HCV NSSA protease  838.87/1113.18 L19/581 1518 3/4 204200 PO S/5[6/13] 9752999 secondary 1o CYP3A' 070 92.1966  AbbVie | 08/03/2017
hydrogen bond acceptor, logP were obtained from ChemSpider & Scifinder databases and subsequently analyzed to O STHEIREIGH ¢ inhibitor ORI B 516131 [P none ¢ Ine
evaluate the oral bioavailability of these infectious discase drugs and rationalize their routes of administration and Tpoxx (Tee Antiviral Agent inhibitor of orthopoxvirus VP37 envelope wrapping 37633 196 s 1 66 VPO IV:6[21] 7782 Hydrolysis, UGTIA, UGTIA4 M 3P Siga Technologies 07/132018
. . protein PO:6[19]
clinical applications. Xofluza (Baloxavir marl Antiviral Agent, polymerase acidic (PA) endonuclease inhibitor indicated 571.55 332 00 123 PO 4[79.] 9394 prodrug; completely converted to active 147, 3.3 (active) 801 Shionogi & Co., Ltd 102412018
Endonuclease Inhibitor  for treatment of acute uncomplicated influenza metabolite via UGT1A3 (major) &
R 1t CYP3A (minor)
esults Trogarzo (Ibalizumab) Anti-CD4 Monoclonal  Binds to domain of CD4 on surface of immune cells 150 dKa IV [27days] TaiMed Biologies 03/0612018
Antibody, Aniretroviral
Based on the data collected from 2015-2023, the US FDA h‘,& approved a total of 49 novel infectious disease agents Pifeltro (Doravirine) Antiretroviral, Non-  Inhibits HIV-1 reverse transcriptase enzyme 42575 301 8 1 98 PO 2[15] 76 CYP3IA 33 minor Merck & Co., Inc 08/3012018
. . s -HIV)
including antiviral, antibacterial, and lly, 21 antiviral agents were approved to Biktarvy (Bictegravir/ Antiretroviral (Anti-HIV) Integrase strand transfer inhibitor that prevents 4714/247251 126/ 041/8/6/112/3/3  99/113/ PO 24/1520/0520 >99/<4/80 CYP3A, UGT1ALnone/hydrolysis via  35/70/<1% 60.3/13.7/31.7Gilead Seiences 02/072018
address a wide spectrum of viral conditions including 7 for human immunodeficiency virus (HIV), 6 for hepatitis C ML replication of HIV-1 virus 5345 220 146 [17.3/104/051) cathepsin A, then phosphorylation
jafenamide)
virus (HCV), 2 for SARS-CoV-2, 2 for Ebola virus, 1 for respiratory syncytial virus (RSV), 1 for influenza virus, 1 for Veklury (Remdesivir) ERAIAE SARS-CoV-2 RNA-dependent RNA polymerase (RARp) 602.57 210 s 213 % 88936 hiepatically, prizacily by carboxylesteraze 110 NotdetectedGilead Sciences 10222020
. o Inhibitor
cytomegalovirus (CMV), and 1 for smallpox virus. Additionally, 18 new antibacterial agents apprmed include 2 new Rukobia (Fostemsavir) Antiretroviral (Anti-HIV) Prodrug of Temsavir, a small molecule HIV-1 attachment583.49 0.6 152 192 PO 2[11] 884 Hydrolysis (esterases), oxidation 51(<2p) 33(11P) ViV Healthcare 07/02/2020
chemotypes (cephalosporin-siderophore conjugate antibiotic and anti-tub losis agent nitroi i 1 inhibitor (CYP3A4), UGT
dazole, 2 fl ) | tifa 3 . 1 lin. 1 ami 5 Ebanga (Ansuvimab) Antiviral Agent, bt st v Ridgeback Biotherapeutics 12/21/2020
nitroimidazole, 2 fluoroquinolones, 1 rifamycin, 3 aminoglycoside, Mool Anbody(EBOV) gt | G i
therapy (e.g.. beta-lactam/beta-lactamase ~ inhibitor), along with 2 biologic monoclonal antibodies (mAbs). pepaze) mmnm ab/ Antiviral Agent, 5 roosmbinant W THG1I monoclos issdes ] 4571467144 IV [212/223/253 days] Regeneron’s Science 10/13/2020
. . . aftivi imab) Monoclonal Antibody  targeting Ziare cbolavirus glycoprotein KD
Furthermore, 6 antiparasitic agents and 4 antifungal agents have been approved since 2015. Notably, several of of m.....a (mmm i/ Antiretroviral HIV integrase inhibitor / non-nucleoside reverse 40535 [170/363 8/6 2/2 99/363 M 7/3-4 days 99.8 UGTIAI, UGTIA (minor) / CYP3A  27/6 59/85 Janssen Pharmaceutical 01/21/2021
pi transcriptase inhibitor
these agents have been subsequently d“c"m}'"md fr“’m the US‘markcl due to Con_m‘cm"l and/or practice change visaclty (Murlh)\lr) Antiviral agent, competitively inhibits protein kinase activity of human  376.23 271 7 4 100 PO 98 CYP3A4 (major), CYP1A2 (minor) 61 14 Takeda Pharmaceuticals 117232021
reasons. The overview, key attributes, pl h 1 and phar of these FDA benzimidazole riboside  cytomegalovirus enzyme pUL9T USA., Inc
) i} L ) o L o S Sunlenca (Lencapavir) Antiretroviral, Capsid  Inhibitor of orthopoxvirus VP37 envelope wrapping 9903 602 2 2 175 PO,SQ PO:4[10-12days]:  >98.5 CYP3A (minor), UGTIAI (minor) <1 76(33P)  Gilead Sciences 122212022
approved infectious disease agents are listed in Table 1. The chemical structures are shown in Figure 1. Inhibitor (Anti-HIV) Eim e b o s e s s SQ: 77-84 days [8-12
weeks]
Paxlovid Agent, CYP4S0 inhibitor of SARS-CoV-2 main 499.53/72095 090/528  9/11 3/4 131/202 PO 3/39% 6919899 e 353/864  Piizer Inc 05/25/2023
Inhibitor protease / inhibits CYP3A-mediated metabolism [6.05/6.15]
Beyfortus (Nirsevimab-alip) Monoclonal Antibody:  Provides passive immunity by targeting prefusion 1463 kDa M [7days] e oo PR Sanofi and AstraZeneca 07/1712023
Immune Globulin conformation of RSV F protei pathways.
Antifungal  Cresemba (Isavuconazonium Antifungal Agent, Azole  Prodrug that is hydrolyzed to activate isavuconazole 8148 VPO 2:3[130] 299 Rapidly hydrolyzed by esterases to active <1 3 Astellas Pharma US Inc 03/0612015
Sulfate) Derivative isavuconazole and inactive cleave product;
metabolized by CYP3AS, UGT
Brexafemme (Ibrexafungerp) Antifungal Agent, Triterpenoid antifungal that inhibits glucan synthase  730.034 9.09 9 3 125 PO 20 =99 Hydroxylation by CYP3A4, followed by 1 90(51P)  Scynexis Inc 06/01/2021
Triterpenoi glucuronidation and sulfation
Vivjoa (Otesconazole) Antifungal azole derivative Azole metalloenzyme inhibitor of fungal 14 527394 57 7 1 86 PO ~138days 99.5-99.7 Does not undergo significant metabolism 26 56 Mycovia Pharmaceuticals Inc 04/26/2022
demethylase
5 N Rezzayo (Rezafun; Antifungal, Echinocandin 1,3--D-glucan synthase inhibitor 122639 538 3 1B 366 v 460152 Patients: 87.5:93.6 Not hepatic 25.7 inactive metabolites 743 P Melinta Therapeutics LLC ~ 03/22/2023
Q*,\gw : .- e Jlin-binds ibitor/f-} i
s N Antibiotic ~ Avycaz (Ce Cephal P protein B inhibitor 546.58/265.24 2.84/-187 13/9 5/3 245/130 IV [276/271] <105782 80-90% parent drug / not metabolized  80-90 P/ 97 AbbVie Inc. (formerly by 02/25/2015
combination )
Antidote; Monoclonal  Binds fiee protective antigen component of B. anthracis 1482 v Minimal renal elimination Elusys Therapeutic, Inc 03/18/2016
Antibody
<0, Zinplava (Bezlotoxumab) Antidote; Monoclonal  Binds and neutralizes to C. difficile toxin B 1482 v 19 days Metabolized via catabolism Primarily through catabolism Merck & Co. Ine 102172016
— ’m .m,‘.«Qa 4 Antibody
'_il) " e O Baxdela (Delafloxacin) Antibiotic, Inhibits DNA gyrase & topoisomerase IV enzymes 4407 081 8 4 120 IV.PO IV:3.7(S) -84 5880 Glucuronidation by UGTIAL, Melinta Therapeutics LLC ~ 06/19/2017
:(‘_f &? Y = ~/q,_ 2 Fluoroquinolone PO: 42-8.5 (M) UGTIA3, UGT2B15
T T e Vabomere (Meropenem/ Antibiotic, Carbapaner; - Inhibits cell wall synthesis / p-lactamase inhibitor 3834/207.0 -123/102 8/6  3/3 135124 IV 122/1.68 233 Hydrolysis (minor) / not metabol 40-60 (unchanged) 2 Melinta Therapeutics LLC  08/292017
\f . Vaborbactam) Lactamase Inhibitor
7595 (unchanged)
Solosec (Secnidazole) Antibiotic, Antiprotozoal, Interferes with DNA synthesis 1852 033 6 1 84 PO -7 <5 Hepatic via CYP-450 ~15 (unchanged) Lupin Pharmaceutics Inc ~ 09/15/2017
Nitroimidazole
Xepi (Ozenoxacin) Antibiotic, Quinolone,  Inhibits DNA replication enzymes 3634 341 6 2 8 Topical Biofrontera Inc 12/132017
Topical
Xemari (Plazomicin) Antibiotic, Interferes with protein synthesis by binding 0305 5927 267 16 1 269 v 34 20 975 02 Cipla USA Inc 062612018
Aminoglycos ribosomal subunit
Xerava (Eravacycline) Aniibiote, Temeycline  Bindsto 305 ibosoral bt snd prevents 585.555 025 27 194 Vo2 79:90 Primarily by CYP3A4 and FMO mediated 34 (20 P) 47(17P)  Tetraphase Pharmac 08272018
Derivative incorporation of amino acid oxidation
Seysara (Sarecycline) Antibiotic, Tetracycline  Prevents propionibacterium acnes protein synthesis and 487.502 104 o6 174 v o212 625747 Minimal (<15%) in vitro 44.1,247p 426,149P  Almirall LLC 100212018
Derivative inhibits bacterial growth
Nuzyra (Omadacyeline) Antibiotic, Tetracycline  Inhibits protein synthesis by binding with 30S ribosomal 556.651 041 w7 177 IV.PO IV:~16 20; not Not metabolized IV Urine: 27 Paratek Pharmaceuticals Ine  10/03/2018
Derivative subunit PO: 13.45-16.83 concentration PO Urine: ~14.4 (10.8-17.4)
Figure 1 Chemical structures of FDA approved infectious disease agents from 2015-2023 dependent PO Feces: (77.5-84)
K Xenleta (Lefamulin) Pleuromutilin, Antibiotie Inhibits bacterial protein synthesis 50726 3m 6 4 135 IV.PO 0882 [8] 948-97.1 Primarily CYP3A4 IV: Urine 15.5 (9.6-14.1 P); Feces 77.3 (4.2- Nabriva Therapeutics US Inc  08/19/2019
Conclusions e swsasn)
Aemcolo (Rifamycin) Rifamycin Inhibits bacterial synthesis by inhibiting the i-subunit of 697.8 152 136 201 1) 80 <01 RedHill Biopharma Inc 1171922018
Given rising (multi)drug-resistant microorganisms and evolving public health threats, there is an urgent, unmet clinical the bacterial DNA dependent RNA polymerase
need for developing new infectious disease drugs with novel mechanism of action. Since 2015, significant new Recarbio (Imipenem/Cilastatin/  Antibiotic Carbapenem;  Inhibits penicillin-binding proteins / renal 299.346/ 278/241/-7/7/104/5/3 Y 1/-/12 ~20/~40/122 metabolized in kidney / prevents imipenem Urine: 63 /77 />90 Merck Sharp & Dohme LLC ~ 07/17/2019
medicine advances have been made in this field, leading to the US FDA approval of 49 new chemical entity ID drugs. Relebactam) Beta-Lactamase Inhibitor dehydropeptidase inhibitor that limits renal metabolism / 358.453 / 282 metabolism / minimally metabolized
ol : . N X ; . filactamase inhibitor that protects imipenem from 348375
Thus, it is imperative for pharmacists, as drug and pharmacotherapy experts, along with other healthcare professionals, degradation
to stay updated regarding these new medication therapics, evaluate these expanded treatment options and provide Pretomanid (Pretomanid) Antimycobacterial, Inhibits mycolic acid biosynthesis, blocking cell wall 507726 372 6 4 91 PO 16 864 Multiple reductive and oxidative pathways; Urine: 53 Mylan Specialty LP 08/14/2019
. . nitroimidazole; production CYP3A4 20% metabolism Feces: 38
optimal patient care.
Fetroja (Cefiderocol) Cephalosporin siderophore Penicillin-binding protein inhibitor with enhanced cell 752215 102 178 310 voo23 40-60 Minimal Urine: 90.6 (P), § (M) Shionogi Inc 11/1412019
References ry via iron uptake system Feces: 2.8
Voquenzna (Vonoprazan/ Potassium-Competitive  Suppresses basal and gastric acid secretion through  345.39/365.40/2.74/061/ 5/8/141/5/4 72 PO 3/12/23[68/1/5-8588/20/4270 Multiple pathways: CYP4S0 isoforms w/  Urine: ~67 /60 P/ 30 P, 10-15 M Phantom Pharmaceuticals Inc 05/03/2022
Amosicillin/Clarithromyein) Acid Blocker inhibition of H+, K+-ATPase enzyme system 74795 316 7 sulfo- and glucuronosyl-transferases, o Feces: 31/-29-40
1. New Drugs at FDA: CDER’s New Molecular Entities and New Therapeutic Biological Products (https://www.fda.gov/drugs/development-approval-process- b st
drugs drugs-fda-cders-ne leculs s-and. therap -biol I-products Xacduro (Sulbactam/ Durlobactam) f-lactam antibiotic: - Sulbactam inhibits bacterial cell wall synthe 23324/277.25 -1.39/-253 6/9 1/3 100/139 1V [2.15/2.52) 38710 Minimally metabolized 75-85P/ 78 P La Jolla Pharmaceutical 05/23/2023
2. Lexicomp. 2023. Lexicomp® Online, Lexi-Drugs Online, Hudson, Ohio: UpToDate, Inc. ctarmase inhibitor durlobactam s a diazabicycloctane P-lactamase inibitor Company
3. Drug product prescribing information. itic Krintafel (T: i i timalarial drug against pre- 463.49 4.89 6 3 78.6 PO 12-15 (15 days] >99.5 Slow GlaxoSmithKline 0712012018
4. hpt/wwiw.chemspider.cony. et
R Mosidectin Anthelmintic Anthelmintic 639.82 843 9 2 116 PO 4[233days] Minimal feces (2 P within the first 3 days): urine  Medicines Development for ~ 06/14/2018
Disclosure (negligible) Global Health
Tri (Egaten) Anthelmintic Anthelmintic against Fasciola species 359658 597 3 1 3] PO 34[8] 967 Primarily metabolized by CYPIA2 (~64%) feces 90 %; urine <10% (animal data) Novartis Pharmaceuticals  02/13/2019
“The authors of this presentation have nothing o disclose. Corporation
Artesunate Antimalarial Prodrug that rapidly metabolized to dihydroartemisinin, 384.42 294 8 1 101 IV [03(Aresunate); 93 Artesunate hydrolyzed by plasma esterases. Amivas Inc. 51262020
an active metabolite 1.3 (DHA)] DHA undergoes glucuronidation
‘ Contact and Acknowledgement ‘ Xeglyze [DSC] 184237 22 2 0 2 07242020
Fexinidazole Antiprotozoal, Trypanocidal via bioactivation 279315 228 6 0 98 PO [156h] 98 Hepatic via CYP450 <320 Sanofi-Aventis US LLC 07/162021
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