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Objectives

0 discuss the theoretical uses of new
ntibiotics for various paediatric infections

0 specify what are the off-label drugs for
hildren

o Indicate the new antibiotics that are locally
vailable



Staphylococcus aureus
Klebsiella pneumoniae
Acinetobacter baumanii
Pseudomonas aeruginosa

Enterobacteriaceae




lultidrug-resistant bacteria (MDR)

resistant to one or more antibiotics belonging to 3
r more antimicrobial classes

xtensively drug-resistant bacteria (XDR)
resistant to all antibiotics except colistin

an-drug-resistant bacteria (PDR)

recictant to all available antibiotice inchiidina colis



‘Innovation Gap™

lo new class of antibiotics to
eat systemic bacterial
ifections has been
Iscovered since 1987

0 x " 20 Initiative of IDSA

DA set up the FDA Safety
nd Innovaton Act to try to
ncourage research into new
ntibacterials

1928 Penicillin

1932 Sulfonamides
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1943 Streptomycin —°

1946 Chloramphenicol —
1948 Cephalosporins _::

1952 Erythromycin
1952 Isoniazid

1957 Vancomycin

1961 Trimethoprim

IIIIIIIlIIlIIIIIlI'IIII'II

1976 Carbapenems __E

1979 Monobactams —:E

1987 Lipopeptides
Discovery void

IIIIII[IIIIIIHIIIIIIIIIII|IIIIII



“The10 x 20 Initiative

A proGram Iinitiated by the Infectious Diseases
Society of America (IDSA) in 2010

Aim: To develop ten new safe and effective
antibacterial drugs by 2020

Vlain targets: ESKAPE pathogens

Boucher HW et al. 10 x " 20 Progress- Development of New Drugs active agail
Gram-negative bacilli: An Update from the Infectious Disease Society of Amer
Clin Infec Dis 2013;56 (12):1685-94.



Antibacterial Year Approved Novel Mechanism?

Rifapentine® 1998 No
Quinupristin/dalfopristin® 1999 No
Moxifloxacin 1999 No
Gatifloxacin® 1999 No
Linezolid 2000 Yes
Cefditoren pivoxil 2001 No
Ertapenem 2001 No
Gemifloxacin® 2003 No
Daptomycin 2003 Yes
Telithromycin® 2004 No
Tigecycline® 2005 Yes
Doripenem 2007 No
Telavancin 2009 Yes
Ceftaroline fosamil 2010 No

* Rifaxamin (Food and Drug Administration [FDA] approved in 2004) and
fidaxomicin (FDA approved in 2011) are not systemically absorbed, and so are
not included on this list.

° Antituberculous agent.

“ Infrequently used due to adverse event profile.

Y Withdrawn from market due to adverse event profile.
“ Label waming regarding possible excess mortality.



Systemic Antibacterial Drug
A Approvals since 2000

IBACTERIAL YEAR

ANTIBIOTIC CLASS

DRUG APPROVED AVAILAE
Linezolid 2000 Oxazolidinone Yes
-rtapenem 2001 Carbapenem Yes
aptomycin 2003 Lipopeptide Yes
igecycline 2005 Glycylcycline Yes
Joripenem 2007 Carbapenem Yes
‘elavancin 2009 Glycopeptide No
aroline fosamil 2010 Cephalosporin No




< 4—4 INCUCIIL T LA ALIUVIVULUU

Approvals

TIBACTERIAL YEAR

DRUG APPROVED ANTIBIOTIC CLASS
Dalbavancin May 2014 Glycopeptide
Oritavancin August 2014 Glycopeptide

Tedizolid 2014 Oxazolidinone
Ceftobiprole 2014 Cephalosporin
Cotiozane: |oecemver 2ot CePMaoSPErIf lctamase
Cef’.[lazic!ime- Eebruary 2015 Cephalosporin-Bl-I.act‘gmase iInhibit



OXAZOLIDINONES
(Linezolid, Tedizolid)



LINEZOLID

TEDIZOLII

FDA Approval

2000

2014

timicrobial Spectrum of
Activity

Resistant Gram-positive
bacteria
(MRSA, Vancomycin-
resistant Enterococci,
CoNS, Penicillin-resistant
Pneumococci)

Resistant Gra
positive bacte
(esp. linezoli
resistant strain
Staphylococc
spp., Streptoco
spp., Enterococ
spp. and Penic
resistant
Pneumococt




Clinical Indications

Adults and children with
complicated bacterial skin
and skin structure
Infections **

Acute bacterial
and skin struct
Infections in ad

Adults and adolescents
> 12 yrs: 600 mg bid

200 mg once de

DeeE Children (birth - 11 yrs): 6 days
10 mg/kg q 8 hrs
Infusion 2mg/ml .
Preparation 600 mg tab AR mginwe}(laind
100 mg/5 ml suspension J
P4160.86/infusion bag $1692 (1V)
Cost P 3770/tab $2212(oral)
P 18,162.98/bottle ** for 6 day thel
lability in the Philippines Yes No



Linezolid

ctive against resistant Gram-positive
acteria

- MRSA, Vancomycin-resistant Enterococci
CONS and Penicillin-resistant Pneumococ

acteriostatic drug available in oral and IV fori

lecommended for adults and children with
sram-positive SSTIs



Pediatric Data: Linezolid

Randomized studies have shown that Linezolid
ffective in curing complicated and uncomplicat
kin and soft tissue infections (SSTIs) in children

Cure rate in complicated SSTIs (N=120, age <

. Linezolid 85.7% vs Vancom}/cin 90.5%

- Yogev R, et al. Pediatr Infect Dis J. 2003:22(9 suppl)
S127

- Cure rate in uncomplicated SSTls (N=455, ag
5-11)

. Linezolid 88. 7%.vs Cefadroxn 86.2%

Wible K, et al. Pediatr Infect Dis J. 2003:22:315

S W Yy



Tedizolid

)xazolidonine derivative approved by FDA in
014

ctive against resistant Gram-positive
acteria,esp. against linezolid-resistant strains
taphylococcus spp., Streptococcus spp.,
-nterococcus spp. and Peniclillin-resistant
’neumococci

vailable in oral and IV forms

e S ] g et e B S P e i N P il B B S R e



Tedizolid

linical studies in adults with acute bacterial skin
nd skin-structure infections

A short 6-day course of tedizolid was as
effective as a 10-day course of linezolid in

terms of both early and sustained clinical
responses

. Lowest effective dose: 200 mg OD
-  Prokocimer P, et al. JAMA 2013, 309:55¢

O PEDIATRIC DATA



GLYCOPEPTIDES
(Telavancin, Dalbavancin,
Oritavancin)



TELAVANCIN DALBAVANCIN ORITAVANCI

FDA Approval 2009 May 2014 August 2014
Gram-positive ELEl [Fosili:
Gram- bacteria, incldg bacteria, inclc
positive MSSA MRS A MRSA, VISA
Antimicrobial bacteria, ! ! VRSA,
. . : MSSE, MRSE .
>pectrum of Activity |incldg MRSA, . | daptomycin-
and enterococci; .
CoNS, VSE oor activit nonsusceptibl
and VRE pv S VRSAy S. aureus ant
o VRE
Penetrates
epithelial lining
flud and
alveolar

macrophages




TELAVANCIN DALBAVANCIN ORITAVANCI

Nosocomial
pneumonia,
incldg VAP | Acute bacterial | Acute bacteri:
.. L suspected or | skin and skin skin and skir
Clinical Indications
known to be structure structure
caused by iInfections iInfections
MRSA;
cSSSls
Bactericidal Bactericidal Bactericidal
concentration- | concentration- | concentratior
dependent dependent dependent
killing killing Killing
1000 mg on day
. 1 and 500 mg
Dosing e CE on day 8 (2 Single dose

administration

doses one week

Anart)




Telavancin

‘'ancomycin-derived lipoglycopeptide

'otent bactericidal activity against Gram-posit
acteria, including MRSA and CoNS

'enetrates pulmonary epithelial lining fluid an
lveolar macrophages

1 vitro activity is unaffected by pulmonary
urfactant



Telavancin

linical studies in adults

- Similar efficacy and safety of Telavancin comparec
vancomycin in the treatment of nosocomial
pneumonia

- Similar efficacy and tolerability of Telavancin
compared to standard anti-staphylococcal beta-
lactams and vancomyecin for treating complicated
skin and skin-structure infections (cSSTls)

- Clinical response outcomes are non-inferior to
vancomycm In the treatment of HAP due to Gram:

i Pt ety o A R AT T S A T | oz g n et Ml D it st it M i airoctsrin MmN A A«



ediatric Data: Telavanci

'harmacokinetic study in paediatric patients

ged 1 to 17 years is currently on-going (as of
)ctober 2015)



Dalbavancin

lew lipoglycopeptide approved by FDA in Ma
014

)emonstates in vitro activity against Gram-
ositive pathogens, incldg MSSA, MRSA,
ISSE, MRSE and enterococci

lot active against vancomycin-resistant S.
ureus



Dalbavancin

ong half-life and >90% protein binding allow a
osage regimen of 2 doses one week apart

linical studies in adults show non-inferiority to
ancomycin followed by oral linezolid in the
eatment of acute bacterial SSSTIs

- Boucher HW, et al. N Engl J Med. 2014;370:2169-
2179.

uture studies on additional indications, I.e.
ospitalised community acquired pneumonia
_AP) and paediatric osteomyelitis



Oritavancin

ong half-life (about 250 hours) allows for sing
ose regimen to treat acute bacterial skin and
Kin structure infections

linical studies in adults show non inferiority

ancomycin in the treatment of ABSSSIs

- Corey GR, et al. Clin Infect Dis. 2015;60:2
262

|O PEDIATRIC DATA



LIPOPEPTIDES



Daptomycin

actericidal, concentration-dependent
popeptide administered once daily

1dicated for adults with complicated SSTls,
ght-sided endocarditis due to S. aureus
VIRSA), and associated bacteremia

)rug IS inactivated by surfactant, hence is not
acommended for pneumonia



Daptomycin

urrently not approved for use in children
ut growing evidence supports its use In
hildren who have not responded to other
nerapies for MRSA

ocally available as 500 mg/10 ml infusion (ll
400/infusion)



ediatric Data: Daptomyc

fficacy in children with complicated SSTis
-U-CORE Registry Data)

.- Retrospective,post-marketing, non-interventional
registry in 18 countries (2006-2012)

- 81 children (median 13 years, 24% with MRSA)

- Daptomycin has a high clinical success rate whe
given as both first-line (93%) and second-line
treatment (92%)

. Surionaitilonn VV af al FCCMID 20158 Ahctract



ediatric Data: Daptomyc

fficacy in children with complicated SSSTiIs

- Randomized study of 396 children treated with
Daptomycin vs standard of care (Clindamycin or

Vancomycin)

- Age-adjusted dosing: 12-17 years = 5 mg/kg; 7-11 ye
= 7 mg/kg; 2-6 years = 9 mg/kg; 1-<2 years = 10 mg/k

. Results: Daptomycin is as effective as standard of ca
and requires fewer days of |V therapy (<3 days) before

Oral conversion e (laccar C ot 2l ESPID 292018 Ahctract




SA Guidelines

* Primary:
— Vancomycin 40 mg/kg/day
— Clindamycin 40 mg/kg/day

* Alternative:
— Linezolid 10 mg/kg/dose < age 12; 600 mg/dose > a

emia and * Primary: Vancomycin 15 mg/kg/dose
ve . _
S rditis : Alternatlv@tomycm 6-10 mg/kg/d@
* Primary:
— Vancomycin 40 mg/kg/day
myelitis and — Clindamycin 40 mg/kg/day
arthritis * Alternative:

@ptomycin 6 mg/kd/daD

— Linezolid TO mg/kg/dose < age 12; 600 mg/dose > aj
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RSA

i ptomycin

- Concentration-dependent killing
- Bactericidal

- Once-daily administration

ftaroline/Ceftobiprole

- Bactericidal
- 2-3-daily administrations

1ezolid

- Bacteriostatic
- Twice-daily administration

lavancin

- Concentration-dependent killing
- Bactericidal
- Once-daily administration

-“---'---,--'- - - -

Teicoplanin
— Bactericidal
— Once-daily administration

Dalbavancin

— Concentration-dependent killin
— Bactericidal
— 1%t and 8™ day (ABSSSI)

Tedizolid

— Bacteriostatic
— Once-daily (ABSSSI)

Oritavancin

— Concentration-dependent killin
— Bactericidal
— Single-dose (ABSSSI)



CEPHALOSPORINS
(Cefaroline,
Ceftobiprole,Ceftolozane-
Tazobactam, Ceftazidime-
Avibactam)



FOSAMIL - - ‘

FDA Approval

2010

2014

imicrobial Spectrum of
Activity

“Fifth-generation
cephalosporin”
(expanded Gram-positive
activity), incldg
MRSA, VRSA, S.
pneumoniae, Strep.
pyogenes, as well as
Gram-negative
spp.(Haemophilus
Influenzae and Moraxella
catarrhalis, incldg
resistant strains)

The only FDA approved
cephalosporin with
activity against VISA

“Fifth-generat
cephalospori
(expanded Gr:
positive activi
incldg MRSA
well as non-Be
lactamase prodt
Gram-negatiy
organisms

The most pote
cephalosporin te
against S.
pneumoniae



Ceftaroline fosamil

actericidal, parenteral cephalosporin with
xpanded Gram-positive activity, incldg VRSA
nd MRSA

fifth-generation™ cephalosporin

ctive against Gram-positive organisms (S.
neumoniae, S. aureus, incldg MRSA and S.
yogenes) and Gram-negative species ( H.
ifluenzae and Moraxella catarrhalis, incldg.
>sistant strains)



Ceftaroline fosamil

linical trials demonstrate non-inferiority to the
tandard of care for the treatment of communi
cquired pneumonia (CAP) and skin and skin
tructure infections (SSSIs)

- Corey GR, et al. Clin Infect Dis. 2010;51:64

650
.  File TM Jr, et al. Clin Infect Dis. 2010:51:13

14059.
ow potential for resistance development



Ceftaroline fosamil

avorable safety and tolerabillity profile

urrently NOT RECOMMENDED for children
8 years

afety and efficacy study of Ceftaroline vs
omparator in paediatric patients with CAP ha
een completed (unpublished)



Ceftobiprole

Clinical trials showed non-inferiority to
comparator drugs in the treatment of cSSSls
and hospitalised CAP patients

- Nicholson SC, et al. Int J Antimicro Agents 2012, 39(3):
246.



TAZOBACTAM AVIBACTA

FDA Approval December 2014 February 2071

Excellent in vitro activity
against Pseudomonas

aeruginosa strains, AV'bng[am -
incldg cephalosporin- new beta-
lactamase

and carbapenem-

resistant isolates Inhibitor that

timicrobial Spectrum of SIS et

Activity Good to excellent activity :[:mEpSCB:;r?)ga
against other Gram- Gram-negat
negative organisms, strains, as w
incldg ESBL-producing as to some
enterobacteriaceae such carbapenem

as E. coli and K.
pneumoniae




CEFTOLOZANE- CEFTAZIDIM

TAZOBACTAM AVIBACTA

Complicated int
abdominal infecti
(clAls) in combine

with metronidaz

Complicated intra-
abdominal infections
(clAls) in combination
Clinical Indications with metronidazole

Complicated urir
tract infections
adults

Complicated urinary
tract infections in adults

Pediatric Data None None




SLYCYLCYCLINE
(Tigecycline)



Tigecycline

road-spectrum glycylcycline antibiotic used fi
eating serious bacterial infections in adults

vailable as 50 mg/5 ml infusion (I 3529)



ediatric Data: Tigecyclin

hase |l, multicenter, open-label clinical trial on
1armacokinetics and safety profile of tigecycline

3 children (8-11 years) with community-acquired
neumonia, complicated intra-abdominal infections
1Al), or complicated skin and skin structure infectit
SSSI)

onclusion: A dosage of 1.2 mg/kg q 12h may represen
e most appropriate dosage for subsequent evaluation
hase lll clinical trials in children with selected serious
acterial infections

Piirdv | aft al Clin Thar 2019 Eah"2A4(9)-A(



CARBAPENEMS



Imipenem, Meropenem,

Ertapenem
rovide the BROADEST spectrum of activity c

urrently approved antibiotics

\ctive against gram-positive bacteria,
naerobes, gram-negative bacteria (including
10st ESBL producers), anti-Pseudomonas
overage

|OT ACTIVE against Stenofrophomonas
1altophilia, MRSA, Enterococcus faecium



WIAOUVIITUVALIVIIL VI

Carbapenems

GROUP 1 GROUP 2 GROUF
Ertapenem Ll [0
. Meropenem | Tomopen
Carbapenems Panipenem :
. Doripenem | Razupen
Tebipenem .
Biapenem
vity against non-fermentants
udomonas aeruginosa and No Yes Yes
lcinetobacter baumanii)
Activity against MRSA No No Yes




ERTAPENEM DORIPEN

FDA Approval 2001 2007

Less action on
Pseudomonas aeruginosa
and Acinetobacter

timicrobial Spectrum of
Activity

Similar to imipe
and meropene

ntimicrobial resistance
potential

High Low




ERTAPENEM DORIPEN

3 mos-12 yrs: 15 mg/kg 2 (115 = 24 S
mg/kg q 8 hr:
. . g 12 hrs _
Pediatric Dosing > 12 vrs: 1 am a dav IV or >2vyrs: 15 mg/
= 1€ yrs. 1 gmqday 8 hrs* (max 5
M
mg/dose
Preparation 1 gm powder for injection | 500 mg infusi
Cost 13016.02/vial 1 2500/vial

*Eirirthar ectiidicae on dncina intarviale of DAarinenam ara



Ertapenem

linically indicated for the following moderate to
avere infections in adults

- Acute pelvic infections, community-acquired
pneumonia, complicated intra-abdominal
infections, complicated skin and skin structure
infections, complicated urinary tract infections

ff-label Indications

. Treatment of IV catheter-related bloodstream

mnfAartiAan ftranmstrmaAant AF AnracthAatica 1At iInfFAANRtIAN



'ediatric Data: Ertapener

wice daily dosing regimens for children < 12 years

omparable efficacy to Ceftriaxone in the treatmen
rinary tract infections, skin and soft-tissue
ifections and community-acquired pneumonia

- Arguedas A, et al. ICAAC 2005.Abstract G-
- Arguedas A, et al. Int J Antimicrob Agents

2009

omparable efficacy to ticarcillin-clavulanate in the
eatment of paediatric intra-abdominal and pelvi

ifections - Johnson J, et al. ICAAC 2005.Abstract G-9



Doripenem

lain clinical indications In adults

. Complicated UTls, complicated intra-
abdominal infections, hospital-acquired
pneumonia, ventilator-associated pneumo

urrently recommended only for those > 18
ears of age



'ediatric Data: Doripener

—fficacy and safety multicenter study
onducted in Japan

100 pediatric patients (2 mos - 13 yrs) with
yneumonia, UTI, otitis media, septicaemia,
and other severe paediatric infections

_onclusion: Doripenem 20 mg/kg 2x or 3x a
Jay was clinically effective and well-

olerated in treating paediatric infections
- Sunakawa K, et al. ICAAC 2011. Abstract G3-



VvV ALIUVIVULS dppPIUVEU al iU/
IN development

Cephalosporins , =5
: : . : Oxazolidinones
aftaroline fosamil, Ceftobiprole, | (Tedizolid, Radezolid)
Ceftolozane/Tazobactam) ' :

Carbapenems

(Panipenem, Biapenem, . Glyco_peptldes .
(Oritavancin, Telavancin,
Razupenem, Tomopenem, Dalbavancin)
—— flebipenemippwoxiy —--— - - - > =
Monobactams Polymixin
(BAL30072) g (CB-182,804)
Aminoglycosides Tetracycline
(Plazomicin) . (Eravacycline, Omadacycline)

Quinolones =
. = Pleuromutilin compbound



SUMMARY

esistance iIs the driver for new antibiotics

lew antibiotics will greatly contribute to effect
1anagement of infections caused by the usua
ut increasingly multidrug-resistant bacteria

linical studies in adults demonstrate safety a
fficacy

ew or no paediatric data are available



Thank You



