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Fig. 1.

Resistance rates for penicillin and macrolide among Streptococcus pneumoniae.
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Substitution group Position Expected role
Ketone 10 3 - To reduce the inducibility of MLSp resistance
group - To increase the acid stability
- To increase the acid stability
Methoxy group 11 - To inhibit the intracellular ketalization accompanied with
position-8 ketone group
- To increase the antibacterial activity by strengthening the
Aminobutylydazole group 1 binding to bacterial ribosome
- To increase the incorporation into bacterial cell

Fig. 2.
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Chemical structure of telithromycin, each substitution group and its role.
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XU, Ty N, vHF, A XBIUTYILVEH, TEL
W IR G L, e, ARG - SR RRE,
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/kg/ HTHo72e Ty MBI THFEH 724 -
FEEFEERBRIZB VT, 150 mg/kg/H U ECTHEMED 3
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THEWITAON Lo 72,

55 MAH— MR R ER & L C TEL oS5 Tl
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BURiE B AW EE I 7 HHKRYS LB
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1.68, 2.62, 1.72 B L U 1.18 ug/mL TH» 7o VT
DR - AR PIT BT FRERNICAE S N7z e ig i
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—ketolide inhibition of MLS resistant ribosomes is

Overview of telithromycin

Shigeru Kohno

Second Department of Internal Medicine, Nagasaki University Medical School,
1-7-1, Sakamoto, Nagasaki, Japan

It has been said that clinical studies tend to delay since enforcement of the new GCP in Japan. The
number of newly developed antibiotics has been markedly decreasing compared to that in the 1970’s and
the 1980’s. For current development of new drugs, it is necessary to develop drugs having clear benefits in
compared with conventional drugs. Being specific to antibiotics, development of new drugs taking into
consideration overcoming drug-resistant bacteria is strongly demanded for improvement in the treatment
of infectious diseases. Regarding drug-resistant bacteria, resistance acquirement by causative pathogen of
community—acquired infections such as PRSP (penicillin—resistant Streptococcus pneumoniae) as well as
MRSA (methicillin-resistant Streptococcus aureus) has become a serious problem. The reason for
importance of the problem of drug—resistant S. pneumoniae is a causative pathogen of community—acquired
infections and, in addition, it is a multi-resistant bacteria that has resistance against many antibiotics
including penicillins, cephems and macrolides. Furthermore, resistance rates are higher in Japan than in
other countries. The result of a surveillance study on drug susceptibility of bacteria clinically isolated from
patients with respiratory tract infections during a period from 1999 to 2000 showed that the resistance
rates, including intermediate resistance, of S. pneumoniae isolated in Japan were 64.3% for penicillin G
(PCG), 54.5~81.2% for cephems and 77.9% for erythromycin (EM).

Based on this background, an attempt to find an antimicrobial drug having strong antibacterial activity
against multi-resistant S. pneumoniae had been made. As the result, a ketolide antibacterial drug
telithromycin (TEL) was found and has been developed all over the world.

The development of TEL in Japan was initiated with the first non—clinical study in March 1997. Phase I
clinical studies were started from August 1997 and phase II clinical studies were conducted from November
1998. Then comparative clinical studies in patients with community—acquired pneumonia using
levofloxacin (LVFX) as a comparator and open labeled clinical studies in patients with respiratory tract
infections, sinusitis and dental oral surgery infections were conducted from December 2000.
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TEL has a structure in which the 1-,8- and 11-position of macrolactone ring is substituted by
aminobutylimidazole group, ketone group and methoxy group, respectively. The name of ketolide came
from the ketone group at the 8—position.

The most prominent characteristics of TEL are strong antibacterial activity against drug-resistant S.
pneumoniae and low potential to induce resistance. The mode of action of this drug is that it inhibits
protein synthesis by binding to 23 S ribosome RNA in 50 S subunit of bacterial ribosomes, thus it has
bactericidal effect. In addition, introduction of aminobutylydazole group into the 1—position caused strong
interaction of this drug with hairpin 35 loop in domain II of 23 S ribosome RNA in addition to binding to the
central loop in domain V. As a result, binding of this drug to ribosomes of macrolide-resistant bacteria
became about 25 times stronger than that of EM. Furthermore, substitution at the 8—position suppressed
the induction of MLSs—resistance (macrolide, lincosamide and streptogramin resistance) and introductions
of methoxy group into the 11-position and ketone group into the 8—position enhanced the acid stability of
this drug.

As pharmacology studies, in vitro and in vivo susceptibility tests, resistance induction tests and studies
on mode of action were performed using reference bacterial strains and clinically isolated strains. The
results indicated that TEL showed wide antibacterial spectra against gram-—positive, gram-negative,
anaerobic bacteria and atypical microorganisms, and had strong antibacterial activities especially against
gram—positive bacteria. The antibacterial activity against S. pneumoniae was the strongest among the
reference drugs of EM, clarithromycin (CAM), azithromycin (AZM), cefdinir (CFDN) and LVFX. TEL also
had strong antibacterial activities against S. pneumoniae that was resistant to f—lactams, macrolides and
new quinolones. The MICqs of TEL for all the strains of S. pneumoniae including drug-resistant strains
were 0.25 ug/mL, and 0.5 and 0.25ug/mL for penicillin-resistant and macrolide—resistant strains
respectively. The MICqs of TEL for oral streptococcus, of which macrolide-resistant strains are increasing
in the dental oral surgery field, were as low as 0.008~0.12 ug/mL. TEL also had a high antibacterial
activity against S. aureus isolates with inducible resistance to macrolides and did not induce drug—
resistance in these strains. In an in vivo antibacterial test using a pneumonia model by S. pneumoniae,
therapeutic effect appeared more rapidly after administration and the effect at 4~8 hours after
administration was more potent than that of CAM, AZM or LVFX.

After oral administration of TEL to animals (mice, rats and dogs), it was well absorbed from the
intestinal tract, and the plasma elimination half-life was 1 to 2 hours. When orally administered to rats,
TEL was distributed to various organs 1~6 hours after administration at high concentrations than plasma.
The binding rates of TEL to human serum proteins tested in vitro were about 60~70%, and the in vivo
binding rates to human plasma proteins observed in a foreign clinical study were similar to those of the in
vitro test. It was suggested that the main binding proteins in plasma were albumin and acid a:—
glycoprotein. In a mouse infection model that was prepared by subcutaneous implantation of a paper disk
holding S. aureus to the back of mice, more than 70% of administered TEL existed in unchanged form in
the infection site even 24 hours after administration. It was also reported that TEL was incorporated well
into human phagocytes. TEL existed in plasma and urine mainly in unchanged form and the main
metabolite was a derivative having structure that 3—pyridylimidazol group is removed from TEL. TEL was
excreted mainly into feces through biliary rout.

Single— and repeated-dose studies on general toxicity, reproduction and development toxicity,
genotoxicity, antigenicity, nephrotoxicity and ototoxicity were performed in mice, rats, rabbits, dogs, and
monkeys. LDs, of TEL in each sex were 1,000~1,500 mg/kg in mice and over 2,000 mg/kg in rats and dogs.
In repeated dose studies in rats and dogs, dose—dependent changes associated with phospholipidosis
occurred at high doses, but they were reversible after discontinuation of the drug. No observed adverse
effect levels (NOAEL) were 50 mg/kg/day in 30—-day and 13—week studies in rats, 50 mg/kg/day in 30—day
and 13—week studies in dogs, and 60 mg/kg/day in 28—day study in cynomolgus monkeys. In reproduction
and development toxicity studies in rats and rabbits, reduced fertility index and maternal toxicity were
observed at a dose of 150 mg/kg or higher but no anomalies or malformations were revealed by
morphological examination of embryos and fetuses. No genotoxicity was shown by reverse mutation, gene
mutation, chromosomal aberration, and micronucleus tests. TEL caused no changes suggestive of
antigenicity, nephrotoxicity and ototoxicity. These results indicated no problem in safety in starting clinical
studies of TEL.

Phase I clinical studies of TEL (clinical pharmacology studies) in Japan were conducted in healthy male
volunteers by single oral administration (50~1,200 mg) and repeated oral administration (400, 600 and
800 mg once a day for 10 days). TEL was well tolerated in both studies. For adverse events in digestive
organs, mushy stool and transient elevation of liver function laboratory test values were observed. All these
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events were mild and of no clinical significance. After single administration of 600 mg, Cn.. was 0.91 ug/mL
and elimination half-life (Tv/.f) was 9.6 hours, suggesting that plasma concentration of TEL would be
sustained. C... after repeated administration of 600 mg was 1.18 ug/mL, indicating that the plasma
concentration sufficiently exceeded the MICy s of targeted bacterial strains except Haemophilus influenzae.
In addition, TEL concentrations in bronchoalveolar epithelial lining fluid (ELF) were determined when 600
and 800 mg of TEL were administered once a day for 5 days in healthy male adults. This was the first
attempt in development of antimicrobials in Japan. The results indicated that the concentrations in ELF
after administration of 600 and 800 mg exceeded the MICs, of H. influenzae (4 ug/mL).

In a phase II dose finding study conducted in patients with community—acquired pneumonia by oral
administration of 600 and 800 mg once a day for 7 days, efficacy and safety were compared between the two
dosage groups in the double blind manner. Clinical efficacy rates were 92.9% (39/42) in 600 mg group and
95.8% (46/48) in 800 mg group, showing that efficacy rates were very high in both the group and there was
no difference between the two groups. Incidence rates of adverse events were 41.3% (19/46) in 600 mg
group and 57.4% (27/47) in 800 mg group. Difference in the incidence rates between the two groups
exceeded the difference (15%) that was pre—determined as a criterion of dose selection, thus the dosage of
600 mg once a day was selected as the optimal dose in Japanese.

A phase III double blind comparative study was conducted using LVFX as a comparator to prove non—
inferiority of TEL (oral administration of 600 mg once a day for 7 days) to LVFX (oral administration of 100
mg three times a day for 7 days) in efficacy and safety. Clinical efficacy rates were 93.6% (102/109) in TEL
group and 87.8% (86/98) in LVFX group. Difference in the efficacy rates between the two groups (TEL
group minus LVFX group) was 5.8% and its 95% confident interval was —3.1~14.7, thus non—inferiority
of TEL was proved. Incidence rates of adverse drug reactions were 33.6% (42/125) in TEL group and 33.9
% (39/115) in LVFX group, showing no difference in safety also between the two groups.

Phase III open labled clinical studies were conducted to evaluate efficacy and safety of short—term
administration of TEL. Two Studies were conducted in patients with respiratory tract infections and
sinusitis by administration of 600 mg once a day for 5 days, and the study was also conducted in patients
with dental-oral surgery infections by 600 mg once a day for 3 days. Clinical efficacy rates in respiratory
tract infections, sinusitis and dental oral surgery infections were 92.7% (89/96), 85.4% (35/41) and 91.7
% (22/24), respectively. The efficacy rates in 5—~day and 3—day administration were similar to those in 7—
day administration.

Regarding safety, major adverse events were symptoms associated with the digestive organs and most of
them were mild in severity. Concentrations of TEL in tissues and body fluids were determined for sputum,
middle—ear mucosa, sinus mucosa, palatine tonsil, gingiva and wound exudate after exodontia. When 600
mg of TEL was administered for 7 days to patient with acute exacerbation of chronic respiratory disease,
the maximum mean concentration in sputum was 8.45 ug/mL. Concentrations in middle—ear mucosa, sinus
mucosa, palatine tonsil, gingiva and retained fluid in extraction wound 3~6 hours after single
administration of 600 mg of TEL were 1.35, 1.68, 2.62, 1.72 and 1.13 1z g/mL respectively. Concentrations in
all these tissues and body fluids were more than two times higher than plasma concentrations at any
determination time points, indicating excellent tissue transfer of TEL.

The phase II and III open labeled clinical studies including the studies to evaluate tissue transfer, the
dose—finding study and the phase III comparative clinical study could be completed in a short period of
1998~2001. This speed of clinical development is thought to be noteworthy compared to recent clinical
development of antimicrobials. Many measures including monitoring at clinical study sites by a contract
research organization, utilization of clinics of general practitioners and clinical study promoting campaign
by newspapers may have contributed to promotion of these clinical studies. For details, please refer to the
reports in Japanese Journal of Chemotherapy. Meanwhile, improvement in quality of clinical studies is
strongly requested by the enforcement of the new GCP. From this viewpoint, in any clinical studies of TEL
conducted in Japan, the number of subjects excluded from per protocol population did not deviated from the
designed range, and objective of each study could be fully achieved. There have been some problems in
clinical studies of antimicrobials in terms of quality of data. For example, in some clinical studies,
occasionally some problems found in data collected after submission for manufacturing approval, and as
the result, repeat of a clinical study or additional statistic analysis excluding problematic cases is requested
by the health authorities. However, in the clinical studies of TEL conducted this time, the study protocols
were thoroughly observed and our experiences have been fully utilized for the clinical studies.



