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What Is an anti-infective drug ?

Paul Ehrlich and Sahachiro Hata

looking for "Therapia sterilisans magna"

(atreatment that could kill pathogens)
and discoverers of Salvarsan®

from the parasites.

THE LANCET, Aveust 16, 1913.

Soress i Pathology
CHEMOTHERAPEUTICS:

SCIENTIFIC PRINCIPLES, METHODS, AND RESULTS.

Delivered before the Seventeeath International Congress
of Medicine

By WirkL, GrH. OnrErR-MED.-Rar ProFESSOR
Dr. PAUL EHRILICH,

DIRECTOR OF THE ROYAL INSTITUTE FOR EXPERIMENTAL THERAPY,
FRANKFURT AM M,

THE THERAPIA STERILISANS MAGNA.

The therapia sterilisans magna consists in this, that
by means of one or at most two injections the body is freed
In experiments on animals, and also in
the case of a series of important maladies, this prineciple can
be carried through in a clear and pure manner. Here, there-
fore, the old therapeutic remedy is applicable :

¢« Frapper fort el frapper vite.”
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A simple pharmacological concept...

The dose must be adapted to the goal...

therapeutic response
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In a nutshell...

The target is the bacteria = MIC

Known quantity of bacteria placed into each tube

0.25 : :
pg/mL Hg/mL pg/mL pg/mL ug/mL Hg/mL  pg/mL pg/mL

Increasing antibiotic
concentration
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In a nutshell...

The target is the bacteria = MIC

R Lowest concentration of an antimicrobial that
24h later... results in the inhibition of visible growth of a

T
MiIcroorganism

PRI
SRR
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What is the relationship between MIC and effect?

S. aureus
change in CFU over 24h (logo)

MIC
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Data from Barcia-Macay et al. Antimicrob. Agents Chemother. (2006) 50:841-851
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But here comes pharmacokinetics ...
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A further comparison: in vitro kill curves

conc. dependent

9
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Copyright © 2005, 2004, 2000, 1995, 1990, 19385, 1979 by Elsavier Inc.

Time Kill curves for Pseudomonas aeruginosa ATCC 27853 with exposure to tobramycin, ciprofloxacin, and ticarcillin
at concentrations from one fourth to 64 times the minimum inhibitory concentration.
(From Craig WA, Ebert SC. Killing and regrowth of bacteria in vitro: A review. Scand J Infect Dis. 1990;74:63—70.)
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First conclusions

Considering their pharmacokinetics in humans

e [-lactams appear as "time-dependent” antibiotics because
their serum concentrations is almost always > MICs ...
If you administer them several times a day (most have only short

serum half-lives)

e Fluroguinolones (and aminoglycosides) are primarily
"concentration-dependent" antibiotics as their bactericidal
effect increases in proportion to their C_,_,/MIC ratio.
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Moving to actual conditions of use

B C,mp | MIC
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max Time > MIC
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PK/PD In animals: B-lactams

1. For B-lactams, time > MIC is the only key index for efficacy

Logio CFU per Lung at 24 Hours

Log,, CFU per Lung at 24 Hours

Time Above MIC (Percent)

30 100 300 1000 3000
24-Hour AUC/MIC Ratio

100 1000 10000
Peak/MIC Ratio

Correlation of PK/PD Indices with Efficacy of Cefotaxime against Klebsiella pneumoniae
in a Murine Pneumonia Model (W.A. Craig — ISAP workshop — Stockholm, Sweden, 2000)
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PK/PD in animals: fluoroquinolones m,)

2. For fluoroquinolones, both AUC,, /MIC and C,., emerge as key indices

max
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Correlation of PK/PD Indices with Efficacy of Levofloxacin against Streptococcus pneumoniae in Thighs of Neutropenic Mice
(W.A. Craig — ISAP workshop — ICAAC 2009)
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What is an AUC,,, ?

AUC,,, =dose / clearance

Concentration

Time (h)
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How do | get a larger AUC,,,, ?

By increasing
the dosage

AUC,,, = dose /clearance

Concentration

Time (h)
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Concentration

How do | get a larger AUC,,,, ?

AUC,,, = dose /clearance

By increasing
the half life
(decreasing

the clearance)

Time (h)
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What is an AUC,,, / MIC ?

Ratio between
« AUC,,, (dose/clearance)
* MIC

Concentration

Time (h)
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Concentration

What is an AUC,,,/ MIC ?

MIC high = Low AUC,,,/ MIC

Time (h)
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Concentration

What is an AUC,,,, ?

MIC low = high AUC,,. / MIC

Time (h)
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PK/PD in animals

Immune status influences the magnitude of the PK/PD
index required for efficacy

immunocompromised non-neutropenic
10 O O O - 100 O OO a
N XV oo o
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24-Hr AUC/MIC 24-Hr AUC/MIC

Relationships between mortality at the end of therapy and the 24 h AUC/MIC of fluoroquinolones
with multiple pathogens (left panel) in different animal models (mostly immunocompromised)
and with S. pneumoniae in non-neutropenic models (right panel).

Andes & Craig. Int. J. Antimicrob. Ag. (2002) 19: 261-68
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A
AUC,, /MIC in patients [}
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Time (days of therapy) to bacterial eradication versus
AUC/MIC in severely ill patients treated with ciprofloxacin
The three groups differed significantly (P < 0.005). Forrest et al AAC (1993) 37:1073-81
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AUC,, /MIC and prevention of resistance

Change in susceptibility of S. aureus after exposure to fluoroquinolones

MIC,, [ MIC,

4

Resistance

AUC/MIC >> 125
&
Peak/MIC > 8

1 10 109 1000 O prevent
45 @ resistance
AUC,,/MIC, h selection

Firsov et al. In vitro pharmacodynamic evaluation of the mutant selection window hypothesis using
four fluoroquinolones against Staphylococcus aureus. Antimicrob Agents Chemother. 2003 May;47(5):1604-13.
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C... and the "Mutant Prevention Concentration" (MPC) ...
1
_ MIC 4 =0.8
o 107 "Classic" bactericidal effect
)
9 104
0
2 6 poorly sensitive organisms...
7 107 ST
...... Elimination
10°10 of resistant MPC ,,=9
) | i |organisms
0.01 0.10 1.00 10.00

concentration

Dong et al: AAC 1999; 43:1756-1758
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"Mutant Prevention Concentration ..."
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concentration

"Window" where selection of mutants/resistants
may take place ...

Mutation selection window

Time after administration

concept from Drlica & Zhao, Rev. Med. Microbiol. 2004, 15:73-80
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Putting all together for fluoroquinolones

If you wish to get a faster eradication and
reduce emergence of resistance

= peak /MIC > 10

If you are interested in global effect ...

> AUC,,, /MIC: 30 to 125
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Be practical... a short exercise

You have two Ixacins: L-xacin and M-xacin
They have essentially the same pharmacokinetics and tolerance

Which one will you recommend in YOUR set-up for CAP ?
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7th RTI Forum, Ho Chi Minh, Vietham

27



Application to pneumococci in Belgium

% susceptible strains PK/PD Moxifloxacin 400 mg 1x/d

100 /A/A——z * AUC [(mg/l)xh]: 48

> MIC, .. 0.5-1.5
80 - MOoXI

e peak [mg/l]: 4.5

> MIC, ., :~0.5

Levofloxacin 500 mg 1x/d
* AUC [(mg/D)xh]: 47

> MIC,._:0.5-1.5
» peak [mg/l]: 5

> MIC, .~ 0.5

max

60 7

40 -

20 A

0.0150.03 0.06 0.1250.25 0.5 1 2 4

MIC MIC data: J. Verhaegen et al., ECCMID 2003
Similar values in 2009 (Vanhoof, ECCMID 2009)

23 March 2013 7th RTI Forum, Ho Chi Minh, Vietnam 28



The problem of the wrong breakpoints...

Typical PK values Proposed PK/PD upper limit Breakpoints [mg/]_.]d
Typical Cmax In mg/L AUC,,
daily total/free (mg x h/L) Prevention NCCLS
Drug dosage® (dose) total/free Efficacy® of resistance® (S/I/R)
Norfloxacin 800 mg  14/1.1 14/11 0.1-0.4 0.1 <4/8/>16
(400 mg PO)
Ciprofloxacin 1000 mg 25/1.75 24/18 0.2-0.8 0.2 <1/2/>4*
(500 mg PO)
Ofloxacin 400 mg  4/3 40/30 0.3-0.9 0.4 <2/4/8'
(400 mg PO)
Levofloxadn 500 mg  4/2.8 40/28 0.3-0.9 0.3 <2/4/8'
(500 mg PO)
Moxifloxacin 400 mg 31/1.8 35/21 0.2-0.7 0.2 <1/2/4™
(400 mg PO)

NCCLS, National Committee for Clinical Laboratory Standards (Clinical and Laboratory Standards Institute)

Van Bambeke F, Michot JM, Van Eldere J, Tulkens PM.
Quinolones in 2005: an update. Clin Microbiol Infect. 2005 Apr;11(4):256-80. PMID: 15760423
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The EUCAST breakpoints for fluoroquinolones

Typical PK values Proposed PK/PD upper limit
of sensitivity (ug/mi) for
Cmax in mg/L AUG,y
Typical daily total/free (mg x h/L) |
Drug dosage® (dose) total/free Efficacy
Norfloxacin 800 mg 1.4/1.1 14/11 0.10.4 0.5-1
(400 mg PO)
Ciprofloxacin 1000 mg 2.5/1.75 24/18 0.2-0.8 0.5-1
(500 mg PO)
Ofloxacin 400 mg 4/3 4030 0.309 0.5-1
(400 mg PO)
Levofloxacin 500 mg 4/2.8 4028 0.309 1-2
(500 mg PO)
Moxifloxacin 400 mg 3.1/1.8 35/21 0.20.7 0.5-1
(400 mg PO)
EUCAST
éﬁ?ﬁ%ﬁg Iu(r? 2Fdo’\1/ah:czr? tuil\gét\fncErlndr\e/lrisrgbglﬂlkrﬁgit.la 2?)'05 Apr;11(4):256-80. PMID: 15760423 break po ints
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> EUCAST

S. pneumoniae

EUROPEAN COMMITTEE

ON ANTIMICROBIAL

SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

EUCAST breakpoints

Fluoroquinolones MIC breakpoint Disk Zone diameter
(mg/L) content | breakpoint (mm)
(Hg)

S= R> S2 R<
Ciprofloxacin' 0.12 2 5 50 16%
Levofloxacin® 2 2 5 17% 17*
Moxifloxacin 05 05 5 294 224
Nalidixic acid (screen) NFF-’ NA NA NA
Norfloxacin (screen) NA <= NA 10 12° Mote®
Ofloxacin® 012 o4 5 50" 13%

This is close to

PK/PD
breakpoints

These (and more) data are available at no cost from EUCAST and can be accessed freely on EUCAST website www.eucast.org.
Note: EUCAST recommendations are frequently updated but the latest versions is always available on EUCAST web site.

23 March 2013
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http://www.eucast.org/

>C EUCAST s, EUCAST breakpoints

European Society of Clinical Microbiology and Infectious Diseases

S. pneumoniae

Fluoroquinolones MIC breakpoint Disk Zone diameter
(mg/L) content | breakpoint (mm)
(Hg)

S< R> Sz R <
Ciprofloxacin' 0.12 2 5 50 16%
Levofloxacin® 2 2 5 17% 17*
Moxifloxacin 05 05 5 294 224
Nalidixic acid (screen) NA NA NA NA
Norfloxacin (screen) NA NA 10 12° Mote®
Ofloxacin® 0.12 4 5 50" 13%

1. Wild type S. pneumoniae are not considered susceptible to ciprofloxacin and are therefore categorised as intermediate.
A. The norfloxacin disk diffusion test can be used to screen for fluorogquinolone resistance. See Note B.

These (and more) data are available at no cost from EUCAST and can be accessed freely on EUCAST website www.eucast.org.
Note: EUCAST recommendations are frequently updated but the latest versions is always available on EUCAST web site.
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EUROPEAN COMMITTEE
E U CA S T ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

S. pneumoniae

EUCAST breakpoints

Fluoroquinolones MIC breakpoint Disk Zone diameter
(mg/L) content | breakpoint (mm)
(Hg)

S= R> S2 R<
Ciprofloxacin' 0.12 2 5 50 16%
Levofloxacin® 2 2 5 17% 17*
Moxifloxacin 05 05 5 294 224
Nalidixic acid (screen) NA NA NA NA
Norfloxacin (screen) NA NA 10 12° Mote®
Ofloxacin® 0.12 4 5 50" 13%

2. The breakpoints for levofloxacin relate to high dose therapy.

These (and more) data are available at no cost from EUCAST and can be accessed freely on EUCAST website www.eucast.org.
Note: EUCAST recommendations are frequently updated but the latest versions is always available on EUCAST web site.
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> EUCAST

EUROPEAN COMMITTEE
ON ANTIMICROBIAL
SUSCEPTIBILITY TESTING

European Society of Clinical Microbiology and Infectious Diseases

S. pneumoniae

EUCAST breakpoints

Fluoroquinolones MIC breakpoint Disk Zone diameter
(mg/L) content | breakpoint (mm)
(Hg)

S< R> Sz R <
Ciprofloxacin' 0.12 2 5 50 16%
Levofloxacin® 2 2 5 17% 17*
Moxifloxacin 05 05 5 294 224
Nalidixic acid (screen) NA NA NA NA
Norfloxacin (screen) NA NA 10 12° Mote®
Ofloxacin® 0.12 4 5 50" 13%

|3. Wild type S. pneumoniae are not considered susceptible to ofloxacin and are therefore categorised as intermediate.

These (and more) data are available at no cost from EUCAST and can be accessed freely on EUCAST website www.eucast.org.
Note: EUCAST recommendations are frequently updated but the latest versions is always available on EUCAST web site.
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Use of PK/PD protects against resistance of S. pneumoniae to
moxifloxacin: experience in the community in Belgium

S. pneumoniae susceptibility to
moxifloxacin in Belgium

1004 From data of a national collection
* Non invasive respiratory tract infections
» similar results in 2008 for a collection of S.pneumoniae
from clinically-confirmed CAP)
L 754 =o— MXF 1999
(@]
@
= —o— MXF 2008
[}
hut
L Similar
0 504 curves for
= 2001, 2003,
= and 2004 to
E 2007
>S5
(&)
254
breakpoint » Surveys from the Belgian Scientific Institute for Public Health
; for S. pneumoniae from community isolates
(n=156 in 1999 and 448 in 2008)
o) T T T ——r T T » Data available yearly for 1999 through 2008
P PP PP O N v ™ * http://www.iph.fgov.be
& & & R
S NS Q Mi
Q: Q-

Vanhoof RLM, et al. 19th European Congress of Clinical Microbiology and Infectious Diseases. May, 16-19 2009, Helsinki.
Lismond et al. Antimicrobial susceptibility of Streptococcus pneumoniae isolates from vaccinated and non-vaccinated patients with a
clinically confirmed diagnosis of community-acquired pneumonia in Belgium. Int J Antimicrob Agents. 2012; ;39:208-16.
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But you can (and must) use your own data...

C Zhao et al | Diagnostic Microbiology and Infectious Disease 73 (2012) 174-181

Table 1
Susceptibility to 18 antimicrobial agents of clinical Gram-positive isolates in China, 2005-2010.
Organisms Antimicrobial agents 2005 2006 2007 2008 2009 2010
xs? MICag xS MICaq xs? MICqn x5? MICaq xs? MICqn xs? MICqaq
5. pneumoniae n=495 n = 100 n=152 n =225 n=227 n =232
Levofloxacin 899 2 97 1 98.7 1 97.8 1 93.8 2 98.6 1
Moxifloxacin 933 038 98 0.125 100| 025 982 0.125 95.2 05 98.6 0.25

Youning Liu et al.

BMC Infectious Diseases 2009, 9:31  doi:10.1186/1471-2334-9-31

Table 4: Antimicrobial susceptibility of 63 5. pneumoniae isolates obtained in the study
Antimicrobial agent % of isolates MIC (pg/ml)

susceptible Intermediate Resistant MIC, MIC,, Range
Levofloxacin 93.7 0.0 6.3 I 2 0.5-16
Gatifloxacin 93.7 0.0 6.3 0.25 0.5 0.125-4
Moxifloxacin 95.2 3.2 1.6 0.125 0.25 0.064-4
23 March 2013 7th RTI Forum, Ho Chi Minh, Vietnam
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G. Drusano

J.J. Schentag

| was not alone...

not too long ago ...

S2nd ICAAC = Sef

ICAAC 2012

- San Francisco

1999

SI

1

ince 1999

. and again this year

and to clinical practice
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Questions ?

.,_ad{fh-‘“““ Oparstuvwxyze
e ’E N— ?.FAJI ”

There are

NO STUPID QUESTIONS

or stupid answers.

=
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