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Telithromycin: The First Ketolide
Thomas File, MD
he treatment of respiratory tract
infections (RTIs) continues to
be an international challenge;
RTIs are associated with considerable morbidity and mortality in both
developed and developing countries.
Globally, lower RTIs accounted for 4.3
million premature deaths in 1990.1
A major barrier to the confident prescribing of empiric therapies for RTIs is
the increasing resistance worldwide
among respiratory tract pathogens to
existing antimicrobial agents.2,3 Although
the clinical impact of penicillin-resistant
Streptococcus pneumoniae (S. pneumoniae)
has been controversial in non-meningococcal respiratory infections, the usefulness of
penicillin against this pathogen can be
reduced by the progressive development
of resistance.2-6 Even more worrisome is
the fact that penicillin-resistant S. pneumoniae strains are often resistant to other
ß-lactams and the macrolides.7-10
The macrolide-linosamide-streptogramin (MLSB) group of antimicrobials
are clinically valuable drugs, particularly
for the treatment of RTIs, which can be
caused by S. pneumoniae as well as by
“atypical” pathogens like Mycoplasma
pneumoniae. Resistance of S. pneumoniae
to these antimicrobials, however, is
increasing on an international scale. From
1997 to 1998, non-susceptible rates ranged
from 9% in the United Kingdom to 74% in
China. Of most recent concern is the emergence, noted in some studies, of occasional
resistance to fluoroquinolones. Resistance
is associated with the increased use of
these agents.11-13
Telithromycin (Ketek, Aventis) is the
first of a new family of semisynthetic anti-
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microbials known as the ketolides. Chemically derived from the macrolides, this
novel antibiotic has been specifically
developed to overcome the problem of
increasing resistance to the antimicrobials
in the MLSB group, and is characterized
by a broad microbiological spectrum, a
unique mechanisms of action, and a favorable resistance profile. Most importantly, it
possesses good in vitro activity against most
of the common respiratory pathogens,
including S. pneumoniae that are resistant to
beta-lactams or macrolides. If, however, the
strains resistant to macrolides carry the
ermB gene, many of those strains will also
be resistant to telithromycin.14,15

CHEMISTRY AND PHARMACOLOGY

for the antimicrobial activity of the macrolides. The replacement of the cladinose
sugar with a keto group has not caused a
loss of activity, but rather has been linked
to improved activity against erythromycinresistant S. pneumoniae strains and is associated with the ketolide’s inability to induce
MLSB resistance in vitro17-19 (Figures 2
and 3). Also, the presence of a methoxy
group at C6 provides excellent stability in
an acidic environment, a factor that has
important implications for oral bioavailability and for activity in the acidic environment
of respiratory tract cells and tissues.20 In
addition, an alkyl/arylcarbonate extension
at positions C11,12 of the lactone ring
increases telithromycin’s affinity for ribosomes,21 resulting in enhanced antibacterial activity and possibly accounting for its
ability to overcome MLSB resistance.22
This modification of target ribosomal binding sites also has been suggested as a reason for telithromycin’s low potential to
select for resistance (Figure 4).

Chemically, telithromycin is designated
11,12-dideoxy-3-de [(2,6-dideoxy-3-Cmethyl-3-0-methyl-alpha-L-ribo-hexopyranosyl) oxy] 6-0-methyl-3-oxo-12,
11-[oxycarbonyl[(4-[4-(3-pyridinyl)-1 H-imidazol-1-yl]butyl]imino]]erythromycin. Its
empirical formula is C43H65–N5O10 and its
molecular weight is 812.03. Telithromycin PHARMACOKINETIC/
is a white to off-white crystalline powder.
PHARMACODYNAMIC PROFILE
Although telithromycin is chemically
related to the macrolide clarithromycin Pharmacokinetics
and retains some of its favorable proper- The pharmacokinetic parameters of telities, such as a good safety profile, this thromycin were reported in a three-period,
new ketolide is differentiated from the randomized, crossover study to determine
macrolides by several innovative features. the proportionality of telithromycin pharThese features enable it to overThe Ketolide Class
come most MLSB resistance,
offer a low potential to select for
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Structural Features
• Semisynthetic compounds obtained from
erythromycin A
• Removal of L-cladinose (neutral sugar) and
oxidation of the obtained 3-hydroxyl (OH)
yields a 3-keto group (ketolide)
3

3

3
O cladinose

although adverse events tended
to be more frequent at the 1,600mg dose. A once-daily 800-mg
dose of telithromycin, therefore,
should maintain an effective concentration in plasma for the treatment of RTI involving the key
respiratory pathogens.
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O

Distribution
3-keto
(= ketolide)

Of particular importance, pharmacokinetic studies have shown that
telithromycin given once daily as
an oral 800-mg dose successfully
penetrates bronchopulmonary tis3–Keto Function
sues and fluids, achieving high
• 3-keto function provides the
and sustained concentrations.24,25
following biological properties:
Telithromycin concentrations in
3
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O
the epithelial lining fluid (peak of
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– antibacterial activity against
14.8 mcg/ml) and the bronchial
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erm-containing gram-positive cocci
mucosa (peak of 3.88 mcg/ml)
– inability to induce MLS B resistance
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Figure 3.
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trations were also reached in the
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against bacterial infections in
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patients undergoing surgical proFigure 4.
Used with permission from Aventis
cedures for otorhinolaryngological problems such as chronic otitis
media,
chronic
paranasal sinusitis, chronic
macokinetics after single and multiple
dosing in healthy subjects.23 In each treat- tonsillitis, palliative tonsil hyperplasia, and
ment period, subjects received a single tonsillar infection.26 Good penetration of
oral dose of 400, 800, or 1,600 mg of telithromycin was shown in the middle ear
telithromycin followed four days later by tissues, the tissues of the paranasal sinusthe same dose once daily for seven days. es, and the tonsils. Tissue concentrations
Telithromycin achieved steady state with- three to six hours after a single 600-mg
in two to three days of once-daily dosing. dose of telithromycin were higher than the
A slight accumulation of telithromycin in vitro MICs of telithromycin for strains of
was observed after seven days of therapy, S. pneumoniae and M. catarrhalis.
with values of the area under the concentration-time curve (AUC) from 0 to 24 Metabolism
hours approximately 1.5 times higher Telithromycin is primarily metabolized in
than those achieved with the single dose.
the liver. RU76363, an alcohol resulting
At a dose of 800 mg daily, telithromycin from loss of aryl rings, is the major
attained mean maximal and trough plasma hepatic metabolite and is present in conconcentrations of 2.27 and 0.070 mg per centrations of approximately 13% of
liter, respectively. Elimination was bipha- telithromycin. After oral administration,
sic: initial and terminal half-lives were 2.87 two-thirds of the telithromycin dose is
and 9.81 hours for the 800-mg dose. Study eliminated renally as metabolites and
medication was generally well-tolerated, one-third is eliminated unchanged. In a
removal

oxidation

Figure 2.
Used with permission from Aventis

seven-day treatment period, approximately 96% is eliminated in the urine
within 24 hours of the final dose.23

PHARMACODYNAMICS
The ultimate goal of antimicrobial
chemotherapy for community-acquired
RTIs is to optimize the pharmacokinetic
and pharmacodynamic parameters that
most closely relate to clinical efficacy. For
azithromycin, the ketolides, the streptogramins, and the fluoroquinolones, the
pharmacodynamic parameter that correlates best with efficacy is concentration
above the MIC rather than time above the
MIC.27,28 For these agents, the aim is to
maximize drug concentrations to which
the target pathogen is exposed and higher doses and longer dosing intervals can
be used. In this case, parameters such as
the AUC/MIC ratio or the maximal drug
concentration (Cmax)/MIC ratio correlate
most closely with clinical efficacy.

SPECTRUM OF ACTIVITY
A group of key pathogens accounts for the
majority of cases of community-acquired
RTIs. These include Streptococcus pneumoniae, Haemophilus influenzae, Moraxella
catarrhalis, and Streptococcus pyogenes.
The atypical pathogens Chlamydia spp.,
Legionella spp., and Mycoplasma supp. have
also gained recognition in recent years as
important causes of community-acquired
RTIs, particularly community-acquired
pneumonia (CAP).11
Telithromycin has shown a broad spectrum of activity in vitro against most usual
bacterial strains isolated from upper or
lower RTIs.29 Moreover, telithromycin has
a more consistent activity than the macrolides against the most frequent respiratory
isolates such as penicillin-resistant S. pneumoniae, M. catarrhalis, H. influenzae, and
S. pyogenes (Table 1).

Gram-Positive Organisms
Results from in vitro studies demonstrated that telithromycin was active against
221 pneumococcal strains, including isolates with intermediate levels of resistance
to penicillin and erythromycin-resistant
isolates. It was also more active than
other macrolides, particularly against
erythromycin-resistant strains. All strains
were inhibited by <0.5 mcg of telithroVol. 27 No. 1 • January 2002 •
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Comparative In Vitro Activity of Telithromycin, Macrolides, and Quinolones Against Respiratory Tract Pathogens
Range MIC (mg/L)
Telithromycin

Erythromycin

Clarithromycin

Azithromycin

Levofloxacin

Ofloxacin

pneumoniae29-31

Streptococcus
penicillin susceptible
penicillin resistant

<0.01-0.05
<0.01-2

<0.01-0.5
<0.06-128

<0.01-8
<0.5-256

<0.01-16
<0.5-32

<0.12-2
<0.5-32

<0.25-4
<0.5-8

Streptococcus pyogenes29,33

<0.03-0.125

<0.06-2

<0.06-1

<0.125-8

<0.5-2

—

Moraxella catarrhalis29,34
beta-lactam susceptible
beta-lactam resistant

<0.01-0.06
<0.01-0.12

<0.01-0.5
<0.01-0.5

<0.01-0.25
<0.01-0.25

<0.01-0.12
<0.01-0.12

<0.01.12
<0.01-6.12

<0.01-0.25
<0.01-0.5

Hemophilus influenzae29,34
beta-lactam susceptible
beta-lactam resistant

<0.01-16
<0.03-8

<0.01-16
<0.01-16

<0.01-32
<0.03-32

<0.01-8
<0.06-8

<0.01-0.06
<0.01-0.5

<01-0.5
<0.01-4

Mycoplasma pneumoniae35,36

<0.015

<0.015

<0.015

<0.015

<0.5-1

1

mycin.30 In a related study, telithromycin
was active at <0.5 mcg against 99% of 584
pneumococcal strains isolated from central
and eastern Europe and at <0.2 mcg against
100% of these strains, irrespective of the
macrolide resistance mechanism.31
Comparable results have been reported
for S. pyogenes. In 599 S. pyogenes strains,
telithromycin MICs were lower and percent susceptibility rates were higher than
those for erythromycin, azithromycin, and
clarithromycin.32 All strains except those
with ermB were telithromycin-susceptible.
This is different than for S. pneumoniae,
where strains with this resistance are usually susceptible to telithromycin.33

Gram-Negative and Atypical Organisms
In a comparison, in vitro activity study of
telithromycin and macrolides, telithromycin
was more active than clarithromycin and
showed activity comparable to that of azithromycin against H. influenzae (MIC90 4
mcg/ml), whether the strains were betalactamase positive or negative. Also, an
MIC90 of 0.06 mcg/ml was recorded with
telithromycin against M. catarrhalis. Like
the macrolides, telithromycin is not as active
against H. influenzae as it is against S. pneumoniae.29 In a related study, telithromycin
showed a much better range of activity than
macrolides against Neisseria meningitidis,
Neisseria gonorrhoeae, saprophytic Neisseria
spp. isolates, and M. catarrhalis, with
macrolide MIC 90s between eight- and
10-fold higher.34
With respect to telithromycin’s activity against atypical organisms, in vitro
studies carried out in Japan35 and France36

demonstrated the superior activity of
telithromycin compared to four of five
macrolides, and several quinolones against
clinical isolates of human strains of
Mycoplasma spp. In the Japanese study,
against M. pneumoniae, telithromycin was
less potent than azithromycin, but was more
active than the four other macrolides, and
minocycline and levofloxacin. In the French
study, telithromycin MICs of <0.25 mcg/ml
were found for all isolates, except for
M. hominis, whereas levofloxacin was active
at concentrations of <1 mcg/ml.

CLINICAL EFFICACY STUDIES
At present, 10 large-scale, international
phase III clinical trials have been completed, encompassing almost 4,300
patients with a range of RTIs; almost
2,500 were treated with telithromycin
and about 1,800 were treated with comparator antibiotics. Telithromycin’s efficacy was assessed in RTIs such as CAP,
in acute exacerbations of chronic bronchitis (AECB), in acute sinusitis, and in
pharyngitis/tonsillitis.

Community-Acquired Pneumonia
In an uncontrolled, open-label phase III
study, 240 adults (between 18 and 79
years of age) with a confirmed diagnosis
of CAP received oral telithromycin 800
mg once daily for seven to 10 days. 37
Diagnosis of CAP was based on chest
x-ray findings and the presence of two
classical CAP symptoms. Despite the fact
that 21.5% of patients had relatively severe
infections (Fine score≥3), the clinical cure
rates were 92.9% in the intent-to-treat

(ITT) population and 79.6% in the per protocol (PP) population. Eradication rates
for causative pathogens at the post-therapy visit were 82.7% in the PP population
and 85.5% in the ITT population, with particularly high rates of 88.9% for infections
caused by S. pneumoniae.
Three comparative phase III studies
were also carried out to assess telithromycin’s efficacy and safety with comparator
antimicrobials. A study conducted throughout Europe and South Africa randomized
404 adult patients with a confirmed diagnosis of acute mild to moderate CAP to oral
telithromycin 800 mg once daily or oral
amoxicillin 1,000 mg three times daily for
10 days.38 Telithromycin proved to be as
effective as high-dose amoxicillin (94.6% vs
90.1% clinical cure rates) and these rates
were maintained in patients with severe
disease, documented pneumococcal bacteremia, and patients with infections caused
by atypical organisms. Bacteriological outcomes favored telithromycin in both the
ITT population (satisfactory for 79% of
telithromycin-treated patients vs. 73% of
those on amoxicillin) and in the PP population (satisfactory for 90% vs. 87.5%, respectively, at the post-therapy visit).
Another study, conducted in North
and South America and encompassing
448 adult patients with confirmed CAP,
demonstrated comparable clinical efficacy between oral telithromycin 800 mg
once daily and oral clarithromycin 500
mg twice daily, both for 10 days, with
clinical cure rates of 88.3% and 88.5%,
respectively.39 Among the pathogens isolated, 87.3% were eradicated by telithrocontinued on page 21
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continued from page 16
mycin and 96.4% were eradicated by clarithromycin at the test-of-cure visit in the
PP population. In a third study, carried
out in Canada, the U.S., and Africa, 228
adult patients with acute CAP were randomized to oral telithromycin 800 mg
once daily or oral trovafloxacin 200 mg
once daily, for seven to 10 days.40 As in
the previous studies, telithromycin proved
to be equivalent in efficacy to the comparator drug (trovafloxacin) in achieving a
clinical cure in adults with CAP (91.1% vs.
94.8% clinical cure rates). Bacteriological
eradication rates in the test-of-cure populations were 94.1% in those treated with
telithromycin and 100% in those who received trovafloxacin.
In a sub-analysis of the 755 telithromycintreated patients with CAP in the three
multicenter, randomized, double-blind comparator studies and the one multicenter,
uncontrolled, open-label study, 35 patients
had documented bacteremia at baseline.41
Thirty of patients were deemed evaluable;
26 of those had bacteremias attributable to
S. pneumoniae, including three penicillinresistant (MIC>2 mg/L) and two erythromycin A-resistant (MIC>1 mg/L)
strains. The clinical cure rate was 90%, with
a rate of 88.5% in those with confirmed pneumococcal bacteremias. The bacteriological
efficacy rate was 90% for all pathogens and
88.5% for S. pneumoniae. In another subanalysis of this group of patients, administration of oral telithromycin 800 mg once daily
for seven to 10 days was shown to provide
excellent clinical cure rates for patients with
CAP caused by atypical pathogens including Chlamydia pneumoniae (74/81 or
91.4%), Mycoplasma pneumoniae (174/190
or 91.6%), Legionella pneumoniae (4/4 or
100%), and Coxiella burnetti (4/5 or 80%).42

Acute Exacerbation of Chronic Bronchitis
In an international, multicenter study,
324 adult patients with a history of bronchitis and chronic obstructive pulmonary
disease (COPD) and presenting with
AECB, presumably caused by bacterial
infection, were randomly assigned to oral
telithromycin 800 mg once daily for five
days or amoxicillin/clavulinic acid 500
mg/125 mg three times daily for 10 days.
The purpose was to assess the clinical
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and bacteriological efficacy and safety of
telithromycin compared to amoxicillin/
clavulinic acid in the treatment of AECB.43
Telithromycin once daily for five days was
as effective as a standard 10-day course of
amoxicillin/clavulinic acid, with clinical
cure rates of 86.1% versus 82.1%, and bacteriological eradication rates of 69.2% and
70%, respectively, among the PP population at post-therapy. In a second study,
carried out in North America, a five-day
regimen of oral telithromycin 800 mg
once daily was equivalent in clinical
efficacy to a 10-day regimen of oral cefuroxime axetil 500 mg twice daily in 495
adult outpatients with AECB. The clinical
cure rates were 89.2% and 86.3%, respectively.44 Satisfactory bacteriological outcome at the test-of-cure visit was achieved
in 87.9% of telithromycin-treated patients
and 86% of those on cefuroxime axetil,
with identified causative organisms.

Sinusitis
Two international, multicenter phase III
clinical trials were performed to evaluate
the efficacy and safety of telithromycin
against comparator antimicrobials or as a
five- or 10-day regimen for the treatment of
adult patients with acute maxillary sinusitis
(AMS). In one study, 336 patients with
community-acquired AMS were randomized to a five-day course of telithromycin
800 mg once daily or a 10-day course of
telithromycin of the same dose.45 A pretherapy sinus tap was conducted for bacteriological assessment. A five-day course
was shown to be as effective as a 10-day
course of treatment for AMS, with comparable cure rates of 91.1% and 91%. In total,
92% of patients receiving five-day telithromycin and 89.9% of those treated with the
10-day course had a satisfactory bacteriological outcome at the post-therapy visit.
By comparison, 93.3% (28/30) of
S. pneumoniae were presumed eradicated
in the five-day arm and 89.3% (25/28) were
presumed eradicated in the 10-day arm. In
the second study, in 790 patients with AMS,
telithromycin 800 mg daily for five days was
as effective clinically as a 10-day course of
amoxicillin/clavulinic acid 500/125 mg
three times daily or a 10-day regimen of
telithromycin 800 mg once daily, with clinical cure rates of 75.8%, 74.6%, and 74.1%,
respectively.46 Satisfactory bacteriological

outcome in the PP population of the three
groups was 85.7% in both telithromycin
groups and 75% in those treated with amoxicillin/clavulinic acid.

Pharyngitis/Tonsillitis
Because penicillin is currently the treatment of choice for group A-hemolytic
streptococcal (GABHS) pharyngitis/tonsillitis, a multicenter, European phase III
trial was carried out to compare the efficacy and safety of oral telithromycin 800
mg once daily for five days, and five days
of placebo versus oral penicillin V 500
mg three times daily for 10 days, in 396
adult patients with a presumed diagnosis of GABHS pharyngitis/tonsillitis.47
Patients who took telithromycin only five
times had clinical cure rates comparable
to a standard 10-day course of penicillin
comprised of 30 doses (94.8% vs. 94.1%).
In the PP population, bacteriological eradication rates at the post-therapy visit were
84.3% in patients treated with telithromycin
and 89.1% for those who received penicillin
V. In a second study, conducted in North
America, 463 adolescent and adult (13–81
years) patients with GABHS pharyngitis/
tonsillitis were randomly assigned to oral
telithromycin 800 mg once daily for five
days or oral clarithromycin 250 mg twice
daily for 10 days.48 In the 285 patients who
were evaluable post-therapy, the five-day
telithromycin regimen was equivalent in
efficacy to the standard 10-day course of
clarithromycin in eradicating GABHS in
patients 13 years of age or older with acute
pharyngitis/tonsillitis, with clinical cure
rates of 92.7% versus 91.7% and bacteriological eradication rates of 91.3% versus
88.1%, respectively.

ADVERSE EVENTS
Telithromycin is generally well-tolerated.
Among the 1,899 patients who took part in
the controlled phase III clinical trials and
were treated with telithromycin 800 mg
once daily for five or seven to 10 days,
approximately 35%38-41, 43-48 experienced
adverse events. Adverse reactions that
were judged by investigators to be at least
possibly drug-related and occurring in
more than 1% of all telithromycin-treated
patients were diarrhea (12.9%), nausea
(7.3%), dizziness (3.0%), vomiting (2.6%),
and headache (2.1%). Similarly, in the 240
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patients enrolled in the uncontrolled CAP
study and who received at least one dose
of study medication,37 the most frequent
adverse events considered to be possibly
drug-related were abnormal liver function
tests (11.3%), an event known to be associated with CAP; diarrhea (7.5%); and nausea (4.6%). The majority of adverse events
were mild to moderate in both the controlled and uncontrolled studies and rarely
led to treatment discontinuation. Most discontinuation in the telithromycin groups
resulted from adverse gastrointestinal
effects, primarily diarrhea (1%), nausea
(1%), and vomiting (1%). Finally, no differences were seen in the occurrence of clinically noteworthy abnormal values between
treatment with telithromycin and any of
the comparator antimicrobials administered in the controlled studies.37-40, 43-48

of interactions between telithromycin and
paroxetine indicates a low potential for clinically relevant pharmacokinetic interactions with other CYP2D6 substrates.51
A randomized, open-label, two-period,
crossover study demonstrated that the
bioavailability of telithromycin is unaffected by food. Telithromycin, therefore, can
be taken without regard to meals.52 Also,
the co-administration of telithromycin with
the gastric pH-altering agents Zantac or
Maalox does not affect the bioavailability
of telithromycin.53 With regard to other
drug interactions, telithromycin does not
affect the pharmacokinetics of warfarin
in healthy male adults. 54 In addition,
telithromycin does not increase the risk
of ovulation in women of child-bearing
age when co-administered with low-dose,
triphasic oral contraception.55

DRUG INTERACTIONS

P&T COMMITTEE
CONSIDERATIONS

Telithromycin does not form any inhibitor
complexes with CYP-450, especially
CYB3A4, suggesting that common
drug–drug interactions reported with
macrolides are unlikely to occur with this
new ketolide in humans. The reverse
Type 1 interaction between telithromycin
and CYP3A4 indicates that the rate of
metabolism of telithromycin should be
low.49 Phase I studies have shown that the
risk of increasing plasma concentrations
of telithromycin of CYP3A4 is minimal. A
potent inhibitor, such as ketoconazole,
results in only a 1.5-fold increase in the
Cmax of telithromycin in plasma.50
Telithromycin, like clarithromycin, has
been shown to increase the plasma
concentrations of drugs metabolized by
CYP3A4, such as cisapride and simvastatin. Pharmacokinetic interactions
for individual drugs metabolized extensively by CYP3A4 cannot be discounted.
Caution is advised, as with macrolides, if
telithromycin is administered concomitantly with substrates of CYP3A4 that
have a narrow therapeutic margin or
effects on the QT interval. As with clarithromycin, the use of telithromycin with
cisapride or pimozide is contraindicated.
In addition, co-administration of
telithromycin 800 mg once daily with the
CYP2D6 substrate paroxetine 30 mg once
daily has no significant effect on the pharmacokinetic profile of paroxetine. This lack
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Telithromycin is presently awaiting FDA
approval. This novel antibiotic has an
impressive spectrum of antimicrobial activity against S. pneumoniae, many strains of
which are resistant to macrolides; against
H. influenzae; M. catarrhalis; S. pyogenes;
S. aureus; and the atypical pathogens
Chlamydia pneumoniae, Legionella pneumophila, and Mycoplasma spp. The clinical
and bacteriological efficacy of telithromycin has been evaluated against goldstandard comparators in a series of phase
III clinical trials in North and South
America, Europe, and South Africa for the
treatment of CAP, AECB, sinusitis, and
tonsillitis/pharyngitis.
The results of these studies suggest
that telithromycin could prove to be an
effective, well-tolerated agent for the treatment of the most commonly encountered
community-acquired RTIs. The P&T committee awaits further clinical trial results
and FDA approval. ■
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