IMPIEGO TERAPEUTICO DELLA FOSFOMICINA
NELLE INFEZIONI DA BATTERI
MULTIRESISTENTI

Prof. Ercole concia

Universita degli Studi di Verona



TERAPIA DELLE INFEZIONI DA ENTEROBATTERI
PRODUTTORI DI ESBL (betalattamasi a spettro esteso)

R

N O

IMIPENEM
MEROPENEM
ERTAPENEM

(TIGECICLINA) (non attiva su Proteus mirabilis e Proteus indolo

FOSFOMICINA EV (sempre in associazione)
FOSFOMICINA os NITROFURANTOINA os (UTI)

CEFTOLOZANE/TAZOBACTAM
CEFTAZIDIME/AVIBACTAM




TERAPIE DELLE SEPSI DA KPC

COLIMICINA + MEROPENEM + TIGECICLINA
COLIMICINA + MEROPENEM + FOSFOMICINA

GENTAMICINA + MEROPENEM + TIGECICLINA
GENTAMICINA + MEROPENEM + FOSFOMICINA

COLIMICINA o GENTAMICINA + TIGECICLINA
COLIMICINA o GENTAMICINA + FOSFOMICINA

CEFTAZIDIME/AVIBACTAM
CEFTAZIDIME/AVIBACTAM + GENTAMICINA
CEFTAZIDIME/AVIBACTAM + FOSFOMICINA



FOSFOMICINA

Derivato dell’acido fosfonico isolato nel 1969 da colture di Streptomyces spp.,
attualmente prodotta in forma sintetica

fosfomicina-trometamina o fosfomicina sale calcico formulazione orale
- fosfomicina di-sodica: formulazione parenterale

Battericida, inibisce la sintesi di peptidoglicano ad uno stadio piu precoce rispetto alle B-
lattamine

Ampio spettro d’azione
- Gram positivi: S.aureus anche MR, S. epidermidis, S.pneumoniae, E.faecalis anche VR

- Gram negativi: E.coli, Proteus spp, K.pneumoniae, Enterobacter spp, Serratia
marcescens, Salmonella typhi

INATTIVA: L. monocytogenes, Bacteroides fragilis.

Acinetobacter baumannii e P.aeruginosa tendenzialmente resistenti, ma se associata ad
altre classi antibiotiche puo manifestare effetto sinergico

Meccanismo d’azione concentrazione-dipendente o tempo-dipendente non chiaro,
secondo alcuni studi

- concentrazione-dip. per E.coli, Proteus mirabilis (vitro) e S.pneumoniae (vivo)
- tempo-dip per S.aureus (vitro)

CID 2008;46:1069-77
Int J Antimicrob Agents 2009;34:506-15
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MECHANISM OF ACTION

T /@lse Fosfomycin is an inhibitor of the MurA enzyme
i \., that catalyzes the first committed step in

it peptidoglycan synthesis.

®

®

A.C. Dijkmans 2017
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Spectrum of Activity

In vitro susceptibility data suggest that fosfomycin is considerably
active against both Gram-negative and Gram-positive pathogens.
Specifically, fosfomycin is considered active against Enterococcus
spp. (including Enterococcus faecalis and E. faecium irrespective of
vancomycin resistance), Staphylococcus aureus lirrespective of
methicillin resistance), and S. epidermidis (37, 38). Fosfomycin
also exhibits considerable activity against Gram-negative patho-
gens, including Salmonella spp., Shigella spp., E. coli, Klebsiella and
Enterobacter spp., Serratia spp., Ciirobacter spp., and Proteus mi-
rabilis (37-41). Fosfomycin has been also found to be active
against Listeria monocytogenes, Neisseria gonorrhoeae, Aerococcus
urinae, and Helicobacter pylori (42-45). Fosfomycin is not active
against anaerobes, such as Bacteroides spp., but it is active against
Peptococcus spp. and Peptostreptococcus spp. (46, 47). Pseudomo-
nas spp., Acinetobacter spp., Stenotrophomonas maltophilia, Burk-
holderia cepacia, Staphylococcus capitis, Staphylococcus saprophyti-
cus, and Mycobacterium tuberculosis are intrinsically resistant to
fosfomycin (48, 49). Morganella morganii is also resistant to fos-
fomycin (50).

M.E. Falagas 2016



The majority of the recently published studies evaluated the in
vitro activity of fosfomycin against ESBL-producing Enterobacte-
riaceae, particularly E. coli and K. pneumoniae (68-71,73, 74, 77—
81, 84-86, 89). Although studies evaluating the susceptibility of
isolates recovered from blood or respiratory specimens have been
published, the great majority of these studies focused on urine
samples. In general, fosfomycin was more active against E. coli
(range, 82% to 100%) than against K. pneumoniae (15% to 100%).
Community-acquired strains were in general more susceptible
than nosocomial strains. Susceptibility of other Enterobacteriaceae
was less frequently reported, but fosfomycin remained active
against a significant proportion (72% to 97.5%); P. mirabilis was
reported as the least susceptible of them. Finally, fosfomycin was
found to be active against 90.5% to 100% of MDR Enterobacteri-
aceae (57, 76).

M.E. Falagas 2016



Fosfomycin was also evaluated against carbapenem-resistant
(CR) or carbapenemase-producing Gram-negative bacteria (57,
76, 93). Most of the data refer to KPC-producing K. pneumoniae
strains or, to a lesser extent, to other Enterobacteriaceae. MIC.,
and MIC,,, values were usually one dilution lower in ESBL-pro-
ducing K. pneumoniae strains than in CR/KPC-producing K.

pneumoniae strains. All CR A. baumannii strains were also resis-
tant to fosfomycin (94), while 80.6% of CR P. aeruginosa strains
were reported to be susceptible in one study (61).

M.E. Falagas 2016



TABLE 2 [rata on invitro susceptibality of MIHEor XDR bacteria to foafunmgein and relevant antibioties from the lrger studics published from 2000 onwards”

Vs fmvein
NG
First author, yr Soirce of Wo.of [l Susceptibility o MIC,,
Category {reference) Clontry, period Methed! s infestion Reslstance profile' | Organimis] isolates [ Tosfomwein |70) Tmg/Heer)
Carbapenee-resistant  Jiang, 2015 (73] Ching, 2000=2013 AR K K K privimosine 278 2 i, =256
or carhapencmase:
preoducing (ram-
pegative hacteria
[az-Aguilar, 2013 MR AL, BML MR CR [28.2) P, aeriginag 206 &4, 15615127
(6}
Tuomn, 2013 (84) Bragil, 2000=2011 DD Warious K2 K prigisnoniae M b NH
ESBL-praducing Cho, 3L {75 South Korea, Microscan LTT EsBL Eooli, K, 237 B7.7 (ol 949 K ]
Enterainaciernecde likiE=2013 prisniEe i,
01,70
Saul Lay, 2015 [16] [midia (L U FSAL, AmpC Furermwcteriioene 32 9E (RSB, 1y NI
CE, v, @ivi) Ampl, 95,7
Asencio, 2004 [67) Spain, 2010=2011 Vitek 1 Varosis ESBE F. ol Bl 95 |ESBL, 82) MR
K. pricusnonine i S8 (EREL, 91}
Khap, 2014 (78) Pakistun, NR oo um ESBL Enterobagternacene 381 Toral 84 K eall, 9 MR
Kigisigili spp., b
Frriteus s ot
Cagan Aktas, 2014 Turkey, 121, Etest U ESRL (4841 B oepli 044 ag {FSBL, 97) 0,53
{74} 0112012
Sorlezano, 2004 (53] Spain, 2006-2012  Wider, uTi ESBL (44=31.8) K, puenmipnie 3271 40-74 MR
Aicrascan
Willar, 2014 18Yy Argeniing, nn Ll Esil £ valf T $7.6 (ESBL 98.2) nhi
212-2013
Villar, 2014 (69) Argentina, 1312 Ll ESEL K. poresmansiae a4 0.7 MR
M2-2013
Villae, 2014 (851 Argentina, 171 uTl ESHL I, prnmabiine 50 MH
10122013
Lal, 2114 {79} China, 2042012 AD um FSIBL (58,1) Eocoli i 98,4 (ESBL, 93.4) Nit
Karowsky, 20040770 Canmada, AD Warinis 3Bl £ el 25 LR 2.4
MWNT-2013 non-UTI
Armpc e i b 2 |6
Morfin-Otero, 2013 Mexico, i MR ESHL (kn} E ol 15 oY =31, =32
(K1) Hit0=2011
K. pocusinine 2 =31, =22
Sahni, 2012 [Ra) India, 2009-2010 DD uT ESPL (4700 Eocoli 1416 W B3 (IESHL, BRI NR
Arajy 2012 [68) Lebinon b Ul ESBL E ol 374 B NE
K. priciinroniue {13.] fil
v inngos- Figuen, Sprain, 2009 Witek 11, LTI F55). E. gl am HE.T NI
2 470) E1est
Kietseelli spp. 28 4
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Table: In vitro activity of fosfomycin and 12 other antibacterial agents against the 499 isolates tested

gl 00631 0025 | 025 | 1 L 6 g/l | (mg
Fostomycin L W19 9N

v R

Amoxicillin-clavulanic acid ' 29 1M | 90 | 4

Cefuroxime L BEIEREER

Cefixime nin|im{mw|sEs g

Cefpodorime BERE IR

Cprofiosacn IR

Levofloxain w8 W6 S

Offoxacin BRI AT

Norfloxacin | 352? B | 8|5

Trimethoprim w7

Trimethoprim-sulfmethoxazole EIERE

Nitrofurantoin | ‘ . ‘
Abbreviations: %-5, % susceptible; %-|, % intermediate: %-R, % resistant; numbers in bold include isolates with MIC < value shown; numbers in italic include isolates with MIC > the highest concentration tested.

M. Kresken, B. Kérber-Irrgang — 22°ECCMID 2012



Susceptibility (%) of extended-spectrum-B-lactamase (ESBL) producing
Escherichia coli to various antibiotics
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TABLE 1 Available fostomycin MICs and zone diameter breakpoints according to the latest EUCAST and CLSI criteria”

MIC (mg/litgr) Zone diameter (mm)
Criteria” Organismi(s) and delivery route 5 | R S 1 R
EUCAST Enterobacteriaceae
Intravenous =32 =32 NER MR
Orral® =32 =32 NR NE
Psendmmonas spp,
Intravenous”
Oral NE NE NR NR
Staphylococeus spp.
Intravenous =32 =32 —F —
Oral NR NE NR NR
cLst’ E. ol =h4 128 =156 =16 13-15 =12
— E. faecalis" =fHd 128 =256 =16 13-15 =12
* 5. susceptible, 1, intermediate, R, resistant; NR, not reported.

* EUCAST criteria are from version 5.0, 2015 (http:/fwww.cucast.org/ fileadmin/sro/media/PDFS/EUCAST _files/Breakpoint_tablesfv_5.0_Breakpoint_Table 01.pdf); CLSI criteria
are from 2015 (48),

“ For uncomplicated urinary tract infections.

4 Epideminlogical cutoff for wild-type isolates, =128 mg/liter.

*—, MICs are recommended.

! Beeudomonas spp.. Acinetobacter spp., B cepacia complex, S, maltophilia, 5. saprophyticus, and 5. capitis are considered to have intrinsic resistance, defined as inherent or innate
{not acquired ) antimicrobial resistance, which is reflected in wild-type antimicrobial patterns of all or atmost all representatives of & species. Intrinsic resistance is so comman that
susceptibility testing is unnecessary.

 Testing and reporting only for E cofi urinary isolates.

M.E. Falagas 2016



EUCAST

Enterobacteriaceae (new taxonomy: Enterobacterales®)

EUCAST Clinlcal Breakpoint Tables v. 8.0, valld from 2018-01-01

Miscellaneous agents MIC breakpoint Disk Zone diameter |Notes
{mgiL) content breakpoint Numberad notes relate to general comments and/or MIC breakpoints.
{pg) (mm) Lettered notes relate to the disk diffusion method.
Sz R > 5=z R=<
|5i1§ummpi1nniul [] ] 30 ir 17 izl jorme dilution, Cuality control must be performed with both &
Colistin® ] 2 Mota® Moba™ EIJBGEIp‘tIHE ac Elrm ;E coli ATCC 25’&22 of P aﬂn.gmusa ATDC 27853) and the colistin resistant E. colt NCTC 13848 (mor-1
Daptomycin - - - = |Hshe);
= e - - — =12, Agar difuion is the reference mathod for fosfomycin. must be determined in the presence of glucoze-6-phosphats (25
hoidiadil dctatlth - 3‘2_ a2 " 2 3{ mgL in the medium). Follow the manufacturers’ instruci@hs for commercial systems.
Fosfomycin oral juncomplicated UTI only) 3 a7 200° 2457 24" |3, Trimethoprim sulfamathoxazole in the matio 1:18. Bgfkpoinis are expressed as the frimethoprim concentration,
Fusidic acid - - - -
Metronidazole N B N A. Use an MIC mathod {broth microdilution only)?
2 : B. Fosfomycin 2080 pg disks must contain 50 pg glucoss-6-phosphate.
Mitrofurantoi cated UTI , E cali 54 7] 100 1n "
I r: el 1unmrﬁn.pﬂ“d i ml;] per I m 0 = = . Zone diameler breakpoinis apply io E. cofi only. For other Enterobacienaceas, use an MIC method.
Imﬁ'ﬁ‘“’“_ na {uncamphcs o). & D. Ignore isolated colonies within fhe inhibiton zone {see pictures below].
mpicin B z 2
Emﬁimﬂn - - - -
rimethoprim (uncamplicated UT] only) 2 4 5 18 15
Trimethoprim-sulfamethoxazale® z [] 1.25-2375 " 1

Exarnpl of inhibition zones for :l : bm)'r.In.

a-c) Ignore all colonies and read the outer zone edge.

d) Record as no inhibition zone.
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Fosfomycin testing: reference agar dilution vs. other methods
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Synergistic activity of fosfomycin

TABLE 3 Synergistic activity of fosfomycin in combination with other antibaotics against several ¢limically relevamnt hacteria

Antibiotics with activity in combination with Tosfomyean {referencels])

Organismis) Svnergy Tedlilerence Antagonism
MESA Litegodid (1740, eiprafaxacin (24), ceftriaxone (127 ciproflaxacin (1371 rifampin (137) Vancomyein (1270 celiriaxone {1375

gentamicin {1 37)
MTEA Cefamamdode (018, 109, 28], cefarolin {138, |30, I68F, vancomyein (25 137, 225%), Amincglyeosicles {2681, fusidic acid {26k], Rifarmgein (139)

Gilveopeptide-intermediate
S anirrus

LN

ME & epidernidis

Efrteroceosi

VRE

SI'F.I'J"‘ML Uiails &P

ESBL-producing E ooli

ESRL-producing K, paeumniae
KL pragienonine
MDR K. prewmorae

CR A posirnoniae

NI Leproducing
Entervisicteriacdae

P asruginesi
CH P, pereginog

MIDE ¥ aertiginosi
Acirerabacter

CNA23-producing Acimetobacter
Pan-drug-resistant Adinemiacer

N, govorchaeae

rifampin (29, 90, 142, 147), carbapenems | 13, 152), celfmetazole | 13}, celoperirone-
sllacnams (1), Derelid (161), quinupistin-dalfopristin (1625, fusidie acid {90,
minacycline (163), tgecveline {290, dapromyan (29, 165]

[mipenem (Lo, vancomycin |66, linezolid (166)

Ciprofoxacin 1370, Imipemem (1370, rafampin (147

Cefetaxime (137), dapiomycin {137).7 imipenem (1371

Draptomyein (16], teicaplanin (971, amaxicillin 46}, Tnerolid (A6, 9230 wmpicillin {42 2
sancoanycin (92, tigecyeline (920" rifampin (9230

Trembeitlin 4137 )" cefmimox (137)." cefotaxime (1371

Cathapenens (3112 detesnam (153 hcolistin (84)," aminoglveosides (28 8907 tgeevcline
126 840" eollstin {28

Carbapenents (1], collain (041" sedilmicin (841" tigeeycline (84"

Crentamicin {1371*

Carbapenem ( 152), aztreanam (L53)

Carbapencms {84, 164, 179), colistin (R4, 164, 1793 tigecycling (8417 netilmicin (34)°

Azrreanam (1370, levofloxacin {1371, aiprofloxacin (137 L7 cefepame (13717 gentamizin
(137 piperacillin (137}, ceftnzidime { 157),° imipenem {1379

Colistin (1495, curbapenenns (119, 15037 amineglveosides {27, 400, piperacillin-
tazohaciam {40, ceftazilime (A1), celepime (A0, caprolloxacin (10)

Carbapenems (A4), collstin (189)," tigecyckine (84)," netilmicln (84"

Amikacin {137

Colistin (59, 890, sulbactam [89)
Polymayxin B (903, minocyeline {90)°
Celtriaxone (44}

teimethoprim (268 ), vancomycin (147)

Yaneomyeln (137)
Wancomycin {167)

Nitrolurantoin {92}, menocveline |92)

Wancomvein {127] imipenem (1 37), ceftrianans
(1370, cefeplime (137)

Centamicin 11743

Colistin (158), tigeeveline (158)

Imipenem (1371, ceftazidime { 1371,
ciprotloxacin {117}, gentamicin (117)

Carbapenems ( 1521, aminoglycosides [ 108)
Imipenem | 137), ceftnxidime (137,
ciprofloxacn | 137)

Cefixime {159, 2500, ceftrmnxone {1549, 154},
weiileamyein (2330 calislan (253), entapencm
{933, gemamicin (233 minocveline {253
oxiflexcin [251)

Amplcillin 192

Colistin (|56}, (OXA-48
producing strain]

* Synergy was ehaerved in =509 of teated ifraine

" Svngegy v elierved In <20

ol teited s

M.E. Falagas 2016



Table 2

Fractional inhibitory concentration indices (FICIs) of fosfomycin (FM) combined with other agents againsy 136 KPC-producing Klebsiella pneumoniae isolates.

FMplus  Synergistic (FICI<0.5)

| Addiive (05 <FICI< 1)

[ndifferent (1< FICI<2) Antagonistic (FICI >2)

Total[n(%)] FM-S(%)

5|) Total [n (%)]

| Totl[n(®)] VS PR Total[n(%)] FMSE) FM-R()

[MP
ETP
TGC
(oL
AMK

20(154%) 207
NQRIY W5

2(15%) 17
537%) 35
151%) 52

107 17 0 0 0 0
2(15%) 35 0 0 0
19(140%) 242 64 215 0 26
N(162%) 172 153 0 0
0(147%) 69 05 0 0

IMP, imipenem; ETP, ertapenem; TGC, tigecycline; COL, colistin; AMK, amikacin; S, susceptible; R, resistant.

Wei Yu 2017
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regimens described in the limited reports of intravenous
fosfomycin for CRE infections, ranging up to 24 g of
drug daily divided 3 or 4 times a day.”*”> Optimal phar-
macodynamic targets for fosfomycin are unclear; histori-
cally it has been considered a time-dependent agent, but

some recent pharmacodynamic studies with fosfomycin
against E. coli have shown the fAUC/MIC ratio to be

most predictive of efficacy.”””” The pharmacodynamics
_E’_B—? 7

of fﬂsfﬂmzcin may differ by species.

E.A. Neuner 2017



Table 1. Optimal PK-PD parameter for CRE treatment options.

CRE Treatment Option Optimal PK-PD Parameter
Carbapenems T = MIC
Polymixins AUC/MIC
Fosfomycin AUC/MIC
Tigecycline AUC/MIC
Aminoglycosides Cmax: MIC
Ceftazidime-avibactam T = MIC

E. A. Neuner 2017



Table 2
The maximum of %PTA for fosfomycin (FOF) achive more than 70% time above MICgg and carbapenem (doripenem (DOM), imipenem (IPM), meropenem (MEM)} 40% time
above MICy; of non MDR-PA" when combinations.

%PTA of combinations IFM IPM DoM DOM MEM MEM MEM MEM
1gq8h lgin3hqg8h lgq8h 1gin4hqg8h 1gq8h lgin3hqg8h 2gq8h 2gin3hqgs8h

FOF4gq1i12h 0 0 0 ] 0 0 0 0
FOF8gq12h 0 0 0 0 0 0 0 ]
FOF4gq&h 1 2 2 3 3 3 3 3

gabh 11 23 23 24 24 24 24 24
FOF8gq&h 30 30 49 49 49 49 50 50
FOF 16 g 32 33 77 80 80 20 80 80
continuous infusion
FOF8gin6h 34 35 a3 a5 95 96 a6 96

g&h

fosfomycin combined with carbapenems had MICgg 12 pug/ml for imipenem combined with fosfomycin, 3 pg/ml for meropenem combined with fosfomycin and 2 pg/ml
for doripenem combined with fosfomycin and 128 pg/ml for fosfomycin combined with carbapenems
# The PTA > 90% was considered optimal against a bacterial population, whereas a PTA between 80% and 90% was associated with moderate probabilities of success.

O. Asuphon 2016



1gqil2hr
2gqi2hr
4 gqi2hr
=l g Q8 hr
4gq6 hr
®-4gqgdhr
w8 0 12 hr
w8 0 8 hr
= 8gq8 hrinfusion in 6 hr
==g==16 g continuous drip
====4 g q 6 hr infusion 2 hr
=4 g q 6 hr infusion 6 hr

: b b‘:‘q .

Ty " -

woF PP g P

MIC (pg/ml)

Figure 2. The probability of target attainment (%PTA) of fosfomycin monotherapy achieve more than 70% time above MIC.
O. Asuphon 2016




Pharmacokinetics of intravenous Fosfomycin

Fosfomycin is a highly hydropilic molecule
Serum protein binding around 3 %
Good tissue availability while lower molecular mass

Volume of distribution at steady state is reported
between 18 and 27 L.

A 4 gram ev infusion achieves C max of 200 to 250
mcg/ml and 8 gram ev 260 to 450 mcg/ml

Around 93 % is excreted unchanged in urine through
glomerular filtration



Fosfomicina: farmacocinetica e

S S [
Berthelot 120 +/ 36

Forestier 4g 2,98 252 +/- 97

Frossard 4g NR 202 +/- 20

Brunner 4g NR 244

Joukhadar 8g 3,9 357 +/- 28
Gattringer 8¢g 12,1 (anurici) 442 +/- 124
Sauuermann 8g 3,7 446 +/- 128

N Roussos Int. J Antimicob Agents 2009
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Distribution and Tissue Penetration

4.2.2. Distribution and Tissue Penetration Fosfomycin binds to plasma proteins at only negligible levels
[31] and 1s distributed widely into a varety of tissues; 1n addition to serum, biologically relevant

concentrations of fosfomycin have been measured in the kidneys, bladder, prostate, lungs, bone, and

The apparent volume of distribution (V4'F) following oral administration of fosfomvcin tromethamine 1s
approximately 100-170 L for a 70-kg indrvidual [29,30]. In contrast, because of its higher bioavailability,
[V-administered fosfomycin disodium has a reported V§ of 930 L at steady state, and values of 3—12 L

A.C. Dijkmans 2017



Following intravenous administration, variable peak, mean,
and trough fosfomycin levels have been reported in humans. In
general, peak concentrations were high (up to 606 mg/liter) (174).
Nonrenal elimination of intravenous fosfomycin is negligible,
with 93 to 99% excreted unchanged in the urine (22, 175, 181).

With regard to patients with impaired renal function, currently
it is not clear if dose adjustment is required for an estimated cre-

atinine clearance of 40 to 80 ml/min. For patients with estimated
creatinine clearances of 40, 30, 20, and 10 ml/min, a reduction to
70%, 60%, 40%, and 20% of the daily recommended dose, respec-
tively, is proposed. In patients undergoing intermittent dialysis
(every 48 h), 2 g after each session is reccommended (https://www
.medicines.org.uk/emc/medicine/28971). There are no data for
dose reduction in patients with hepatic impairment or for elderly
patients without renal impairment.

M. Falagas 2016
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FOSFOMICINA

VIA DI SOMMINISTRAZIONE : E.V.

DOSE UNITARIA : 4 gr.

PICCO SERICO : 223 + 16 mg/I
POSOLOGIA: 16-24 gr. in 4 dosi
METABOLIZZAZIONE: assente

LEGAME PROTEICO: <10

VOLUME DISTRIBUZIONE: 0,3 I/kg
ESCREZIONE URINARIA: > 85 %
ELIMINAZIONE BILIARE: modesta
DIFFUSIONE NEL LCR: 20% dei valori serici
DIFFUSIONE NEL POLMONE 50 % dei valori serici
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(b)

Cardiac infections; 42;
1%

Other; | Non-site specific injuries
573; 10% and procedural
complications; 88; 2%

Female reproductive
tract infections;
110; 2%

SSTI; 168; 3%

Abdominal and GI

infections; 267: 5% -
rococcus spp.;

Streptococcus spp.; \ 114;3%
Serratia spp.;

252; 7%

Fig. 2. Descriptive summary of the studies reviewed here. (a) Numbers of patients treated with intravenous fosfomycin by treatment indication as per MedDRA version 19.0. BJI,
bone and joint infections; UTI, urinary tract infections; CNS, central nervous system infections; S5T1, skin and soft-tissue infections. (b) Absolute numbers of microbiological isolates
reported by pathogen.

B. Grabein 2017



Fosfomycin Comparator

Author(s) and Year Effec. Total Effec. Total OR [95% CI] OR [95% CI]
Monotherapy

Zhang 2003 49 59 45 59 n—-—+ 192 [0.682, 3.78]
Sanc 1979 33 57 27 50 1 117054, 252]
Ode 1988 7 16 6 22 - 2.07[0.53, 8.10]
Albano 1978 38 38 26 26 Not estimable
RE Model for Subgroup --- 1.41[0.83,239]
Combination Therapy

Sirijatuphat 2014 30 47 27 47 .—-—| 1.31[0.57, 3.00]
Shimokata 1988 33 41 27 32 % 0.76[0.22, 2.61]
Nissen 1986 16 17 12 15 | 4.00[0.37, 43.38 ]
Matsumoto 1993 5 5 4 7 I—'—I—l- 8.56[0.34, 212.94]
Kobashi 2002 17 18 15 17 R 2271019, 27.58]
Baron 1987 16 17 14 18 ——=——  4.57[046, 45.86]
RE Model for Subgroup --- 1.48[0.81,271]
RE Model for All Studies ¢ 144096, 2.15]

[ [ | |
0.01 1.00 100.00

Test for overall effect: Z = 1.78; p = 0.07

RE: Random effects

B. Grabein 2017

Favours Comparator Favours Fosfomycin
Heterogeneity: Tau2= 0; Q(df = 9) = 4.62; 12 = 0%, p = 0.87



TABLE 5 Studies with clinical oulcames after fostomycin adminisiration for non-urinary tract infiections publiched from 2010 onwards’

First |I'|I-||'lt'l. LT
pruablication

S iwroblolagiesl

ireferencel Stucy place,vr [hesign Patients, v [l Infectiom (1) [hacteria Faosfomyein Comparaton Slortahey Clinzenl cure  eure
Michalopoulos, Greece, 208 Prospective Adults, 11 [ 1CU infections R K puennraniee iv.4 poeh plus Ha LN {18.2%) Wit NI
010410 uther antibiotics
Apisarnthanarak,  Thailansd, Retrospective  Adults, HAPYWAR ORI acruginoss v 2pagih plusbv. NA 274 [25%) Bl [ 75060 BT LEh)
2000 1218 npa-=2010 dorlpevem (1 g
il extended
intusion)
Florent, 2001 France, Retrospective  Adults, 72 [l BIL 1330 ONS Enterobusterivrane 120 Lv. 4 g gh plus Na NH 63TL (KT WNR
(rn 2013-2010 A, infections (E1), intluding 5 ESBL- oiner antibintice
prospective Eas infections and | AmpC-
arm {9y UTL 190, produsing strainsy
B&| 15}, S8T1 Pooperugdnoin 13,
{43, preumoniy including 3 MDR
(h straingl,
staphviococe (12,
including & MESA
sirabinalz nverall,
MDR, 28'%
Kusachi, 2011 Japais, NA NA Adults, Intra-abdorinal WA 1w ashided on NA Y glLlnd NA
Pl 1 abrscida previnusly [RT7, 5%
fatlisg antibionc
i, 2002 (2420 France, 2007 Prapective Adultsand - Lung infectivn P, pernigiog (430, L. 4 qtib—8h MA 00T L6250 TR T [l B6IRS (79,55
children {33), BIE (32). Enterofavierined s other
ila LT L6, BS1 (29, MRCKS (23 anitilsist s
(9} LAR, MBESA (1)
enducarditis, Sereprocacoie spp
(63, MIDR {83,
ESRAL (45
Apisarpibanarak.  Thailand, Retrospective 49 HAPVAP CR & prmgines Lv, for =1 doys NA 20048 (40,8 25048 R I ERL
N2 20 2nT-2011 s doipenem [EE A
(L g ot o
colistin |5 mg/
hgtdavin 2
divided doses)
MarvarroeSn Sptdn, Prospective 5 Bacteremia (X A-48-producing iv, plus either Combinativns of 1A (40 vs 24 Wi
Francise, 202012 priami e ti peeyeline or figeeveline (088}
00325 culistin callain,
carbapesienmi,
aminoglysosides
Pomtilie. 2014 (ireece Peospoctive [CL AR Primary BS1. YA KPC-producing & iv LA-24 gin NA [8/48 (37.5%) 7148 [36.3%0)
kLT im=2042 Cle-B81, TAL preumanbee L1 diviled dises
wertiginest (17) plas aether
anlibiotics
Erel Hin, 2014 Spain, Frospective 3 BAL 1754 MESA %, 2 b phis MA LR LY 1]

=200

o aAlbrevlations: BI1, bone and foint infecthons; B31, blomdsi ream infecile,
spectraim f-loctamsases AT, haspitehsequired prewinionia; 1AL intraabidaming

ettdiscarditia}

b o4

il imfections, Ly, intreaven

st penein (1 g
gl

walss KIPC, Klefine

resastant; CH-ISD catheter-related bloodstream nfectinmi: Eas, esr and sinis et ESEL exended:

Ui prcureuiar carbupenemave MO, multidog rebtan MRCRE, methlcillin-resistant coagiilue-fegatve

slaphiplgosel; MBSA metldcillin rebstant Soanrain NAL Aot ay allab2e S8 skl arl sidt tasse infectione: LITL snmmary traet infectimm; VAT, vert kit el atind prvomanis
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15 patients with PDE K.pneumoniae

Table 6
Detailed analysis of 15 patients with pandrug-resistant ( PDR) Klebsiella preumoniae strains treated with fosfomycin in combination with other antibiotic(s ).
Sexjage  Admission ICU day'  Days from infection  Sepsis APACHEN  50Fa Type of infection Co-infection Combination Clinical/microbiological Fosfomytin Stafus
[years) type onset” classification scone sCOre therapy outcome duration [days)
Day 14 Day 28
1 M5 Medical 28 2 Septic shock 19 1a 1Al + secondary COL TGC, T2r Failurefailure 21 Alive  Death
bacteraemia
2 M53 Emergent 46 7 Sepsis 14 15 1Al + secondary COL CEN Successfuljeradication 13 Alive  Death
surgery bacteraemia
3 MHE3 Medical 34 2 Severe sepsis 14 3 um COL MER Successfuljindeterminate 14 Alive  Alive
4 Mo Medical 45 0 Septic shock 26 o CR-BSI XDR Psewdomofgas oL Failure findeterminate 4 Death  Death
geruginosa
3 M0 Emergent M 0 Sepsis 11 [ CR-BS COL MER Superinfection/cradication 17 Alive  Alive
SUTgery
6 M52 Medical o2 0 Septic shock 14 [ VAP COL TGC Successful/eradication 13 Alive  Alive
7 F3s Medical 38 7 Sepsis 15 [ Primary hacteraemia TGC Successful/eradication 11 Alive  Alive
8 MBI Medical 32 1 Severe sepsis 22 11 CR-BSI COL TGC Indeterminate indeterminate 10 Death  Death
9 M43 Medical B3 3 Severe sepsis 14 B Primary bacteraemia oL Successfuljeradication 18 Alive:  Alive
10 Mja2 Medical L] 1 Septic shock 13 10 VAP GEN Successfuljeradication 10 Alive  Death
11 F/1E Emergent 7 19 Sepsis 16 B Meningitis Candida sp. oL Tzp Failure/eradication *28 Alive:  Alive
surgery
12 M7 Medical b 3 Sepsis 10 b Primary bacteraemia GEN Successfuljeradication 14 Alive  Alive
13 M58 Emergent 33 0 Severe sepsis 17 3 VAP + empyema XDR P gerugingea TGO Successful/failure 14 Alive  Alive
surgery
14 K73 Medical 54 5 Sepsis 14 7 Primary hacteraemia TGC, GEN Successful/eradication 7 Alive  Alive
15 M2 Planned 3 0 Septic shock EE) 14 VAP KDR P gerugingsa COL MER Failure failure 14 Alive  Death
surgery

ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; 1Al intra-abdominal infection; UT], urinary tract infection; CR-BSI, catheter-related bloodstream
infection; VAP, ventilator-associated pneumonia; COL, colistin: TGC, tigecycling; TZP, piperacillinftazobactam; GEN, gentamicin; MER. meropenem; XDR, extensively drug-resistant.
1 Day of ICU hospitalisation that fosfomycin was initiated on.

b Days between infection onset and fosfomycin initiation.



Sensibilita alla fosfomicina di Enterobacteriacee ESBL + isolate in corso di infezioni
diverse da UTI e tratto gastro-enetrico

Studies showing
susceptibility to fosfomycin
of 90% or more compared
with total number of studies

Cumulative susceptibility of
isolates according to the CLSI
criteriat

All Enterobacteriaceae isolates I

Any advanced antimicrobial drug
resistance profile

ESBL-producing

Isolates from urinary tract

Isolates from mixed sitest
Isolates from outpatients
Isolates from hospitalised patients
Escherichia coli isolates
Any advanced antimicrobial drug
resistance profile
ESBL-producing

Isolates from urinary tract

Isolates from mixed sitest
Isolates from outpatients

Isolates from hospitalised patients

Klebsiella pneumoniae isolates

Any advanced antimicrobial drug
resistance profile

ESBL-producing
Isolates from mixed sitest

Isolates from hospitalised patients

potentially induded.

110f 17 (64-7%)**

11 0f 17 (64-7%)**
8 of 10 (80-0%)= =8
5 of 8 (62.5%) " »=mnu
3of 3 (100-0%)=

40f 8 (50-0%)™==%

11 0f 12 (91-7%) ==

110f 12 (91:7%) ==
6 of 7 (857 %)=

5 of 6 (83-3%) =¥
30f 3 (100%™

4.0f 5 (80-0%) 555

3of 6 (50-0%) == 1o

3of 6 (50-0%) >3 5=
2 of 5 (40092332
2 of 4 (50-0%)75%=

3891 of 4478 (86-9%) =7

3569 0f3911"‘""“1

2061 of 2227 (92-5%)= =%
1508 of 1684 (89.5%) =55
292 of 297 (98-3%)™"*

1344 of 1519 (88-5% )™=

1672 of 1725 (96-9%) s

1604 of 16
704 of 721 (97-6%)= s

900 of 936 (96-29) 2=
292 of 297 (98-3%)==
864 of 909 (95-0%)™="*

608 of 748 (81-3%) 2=

608 of 748 .\:« n

608 Of748 (81.39{:)1&::,:;\ n
4800f610 (787%)11

ESBL=extended-spectrum B-lactamase. CLSI=Clinical and Laboratory Standards Institute. *Multidrug resistance,
carbapenem-resistance, or production of ESBLs, AmpC p-lactamases, serine carbapenemases, or metallo-p-lactamases.
CLSI fosfomycin susceptibility ariteria refer specifically to urinary isolates of Escherichia coli. Urinary tract isolates are

SUCCESSO CLINICO
Pts trattati 1604

- guariti 81.1%
- migliorati 2.9%

RIDOTTO rischio di

selezionare R in corso

di trattamento

Lancet Inf Dis 2010;10:43-50



FOSFOMICINA

5. Felice, 9 maggic 2016

Oggetto: InfectoFos® - Fosfomicina disedica ora autorizzata e disponibile in Italia

Gent.le Dottoressa / Egr. Dottore,

MNordic Pharma € lieta di annunciare la disponibilita di InfectoFos® (Fosfomicina discdica) ewv. fiale da 2 g e 4 g in [talia.

InfectoFos® ewv. fiale da 2 g e 4 g & indicato per il trattamento delle sequenti infezioni negli adulti e nei bambini inclusi | necnati:

Osteomielite
Infezioni complicate delle vie urinarie
Infezioni nosocomiali delle vie respiratorie inferiori

Meningite batterica

Batteriemia che si manifesta in associazione o che si ritiene eventualmente associata ad una qualsiasi delle infezioni sopracitate

La Fosfomicina deve essere utilizzata esclusivamente quando |'uso degli antibatterici comunemente raccomandati per il trattamento iniziale
delle infezioni sopracitate non & considerato opportuno o quando tali antibatterici alternativi non sono stati efficaci?

InfectoFos® é particolarmente efficace nelle infezioni batteriche difficili da trattare grazie a specifiche peculiarita:



=~ Lo~

© N oS O

Terapia degli Enterobatteri produttori di ESBL

Imipenem 500 mgx4,1grx3
Meropenem 1grx 3-4,2grx3
Ertapenem 1 gr/ die

Tigeciclina (solo per infezioni cute e tessuti molli
complicate e per infezioni intraddominali) 100 mg poi 50
mg X 2, nelle sepsi occorre raddoppiare la dose

Ceftolozane/Tazobactam 1,5 g x 3 (3 g X 3 nelle HAP)
Ceftazidime/Avibactam 2,5 g x 3

Fosfomicina ev (in associazione) 16-24 g/die
Fosfomicina os e Nitrofurantoina nelle UTI
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Lancet Inf. Dis
Feb. 2017

Occurrence of carbapenemase-producing Klebsiella
pneumoniae and Escherichia coli in the European survey of
carbapenemase-producing Enterobacteriaceae (EuSCAPE):
a prospective, multinational study

Hajo Grundmann’, Corinna Glasner®, Barbara Albiger, David M Aanensen, Chris T Tomlinson, Arjana Tambi¢ Andrasevi¢, Rafael Cantdn,
Yehuda Carmeli, Alexander W Friedrich, Christian G Giske, Youri Glupczynski, Marek Gniadkowski, David M Livermore, Patrice Nordmann,
Laurent Poirel, Gian M Rossolini, Harald Seifert, Alkiviadis Vatopoulos, Timothy Walsh, Neil Woodford, Dominique L Monnet, and the European
Survey of Carbapenemase-Producing Enterobacteriaceae (EuSCAPE) Working Groupt

Summary

Background Gaps in the diagnostic capacity and heterogeneity of national surveillance and reporting standards in
Europe make it difficult to contain carbapenemase-producing Enterobacteriaceae. We report the development of a
consistent sampling framework and the results of the first structured survey on the occurrence of carbapenemase-
producing Klebsiella pneumoniae and Escherichia coli in European hospitals.

Methods National expert laboratories recruited hospitals with diagnostic capacities, who collected the first ten
carbapenem non-susceptible clinical isolates of K pneumoniae or E coli and ten susceptible same-species comparator
isolates and pertinent patient and hospital information. Isolates and data were relayed back to national expert
laboratories, which made laboratory-substantiated information available for central analysis.

Findings Between Nov 1, 2013, and April 30, 2014, 455 sentinel hospitals in 36 countries submitted 2703 clinical
isolates (2301([85%] Kpneumoniaeand 402 (15%) E coli). 850 (37%) of 2301 Kpneumoniae samples and 77 (19%) of 402 E coli
samples were carbapenemase (KPC, NDM, OXA-48-like, or VIM) producers. The ratio of K pneumoniae to E coli was
11:1. 1-3 patients per 10000 hospital admissions had positive clinical specimens. Prevalence differed greatly, with the
highest rates in Mediterranean and Balkan countries. Carbapenemase-producing K pneumoniae isolates showed high
resistance to last-line antibiotics.

Interpretation This initiative shows an encouraging commitment by all participants, and suggests that challenges in
the establishment of a continent-wide enhanced sentinel surveillance for carbapenemase-producing Entero-
bacteriaeceae can be overcome. Strengthening infection control efforts in hospitals is crucial for controlling spread
through local and national health care networks.

Funding European Centre for Disease Prevention and Control.
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Terapia delle KPC (Kebsiella pneumoniae produttrice di carbapenemasi o altri
enterobatteri produttori di carbapenemasi= CRE)

*COLIMICINA dose da carico 9 milioni poi

4,5 milioni x 2 /die
+

MEROPENEM* 2 gr x 3 /die
oppure
IMIPENEM* 1 gr x 3/die

*COLIMICINA dose come sopra

+
MEROPENEM* 2 gr x 3 /die
IMIPENEM* 1 gr x 3 /die
+
FOSFOMICINA 4 gr x 4-6/die
Oppure
TIGECICLINA 100 0 150 mg x 2 / die

* Scelta basata sul valore della CMI ; il carbapenemico deve essere utilizzato anche nei casi in
cui le CMI superino, non di molto, il breakpoint di resistenza



Terapia delle KPC (Kebsiella pneumoniae produttrice di carbapenemasi o altri
enterobatteri produttori di carbapenemasi= CRE)

*COLIMICINA dose da carico 9 milioni poi

4,5 milioni x 2 /die
+
TIGECICLINA 100 o 150 mg x 2/die
oppure
FOSFOMICINA 4 g x 4-6/die



Ceftazidime avibactam
(uso compassionevole)

CEFTAZIDIME AVIBACTAM 2,5 g (2 g ceftazidime, 0,5
avibactam ) ogni 8 ore (2 h di infusione)

monoterapia ?
associazione ?

con quali farmaci ? (gentamicina
fosfomicina

DOSE 2,5x37? (HAP,VAP, Osteomieliti......... )

Terapia solo delle KPC o anche ESBL, Pseudomonas



Terapia delle KPC (Kebsiella pneumoniae produttrice di carbapenemasi o altri
enterobatteri produttori di carbapenemasi= CRE)

*Ceftazidime/avibactam 2,5gx 3

*Ceftazidime/avibactam 2,5 g x 3 + Gentamicina 5 mg/Kg/die

*Ceftazidime/avibactam 2,5 g x 3 + Fosfomicina ev 16-24 g/die

*Ceftazidime/avibactam 2,5 g x 3 + Colimicina 9 milioni poi 4,5/die

N.B. non esistono ancora studi sulle associazioni, né sulle posologie in corso
di infezioni localizzate



TERAPIE DELLE SEPSI DA KPC

COLIMICINA + MEROPENEM + TIGECICLINA
COLIMICINA + MEROPENEM + FOSFOMICINA

GENTAMICINA + MEROPENEM + TIGECICLINA
GENTAMICINA + MEROPENEM + FOSFOMICINA

COLIMICINA o GENTAMICINA + TIGECICLINA
COLIMICINA o GENTAMICINA + FOSFOMICINA

CEFTAZIDIME/AVIBACTAM
CEFTAZIDIME/AVIBACTAM + GENTAMICINA
CEFTAZIDIME/AVIBACTAM + FOSFOMICINA
CEFTAZIDIME/AVIBACTAM + COLIMICINA



Terapia delle infezioni da Pseudomonas aeruginosa MDR

1. CEFTOLOZANE/TAZOBACTAM 1,5 g x 3/die (3gx 3 nelle  HAP)

2.  COLIMICINA ( 9 milioni dose da carico poi 4,5 milioni x 2 / die) +

RIFAMPICINA 600 -900 mg /die (I'uso prescinde dalla sensibilita
in vitro)

3. COLIMICINA (dose come sopra) +

FOSFOMICINA (4 gr x 4-6 / die) (solo se e dimostrata una
sensibilita in vitro)
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Important safety consideration for parenteral
fosfomycin is its high sodium content which
may result in sodium overload and heart failure

23, 70]. Thus, each gram of fosfomycin
contains 14.35mEq(330mg) of sodium.

Considering that an average dose of
fosfomycin is about 12 g, the sodium load
associated with its use may be significant,
especially for patients with underlying heart

failure. In comparison, piperacillin and
tazobactam, the antibacterial drug that is
considered to have high sodium content
contains 2.36 mEq (54.28 mg) of sodium per
gram of piperacillin. A pooled analysis of

comparative trials in our review did not
demonstrate a higher rate of heart failure in
fosfomvcin-treated  natients.




5570 pazienti

Tahle 2

List of adverse events reported with intravenous fosformycn use, categonzed by

their MedDRA preferred and high level terms

B. Grofein ef al. / Clinicol Microbiolog

Adverse event Mo, Relative
OCCUTTENCE ooourTence (X
Castrointestinal dsorders 14 5.24
Gastrointestinal disorders {unspecified) G2 256
Diarrhoca 16 B0
MNausea 13 0.49
Dhysgeusia 31 1.16
Yomiting 5] 034
Abdominal pain 1 004
Retching 1 004
Metabaolism and nutrition disorders ] £ |
Hypokalaemia 78 20z
Hypematracmia 13 068
Decreased appetite 1 0.04
Skin and subcutancous tissue disorders FE 0.86
Rash 1% 1|
Rash morbilliform 2 o.o7
Urticaria 1 004
Erythema multiforme 1 004
Injury, poisoning and procedural 7 Lot
complications
[Thrombo jphlchiris 16 0,60
Venous intolerance 11 041
Altered laboratory parameters 103 3E3
Hepatic enzyme increased (unspecified) 5% 221
Transaminases increased [unspecified) 20 073
Alanine aminotransferase increased 3 0.1g
Laboratory test abnormal {unspecified ) 5 0.9
Blood alkaline phosphatase increased 5 0.1a
Aspanate aminotransferase increased 3 0.1
Blood hiliruhin increased 2 o0.o7
Blood urea increased 2 oo7
Blood creatinine increased 1 0.04
Respiratory rate increased 1 0.04
Biood and lymphatic system disorders 1% 07l
Leukopenias & 022
Anaemia 3 019
Thromboeorinpenia 4 013
Neutropenia 3 o1
Eosinoohilia 1 oon4

Leneral disorders and adminstraton
site conditions
Oedema
Asthenia
Hyperhydrosis
Injection site pain
Myrexia
Micolaw syndrome "
Flush
Infections and infestations
Sysbemic candidiasis®
Fumgal infection
Herpes simplex infection
Nervous system disorders
Headache
Yertigo
Hyperosmodar coma® + hyperglycaemia
Vascular disorders
Hypemension
Vascular pain
Shock=
Cardiac disorders
Tachycardia
Cardiac failure~"
Pain in the heart
Cardiac disorders [ unspecified |
Other
Worsening of pulmonary oedema+
in patients with heart insufficiency
and endocarditis
Cough

d= E

m;uuuum-—-uum—-—-—-—-mumm-—-—-—nuuhm

022
015
1
011
.04
0,04

0.2
o.a7
a7
n.oz7
.60
052
0.04
0,04
0.149
a7
0.0z
004
0.34
011
0,07
a7
a7

0.07

01,04



Table § Adverse events associated with pnrenreral
administration of fnsfmn}'::in in 15 non-comparative

trials [18-32]

Adverse event Fostomycin

Hypokalemia 28
Transaminase elevation 10
GI disorders 12
Rash 11
Peripheral phlebitis
Deaths 5

(
(
(
(
(
(
Sodium overload and heart failure 5 (
Neutropenia (not defined) 5
Injection site pain 4
Thrombocytopenia 4
Renal toxicity 3
Heart failure 2
(

Hypertension 2 (<1%)
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