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Osteomyelitis : different territories

H'E Vertebral
One pathology but possible Prosthetic =f= osteomyelitis
several PK/(PD) issues!  joint
infection

* Different locations
- different access of drugs ...

g LN
e Different environments Hf’ d{_v‘%‘g
—> different expression Post- _
of activity of drugs t-raum:cltlc
infection

Diabetic foot
infection

Adapted from Boucher et al., Clin Infect Dis (2010) 51 (S2) :S183-5197
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A few relevant PK Questions ....

 When to take samples ?
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Time points for sampling matter !

1. Drug given by continuous infusion
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Landersdorfer et al., Clin Pharmacokinet (2009) 48: 89-124
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Time points for sampling matter !

1. Drug given by continuous infusion

O C(yy plasma
O Cp) bone
O Cy)/C
10 1 -4
RZ — 347
— rH HH L
o RB-0-0-0-0-0-0-0Q — .
- 1 - .° O R e .-' | 5 | Purlpg the
E’ oo ® ;.. elimination phase,
= -'!o. Q ~ bone:plasma ratio
ke O 1 "y Q S .
5 014 ’ h 2 S changes over time
c @ Q) ) @)
S r A
3 0.01 A — CHCHOHOHOHOHOHC @ - 1
] 2. Q
_ ] Rss=1.0 2
0 Q. O
0.001 5 T T T T T T 0
0 8 16 24 32 40 48
Time (h)

Landersdorfer et al., Clin Pharmacokinet (2009) 48: 89-124

08-oct-2021 EBJIS 2021 5 LDI e ?

B UCLouvain



Time points for sampling and administration scheme matter !

2. Drug given as discontinuous infusion OCp bone

ty, iy = 0-25

ke =1h

ty,

Multiple sampling
times are needed
to get a global

10

ey
1

b (ki) = 4 0
Concentration (mg/L)

picture
0.1 .
001 - T T T T T T 0
0O 4 8 12 16 20 24
Time (h)
Bolus dose -
= ! (100 mg) Eﬁ
o v g
 / lla Central > Bone tissue =
= compartment compartment =
- — tIEJ
= Q
< K1o 5 )
| © 01— 0

0 8 16 24 32 40 48 8 16 24 32 40 48
Time (h) Time (h)
Landersdorfer et al., Clin Pharmacokinet (2009) 48: 89-124

B UCLouvain



A few relevant PK Questions ....

* Which drugs ?
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Antibiotic bone penetration: a global picture
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Antibiotic bone concentrations: a global picture

antibiotic Average cancellous//cortical bone | Resistance Bkpt (mg/L) for
or global conc. (mg/L) S. aureus (R >)

Amoxi/clav 27.8/3.5//37.4/3.6 -
(Flu)/Cloxacillin 89.5// [2]
Cefazolin 75.4 // detectable -
Vancomycin 2
Dalbavancin 13.4//4.2 0.125
Oritavancin 27 // 65.6 0.125
Daptomycin 21.4 1
Linezolid 4
Gentamicin detectable 1
Rifampicin 6.5 0.5
Clindamycin 6.9 0.5
Moxifloxacin 2.8 0.25
Doxycycline 2
TMP/SMX

Adapted from Thabit et oll.z,l Int J Infect Dis (2019) 81: 128-136 .
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Antibiotic bone concentrations: a global picture

antibiotic Average cancellous//cortical | Resistance Bkpt (mg/L) for
or global bone conc. (mg/L) enterobacterales (R >)

Amoxi/clav 27.8/3.5//37.4/3.6 8

Cefazolin 75.4 // detectable 4

Piperacillin/tazobactam 40.5/detect. // 35.5/detect. 8

Ceftriaxone 10.7 2

Cefepime 99.8 // 67.6

Meropenem 8

Ertapenem 9.9//6.1 0.5
Gentamicin detectable

TMP/SMX 4

Ciprofloxacin 13.8 0.5
Fosfomycin 8

Colistin NA 2

Metronidazole 5.6//5.7 -

Adapted from Thabit et al., Int J Infect Dis (2019) 81: 128-136
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A new drug in the arsenal: afabicin (spectrum=S. aureus only!)
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A few relevant PK Questions ....

 Which causes of variability ?
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Inter-individual variability

1. Physiological changes in elderly affecting drug PK/PD

B UCLouvain

Pharmacokinetics

(concentration and elimination of antibiotics)

Pharmacodynamics

(relationship between the concentration of antibiotics and the clinical effect)
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First-pass metabolism and bioavailability
Reduced liver mass and blood flow
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Hepatic clearence of drugs in the bloodstream

Protein binding Renal clearence
Decreased serum albumin Reduced renal blood Mow
Reduced glomerular filtration
and tubular secretion

-4 IMMUNOSENESCENCE
—=| Inability to functional adaptations
| Up-regulation of pro-infammatory cytokines

Altered function of immune cells (macrophages, neutrophils, lymphocytes)

2 Allered sensitivity of reeptors

PHYSICALABILITY TO DEAL WITH INFECTIONS

Reduced muscle mass (reduced coughing during pneumonia)
Inability to take drugs (reduced compliance)
Inability to adequate hydration (dehydration favors UTI)

REDUCED CARDIOVASCULAR COMPENSATORY CAPACITY

Reduced ability to deal with infections

Reduced organ perfusion
Reduced ability to deal with septic syndromes

VULNERABILITY OF THE CENTRAL NERVOUS SYSTEM AND
NEUROENDOCRINE SYSTEM

Cognilive impairment and less reactivity to stress
Reduced capacity to deal with oxidative stress
Altered responsiveness of adrencergic receptors

DECREASED HEMATOPOIETIC RESERVE
Increased nisk for experiencing hematologic toxicities

ALTERED SAFETY
ALTERED EFFICACY Falcone et al., ] Glob Antimicrob Res (2020) 22: 325-333
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Inter-individual variability

1. Physiological changes in elderly affecting drug PK/PD
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(Flu)/Cloxacillin Amoxi/clav

Vancomycin Cefazolin

Dalbavancin Piperacillin/tazobactam

Oritavancin Ceftriaxone

Daptomycin Meropenem

Linezolid Ertapenem

Rifampicin Gentamicin

Clindamycin Ciprofloxacin

Moxifloxacin Fosfomycin

Doxycycline Colistin

TMP/SMX Metronidazole

Adapted from Macias-Valcayo et al., Expert Opin Pharmacother. (2019) 20: 1109-1121
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Inter-individual variability

1. Physiological changes in elderly affecting drug PK/PD
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(Flu)/Cloxacillin Amoxi/clav

Vancomycin Cefazolin Adjust in case of renal insufficiency

Dalbavancin Piperacillin/tazobactam

Oritavancin

Daptomycin Meropenem

Linezolid Ertapenem

Rifampicin Gentamicin

Clindamycin Ciprofloxacin

Moxifloxacin Fosfomycin

Doxycycline Colistin

TMP/SMX Metronidazole

Adapted from Macias-Valcayo et al., Expert Opin Pharmacother. (2019) 20: 1109-1121
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Inter-individual variability

1. Physiological changes in elderly affecting drug PK/PD

(Flu)/Cloxacillin Amoxi/clav
Vancomycin Cefazolin Adjust in case of hepatic insufficiency
Dalbavancin Piperacillin/tazobactam
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Oritavancin Ceftriaxone

Daptomycin Meropenem

Linezolid Ertapenem

Rifampicin Gentamicin

Clindamycin Ciprofloxacin

Moxifloxacin Fosfomycin

Doxycycline Colistin

TMP/SMX Metronidazole

Adapted from Macias-Valcayo et al., Expert Opin Pharmacother. (2019) 20: 1109-1121
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Inter-individual variability

1. Physiological changes in elderly affecting drug PK/PD

(Flu)/Cloxacillin Amoxi/clav
Vancomycin Cefazolin Highly protein bound
Dalbavancin Piperacillin/tazobactam
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Oritavancin Ceftriaxone

Daptomycin Meropenem

Linezolid Ertapenem

Rifampicin Gentamicin

Clindamycin Ciprofloxacin

Moxifloxacin Fosfomycin

Doxycycline Colistin

TMP/SMX Metronidazole

Adapted from Macias-Valcayo et al., Expert Opin Pharmacother. (2019) 20: 1109-1121
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Inter-individual variability

2. Pharmacogenomics (transporters — metabolism) and gender

Simulated exposure and probability to achieve efficacy and toxicity targets stratified by categorical covariates

Daptomycin dosage and Crnax Crmin AUC CFR® fCrnax/ PTA Cnin
sex/ABCB1 haplotype (mg/L) (mg/L) (mg-h/L) MIC >12 >24.3 mg/L
10 mg/kg
F/other 91.8+14.2 28.14+9.9 12254+ 265 0.982 0.611
M/other 83.2+12.9 r2_0_.1_4_55_5.‘_1\ 1001+ 222 0.974 0.264 _
F/CGC (104.94+15.8 1269499 1233+273 0.987 .r_O_.ir_6_5_,'
M/CGC 96.2+14.5 17.2+7.8 1005+ 226 0.985 0.17
\ J ——
Higher probability of success in Higher probability of toxicity in
* Females * Females
* CGC haplotypes (lower if CGC haplotype)
3 SNP in most
frequent haplo-
R type (~15%)
Wolking et al., Clin Pharmacokinet (2015) 54: 709-735
Kroetz et al., Pharmacogenetics (2003) 13:481—494 Bricca et al., J Antimicrob Chemother (2019) 74: 1012-1020
B UCLouvain
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A few relevant PK Questions ....

 Which target concentrations ?
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Hidden reservoirs

Fig. 1 Removal of necrotic bone and biofilm contaminated components during revision surgery for MRSA-infected total joint replacements
(TJR). a—c The indications for this single-stage revision for a MRSA-infected total hip replacement is shown. a Radiographic evidence of the
septic TJR in the pre-op X-ray are periosteal reaction and a non-united femoral fracture (yellow arrows). b The open infected thigh requires
removal of necrotic soft tissue and white (dead) bone, adjacent to live (red) bone that needs to be retained for successful limb salvage.
Complete removal of the dead bone, cement, and necrotic tissues creates a healthier environment for the new prosthesis. ¢ Post-op X-ray of
the femoral defect with modular hip prosthesis. d-g Bacterial biofilm on explanted hardware components. Photographs of the surface of a
femoral total knee replacement component before (d) and after (e) osmium tetroxide staining identifying bacterial biofilm on the bone
cement. f SEM of the explanted hardware reveals biofilm bacteria (yellow arrow) on the surface of the implant (x10 000) and g bacteria

attached to fibrin on the explanted hardware (x10 000) Masters et al., Bone Research (2019) 7:20
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Hidden reservoirs

|
2. Intracellular survival

Evidence of an intracellular reservoir
in osteocytes (A,B), osteoblasts (C) and bone matrix Evidence of bacteria in osteocyte-lacuno canalicular network (A-B)
of a patient with recurrent osteomyelitis and of ‘Trojan horses’ macrophages (C-D)
VRS T Y

Bosse et al., ] Bone Joint Surg Am. (2005) 87: 1343-7 Masters et al., Bone Research (2019) 7:20
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Antibiotic PK/PD against persistent forms of infection

PD parameters:

e Expression of antibiotic activity
e Bacterial responsiveness

* Cooperation with the host

PK parameters:
Access and accumulation
at the infection site "

BACTERIUM [JERESSSS HOST

[
- ANTIBIOTIC
bone, prosthesis, cardiac valve, ...

biofilm intracellular infection

B UCLouvain 08-oct-2021 EBJIS 2021



Antibiotic PK/PD against persistent forms of infection

moxifloxacin

biofilm intracellular infection
120 -
2 ° @ intra
o 1004 O extra
= e :
g 80_ 2 O- ..............................
S N
= 604
= T
O O
2 40- @)
> o
20- . < -4- .
, : - O
O'T| ! | I I 1 I I I
CT 1 2 3 -1 0 1 2 3 4
log,o concentration (X MIC) log extracellular

concentration (x MIC)

In general, maximal effect reached at conc. ~ 300 x MIC

Adapted from Bauer et al., Antimicrob Ag Chemother (2013) 57:2726-2737, Barcia-Macay et al., Antimicrob Ag Chemother (2006) 50: 841-851 ?
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Antibiotic bone concentrations: a global picture

antibiotic Average cancellous//cortical bone or Resistance Bkpt (mg/L) for
global conc. (mg/L) S. aureus (R >)

Amoxi/clav

> 100 MIC (Flu)/Cloxacillin 89.5//3.8
Cefazolin // detectable
Vancomycin 3.8//4.5
Dalbavancin 13.4//4.2
Oritavancin 27 // 65.6
Daptomycin 21.4
Linezolid 6.4
Gentamicin detectable
Rifampicin 6.5
Clindamycin 6.9
Moxifloxacin 2.8
Doxycycline 3
TMP/SMX 6.8/35.8
Afabicin 0.370 // 0.640

B UCLouvain

27.8/3.5//37.4/3.6 -

[2]
2
0.125
0.125

0.5
0.5
0.25
2
4

[0.008]
Adapted from Thabit et al., Int J Infect Dis (2019) 81: 128-136



Antibiotic bone concentrations: a global picture

antibiotic Average cancellous//cortical | Resistance Bkpt (mg/L) for
or global bone conc. (mg/L) enterobacterales (R >)

Amoxi/clav 27.8/3.5//37.4/3.6

> 100 MIC Cefazolin // detectable
Piperacillin/tazobactam 40.5/detect. // 35.5/detect.
Ceftriaxone 10.7
Cefepime
Meropenem 10.6 8
Ertapenem 99//6.1 0.5
Gentamicin detectable
TMP/SMX 6.8/35.8 4
Ciprofloxacin 13.8 0.5
Fosfomycin 13// 8 8
Colistin NA 2
Metronidazole 5.6//5.7 -

Adapted from Thabit et al., Int J Infect Dis (2019) 81: 128-136
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Still more questions than answers ....

e Local bioavailability ?

e Duration of treatment ?
e Expression of activity ?
e PD criteria for efficacy ?
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