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Quali le problematiche, oggi emergenti in 
antibioticoterapia? 

• Aumento delle resistenze batteriche  (MDR-
PDR-XDR) 
 
 

• Riduzione marcata della ricerca e sviluppo di 
nuovi antibiotici 
 



 



Global priority list of antibiotic‐resistant bacteria to guide research, discovery, and development of new antibiotics. WHO. 2017. 
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COME SIAMO MESSI RISPETTO AGLI ALTRI PAESI 
EUROPEI ? 

PATOGENO RESISTENTE POSIZIONE IN CLASSIFICA 
E.Coli   FQ R  2° su 30 
E. Coli  CEF R  2° su 30 

K. pneumoniae  Carba R  2° su 30 
K. pneumoniae  FQ R   5 su 30 
K. pneumoniae CEF  R   6 su 30 
XDR Acinetobacter   6 su 30 
MRSA   6 su 30 
P. aeruginosa MDR   9 su 30 
VRE  15 su 30 
MDR Pneumococchi  15 su 30 
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MORTALITY DUE TO BACTEREMIA: 

META‐ANALYSIS OF STUDIES COMPARING ESBLS AND NON‐ESBLS 

Schwaber M. JAC 2007 



CRE Bacteremia mortality 131/222= 
60% 

EID 2014 



ESCHERICHIA COLI 

 



2006 

2016 

Escherichia coli: percentage of invasive 
isolates resistant to third-generation 
cephalosporins, EU/EEA, 2006 & 2016 

Source: EARS/EARS-Net, 2017 (https://atlas.ecdc.europa.eu). 



2006 

2016 

Escherichia coli: percentage of invasive 
isolates resistant to fluoroquinolones, 
EU/EEA, 2006 & 2016 

Source: EARS/EARS-Net, 2017 (https://atlas.ecdc.europa.eu). 



ESBL** 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018(f
eb) 

B. TRENTO 219 197 269 224 177 277 366 446 517 473 68 

B. ROMA 106 133 160 149 141 223 279 291 376 409 75 

TOTALE 325 330 429 373 318 500 645 737 893 828 143 

  ESBL AOUI VERONA 
ATTENZIONE: DAL 2013 CAMBIATI CRITERI DI SELEZIONE 

** Enterobatteriacee resistenti alle Cefalosporine di terza generazione. Microrganismi ricercati: Escherichia Coli, Klebsiella Pneumoniae, Morganella morgani, Proteus 
mirabilis, Providencia alcalifaciens, Providencia rettgeri, Providencia spp., Providencia stuarti 

TOTALE 

3233 

2342 

5575 



KLEBSIELLA PNEUMONIAE 



2006 

2016 

Klebsiella pneumoniae: % of invasive 
isolates with combined resistance*, 
EU/EEA, 2006 & 2016 

Source: EARS/EARS-Net, 2017 (https://atlas.ecdc.europa.eu). 

*Third-generation cephalosporins, 
fluoroquinolones and aminoglycosides 



2006 

2016 

Klebsiella pneumoniae: % of invasive 
isolates with resistance to carbapenems, 
EU/EEA, 2006 & 2016 

Source: EARS/EARS-Net, 2017 (https://atlas.ecdc.europa.eu). 



Azienda Osp. Univ. Verona: KPC 
AREA 2011 2012 2013 2014 2015 2016 20171 Totale 

MEDICA 149 127 156 116 178 143 156 1025 

CHIRURGICA 40 42 65 46 79 88 85 445 

ONCOEMATOL
OGICA 

1 2 8 5 10 13 6 45 

CRITICA 46 45 52 59 121 122 94 539 

ALTRO 0 0 1 2 1 2 3 9 

Totale 236 216 282 228 389 368 121 2063 

1: valori aggiornati al 28 MARZO 2017 



2016 

ITALIA ARS Toscana 

VRE 11  % 21  % (0-72 %) 

KPC 34  % 37  % (6-60 %) 

G. Rossolini 







K. pneumoniae resistenti alla colistina 
Verona 2016 



2012 

2016 

Acinetobacter spp.: % of invasive 
isolates with combined resistance*, 
EU/EEA, 2012 & 2016 

Source: EARS/EARS-Net, 2017 (https://atlas.ecdc.europa.eu). 

*Fluoroquinolones, 
aminoglycosides and carbapenems 



Carbapenem-resistant A. baumannii  

Combined resistance (FQ-Carba-Aminog) A. baumannii  



PSEUDOMONAS AERUGINOSA 



Pseudomonas aeruginosa resistance trends, Italy 
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2016: 
 
FQ            24,7 % 
PIP/TAZ   20,7 % 
CEFTAZ    23,0 % 
AMINOS  19,1 % 
CARBAP   23,5 % 



CEFTAZIDIME/AVIBACTAM: 
POTENZIALITA’ 

 



DRUGS 2013 





Avibactam has a broader spectrum of activity 
than  currently available β‐lactamase inhibitors 

Lagacé‐Wiens P, et al. Core Evid 2014;9:13–25. 

Clavulanic acid Tazobactam Avibactam 
 
 

Class A 

TEM, SHV    
CTX‐M    
KPC    

Class B IMP, VIM, NDM1    
 
 
 

Class C 

Chromosomal  
Enterobacteriaceae AmpC    
Chromosomal 
Pseudomonas AmpC    
Plasmid‐encoded 
ACC, DHA, CMY, FOX, LAT, MOX,  
MIR, ACT 

   

 
Class D 

 
Carbapenemase‐type  
OXA 48   

 



Avibactam: a broader 
spectrum of  
β‐lactamase 
inhibition1 

IC50, half maximal inhibitory concentration. 
1. Zhanel GG, et al. Drugs 2013;73:159–177 2. Coleman K. Curr Opin Microbiol 2011;14:550–555. 

IC50 (nM) for inhibition of β‐lactamase activity 

Avibactam Clavulanic acid Tazobactam 
Class A 
TEM‐1 8 130 40 
TEM‐1 8 58 32 
SHV‐4 1.5 5 120 
SHV‐4 3 4 55 
KPC‐2 38 6,500 80,000 
KPC‐2 170 >100,000 50,000 
CTX‐M‐15 5 12 6 
CTX‐M‐15 5 12 6 
Class C 
P99 80 1 X 106 5,000 
P99 100 >100,000 1,300 
AmpC 128 >100,000 4,600 

Avibactam potency is 10 to >100 times that of currently available therapeutic inhibitors2 



March 2017 



AAC 2017 



+ 



Ceftazidime–avibactam: 
therapeutic indications 
1. Complicated intra‐abdominal infection (cIAI) 
2. Complicated urinary tract infection (cUTI), including pyelonephritis 
3. Hospital‐acquired pneumonia (HAP), including ventilator associated  

pneumonia (VAP) 
4. For the treatment of infections due to aerobic 

Gram‐negative organisms in adult patients with limited treatment options  
(after consultation with a physician with appropriate experience) 

Zavicefta SmPC. 2018 



Posology and method of administration 

IAI, invasive intra‐abdominal infection; UTI, urinary tract infection; VAP, ventilator‐associated pneumonia.  
Zavicefta SmPC. 2018 

Type of infection Dose  
ceftazidime–avibactam Frequency Infusion time Duration of treatment 

 
Complicated IAI 

 
2 g/0.5 g 

 
8 hours 

 
2 hours 

 
5–14 days 

Complicated UTI, including  
pyelonephritis 

 
2 g/0.5 g 

 
8 hours 

 
2 hours 

 
5–10 days 

Hospital‐acquired  
pneumonia, including VAP 

 
2 g/0.5 g 

 
8 hours 

 
2 hours 

 
7–14 days 

Infections due to aerobic  
Gram‐negative organisms in  

patients with limited  
treatment options 

 
 

2 g/0.5 g 

 
 

8 hours 

 
 

2 hours 

Guided by the severity of  
the infection, the  

pathogen(s) and the  
patient’s clinical and  

bacteriological progress 



CUMULATIVE RESPONSE PROBABILITY OF CEFTAZIDIME AVIBACTAM 2.5 G Q8H vs. P. aeruginosa CF 
ISOLATES 

PK/PD TARGET ATTAINMENT ANALYSES TO DETERMINE OPTIMAL 
DOSINGOF CEFTAZIDIME-AVIBACTAM FOR THE TREATMENT OF 

ACUTE PULMONARY EXACERBATIONS IN PATIENTS WITH CYSTIC 
FIBROSIS 

Bensman TJ et al. Antimicrob Agent Chemother 2017 Oct; 61: e00988-17 



RECOMMENDED DOSES FOR PATIENTS WITH VARYING DEGREES OF RENAL 
IMPAIRMENT 

Zasowski EJ et al. Pharmacotherapy 2015; 35(8): 
755–770 



Phase III clinical trials of ceftazidime–avibactam 

AVI, avibactam; CAZ, ceftazidime; CE, clinically evaluable; cIAI, complicated intra‐abdominal infection; cMMIT, clinically modified intent‐to‐treat; cUTI, complicated urinary tract  infection; 
IV, intravenous; mMITT, microbiological modified intent‐to‐treat; q8h, every 8 h; TOC, test of cure; UTI, urinary tract infection; VAP, ventilator‐associated pneumonia. 
1. Mazuski JE, et al. Clin Infect Dis 2016;62:1380–9; 2. ClinicalTrails.gov. NCT01726023; 3. Wagenlehner F, et al. Clin Infect Dis 2016;63:754–62; 4. Carmeli Y, et al. Lancet Infect 
Dis 2016;16:661–73; 5. Torres A, et al. OS0603: abstract presented at ECCMID 2017. Vienna, Austria. 22–25 April 2017. 

RECLAIM 1, 2 and 31‐2: 
Adults with cIAI 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g +  

metronidazole 0.5 g IV q8h 
or 

– Meropenem 1 g IV +  
placebo q8h 

• Primary objective: 
– RECLAIM 1 and 2: Assess  

non‐inferiority of CAZ‐AVI  
re: clinical cure at TOC visit  
in patients with ≥1  
identified pathogen  
(mMITT populations) 

– RECLAIM 3: Proportion of  
patients with clinical cure at  
TOC visit (CE populations) 

RECAPTURE 1 and 23: 
Adults with cUTI (including  

acute pyelonephritis) 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g q8h IV 

or 
– Doripenem 0.5 g + placebo  

q8h IV 
• Primary objective: 

– Assess non‐inferiority of  
CAZ‐AVI on co‐primary  
endpoints in mMITT  
analysis set: 
– Resolution of UTI‐  

specific symptoms 
– Resolution/improvement  

of flank pain 
– Per‐patient  

microbioogical  
eradication and 
symptomatic resolution 

REPRISE4 

Adults with CAZ‐resistant  
bacteria 

• Open‐label randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g +  

metronidazole 0.5 g q8h IV 
or 

– Best available therapy 
• Primary objective: 

– Estimate per‐patient clinical  
response to CAZ‐AVI and  
best available therapy at  
TOC visit in cUTI and cIAI  
caused by CAZ‐resistant  
Gram‐negative bacteria 

REPROVE5 

Adults with HAP (including VAP) 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g q8h IV 

or 
– Meropenem 1 g q8h IV 

• Primary objective: 
– Assess non‐inferiority of  

CAZ‐AVI on clinical cure rate  
at TOC visit in cMITT and CE  
populations 



TERAPIA DELLE INFEZIONI DA ENTEROBATTERI 
PRODUTTORI DI  ESBL (BetaLattamasi a Spettro Esteso)          

1. IMIPENEM  
 MEROPENEM 
 ERTAPENEM 
 
2. (TIGECICLINA) (non attiva su Proteus mirabilis e Proteus indolo 
 
4. FOSFOMICINA EV (sempre in associazione) 
5.  FOSFOMICINA os NITROFURANTOINA os (UTI) 

 
6. CEFTOLOZANE/TAZOBACTAM 
7. (CEFTAZIDIME/AVIBACTAM) 



TERAPIE DELLE INFEZIONI 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 

 
 



KPC producing KP 
• 125 patients with BSI 
• The overall 30‐day mortality rate was 41.6%. 

- Monotherapy: 
- Combination: 

54.3% 
34.1% 

‐ KPC‐Kp BSIs are associated with high mortality. 

Tumbarello M, Viale P, Viscoli C, et al. Predictors of mortality in bloodstream infections caused by KPC‐producing Klebsiella pneumoniae: importance of combination therapy.  Clin Infect 
Dis 2012; 55:943–50. 



Lancet ID 2018 



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 
                                                                 colimicina 
                                                                 ……………..) 
 
 
DOSE 2,5 x 3 ?   (HAP,VAP, Osteomieliti……….) INFUSIONE PROLUNGATA ?  
 
Terapia solo delle KPC o anche ESBL, Pseudomonas 

Ceftazidime avibactam 



Terapia delle infezioni da Pseudomonas aeruginosa MDR 

 
1.    COLIMICINA ( 9 milioni dose da carico poi 4,5 milioni x 2 / die) 
                                        + 
          RIFAMPICINA  600 -900 mg /die (l’uso prescinde  dalla sensibilità in 

vitro) 
 
2.       COLIMICJNA (dose come sopra) 
                                       + 
           FOSFOMICINA (4 gr x 4-6 / die)  (solo se è dimostrata una sensibilità in 

vitro) 
  
3.       CEFTOLOZANE /TAZOBACTAM 
 
4.       CEFTAZIDIME/AVIBACTAM 
           
 



CRE real world experience 

• Several large scale reported on the experience treating CRE severe  
infections often in immunocompromised patients 
- Overall good success rate relative to severity of the infection (60‐70%), double than  

the success in the comparison groups 
- Several cases of emergence of ceftazidime‐avibactam resistance emerged in a  

transplant center, usually resulting in decrease in carbapenem susceptibility 
• de‐novo mutations often accompanied by reduction in carbapenem MICs 



AAC 2017 



Shields AAC 2017 



IPTW adjusted mortality at 30‐days after starting treatment was 9% vs. 32%, 
respectively  (Difference 23% [95% bootstrap CI: 9‐35%], p=0.0012). 

Van Duin et al Clin Infect Dis 2018 



Terapia delle infezioni da Acinetobacter multiresistente 
 

1. COLIMICINA 9 milioni  dose da carico  

                  poi 4,5 milioni x 2 

                            + 

          RIFAMPICINA 600-900 mg / die  

                            +/-  

          Imipenem   o Meropenem** 

          anche se resistenti ma con CMI relativamente basse 

2       COLIMICINA dose come sopra 

                             + 

         TIGECICLINA 100 mg poi 50 mg x 2 ***  

         (la dose può essere aumentata sino a 100/150 mg x 2 / die) 

3 MINOCICLINA ev 

 

4 COLIMICINA + TEICOPLANINA  COLIMICINA + VANCOMICINA 

 

 

 
**    La triplice  terapia (colimicina + rifampicina + carbapenemico è consigliabile nel caso di un 
        grave quadro settico).  
** * L’associazione colimicina + tigeciclina non è consigliata nel caso di HAP o VAP 



Spesa Farmaci per 
categoria  

Farmaci  spesa  2015  spesa 2016  differenza Diff %
HIV 6.554.666 6.624.607 69.941 1,1%
HBV 379.279 466.435 87.156 23,0%
Antibatterici 237.315 201.671 -35.645 -15,0%
Antimicotici 180.580 73.919 -106.660 -59,1%
Altro 282.502 217.659 -64.844 -23,0%
Totale 7.634.342 7.584.290 -50.052 -0,7%

87%

6%
3%1% 3%

HIV HBV Antibatterici Antimicotici Altro



Ceftolozane/Tazobactam: 70 x 3= 210/die  o 140 x 3 = 420/die         

Fosfomicina ev 16-24g/die:   122/183 

Ceftazidime/avibactam: 74 x 3 =  220/die 

Coli+Mer+Tige = 188 
Coli+Mer+Fosfo= 353 
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The end results MDR organisms: 
Susceptibilities of 1030 ESBL producing E. coli & Klebsiella 
spp. 

Colodner R. DMID 2007 



van Duin D. & Bonomo RA. CID 2016 



Phase III clinical trials of ceftazidime–
avibactam 

AVI, avibactam; CAZ, ceftazidime; CE, clinically evaluable; cIAI, complicated intra‐abdominal infection; cMMIT, clinically modified intent‐to‐treat; cUTI, complicated urinary tract  infection; 
IV, intravenous; mMITT, microbiological modified intent‐to‐treat; q8h, every 8 h; TOC, test of cure; UTI, urinary tract infection; VAP, ventilator‐associated pneumonia. 
1. Mazuski JE, et al. Clin Infect Dis 2016;62:1380–9; 2. ClinicalTrails.gov. NCT01726023; 3. Wagenlehner F, et al. Clin Infect Dis 2016;63:754–62; 4. Carmeli Y, et al. Lancet Infect 
Dis 2016;16:661–73; 5. Torres A, et al. OS0603: abstract presented at ECCMID 2017. Vienna, Austria. 22–25 April 2017. 

RECLAIM 1, 2 and 31‐2: 
Adults with cIAI 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g +  

metronidazole 0.5 g IV q8h 
or 

– Meropenem 1 g IV +  
placebo q8h 

• Primary objective: 
– RECLAIM 1 and 2: Assess  

non‐inferiority of CAZ‐AVI  
re: clinical cure at TOC visit  
in patients with ≥1  
identified pathogen  
(mMITT populations) 

– RECLAIM 3: Proportion of  
patients with clinical cure at  
TOC visit (CE populations) 

RECAPTURE 1 and 23: 
Adults with cUTI (including  

acute pyelonephritis) 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g q8h IV 

or 
– Doripenem 0.5 g + placebo  

q8h IV 
• Primary objective: 

– Assess non‐inferiority of  
CAZ‐AVI on co‐primary  
endpoints in mMITT  
analysis set: 
– Resolution of UTI‐  

specific symptoms 
– Resolution/improvement  

of flank pain 
– Per‐patient  

microbioogical  
eradication and 
symptomatic resolution 

REPRISE4 

Adults with CAZ‐resistant  
bacteria 

• Open‐label randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g +  

metronidazole 0.5 g q8h IV 
or 

– Best available therapy 
• Primary objective: 

– Estimate per‐patient clinical  
response to CAZ‐AVI and  
best available therapy at  
TOC visit in cUTI and cIAI  
caused by CAZ‐resistant  
Gram‐negative bacteria 

REPROVE5 

Adults with HAP (including VAP) 

• Double‐blind randomisation  
(1:1): 
– CAZ 2 g + AVI 0.5 g q8h IV 

or 
– Meropenem 1 g q8h IV 

• Primary objective: 
– Assess non‐inferiority of  

CAZ‐AVI on clinical cure rate  
at TOC visit in cMITT and CE  
populations 
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