FEER

HAERODMEZERFEDELE L SEDODEREICONT

TH W
BMBFERA S

Z{IH 12020 1A 148

ZIEH 1202038188

]/E, 70—/\NIVLANIVTEAMMYE (AMR) BOEM « BESNKERBEEZ DTS, TDIREE
i< & AMR ICK AT ERHSRERNITIEML, BENICEAERBEAFEINTNS, TOKRE
GHAREEICH L TEAKETAMRYKRT 7 3 Y TS5 VHMEREN, AMREICERNEH LWMAEE
WHEBAROEBELEEL T —ID—D2 & LTEWY EIF5nTWa, LHL, IAFERAELEHZ D
BRMENBEN, XM - BRAFERORH S 5 EDERL SHRNEXDMERFEDL SHIR LR
I TSAVHNERMICERELTEY, “Pre-Antibiotic B IRV T2 L WS BIAETAHMRDT

L\%O

TDEIGERRERET B7coIc, 7O—/NIVLANIL GFICREKERID) THFRNEROMZERRIC
WY BRERDBEWD TS, INSDBER (1t T 1 7) DMRLH > CRETIIHFRNE
EDEGHORIEMLTHY, £ WHO B & &S HROFHRMEERFE/ N1 T4 VIcHERD

DPLROTETL S,

FRTIE, INETONEERREICEITZERDHRTHAAEEDOR LEEREZRY R EHNSYT
A—/ UV COREERARDTRRESBPRFEINSARICEIT HMERAAENDR Y #h 7%z & LT,

Key words: antibacterial agent, antimicrobial resistance, drug discovery, Japan

. NERFEROELR

1. FRER (VX)) OMEE MEMELEK
nEX) RREOHEEMR

PURSsE WUEWHE, ARIEEL R L CRfHT
T CHUREET L EBITS) RFEORERIE, 7L I v
THBRFROOEAEY & LTI L= ¥
(31X 1929 4F) 22506 F o 72 (FEBIRIHEIGH
W= Y SR ol 7a—) — &
Fr A DB RZV) OBEEE - R L 7
1940 4E LAFE T3 5) o 1935 4E121F N~ — 7 234 v
7 7 #) (Sulfonamide) % Wi L AR IEIZ X S
MR B REIGIR I 72 e ek 52 720 2D, T v
7 A DS L 7 BURE AN R B B0
HEWE ANV T <A V2" % 1944 48|28
L7ze Ty 7 A VIEM D EET 2R E %
“Antibiotic (JUAEWE)" L4V, TOBRKKY

HSEDPUE W 12 Antibiotic &FEND X9 127 -5
726 AMLT AT YOIALKE, %< 0fgEe
¥NT v 7 Ay OFiE (Vv — L EOREBRREICR
LUBHIEM 2R S W E O8ER) & Fv CTREY A A
FTLMHEWED A2 ) — = v 7% KFEIAT - 720
ZORREFHIENE L LTAML T M A2 01
W&, vugs7xz=a—) (1947), 7 a7 b

FHA 7))y (1948), =) Au~A T (1948) %,

AL Ty (1949) % EDT I BHERRIUAEY
E, k770 AR C (1955), NravAf v
(1956), #WIx_A L (1976) 7 EDSR A LFERS
N7, GBI TIE, v 7 7 FNSHE & 1962
X /T YEDFERT E ot ) U7 AERDA
i, FERICH -2 ERPREL LT X b
T ALAH I NI, DX H 1940 FE 5 1970
ERFITIH LW I ADORFEIE KR4 £ RESh

TREESTHEXSRRANE 4 TH 6 Hity

BARMEFEEFRMEE Vol 68 No. 4

499



500

(#657] BARDIAEZEMHE

Discovery of new classes era

“Chemical modification era”

Carbapenems

Trimethoprim
Quinolones
Cephalosporins Lincosamides
Chloramphenicol | Streptogramins
Tetracyclines
Macrolides
Glycopeptides

(1970s-2000s)

Modification of lead compounds (new

class) using Medicinal Chemistry
to improve their profiles

Target classes:

-Beta-lactams

Aminoglycosides -Penicillins
- -Cephalosporins
Kanamycin 1957
-Carbapenems

Sulfonamides Colistin 1950 - Quinolones

' - Macrolides

1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s
I:] : Antibiotic I:l : Synthetic agent - : Japanese origin
Fig. 1. Drug development of antibacterial agents in the golden era (1930-2000)
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Fig. 2. Discovery of piperacillin by chemical modification of 6-APA
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Fig. 3. Discovery of cefazolin by chemical modification of 7-ACA
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! (using Structure-Activity Relationship |

! study)

’ Norfloxacin (1978) ‘

Fig. 4. Discovery of norfloxacin by chemical modification of quinolone carboxylic acid

Table 1. Fluoroquinolones presented at the ICAACs (1980-1990)

Year Fluoroquinolones (Code No., Developer)

1980 Norfloxacin [AM-715, Kyorin] *

1981 Ofloxacin [DL-8280, Dai-ichi] *

1982 Enoxacin [AT-2266, Dai-nippon] *, Pefloxacin [1589 RB, Rhone-Poulenc]
1983 Ciprofloxacin [Bay o 9867, Bayer], Fleroxacin [AM-833, Kyorin] *

1985 Lomefloxacin [NY-198, Hokuriku] *

1986 Temafloxacin [A-62254, Abbott]

1987 Levofloxacin [DR-3355, Dai-ichi] *

1988 Tosufloxacin [T-3262, Toyama] * , Sparfloxacin [AT-4140, Dai-nippon] *
1990 Gatifloxacin [AM-1155, Kyorin] *

* Agents of Japanese origin
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Table 2. Antibacterial agents of Japanese origin (1950-1990)

Chemical class

Original lead compounds

Japanese origin agents

[Natural product]

fB-Lactams

* Penicillins Penicillin G Piperacillin (1976)

+ Cephalosporins Cephalosporin C Cefazolin (1970)

+ Carbapenems Thienamycin Meropenem (1987)

+ f-Lactamase inhibitors Clavulanic acid Tazobactam (1984)

Aminoglycosides Streptomycin Kanamycin (1957)

Amikacin (1972)

Tetracyclines Tetracycline

Chloramphenicols Chloramphenicol

Macrolides Erythromycin Clarithromycin (1984)

Glycopeptides Vancomycin, Teicoplanin

Polypeptides Polymyxin B Colistin (1950)

Lipopeptides Daptomycin

[Synthetic chemicals]

Sulfonamides Sulfanilamide Sulfamethoxazole (1959)

Quinolones Nalidixic acid Norfloxacin (1980)
Levofloxacin (1987)

Oxazolidinones Linezolid

20 v~

Numbers of approved agents

1983- 1988- 1993-
1987 1992 1997

ous. O Japan

1998- 2003- 2008-
2002 2007 2012
years

Fig. 5. Approval of antibacterial agents in the USA and Japan (1983-2012)
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Table 3. New antibacterial agents approved in USA since the “10 X 20 Initia-
tive (IDSA)” launched in 2010

Antibacterial agents Year Developer
Ceftaroline * 2010 Allergan (Activis)
Dalbavancin 2014 Allergan (Activis)
Tedizolid 2014 Merck (Cubist)
Oritavancin 2014 Merck (Cubist)
Ceftolozane* /Tazobactam * 2014 Merck (Cubist)
Ceftazidime/Avibactam 2015 Allergan (Activis)
Delafloxacin* 2017 Melinda (Rib-X Pharm.)
Meropenem* /Vaborbactam 2017 Melinda
Plazomicin 2018 Achaogen
Eravacycline 2018 Tetraphase
Omadacycline 2018 Paratek
Imipenem/Relebactam 2019 Merck
Pretomanid 2019 Global TB Alliance (Patho Genesis)
Lefamulin 2019 Nabriva
Cefiderocol * 2019 Shionogi

* Agents of Japanese origin
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History and prospects of development of antibacterial agents of
Japanese origin

Keiji Hirai
Kyorin Pharmaceutical Co., Ltd., 6, Kanda Surugadai 4-chome, Chiyoda-ku, Tokyo, Japan

The discovery of penicillin by Fleming and of streptomycin by Waksman, and the development of sul-
fonamides by Domagk in the 20" century revolutionized the treatment of bacterial infections. The discov-
ery of further drug classes (e.g., more drugs of the aminoglycosides, tetracyclines, cephalosporins, macrol-
ides, glycopeptides, quinolones, carbapenems) between 1930 and 1970, the so-called “Discovery of new
classes era”, and the development of their derivatives by chemical modification from the 1970s to the late
1990s, the so-called “Chemical modification era”, has led to widespread therapeutic use of antibacterial
agents. Many antibacterial agents of Japanese origin were developed during the “Chemical modification
era”, contributing to the treatment of infectious diseases around the world. Consequently, antibacterial
chemotherapy has become an important integral component of medical practice and contributed signifi-
cantly to the health of the modern society and increase in life expectancy.

However, drug-resistant bacteria have continued to emerge and spread globally due to misuse and over-
use of antimicrobials since the 1980s, and currently, antimicrobial resistance (AMR) has begun to pose a
significant threat to human and animal health, and to global security and economy. AMR reduces the ef-
fectiveness of the existing antimicrobial agents against infectious diseases and actually represents a step
backward in modern medicine, towards the pre-antibiotic era.

New antimicrobial agents to counter AMR are urgently needed; however, the current development pipe-
line is weak and not sufficient to keep up with the pace of emergence of resistance. Over the past two
decades, many pharmaceutical companies, including Japanese companies, withdrew from antimicrobial
R&D due to scientific challenges, as it proved difficult to discover new classes of agents and new targets,
and economic challenges, namely, low returns for investments. To overcome these challenges, several
push and pull incentives are currently being provided for supporting drug-discovery researches to
counter AMR, reduce the clinical and regulatory burden, and extend market exclusivity in USA and
Europe. The innovative incentives will become a very important strategy to stimulate antimicrobial R&D
globally to counter AMR.

Recently, these incentives to facilitate and promote antimicrobial R&D have contributed to an increase
in the number of approved agents and strengthening of the pipeline of new agents directed against patho-
gens showing AMR in the USA.

I would like to provide an overview of the contribution of antibacterial agents of Japanese origin for the
control of past and present bacterial infectious diseases, and to discuss the prospects of development of
new antibacterial agents in Japan.
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