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Learning Objectives

1. Describe the current evidence supporting the
use of vancomycin for treatment of complicated
MRSA infections

2. Describe the limits of using vancomycin



Properties of the Ideal Antibiotic to Treat
MRSA Infections

B Rapid bactericidal killing
B Excellent tissue penetration

B Consistent pharmacokinetics and pharmacodynamics
that allow for predictable dosing

B Low potential for development of resistance on
treatment

B Low side effect profile
B Demonstrated clinical and microbiological efficacy



Vancomycin Under the Microscope

B Do we understand the vanco? (in vitro)
B Resistance (visa, hvisa, mic creep)

m Vanco levels? (Pk)

B Pharmacodynamics

M Clinical failures?

B Dosing (loading dose)



Vancomycin MICs

NCCLS (previous) CLSI
S <4 pg/mL <2 pg/mL
8-16 pg/mL 4-8 pg/mL
R >32 pug/mL > 16 pg/mL




IMPACT OF MODERATE VS HIGH-INOCULUM
MRSA ON ACTIVITIES OF ANTIMICROBIALS
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IMPACT OF MODERATE VS HIGH-INOCULUM
MRSA ON ACTIVITIES OF ANTIMICROBIALS
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Vancomycin Resistance in S. aureus
is rare in Canada

H VISA

O Intermediate susceptible, 8-16 ug/mL
O Thickened cell wall

B VRSA

O Vancomycin resistant, 1% reported 2002
O vanA gene

m hVISA

O Subpopulation of susceptible S. aureus (MRSA) that may
express intermediate resistance



hVISA may not be Clinically Relevant

B Outcomes of hVISA-MRSA compared to vanco
susceptible MRSA: prospective evaluation
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Understanding vancomycin TDM

sHP REPORT

Therapeutic monitoring of vancomycin in adult
patients: A consensus review of the American
Society of Health-System Pharmacists, the Infectious
Diseases Society of America, and the Society
of Infectious Diseases Pharmacists

MICHAEL RYBAK,

BEN
R

ancomycin is a glycopeptide an-
thblotjc that has been in clinical

use for nearly 50 years as a peni-
cillin alternative to treat penicillinase-
producing strains of Staphylococcus
auirens. It is ane of the most widely
used antibiotics in the United
States for the treatment of serious
gram-positive infections involving
methicillin-resistant 5. aureus
(MRSA).! Early use of vancomycin
was associated with a number of

IN C. ROTSCHAFER, ROBERT
OSEPH R. DALOVISIO,

Am | Health-Syst Pharm. 2009; 66:82-98

adverse effects, including infusion-
related toxicities, nephrotoxicity, and
possible ototoxicity. Upon further
investigation, it appears that the im-
purities in early formulations of van-
comycin caused many of these adverse
events."* Its overall use was curtailed
significantly with the development
of semisynthetic penicillins (e.g. me-
thicillin, exacillin, nafcilling that were
considered less toxic.'* However, the
steady rise in the number of MRSA in-
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fections since the early 1980s has once
again brought vancomycin into the
forefront as the primary treatment for
infections caused by this organism.
Owver the years, vancomycin has
been one of the moststudied antibiot-
ics. Extensive pharmacokinetic stud-
ies in a variety of patient populations
and the availability of commercial
drug assays have allowed clinicians
to target serum vancomycin concen-
trations precisely in a relatively nar-
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TDM of Vancomycin

m 15-20 mg/kg/dose ABW IV g8-12h in normal renal
function (BII)

m Loading dose of 25-30 mg/kg (ABW) in seriously ill
patients (Clll)

m 1glIV ql2h acceptable for SSTI and normal renal
function, non obese (BIl)

m Monitor trough levels (not peaks) (BIl)
= Aim for 15-20 mg/L (BII)

Liu C et al. Clin Infect Dis. 2011:epub;1-38.



Target Pharmacodynamics is Known

M Associated with AUC24/MIC > 400

M Clinical and bacteriologic response superior
when threshold is reached (p=0.0046)

O More rapid bacterial eradication (p=0.0402)

O Relationship between time to bacterial eradication
and time to improvement in pneumonia score

(p<0.0001)

Moise-Broder PA, et al. Clin Pharmacokinet 2004;43:925-42



Newer Alternative Agents

Antibiotic Class NOC Year
Quinupristin-Dalfopristin Streptogramin 1999
Linezolid Oxazolidinone 2001
Tigecycline (black box by FDA) Glycylcycline 2006
Daptomycin Lipopeptide 2007
Ceftobiprole (rejected by FDA) Cephalosporin 2008




Vancomycin on Trial

B Approved for use in 1958
B Increasing and now extensive use since 1960s

M Is there an alternative that has appropriately
demonstrated superiority?

B Does resistance preclude the use of vancomycin in
Canada?

M Is there an alternative that has a demonstrated better
safety profile?

M Is there a more reasonable economic way of doing
things?



Daptomycin vs Vancomycin/Gent for MRSA
Bacteremia or Right-Sided Endocarditis
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Figure 1. The Kaplan—Meier plot of overall survival. Wilcoxon P = (.25,
log-rank P = (0.42.

Rehm SJ, et al. J Antimicrob Chemother 2008;62:1413-21



“Cross-resistance” with Vancomycin and
Daptomycin

B Membrane permeability is compromised

Table 1. Effect of increasing vancomycin
MICs on daptomycin susceptibility for Staphy-
lococcus aureus isolates.

MNo. 1%) of izolates

Vancomyein Daptormycin Daptormycin
MIC, pg'mL  MIC =1 pg/mL  MIC =2 ug/mlL \
=2 81237 3012 However, vanA-
4 11 (200 43 (20) . .
o s e mediated resistance
=32 £ (100 0 (0} does not seem to

NOTE. P«<.0001: y* test for trand. impact dapto

"Frve S asumus izolates with vand-madisted susce phb|||ty

ras otanos. /

Patel JB et al. Clin Infect Dis 2006;42:1652-3

Huang YT et al. J Clin Microbiol 2008;46:1132

Tenover FC et al. Int J Antimicrob Ag 2009;33:564
Bennett JW et al. Diagn Microbiol Infect Dis 2008;60:437




Facts about nosocomial pneumonia (NP)

I

B Mortality rates in NP vary depending on the patient population,
with HAP mortality as high as 30% to 60%, lower in clinical drug
trials 18-25%, higher in epidemiological trials

B Mortality in VAP varies from 24% to 60%, with the higher
mortality rates occurring when VAP is accompanied by acute
lung injury (ALI) or adult respiratory distress syndrome (ARDS).

B The majority of deaths that occur during or after an episode of
NP are commonly related to the underlying medical conditions
rather than being directly attributable to NP

Leroy et al. Treat Respir Med. 2004;3:123-31.

Edis EC, et-al. Respiration. 2009;78:416-422.

Connelly SM, et-al. Am J Infect Control. 2009;37:143-9.)

Fagon J,et-al . Am J Respir Crit Care Med. 2000 ;161(3 Pt 1):753-62.

Fagon JY & Chastre J.. Eur Respir J Suppl. 2003 Aug;42:77s-83s.

Markowicz P, et-al.. ARDS Study Group. Am J Respir Crit Care Med. 2000 161:1942-8.



Linezolid vs Vanco in MRSA pneumonia
Mortality: Kaplan-Meier Plot — 60 Days: ITT
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Vancomycin Trough Levels -
HA-MRSA Pheumonia

Table 2. Clinical Success Rates in the Per-Protocol Population

at End of Study, by Patient Subgroup Tri al n Ot
Vancomycin n
trough levels deS|g ned to
(day 3)
0-7.9 pg/mL 17/35 (48.6)
8-12.3 pg/mL 17/37 (46.0) eval uate
12.4-17.4 pg/ml. 15/33 (45.5) vanco myc| n
>17.4 pg/mL 15/33 (45.5)
Vancomycin
noomyo troughs
<1 pg/mL 10/16 (62.5) 7/14 (50.0) 22810 47.8
1 ug/mL 77/122 (61.5) 64/134 (47.8) 1610 25.8
=2 ug/mL 3/8 (37.5) 7/13 (563.8) 59.5t0 26.8

Wunderink RG, et al. CID 2012;54:621



Emergence of resistance with
linezolid

LRSA outbreak declared;
infection-control measures implemented
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Patient (S aureus clone)
™ | Q4 |
2(A) I L) |
3 (A) l 5 |
4 (A) I QA
50)] Q &
6(A) | Q 2 |
7(A) 2]
8 (A) Q 23 |
9 (A) l Q 2 |
10(A) | ° A
1A [Q 5 |
12(A) I o A
[ ICU unit 1: neurotrauma First positive diagnostic or surveillance culture
[ ICU unit 2: medical-surgical ¢ Linezolid-susceptible MRSA
[ ICU unit 3: cardiovascular A Linezolid-resistant MRSA

Garcia MS, et al. JAMA 2010;303:2260



Canadian Guidelines for HAP/VAP

| Screen patient for severity of iliness: Does patient present with one or more of the following?

l

therapy in the past 90 days?

Determine if patient is at increased risk of infection
with a resistant pathogen: Has the patient been
hospitalized =5 days and/or been on antimicrobial

<>

Hypotension
Need for intubation
Consider illness to be MILD to MODERATE +— Sepsis syndrome

Rapid progression of infiltrates
End organ dysfunction

l Consider illness to be SEVERE

I

| Patient belongs to Group 1

| Patient belongs to Group 2

| ‘ Patient belongs to Group 3

l

l

1

Potential pathogens include core
pathogens (

infection with a resistant pathogen

‘ Patient is at increased risk of ‘ ’

Patient may be at risk of infection
vith a resistant pathogen

Streptococcus species, MSSA,
Haemophilus influsnzae, Escherichia
coli, Kisbsislia epacies, Enterobactsr
epecies, Proteus SPECies and
Serratia spacies)”

I

I

Potential pathogens include core
pathogens’ plus MRSA and
Pseudomonas aeruginosa

‘*‘f"'“"f.r- T

Potential pathogens include core
pathogens” plus MRSA, Pseugomonas
aeruginosa, and Legioneila species

Treat empirically on ward with IV/oral
monotherapy with the following
(7 to 8 days):

Treat empirically on ward with IV/oral
monotherapy with the following 7-8 days

Treat empirically in ICU with
IV combination therapy with the following:

I

I

Cephalosporin, 3rd generation
(ceftriaxone 1-2 g q24h IV or
cefotaxime 1-2 g q8h IV)
Or

Cephalosporin, 4th generation
(cefepime 1-2g qi12h IV)
Or

Bet

1a-lactam/beta-lactamase

inhibitor (piperacillin-

tazobactam 4.5 g g8h IV)
Or

Fluoroquinolone (levofioxacin
750 mg q24h 1V/po or
maoxifloxacin 400 mg

q24h V/po)

Gephalozporin, 3rd generation (cafriaxone
1-20 G24h IV or cafotaxime 1-2 g q8h IV)
or

GCaphalosporin, 4th ganeration
{cefepime 1-2g q12h IV)
or
Bata-lactam/beta-lactamaas inhibitor
(piperacillin-tazobactam 4.5 g G8h IV)
or

Antipssudomonal caphaloeporin
(csftazadims or cafapime 2 g qgh IV)
or
Beta-lactam/beta-lactamase inhiitor

(pipsracilin-tazobactam 4.5 g q8h V)
or

Carbapenem (imipanem or
meropsnsm 500 mg q6h IV or 1g ggh IV)
Plus

p (imipenem or merepsn:
500 mg g6h IV)
[

v
Fluoroquinolons (levofioxacin 750 mg
624h 1V/po or moxifioxacin
400 mg g24h IV/po)
Plus/Minus
Vancomycin 1g q12h IV or linezolid
600 mg q12h IV/oo (if MRSA present

or suspectsd)

— 7,_/] -

Streamline therapy based
on cuiture results

400 mg
q8h IV o levofioxacin 750 mg 24h IV)
or

Aminaglycoside (gentamicin or
tobramycin 5-7 mgrkg qd IV or
amikacin 15-20 mg/kg qd IV)
Plus/Minus
Vancomyein 1g q12h IV or linezolid
600 mg q12h IV/po (if MRSA
prasent or suzpscted)

Modify treatment if resistant
pathogens present (see note below
regarding treatment duration)

te below regarding
treatment duration)

For P 1

g

or amikacin 15-20 mg/kg q24h 1V)

q24h 1V/po) or aminoglycoside (gentamicin or tobramycin 5-7 mg/kg q24h IV

inhibitor

tazobactam 4.5 g g6h IV) or aﬁ(nps«sudomcna\ cephalosporin (ceftazadime or
cefepime 2 g g8h IV) or carabapenem (imipenem or meropenem 1 g g8h 1V) plus
fiuoroquinolone (ciprofioxacin 400 mg q8h 1V or 750 mg BID po of levok

Note: Longer durations of treatment
my be required if resistant
pathogens such as P aeruginosa,

in 750 mg

pecies,
Stenotrophomonas maitophilia
and MRSA are present

Figure 6) Treatment algorithm for hospital-acquired pneumena. BID Twice daily; ICU Intensive care unit; IV Intravenous; MRSA Methicllin-

resistant Staphylococcus aureus; MSSA Methicillin-susceptible S aureus; q Every; po By mouth

Vancomycin 1g q12 h or

linezolid 600 mg q12h IV/po
(if MRSA present or suspected)

« Additional studies are
warranted to advise
clinicians of the optimal
agents and dosages for
treating P aeruginosa an
MRSA HAP and VAP. »

Rotstein C et al. Can J Infect Dis Med Microbiol 2008;19:19-53



Safety: Choose your Poison

m RCT-open label trial: MRSA infections (pneumonia,
SSTls, sepsis) in Japan

Linezolid, Vancomycin,
AE n= 100 n= 5l
— — | m V: Reversible
Total no. of patienss reporied (%) 55(55.0) 22 (43.1) i
Total (%) nephrotoxocity
laborstary st abnormal 6 (60) 0 (0.0)
diarrhoea 10(10.0) 1 (2.0) B L: Reversible
liver function abnormal G L60) 408 .
renal function sbnormal* <1 (1.0) 5(9.8) > hematological
Bausea 6(60) 0 (0.0) 3 bnorma“ﬁes
vomiting S (5.0
anaemiat 3(13.0)
leucopenia 7(10) B L: longer exposure
" NS 0/10M « .
;hu.?nlx:-_.yﬁh.;lull.: :) i\:()u neu rOtOX|C|ty
yponatraemia F(10)
rash 2(20)

*P < 005(y" tes).

Kohno S, et al. J Antimicrob Chemother 2007;60:1361-9



Safety Monitoring

® Vancomycin

m Nephrotoxicity

m DI: nephrotoxic meds
m Daptomycin

mLFTs, CK

m DI: statins, rhabdomyolisis
m Linezolid

m Plts

m DI: MOAI, SSRIs



Closing Position

B Require appropriate demonstration (studies) to
satisfy criteria of superior efficacy and equivalent
or superior safety

MW Require epidemiology of severe infections
caused by MRSA (local)

MW Require outcomes data on severe infections
according to vancomycin dosing and MIC
(international)



