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EXECUTIVE SUMMARY OF THE ASSESSMENT OF CEFIDEROCOL 

Introduction 

Infections caused by multidrug-resistant (MDR) pathogens, and particularly carbapenem-resistant (CR) 
pathogens, are associated with greater mortality, morbidity, and economic burden (1, 2). The European 
Centre for Disease Prevention and Control (ECDC) estimates that MDR bacteria caused nearly 700,000 
infections and 33,000 deaths in the EU and European Economic Area (EEA) in 2015 (3). The prevalence 
of resistance to last resort antibacterials, particularly carbapenems and colistin, has been increasing 
globally. 

Beta-lactam antibacterial agents are commonly used to manage infections caused by Gram-negative 
pathogens. However, increasing resistance to beta-lactams, including carbapenems, has led to some 
organisms being effectively untreatable or only treatable with recourse to colistin, with or without other 
agents to which they remain at least partly susceptible. Given the lack of treatment options, there are 
few defined standards of care (SoC) or guidelines defining the optimal treatment strategies for MDR 
and CR Gram-negative bacteria (4). Specific treatment regimens for MDR and CR Gram-negative 
bacteria infections are predominantly multiple drug combinations. 

Cefiderocol (Fetcroja®) is a siderophore cephalosporin. It is indicated for the treatment of infections 
caused by aerobic Gram-negative organisms in adults with limited treatment options. It is formulated as 
a powder for concentrate for solution for infusion. Its ATC code is J01DI04. 

Objective and scope 

Objective: This project aimed to compare the clinical effectiveness and safety of cefiderocol in the target 
patient population(s) with relevant comparators. 

Scope: The scope of the assessment is presented in Table 0.1.  

Table 0.1. Scope of the assessment 

Description Assessment scope 

PICO Research question: Do patients with aerobic Gram-negative infections and limited treatment 
option benefit from cefiderocol as an additional treatment option? 

Population Infections due to aerobic Gram-negative pathogens in adult patients with limited treatment option, 
which comprises:  
1) Adult patients with documented infection by a carbapenem-resistant Gram-negative pathogen 
or other Gram-negative pathogen difficult to treat with limited treatment option;  

2) Critically ill* adult patients with suspected infection by a carbapenem-resistant Gram-negative 
pathogen or other Gram-negative pathogen difficult to treat with limited treatment options. 

*With life-threatening infection 

Intervention  Cefiderocol  

Compariso
n 

Best available therapy (BAT)* 

BAT includes (but is not limited to) any of the following as monotherapy or in combination: 

 carbapenems (only for sensitive pathogens or in high dose/prolonged infusion time for 
carbapenem-resistant pathogens with an MIC close to the susceptibility/resistance 
breakpoint); 

 polymyxins; 

 tigecycline; 

 fosfomycin; 

 aminoglycosides; 

 ceftazidime-avibactam; 

 meropenem–vaborbactam; 

 ceftolozane-tazobactam. 

Outcomes Overall and stratified by site of infection (HAP/VAP/HCAP, cUTI; BSI/sepsis) as well as by 
pathogen (fermenters vs non-fermenters):  
Efficacy: 

 Clinical outcome at EA; EOT, TOC, FUP, and at the maximal pre-specified follow-up time; 

 Composite of microbiological eradication and clinical cure (where applicable) (time frame: 
TOC visit); 
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 Microbiological eradication at EOT,TOC, FUP, and at the maximal pre-specified follow-up 
time; 

 Microbiological and clinical outcome per pathogen and per patient at EA, EOT, TOC, FUP, 
and at the maximal pre-specified follow-up time, changes in susceptibility of pathogens 
between baseline and the time of failure and/or appearance of pathogens not present at 
baseline that are resistant to the assigned treatment. All-cause mortality at day 14 and 28, 
and at the maximal pre-specified follow-up time. 

Safety: 
Proportion and the relative group difference in the following 
AE, SAE 

 Grade ≥3 AE; 

 AE of special interest (e.g., Clostridium difficile infections);  

 AE leading to drug discontinuation; 

 AE leading to death. 
Other 

 Hospital utilisation; 

 Length of stay (LOS); 

 Requirement for intensive care unit (ICU) admission; 

 Length of stay in ICU. 
Patient-reported outcomes (PRO): 

 Symptoms of disease;  

 Quality of life. 

Methods 

Literature search and assessment approach  

The marketing authorisation holder (MAH; Shionogi) conducted and provided a systematic literature 
review (SLR) of the evidence. The search protocol was included as part of the Submission Dossier. 
Search strategies were checked by the authors for appropriateness, and the information retrieval results 
were checked for completeness against a search of study registries and against the studies included in 
the regulatory assessment report. Further supplementary searches were conducted to check for 
possible incompleteness of the study pool. Information used for the assessment of clinical effectiveness 
and safety were extracted from the Submission Dossier and (if possible) verified against the clinical 
study reports (CSRs) or other original documentation provided in the Submission Dossier. Risk of bias 
assessment was conducted by the assessment’s authors at both the study and outcome levels only for 
randomised controlled trials (RCTs). 

Indirect treatment comparison network meta-analysis 

The MAH provided a SLR of the efficacy and safety of current treatments for complicated urinary tract 
infections (cUTIs) and pneumonia caused by Gram-negative pathogens (Appendix B5 of the 
Submission Dossier), which was evaluated by the assessment’s authors. A qualitative feasibility 
assessment was performed to identify whether the retrieved data could be combined in a network meta-
analysis (NMA). A connected network and NMA were possible only for cUTIs. Analyses were conducted 
using a frequentist analysis fixed effects model based on the structure of the evidence network (one 
study per comparison) as well as a Bayesian analysis. Analyses were relative to microbiological 
eradication at test-of-cure (TOC) and follow-up (FUP) visits, clinical cure at TOC and FUP visits, and 
any adverse events (AEs) and any drug-related AEs. 

Patient involvement 

This assessment did not include patient involvement as, despite extensive efforts, there was no 
response to the online open call conducted between 05 September and 27 December 2019. 

Results 

Information retrieval 

The SLR retrieved 141 records for assessment including journal articles, posters, and abstracts of in 
vitro, animal, clinical, and in silico modelling studies. Overall, the authors considered that the search 
followed EUnetHTA guidelines and the Preferred Reporting Items for Systematic Review and Meta-
Analysis Protocols (PRISMA-P) statement. No relevant new studies were found during checks of 
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completeness. During the assessment period, the MAH provided a new analysis resulting from a 
retrospective comparative pharmacokinetic/pharmacodynamic (PK/PD) analysis, which was requested 
at the scoping meeting by the authors. 

Studies included 

Three randomised clinical trials (CREDIBLE-CR, APEKS-cUTI, and APEKS-NP), two in vitro studies 
(SIDERO-WT and SIDERO-CR), one retrospective comparative PK/PD analysis, and six clinical 
pharmacology studies were included in the assessment. Clinical studies were main evidence for the 
assessment of relative effectiveness and safety, while the other studies were used as supporting 
evidence. The Committee for Medicinal Products for Human Use (CHMP) has regarded PK/PD data as 
pivotal to justify the exposure and the dose for the intended indication. 

CREDIBLE-CR was a descriptive phase 3, open-label, multicentre study of cefiderocol compared with 
best available treatment (BAT) in 152 adults hospitalised for treatment of severe infections (hospital-
acquired pneumonia (HAP)/ventilator-associated pneumonia (VAP)/healthcare-associated pneumonia 
(HCAP), cUTIs, bloodstream infections (BSIs)/sepsis) with confirmed CR Gram-negative pathogens. 
This study had a high risk of bias due to its design. APEKS-cUTI was a phase 2, double-blind, 
multicentre, 15% margin non-inferiority study of cefiderocol compared with imipenem/cilastatin 
(IPM/CS) in 448 hospitalised adults with cUTIs/acute pyelonephritis caused by Gram-negative 
pathogens. APEKS-NP was a phase 3, double-blind, multicentre, 12.5% margin non-inferiority study of 
cefiderocol compared with high-dose prolonged infusion meropenem (HD meropenem) in 300 subjects 
with nosocomial pneumonia (HAP/VAP/HCAP) caused by Gram-negative bacteria.  

SIDERO-WT and SIDERO-CR were systematic surveillance studies of the in vitro activity of cefiderocol 
compared with key antibacterials against 30,459 and 1,873 Gram-negative isolates, respectively, 
collected between 2014 and 2016. Isolates included carbapenem susceptible and carbapenem non-
susceptible pathogens (CarbNS): Enterobacteriaceae, non-fermenters, and Proteeae (SIDERO-WT) 
and CarbNS pathogens CarbNS Enterobacteriaceae, MDR Acinetobacter baumannii, MDR 
Pseudomonas aeruginosa, Stenotrophomonas maltophilia, and Burkholderia cepacia (SIDERO-CR).  

Surveillance studies provide important information that allows for comparison of pathogen coverage 
profiles for different antibacterials, identification of trends in pathogen incidence and antimicrobial 
resistance, including identification of XDR and MDR emerging pathogens at national and global levels.  

The retrospective comparative PK/PD analysis compared the probability of target attainment (PTA) and 
cumulative fraction of response (CFR) of cefiderocol, ceftolozane/tazobactam, and meropenem against 
Enterobacterales and P. aeruginosa in a simulated patient population at risk of MDR/CR infections. 
PK/PD analysis was used to assess the probability of attaining a PK/PD target for a range of minimum 
inhibitory concentration (MIC) values of the test agent at a defined dose and provide additional data on 
the effectiveness between cefiderocol for the pathogens strains and antimicrobials included in this 
analysis. 

The clinical pharmacology studies consisted of small phase 1 trials, of which five were conducted in 
healthy volunteers and one was conducted in individuals with renal impairment.  

With respect to an NMA for cUTIs, several issues were identified during the feasibility assessment that 
introduce substantial heterogeneity and reduce the robustness and validity of the analysis. More 
specifically, differences were identified between interventions, outcomes, analysed populations, and 
disease characteristics. The Authoring Team considered that these identified differences would 
introduce substantial heterogeneity and hence make indirect comparisons invalid. 

Effectiveness 

The effectiveness of cefiderocol against relevant treatment options was assessed using the information 
submitted by the MAH. Clinical data were very limited for this compound, and the support from in vitro 
surveillance data and a retrospective comparative PK/PD analysis was needed. Results for each 
included study are presented. The results should be considered separately and not pooled or used as 
the basis for a comparison.  

The included outcomes are presented in Table 0.2. 
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Table 0.2. The outcomes included in this assessment 
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APEKS-cUTI Yes, at EA, EOT, 
and FUP 

Yes, at EA, 
TOC, EOT, 
and FUP 

Yes, at  
EA, EOT TOC and 

FUP 

Yes Yes 
 

Yes Yes Yes Yes Yes Yes No No 
(only 

as 
SAE) 

No No 

APEKS-NP Yes, at EOT, TOC, 
and FUP 

NO Yes, at EOT, TOC, 
and FUP 

Yes, at 
EOT, 
TOC, 

and FUP 

Yes Yes Partially Yes Yes Yes Yes No Yes No No 

CREDIBLE-CR Yes, for 
HAP/VAP/HCAP 
and BSI/sepsis at 

TOC and FUP 
cUTI at TOC 

No Yes, for cUTI at 
EOT, TOC and 

FUP 
for 

HAP/VAP/HCAP 
and BSI/sepsis at 

EOT, TOC and 
FUP 

Yes Yes 
at EOT, 

TOC 
and FUP 

 

Yes Yes Partially Yes Yes Yes Yes No Yes 
 

No No 

Source: Submission Dossier. 
Abbreviations: AE=adverse events; cUTI=complicated urinary tract infection; EA=early assessment; EOS=end of study (EOT +28 days); EOT=end of treatment (5-14 days of intravenous 
treatment); FUP=follow up (14 days [±3 days] after EOT); HAP=hospital-acquired pneumonia; HCAP=healthcare-associated pneumonia; TOC=test of cure (7 days [±2 days] after the EOT); 
SAE=serious adverse events; VAP=ventilator-assisted pneumonia. 
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Safety 

The key sources of clinical safety data supporting this application were from CREDIBLE-CR, APEKS-
cUTI, and APEKS-NP (Table 0.3). In addition, the company submitted safety data from six completed 
clinical pharmacology studies (not pooled), but since AEs from these studies were considered 
supportive evidence only, they were not included in the detailed safety analysis. AEs grade ≥3 were not 
reported in these studies as specified in the project plan, but AEs were reported, either in the 
Submission Dossier or its appendices by severity (mild, moderate, and severe) and described for some 
studies. Comparison of safety events was confounded by differences in study design and the way 
studies were conducted (different BAT regimens, treatment exposure, dose regimens, concomitant 
treatment) and differences in patient population at baseline. 

Table 0.3. Overview of adverse events by category (safety population) 

 APEKS-cUTI CREDIBLE-CR  APEKS-NP  

Adverse event 
category 

Cefiderocol 
N = 300 
n (%) 
 

Imipenem/ 
cilastatin 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

TEAEs (any 
AEs) 

122 
(40.7) 

76 (51.4) 92 (91.1) 47 (95.9) 130 (87.8) 129 (86.0) 

Treatment-
related TEAEs 

27 (8.7%) 17 
(11.5%) 

15 (14.9) 11 (22.4) 14 (9.5) 17 (11.3) 

TEAEs leading to 
death 

*1 (0.3%) 0 (0%) 34 (33.7) 9 (18.4) 39 (26.4) 35 (23.3) 

Treatment-
emergent SAEs 

14 (4.7%) 12 (8.1%) 50 (49.5) 23 (46.9) 54 (36.5) 45 (30.0) 

Treatment-
related SAEs 

1 (0.3) 1 (0.7) 1 (1.0) 5 (10.2) 3 (2.0) 5 (3.3) 

Discontinuation 
due to TEAEs 

**5 
(1.7%) 

3 (2.0%) 10 (9.9) 3 (6.1) 12 (8.1) 14 (9.3) 

Discontinuation 
due to treatment-
related AEs 

3 (1.0) 0 3 (3.0) 2 (4.1) 2 (1.4) 2 (1.3) 

Source: Submission Dossier; CSR 
Abbreviations: BAT=best-available treatment; TEAEs=treatment-emergent adverse events (any AEs); SAEs=serious 
adverse events; percentage was calculated using the number of subjects in the column heading as the denominator. AEs 
that started on or after the first dose date of the study drug and up to ‘end of study’ were defined as treatment emergent.  
* Death due to cardiac arrest considered unrelated to study drug by investigator.  
** SAEs for cefiderocol: C. difficile, hypersensitivity (itching), increased hepatic enzymes, diarrhoea 

Cefiderocol was generally safe and well tolerated, with a safety profile consistent with other 
cephalosporin antibacterials. AEs and SAEs were generally comparable between the cefiderocol group 
and comparator treatment groups across all studies. 

Discussion 

Cefiderocol is the first antimicrobial compound to be assessed by EUnetHTA. Based on microbiological 
principles, if the pathogen is susceptible to the antimicrobial (according to an antibiogram) and the 
infection site is adequately exposed to drug, the antibacterial therapy should be effective. Clinical data 
on drugs with efficacy against MDR pathogens are often limited. 

This assessment deviates from standard EUnetHTA assessments as it is based not only on (limited) 
data from clinical trials but also additional supportive in vitro and PK/PD data, following European 
Medicines Agency (EMA) guidelines for antimicrobials (5). The studies included in this assessment 
included three clinical trials (CREDIBLE-CR, APEKS-cUTI, and APEKS-NP), two in vitro surveillance 
studies (SIDERO-CR and SIDERO-WT), one retrospective comparative PK/PD analysis, six clinical 
pharmacology studies, and indirect evidence from an NMA.  

In vitro surveillance studies provide important information that allows for comparison of pathogen 
coverage profiles for different antibacterials, identification of trends in pathogen incidence and 
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antimicrobial resistance, including identification of XDR and MDR emerging pathogens at national and 
global levels. The CFR (Cumulative Fractions of Response) analysis shows that for European isolates 
of Enterobacterales and Pseudomonas spp resistant to cefepime and ciprofloxacin (SIDERO 2013-
2018), the probability of obtaining exposure sufficient to induce adequate bacterial kill is significantly 
higher for cefiderocol than for meropenem and ceftolozane/tazobactam.  

The retrospective comparative PK/PD analysis is used to assess the PTA target for a range of MIC 
values of the test agent and provide comparative effectiveness data vs other agents at a clinical defined 
dose and provide additional data on the effectiveness between cefiderocol for the pathogens strains 
and antimicrobials included in this analysis.  

For this joint assessment the main source for relative effectiveness data were the clinical trials while 
the data from the NMA, in vitro surveillance and retrospective comparative PK/PD analysis was 
considered as supportive.  

The Authoring Team chose to focus on safety data from CREDIBLE-CR, APEKS-cUTI, and APEKS-
NP rather than pooled safety analysis due to the specified limitations in the dataset.  

In CREDIBLE-CR, a higher all-cause mortality rate was observed in patients treated with cefiderocol 
compared with BAT. The cause of this mortality increase has not been establishe. A higher mortality 
rate with cefiderocol compared with BAT was seen in patients with Acinetobacter spp. Infections. This 
imbalance in mortality was not observed in either APEKS-cUTI or APEKS-NP (6).  

The development of resistance is regarded as an efficacy concern and should be closely monitored 
after post-launch  

The NMA results with forest plots indicated between-study variation and suspected heterogeneity for 
all outcomes investigated. Confidence intervals and credible intervals were generally wide, especially 
for clinical cure and adverse events. Even though the extensive feasibility assessment performed by 
the MAH may lead to the conclusion that the results are balanced and fair, the authors consider the 
validity of these results to be highly questionable. It is also questionable whether the results can be 
used to make conclusions about cefiderocol’s relative efficacy and safety in patients with cUTIs caused 
by Gram-negative susceptible pathogens. 

Conclusion 

Due to limited clinical documentation available for cefiderocol, the MAH could not submit a dossier 
according to the scope defined in the project plan (see Table 2.1). Consequently, a complete 
assessment of cefiderocol vs. all identified relevant comparators in the specified patient populations in 
the European PICO was not possible. 

As a consequence, no robust conclusions could be made about the relative effectiveness and safety of 
cefiderocol from the available evidence due to the limitations described above. Validity of the 
transferability of results should be evaluated at national levels in light of national guidelines and current 
clinical practice. 

The development of resistance is regarded as an efficacy concern and should be closely monitored in 
after post launch.  
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1 BACKGROUND  

1.1 Overview of the disease or health condition 

Infections caused by multidrug-resistant (MDR) pathogens, and particularly carbapenem-resistant (CR) 
pathogens, are associated with higher morbidity and mortality rates and consequently incur a 
considerable economic burden (1, 2). The European Centre for Disease Prevention and Control (ECDC) 
estimated that MDR bacterial infections were responsible for nearly 700,000 infections and 33,000 
deaths in the EU and European Economic Area (EEA) in 2015 (3). The prevalence of resistance to last 
resort antibacterials, particularly carbapenems and colistin, has increased globally. The burden of 
antimicrobial resistance has increased since 2007, is highest in infants and the elderly, and is highest 
in Italy and Greece. It is estimated that, if significant action is not taken by 2050, 10 million lives will be 
lost each year due to antimicrobial resistance (7) 

Nosocomial MDR infections caused by Gram-negative aerobic bacteria including carbapenem-resistant 
(CR) Escherichia coli, CR Klebsiella pneumoniae, CR Pseudomonas aeruginosa, CR Acinetobacter 
baumannii (WHO priority pathogens (8-10)), and intrinsically CR Stenotrophomonas maltophilia (11, 
12) are particularly relevant, as treatment options are limited for these bacteria, particularly for CR 
pathogens (8, 9). These infections primarily occur in vulnerable, hospitalised patients, resulting in 
hospital-acquired pneumonia (HAP) and ventilator-associated pneumonia (VAP), bloodstream 
infections (BSIs), complicated urinary tract infections (cUTIs), and complicated intra-abdominal 
infections (cIAI), amongst others (13-15). 

1.2 Current clinical practice 

Beta-lactam antibacterial agents are commonly used to manage infections caused by Gram-negative 
pathogens. Increasing resistance to beta-lactams, including the carbapenems, has led to some 
organisms being effectively untreatable or treatable only by resorting to colistin with or without other 
agents to which they remain at least partly susceptible. However, treatment-related nephrotoxicity is a 
known side-effect of colistin. Fosfomycin is active against beta-lactamase-producing Enterobacterales, 
but clinical data on the treatment of MDR bacterial infections with fosfomycin are limited. Tigecycline is 
another option for the treatment of beta-lactam-resistant Gram-negative infections. Tigecycline is active 
against beta-lactamase producing Enterobacterales. Safety concerns (an increased risk of death) with 
tigecycline have limited its use. Newer beta-lactam/beta-lactamase combinations such as 
ceftolozane/tazobactam, ceftazidime/avibactam, and meropenem/vaborbactam are possible options for 
the treatment of some CR Gram-negative organisms, but none are universal or active against class B 
(metallo-β-lactamase) producers or against Acinetobacter spp or Stenotrophomonas spp. Overall, there 
is still a high unmet medical need for additional antibacterial agents to overcome carbapenem 
resistance in Gram-negative organisms. 
 
Given that conventional pathogen identification and antimicrobial susceptibility testing (AST) results can 
take up to three days to provide a diagnostic result, the current treatment approach for patients with 
suspected MDR bacterial infections involves the initial administration of empirical therapy with wider 
spectrum of activity antimicrobials followed by de-escalation to targeted therapies when AST results 
become available (16, 17). However, in many instances, the antibiogram is not obtained, so many 
patients with severe bacterial infections experience delays in receiving appropriate effective therapy.  
 
Given the lack of treatment options, there are few defined standards of care (SoC) or guidelines defining 
the most appropriate treatment strategy for MDR and CR Gram-negative bacterial infections (4). 
Specific treatments for MDR and CR Gram-negative bacterial infections are predominantly multiple drug 
combinations that include one or more of aminoglycosides (amikacin, gentamicin); tetracyclines 
(tigecycline; eravacycline; minocycline); carbapenems (meropenem, ertapenem; imipenem-cilastatin); 
β-lactam/β-lactamase inhibitor combinations (ceftazidime/avibactam, ceftolozane/tazobactam, 
meropenem/vaborbactam, imipenem/cilastatin/relebactam); fosfomycin; or polymyxins (colistin and 
polymyxin B) (18-22). The imipenem/cilastatin/relebactam combination was recently approved but does 
not form part of the Submission Dossier as it was not considered during the scoping phase.  
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Figure 1.1. Current clinical reasoning for the treatment of serious MDR Gram-negative infections 

Source: Submission Dossier 

Abbreviations: BL-BLI=-lactam/-lactamase inhibitors; CRAB=carbapenem-resistant Acinetobacter baumannii; 
CRE=carbapenem-resistant Enterobacterales; CRPA=carbapenem-resistant Pseudomonas aeruginosa; KPE=Klebsiella 
pneumoniae carbapenemase; OXA=oxacillinase; VAP=ventilator-associated pneumonia.  

Cassini et al. (3) estimated that there are 107,801 new CR infections in Europe each year, not 
accounting for those caused by Stenotrophomonas maltophilia, which is likely to increase in the future 
(3). While dynamic infection disease modelling of the mentioned factors, upcoming treatments, and 
future trends provides plausible predictions of the future prevalence of these infections, a significant 
degree of uncertainty still remains. 

1.3 Features of the intervention 

Cefiderocol is a siderophore cephalosporin. Cefiderocol enters the cell via the bacterial active iron 
channels, bypassing the main mechanisms of resistance and then binds to penicillin-binding proteins, 
inhibiting bacterial peptidoglycan cell wall synthesis, which leads to cell lysis and death. The features 
and administration of cefiderocol and other treatment options are presented in Appendix 2: Features of 
the technologies. 

CRE

• Ceftazidime/avibactam (as preferred empiricalchoice when both KPC and OXA 
carbapenemases are reported locally) or meropenem/vaborbactam

• Although in the lack of high-level evidence, for both empirical and targeted
treatment a combination with old (collistin, polymyxin B, tigecycline, old
aminoglycosides, fosformycin) or novel agents (plazomicin, eravacycline, double BL-
BLI combinations) could be considered in the attempt of delayig emergence of
restistance, after having carefully balanced potentional additional toxicity on a case-
by-case basis (expert opinion)

• In case of resistance to novel BL-BLI, consider polymyxins-based or aminoglycosides-
based combination with carbepenems and/or (tigecyclineor eravacycline) and/or
fosformycin

• Consider concomitant adminitration of inhaled polymyxins/aminoglycosides when
they are used intravenously for VAP

• Ceftolozane/tazobactam (as preferred empirical choice in absence of concomitant
risk of CRE) or ceftazidime/avibactam

• For empirical therapy, administer a second anti-pseudomonal agent (an 
aminoglycosideor a polymyxin or fosformycin)

• Although in the lack of high-level evidence, for targeted therapy combination with
old (collistin, polymyxin B, old aminoglycosides, fosformycin) or novel agents
(plazomicin, double BL-BLI combinations) could be considered in the attempt of
delaying emergence of restistance, after having carefully balanced potential 
additional toxicity on a case-by-case basis (expert opinion)

• In case of restistance to novel BL-BLI, consider polymyxins-based or aminoglycosides-
based combinations with carbapernems and/or fosformycin and/or rifampin

• Consider concomitant administration of inhaled polymyxins/aminoglycosides when
they are used intravenously for VAP

CRPA

CRAB

• Administer a polymyxin as the backbone agent
• Consider combination with old (carbapenems, old aminoglycosides, tigecycline, 

fosformycin, rifampin) or novel agents (plazomicin, eravacyclin)
• Consider concomitant administration of inhaled polymyxins/aminoglycosides when

they are used intravenously for VAP
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2 OBJECTIVE AND SCOPE 

Cefiderocol (Fetcroja®) is indicated for the treatment of infections due to aerobic Gram-negative 
organisms in adults with limited treatment options. The aim of this EUnetHTA Joint Relative 
Effectiveness Assessment was to compare the clinical effectiveness and safety of cefiderocol in the 
target patient population(s) with relevant comparators (based on the requirements of EUnetHTA 
Partners) defined in Table 2.1. 

The assessment was based on the Submission Dossier submitted by the MAH, Shionogi. 

The assessment deviates from the scope described in the project plan as follows: 

Comparators: 

 Carbapenems: due to different available carbapenems, only meropenem is described in Appendix 
2: Features of the technologies. For other carbapenems, please refer to your national SmPC; 

 Polymyxins: due to different available polymyxins, only polymyxin E is described in Appendix 2: 
Features of the technologies. For other polymyxins, please refer to your national SmPC; 

 Aminoglycosides: due to different available aminoglycosides, only gentamicin is described in 
Appendix 2: Features of the technologies. For other aminoglycosides, please refer to your national 
SmPC. 

Outcomes (efficacy): 

 Not all efficacy endpoints were reported in all clinical studies. The Authoring Team has presented 
efficacy endpoints specified in the scope where possible; 

 Clinical outcome at the maximal pre-specified follow-up time is reported as clinical or 
microbiological or composite endpoint at FUP; 

 Microbiological outcome per pathogen: results only presented for the most relevant pathogens, 
according also to the European Public Assessment Report (EPAR) (6); 

 All-cause mortality at pre-specified time-points is presented as the efficacy endpoint for APEKS-
NP and CREDIBLE-CR but not for APEKS cUTI (presented within the safety results); 

 All-cause mortality at the maximal pre-specified follow-up time was not reported in all studies. 
Mortality was part of the safety profile, except for in APEKS-NP.  

Outcomes (safety): 

The Authoring Team operationalised all AEs reported as serious treatment-related AEs to be equal to 
adverse events grade ≥3 as in the Project Plan. AE descriptions have been restricted to those reported 
in the Submission Dossier at a frequency of ≥2% in order to focus on the most frequent events. 

Outcomes (other): 

 Hospital utilisation was not reported in the Submission Dossier; 

 Length of stay (LOS) was not reported; 

 Requirement for ICU admission was not reported.  

Patient-reported outcomes: 

 Quality of life (QoL): not a study outcome. No SLR was performed by the MAH. The MAH 
submitted a descriptive QoL for these patients. The MAH has also provided published data on 
DALYs 

 Symptoms: descriptive, not based on assessed studies. Not a study outcome. 

Due to the nature of this compound (and according to European Medicines Agency (EMA) guidelines 
for antimicrobials) (5), in vitro surveillance data and a retrospective comparative PK/PD analysis were 
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assessed. Surveillance studies provide important information that allows for comparison of pathogen 
coverage profiles for different antibacterials, identification of trends in pathogen incidence and 
antimicrobial resistance, including identification of XDR and MDR emerging pathogens at national and 
global levels. The CFR (Cumulative Fractions of Response) analysis shows that for European isolates 
of Enterobacterales and Pseudomonas spp resistant to cefepime and ciprofloxacin (SIDERO 2013-
2018), the probability of obtaining exposure sufficient to induce adequate bacterial kill is significantly 
higher for cefiderocol than for meropenem and ceftolozane/tazobactam.  

The retrospective comparative PK/PD analysis is used to assess the PTA target for a range of MIC 
values of the test agent and provide comparative effectiveness data vs other agents at a clinical defined 
dose and provide additional data on the effectiveness between cefiderocol for the pathogens strains 
and antimicrobials included in this analysis. 

Table 2.1: Scope of the assessment 

Description Assessment scope 

PICO Research question: Do patients with aerobic Gram-negative infections and limited treatment 
option benefit from cefiderocol as an additional treatment option? 

Population Infections due to aerobic Gram-negative pathogens in adult patients with limited treatment 
option, which comprises:  
1) Adult patients with documented infection by a carbapenem-resistant Gram-negative 
pathogen or other Gram-negative pathogen difficult to treat with limited treatment option;  

2) Critically ill* adult patients with suspected infection by a carbapenem-resistant Gram-
negative pathogen or other Gram-negative pathogen difficult to treat with limited treatment 
options  

*With life-threatening infection 

Intervention  Cefiderocol 2g IV as a 3 hr infusion every 8 hrs for 7-14 days 

Comparison Best available therapy (BAT)* 

BAT includes (but is not limited to) any of the following as monotherapy or in combination: 

 carbapenems (only for sensitive pathogens or in high dose/prolonged infusion time for 
carbapenem-resistant pathogens with an MIC close to the susceptibility/resistance 
breakpoint) 

 polymyxins 

 tigecycline 

 fosfomycin 

 aminoglycosides 

 ceftazidime-avibactam 

 meropenem–vaborbactam 

 ceftolozane-tazobactam 
*There are many guidelines, even at regional level, available regarding recommendations for 
the treatment of infections listed in the proposed indications. The selection of antibacterial 
agent(s) for the individual patient should be also guided by the results of pathogen 
identification and susceptibility testing, by knowledge of the local epidemiology (local 
resistance profile and local pathogen distribution), as well as by some patient specific factors, 
such as severity of illness and previous antibiotic exposure. 

Outcomes Overall and stratified by site of infection (HAP/VAP/HCAP, cUTI; BSI/sepsis) as well as by 
pathogen (fermenters vs non-fermenters):  
Efficacy: 

 Clinical outcome at EA; EOT, TOC, FUP, and at the maximal pre-specified follow-up time 

 Composite of microbiological eradication and clinical cure (where applicable) (time frame: 
TOC visit) 

 Microbiological eradication at EOT,TOC, FUP, and at the maximal pre-specified follow-up 
time  

 Microbiological and clinical outcome per pathogen and per patient at EA, EOT, TOC, 
FUP, and at the maximal pre-specified follow-up time  changes in susceptibility of 
pathogens between baseline and the time of failure and/or appearance of pathogens not 
present at baseline that are resistant to the assigned treatment. All-cause mortality at day 
14 and 28, and at the maximal pre-specified follow-up time 

Safety: 
Proportion and the relative group difference in the following 

AE, SAE 

  grade ≤3 AE 

 AE of special interest (e.g., Clostridium difficile infections);  
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 AE leading to drug discontinuation; 

 AE leading to death. 

Other 

 Hospital utilization:  

 Length of stay (LOS) 

 Requirement of ICU admission 

 Length of stay in ICU. 
Patient-reported outcome (PRO): 

 Symptoms of disease;  

 Quality of life. 
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3 METHODS  

This assessment was based on the data and analyses included in the Submission Dossier prepared by 
the MAH. During the assessment, the completeness of data and analyses in the Submission Dossier 
was verified. Furthermore, the methods used for data analysis and synthesis applied by the MAH were 
checked against the requirements of the Submission Dossier and applicable EUnetHTA Guidelines and 
assessed with regard to scientific validity. 

3.1 Information retrieval 

3.1.1 Information retrieval submitted by the MAH 

The evidence base with regard to the drug under assessment provided by the MAH was reviewed by 
the Authoring Team. Search strategies were checked for appropriateness, and the results of information 
retrieval included in the MAH’s Submission Dossier were checked for completeness against a search 
of study registries and against the studies included in the regulatory assessment report. Further 
supplementary searches were conducted to check for possible incompleteness of the study pool. 

A specific SLR was performed for a network meta-analysis (NMA). This is described, assessed and 
results are presented in appendix 4. 

Table 3.1 provides an overview of the search strategy. Complete search details are described in the 
Submission Dossier and its appendices.  

Table 3.1. Summary of information retrieval and study selection 

Elements Details 

List of studies 
submitted by the 
MAH 

The SLR retrieved 141 references (including journal articles, abstracts, and posters) for 
assessment (Submission Dossier, Section 5.2) 
The following studies were identified: 

 Clinical studies, including: 

 Clinical pharmacology studies (phase 1) 

 CREDIBLE-CR study (phase 3) 

 APEKS-cUTI study (phase 2) 

 APEKS-NP study (phase 3) 

 Compassionate use (case reports) 

 In vitro studies, including: 

 SIDERO-WT 

 SIDERO-CR 

 Several independent national validation studies 

 A study on independent worldwide collection 

 A retrospective comparative PK/PD analysis 

 Several mode of action studies 

 Several resistance studies 

 Several animal studies 

 Systematic review protocol 

Databases and 
trial registries 
searched 

 MEDLINE ALL 

 PubMed 

 Embase 

 Cochrane Central Register of Controlled Trials (CENTRAL) 

 Cochrane Database of Systematic Reviews 

 Database of Abstracts of Reviews of Effects (DARE) 

 Health Technology Assessment (HTA) 

 Web of Science 

 BIOSIS Citation Index 

 ClinicalTrials.gov 

 WHO International Clinical Trials Registry Platform (WHO ICTRP) 

 European Congress of Clinical Microbiology & Infectious Diseases (ECCMID) 

 IDWeek 

 European Respiratory Society (ERS) International Congress 

Search date 7th October 2019 to 11th October 2019 
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Elements Details 

IDWeek Conference 2019: December 19, 2019 

Keywords Cefiderocol 
or 
fetroja or gsk2696266 or gsk-2696266 or gsk2696266d or gsk-2696266d or rsc649266 or 
rsc-649266 or s649266 or s-649266 or s649266d or s-649266s 
or 

1225208-94-5 or 1883830-01-0 or 2009350-94-9 or 2135543-94-9 or 2v3qj9tge5 or 
3ha30as289 or sz34omg6e8 or ttp8lbp45d 

Inclusion criteria Population: 

 Cell based (bacteria, human, or animal) 

 Animal (healthy and infected) 

 Human (healthy and infected) 
Intervention: Cefiderocol 
Comparators: 

 Any intervention, placebo, or best standard of care 

 Studies with no comparator 
Outcomes:  

 Clinical cure 

 Microbiological eradication; 

 All-cause mortality 

 AEs 

 Microbiology 

 Pharmacodynamic 

 Pharmacokinetic  

 Toxicology 
Study designs:  

 RCTs of any duration 

 Cross-over 

 RCTs if data presented at time of cross-over 

 Any comparative or non-comparative studies, both prospective and retrospective 

 In vitro studies 

 In vivo studies 

Exclusion 
criteria 

Population: NA 
Intervention: Any other intervention 
Comparators: NA 
Outcomes: NA 
Study designs: 

 Systematic reviews 

 Reviews 

 Opinion pieces (for listing in the final report only) 

Date restrictions For conference webpages: 2016-2019 

Other search 
limits or 
restrictions 

No language limits 

Source: Submission Dossier. 
Abbreviations: AE=adverse events; MAH=marketing authorisation holder; NA=not applicable; 
PK/PD=pharmacokinetic/pharmacodynamic; RCT=randomised controlled trial; SLR=systematic literature review. 

3.2 Data extraction 

Information used for the assessment of clinical effectiveness and safety were extracted from the 
Submission Dossier and (if possible) verified against the CSRs or other original documentation provided 
in the Submission Dossier. 

3.3 Risk of bias assessment 

The quality rating tool developed by the Cochrane Collaboration (revised version 2.0; October 2018) 
was used to assess the risk of bias in randomised trials. Risk of bias at study level was assessed for 
six different domains: 

 Method used to generate the sequence of randomisation (random sequence generation); 
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 Method used to mask the sequence of allocation to treatment (allocation concealment); 

 Measures used to ensure the ‘blindness’ of the study with respect to treatment assignment 
(blinding of participants, medical personnel and outcome assessors); 

 Completeness of the data for each outcome considered (incomplete outcome data); 

 Selective description of the results (selective outcome reporting); 

 Other sources of bias (e.g., bias due to the early interruption of the study because of the benefits 
without an appropriate stopping rule, use of a non-validated measurement instrument, incorrect 
statistical analysis). 

For each domain, two independent assessors judged the risk of bias (‘low risk’, ‘high risk’, or ‘unclear’) 
on the basis of the information retrieved from the full-text publications, the protocols, and the 
Submission Dossier. Discrepancies were discussed and aligned. The results of the risk of bias 
assessment are presented at both the study level and the outcome level. 

3.4 Results and analyses of included studies 

The information in the Submission Dossier on the study design, study methods, populations, endpoints 
(patient relevance, validity, and operationalisation) and study results were evaluated. The results of this 
evaluation are presented and were used to identify relevant analyses and considered for the 
assessment’s conclusions. 

3.4.1 Statistical methods 

CREDIBLE-CR 

No inferential testing was performed. Only descriptive statistics were provided, i.e., each response rate 
was provided with 95% confidence intervals (CI) by treatment group. A more detailed description of the 
statistical methods can be found in the EPAR for Fetcroja® (6). 

APEKS- cUTI 

The study hypothesis was that the composite efficacy response, microbiological eradication and clinical 
response at the TOC, with cefiderocol would be non-inferior to imipenem/cilastatin (IPM/CS). The non-
inferiority margin was 20% and non-inferiority was to be concluded if the lower bound of a two-sided 
95% CI for the difference in response rates between the two treatment groups was greater than -20%. 
Detailed statistical analysis methods were specified in the statistical analysis plan (SAP) including a PK 
analysis plan. A more detailed description of the statistical methods can be found in the EPAR for 
Fetcroja® (6). 

APEKS-NP 

Statistical methods for APEKS-NP can be found in Submission Dossier appendix B. 

3.4.2 Sensitivity analysis 

To evaluate the robustness of results, sensitivity analyses with regard to methodological factors 
presented in the Submission Dossier and the corresponding methods applied were evaluated. These 
methodological factors arose from decisions made within the framework for the retrieval and 
assessment of information; for example, the specification of cut-offs for the time point of data collection 
or the choice of effect measure.  

3.4.3 Subgroup analysis and other effect modifiers 

During the assessment, the subgroup analyses examining potential effect modifiers presented in the 
Submission Dossier and the corresponding methods applied were evaluated. The evaluation also 
includes the justification for the choice of cut-offs if quantitative characteristics were categorised. 
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3.4.4 Indirect comparisons 

Indirect comparison methods were applied and, if applicable, the justification in the event of deviations 
from the required approaches were evaluated (23). For the evaluation and results of these comparisons, 
please refer to Appendix 4: NMA and Appendix 5: Other evidence. 

3.5 Patient involvement 

At the start of this Joint Assessment, an open call for patient input was published on the EUnetHTA 
website. This open call specifically asked patient organisations to answer the questions, as they are in 
a position to collect and present patients’ and caregivers’ views and experiences by engaging with a 
wide range of patients and their carers. 

Relevant European and national patient and consumer organisations were asked to provide an 
organisational perspective on the questions in English. In all parts of the open call, the term ‘patient’ 
referred to anyone living with, or who has lived with, the condition for which the new medicine is 
indicated.  

The open call for patient input was present online from 5 September to 27 December 2019. After this 
deadline, no patient or consumer organisations completed the survey. Patient involvement is therefore 
not included in this report. 
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4 RESULTS  

4.1 Information retrieval 

The MAH provided an SLR conducted between 7 and 11 October 2019. The search retrieved 75 records 
from MEDLINE, 34 records from PubMed, 160 records from Embase, 16 records from the Cochrane 
Library, 75 records from Web of Science, nine records from the BIOSIS Citation Index, 11 records from 
the Clinical Trials/WHO International Clinical Trials Registry Platform (ICTRP), and 48 records from 
IDWEEK/ECCMID; 428 records in total. Reference checking of (systematic) reviews not identified 
through the database searches or hand searched conferences resulted in a further 32 records. 
Following de-duplication, 254 records remained for assessment. Twelve records were excluded after 
an assessment of the information in the title and abstract. Two-hundred and forty-two full text 
documents were assessed, and 129 records were finally included.  

The MAH conducted a supplementary search on 19 December 2019 of the IDWeek 2019 conference 
(October 2-9, Washington DC, USA), which yielded 12 additional relevant presentations. In total, the 
search provided by the MAH contained 141 available records for assessment including journal articles, 
posters, and abstracts. The search protocol was included as part of the Submission Dossier, and a full 
list of included records is described in the submission report, Section 5.2.  

The SLR provided by the MAH differed from the proposed PICO. Most notably, the PICO for SLR 
provided by the MAH was much broader, as the only restriction was that cefiderocol or any of its 
synonyms had to be an intervention in the study regardless of the study population, comparator, and 
measured outcomes. The PICO for the SLR included in vitro, animal, clinical, and modelling studies, 
whereas the PICO in the project plan was restricted to human clinical studies only. Overall, the authors 
considered that the search followed EUnetHTA guidelines and the PRISMA-P statement. The search 
was conducted approximately four months before the start of the assessment. Therefore, the authors 
checked the search for completeness in study registries and against the studies included in the 
regulatory assessment report. Two new studies on cefiderocol in a paediatric population were found, 
but these studies were not considered relevant for this assessment (24). 

On 14 April 2020 (during the assessment period), the MAH provided new analyses resulting from a 
retrospective comparative PK/PD study, which was requested at the scoping meeting by the Authoring 
Team (Submission Dossier Attachment 5 PK/PD). 

4.2 Studies included in the assessment 

In addition to the studies included in the NMA described in Appendix 4: NMA, the Authoring Team 
included three RCTs (APEKS-cUTI, APEKS-NP, and CREDIBLE-CR), two in vitro surveillance studies 
(SIDERO-WT and SIDERO-CR), one retrospective comparative PK/PD simulation/modelling analysis, 
and six clinical pharmacology studies. The clinical pharmacology studies were only included to support 
the evidence for safety assessment.  

A description of included studies for the cUTI NMA is included in Appendix 4: NMA. The included in 
vitro studies, retrospective comparative PK/PD simulation analysis, and clinical pharmacology studies 
are described in Appendix 5: Other evidence. 

Table 4.1 provides an overview of the studies included in the assessment. 
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Table 4.1. Study pool – list of relevant studies used for the assessment 

Study 
reference/ID 

Study category 

 Study for 
marketing 

authorisation 
of the 

technology 
under 

assessment 

Sponsored 
or third-

party 
study 

 

Available documentation 

RCTs 

CREDIBLE-
CR 

Yes, 
CREDIBLE-

CR 

Sponsored 
by Shionogi 

Bassetti M, Ariyasu M, Binkowitz B, Den Nagata T, Echols RM, 
Matsunaga Y, et al. Designing a pathogen-focused study to 
address the high unmet medical need represented by 
carbapenem-resistant Gram-negative pathogens–the 
international, multicenter, randomized, open-label, phase 3 
CREDIBLE-CR Study. Infect Drug Resist. 2019;12:3607. 
 
Shionogi. Study of S-649266 or best available therapy for the 
treatment of severe infections caused by carbapenem-resistant 
Gram-negative pathogens. Identifier: NCT02714595. In: 
ClinicalTrials.gov [internet]. Bethesda: US National Library of 
Medicine: 2016. Available from 
https://ClinicalTrials.gov/show/NCT02714595. 
 
Shionogi. Clinical study protocol: 1424R2131 (CREDIBLE-CR 
study). 2016. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Statistical Analysis Plan: 1424R2131 (CREDIBLE-CR 
study). 2019. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Final study summary: 1424R2131 (CREDIBLE-CR 
study). 2019. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Clinical Study Report: 1424R2131 (CREDIBLE-CR 
study). 2020. Confidential document, submitted by MAH in April 
2020.  

APEKS-cUTI Yes, APEKS-
cUTI 

Sponsored 
by Shionogi 

Portsmouth S, van Veenhuyzen D, Echols R, Machida M, 
Ferreira JCA, Ariyasu M, et al. Cefiderocol versus imipenem-
cilastatin for the treatment of complicated urinary tract 
infections caused by Gram-negative uropathogens: a phase 2, 
randomised, double-blind, non-inferiority trial. Lancet Infect Dis. 
2018;18(12):1319-28. 
 
Shionogi. A randomized study in hospitalised patients with 
complicated urinary tract infections caused by Gram-negative 
bacteria to compare the efficacy and safety of S-649266 to 
imipenem/cilastatin, both administered by intravenous infusion. 
Identifier: EUCTR2014-000914-76-HU. In: London [internet]. 
European Medicines Agency: 2014. Available from 
http://www.who.int/trialsearch/Trial2.aspx?TrialID=EUCTR2014-
000914-76-HU. 
 
Shionogi. A study of efficacy/safety of intravenous S-649266 
versus imipenem/cilastatin in complicated urinary tract 
infections. Identifier: NCT02321800. In: ClinicalTrials.gov 
[internet]. Bethesda: US National Library of Medicine: 2014. 
Available from https://ClinicalTrials.gov/show/NCT02321800. 
 

https://clinicaltrials.gov/show/NCT02714595
http://www.who.int/trialsearch/Trial2.aspx?TrialID=EUCTR2014-000914-76-HU
http://www.who.int/trialsearch/Trial2.aspx?TrialID=EUCTR2014-000914-76-HU
https://clinicaltrials.gov/show/NCT02321800
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Shionogi. Clinical Study Protocol: 1409R2121 (APEKS-cUTI 
study). 2015. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Statistical Analysis Plan: 1409R2121 (APEKS-cUTI 
study). 2016. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Clinical Study Report: 1409R2121 (APEKS-cUTI 
study). 2017. Included as confidential attachment in the 
Submission Dossier by the MAH. 

APEKS-NP Yes, APEKS-
NP 

Sponsored 
by Shionogi 

Shionogi. Clinical study of S-649266 for the treatment of 
nosocomial pneumonia caused by Gram-negative pathogens. 
Identifier: NCT03032380. In: ClinicalTrials.gov [internet]. 
Bethesda: US National Library of Medicine: 2017. Available 
from https://ClinicalTrials.gov/show/NCT03032380. 
 
Shionogi. Clinical Study Protocol: 1615R2132 (APEKS-NP 
study). 2016. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. Statistical Analysis Plan: 1615R2132 (APEKS-NP 
study). 2019. Included as confidential attachment in the 
Submission Dossier by the MAH. 
 
Shionogi. APEKs-NP study synopsis. Included as confidential 
attachment in the Submission Dossier by the MAH. 
 
Shionogi. Clinical Study Report Amendment 1: 1615R2132 
(APEKS-NP study). 2020. Confidential document, submitted by 
MAH in April 2020. 

In vitro studies 

SIDERO-WT Yes, 
SIDERO-WT 

Sponsored 
by Shionogi 

Hackel MA, Tsuji M, Yamano Y, Echols R, Karlowsky JA, Sahm 
DF. In vitro activity of the siderophore cephalosporin, 

cefiderocol, against a recent collection of clinically relevant 
Gram-negative bacilli from North America and Europe, 
including carbapenem-nonsusceptible isolates (SIDERO-WT-
2014 Study). Antimicrob Agents Chemother. 
2017;61(9):e00093-17. 

SIDERO-CR Yes, 
SIDERO-CR 

Sponsored 
by Shionogi 

Hackel MA, Tsuji M, Yamano Y, Echols R, Karlowsky JA, Sahm 
DF. In vitro activity of the siderophore cephalosporin, 
cefiderocol, against carbapenem-nonsusceptible and multidrug-
resistant isolates of Gram-negative bacilli collected worldwide in 
2014 to 2016. Antimicrob Agents Chemother. 
2018;62(2):e01968-17. 

Retrospective comparative PK/PD analysis 

Retrospective 
analysis of 
cefiderocol 
and 
comparators 
by population 
PK/PD 
simulation 

No, requested 
by Authoring 

Team at 
scoping F2F 
meeting to 

include 
relevant 

comparison of 
in vitro data  

Sponsored 
by Shionogi 

An unpublished report (report CS 11-55-1) was submitted by the 
MAH in April 2020. 

Clinical pharmacology studies 

Single-and 
multiple-
ascending 
dose study 

Yes, R2111 Sponsored 
by Shionogi 

Saisho Y, Katsube T, White S, Fukase H, Shimada J. 
Pharmacokinetics, safety, and tolerability of cefiderocol, a novel 
siderophore cephalosporin for gram-negative bacteria, in healthy 
subjects. Antimicrob Agents Chemother. 2018;62(3):1-12. 

Intrapulmonary 
(BAL/ELF) PK 
study 

Yes, R2112 Sponsored 
by Shionogi 

Katsube T, Saisho Y, Shimada J, Furuie H. Intrapulmonary 
pharmacokinetics of cefiderocol, a novel siderophore 
cephalosporin, in healthy adult subjects. J Antimicrob 
Chemother. 2019;74(7):1971-74 

https://clinicaltrials.gov/show/NCT03032380
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Renal 
impairment 
study 

Yes, R2113 Sponsored 
by Shionogi 

Katsube T, Echols R, Arjona Ferreira JC, Krenz HK, Berg JK, 
Galloway C. Cefiderocol, a siderophore cephalosporin for gram-
negative bacterial infections: pharmacokinetics and safety in 
subjects with renal impairment. J Clin Pharmacol. 
2017;57(5):584-91. 

Mass balance 
study 

Yes, R2114 
 

Sponsored 
by Shionogi 

Miyazaki S, Katsube T, Shen H, Tomek C, Narukawa Y. 
Metabolism, excretion, and pharmacokinetics of [14 C]-
cefiderocol (S-649266), a siderophore cephalosporin, in healthy 
subjects following intravenous administration. J Clin Pharmacol. 
2019;59(7):958-67. 

Drug 
interaction 
study 

Yes, R2115 
 

Sponsored 
by Shionogi 

Katsube T, Miyazaki S, Narukawa Y, Hernandez-Illas M, Wajima 
T. Drug-drug interaction of cefiderocol, a siderophore 
cephalosporin, via human drug transporters. Eur J Clin 
Pharmacol. 2018;74(7):931-38. 

Thorough 
QT/QTc study 

Yes, R2116 Sponsored 
by Shionogi 

Sanabria C, Migoya E, Mason JW, Stanworth SH, Katsube T, 
Machida M, et al. Effect of cefiderocol, a siderophore 
cephalosporin, on QT/QTc interval in healthy adult subjects. Clin 
Ther. 2019;41(9):1724-36.e4. 

Source: Submission Dossier.  
Abbreviations: BAL=bronchoalveolar lavage; cUTI=complicated urinary tract infection; CR= carbapenem resistant; 
ELF=epithelial lining fluid; F2F=face-to-face; NP=nosocomial pneumonia; PK/PD=pharmacokinetic/pharmacodynamic; 
QTc=corrected QT; RCT=randomised controlled trial. 
 

4.3 Excluded studies 

Table 4.2 lists the studies that were included in the Submission Dossier provided by the MAH but were 
excluded for further consideration in this assessment. 

Table 4.2. Excluded studies 

Study reference/ID Reason for non-consideration of the study 

Compassionate use (three case 
studies) (25-27)  
Shionogi. Cefiderocol 
compassionate use programme 
[Data on file]. 2019; Submission 
Dossier chapter 5.3.4 

These studies did not provide any additional information to the included 
clinical studies that could be extrapolated to the overall assessment 
population. 
Aggregated limited information from 74 compassionate use cases. 
Aggregated information without any methodological rationale (pooled 
data). Pooled data not suitable of being included in this assessment due 
to high risk of bias. 

Several independent national 
validations studies (28-33) 

The aim of these studies was to determine cefiderocol activity against 
difficult-to-treat CR pathogens gathered from various countries including 
Germany, Greece, Italy, Spain, UK/Ireland, and the US. 
 
These studies did not provide any additional information to the SIDERO 
studies that could be extrapolated to the overall assessment population. 

A study on independent world-
wide collection (34) 

To aim of this study was to determine the MIC50 and MIC90 of the 
antibacterials for the tested bacterial isolates and their respective 
resistance percentages. 
 
This study did not provide any additional information to the SIDERO 
studies. 

Several studies on mode of action Did not answer research question in this assessment.  

Several studies on resistance (35, 
36) 

Resistance information from clinical and included in vitro surveillance 

studies is consider more relevant for the assessment. Thus these studies 
do not provide additional information. 

Several animal studies These studies did not provide any additional information to the included 
clinical pharmacology studies.  

Source: Submission Dossier. 
Abbreviations: CR=carbapenem-resistant. 
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From now onwards chapter 4 focuses on the results of clinical trials CREDIBLE-CR, APEKS-
cUTI, and APEKS-NP. A description of included studies and its results for the cUTI NMA is 
included in Appendix 4: NMA. Included in vitro surveillance studies, the retrospective 
comparative PK/PD analysis and clinical pharmacology studies description and results are 
presented in Appendix 5: Other evidence. 

4.4 Characteristics of the included studies 

4.4.1 CREDIBLE-CR 

This was a phase 3, open-label, descriptive multicentre study of cefiderocol compared with BAT in 
hospitalised adults for the treatment of severe infections (HCAP/HAP/VAP, cUTI, BSI/sepsis) with 
confirmed CR Gram-negative pathogens. The study was designed to provide descriptive evidence of 
the efficacy and safety of cefiderocol in the target population and was not powered to test a hypothesis.  

One-hundred and fifty-two patients were randomised 2:1 to 7-14 days of intravenous (IV) treatment with 
cefiderocol or BAT. Allocation factors for randomisation were infection site (HAP/VAP/HCAP, cUTI, and 
BSI/sepsis), APACHE II score (≤15 and ≥16), and region (North America, South America, Europe, and 
Asia-Pacific), but not pathogens. The primary efficacy population was the carbapenem-resistant 
microbiological intent-to-treat (CR Micro-ITT) population, which included all subjects who (i) received at 
least one dose of study treatment (ITT-population); (ii) who had a baseline Gram-negative pathogen 
from an appropriate clinical specimen (micro-ITT population); and (iii) whose baseline Gram-negative 
pathogen was carbapenem resistant. Safety was analysed in the ITT population. 

4.4.2 APEKS-cUTI 

This was a phase 2, double-blind, multicentre, non-inferiority study of cefiderocol compared with 
imipenem/cilastatin (IPM/CS) in hospitalised adults with cUTI/acute pyelonephritis (no more than 30% 
of patients could have acute pyelonephritis) caused by Gram-negative pathogens.  

Patients were included if they showed at least two signs of invasive infection [e.g., chills, fever (≥38°C), 
flank pain (pyelonephritis), or suprapubic/pelvic pain (cUTI)], pyuria, and the Gram-negative pathogen 
had to be likely susceptible to IPM. Subjects with Gram-negative pathogens resistant to IPM were 
excluded. The study was designed to show non-inferiority of cefiderocol compared to imipenem 
(IPM)/cilastatin (CS) based on a 15% non-inferiority margin. A total of 448 patients were randomised 
2:1 to 7-14 days IV treatment with cefiderocol or IPM/CS. Randomisation was stratified according to the 
patient’s clinical diagnosis (cUTI with or without pyelonephritis or acute uncomplicated pyelonephritis) 
and region (North America, European Union, Russia, and Japan plus rest of world). The primary efficacy 
population was the micro-ITT population, which included all subjects who received at least one dose of 
study treatment (ITT) and who had a baseline Gram-negative bacterial pathogen on culture of urine or 
blood (≥105 CFU/mL) that causes UTI. Safety was analysed based on the ITT population.  

4.4.3 APEKS-NP 

This was a phase 3, double-blind, multicentre, non-inferiority study of cefiderocol compared with high-
dose prolonged infusion (HD) meropenem in subjects with nosocomial pneumonia (HAP/VAP/HCAP) 
caused by Gram-negative bacteria. The study was designed to show non-inferiority of cefiderocol 
compared to HD meropenem based on a 12.5% non-inferiority margin. Linezolid was administered for 
at least five days to subjects in both arms to provide coverage for methicillin-resistant Staphylococcus 
aureus (MRSA), maintain the study blind and, in the cefiderocol arm, provide coverage for Gram-
positive bacteria. A total of 300 patients were randomised 1:1 to 7-14 days IV treatment of cefiderocol 
or HD meropenem. Randomisation was stratified according to infection type (HABP, VABP, and 
HCABP) and APACHE II score (≤15 and ≥16). The modified intent-to-treat (mITT) population was the 
primary population for efficacy, which included all patients in the ITT population who had infection of 
the lower respiratory tract caused by a diagnosed Gram-negative pathogen or without a microbiological 
diagnosis. Safety was analysis based on the ITT population. 

Table 4.3 provides an overview of the study characteristics of the CREDIBLE-CR, APEKS-cUTI, and 
APEKS-NP studies.  
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Table 4.3. Characteristics of the CREDIBLE-CR, APEKS-cUTI, and APEKS-NP studies 

Study 
reference/ID 

Study design Patient population Intervention 
(number of 
randomised 
patients) 

Comparator 
(number of 
randomised 
patients) 

Study duration Primary outcome; patient-relevant 
secondary outcomes 

Direct comparison: Cefiderocol vs. BAT 

CREDIBLE-
CR 

Phase 3, 
descriptive, 
multicentre, open 
label, randomised 
(2:1) trial 
conducted at 100 
sites in 17 
countries 

Hospitalised adults with 
clinically documented infection 
(HAP/VAP/HCAP, cUTI, or 
BSI/sepsis) caused by a 
Gram-negative pathogen 
infection with evidence of 
carbapenem resistance prior 
to randomisation 

Cefiderocol 
(101) 

BAT (51) Study duration 
planned: 7 to 14 
days (up to 21 
days) 
 
Evaluation time 
points were: 

 EA: day 3 to 4; 

 EOT: end of last 
infusion; 

 TOC: EOT +7 
days (±2 days); 

 FUP: EOT +14 
days (±3 days); 

 EOS: EOT +28 
days (±3 days). 

Primary: 
Clinical outcome for HAP/VAP/HCAP and 
BSI/sepsis; microbiological outcome (for 
Gram-negative pathogen) per subject at 
TOC in subjects with cUTI 

 
Secondary:  
Clinical and/or microbiological outcome 
per subject or per pathogen at EOT, TOC, 
and FU; all-cause mortality at day 14 and 

day 28; composite endpoint of survival 
and no change in antibiotic treatment due 
to either lack of therapeutic benefit or 
drug-related toxicity at TOC; survival time; 
CPIS parameters at EOT, TOC, and FUP 
(HAP/VAP/HCAP only); SOFA score at 
EOT, TOC, and FU; safety 

Direct comparison: Cefiderocol vs. IPM/CS 

APEKS-cUTI Phase 2, 
multicentre, 
double-blind, 
randomised (2:1), 
active controlled, 
non-inferiority 
study conducted at 
67 sites in 14 
countries 

Hospitalised adults with cUTI 
with or without pyelonephritis 
or acute uncomplicated 
pyelonephritis who had a 
Gram-negative pathogen 
likely to be susceptible to IPM 

Cefiderocol 
(303) 
 
 
 

IPM/CS 
(149) 
 
 
 

Study duration: 7 
to 14 days (5 days 
permitted in 
certain 
circumstances) 
 
Evaluation time 
points were: 

 EA: Day 4 (±1 
day); 

 EOT: end of last 
infusion up to 
14 days; 

 TOC: EOT +7 
days (±2 days); 

Primary:  
Composite of microbiological eradication 
and clinical response at the TOC in the 
micro-ITT population 

 
Secondary:  
Composite of microbiological eradication 
and clinical response at EA, EOT, and 
FUP; microbiological and clinical response 
per pathogen and per subject at EA, EOT, 
TOC, and FUP; safety 
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Study 
reference/ID 

Study design Patient population Intervention 
(number of 
randomised 
patients) 

Comparator 
(number of 
randomised 
patients) 

Study duration Primary outcome; patient-relevant 
secondary outcomes 

 FUP: EOT +14 
days (±3 days); 

 EOS: EOT +28 
days (±3 days). 

Direct comparison: Cefiderocol vs. HD meropenem 

APEKS-NP Phase 3, 
multicentre, double 
blind, randomised 
(1:1), active-
controlled study 
conducted at 145 
sites in 19 
countries 

Adult subjects with 
nosocomial pneumonia 
caused by a suspected Gram-
negative pathogen 

Cefiderocol 
(148) 

Meropenem 
(152) 

Study duration: 7-
14 days (may be 
extended up to 21 
days) 
 
Evaluation time 
points were: 

 EA: Day 3 (+1 
day); 

 EOT: end of last 
infusion (up to 14 
days); 

 TOC: EOT +7 
days (±2 days); 

 FUP: EOT +14 
days (±3 days); 

 EOS: EOT +28 
days (±3 days). 

Primary: 
All-cause mortality at day 14 
 
Secondary:  
Clinical and microbiological outcomes per 
subject and per pathogen at EA, EOT, 
TOC, and/or FUP; all-cause mortality at 
day 28, during treatment, and at follow-up; 
resource utilisation; safety 

Source: Submission Dossier. 

Abbreviations: BSI=bloodstream infection; CPIS=clinical pulmonary infection score; CR=carbapenem-resistant; cUTI=complicated urinary tract infection; EA=early assessment; EOS=end of 
study; EOT=end of treatment; FUP=follow-up; HAP=hospital-acquired pneumonia; HCAP=healthcare-associated pneumonia; IPM=imipenem; SOFA=sequential organ failure assessment; 
VAP=ventilator-associated pneumonia. 
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Table 4.4 provides the characteristics of the interventions and comparators in the CREDIBLE-CR, 
APEKS-cUTI, and APEKS-NP studies.  

Table 4.4. Interventions and comparators in the CREDIBLE-CR, APEKS-cUTI, and APEKS-NP 
studies  

Study reference 
/ ID 

Intervention Comparator Extra information 

APEKS-cUTI Cefiderocol 2 g 
infused IV over 1 
hour q8h 

Imipenem 1 g and 
cilastatin 1 g infused IV 
over 1 hour q8h 

Dose ranges for cefiderocol and 
imipenem/cilastatin were 0.75 to 2 g 
and 0.25 to 1 g, respectively, every 6 to 
8 hours based on renal function and/or 
body weight 

APEKS-NP Cefiderocol 2 g 
infused IV over 3 
hours q8h 

Meropenem 2 g infused 
IV over 3 hours q8h 

To provide MRSA coverage, linezolid 
600 mg infused IV q12h administered 
to all subjects 

CREDIBLE-CR Cefiderocol 2g 
infused IV over 3 
hours q8h with or 
without another 
single adjunctive 
Gram-negative 
antibiotic 

BAT: locally sourced by 
study sites within the 
local standard of care 
determined by the 
investigator for each 
infection diagnosis. BAT 
could include up to 3 
Gram-negative 
antibiotics 

Cefiderocol dose (0.75 to 2 g) or 
interval (6 to 12 hours) based on renal 
function 

Source: Submission Dossier. 
Abbreviations: BAT=best available treatment; IV=intravenous; q8h=every 8 hours; MRSA=methicillin-resistant 
Staphylococcus aureus.  

 

Table 4.5 provides information on the course (planned duration and follow-up times) of the CREDIBLE-
CR, APEKS-cUTI, and APEKS-NP studies. 

Table 4.5. Planned duration and follow-up times 

Study reference / ID 
Outcome category 

Planned follow-up Intervention Control 

CREDIBLE-CR Study duration was 
7-14 days  
 
Evaluation time 
points were: 

 EA: Day 3 (+1 
day); 

 EOT: end of last 
infusion (up to 14 
days); 

 TOC: EOT +7 
days (±2 days); 

 FUP: EOT +14 
days (±3 days); 

 EOS: EOT +28 
days (±3 days). 

Cefiderocol BAT 

HAP/VAP/HCAP or 
BSI/sepsis, N 

63 33 

Duration of exposure 
(days), mean (SD) 

11.4 (5.3) 12.6 (4.4) 

cUTI, N 17 5 

Duration of exposure 
(days), mean (SD) 

11.9 (7.1) 7.4 (2.2) 

APEKS-cUTI Cefiderocol IPM/CS 

N 252 119 

Duration of exposure 
(days), mean (SD) 

9.6 (2.5) 9.7 (2.5) 

APEKS-NP Cefiderocol Meropenem 

N 148 150 

Duration of exposure 
(days), median (range) 

10.0 (2-22) (8.5) (1-22) 

Source: Submission Dossier. 
Abbreviations: BAT=best available treatment; BSI=bloodstream infection; CS=cilastatin; cUTI=complicated urinary tract 
infection; EA=early assessment; EOT=end of treatment; EOS=end of study; FUP=follow-up; HAP=hospital-acquired 
pneumonia; HCAP=healthcare-associated pneumonia; IPM/CS=imipenem/cilastatin; max=maximum; min=minimum; 
N=number of analysed patients; NA=not applicable; NR=not reported; SD=standard deviation; VAP=ventilator-associated 
pneumonia. 
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Table 4.6 provides the baseline characteristics of the study populations in the CREDIBLE-CR, APEKS-
cUTI, and APEKS-NP studies. 

Table 4.6. Baseline characteristics of the study populations 

Study reference CREDIBLE-CRa APEKS-cUTIb APEKS-NPb 

Study arm Cefiderocol BAT Cefiderocol IPM/CS Cefiderocol Meropenem 

Demographic/ disease 
characteristics 

N = 80 N = 38 N = 252 N = 119 N = 148 N =150 

Age [years], mean (SD)  63.1 (19.0) 62.1 (17.3) 62.3 (16.10) 61.3 (18.48) 64.7 (14.5) 65.6 (15.1) 

Gender [m], n (%) 55 (68.8)  29 (76.3) 119 (47.2) 48 (40.3) 101 (68.2) 104 (69.3) 

Race, n (%) 

White 48 (60.0) 27 (71.1) 241 (95.6) 115 (96.6) 102 (68.9) 100 (66.7) 

Asian 24 (30.0) 9 (23.7) 9 (3.6) 4 (3.4) 44 (29.7) 44 (29.3) 

Other 8 (10.0) 2 (5.3) 2 (0.8) 0 2 (1.4) 5 (3.4) 

Region, n (%) 

North America 4 (5.0) 3 (7.9) 4 (1.6) 1 (0.8) 0 0 

South America 7 (8.8) 3 (7.9) 0 0 0 0 

Europe 45 (56.3) 23 (60.5) 239 (94.8) 114 (95.8) (66.9) (66.7) 

Asia-Pacific 24 (30.0) 9 (23.7) 9 (3.6) 4 (3.4) (29.1) (29.3) 

BMI (kg/m2), mean (SD) 25.39 (7.14) 25.10 (7.54) 27.60 (4.94) 26.98 (6.78) 26.3 (6.1) 26.7 (6.8) 

Creatinine clearance renal grading group, n (%) 

≥ 120 (ARC) 17 (21.3) 11 (28.9)  
124 (49.2) 

 
51 (42.9) 

22 (14.9) 26 (17.3) 

>80-120 mL/min 
(normal) 

15 (18.8) 9 (23.7) 33 (22.3) 35 (23.3) 

>50-80 mL/min (mild) 15 (18.8) 9 (23.7) 78 (31.0) 41 (34.5) 44 (29.7) 37 (24.7) 

30-50 mL/min 
(moderate) 

18 (22.5) 6 (15.8) 
41 (16.3) 23 (19.3) 

29 (19.6) 32 (21.3) 

< 30 mL/min (severe) 15 (18.8) 3 (7.9) 7 (2.8) 4 (3.4) 20 (13.5) 20 (13.3) 

Clinical diagnosis, n (%) 

cUTI 17 (21.3) 5 (13.2) 187 (74.2) 84 (70.6) NA NA 

with pyelonephritis NR NR 65 (25.8) 29 (24.4) NA NA 

without pyelonephritis NR NR 122 (48.4) 55 (46.2) NA NA 

acute uncomplicated 
pyelonephritis 

NR NR 65 (25.8) 35 (29.4) NA NA 

BSI 16 (20.0) 8 (21.1) NA NA NA NA 

Sepsis 7 (8.8) 6 (15.8) NA NA NA NA 

VAP 23 (28.8) 12 (31.6) NA NA 60 (40.5) 65 (43.3) 

HAP 16 (20.0) 5 (13.2) NA NA 60 (40.5) 61 (40.7) 

HCAP 1 (1.3) 2 (5.3) NA NA 28 (18.9) 24 (16) 

APACHE II score, n (%) 

≤ 15 41 (51.2) 21 (55.3) NA NA 75 (50.7) 78 (52) 

16-19 39 (48.8) 17 (44.7) NA NA 32 (21.6) 26 (17.3) 

≥ 20 NA NA 41 (27.7) 46 (30.7) 

Ventilation status, n (%) 

yes 71.1% 
(32/45) * 

81.8% 
(18/22)* 

NA NA 91 (61.5) 87 (58) 

no NA NA NA NA 57 (38.5) 63 (42) 

Severity of disease, n (%) 

Mild 4 (5.0) 3 (7.9) 26 (10.3) 11 (9.2) NR NR 

Moderate 26 (32.5) 15 (39.5) 176 (69.8) 88 (73.9) NR NR 

Severe 50 (62.5) 20 (52.6) 50 (19.8) 20 (16.8) NR NR 
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Study reference CREDIBLE-CRa APEKS-cUTIb APEKS-NPb 

Study arm Cefiderocol BAT Cefiderocol IPM/CS Cefiderocol Meropenem 

Fever, n (%) 

≥38.0° Celsius 14 (17.5) 5 (13.2) 88 (34.9) 38 (31.9) NR NR 

<38.0° Celsius 66 (82.5) 31 (81.6) 164 (65.1) 81 (68.1) NR NR 

Number of Gram-negative pathogens, n (%) 

1 62 (77.5) 30 (78.9) 241 (95.6) 115 (96.6) NR NR 

2 13 (16.3) 8 (21.1) 11 (4.4) 4 (3.4) NR NR 

3 4 (5.0) 0 NR NR NR NR 

4 1 (1.3) 0 NR NR NR NR 

Top 4 Gram-negative 
pathogens isolatedd,e 

N=80 N=38 N=252 N=119 N=148 N=150 

HAP/VAP/HCAP N’=40  N’=19 NA NA N’=148 N’=150 

Acinetobacter 
baumannii, n (%) 

26 (65.0) 10 (52.6) NA NA 23 (15.5) 24 (16.0) 

Pseudomonas 
aeruginosa, n (%) 

11 (27.5) 6 (31.6) NA NA 24 (16.2) 24 (16.0) 

Stenotrophomonas 
maltophilia, n (%) 

5 (12.5) 0 NA NA NR NR 

Klebsiella pneumoniae, 
n (%) 

10 (25.0) 5 (26.3) NA NA 48 (32.4) 44(29.3) 

Escherichia coli, n (%) 2 (5.0)  2 (10.5)  NA NA 19 (12.8) 22 (14.7) 

BSI/sepsis  N’=23 N’=14 NA NA NA NA 

Klebsiella pneumoniae, 

n (%) 
11 (47.8)  4 (28.6) NA NA NA NA 

Acinetobacter 
baumannii, n (%) 

10 (43.5)  7 (50.0) NA NA NA NA 

Escherichia coli, n (%)  2 (8.7) 0 NA NA NA NA 

Pseudomonas 
aeruginosa, n (%) 

2 (8.7) 3 (21.4) NA NA NA NA 

cUTI  N’=17 N’=5 N’=252 N’=119 NA NA 

Klebsiella pneumoniae, 
n (%) 

11 (64.7)  3 (60.0) 48 (19.0)  25 (21.0) NA NA 

Escherichia coli, n (%) 1 (5.9) 0 152 (60.3)  79 (66.4) NA NA 

Pseudomonas 
aeruginosa, n (%) 

4 (23.5) 2 (40.0) 18 (7.1)  5 (4.2) NA NA 

Acinetobacter 
baumannii, n (%) 

1 (5.9) 0 0 1 (0.8) NA NA 

Subject dispositionf N=101 N=51 N=303 N=149 N=148 N=152 

Treatment 
discontinuation, n (%) 

12 (11.9) 3 (5.9) 7 (2.3) 4 (2.7) NR NR 

Study discontinuation, n 
(%) 

32 (31.7) 13 (25.5) 20 (6.6) 11 (7.4) NR NR 

Source: Submission Dossier and EPAR (6). 
VAP=ventilator-associated pneumonia.  
a Characteristics described for the carbapenem-resistant microbiological intent-to-treat (CR micro-ITT) population, which was the 
primary efficacy population. 
b Characteristics described for the micro intent-to-treat (micro-ITT) population, which was the primary efficacy population. 
c Characteristics described for the intent-to-treat population (ITT); 97.3% of the ITT population were included in the modified-ITT 
population, which was the primary efficacy population (n=145 in cefiderocol arm, n=147 in meropenem arm). 
d For CREDIBLE-CR, these pathogens are all carbapenem resistant. 
e The extended description of pathogens is included in the Submission Dossier. 
f Based on the number of randomised subjects. 
´Safety population 
Abbreviations: APACHE=Acute Physiology, Age, Chronic Health Evaluation; ARC=augmented renal clearance; BAT=best 
available therapy; BMI=body mass index; BSI=bloodstream infection; CS=cilastatin; cUTI=complicated urinary tract infection; 
HAP=hospital-acquired pneumonia; HCAP=healthcare-associated pneumonia; IP=imipenem; max=maximum; min=minimum; 
n=number of analysed patients; NA=not applicable; NR=not reported; SD=standard deviation;  
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4.5 Outcomes of included studies 

Due to heterogeneity among the included studies and analyses, the information is presented for each 
study in Table 4.3. 

4.6 Risk of bias of included studies 

Table 4.7 shows the risk of bias at study level and for the relevant outcomes of the CREDIBLE-CR, 
APEKS-cUTI, and APEKS-NP studies. 

Table 4.7. Risk of bias in the randomised studies 
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CREDIBLE-CR L1 L1 H2 H2 H2 L3 L4 L5 H 
 
 
 
 
 
 
 
 
 

Clinical outcome per subject or 
pathogen 

L1 L1 H2 H2 H2 L3 L4 L5 

Microbiological outcome per 
subject or pathogen 

L1 L1 H2 H2 H2 L3 L4 L5 

All-cause mortality L1 L1 H2 H2 H2 L3 L4 L5 

Composite endpoint of survival L1 L1 H2 H2 H2 L3 L4 L5 

No change in antibiotic 
treatment due to either lack of 
therapeutic benefit or drug-
related toxicity 

L1 L1 H2 H2 H2 L3 L4 L5 

Survival time L1 L1 H2 H2 H2 L3 L4 L5 

Clinical pulmonary infection 
score parameters 

L1 L1 H2 H2 H2 L3 L4 L5 

Sequential organ failure 
assessment 

L1 L1 H2 H2 H2 L3 L4 L5 

Adverse effects L1 L1 H2 H2 H2 L3 L4 L5 

APEKS-cUTI L1 L1 L6 L6,7 L6,7 L3 L4 L5 L 
 
 
 

Composite of microbiological 
eradication and clinical 
response 

L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Microbiological and clinical 
response per pathogen and 
per subject 

L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Adverse effects L1 L1 L6 L6,7 L6,7 L3 L4 L5 
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APEKS-NP L1 L1 L6 L6,7 L6,7 L3 L4 L5 L 

All-cause mortality L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Clinical and microbiological 
outcomes per subject and per 
pathogen 

L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Resource utilisation L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Adverse effects L1 L1 L6 L6,7 L6,7 L3 L4 L5 

Source: Submission Dossier and study protocols. 
a For self-reported outcomes including pain, function, and global assessment.  
b For outcome assessor-reported outcomes. 
1 Interactive response technology was used for randomisation. 
2 This was an open-label study, no blinding. 
3 Proportions of populations analysed were comparable in both arms and number of missing data was low. 
4 The manufacturer provided the study protocol, statistical analysis plan, study synopsis, and all the documentation 
submitted to the EMA. 
5 No other potential sources of bias were found. 
6 This was a double-blinded study in which the investigator, site personnel, sponsor, and the sponsor’s designees involved 
in blinded monitoring, data management, or other aspects of the study were blinded to treatment assignment. Only the site 
pharmacist or qualified designee who prepared the intravenous infusion solution was unblinded. 
7 Duration of infusion was aligned in both arms, and no specific side effects were expected that could reveal the study 
treatment. 
Abbreviations: H=high risk; L=low risk; U=unclear risk. 
 

4.7 External validity of included studies 

The external validity of the included trials CREDIBLE-CR, APEKS-cUTI, and APEKS-NP was assessed 
using EUnetHTA guidelines on applicability of evidence in the context of a relative effectiveness 
assessment of pharmaceuticals considering the following elements: population, intervention, 
comparator, outcomes, and setting (PICO(S)). 

4.7.1 Population 

Overall, study populations in the CREDIBLE-CR, APEKS-cUTI, and APEKS-NP studies represented 
patients eligible for treatment also observed in clinical practice. cUTIs, nosocomial pneumonia, and 
sepsis are the most common infections observed with Gram-negative aerobic MDR/CR/difficult-to-treat 
pathogens.  

The CREDIBLE-CR study included hospitalised adult subjects with documented HAP/VAP/HCAP, 
cUTI, and BSI/sepsis caused by a Gram-negative pathogen with evidence of carbapenem resistance. 
The BSI/sepsis infection category could include subjects with other infection types, e.g., acute bacterial 
skin and skin structure infections (ABSSSI) and complicated intraabdominal infections (cIAI). Central 
nervous system infections and infections requiring more than three weeks of antibiotic treatment such 
as bone and joint infections and endocarditis were excluded. However, because infections of unknown 
origin were acceptable for inclusion in the BSI/sepsis category, infections not suitable for evaluation 
could also be included. 

The patient population in CREDIBLE-CR reflected patient population 1 described in the scope (see 
Table 2.1), as the patient population reflected infections with different pathogens and had documented 
evidence of CR.  

The patient population in APEKS-cUTI partially reflected the patient populations described in the scope 
(see Table 2.1). Even though these patients can be seen as representative of patient population 2, it 
was not reported whether these patients were critically ill (see Table 2.1). In addition, the narrower 
spectrum of pathogens represented as only cUTI infections were considered. 

The patient population in APEKS-NP partially reflected the patient populations described in the scope 
(see Table 2.1). These patients can be seen as representative of patient population 2 (critically ill) with 
suspected MDR infection (see Table 2.1). This is supported by APACHE mean score of 15 and above 
(which represent a 25% chance of mortality), with a significant proportion above 20, but only patients 
with NP infections were considered.  
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The results of this study were requested by the CHMP due to the imbalance in mortality noted in the 
interim analysis of CREDIBLE-CR attributable to the subset of subjects with HAP/VAP/HCAP and a 
concern about low epithelial lining fluid (ELF) penetration of cefiderocol. However, no imbalance in 
mortality was observed in the APEKS-NP study 

4.7.2 Intervention 

The interventions in all three studies were likely to reflect the standard doses used in clinical practice. 
However, the cefiderocol dose adjustment schema in APEKS-cUTI was not the same as that used in 
CREDIBLE-CR or APEKS-NP and is not that in the final SmPC.  

4.7.3 Comparator 

In general, the study comparators were in line with current clinical practice established during the 
scoping phase. However, according to national guidelines, the relevance of the comparators might differ 
between countries (see Appendix 1: Guidelines for diagnosis and management). 

4.7.4 Outcomes 

All outcomes used were main outcomes routinely assessed for antimicrobial studies according to 
current regulatory standards. Clinical endpoints were in line with the site of infections and disease 
severity. However, the studies did not report all relevant outcomes (as defined in the PICO), and 
outcomes reported varied substantially between studies. None of the studies report on quality of life. 

4.7.5 Setting 

Different regions of the world were included. 

4.8 Results on clinical effectiveness and safety 

Due to heterogeneity between the studies, it was not possible for the Authoring Team to make a 
comprehensive comparison between cefiderocol and all relevant comparators for the predefined patient 
populations and outcomes (see Table 2.1) with the exception of an NMA for cUTI (see Appendix 4: 
NMA). 

The results presented below for both efficacy and safety should not be pooled nor understood as an 
overall efficacy comparison of cefiderocol. In addition, due to the scarcity of data and the nature of the 
compound (antimicrobial), the Authoring Team included data from in vitro surveillance studies and a 
retrospective comparative PK/PD analysis in the assessment since these can be relevant at national 
level regarding dose, resistance, and MICs. These results are presented in Appendix 5: Other evidence.  

4.8.1 Efficacy results from clinical trials 

CREDIBLE-CR 

The results have been presented by the Authoring Team according to how these were presented in the 
study protocol. This has resulted in a more detailed overview than the one aimed for in the scope for 
some endpoints (see Table A12). These results must nevertheless be considered carefully, as this was 
a descriptive open-label study not powered to show differences between the intervention and the control 
arm.  

The primary endpoint results were reported as a histogram in the Submission Dossier but, for ease of 
reading these results, are here presented in table form. The Submission Dossier only presented the 
clinical outcome cure, whereas per definition the clinical outcome included clinical cure, clinical failure, 
and indeterminate. For microbiological eradication, only microbiological eradication was reported in the 
Submission Dossier, but the microbiological outcome should include eradication, persistence, and 
indeterminate. The Authoring Team have gathered this information from the core Submission Dossier 
and the final study summary (Appendix in the Submission Dossier), and this is presented in Table 4.8.  
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Primary endpoint for HAP/VAP/HCAP and BSI/sepsis: clinical outcome 

Table 4.8. Clinical outcome for HAP/VAP/HCAP and BSI/sepsis at TOC (CR micro-ITT population) 

Subject group  
Clinical/microbiological 
outcome 

Cefiderocol 
(N = 80) 
n (%) 

95% CI BAT 
(N = 38) 
n (%) 

95% CI 

HAP/VAP/HCAP  N’ = 40  N’ = 19  

Clinical cure 20 (50.0) (33.8, 66.2) 10 (52.6) (28.9, 75.6) 
Clinical failure 16 (40.0)  6 (31.6)  
Indeterminate 4 (10.0)  3 (15.8)  

BSI/sepsis N’ = 23  N’ = 14  

Clinical cure 10 (43.5) (23.2, 65.5) 6 (42.9) (17.7, 71.1) 
Clinical failure 9 (39.1)  7 (50.0)  
Indeterminate 4 (17.4)  1 (7.1)  

Source: EPAR, final study summary, and study protocol. 
Abbreviations: BAT=best available treatment; BSI=bloodstream infection; CI=confidence interval; HAP=hospital-acquired 
pneumonia; HCAP-healthcare-associated pneumonia.  

Primary endpoint for cUTI: microbiological outcome (Table 4.9) 

Table 4.9. Microbiological outcome for cUTI at TOC (CR micro-ITT population) 

Subject group  
Clinical/microbiological 
outcome 

Cefiderocol 
(N = 80) 
n (%) 

95% CI BAT 
(N = 38) 
n (%) 

95% CI 

cUTI     

Eradication 9 (52.9) (27.8, 77.0) 1 (20.0) (0.5, 71.6) 
Persistence 5 (29.4)  1 (20.0)  
Indeterminate 3 (17.6)  3 (60.0)  

Source: EPAR, final study summary, and study protocol. 
Abbreviations: BAT=best available treatment; CI=confidence interval; cUTI=complicated urinary tract infection. 

Secondary endpoints: clinical and/or microbiological outcome per subject or per pathogen at EOT, 
TOC, and FU 

The MAH reported clinical cure and microbiological eradication by time point. The Authoring Team 
have collated information from the core Submission Dossier and final CSR and have reported the 
clinical outcome (clinical cure/clinical failure/indeterminate) and microbiological outcome 
(eradication/persistence/ indeterminate) (Table 4.10 and   
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Table 4.11). Reported data for pathogens were clinical cure and microbiological eradication. Table 4.12 
is sourced from the final study summary. 

Table 4.10. Microbiological outcome for HAP/VAP/HCAP and BSI/sepsis at TOC (CR micro-ITT 
population) 

Subject group  
Clinical/microbiological 
outcome 

Cefiderocol 
(N = 35) 
n (%) 

95% CI BAT 
(N = 18) 
n (%) 

95% CI 

HAP/VAP/HCAP  N’ = 40  N’ = 19  

Eradication 9 (22.5) (10.8, 38.5) 4 (21.1) (6.1, 45.6) 
Persistence 8 (20.0)  7 (36.8)  
Indeterminate 23 (57.5)  8 (42.1)  

BSI/sepsis N’ = 23  N’ = 14  

Eradication 7 (30.4) (13.2, 52.9) 4 (28.6) (8.4, 58.1) 
Persistence 3 (13.0)  2 (14.3)  
Indeterminate 13 (56.5)  8 (57.1)  

Source: EPAR, final study summary, and study protocol. 
Abbreviations: BAT=best available treatment; BSI=bloodstream infection; CI=confidence interval; HAP=hospital-acquired 
pneumonia; HCAP-healthcare-associated pneumonia. 
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Table 4.11. Clinical outcome for cUTI at TOC (CR micro-ITT population) 

Subject Group  
Clinical/microbiological 
outcome 

Cefiderocol 
(N = 35) 
n (%) 

95% CI BAT 
(N = 18) 
n (%) 

95% CI 

cUTI N’ = 17  N’ = 5 (14.7, 94.7) 

Clinical cure 12 (70.6) (44.0, 89.7) 3 (60.0)  
Clinical failure 2 (11.8)  1 (20.0)  
Indeterminate 3 (17.6)  1 (20.0)  

Source: EPAR, final study summary, and study protocol. 
Abbreviations: BAT=best available treatment; CI=confidence interval; cUTI=complicated urinary tract infection. 

 

Table 4.12. Microbiological outcome per pathogen at TOC (CR micro-ITT population) 

  Gram-negative pathogen 
   Time point 
     Microbiological outcome 

Cefiderocol 
(N = 80) 
n (%)  

BAT 
(N = 38) 
n (%)  

All infection sites combined   

  Acinetobacter baumannii N' = 37 N' = 17 

   End of treatment   
     Eradicationa 15 (40.5) 5 (29.4) 
     Persistence 9 (24.3) 7 (41.2) 
     Indeterminate 13 (35.1) 5 (29.4) 

   Test-of-cure   
     Eradication 10 (27.0) 5 (29.4) 
     Persistence 5 (13.5) 4 (23.5) 
     Indeterminate 22 (59.5) 8 (47.1) 

   Follow-up   
     Sustained eradication 9 (24.3) 3 (17.6) 
     Recurrence 0 1 (5.9) 
     Persistence 5 (13.5) 4 (23.5) 

  Klebsiella pneumoniae N' = 27 N' = 12 

   End of treatment   
     Eradication 18 (66.7) 2 (16.7) 
     Persistence 1 (3.7) 1 (8.3) 
     Indeterminate 8 (29.6) 9 (75.0) 

   Test-of-cure   
     Eradication 13 (48.1) 3 (25.0) 
     Persistence 4 (14.8) 4 (33.3) 
     Indeterminate 10 (37.0) 5 (41.7) 

   Follow-up   
     Sustained eradication 11 (40.7) 3 (25.0) 
     Recurrence 0 0 
     Persistence 4 (14.8) 4 (33.3) 
     Indeterminate 12 (44.4) 5 (41.7) 

  Pseudomonas aeruginosa N' = 12 N' = 10 

   End of treatment   
     Eradication 4 (33.3) 4 (40.0) 
     Persistence 4 (33.3) 2 (20.0) 
     Indeterminate 4 (33.3) 4 (40.0) 

   Test-of-cure   
     Eradication 1 (8.3) 2 (20.0) 
     Persistence 4 (33.3) 2 (20.0) 
     Indeterminate 7 (58.3) 6 (60.0) 

   Follow-up   
     Sustained eradication 0 2 (20.0) 
     Recurrence 0 0 
     Persistence 4 (33.3) 2 (20.0) 
     Indeterminate 8 (66.7) 6 (60.0) 

  Stenotrophomonas maltophilia N = 5 N' = 0 

   End of treatment   
     Eradication 1 (20.0) --- 
     Persistence 3 (60.0) --- 
     Indeterminate 1 (20.0) --- 

   Test-of-cure   
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  Gram-negative pathogen 
   Time point 
     Microbiological outcome 

Cefiderocol 
(N = 80) 
n (%)  

BAT 
(N = 38) 
n (%)  

     Eradication 0 --- 
     Persistence 0 --- 
     Indeterminate 5 (100.0) --- 

   Follow-up   
     Sustained eradication 0 --- 
     Recurrence 0 --- 
     Persistence 0 --- 
     Indeterminate 5 (100.0) --- 
Source: Table 14.2.2.3.4 from CSR. 
Abbreviations: BAT = best available therapy 
Note: Percentage was calculated using n' as the denominator, where n' was the number of subjects with the relevant 
pathogen. 

 

All-cause mortality at day 14 and day 28 (Table 4.13) 

Mortality was evaluated as part of safety assessment in the study; however, as per EUnetHTA’s 
request, it is presented within the efficacy outcomes.  

An imbalance in mortality favouring the BAT arm was observed at all time points in the study. 

Table 4.13. Summary for all-cause mortality in the study (intent to treat population) 

Infection site 
 All-cause mortality rate 

Cefiderocol 
(N = 101) 
n/N (%) 

95% CI BAT 
(N = 49) 
n/N (%) 

95% CI 

All infection sites combined N' = 101  N' = 49  

 Day 14 19/101 (18.8) (11.7, 27.8) 6/49 (12.2) (4.6, 24.8) 
 Day 28 25/101 (24.8) (16.7, 34.3) 9/49 (18.4) (8.8, 32.0) 
 Through EOS 34/101 (33.7) (24.6, 43.8) 9/49 (18.4) (8.8, 32.0) 
Source: Submission Dossier. 
Abbreviations: BAT=best available treatment; CI=confidence interval; EOS=end of study. 

 
Subgroup analyses (Table 4.14,   
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Table 4.15, Table 4.16) 

Table 4.14. All-cause mortality (CR micro-ITT population) 

Subject group 
All-cause 
mortality 

Cefiderocol 
(N = 80) 
n (%) 

95% CI BAT 
(N = 38) 
n (%) 

95% CI 

HAP/VAP/HCAP N’ = 40  N’ = 19  

Day 14 10/40 (25.0) (12.7, 41.2) 2/19 (10.5) (1.3, 33.1) 
Day 28 13/40 (32.5) (18.6, 49.1) 3/19 (15.8) (3.4, 39.6) 

BSI/sepsis N’ = 23  N’ = 14  

Day 14 5/23 (21.7) (7.5, 43.7) 1/14 (7.1) (0.2, 33.9) 
Day 28     

cUTI N’ =17  N’ = 5  

Day 14 2/17 (11.8) (1.5, 36.4) 2/5 (40.0) (5.3, 85.3) 
Day 28 2/17 (11.8) (1.5, 36.4) 2/5 (40.0) (5.3, 85.3) 

Overall N’ = 80  N’ = 38  

Day 14 17/80 (21.3) (12.9, 31.8) 5/38 (13.2) (4.4, 28.1) 
Day 28 22/80 (27.5) (18.1, 38.6) 8/38 (21.1) (9.6, 37.3) 

Source: Submission Dossier 
Note: EPAR all-cause mortality at day 28 was higher in the cefiderocol group for patients treated for HAP/VAP/HCAP 
(32.5% vs. 15.8%) and BSI/sepsis (30.4% vs. 21.4%) for subjects infected with non-fermenters (36.7% vs. 20.0%). 
Abbreviations: BAT=best available treatment; BSI=bloodstream infection; CI=confidence interval; cUTI=complicated 
urinary tract infection; HAP=hospital-acquired pneumonia; HCAP-healthcare-associated pneumonia. 
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Table 4.15. Summary of all-cause mortality overall by pathogen subgroup (Enterobacteraceae 
and non-fermenters) ITT population 

All-cause mortality 
Subgroup 

Cefiderocol 
(N = 101) 
n/N’(%) 

BAT 
(N = 49) 
n/N’(%) 

Baseline CT pathogen group   

Enterobacteriaceae 7/29 (24.1) 3/11(27.3) 
Non-fermenters 22/49 (44.9) 5/25 (20.0) 
Mixed 1/2 (50.0) 0/2 (0.0) 

Source: Submission Dossier. 
Abbreviations: BAT=best available treatment 

 
Table 4.16. Mortality subgroup analysis for subjects with A. baumannii (safety population) 

Subgroup Cefiderocol (N=39) BAT (N=17) 

N’/N (%) All-cause mortality 
n/N' (%) 

N’/N (%) All-cause mortality 
n/N' (%) 

Overall 39 19/39 (48.7) 17 3/17 (17.6) 

Shock within 31 days 
of baseline 

    

Yes 9/39 (23.1) 7/9 (77.8) 1/17 (5.9) 1/1 (100) 
No 30/39 (76.9) 12/30 (40.0) 16/17 (94.1) 2/16 (12.5) 

Shock ongoing at 
baseline 

    

Yes 7/39 (17.9) 6/7 (85.7) 1/17 (5.9) 1/1 (100) 
No 32/39 (82.1) 13/32 (40.6) 16/17 (94.1) 2/16 (12.5) 

ICU at baseline     

Yes 32/39 (82.1) 15/32 (46.9) 8/17 (47.1) 1/8 (12.5) 
No 7/39 (17.9) 4/7 (57.1) 9/17 (52.9) 2/9 (22.2) 

Source: Submission Dossier 
Abbreviations: BAT=best available therapy; ICU=intensive care unit; N=number of subjects with A baumannii.; N’=number of 
subjects in subgroup. 

 
APEKS-cUTI 

The Authoring Team has presented the results according to how these were presented according to 
study protocol. This has resulted in a more detailed overview that the one aimed for in the scope for 
some endpoints (see Table A1Table A13). 

Results of primary (TOC) and secondary (EA, EOT, and FU) endpoints: composite endpoint of 
microbiological eradication and clinical response in the micro-ITT population (Table 4.17) 

Table 4.17. APEKS-cUTI: results for the composite of microbiological eradication and clinical 
response by time point in the micro-ITT population  

Time point Cefiderocol Imipenem/cilastatin Post hoc analysis adjusted treatment 
difference   cefiderocol vs. 
imipenem/cilastatin 

N 
(N=252) 

n (%) N 
(N=119) 

n (%) Treatment 
difference 
(%) 

Comparisona  
95% CI 

p-valueb 

Early 
assessment 

       

Response 222 (88.1) 104 (87.4) 0,66 (-6.48, 7.79)  

Failure 24 (9.5) 11 (9.2)    

Indeterminate 6 (2.4) 4 (3.4)    

End of 
Treatment 

       

Response 243 (96.4) 114 (95.8) 0,72 (-3.48, 4.92)  

Failure 5 (2.0) 3 (2.5)    
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Indeterminate 4 (1.6) 2 (1.7)    

Test-of-cure        

Response* 183 (72.6) 65 (54.6) 18,58 (8.23, 28.92) p=0.0004 

Failure 54 (21.4) 46 (38.7)    

Indeterminate 15 (6.0) 8 (6.7)    

Follow-up        

Response 137 (54.4) 47 (39.5) 15.31 (4.69, 25.92)  

Failure 92 (36.5) 49 (41.2)    

Indeterminate 23 (9.1) 23 (19.3)    

Source: Cefiderocol Submission Dossier.  
Abbreviations: CI=confidence interval; N=number of analysed patients. 
* Primary endpoint 
a Treatment difference (cefiderocol minus imipenem/cilastatin) is the adjusted estimate of the difference in the responder 
rate between the two treatment arms calculated using a stratified analysis with Cochran-Mantel-Haenszel weights based on 
the stratified factor at baseline (cUTI with or without pyelonephritis vs. acute uncomplicated pyelonephritis). 
b The p-value is two-sided and the null hypothesis is that the response rate of cefiderocol is equivalent to that of IPM/CS. 
The p-value is calculated using the adjusted difference and the standard error with Cochran-Mantel-Haenszel weights based 
on the stratified factor at baseline. 

The adjusted treatment difference (cefiderocol minus IPM/CS) met the criteria for non-inferiority at the 
pre-specified -20% and -15% margins. In addition, the lower limit was above zero, which is consistent 
with superiority of cefiderocol compared with IPM/CS (6). 

Using the EU-recommended primary endpoint for cUTI studies and the more stringent criterion for 
microbial eradication (<103 CFU/mL instead of <104 CFU/mL), similar results as for the primary 
analysis were obtained (Table 4.18) (6). 

Table 4.18. Microbiological outcome at TOC using the CHMP-recommended definition of 
eradication, i.e., a reduction to <103 CFU/mL (micro-ITT population) 

Microbiological 
outcome l 

Cefiderocol  
(N = 252) 
n (%) 

IPM/CS 
(N = 119) 
n (%) 

Treatment 
Difference (%) 

Comparison 
95% CI 

Eradication  173 (68.7)  64 (53.8) 15.44  (4.94, 25.94) 
Failure  57 (22.6) 45 (37.8)   
Indeterminate  22 (8.7)  10 (8.4   
Source: EPAR 
Abbreviations: CI=confidence interval; IPM/CS=imipenem/cilastatin. 

 

Secondary endpoint composite of clinical and microbiological outcome (for E. coli, K. pneumoniae, P. 
aeruginosa, and P. mirabilis) in the micro-ITT population at EA, EOT, TOC, and FU 

The information has been sourced from the EPAR and the CSR clinical study report (Table 14.2.1.1.4). 
Table 4.19 is an excerpt of this table (results only for E. coli, K. pneumoniae, P. aeruginosa, and P. 
mirabilis). 

Table 4.19. Summary endpoint composite of clinical and microbiological outcome (for E. coli, K. 
pneumoniae, P. aeruginosa, and P. mirabilis in the micro-ITT population) at EA, EOT, TOC, and 
FU 

Time point and outcome Cefiderocol 
(N = 252) 
n (%) 

IPM/CS 
(N = 119) 
n (%) 

Pathogen Escherichia coli N’ = 146  N’ = 77 

Early assessment    
Response  131 (89.7) 72 (93.5) 

Failure  11 (7.5) 2 (2.6) 
Indeterminate  4 (2.7) 3 (3.9)  

End of treatment   
Response  143 (97.9)  75 (97.4)  
Failure  2 (1.4)  1 (1.3)  
Indeterminate  1 (0.7)  1 (1.3)  
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Time point and outcome Cefiderocol 
(N = 252) 
n (%) 

IPM/CS 
(N = 119) 
n (%) 

Pathogen Escherichia coli N’ = 146  N’ = 77 

Test-of-cure   

Response  108 (74.0)  45 (58.4) 
Failure  29 (19.9)  26 (33.8) 
Indeterminate  9 (6.2)  6 (7.8) 

Follow-up   
Response  84 (57.5)  

 

31 (40.3)  
Failure  46 (31.5)  

 

31 (40.3) 
Indeterminate  16 (11.0) 15 (19.5) 

Pathogen Klebsiella pneumoniae N’ = 46  N’ = 25 

Early assessment    
Response  37 (80.4) 20 (80.0) 
Failure  8 (17.4)  4 (16.0)  
Indeterminate  1 (2.2)  1 (4.0)  

End of treatment   
Response  45 (97.8)  23 (92.0)  
Failure  0 1 (4.0)  
Indeterminate  1 (2.2)  1 (4.0)  

Test-of-cure   

Response  34 (73.9)  12 (48.0)  
Failure  10 (21.7)  12 (48.0)  
Indeterminate  2 (4.3)  1 (4.0)  

Follow-up   
Response  26 (56.5)  10 (40.0) 
Failure  16 (34.8)  11 (44.0)  
Indeterminate  4 (8.7)  4 (16.0)  

Pathogen Pseudomonas aeruginosa N’ = 15  N’ = 4 

Early assessment    
Response  14 (93.3)  3 (75.0)  
Failure  1 (6.7)  1 (25.0)  
Indeterminate  0 0 

End of treatment   
Response  13 (86.7)  4 (100.0)  
Failure  2 (13.3)  0 
Indeterminate  0 0 

Test-of-cure   

Response  7 (46.7)  2 (50.0)  
Failure  7 (46.7)  2 (50.0)  
Indeterminate  1 (6.7)  0 

Follow-up   
Response  4 (26.7)  1 (25.0)  
Failure  9 (60.0)  1 (25.0)  
Indeterminate  2 (13.3)  2 (500)  

Pathogen Proteus mirabilis N’ = 13  N’ = 1 

Early assessment    
Response  10 (76.9)  1 (100.0)  
Failure  2 (15.4)  0 
Indeterminate  1 (7.7)  0 

End of treatment   
Response  12 (92.3)  1 (100.0)  
Failure  0 0 
Indeterminate  1 (7.7)  0 

Test-of-cure   
Response  9 (69.2)  0 
Failure  3 (23.1) 1 (100.0)  
Indeterminate  1 (7.7)  0 

Follow-up   
Response  7 (53.8)  0 
Failure  6 (46.2)  1 (100.0)  
Indeterminate  0 0 

Source: CSR Clinical study report 
Abbreviations: IPM/CS=imipenem/cilastatin. 
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Secondary endpoint: Clinical response per subject at EA, EOT, TOC, and FUP  

Table 4.20. Summary of clinical response per subject by time point (micro-ITT population) 

Time point Cefiderocol Imipenem/cilastatin Post hoc analysis adjusted 
treatment difference cefiderocol vs. 
imipnem/cilastatin 

N 
(N=252) 

n (%) N 
(N=119) 

n (%) Treatment 
difference (%) 

Comparisona 
95% CI 

Early assessment       

Clinical cure 228 (90.5) 108 (90.8) -0.26 (-6.57, 6.05) 

Clinical failure 23 (9.1) 10 (8.4)   

Indeterminate 1 (0.4) 1 (0.8)   

End of treatment       

Clinical cure 247 (98.0) 118 (87.4) 0.72 (-3.48, 4.92) 

Clinical failure 4 (1.6) 0 (6.7)   

Indeterminate 1 (0.4) 1 (0.8)   

Test-of-cure       

Response 226 (89.7) 104 (87.4) 18.58 (8.23, 28.92) 

Clinical cure 14 (5.6) 8 (6.7)   

Indeterminate 12 (4.8) 7 (5.9)   

Follow-up       

Sustained clinical 
cure 

205 (81.3) 86 (72.3) 9.02 (-0.37, 18.41) 

Clinical failure 19 (7.5) 13 (10.9)   

Clinical relapse 12 (4.8) 12 (10.1)   

Indeterminate 16 (6.3) 8 (6.7)   

Source: Cefiderocol Submission Dossier. 
a Treatment difference (cefiderocol minus imipenem/cilastatin) is the adjusted estimate of the difference in the responder 
rate between the two treatment arms calculated using a stratified analysis with Cochran-Mantel-Haenszel weights based on 
the stratified factor at baseline (cUTI with or without pyelonephritis vs. acute uncomplicated pyelonephritis). 
Abbreviations: CI=confidence interval; N=number of analysed patients. 

Secondary endpoint: Clinical response per uropathogen at EA, EOT, TOC, and FU (Table 4.21) 

Table 4.21. Summary of clinical response per uropathogen (E. coli, K. pneumoniae, P. 
aeruginosa, and P. mirabilis) by time point (micro-ITT population) 

Uropathogen 
  Time Point 
    Clinical Outcome 

Cefiderocol 
(N = 220) 
n (%) 

IPM/CS 
(N = 107) 
n (%) 

Treatment Difference 
(%) 

Escherichia coli N’ = 146 N’ = 77  

Early assessment     
Clinical cure  134 (91.8) 74 (96.1) -4,32 
Clinical failure  11 (7.5) 2 (2.6)  
Indeterminate  1 (0.7) 1 (1.3)  

End of treatment    
Clinical cure  143 (97.9) 76 (98.7) -0.76 
Clinical failure  2 (1.4) 0  
Indeterminate  1 (0.7) 1 (1.3)  

Test-of-cure   1.41 
Clinical cure  131 (89.7) 68 (88.3)  
Clinical failure  6 (4.1) 4 (5.2)   
Indeterminate  9 (6.2) 5 (6.5)  

Follow-up   10.15 
Sustained Clinical cure  121 (82.9) 56 (72.7)  
Clinical failure  8 (5.5) 8 (10.4)  
Clinical relapse 5 (3.4) 7 (9.1)  
Indeterminate  12 (8.2) 6(7.8)  
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Uropathogen 
  Time Point 
    Clinical Outcome 

Cefiderocol 
(N = 220) 
n (%) 

IPM/CS 
(N = 107) 
n (%) 

Treatment Difference 
(%) 

Klebsiella pneumoniae N’ = 46 N’ = 25  

Early assessment     
Clinical cure  38 (82.6) 22 (88.0) -5.39 
Clinical failure  8 (17.4) 3 (12.0)  
Indeterminate  0 0  

End of treatment    
Clinical cure  46 (100.0) 25 (100.0) 0 
Clinical failure  0 0  
Indeterminate  0 0  

Test-of-cure    
Clinical cure  41 (89.1) 21 (84.0) 5.13 
Clinical failure  3 (6.5) 3 (12.0)  
Indeterminate  2 (4.3) 1 (4.0)  

Follow-up    
Sustained clinical cure  38 (82.6) 17 (68.0) 14.61 
Clinical failure  5 (10.9) 3 (12.0)  
Clinical relapse 2 (4.3) 4 (16.0)  
Indeterminate  1 (2.2) 1 (4.0)  

Pseudomonas aeruginosa N’ = 15 N’ = 4  

Early assessment     
Clinical cure  14 (93.3) 3 (75.0) 18.33 
Clinical failure  1 (6.7) 1 (25.0)  
Indeterminate  0 0  

End of treatment    
Clinical cure  14 (93.3) 4 (100.0)  
Clinical failure  1 (6.7) 0  
Indeterminate  0 0  

Test-of-cure    
Clinical cure  11 (73.3) 3 (75.0)  
Clinical failure  4 (26.7) 1 (25.0)  
Indeterminate  0 0  

Follow-up    
Sustained clinical cure  8 (53.3) 3 (75.0)  
Clinical failure  5 (33.3) 1 (25.0)  
Clinical relapse 0 0  
Indeterminate  2 (13.3) 0  

Proteus mirabilis N’ = 13 N’ = 1  

Early assessment     
Clinical cure  11 (84.6) 1 (100.0) -15.38 
Clinical failure  2 (15.4) 0  
Indeterminate  0 0  

End of treatment    
Clinical cure  13 (100.0) 1 (100.0) 0.00 
Clinical failure  0 0  
Indeterminate  0 0  

Test-of-cure    
Clinical cure  13 (100.0) 1 (100.0) 0.00 
Clinical failure  0 0  
Indeterminate  0 0  

Follow-up    
Sustained clinical cure  11 (84.6) 1 (100.0) -15,38 
Clinical failure  0 0  
Clinical relapse 2 (15.4) 0  
Indeterminate  0 0  

Source: Submission Dossier. 
Note: N differs from N micro-ITT, as not all pathogens are included. 
Abbreviation: CI=confidence interval. 
 

 

 

  



Cefiderocol for the treatment of infections due to aerobic Gram-negative bacteria in adult patients  

July 2020 EUnetHTA Joint Action 3 WP4 47 

Secondary endpoint microbiological response per subject by time point (micro-ITT) (Table 4.22) 

Table 4.22. Summary of microbiological outcome per subject by time point (micro-ITT 
population) 

Time point 
Microbiological outcome 

Cefiderocol 
(N = 252) 
n (%)  

IPM/CS 
(N = 119) 
n (%)  

Treatment 
difference 

(%) 

Comparisona 
95% CI 

Early assessment     

Microbiological eradication 232 (92.1) 108 (90.8) 1.28 (-4.83, 7.39) 
Microbiological failure 14 (5.6)    
Indeterminate 6 (2.4)    

End of treatment     

Microbiological eradication 244 ( 96.8)  
 

114 ( 95.8)  1.10 (-3.04, 5.25) 
Microbiological failure 3 ( 1.2) 3 ( 2.5)   
Indeterminate 5 ( 2.0) 2 ( 1.7)   

Test-of-cure     

Microbiological eradication 244 (96.8) 114 (95.8) 1.10 (-3.04, 5.25) 
Microbiological failure 3 (1.29 3 (2.5)   
Indeterminate 5 (2.0) 2 (1.7)   

Follow-up     

Sustained microbiological eradication 144 (57.1) 52 (43.7) 13.92 (3.21, 24.63) 
Microbiological failure 84 (33.3) 42 (35.3)   
Indeterminate 24 (9.5)  25 (21.0)   

Source: Submission Dossier. 
a Treatment difference (cefiderocol minus IMP/SC is the adjusted estimate of the difference in the eradication rate between the 
two treatment arms. The adjusted difference estimates and the 95% CIs (two-sided) are calculated using a stratified analysis 
with Cochran-Mantel-Haenszel weights based on the stratified factor at baseline (cUTI with or without pyelonephritis vs. acute 
uncomplicated pyelonephritis). 
Abbreviations: CI=confidence interval; IPM/CS=imipenem/cilastatin. 

 
Secondary endpoint microbiological response per uropathogen at EA, EOT, TOC, and FU (Table 
4.23) 

Table 4.23. Summary of microbiological response per uropathogen (E. coli, K. pneumoniae, P. 
aeruginosa, and P. mirabilis) by time point (microbiological ITT population) 

Uropathogen 
Time point 
   Microbiological outcome 

Cefiderocol 
(N = 231) 
n (%) 

IPM/CS 
(N = 110) 
n (%) 

Treatment 
difference 
(%) 

Comparisona 
95% CI 

Escherichia coli N’ = 152 N’ = 79   

Early assessment      
Eradication 141 (92.8) 75 (94.9) -2.17 (-8.52, 4.18) 

Persistence 7 (4.6) 0   
Indeterminate  4 (2.6) 4 (5.1)   

End of treatment     
Eradication 150 (98.7) 77 (97.5) 1.22 (-2.69, 5.12) 
Persistence 0 1 (1.3)   
Indeterminate  2 (1.3) 1 (1.3)   

Test-of-cure     
Eradication 114 (75.0) 46 (58.2) 16.77 (3.90, 29.64) 
Persistence 25 (16.4) 24 (30.4)   
Indeterminate  13 (8.6) 9 (11.4)   

Follow-up     

Sustained Eradication  91 (59.9) 33 (41.8) 18.10 (4.72, 31.48) 
Persistence  22 (14.5) 17 (21.5)   
Recurrence 17 (11.2) 7 (8.9)   
Indeterminate  22 (14.5) 22 (27.8)   

Klebsiella pneumoniae N’ = 48 N’ = 25   

Early assessment      
Eradication 43 (89.6) 22 (88.0) 1.58 (-13.81, 16.98) 
Persistence 3 (6.3) 2 (8.0)   
Indeterminate  2 (4.2) 1 (4.0)   

End of treatment     
Eradication 47 (97.9) 23 (92.0) 5.92 (-5.46, 17.29) 
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Uropathogen 
Time point 
   Microbiological outcome 

Cefiderocol 
(N = 231) 
n (%) 

IPM/CS 
(N = 110) 
n (%) 

Treatment 
difference 
(%) 

Comparisona 
95% CI 

Persistence 0 1 (4.0)   
Indeterminate  1(2.1) 1(4.0)   

Test-of-cure     
Eradication 36 (75.0) 13 (52.0) 23.00 (-0.10, 46.10) 
Persistence 9 (18.8) 9 (36.0)   
Indeterminate  3 (6.3) 3 (12.0)   

Follow up     
Sustained Eradication  28 (58.3) 13 (52.0) 6.33 (-17.71, 30.38) 
Persistence  7 (14.6) 6 (24.0)   
Recurrence 6 (12.5) 0   
Indeterminate  7 (14.6) 6 (24.0)   

Pseudomonas aeruginosa N’ = 18 N’ = 5   

Early assessment      
Eradication 17 (94.4) 4 (80.0) 14.44  
Persistence 1 (5.69) 1 (20.0)   
Indeterminate  0 0   

End of treatment     
Eradication 16 (88.9) 5 (100.0) -11.11  
Persistence 1 (5.6) 0   
Indeterminate  1 (5.6) 0   

Test-of-cure     
Eradication 8 (44.4) 3 (60.0) -15.56  
Persistence 8 (44.4) 2 (40.0)   
Indeterminate  2 (11.1) 0   

Follow-up     
Sustained Eradication  5 (27.8) 1 (20.0) 7.78  
Persistence  7 (38.9) 1 (20.0)   
Recurrence 1 (5.6) 0   
Indeterminate  5 (27.8) 3 (60.0)   

Proteus mirabilis N’ = 17 N’ = 2   

Early assessment      
Eradication 15 (88.2) 2 (100,0) -11.76  
Persistence 1 (5.9) 0   
Indeterminate  1 (5.9) 0   

End of treatment     
Eradication 16 (94.1) 2 (100.0) -5.88  
Persistence 0 0   
Indeterminate  1 (5.9) 0   

Test-of-cure     
Eradication 13 (76.5) 1 (50.0) 26.47  
Persistence 3 (17.6) 1 (50.0)   
Indeterminate  1 (5.9) 0   

Follow-up     
Sustained Eradication  11 (64.7) 0 64.71  
Persistence  3 (17.6) 1 (50.0)   
Recurrence 2 (11.8) 1 (50.0)   
Indeterminate  1 (5.9) 0   

Source: Submission Dossier. 
a Treatment difference: cefiderocol minus IPM/CS. The 95% CIs (two-sided) of treatment difference are calculated using a 
normal approximation to the difference between two binomial proportions (Wald’s method). For pathogens with number of 
subjects less than 10 in any treatment arm, the 95% CIs are not presented. 
Note: N differs from N micro-ITT as not all pathogens are included. 

Secondary endpoint: New infections and superinfection during the study (post hoc analysis) 

No new infections were noted. Superinfection, defined as a uropathogen emerging during study drug 
therapy, was limited to a single occurrence of E. coli in one subject. 

8.3% (21/252) of subjects in the cefiderocol group and 15.1% (18/119) of subjects in the IPM/CS group 
had new uropathogens that emerged after EOS drug therapy in the mITT population. Numbers of 
isolates for each pathogen identified and tested for susceptibility were small (the largest number was 
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for E. coli, with eight isolates in the cefiderocol group and three isolates in the IPM/CS group); hence, 
no meaningful comparisons or conclusions could be made.  

APEKS-NP 

The Authoring Team has presented the results according to how these were presented according to 
the study protocol. This has resulted in a more detailed overview that the one aimed for in the scope 
for some endpoints (see Table A14). 

Results: Primary endpoint 

Table 4.24. Day 14 all-cause mortality in the mITT population 

Cefiderocol 

n/N’ (%) 

Meropenem 

n/N’ (%) 

Total 

n/N’ (%) 

Treatment comparison 

Differencea 

(%) 95% CIb p-value 

N = 145 

18/145 (12.4) 

N = 147 

17/146 (11.6) 

N = 292 

35/291 (12.0) 

0.8 (−6.6, 8.2) 0.0020c  

0.8321d 

Source: Cefiderocol Submission Dossier and EPAR. 
a Treatment difference (cefiderocol minus meropenem) is the adjusted estimate of the difference in the all-cause mortality 

rate at day 14 between the two treatment arms based on Cochran-Mantel Haenszel weights using APACHE II scores (≤15 

and ≥16) as the stratification factor. 
b The 95% CIs (two-sided) are based on a stratified analysis using Cochran-Mantel Haenszel weights using APACHE II 

scores (≤15 and ≥16) as the stratification factor. CIs were calculated using a normal approximation to the difference 

between two binomial proportions (Wald method). 
c p-value for non-inferiority hypothesis. 
d p-value for the superiority hypothesis. 

Abbreviation: CI=confidence interval. 

 

Results: subgroup analyses (Figure 4.1 and  
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Table 4.25) 
 

 

Figure 4.1. Primary efficacy results for day 14 all-cause mortality by subgroups  

Source: Submission Dossier. 
Abbreviations: CI=confidence interval; HABP=Hospital-acquired pneumonia; VABP=Ventilator-associated pneumonia; 

HCABP= Healthcare-associated pneumonia.  
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Table 4.25. Day 28 all-cause mortality in the mITT population 

Population 
Cefiderocol 
n/N’ (%) 

Meropenem 
n/N’ (%) 

Treatment comparison 

Differencea (%) 95% CIb 

mITT N = 145 
30/143 (21.0) 

N = 147 
30/146 (20.5) 

 
0.5 

 
(−8.7, 9.8) 

Source: EPAR. 
a Treatment difference (cefiderocol minus meropenem) is the adjusted estimate of the difference in the all-cause mortality 
rate at day 28 between the two treatment arms based on Cochran-Mantel Haenszel weights using APACHE II scores (≤15 
and ≥16) as the stratification factor. 
b The 95% CIs (two-sided) are based on a stratified analysis using Cochran-Mantel Haenszel weights using APACHE II 
scores (≤15 and ≥16) as the stratification factor. The CIs were calculated using a normal approximation to the difference 
between two binomial proportions (Wald method). 
Abbreviation: CI=confidence interval; mITT=modified intention to treat. 

Secondary endpoints: Clinical and microbiological per subject and pathogen 

These are reported in the Submission Dossier as clinical cure and microbiological eradication 
at TOC in the mITT. The authors have therefore collated information from the core Submission 
Dossier and the CSR as presented in Table 4.26,  
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Table 4.27, and Table 4.28. 

Table 4.26. Clinical outcomes per subject at EOT, TOC, and FUP (modified ITT population) 

 

  

Time point 
  Clinical outcome 

Cefiderocol 
(N = 145) 
n (%) 

Meropenem 
(N=147) 
N (%) 

Treatment 
differencea 

(%) 

95% CI for 
difference 

End of treatment     

Clinical cure 112 (77.2) 119 (81.0) -3.8 (-12.8, 5.1) 
Clinical failure 21 (14.5) 21 (14.3)   
Indeterminate 12 (8.3) 7 (4.8)   

Test-of-cure     

Clinical cure 94 (64.8) 98 (66.7) -2.0 (-12.5, 8,5) 
Clinical failure 27 (18.6) 31 (21.1)   
Indeterminate 24 (16.6) 18 (12.2)   

Follow-up     

Sustained clinical cure 84 (57.9) 85 (57.8)   
Clinical failure 27 (18.6) 31 (21.1) -0.1 (-10.9, 10.8) 
Relapse 4 (2.8) 2 (1.4)   
Indeterminate 30 (20.7) 29 (19.7)   

Source: Submission Dossier 
a Treatment difference (cefiderocol minus meropenem) is the adjusted estimate of the difference in the cure rate between the 
two treatment arms. The adjusted difference estimates and the 95% CIs (two-sided) are calculated using a stratified analysis 
with Cochran-Mantel-Haenszel weights based on the stratified factors at baseline, infection type (HAP/VAP/HCAP), and the 
APACHE II scores (≤15 and ≥16). 
Abbreviation: CI=confidence interval. 
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Table 4.27. Microbiological outcomes per subject at EOT, TOC, and FUP (modified intent-to treat 
population) 

Table 4.28. Microbiological eradication and clinical cure rates at EOT, TOC, and FUP by baseline 
Gram-negative pathogen (modified ITT population) 

Pathogen 
  Time point 

Cefiderocol 
N = 145 

Meropenem 
N = 147 

Treatment 
difference 

95% CI 

K. pneumoniae N’ = 48 N’ = 44   

End of treatment     
Microbiological 
eradication 

28 (58.3) 33 (75.0) -16.7 (-35.6, 2.3) 

Clinical cure 38 (79.29) 35 (79.5) -0.4 (-16.9, 16.2) 

Test-of-cure     
Microbiological 
eradication 

22 (45.89) 24 (54.5) -8.7 (-29.1, 11.7) 

Clinical cure 34 (64.6) 29 (65.9) -1.3 (-20.8, 18.1) 

Follow-up     
Sustained 
microbiological 
eradication 

19 (39.6) 17 (38.6) 0.9 (-19.0, 20.9) 

Sustained clinical cure 27 (56.3) 25 (56.8) -0.6 (-20.8, 19.7) 

P. aeruginosa N’ = 24 N’ = 24   

End of treatment     
Microbiological 
eradication 

17 (70.8) 16 (66.7) 4.2 (-22.0, 30.4) 

Clinical cure 22 (91.7) 19 (79.2) 12.5 (-7.2, 32.2) 

Test-of-cure     
Microbiological 
eradication 

9 (37.5) 11 (45.8) -8.3 (-36.1, 19.5) 

Clinical cure 16 (66.7) 17 (70.8) -4.2 -30.4, 22.0) 

Follow-up     
Sustained 
microbiological 
eradication 

10 (41.7) 10 (41.7) 0 (-27.9, 27.9) 

Sustained clinical cure 14 (58.3) 13 (54.2) 4.2 (-23.9, 32.2) 

A. baumannii N’ = 23 N’ = 24   

End of treatment     
Microbiological 
eradication 

14 (60.9) 11 (45.8) 15.0 (-13.2, 43.2) 

Clinical cure 15 (65.2) 19 (79.2) -13.9 -39.3, 11.4) 

Test-of-cure     

Time point 
  Microbiological outcome 

Cefiderocol 
(N = 145) 
n (%) 

Meropenem 
(N=147) 
N (%) 

Treatment 
differencea 

(%) 

95% CI for 
difference 

End of treatment N* = 124 N* = 127   

Eradication 79 (63.7) 85 (66.9) -3.8 (-15.5, 7.9) 
Persistence 18 (14.5) 19 (15.0)   
Indeterminate 27 (21.8) 23 (18.1)   

Test-of-cure N* = 124 N* = 127   

Eradication 59 (47.6) 61 (48.0) -1.4 (13.5, 10.7) 
Persistence 26 (21.0) 27 (21.3)   
Indeterminate 39 (31.5) 39 (30.7)   

Follow-up N* = 124 N* = 127   

Sustained eradication 54 (43.5) 49 (38.6) 3.9 (-7.9, 15.8) 
Persistence 27 (21.8) 28 (22.0)   
Recurrence 1 (0.8) 2 (1.6)   
Indeterminate 42 (33.9) 48 (37.8)   

Source: EPAR. 
Abbreviations: CI=confidence interval; N*=Number of subjects with non-missing baseline pathogens.  
a Treatment difference (cefiderocol minus meropenem) is the adjusted estimate of the difference in the eradication rate 
between the two treatment arms. The adjusted difference estimates and the 95% CIs (two-sided) are calculated using a 
stratified analysis with Cochran-Mantel-Haenszel weights based on the stratified factors at baseline, infection type 
(HAP/VAP/HCAP), and the APACHE II scores (≤15 and ≥16). 
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Pathogen 
  Time point 

Cefiderocol 
N = 145 

Meropenem 
N = 147 

Treatment 
difference 

95% CI 

Microbiological 
eradication 

9 (39.1) 8 (33.3) 5.8 (-21.7, 33.2) 

Clinical cure 12 (52.2) 14 (58.3) -6.2 (-34.5, 22.2) 

Follow-up     
Sustained 
microbiological 
eradication 

7 (30.4) 7 (29.2) 1.3 (-24.9, 27.4) 

Sustained clinical cure 10 (43.5) 13 (54.2) -10.7 (-39.1, 17.7) 

E. coli N’ = 19 N’ = 22   

End of treatment     
Microbiological 
eradication 

12 (63,2) 16 (72.7) -9.6 (-38.1, 19.0) 

Clinical cure 15 (78.9) 19 (86.4) -7.4 (-30.7, 15.9) 

Test-of-cure     
Microbiological 
eradication 

10 (52.6) 11 (50.0) 2.6 (-28.0, 33.3) 

Clinical cure 12 (63.2) 13 (59.1) 4.1 (-25.8, 33.9) 

Follow-up     
Sustained 
microbiological 
eradication 

9 (47.4) 9 (40.9) 6.5 (-24.0, 36.9) 

Sustained clinical cure (12 (63.2) 11 (50.0) 13.2 (-17.0, 43.3) 
Source: EPAR. 
Note: Percentage is calculated using N’ as the denominator, where N’ is the number of subjects with the relevant pathogen. 
Abbreviations: CI=confidence interval. 

The MAH submitted subgroup analyses on susceptibility to meropenem. These post hoc analyses are 
not included in this assessment and can be found in Submission Dossier (chapter 5.4.4.3.3). The 
rationale for not including this analysis in the assessment is that no description of the methods for this 
analysis is included in the Submission Dossier. The references included are data on file and the 
authoring team could not control these.  

The APEKS-NP study showed that cefiderocol was non-inferior to HD meropenem for the treatment of 
HAP/VAP/HCAP for all-cause mortality at day 14 (the FDA-recommended primary endpoint). The EU-
recommended primary endpoint for a HAP/VAP study (HCAP should not be included) is clinical outcome 
at TOC using an NI-margin of -12.5%. This was just met since the clinical cure rates at TOC were 64.8% 
for the cefiderocol group (n/N’, 94/145) and 66.7% for the HD meropenem group (n/N’, 98/147), with a 
treatment difference of -2.0 (95% CI: -12.5, 8.5). However, the study was not sized for the primary 
evaluation of non-inferiority with regards this endpoint. The microbiological eradication rates and clinical 
cure rates were generally similar for cefiderocol and meropenem at TOC, with activity against the major 
causative pathogens. 

MIC shifts during therapy (CREDIBLE-CR, APEKS-cUTI, APEKS-NP) 

During the clinical studies, four-fold MIC increases were observed with both cefiderocol and the 
comparators. Table 4.29 summarises the MIC shifts observed. 

Table 4.29. Summary of MIC shifts 

 APEKS-cUTI APEKS-NP CREDIBLE-CR 

 
Cefideroco
l (N = 252) 

Imipenem/ 
cilastatin 
(N = 119) 

Cefideroco
l (N = 145) 

HD 
meropenem 
(N = 147) 

Cefiderocol 
(N = 101) 

BAT 
(N = 49) 

Number of patients 
with four-fold MIC 
increase 

7 3 9* 9 15** 5 

% patients with four-
fold MIC increase 

2.8% 2.5% 6.2% 6.1% 14.8% 10.2% 

Source: Submission Dossier  
Abbreviations: MIC=minimum inhibitory concentration. 
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4.8.2 Safety results from clinical trials 

The key sources of clinical safety data supporting this application consisted of data from the CREDIBLE 
CR, APEKS-cUTI, and APEKS-NP studies.  

In addition, the company submitted supportive safety data for safety from six completed clinical 
pharmacology studies (not pooled). The following individual studies were submitted: a single and 
multiple ascending dose study (R2111); an intrapulmonary (BAL/ELF) PK study (R2112); a renal 
impairment study (R2113); a mass balance study (R2114); a drug interaction study (R2115); and a 
thorough QT/QTc study (R2116). Since AEs from these studies can only be considered as supportive 
evidence, they are not included in the detailed safety analysis. However, a short summary of the results 
is included. Statistical comparisons were not available for any of the safety outcomes.  

Safety outcomes of interest are listed in the project plan (Table 2.1). AEs grade ≥3 were not reported 
in these studies as specified in the project plan, but AEs were reported, either in the Submission Dossier 
or its appendices by severity (mild, moderate, and severe) and described for some studies.  

The safety population in all three studies was defined as all randomised patients who received at least 
one dose of the study treatment. The safety population was analysed according to the treatment that 
the subjects actually received, rather than the treatment to which the subjects were randomised (ITT 
population). Measurements for safety endpoints were performed according to the study protocol. AEs 
were classified by system organ class (SOC) and preferred term (PT) using Medical Dictionary for 
Regulatory Activities (MedDRA) Version 16 or higher.  

An overview of the overall numbers of AEs by category is presented in Table 4.30.  

In addition, treatment-related treatment-emergent adverse events (TEAEs) and SAEs as assessed by the 
investigator and treatment-emergent SAEs were reported by SOC and PT and are presented in Table 
4.33 and Table 4.34).  

A short summary of the safety findings per clinical study is presented separately.  
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Table 4.30. Overview of AEs by category (safety population) 

 APEKS-cUTI CREDIBLE-CR  APEKS-NP  
 

Adverse event 
category 

Cefiderocol 
N = 300 
n (%) 
 

Imipenem/ 
cilastatin 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

TEAEs (any 
AEs) 

122 (40.7) 76 (51.4) 92 (91.1) 47 (95.9) 130 (87.8) 129 (86.0) 

Treatment-
related TEAEs 

27 (8.7%) 17 (11.5%) 15 (14.9) 11 (22.4) 14 (9.5) 17 (11.3) 

TEAEs leading 
to death * 

1 (0.3%) 0 (0%) 34 (33.7) 9 (18.4) 39 (26.4) 35 (23.3) 

Treatment-
emergent 
SAEs 

14 (4.7%) 12 (8.1%) 50 (49.5) 23 (46.9) 54 (36.5) 45 (30.0) 

Treatment-
related SAEs 

1 (0.3) 1 (0.7) 1 (1.0) 5 (10.2) 3 (2.0) 5 (3.3) 

Discontinuation 
due to TEAEs** 

5 (1.7%) 3 (2.0%) 10 (9.9) 3 (6.1) 12 (8.1) 14 (9.3) 

Discontinuation 
due to 
treatment-
related AEs 

3 (1.0) 0 3 (3.0) 2 (4.1) 2 (1.4) 2 (1.3) 

Source: Table 84, table 88, table 90 Submission Dossier; table S4 and table S5 EPAR (6), Portsmouth, 2018. 
Abbreviations: BAT=best-available treatment; TEAEs=treatment-emergent adverse events (any AEs); SAEs=serious 
adverse events; percentage was calculated using the number of subjects in the column heading as the denominator. AEs 
that started on or after the first dose date of the study drug and up to ‘end of study’ were defined as treatment emergent.  
* Death due to cardiac arrest considered unrelated to study drug by investigator.  
** SAEs for cefiderocol: C. difficile, hypersensitivity (itching), increased hepatic enzymes, diarrhoea.  

To provide a detailed overview of AEs, the Authoring Team decided to focus on tabular descriptions of 
the most frequent AEs and SAEs using a ≥2% cut-off threshold for reported frequency with one 
exception. All treatment-related SAEs are reported independently of frequency. The ≥2% threshold is 
within the range reported to CHMP by the manufacturer (1% and 5% frequencies). Complete tables as 
reported by the company with all reported AEs and SAEs are included in the Submission Dossier. 

Adverse Events of special interest are presented in a separate table (Table 4.35). Only treatment-
related AEs are reported per organ class and is the preferred term in this report. TEAEs are only 
reported by category and maximum severity. Please refer to the Submission Dossier for further details. 
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Table 4.31. Treatment-emergent (any AE) adverse events (TEAEs) by maximum severity (safety 
population) 

 APEKS-cUTI CREDIBLE-CR study APEKS NP study 

Maximum 
severity 

Cefiderocol 
N = 300 
n (%) 

Imipenem/ 
cilastatin 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

Subjects with AEs 122 (40.7) 76 (51.4) 92 (91.1) 47 (95.9) 130 (87.8) 129 (86.0) 

Mild 77 (25.7) 36 (24.3) NR NR NR NR 

Moderate 39 (13.0) 35 (23.6) NR NR  NR NR 

Severe 6 (2.0) 5 (3.4) 43 (42.6) 22 (44.9) 56 (37.8) 45 (30.0) 

Source: table 85 Submission Dossier updated; table S9 and S10 EPAR (6). 
Abbreviations: AE=adverse event; BAT=best available treatment; NR=not reported. The severity of an event was graded by the 
investigator or sub-investigator according to the following definitions: Mild: a finding or symptom is minor and does not interfere 
with usual daily activities. Moderate: the event causes discomfort and interferes with usual daily activity or affects clinical status. 
Severe: The event causes an interruption to the subject's usual daily activities or has a clinically significant effect. 

Treatment-related TEAEs  

Treatment-related TEAEs are events that can be reasonably explained as having been caused by the 
study drug (pharmacological effect). The relationship of an event to the study treatment was determined 
by the investigator or sub-investigator according to specified criteria (Submission Dossier). 

 

  



Cefiderocol for the treatment of infections due to aerobic Gram-negative bacteria in adult patients  

July 2020 EUnetHTA Joint Action 3 WP4 58 

Table 4.32. Treatment-related AEs (≥2% in any treatment group) in the safety population  

 APEKS-cUTI  CREDIBLE-CR  APEKS-NP  

System organ class/  
preferred term 

Cefiderocol 
N = 300 
n (%) 

Imipenem/ 
cilastatin 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

Subjects with TRAEs 27 (9.0) 17 (11.5) 15 (14.9) 11 
(22.4) 

14 (9.5) 17 (11.3) 

Gastrointestinal disorders 9 (3.0) 5 (3.4) 4 (4.0) 1 (2.0) 3 (2.0) 5 (3.3) 
Diarrhoea 4 (1.3) 3 (2.0) 2 (2.0) 0 3 (2.0) 5 (3.3) 
Vomiting 1 (0.3) 1 (0.7) 0 1 (2.0) 0 0 

Investigations 5 (1.7) 2 (1.4) 8 (7.9) 2 (4.1) 4 (2.7) 4 (2.7) 
Aspartate 
aminotransferase 
increased 

0 0 3 (3.0) 0 2 (1.4) 1 (0.7) 

Liver function tests 
increased 

0 0 2 (2.0) 0 0 0 

Hepatic enzymes 
increased 

1 (0.3) 0 0 1 (2.0) 0 2 (1.3) 

Blood creatinine 
increased 

0 0 0 1 (2.0) 0 0 

Metabolism and nutrition 
disorders 

0 0 1 (1.0) 1 (2.0) 0 0 

Metabolic acidosis 0 0 0 1 (2.0) 0 0 

Nervous system 
disorders 

1 (0.3) 4 (2.7) 1 (1.0) 1 (2.0) 3 (2.0) 0 

Headache 0 3 (2.0) 0 0 1 (0.7) 0 
Source: Table 82 in the Submission Dossier.  
Note: The percentage of patients with AEs was calculated using the number of subjects in the column heading as the 
denominator. All AEs were considered treatment related if they started on or after the first dose of the study drug. The 
monitoring period for AEs was from the first dose up to “end of study”. 
Abbreviations: BAT=best available treatment; TRAE=treatment-related adverse event. 

Treatment-emergent SAEs  

All AEs reported after the initial dose of randomised study drug or control treatment were considered 
TEAEs. TEAEs classified as serious (TESAEs) are reported by SOC and PT in Table 4.33. 

Table 4.33. Treatment-emergent SAEs (≥2% in any treatment group) by system organ class and 
preferred term in the safety population 

 APEKS-cUTI  CREDIBLE-CR  APEKS-NP  

System organ class/  
preferred term 

Cefiderocol 
N = 300 
n (%) 

IPM/CS 
N = 
148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

Subjects with SAEs 14 (4.7) 12 (8.1) 50 (49.5) 23 (46.9) 54 (36.5) 45 (30.0) 

Blood and lymphatic 
system disorders 

2 (0.7) 0 1 (1.0) 1 (2.0) 2 (1.4) 6 (4.0) 

   Anaemia 1 (0.3) 0 0 1 (2.0) 0 0 

Cardiac disorders 3 (1.0) 1 (0.7) 6 (5.9) 4 (8.2) 16 (10.8) 15 (10.0) 
   Bradycardia 0 0 1 (1.0) 1 (2.0) 0 0 
   Cardiac arrest 0 0 4 (4.0) 2 (4.1) 7 (4.7) 5 (3.3) 
   Cardiac failure  1 (0.3) 1 (0.7) 0 0 2 (1.4) 3 (2.0) 
Cardio-respiratory 
arrest 

1 (0.3) 0 0 0 3 (2.0) 2 (1.3) 

Pulseless electrical acti
vity 

0 0 0 1 (2.0) 0 0 

Gastrointestinal disord
ers 

2 (0.7) 2 (1.4) 5 (5.0) 0 4 (2.7) 2 (1.3) 

General disorders and 
administration site 
conditions 

1 (0.3) 0 7 (6.9) 3 (6.1) 7 (4.7) 6 (4.0) 

General physical healt
h deterioration 

0 0 0 1 (2.0) 1 (0.7) 0 
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 APEKS-cUTI  CREDIBLE-CR  APEKS-NP  

System organ class/  
preferred term 

Cefiderocol 
N = 300 
n (%) 

IPM/CS 
N = 
148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

   Multi-organ failure 0 0 2 (2.0) 2 (4.1) 4 (2.7) 4 (2.7) 
   Pyrexia 1 (0.3) 0 3 (3.0) 0 0 0 

Hepatobiliary disorders 1 (0.3) 0 3 (3.0) 0 1 (0.7) 2 (1.3) 

Immune system disord
ers 

0 0 0 1 (2.0) 0 0 

Anaphylactic reaction 0 0 0 1 (2.0) 0 0 

Infections and infestati
ons 

5 (1.7) 6 (4.1) 29 (28.7) 11 (22.4) 17 (11.5) 14 (9.3) 

   Bacteraemia 0 0 3 (3.0) 0 1 (0.7) 0 
   Device-

related infection 
0 1 (0.7) 0 1 (2.0) 0 0 

   Empyema 0 0 1 (1.0) 1 (2.0) 0 0 
   Endocarditis 0 0 0 1 (2.0) 0 0 
   Enterococcal 
   infection 

0 
 

0 
 

2 (2.0) 
 

0 
 

0 
 

0 
 

   Meningitis 0 0 0 1 (2.0) 0 1 (0.7) 
   Necrotising fasciitis 0 0 0 1 (2.0) 0 0 
   Osteomyelitis acute 0 0 0 1 (2.0) 0 0 
   Pneumonia 1 (0.3) 0 5 (5.0) 1 (2.0) 6 (4.1) 3 (2.0) 
   Sepsis 0 0 3 (3.0) 0 3 (2.0) 2 (1.3) 

Septic shock 0 0 12 (11.9) 6 (12.2) 4 (2.7) 1 (0.7) 

Investigations 1 (0.3) 1 (0.7) 5 (5.0) 3 (6.1) 6 (4.1) 8 (5.3) 
Hepatic enzymes 
increased 

0 0 1 (1.0) 0 1 (0.7) 5 (3.3) 

Liver function tests 
abnormal 

0 0 4 (4.0) 3 (6.1) 0 1 (0.7) 

Metabolism and 
nutrition disorders 

0 0 3 (3.0) 1 (2.0) 1 (0.7) 2 (1.3) 

Metabolic acidosis 0 0 2 (2.0) 1 (2.0) 1 (0.7) 0 

Nervous system 
disorders 

0 1 (0.7) 3 (3.0) 2 (4.1) 9 (6.1) 11 (7.3) 

Brain oedema 0 0 0 0 1 (0.7) 5 (3.3) 
Quadriplegia 0 0 0 1 (2.0) 0 0 
Status epilepticus 0 0 0 1 (2.0) 1 (0.7) 0 

Renal and urinary 
disorders 

3 (1.0) 2 (1.4) 6 (5.9) 2 (4.1) 1 (0.7) 3 (2.0) 

Acute kidney injury 0 1 (0.7) 3 (3.0) 2 (4.1) 1 (0.7) 3 (2.0) 
Oliguria 0 0 2 (2.0) 0 0 0 

Respiratory, thoracic 
and mediastinal 
disorders 

0 0 7 (6.9) 2 (4.1) 17 (11.5) 15 (10.0) 

Acute respiratory 
failure 

0 0 1 (1.0) 1 (2.0) 6 (4.1) 1 (0.7) 

Pneumonia 
aspiration 

0 0 2 (2.0) 0 3 (2.0) 2 (1.3) 

Pulmonary artery 
thrombosis 

0 0 0 0 3 (2.0) 3 (2.0) 

Respiratory arrest 0 0 0 1 (2.0) 0 0 
Respiratory failure 0 0 2 (2.0) 0 2 (1.4) 3 (2.0) 

Vascular disorders 0 1 (0.7) 2 (2.0) 2 (4.1) 1 (0.7) 3 (2.0) 
Hypotension 0 0 2 (2.0) 1 (2.0) 0 1 (0.7) 
Shock 0 0 1 (1.0) 1 (2.0) 0 1 (0.7) 

Source: table 86, table 89 Submission Dossier 
Abbreviations: BAT=best available treatment; IPM/CS=imipenem/cilastatin; SAE=serious adverse event. 
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Table 4.34. Treatment-related SAEs by system organ class and preferred term (safety 
population) 

 APEKS-cUTI CREDIBLE-CR  APEKS NP  

System organ 
class/preferred term 

Cefiderocol 
N = 300 
n (%) 

IPM/CS 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

Subjects with drug-
related SAEs 

1 (0.3) 1 (0.7) 1 (1.0) 5 (10.2) 3 (2.0)  5 (3.3) 

Immune system 
disorders 

0 0 0 1 (2.0) NR NR 

Anaphylactic reaction 0 0 0 1 (2.0) NR NR 

Infections and 
infestations 

1 (0.3) 1 (0.7) 0 1 (2.0) NR NR 

Clostridium difficile 

colitis 
1 (0.3) 1 (0.7) 0 0 NR NR 

Septic shock 0 0 0 1 (2.0) NR NR 

Investigations 0 0 1 (1.0) 0 NR NR 

Transaminases incre
ased 

0 0 1 (1.0) 0 NR NR 

Metabolism and nutritio
n disorders 

0 0 0 1 (2.0) NR NR 

Metabolic acidosis 0 0 0 1 (2.0) NR NR 

Nervous system disorde
rs 

0 0 0 1 (2.0) NR NR 

Status epilepticus 0 0 0 1 (2.0) NR NR 

Renal and urinary 
disorders 

0 0 0 2 (4.1) NR NR 

Acute kidney injury 0 0 0 2 (4.1) NR NR 

Respiratory, thoracic, a
nd mediastinal 
disorders 

0 0 0 1 (2.0) NR NR 

Respiratory arrest 0 0 0 1 (2.0) NR NR 
Source: Submission Dossier. 
Notes: Percentages were calculated using the number of subjects in the column heading as the denominator. AEs that 
started after the first dose of the study drug and up to EOS visit were defined as treatment emergent. Although a subject 
may have had two or more adverse events, the subject was counted only once within a system organ class category. The 
same subject may have contributed to two or more preferred terms in the same system organ class category. 
One subject received cefiderocol after completion of BAT; this subject is included under BAT in this table. 
Abbreviations: BAT=best available therapy; IPM/CS=imipenem/cilastatin; SAE=serious adverse event. 

Adverse events of special interest  

The AEs of cephalosporins are well described, and these events were monitored closely in the clinical 
studies. These AEs included C. difficile-related diarrhoea, rashes/hypersensitivity reactions, 
seizures/epilepsy, liver-related AEs including abnormal liver biochemistry and clotting tests, and bone 
marrow suppression. Since cefiderocol is a siderophore antibiotic, any potential effects on iron 
homeostasis were also investigated (6). 
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Table 4.35. AEs of special interest (AESI)  

 APEKS-cUTI CREDIBLE-CR  APEKS-NP 

AESI Cefiderocol 
N = 300 
n (%) 
 

Imipenem/ 
cilastatin 
N = 148 
n (%) 

Cefiderocol 
N = 101 
n (%) 

BAT 
N = 49 
n (%) 

Cefiderocol 
N = 148 
n (%) 

Meropenem 
N = 150 
n (%) 

Clostridium difficile-
related AEs 

1 (0.3) 5 (3.4) 3 (2.9) 1 (2) 4 (2.7) 4 (2.7) 

Clostridium difficile- 

associated diarrhoea 
13 (4.3) 9 (6.1) 19 (18.8) 6(12.2) NR NR 

Hypersensitivity and  
rash 

8 (2.7) 
5 (1.7) 
 

2 (1.4) 
0 

11 (10.9) 
3 (3.0) 

7 (14.3) 
4 (8.2) 

NR NR 

Seizures 1 (0.3) 0 1 (1) 1 (2) NR NR 

Liver function 
ALT increased 
AST increased 

2 (0.7) 
 

1 (0.7)  
7 (6.9) 
8 (7.9) 

 
0 
0 

  

Bone marrow 
suppression anaemia 

1 (0.3) 1 (0.7) 8 (7.9) 2 (0.7) NR NR 

Iron homeostasis 1 (0.3) * 
*incorrect 
dose 

0 0 0 NR NR 

Source: Submission Dossier 
Abbreviations: AE=adverse event; AESI=adverse event of special interest; BAT=best available therapy. 

TEAEs in the clinical pharmacology studies 

TEAEs occurred infrequently in the clinical pharmacology studies and were mostly mild in severity and 
almost all resolved spontaneously without intervention. No severe or serious AEs were reported. There 
were no dose-dependent trends in the frequency or type of TEAEs observed (6). 

Summary of safety findings in the APEKS-cUTI study 

In subjects with cUTI, cefiderocol demonstrated a comparable safety profile to an authorised active 
comparator, imipenem-cilastatin. Severe or serious AEs were infrequent (2% and 4.7%, respectively). 
The most frequently reported individual preferred terms for cefiderocol in APEKS-cUTI were ALT 
increases, AST increases, CK increases, WBC increases, diarrhoea, pyrexia, and rash, all reported in 
>10% of subjects receiving cefiderocol. Discontinuation due to TEAEs was rare in the APEKS-cUTI 
study (EPAR (6), Submission Dossier). 

NMA – Safety results for cUTI 

The following studies were included in the NMA analysis: APEKS-cUTI, REPRISE, RECAPTURE 1&2, 
ASPECT-cUTI, Vasquez, and DORI-5. The following interventions were included in the analysis: 
cefiderocol (FDC), imipenem-cilastatin (IPM-CIL), ceftazidime-avibactam (CZA), BAT, doripenem 
(DOR), levoflaxin (LVX), and ceftazalone-tazobactam (C/T). The NMA results for any AE favoured 
cefiderocol in all comparisons with the exception of doripenem. The NMA results for drug-related AEs 
favoured cefiderocol in the case of imipenem-cilastatin but not for ceftazidime-avibactam. For details, 
see appendix 4. 

Summary of safety findings in the CREDIBLE-CR study 

In subjects with CR infections, the overall incidence of TEAEs, severe TEAEs, and SAEs was similar 
for cefiderocol and BAT. Most subjects (94%) reported at least one TEAE, 37% reported a severe 
TEAE, and 47% reported an SAE. The most frequently reported individual preferred terms for 
cefiderocol in CREDIBLE-CR were diarrhoea, vomiting, ALT increases, chest pain, decubitus ulcer, 
dyspnoea, pyrexia, septic shock, agitation, anaemia, AST increases, constipation, and nausea, all 
reported in >10% of subjects receiving cefiderocol.  

The most notable safety finding was the higher incidence of fatal SAEs in the cefiderocol group, 
specifically septic shock (11.9% [12/101] of subjects), BAT (12.2% [6/49] of subjects) and pneumonia 
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(5.0% [5/101] subjects in the cefiderocol group and 2.0% [1/49] subjects in the BAT group). These fatal 
AEs were reflected in a higher total mortality rate in the cefiderocol group. In total, 43 subjects in the 
CREDIBLE-CR study died, of whom 33.7% (34/101) were treated with cefiderocol and 18.4% (9/49) 
were treated with BAT. 

According to the MAH, the higher incidence of treatment-related SAEs in the BAT group compared to 
the cefiderocol group in the CREDIBLE-CR study was due to use of antibiotics with known SAEs and 
renal toxicity in the BAT group. 

With respect to deaths in the CREDIBLE-CR study, 20.6% (21/102) of patients in the cefiderocol group 
and 6.3% (3/48) of patients in the BAT group had deaths classified in the SOC of infections and 
infestations. After reviewing the details for each individual patient, the CHMP concluded that this 
imbalance in mortality between the treatment groups was not considered a safety issue, considering 
the complicated comorbidities and difficult-to-treat infections in this patient population. As per a request 
from EUnetHTA, mortality data are included in the efficacy section. The most common SAE leading to 
death by preferred term was septic shock, reported in 10.9% (11/101) of the cefiderocol group 
compared with 6.1% (3/49) of the BAT group. Other SAEs leading to death that were reported in ≥2% 
subjects in either treatment group and that were reported more frequently in the cefiderocol group than 
in the BAT group were pneumonia (5.0% [5/101] vs. 0% of subjects), sepsis (3.0% [3/101] vs. 0% of 
subjects), and bacteraemia, oliguria, and respiratory failure (each reported in 2.0% [2/101] vs. 0% of 
subjects). Six of the 7 subjects who died of pneumonia/pneumonia bacterial/pneumonia aspiration had 
pneumonia as diagnosis for inclusion in the study (6). 

In the CREDIBLE-CR study, the rates of discontinuation due to TEAEs were highest in the cefiderocol 
group compared to the BAT group. This result was due to the higher mortality rate in the cefiderocol 
group ((6) and Submission Dossier). 

Summary of safety findings in the APEKS-NP study 

There were no relevant differences for the reported TEAEs in subjects included in the APEKS-NP study 
compared to the CREDIBLE-CR study. However, in the APEKS-NP study, no imbalance in mortality 
rate was observed between the treatment groups, in contrast to that seen in the CREDIBLE-CR study 
((6) and Submission Dossier).  

In general, for all three clinical trials, individual preferred terms were generally reported by only one or 
a few subjects. Therefore, it was difficult to perform a robust comparison of the safety profile between 
treatment groups. Known special AEs of cephalosporins (C. difficile-related diarrhoea, 
rash/hypersensitivity, seizures/epilepsy, liver-related adverse effects including abnormal liver 
biochemistry and clotting tests, and bone marrow suppression) were reported infrequently in APEKS-
NP, CREDIBLE-CR, and APEKS-cUTI. 
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5 PATIENT INVOLVEMENT 

At the start of this Joint Assessment an open call for patient input was published on the EUnetHTA 
website. This open call specifically asked relevant patient organisations and consumer organisations to 
answer the questions, as they have the position to collect and present patient’s and care-givers’ views 
and experiences by engaging with a wide range of patients and their careers. However, despite 
extensive efforts no patient or consumer input was received in response to the online open call 
conducted between 5 September and 27 December 2019. 



Cefiderocol for the treatment of infections due to aerobic Gram-negative bacteria in adult patients  

July 2020 EUnetHTA Joint Action 3 WP4 64 

6 DISCUSSION 

Cefiderocol is the first antimicrobial compound to be assessed by EUnetHTA. Based on microbiological 
principles, if a pathogen is susceptible to an antimicrobial drug (according to an antibiogram) and the 
infection site is adequately exposed to drug, an antibacterial therapy should be effective. Clinical data 
for drugs with efficacy against MDR pathogens are often limited. 

This assessment deviated from standard EUnetHTA assessments as it was based on limited data from 
clinical trials and additional supportive in vitro and PK/PD data, following CHMP guidelines for 
antimicrobials (5). This assessment included three clinical trials (CREDIBLE-CR, APEKS-cUTI, and 
APEKS-NP), two in vitro surveillance studies (SIDERO-CR and SIDERO-WT), one comparative 
retrospective PK/PD analysis, six clinical pharmacology studies, and indirect evidence from an NMA. 

In vitro surveillance studies provide important information that allows for comparison of pathogen 
coverage profiles for different antibacterials, identification of trends in pathogen incidence and 
antimicrobial resistance, including identification of XDR and MDR emerging pathogens at national and 
global levels. The CFR (Cumulative Fractions of Response) analysis shows that for European isolates 
of Enterobacterales and Pseudomonas spp resistant to cefepime and ciprofloxacin (SIDERO 2013-
2018), the probability of obtaining exposure sufficient to induce adequate bacterial kill is significantly 
higher for cefiderocol than for meropenem and ceftolozane/tazobactam.  

The retrospective comparative PK/PD analysis is used to assess the PTA target for a range of MIC 
values of the test agent and provide comparative effectiveness data vs other agents at a clinical defined 
dose and provide additional data on the effectiveness between cefiderocol for the pathogens strains 
and antimicrobials included in this analysis. Clinical pharmacology data is also used for dose finding 
and safety profiling. 

The PICO survey identified a large range of relevant comparators. In CREDIBLE-CR, the comparator 
was BAT, which consisted of up to three antimicrobial agents selected as per local standard of care. All 
but one of the comparators mentioned in the PICO were included as BAT regime (some of these for 
only one patient). In APEKS cUTI, the comparator was imipenem/cilastatin, while in APEKS-NP the 
comparator was HD meropenem. Therefore, limited clinical effectiveness evidence for the comparators 
specified in the PICO of the Project Plan was available.  

Cefiderocol (Fetcroja®) is indicated for the treatment of infections due to aerobic Gram-negative 
organisms in adults with limited treatment options. The aim of this EUnetHTA Joint Relative 
Effectiveness Assessment was to compare the clinical effectiveness and safety of cefiderocol in the 
target patient population(s), which comprised: 1) adult patients with limited treatment options due to 
documented infection by a carbapenem-resistant Gram-negative pathogen or other difficult-to-treat 
Gram-negative pathogen; and 2) critically ill adult patients with limited treatment options due to 
suspected infection by a CR Gram-negative pathogen or other difficult-to-treat Gram-negative 
pathogen. 

Due to limited clinical documentation available for cefiderocol, the MAH could not submit a dossier 
according to the scope defined in the project plan (see Table 2.1). Consequently, a complete 
assessment of cefiderocol vs. all identified relevant comparators in the specified patient populations in 
the European PICO was not possible.  

The Authoring Team assessed the submitted documentation according to the scope. This should not 
discourage broader assessments at national levels in line with national epidemiology and clinical 
practice.  

6.1 Assessment of PICO population 1  

Population 1 consisted of  

A) Adult patients with limited treatment options due to documented infection with a CR Gram-negative 
pathogen. Documentation was available for direct comparison of cefiderocol vs. BAT (CREDIBLE-
CR). In the BAT group, 25/38 of subjects received a colistin-based regimen. All but one of the 
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comparators included in the PICO were represented in the BAT regime (for some of these only one 
patient. The majority of the included patients had severe disease (63% in the cefiderocol group and 
53% in the BAT group). The results from CREDIBLE-CR presented in Section 4 should be considered 
with care, as the study was not designed to show differences between cefiderocol and BAT.  

The most notable safety finding was the higher incidence of fatal SAEs in the cefiderocol group, 
reflected in a higher total mortality rate in the cefiderocol group. Forty-three subjects in the 
CREDIBLE-CR study died, of whom 33.7% (34/101) were treated with cefiderocol and 18.4% (9/49) 
were treated with BAT. 

However, CREDIBLE-CR had several important limitations. First, it was an open label, 
descriptive study of limited size, so can only be regarded as supportive of efficacy. Second, given 
the limited number of patients with different types of severe infections (HAP/VAP/HCAP, cUTI, and 
BSI/sepsis) included in the trial, there were differences in the baseline characteristics and pathogen 
distribution of the treatment arms (older patients and more severe renal impairment in the 
cefiderocol arm). Consequently, the risk of bias was high. Third, concomitant treatment in both arms 
differed between patients and arms. The other antibacterial agents used included agents that also 
had activity against Gram-negative pathogens, including agents that could be active against CR 
non-susceptible pathogens. Finally, the mortality imbalance disfavouring cefiderocol remains 
unexplained. The data indicated a potential problem with cefiderocol in the treatment of 
Acinetobacter spp., with or without shock, which is included as a warning in SmPC Section 4.4.  

B) Adult patients with limited treatment options due to documented infection with difficult-to-treat 
infections other than CR Gram-negative pathogens. However, no clinical studies were available for 
comparison of cefiderocol vs. the identified comparators consistent with this population. Nevertheless, 
the approved indication for cefiderocol is general so can be used to treat infections caused by other 
aerobic Gram-negative organisms in adults with limited treatment options, enabling the use of 
cefiderocol for the treatment of infections due to MDR pathogens other than CR pathogens if they are 
susceptible. The antibacterial spectrum of cefiderocol includes mainly Enterobacteriaceae and non-
fermenting bacteria such as Pseudomonas aeruginosa, Acinetobacter baumannii, Burkholderia 
cepacian, and Stenotrophomonas maltophilia. According to in vitro data, cefiderocol is stable to all 
classes of beta-lactamases. Cefiderocol lacks clinically relevant activity against Gram-positive 
bacteria and anaerobic bacteria. Based on simulations, the cefiderocol doses in different renal 
function categories are sufficient for the treatment of infections caused by pathogens with MICs up to 
2 mg/L, which will include most species within the spectrum of cefiderocol. 

6.2 Assessment of PICO population 2  

Population 2 consisted of critically ill adult patients with life-threatening infections and limited treatment 
options due to suspected difficult-to-treat CR Gram-negative pathogens and critically ill adult patients 
with life-threatening infections and limited treatment options due to difficult-to-treat infections other than 
CR Gram-negative pathogens. 

Documentation was available for direct comparisons of cefiderocol vs. imipenem/cilastatin (APEKS-
cUTI study) and cefiderocol vs. HD meropenem (APEKS-NP study). These studies supported the 
evidence of cefiderocol’s efficacy and safety in a patient population with cUTI/acute pyelonephritis and 
HAP/VAP/HCAP who had infections due to suspected MDR pathogens but susceptible to carbapenems 
(i.e., imipenem/cilastatin and meropenem). 

Non-inferiority according to pre-specified non-inferiority margins of cefiderocol compared with IMP/CS 
and with HD meropenem was met in APEKS-cUTI and APEKS-NP, respectively. In the APEKS-cUTI 
phase 2 study, the majority of the included patients in both treatment groups had moderate disease 
severity (approx. 70%). However, these baseline patient- and disease characteristics may not be 
regarded as a critically ill population (life-threatening infection). 

For the APEKS-NP-study, the study results were requested by the CHMP due to the imbalance in 
mortality noted in the interim analysis of CREDIBLE-CR attributable to the subset of subjects with 
HAP/VAP/HCAP and the concern of low ELF penetration of cefiderocol. However, no imbalance in 
mortality was observed in the APEX-NP study nor the APEX-cUTI study.  
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In APEKS-NP, non-inferiority of cefiderocol compared with HD meropenem was demonstrated for the 
treatment of HAP/VAP/HCAP for all-cause mortality at day 14 (the FDA-recommended primary 
endpoint). The EU-recommended primary endpoint for a HAP/VAP study (HCAP should not be 
included) is clinical outcome at TOC using an NI-margin of -12.5%. This was just met since the clinical 
cure rates at TOC were 64.8% for the cefiderocol group (n/N’, 94/145) and 66.7% for the HD 
meropenem group (n/N’, 98/147), with a treatment difference of -2.0 (95% CI: -12.5, 8.5). However, the 
study was not sized for the primary evaluation of non-inferiority with regards this endpoint. 

6.3 Other shortcomings in the documentation 

Not all efficacy endpoints were reported in all clinical studies. A limitation of all the clinical trials (all 
patient populations) was a lack of information about quality of life (QoL). QoL was not a study outcome 
in any study. The MAH submitted a descriptive QoL for patients that was not based on the assessed 
studies nor on an SLR. In this description, the MAH used DALYs instead of QALYs. 

Furthermore, hospital utilisation was not reported in the Submission Dossier, length of stay (LOS) was 
not reported, and requirement of ICU admission was not a study outcome. Symptoms were descriptive, 
not based on the assessed studies, and were also not a study outcome. 

MIC clinical breakpoints were established by EUCAST for cefiderocol for Enterobacterales and 
Pseudomonas aeruginosa, and PK/PD breakpoints are defined for all other pathogens including 
Acinetobacter baumanii and Stenotrophomonas maltophilia, as is standard practice. Please refer to 
SmPC section 5.1 and EUnetHTA Submission Dossier section 5.4.1.8 

6.4 Supportive evidence (in vitro, PK/PD, clinical pharmacology, NMA)  

6.4.1  In vitro surveillance studies 

In vitro studies were conducted to establish the in vitro antimicrobial efficacy of cefiderocol. These in 
vitro studies were supported by in vivo studies in animal models (PK/PD data).  

In vitro surveillance studies provide important information that allows for comparison of pathogen 
coverage profiles for different antibacterials, identification of trends in pathogen incidence and 
antimicrobial resistance including the identification of XDR and MDR emerging pathogens at national 
and global levels. 

6.4.2 Retrospective comparative PK/PD analysis and data 

Probability of target attainment (PTA) analysis did not suggest any difference between cefiderocol and 
the comparators meropenem and ceftolozane/tazobactam at EUCAST breakpoints and appropriate PD 
targets. No PK/PD comparative results could be generated for ceftazidime-avibactam or colistin due to 
failure of model validation or a lack of information.  

Simulations showed a better performance for cefiderocol against European Enterobacterales and 
Pseudomonas spp. isolates already resistant to both cefepime and ciprofloxacin (SIDERO surveillance 
2013-2018) in terms of cumulative fraction of response (CFR) when compared with HD meropenem 
and ceftolozane/tazobactam.  

However, several limitations associated with these analyses might have impacted the interpretation: (i) 
the comparative PTA analysis included Enterobacterales and P. aeruginosa but, due to a lack of 
activity of comparators for this pathogen, it was not possible to include the clinically important 
Acinetobacter spp.; (ii) the model used for simulations estimated PTA in plasma and not in ELF. 
Comparisons may therefore not be relevant for pneumonia; and (iii) the comparative MDR analysis 
included isolates representative of a patient population at risk of MDR infections/difficult-to-treat with 
limited treatment options. However, only all isolates resistant to cefpime and ciprofloxacin were include, 
therefore it was not possible to confirm if CR isolates were included or not. 

Based on these limitations, the PK/PD simulations did not add to an understanding of clinical 
effectiveness and safety of cefiderocol in the target patient populations compared with relevant 
comparators.  



Cefiderocol for the treatment of infections due to aerobic Gram-negative bacteria in adult patients  

July 2020 EUnetHTA Joint Action 3 WP4 67 

6.4.3 Indirect evidence (NMA)  

Several issues were identified during the feasibility assessment as probable violations of the 
assumptions for an NMA. More specifically, differences were identified between interventions, 
outcomes, analysis populations, and disease characteristics.  

All these identified differences can introduce substantial heterogeneity and hence make indirect 
comparisons invalid. It should be noted that six trials were included in the NMA. The TANGO and ZEUS 
studies were excluded. Nevertheless, significant heterogeneity might still be present due to the 
identified differences. The justification for excluding ZEUS was not discussed by the MAH. TANGO II 
was excluded because it included documented CR and APEKS cUTI did not, hence violating 
comparability. The Authoring Team’s assessment concluded that the exclusion of TANGO II led to the 
exclusion of TANGO I and ZEUS due to an inability to connect the interventions to the networks.  

Several other weaknesses in the NMA hampered assessment. The authors did not consider that an 
updated SLR would have avoided these weaknesses.  

Therefore, result validity is highly questionable given the differences between the included studies. 
Furthermore, it is questionable whether the results can be used for drawing conclusions about the 

relative efficacy and safety for patients with cUTI due to Gram-negative susceptible pathogens.  
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7 CONCLUSION  

Due to limited clinical documentation available for cefiderocol, the MAH could not submit a dossier 
according to the scope defined in the project plan (see Table 2.1). Consequently, a complete 
assessment of cefiderocol vs. all the identified relevant comparators in the specified patient populations 
in the European PICO was not possible. Therefore, no robust conclusion could be extracted about the 
relative effectiveness and safety of cefiderocol from this available evidence due to these limitations. 

The PICO survey identified a large range of relevant comparators, reflecting that standard of care is 
likely to vary considerably by geography and depending on local resistance patterns and availability of 
antibacterials. The relevance of these comparators should be evaluated at the national level. Validity of 
transferability of results should be evaluated at national level in light of national guidelines/current 
clinical practice.  

An imbalance in mortality was noted in the CREDIBLE-CR study remains unexplained. It is considered 
relevant to inform prescribers of the imbalance in mortality noted in CREDIBLE-CR and the association 
between mortality and infection with Acinetobacter in the cefiderocol treatment arm. At the request of 
the CHMP, an adequate warning mentioning this imbalance in mortality was included in Section 4.4 of 
the SmPC.  

Beta-lactamases do not affect the in vitro antibacterial effects of cefiderocol against normally 
susceptible species. Cefiderocol should be used in line with antimicrobial stewardship programs to 
optimise antibiotic use.  

Development of resistance is regarded as efficacy concern and should be closely monitored after post-
launch. 
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APPENDIX 1: GUIDELINES FOR DIAGNOSIS AND MANAGEMENT 

Table A1. Relevant guidelines for diagnosis and management – MDR/GN Bacteria 

Name of 
society/organisation 
issuing guidelines 

Date of 
issue or 
last 
update 

Country 
(s) to 
which 
guidelin
e 
applies 

Summary of 
recommendations 
-MDR infections- 

Summary of 
recommendations 
-CR infections- 

AWMF (Registry Nr. 
092/001 (S3 guideline: 
Strategies to ensure 
rational use of 
antibacterials in 
hospitals) 
(37) 1 

2018 Germany Reports on measures 
to prevent or reduce 
resistant germs in 
hospitals. 
 

NR 

Paul-Ehrlich-
Gesellschaft für 
Chemotherapie e.V. 
(PEG) 
AWMF 082-006 
Chapter 16. Infections 
with MDR gram neg 
sticks (Stäbchen) – 
ESBL-producing 
bacteria, 
Carbapenemase-
producing 
Enterobact083eriaceae, 
Carbapenem-resistant 
Acinetobacter baumannii 
(38)2 

2019 Germany Pneumonia/Sepsis:  
• meropenem plus 
colistin 
• colistin plus 
tigecycline (potentially 
plus fosfomycin) 

CR Enterobacteriaceae 

Pneumonia/sepsis:  
• meropenem plus colistin 
• colistin plus tigecycline 

(potentially plus fosfomycin);  
 
CR Acinetobacter-baumannii 
Pneumonia/sepsis/wound/cU
TI: colistin, sulbactam, high 
dose tigecycline; 
(cotrimoxazole only for cUTI) 

 

Infectious Diseases 
Working 
Party (AGIHO) of the 
German Society of 
Haematology and 
Medical Oncology 
(DGHO) 
(39) 

(2015) 
(Publicatio
n year) 

 
(Europe) 

Stenotrophomonas 
maltophilia pneumonia:  
• High dose 
trimethoprim–
sulfamethoxazole; 
• tigecycline-based 

therapy  

Pseudomonas aeruginosa 
pneumonia:  
• Combination therapy 
Piperacillin (±tazobactam), 
ceftazidime, imipenem/ 
cilastatin, meropenem and 
cefepime 

Gruppo Italiano 
Trapianto Midollo Osseo 
(GITMO),  
Associazione 
Microbiologi Clinici 
Italiani (AMCLI), 
Società Italiana Malattie 
Infettive e Tropicali 
(SIMIT), 
and the Centro 
Nazionale Trapiantt 
(CNT) 
(40) 

2015 Italy NR CRKp-targeted antibacterial 
therapy: combination therapy 
including at least two among 
colistin/polymyxin B, 
tigecycline and gentamicin; 
addition of meropenem, and 
eventually fosfomycin 

preferred 

Helsedirektoratet. 
Antibiotikabruk i 
sykehus, Nasjonal 
faglige retningslinje. 
(41) 3 

2018 Norway 1. Resistant to 
3rd generation 
cephalosporins: 

2. • Meropenem  

3. • Imipenem / 
cilastatin 

4. • Doripenem 
or Ertapenem [Not for 

6. Resistant to 3rd 
generation cephalosporins  

7. • Colistin  

8. • 
Tigecycline 
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Pseudomonas or 
Acinetobacter] 

5.  

Infectious Diseases and 
Clinical Microbiology 
(SEIMC) 2015 
(42) 

2015 Spain 9. Fosfomycin 

(as part of a 
combination regimen 
including at least one 
more active agent) 

10. NR 

Spanish Society of 
Chemotherapy 
(43) 
“Antibacterial selection 
in the treatment of acute 
invasive infections by 
Pseudomonas 
aeruginosa: Guidelines 
by the Spanish Society 
of Chemotherapy” 
(Review article) 

(2018) 
(Publicatio
n year) 
 

Spain • Colistin,  
• Amikacin  
• Ceftolozane/ 
tazobactam 
• High doses of β-
lactam antibacterials 

 

NR 

Spanish Society of 
Transplantation (SET)/ 
Group for Study of 
Infection in 
Transplantation of the 
Spanish Society of 
Infectious Diseases and 
Clinical Microbiology 
(GESITRA-EIMC)/ 
Spanish Network for 
Research in Infectious 
Diseases (REIPI) 
(44) 

2018 Spain • Amoxicillin-
clavulanic acid 
• Piperacillin-
tazobactam 
• Meropenem 
• Aztreonam 
• Tigecycline 
• Fosfomycin 
• Ceftazidime-
avibactam 
• Ceftolozane-
tazobactam 
• Colistin 

NR 

Spanish Society of 
Infectious Diseases and 
Clinical Microbiology 
(SEIMC) and the 
Spanish Association of 
Haematology and 
Hemotherapy (SEHH) 
(45) 4 

2019 Spain 11. (ESBL)-
producing 
Enterobacteriaceae: 

12. • beta-
lactam/β-lactamase 
inhibitor (BLBLI)  

• Piperacillin-
tazobactam and 
meropenem (extended 

infusion) 
 
AmpC-producing 
Enterobacteriaceae 
• Cefepime and 
fluoroquinolones  
• Piperacillin-
tazobactam 

 

KPC-producing 
Enterobacteriaceae: 
• at least two active drugs 

from the options included in 
the antibiogram 
(meropenem, colistin, 
tigecycline, fosfomycin and 
aminoglycosides) 

 
strains with meropenem MICs 
< 16 mg/L: 
• combination regimen 

should include high-dose 
meropenem (extended 

infusion) 
 
KPC-producing or OXA-48-
producing 
Enterobacteriaceae: 
• Ceftazidime-avibactam 
 

Extensively drug-resistant 
(XDR) and pandrug-resistant 
(PDR): 
• single-agent treatment, 

prioritizing the use of (in 
following order) beta-
lactams, sulbactam (in 
infections due to A. 
baumannii) and colistin. 

 
XDR or PDR P. Aeruginosa 
infections: 
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• Ceftolozane-tazobactam or 
ceftazidime-avibactam 

 
 

ESBL-producing 
intestinal bacteria 
Knowledge base with 
proposals for 
management to limit the 
spread of 
Enterobacteriaceae with 
ESBL 
(46) 5 

2014 Sweden • Cephalosporins and 
quinolones 

• Alternative: 
Piperacillin-
tazobactam for sepsis, 

pneumonia, abdominal 
infections; also, to 
reduce cephalosporins 
consumption 

Cephalosporins should not 

be reduced by increasing the 
consumption of 
carbapenems, as this 
increases the risk of selection 
of carbapenem-resistant 
strains. 

British Society for 
Antimicrobial 
Chemotherapy/Healthca
re Infection 
Society/British Infection 
Association. Joint 
Working Party 
(47) 

2018 UK ESBL and AmpC-
producing 
Enterobacteria 
• Meropenem, 
imipenem or 
ertapenem  

 
Susceptibility of 
past/current infection 
not known (inpatient 
setting):  
• Meropenem and 
imipenem or 

Meropenem-sparing: 
temocillin (if urinary), 
ceftolozane/ 
tazobactam  

Susceptibility of 
past/current infection 
known, along with 
urinary infection:  
• Co-amoxiclav or 
piperacillin/tazobacta
m or gentamicin or 
amikacin 

IKPC-carbapenemase: 
Colistin & meropenem (if 

unknown/S in past)  
(Consider tigecycline to 

colistin or 
ceftazidime/avibactam to 

meropenem) 
 
OXA-48: Aztreonam or 
ceftazidime Ceftazidime/ 
avibactam if R or unknown. 

 
Metallo-carbapenemase: 
Fosfomycin and colistin, 
consider tigecycline, Use co-
trimoxazole if 

Stenotrophomonas 

1https://www.awmf.org/uploads/tx_szleitlinien/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-
Krankenhaus_2019-04.pdf 
2https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf 
3https://www.helsedirektoratet.no/Retningslinjer/Antibiotika-i-sykehus 
4https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf 
5https://www.folkhalsomyndigheten.se/contentassets/f4df42e7e643414ba3499a9ee1801915/esbl-producerande-
tarmbakterier.pdf 

 

  

https://www.awmf.org/uploads/tx_szleitlinien/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-Krankenhaus_2019-04.pdf
https://www.awmf.org/uploads/tx_szleitlinien/092-001l_S3_Strategien-zur-Sicherung-rationaler-Antibiotika-Anwendung-im-Krankenhaus_2019-04.pdf
https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf
https://www.helsedirektoratet.no/Retningslinjer/Antibiotika-i-sykehus
https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf
https://www.folkhalsomyndigheten.se/contentassets/f4df42e7e643414ba3499a9ee1801915/esbl-producerande-tarmbakterier.pdf
https://www.folkhalsomyndigheten.se/contentassets/f4df42e7e643414ba3499a9ee1801915/esbl-producerande-tarmbakterier.pdf
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Table A2. Relevant guidelines for diagnosis and management – HAP/VAP/HCAP 

Name of 
society/organisation 
issuing guidelines 

Date of 
issue or 
last 
update 

Country 
(s) to 
which 
guidelin
e 
applies 

Summary of 
recommendations 
-MDR infections- 

Summary of 
recommendations 
-CR infections- 

ERS/ESICM/ESCMID/AL
AT guidelines EU  
(48) 

2017 Europe • No septic shock: single 
agent (carbapenem, 
cephalosporin, piperacillin/ 
tazobactam or 
fluoroquinolone) 

• Severely ill or in septic 
shock: combination therapy 
(antipseudomonal β-lactam 

plus a second agent such as 
an aminoglycoside or an 
antipseudomonal 
fluoroquinolone or, in some 
cases polymyxins) 

Combination therapy; 
similar approach as in 
MDR patients 
(carbapenem-resistant 
Enterobacteriaceae) 
 

pro. medicin Information til 
sundhedsfaglige - 
Antibiotikavejledning 
(49) 1 

 

2020 Denmark  
 

No specific recommendation 
for MDR infections  
 
Pneumonia: 
Phenoxymethylpenicillin or 
Clarithromycin 

HAP: 
Piperacillin/Tazobactam or 
Cefuroxime 
Mycoplasma and 
Chlamydophila pneumonia: 
Clarithromycin or 
Roxithromycin 
Legionella pneumonia: 
Clarithromycin or 
Roxithromycin or 
Ciprofloxacin 
Chlamydophila psittaci: 
Doxycycline 

NR 

The French Society of 
Anaesthesia and Intensive 
Care Medicine and the 
French Society of 
Intensive 
Care 
(50) 
 
Leone et al: Summary of 
French guidelines for the 
prevention, diagnosis and 
treatment of 

hospital‐acquired 
pneumonia in ICU 
(Review article) 

2017  
(2018 
publicatio
n year) 

France Late pneumonia ≥5 days or 
nonfermenting GNB: in case 
of ESBL: Imipenem-
cilastatin or meropenem + 
amikacin or ciprofloxacin 

HAP (when no other 
antibacterials can be used): 
nebulised colimycine 

(sodium colistiméthate) 
and/or aminoglycosides 

NR 

AWMF (Registry Nr: 020-
013) (S3 guideline 
Epidemiology, diagnosis 
and therapy of adult 
patients with nosocomial 
pneumonia)  
(51) 2 

Update 
2017 

Germany At risk of MDR: 
• Piperacillin/Tazobactam  

or  
• Cefepime 
• Ceftazidime 

or 
• Imipenem/Cilastatin  
• Meropenem 

 
Plus/minus 

Colistin in combination 
with Aminoglycosides 

or  
Fosfomycin,  

or 
Carbapenem 

or 
Ceftazidime/Avibacta
m (depending on in 

vitro-Tests and adverse 
reactions)  
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• Fluorchinolon 
(Ciprofloxacin, 
Levofloxacin)  

or 
• Aminoglycosides 
(Gentamicin, Tobramycin, 
Amikacin) 

 
In suspected MRSA: 
combination with 
Glycopeptid or 
Oxazolidinone, 
Vancomycin or Linezolid  

AWMF (Registry Nr: 082-
006) (Calculated initial 
parenteral therapy for 
bacterial diseases in 
adults - update 2018) 
(38) 3 

2019 Germany • Nosocomial pneumonia: 
Group 3a cephalosporins, 
aminopenicillin / β-
lactamase inhibitor 

combinations,  
• or pneumococcal 
fluoroquinolones  

However, it should be noted 
that the use of group 3 
cephalosporins increases the 
selection of vancomycin-
resistant enterococci (VRE), 
ESBL-producing 
Enterobacteriaceae and beta-
lactam antibacterial-resistant 
Acinetobacter spp. Fluoro-
quinolones should also be 
used with caution due to the 
frequent resistance selection. 

ESBL strains with 
additional resistance to 
carbapenems,  
• Colistin in 

combination therapy  
• Ceftazidime / 
Avibactam.  

“Guidelines for the 
management of 
community-acquired 
pneumonia in the elderly 
patient” 
(52) 

2014 Spain • Patients without frailty: 
Outpatient setting - 
Amoxicillin/clavulanate or 
cefditoren + clarithromycin 
or moxifloxacin or 
levofloxacin 

•Treatment at admission - 
Amoxicillin/ clavulanate or 
ceftriaxone + azithromycin 
or moxifloxacin or 
levofloxacin 

• Patients with frailty: 
Mild cases - 
Amoxicillin/clavulanate or 
ceftriaxone + azithromycin 
or moxifloxacin or 
levofloxacin 

Moderate-severe cases – 
Ertapenem or 
amoxicillin/clavulanate 

• 
Enterobacteriaceae/anaerobe
s: Ertapenem or 
amoxicillin/clavulanate 

Pseudomonas 
aeruginosa: 
Piperacillin/tazobacta
m or imipenem or 
meropenem or 
cefepime + 
levofloxacin or 
ciprofloxacin or 
amikacin or 
tobramycin 

Infectious Diseases and 
Clinical Microbiology 
(SEIMC) 2015 
(42) 

2015 Spain KPC-producing Klebsiella 
pneumonia: 

• Combination therapy: 
carbapenem (see preferred 

drug and recommended dose 
below) plus one or two fully 
active drugs (including 
colistin, tigecycline, and 
aminoglycoside or 
fosfomycin, the latter 

preferably as a third drug) is 

NR 
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recommended if the 
carbapenem MIC is ≤8 mg/L; 
this applies mainly to patients 
with severe infections caused 
by  

Spanish Society of 
Transplantation (SET)/ 
Group for Study of 
Infection in 
Transplantation of the 
Spanish Society of 
Infectious Diseases and 
Clinical Microbiology 
(GESITRA-EIMC)/ 
Spanish Network for 
Research in Infectious 
Diseases (REIPI) 
(44) 

2018 Spain VAP or Enterobacteriaceae 
with MIC ≥1 mg/L: 
• Tigecycline 

 
 

P. aeruginosa: High-
dose ceftolozane-
tazobactam could be 

prescribed to solid 
organ transplantation 
(SOT) recipients 

Spanish Society of 
Infectious Diseases and 
Clinical Microbiology 
(SEIMC) and the Spanish 
Association of 
Haematology and 
Hemotherapy (SEHH) 
(45) 4 

2019 Spain • Cefepime  
• Piperacillin-tazobactam  
• Imipenem or meropenem  

+/-  
• Fluoroquinolones, 
aminoglycosides, colistin 

 
In critically ill patients, or 
patients previously 
colonized/infected with 
multidrug-resistant gram-
negative bacilli, it is advisable 
to use a dual therapy 
strategy, according to local 
epidemiology. 

NR 

NICE guideline [NG139]: 
Pneumonia (hospital-
acquired): antimicrobial 
prescribing” 
(53) 5 

2019 UK • Piperacillin with 
tazobactam 
• Ceftazidime 
• Ceftriaxone 
• Cefuroxime  
• Meropenem 
• Ceftazidime/ avibactam 

 
Antibacterials to be added if 
suspected or confirmed 
MRSA infection (dual therapy 
with an IV antibacterial for 
empirical therapy) 
 • Vancomycin, 
Teicoplanin, Linezolid  

NR 

1https://pro.medicin.dk/Specielleemner/Emner/318019 
2https://www.awmf.org/uploads/tx_szleitlinien/020-013l_S3_Nosokomiale_Pneumonie_Erwachsener_2017-11.pdf 
3https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf 
4https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf 
5https://www.nice.org.uk/guidance/ng139/resources/pneumonia-hospitalacquired-antimicrobial-prescribing-pdf-
66141727749061 

 

Table A3. Relevant guidelines for diagnosis and management – cUTI 

Name of 
society/organisation 
issuing guidelines 

Date of 
issue or 
last update 

Country 
(s) to 
which 
guideline 
applies 

Summary of 
recommendations 
-MDR infections- 

Summary of 
recommendations 
-CR infections- 

European Association of 
Urology EAU (20)  

2018 Europe No specific recommendation 
for MDR infections.  
 
Recommendations:  

No specific 
recommendation for 
CR infections.  

https://pro.medicin.dk/Specielleemner/Emner/318019
https://www.awmf.org/uploads/tx_szleitlinien/020-013l_S3_Nosokomiale_Pneumonie_Erwachsener_2017-11.pdf
https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf
https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf
https://www.nice.org.uk/guidance/ng139/resources/pneumonia-hospitalacquired-antimicrobial-prescribing-pdf-66141727749061
https://www.nice.org.uk/guidance/ng139/resources/pneumonia-hospitalacquired-antimicrobial-prescribing-pdf-66141727749061
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• 3rd generation 
cephalosporin as empirical 

treatment of cUTI with 
systemic symptoms 
  

Comparison of 
antibacterial treatment 
guidelines for urinary 
tract infections in 15 
European countries: 
Results of an online 
survey ((54) 

Guidelines 
from 2012-
2017  
(one from 
2004, 
Serbia) 

Europe (15 
countries) 

Dosage according to 
resistance pattern 
• Ampicillin iv  
• Gentamicin 
• Amoxicillin / clavulanic 
acid 
• Trimethoprim / 
sulfamethoxazole  
• Cefuroxime iv  
• Ciprofloxacin  

 

NR 

pro. medicin Information 
til sundhedsfaglige - 
Antibiotikavejledning 
(49) 1 

2019 Denmark  
 

No specific recommendation 
for MDR infections  
 
Complicated cystitis/ Acute 
pyelonephritis: 
Pivmecillinam or 
Ciprofloxacin in penicillin 

allergy  
With urosepsis: Mecillinam 
+/- Gentamicin or 
Ampicillin +/- Gentamicin 
or Piperacillin/Tazobactam 

UTI in catheter carriers: 
Pivmecillinam or 
Ciprofloxacin 

NR 
 

Update on a proper use 
of systemic 
fluoroquinolones in adult 
patients – 
Recommendations 
(55) 

2015 France Severe pyelonephritis: 
ESBL-producing 
Enterobacteriaceae 1st-line 
treatment, systematically 
with an aminoglycoside 

NR 

French Infectious 
Diseases Society 
(SPILF)  
(56) 

Updated 
2015, 
changes 
decided in 
2017 
included 

France Combination treatment: β-
lactam, aminoglycoside 
ESBL-E: Amikacin (risk of 

cross-resistance is 
substantially lower with 
amikacin than with 
gentamicin or tobramycin). 

NR 

AWMF (Registry Nr: 
082-006) (Calculated 
initial parenteral therapy 
for bacterial diseases in 
adults - update 2018) 
(38)2 

2018 
(2019 
publication 
year)  

Germany nosocomial acquired or 
catheter-associated UTIs 
•Group 3b cephalosporins, 

including the cephalosporin / 
BLI combinations 
ceftolozane / tazobactam 
and ceftazidime / 
avibactam, or 4 (cefepime),  

• Group 2 or group 3 
fluoroquinolones 
• Group 1 carbapenems 

 

• Ceftolozane / 
tazobactam 
• Ceftazidime / 
avibactam 

 

Spanish Society of 
Clinical Microbiology 
and Infectious Diseases 
(SEIMC) 
(57)3 
 

2016 Spain • Patients with healthcare 
acquired acute polynephritis 
(non-severe and severe): 
Antipseudomonal 
carbapenem plus 
ceftolozane-tazobactam or 
piperacillin-tazobactam 
• Severe sepsis: Amikacin  

• CA APN (complicated and 
uncomplicated): 

NR 
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APN with specific risk factors 
for ESBL producing 
Enterobacteriaceae: First 
choice: ertapenem is an 

acceptable option, Second 
choice: other carbapenems 
or piperacillin-tazobactam 

• CA-APN with penicillin 
allergy: Amikacin or 
sodium fosfomycin 

Spanish Society of 
Infectious Diseases and 
Clinical Microbiology 
(SEIMC) and the 
Spanish Association of 
Haematology and 
Hemotherapy (SEHH) 
(45)4 

2019 Spain 13. • Cefepime  

14. • Piperacillin-
tazobactam  

15. • Imipenem or 
carbapenem 

16. • Consider the 
addition of an 
aminoglycoside or 
glycopeptide in critically ill 

patients, those with 
indwelling urinary catheters, 
and/or a history of 
colonization/infection with 
multidrug-resistant 
microorganisms 

NR 

British Society for 
Antimicrobial 
Chemotherapy/ 
Healthcare Infection 
Society/British Infection 
Association 
Joint Working Party 
(47) 
 

2018  
 

UK Pyelonephritis and cUTI 
caused by MDR GNB: 
• Meropenem or, 
ceftolozane/tazobactam or 
temocillin 
• Piperacillin/tazobactam 
• Amikacin 
• Ceftazidime/avibactam or 
non-b-lactam agents in 

combination with 
meropenem 

 

1https://pro.medicin.dk/Specielleemner/Emner/318019 
2https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf 
3https://pdfs.semanticscholar.org/95c8/f85c6122ced97ad0d4076427b4fcba7e0214.pdf 
4https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf 

 

  

https://pro.medicin.dk/Specielleemner/Emner/318019
https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf
https://pdfs.semanticscholar.org/95c8/f85c6122ced97ad0d4076427b4fcba7e0214.pdf
https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf
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Table A4. Relevant guidelines for diagnosis and management – BSI/sepsis 

Name of 
society/organisati
on issuing 
guidelines 

Date of issue 
or last update 

Country (s) to 
which 
guideline 
applies 

Summary of 
recommendations 
-MDR infections- 

Summary of 
recommendations 
-CR infections- 

Surviving Sepsis 
Campaign  
17. (22) 

Update 2018 International 
(Europe and 
North America) 

Combination 
therapy: two drugs 
from different 
classes of 
antibacterials- 
usually a β-lactam 
with a 
fluoroquinolone, 
aminoglycoside or 
macrolide 

Combination therapy: 
broad coverage 
antibacterial + pathogen-
specific agent:  
Broad-spectrum 
carbapenem (e.g., 
meropenem, 
imipenem/cilastatin or 
doripenem) or extended-
range penicillin/β-
lactamase inhibitor 
combination (e.g., 
piperacillin/tazobactam or 
ticarcillin/clavulanate. third- 
or higher generation 
cephalosporins can also 
be used, especially as part 
of a multidrug regimen. 
 
18.  

pro. medicin 
Information til 
sundhedsfaglige - 
Antibiotikavejlednin
g 
19. https://ww
w.pro.medicin.dk. 

20. (49)1 

2019 (bacterial 
section  
Revised 
13.01.2020) 

Denmark  
 

No specific 
recommendation for 
MDR infections  
 
Septic shock: 
Ampicillin + 
Gentamicin or 
Piperacillin / 
Tazobactam + 
Gentamicin  

 
Suspected/detected 
Enterococci: add 
Vancomycin  

Suspected/detected 
Pseudomonas 
aeruginosa: 
Ceftazidime + 
Gentamicin 

NR 
21.  

AWMF (Registry 
Nr: 079/001) 
(Prevention, 
diagnosis, therapy 
and aftercare of 
sepsis)  
(58) 2 

2010 
(currently 
under revision) 

Germany 22. Treatment 
of Sepsis: 

It is recommended 
to use a 
Pseudomonas-
effective 
antibacterial 
ureidopenicillins 
(piperacillin) or 

third-party or fourth 
generation 
cephalosporins 
(ceftazidime or 
cefepime) or 
carbapenems 
(imipenem or 
meropenem) under 

consideration use 
local resistance 
patterns 

NR 
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Infectious Diseases 
Working Party of 
the German 
Society of 
Haematology and 
Medical Oncology 
(59) 

2012 Germany CVC-related 
bloodstream 
infections (CRBSI) 
caused by 
Stenotrophomonas 
maltophilia: 
23. • Co-
trimoxazole  

NR 

Infectious Diseases 
Working Party of 
the German 
Society of 
Haematology and 
Medical 
Oncology 
(60) 

2014 Germany Neutropenic 
patients with sepsis:  
• 
Imipenem/cilastati
n or piperacillin/ 
tazobactam 

• Combination 
treatment with 
aminoglycoside in 

case of severe 
sepsis 

NR 

24. Helsedirek
toratet, 
Antibiotikabruk i 
sykehus, Nasjonal 
faglig retningslinje 
https://www.helsedi
rektoratet.no/Retnin
gslinjer/Antibiotika-
i-sykehus 

25. (41)3 

Update 2018 Norway • Broad-spectrum 
beta-lactam 

antibacterial if 
suspected resistant 
microorganisms  
• Aminoglycosides 
(gentamicin or 
tobramycin) for 

severe sepsis and 
septic shock 
26. • Septic 
shock and 
suspected gram-
negative aetiology: 
gentamicin or 
ciprofloxacin  

No specific 
recommendation for CR 
infections  
 

Infectious Diseases 
and Clinical 
Microbiology 
(SEIMC) 2015 
(42) 

2015 Spain • 
Enterobacteriaceae: 
carbapenem 

• Nosocomial sepsis 
and previous 
receipt of 
cephalosporins: 
fluoroquinolones 
or carbapenems  

NR 

Spanish Society of 
Transplantation 
(SET)/ Group for 
Study of Infection in 
Transplantation of 
the Spanish 
Society of 
Infectious Diseases 
and Clinical 
Microbiology 
(GESITRA-EIMC)/ 
Spanish Network 
for Research in 
Infectious Diseases 
(REIPI) 
(44) 

2018 Spain • 
Enterobacteriaceae: 
Tigecycline 

• mild infections: 
Carbapenem 
monotherapy 

(extended-infusion) 

• SOT recipients 
diagnosed with BSI and/or 
pneumonia caused by P. 
aeruginosa resistant to 
carbapenems and other β-
lactams, if the strain shows 
in vitro susceptibility:  
High-dose ceftolozane-
tazobactam 

 

Spanish Society of 
Clinical 
Microbiology and 
Infectious 

2018 Spain Based on local 
epidemiology: 
piperacillin-
tazobactam, 
carbapenems, a 

NR 
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Diseases (SEIMC), 
Spanish Society of 
Intensive Care 
Medicine and 
Coronary Units 
(SEMICYUC) 
(61) 

fourth-generation 
cephalosporin, 
aztreonam, 
quinolones or 
aminoglycosides 

Spanish Society of 
Infectious Diseases 
and Clinical 
Microbiology 
(SEIMC) and the 
Spanish 
Association of 
Haematology and 
Hemotherapy 
(SEHH) 
(45)4 

2019 Spain Use of 
carbapenems is 

recommended for 
patients with sepsis 
or septic shock 
criteria 

 

The UK joint 
specialist societies 
guideline on the 
diagnosis and 
management of 
acute 
meningitis and 
meningococcal 
sepsis in 
immunocompetent 
adults” 
(62) 

2016 UK Suspected cases: 
Ceftriaxone/cefota
xime 

>60 years old & 
immunocompromis
ed patients: 
Ampicillin/amoxici
llin + 
cephalosporin 

GN diplococci: 
continued 
Ceftriaxone/cefota
xime 

Suspected ESBL 
infection: 
Meropenem 

27. Confirmed 
Neisseria 
meningitidis: 
Ceftriaxone/cefota
xime, 
benzylpenicillin, 
ciprofloxacin (if 

not given 
ceftriaxone) 

NR 

1https://pro.medicin.dk/Specielleemner/Emner/318019 
2https://www.awmf.org/uploads/tx_szleitlinien/079-001l_S2k_Sepsis_2010-abgelaufen.pdf 
3https://www.helsedirektoratet.no/Retningslinjer/Antibiotika-i-sykehus 
4https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf 

 

Table A5. Relevant guidelines for diagnosis and management - cIAI  

Name of 
society/organisation 
issuing guidelines 

Date 
of 
issue 
or 
last 
upda
te 

Countr
y (s) to 
which 
guideli
ne 
applies 

Summary of recommendations 
-MDR infections- 

Summary of 
recommendations 
-CR infections- 

28. World 
Society of Emergency 
Surgery (WSES) and 
World Society of 
Abdominal 
Compartment 
Syndrome (WSACS) 

29. (63) 

2017 Global Ceftolozone/tazobactam and 
ceftazidime/avibactam (both in 

combination with metronidazole) 
-Aminoglycosides with β-lactams  
-Polymyxins and fosfomycin (in 

critically ill patients) 

31. Tigecycline 

(against 
carbapenemase-
producing 
Enterobacteriaceae and 
Stenotrophomonas 
maltophilia) 
-Ceftazidime/avibactam 

(against carbapenemase 

https://pro.medicin.dk/Specielleemner/Emner/318019
https://www.awmf.org/uploads/tx_szleitlinien/079-001l_S2k_Sepsis_2010-abgelaufen.pdf
https://www.helsedirektoratet.no/Retningslinjer/Antibiotika-i-sykehus
https://seimc.org/contenidos/documentoscientificos/seimc-dc-2019-Febrile_Neutropenia.pdf
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30. Check 
update? 

producing K. 
pneumoniae) 

 

The Surgical Infection 
Society ((19) 

2017 USA 32. • High risk patients with 
Pseudomonas aeruginosa: 
ceftolozane-tazobactam + 
metronidazole  

33. • High-risk patients with 
Klebsiella pneumoniae 

carbapenemase (KPC)-producing 
Enterobacteriaceae: ceftolozane-
avibactam + metronidazole  

34. NR 

pro. medicin 
Information til 
sundhedsfaglige - 
Antibiotikavejledning 
https://www.pro.medi
cin.dk. 
(49)1 

2019 Denma
rk 

35. No specific recommendation 
for MDR infections 

36. Piperacillin / tazobactam + 
metronidazole + fluconazole 

37. or 

38. Cefuroxime + 
metronidazole + fluconazole in 

penicillin allergy 

39. NR 

Update on a proper 
use of systemic 
fluoroquinolones in 
adult patients – 
Recommendations 
(55) 

2015 France 40. Shigella sonnei diarrhea: 
ciprofloxacin or ofloxacin  

41. First-line use of 
fluoroquinolones not recommended in 
IAI; instead ciprofloxacin or 
ofloxacin  

42. NR 

Société française 
d'anesthésie et de 
réanimation (Sfar) 
(64)2 

2015 France 43. • Amoxicillin / clavulanic 
acid + gentamicin 

44. • Cefotaxime or ceftriaxone 
+ imidazoles. 

45.  

46. Severe IAI: piperacillin / 
tazobactam gentamicin. 

47. NR 

Haute Autorité de 
Santé (HAS), la 
Société de pathologie 
infectieuse de langue 
française (SPILF) et 
la Société de 
réanimation de 
langue française 
(SRLF) 
(65)3 

2019 France In IA EBLSE infections: piperacillin-
tazobactam 
• With septic shock: carbapenem 
(imipenem or meropenem). 

IA Enterobacteriaceae resistant to 
C3G by hyperproduction of 
cephalosporinase and without 
production of ESBL: cefepime 
combined with metronidazole or 
ornidazole 
Serious IAI: piperacillin-tazobactam 
combined with amikacin 

48. NR 

AWMF (Registry Nr: 
082-006) (Calculated 
initial parenteral 
therapy for bacterial 
diseases in adults - 
update 2018) 
(38)4 

2018 Germa
ny 

49. The following antibacterials 
are recommended if suspected 
pathogens are suspected: 

MRSA  Tigecycline  
Linezolid+  
Vancomycin+  

VRE  Tigecycline  
Linezolid+  

ESBL  
(E. coli, 
Klebsiella 
spp.)  

Tigecycline  
Ceftolozane/Tazob
actam  
Ceftazidime/Avibac
tam  

The following 
antibacterials are 
recommended if 
suspected pathogens 
are suspected to be CR 

 Tigecycline  
Colistin  
Ceftazidime/Aviba
ctam  
Meropenem (High 
doses)  
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Imipenem  
Meropenem  
Ertapenem  
Fosfomycin  
(no Monotherapy)  

Acinetobac
ter spp.  

Colistin  
Tigecycline  
Sulbactam  

Pseudomo
nas spp.  

Imipenem, 
Meropenem  
Piperacillin/Tazoba
ctam  
Cefepime  
Gentamicin, 
Amikacin,  
Ciprofloxacin2, 
Levofloxacin2  
Ceftolozane/Tazob
actam  
Ceftazidime/Avibac
tam  

 

1https://pro.medicin.dk/Specielleemner/Emner/318019 
2https://www.infectiologie.com/UserFiles/File/medias/Recos/2014-inf-intra-abdo-SFAR.pdf 
3https://www.infectiologie.com/UserFiles/File/spilf/recos/2019-synthese-infections-enterobacteries.pdf 
4https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf 

 

 
 

https://pro.medicin.dk/Specielleemner/Emner/318019
https://www.infectiologie.com/UserFiles/File/medias/Recos/2014-inf-intra-abdo-SFAR.pdf
https://www.infectiologie.com/UserFiles/File/spilf/recos/2019-synthese-infections-enterobacteries.pdf
https://www.awmf.org/uploads/tx_szleitlinien/082-006l_S2k_Parenterale_Antibiotika_2019-08.pdf
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APPENDIX 2: FEATURES OF THE TECHNOLOGIES 

Table A6. Features of the intervention 

Non-
proprietary 
name 

Cefiderocol Ceftolozane-
tazobactam 

Ceftazidime-
avibactam 

Meropenem-
vaborbactam 

Proprietary 
name 

Fetcroja Zerbaxa Zavicefta Vaborem 

Registered 
EMA indication 

Fetcroja is indicated 
for the treatment of 
infections due to 
aerobic Gram-
negative organisms 
in adults with limited 
treatment options 
(see sections 4.2, 
4.4 and 5.1) *.  
 

Zerbaxa is indicated 
for the treatment of 
the following 
infections in adults 
(see section 5.1): 

- Complicated intra-
abdominal 
infections (see 
section 4.4); 

- Acute 
pyelonephritis; 

- Complicated 
urinary tract 
infections (see 
section 4.4); 

- Hospital-acquired 
pneumonia (HAP), 
including ventilator-
associated 
pneumonia (VAP)*. 

 

Zavicefta is 
indicated for the 
treatment of the 
following infections 
in adults (see 
sections 4.4 and 
5.1): 

• Complicated intra-
abdominal infection 
(cIAI) 

• Complicated 
urinary tract 
infection (cUTI), 
including 
pyelonephritis 

• Hospital-acquired 
pneumonia (HAP), 
including ventilator 
associated 
pneumonia (VAP) 

Zavicefta is also 
indicated for the 
treatment of 
infections due to 
aerobic Gram-
negative organisms 
in adult patients 
with limited 
treatment options 
(see sections 4.2, 
4.4 and 5.1)*. 

 

Vaborem is indicated 
for the treatment of 
the following 
infections in adults 
(see sections 4.4 and 
5.1): 

• Complicated urinary 
tract infection (cUTI), 
including 
pyelonephritis 

• Complicated intra-
abdominal infection 
(cIAI) 

• Hospital-acquired 
pneumonia (HAP), 
including ventilator 
associated 
pneumonia (VAP). 

Treatment of patients 
with bacteraemia that 
occurs in association 
with, or is suspected 
to be associated with, 
any of the infections 
listed above. 

Vaborem is also 
indicated for the 
treatment of infections 
due to aerobic Gram-
negative organisms in 
adults with limited 
treatment options 
(see sections 4.2, 4.4 
and 5.1)*. 

Prospective 
Marketing 
authorisation 
holder 

Shionogi 
B.V.,Amsterdam, 
Netherlands  

 

Merck Sharp & 
Dohme Limited 

Phizer Limited A. Menarini 
Farmaceutica 
Internazionale SRL 

Contra-
indications 

Hypersensitivity to 
the active 
substance or to any 
of the excipients 
listed in section 6.1. 

Hypersensitivity to 
any cephalosporin 
antibacterial 
medicinal product. 

- Hypersensitivity to 
the active 
substances or to 
any of the 
excipients listed in 
section 6.1; 

- Hypersensitivity to 
any cephalosporin 
antibacterial agent; 

Hypersensitivity to 
the active 
substances or to 
any of the excipients 
listed in section 6.1. 

Hypersensitivity to 
any cephalosporin 
antibacterial agent. 

Hypersensitivity to the 
active substances or 
to any of the 
excipients listed in 
section 6.1. 

Hypersensitivity to 
any carbapenem 
antibacterial agent. 

Severe 
hypersensitivity (e.g. 

https://www.medicines.org.uk/emc/product/5009#companyDetails
https://www.medicines.org.uk/emc/product/5009#companyDetails
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Severe 
hypersensitivity 
(e.g. anaphylactic 
reaction, severe 
skin reaction) to any 
other type of beta-
lactam antibacterial 
agent (e.g. 
penicillins, 
monobactams or 
carbapenems). 

-Severe 
hypersensitivity 
(e.g., anaphylactic 
reaction, severe 
skin reaction) to any 
other type of beta-
lactam antibacterial 
agent (e.g., 
penicillins or 
carbapenems). 

Severe 
hypersensitivity 
(e.g. anaphylactic 
reaction, severe 
skin reaction) to any 
other type of β-
lactam antibacterial 
agent (e.g. 
penicillins, 
monobactams or 
carbapenems). 

anaphylactic reaction, 
severe skin reaction) 
to any other type of 
beta-lactam 
antibacterial agent 
(e.g. penicillins, 
cephalosporins or 
monobactams). 

Drug class Antibacterials for 
systemic use, other 
cephalosporins and 
penems 

Antibacterials for 
systemic use, other 
cephalosporins and 
penems 

Antibacterials for 
systemic use, 
ceftazidime, 
combinations, 

 Antibacterials for 
systemic use, 
carbapenems 

Active 
substance(s) 

Cefiderocol  Ceftolozane - 
tazobactam 

Ceftazidime-
avibactam 

Meropenem-
vaborbactam 

Pharmaceutical 
formulation(s) 

Powder for 
concentrate for 
solution for infusion 
(powder for 
concentrate). 

Powder for 
concentrate for 
solution for infusion 

(powder for 
concentrate). 

Powder for 
concentrate for 
solution for infusion  

(powder for 
concentrate) 

Powder for 
concentrate for 
solution for infusion 
(powder for 
concentrate). 

ATC code J01DI04 J01DI54 J01DD52 J01DH52 

Monitoring 
required 

no No No No 

Orphan 
Designation  

no No No No 

ATMP  no No No No 

n/a: not applicable 
ATPM: Advanced therapy medicinal products 
* Consideration should be given to official guidance on the appropriate use of antibacterial agents 
** Minimum Inhibitory Concentration (MIC) breakpoints established by the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST). Please also refer to SmPC section 5.1 for further information. 

  



Cefiderocol for the treatment of infections due to aerobic Gram-negative bacteria in adult patients  

July 2020 EUnetHTA Joint Action 3 WP4 89 

Table A7. Features of the intervention 

Non-
proprietary 
name 

Gentamycin Colistin (Polymyxin 
E) 

Tigecycline  Fosfomycin 

Proprietary 
name 

Different proprietary 
names in the 
European countries 

Different proprietary 
names in the 
European countries 

Tygacil Different proprietary 
names in the 
European countries 

Registered 
EMA indication 

Different indications 
across Europe. 
Please, refer to the 
relevant national 
SPC 

Different indications 
across Europe. 
Please, refer to the 
relevant national 
SPC 

Tygacil is indicated 
in adults and in 
children from the 
age of eight years 
for the treatment of 
the following 
infections (see 
sections 4.4 and 
5.1): 

• Complicated skin 
and soft tissue 
infections (cSSTI), 
excluding diabetic 
foot infections (see 
section 4.4); 

• Complicated intra-
abdominal infections 
(cIAI). 

Tygacil should be 
used only in 
situations where 
other alternative 
antibiotics are not 
suitable (see 
sections 4.4, 4.8 
and 5.1). 

Consideration 
should be given to 
official guidance on 
the appropriate use 
of antibacterial 
agents. 

 

Different indications 
across Europe. 
Please, refer to the 
relevant national 
SPC 

Prospective 
Marketing 
authorisation 
holder 

Different 
Prospective 
Marketing 
authorisation 
holders in the 
European countries 

Different 
Prospective 
Marketing 
authorisation 
holders in the 
European countries 

Phizer Limited Different 
Prospective 
Marketing 
authorisation 
holders in the 
European countries 

Contra-
indications 

• Hypersensitivity to 
the active substance 
or to any of the 
excipients listed in 
SmPC section 6.1. 

• Myasthenia gravis. 

 

Hypersensitivity to 
Colistimethate 
sodium (also known 
as colistin) or to 
polymyxin B. 

Hypersensitivity to 
the active substance 
or to any of the 
excipients listed in 
SmPC section 6.1. 

Patients 
hypersensitive to 
tetracycline class 
antibiotics may be 
hypersensitive to 
tigecycline. 

Hypersensitivity to 
the active 
substance, 
fosfomycin, or to any 
of the 
excipientslisted in 
SmPC section 6.1.  
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Drug class Antibacterials for 
systemic use 

Antibacterials for 
systemic use other 
antibacterials, 
polymyxins. 

Antibacterials for 
systemic use 

Antibacterials for 
systemic use,, other 
antibacterials 

Active 
substance(s) 

Gentamycin Colistimethate Tigecycline Fosfomycine 

Pharmaceutical 
formulation(s) 

Solution for 
Injection. 

Powder for Solution 
for Injection 

Powder for solution 
for infusion  

Powder for solution 
for infusion  

ATC code J01GB03 J01XB01 

 

J01AA12 J01XX01 

Monitoring 
required 

Yes No No no 

Orphan 
Designation  

No No no No 

ATMP  No No no No 

n/a: not applicable 
*Consideration should be given to official guidance on the appropriate use of antibacterial agents 
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Table A8. Features of the intervention  

Non-proprietary name Meropenem 

Proprietary name Different proprietary names in the European countries 

Registered EMA 
indication 

Meropenem is indicated for the treatment of the following infections in adults and 
children aged 3 months and older (see sections 4.4 and 5.1): 

• Severe pneumonia, including hospital and ventilator-associated pneumonia.  

• Broncho-pulmonary infections in cystic fibrosis  

• Complicated urinary tract infections  

• Complicated intra-abdominal infections  

• Intra- and post-partum infections • Complicated skin and soft tissue infections  

• Acute bacterial meningitis  

Meropenem may be used in the management of neutropenic patients with fever 
that is suspected to be due to a bacterial infection. Treatment of patients with 
bacteraemia that occurs in association with, or is suspected to be associated with, 
any of the infections listed above. 

Prospective Marketing 
authorisation holder 

Different Prospective Marketing authorisation holders in the European countries 

Contra-indications Hypersensitivity to the active substance or to any of the excipients listed in section 
6.1. Hypersensitivity to any other carbapenem antibacterial agent. Severe 
hypersensitivity (e.g. anaphylactic reaction, severe skin reaction) to any other type 
of beta-lactam antibacterial agent (e.g. penicillins or cephalosporins). 

Drug class Antibacterials for systemic use, carbapenems  

Active substance(s) Meropenem 

Pharmaceutical 
formulation(s) 

Powder for solution for injection or infusion 

ATC code J01DH02 

Monitoring required no 

Orphan Designation  No 

ATMP  No 
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Table A9. Administration and dosing of the technology  

 Cefiderocol Ceftolozane-
tazobactam 

Ceftazidime-
avibactam 

Meropenem-
vaborbactam 

Method of 
administration 

Intravenous use. 

Intravenous infusion 
over 3 hours. 

Intravenous use. 

Intravenous infusion 
over 1 hour 

Intravenous use. 

Intravenous infusion 
over 2 hours 

Intravenous infusion 
over 3 hours 

Doses  2 gram Complicated 
intraabdominal 
infection and 
complicated urinary 
tract infection 
including acute 
pyelonephritis: 

1g ceftolozane / 0.5 
g tazobactam 

Hospital-acquired 
pneumonia, 
including ventilator-
associated 
pneumonia: 

2g ceftolozane / 1g 
tazobactam 

 

2 g ceftazidime / 0.5 
g avibactam 

2 g meropenem / 2 g 
vaborbactam 

Dosing 
frequency 

Every 8 hours Every 8 hours Every 8 hours Every 8 hours 

Standard 
length of a 
course of 
treatment 

Treatmentduration 
in accordance with 
the site of infection. 

Complicated intra-
abdominal infection: 
4-14 days 

Complicated urinary 
tract infections and 
acute pyelonephritis: 
7 days 

Hospital-acquired 
pneumonia, 
including ventilator-
associated 
pneumonia: 8-14 
days 

Complicated intra-
abdominal infection: 
5-14 days 

Complicated urinary 
tract infections and 
acute pyelonephritis: 
5-10 days 

Hospital-acquired 
pneumonia, 
including ventilator-
associated 
pneumonia: 7-14 
days 

Infections due to 
aerobic Gram-
negative organisms 
in patients with 
limited treatment 
options: Guided by 
the severity of the 
infection, the 
pathogen(s) and the 
patient's clinical and 
bacteriological 
progress 

Complicated intra-
abdominal infection 
and complicated 
urinary tract 
infections and acute 
pyelonephritis: 5-10 
days 

Hospital-acquired 
pneumonia, 
including ventilator-
associated 
pneumonia: 7-14 
days 

Bacteraemia, in 
association with, or 
suspected to be 
associated with, any 
of the infections 
listed above and 

Infections due to 
aerobic Gram-
negative organisms 
in patients with 
limited treatment 
options: 
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Duration in 
accordance with the 
site of infection 

Dose 
adjustments 

Dose adjustments 
are necessary for 
patients with renal 
impairment (reduced 
dose) or augmented 
renal function 
(increased dose)  

Dose adjustments 
are necessary for 
patients with renal 
impairment (reduced 
dose)  

No dosage 
adjustment is 
required in patients 
with mild renal 
impairment. Dose 
adjustments are 
necessary for 
patients with 
moderate to severe 
renal impairment 
(reduced dose) 

Dose adjustments 
are necessary for 
patients with renal 
impairment (reduced 
dose) 

 

Table A10. Administration and dosing of the technology  

 Gentamycin Colistin (polymyxin 
E) 

Tigecycline Fosfomycin 

Method of 
administration 

Intravenous use. 

Intravenous infusion 
over 30 min. 

Intramuscular use 
possible 

Intravenous use. 

Intravenous infusion 
as a slow infusion 
over 30 – 60 
minutes.  

Intravenous use. 

Intravenous infusion 
over 30-60 minutes 

Intravenous infusion 

The duration of 
infusion should be at 
least 15 minutes for 
the 2 g pack size, at 
least 30 minutes for 
the 4 g pack size and 
at least 60 minutes 
for the 8 g pack size. 

Doses  3-6 mg/kg/24 hours. 

Standard: 5 
mg/kg/24 hours 

The following dose 
recommendations 
are made based on 
limited population-
pharmacokinetic 
data in critically ill 
patients (see SmPC 
section 4.4): 

Maintenance dose 9 
million 
units(MIU)/day in 2-
3 divided doses 

In patients who are 
critically ill, a loading 
dose of 9 MIU 
should be 
administered. 

The most 
appropriate time 
interval to the first 
maintenance dose 
has not been 
established. 

Modelling suggests 
that loading and 
maintenance doses 
of up to 12 MIU may 
be required in 

The recommended 
dose for adults is an 
initial dose of 100 
mg followed by 50 
mg every 12 hours  

-Ostemyelitis: 12–24 
g a in 2–3 divided 
doses a 

-Complicated 
urinary tract 
infections: 12–16 g 
in 2–3 divided doses 

-Nosocomial lower 
respiratory tract 
infections: 12–24 g a 
in 2–3 divided doses 
a 

 -Bacterial 
meningitis: 16–24 g 
a  in 3–4 divided 
doses a 

-Bacteraemia that 
occurs in 
association with, or 
is suspected to be 
associated with, any 
of the infections 
listed above a.  
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patients with good 
renal function in 
some cases. Clinical 
experience with 
such doses is 
however extremely 
limited and safety 
has not been 
established. 

The loading dose 
applies to patients 
with normal and 
impaired renal 
functions including 
those on renal 
replacement 
therapy. 

Individual doses 
must not exceed 8 g.  

a The high-dose 
regimen in 3 divided 
doses should be 
used in severe 
infections expected 
or known to be 
caused by less 
susceptible bacteria. 
There are limited 
safety data in 
particular for doses 
in excess of 
16 g/day. Special 
caution is advised 
when such doses 
are prescribed. 

Dosing 
frequency 

Every 24 hours, 
alternatively every 
12 hours 

Every 8 hours-12 
hours 

Every 12 hours Every 6-12 hours 
depending on 
indication 

Standard 
length of a 
course of 
treatment 

Treatmentduration 
in accordance with 
the site of infection. 

The treatment 
duration should take 
into account the 
severity of the 
infection as well as 
the clinical 
response. 

5 to 14 days. 

The duration of 
therapy should be 
guided by the 
severity, site of the 
infection, and the 
patient's clinical 
response. 

 

Treatment duration 
should take into 
account the type of 
infection, the 
severity of the 
infection as well as 
the patient’s clinical 
response. Relevant 
therapeutic 
guidelines should be 
adhered to when 
deciding treatment 
duration. 

Dose 
adjustments 

Dose adjustments 
are necessary for 
patients with renal 
impairment (reduced 
dose). 

Dose adjustments in 
renal impairment are 
necessary, but 
pharmacokinetic 
data available for 
patients with 
impaired renal 
function is very 
limited. 
 
There are no data in 
patients with hepatic 
impairment. Caution 
is advised when 
administering 
colistimethate 
sodium in these 
patients. 

No dosage 
adjustment is 
necessary in 
patients with renal 
impairment or in 
patients undergoing 
haemodialysis. 

The dose 
recommendations 
for patients with 
renal impairment are 
based on 
pharmacokinetic 
modelling and 
limited clinical data; 
safety and efficacy 
have not yet been 
evaluated in clinical 
trials.  

It is unclear if dose 
reductions are 
necessary for 
patients with an 
estimated creatinine 
clearance between 
40–80 ml/min.  

Great caution should 
be exercised in 
these cases, 
particularly if doses 
at the higher end of 
the recommended 
range are 
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considered. In 
patients with 
impaired renal 
function the dose of 
fosfomycin must be 
adjusted to the 
degree of renal 
impairment. 

Table A11. Administration and dosing of the technology  

 Meropenem 

Method of administration Intravenous use. 

Intravenous infusion over approximately 15 to 30 minutes 

Doses  The dose of meropenem administered should take into account the type of 
infection to be treated, including its severity, and the clinical response.  

A dose of up to 2 g three times daily in adults may be particularly appropriate 
when treating some types of infections, such as infections due to less 
susceptible bacterial species (e.g. Enterobacteriaceae, Pseudomonas 
aeruginosa, Acinetobacter spp.), or very severe infections. 

Dosing frequency Every 8 hours,  

Standard length of a course of 
treatment 

The duration of treatment should take into account the type of infection to be 
treated, including its severity, and the clinical response. 

Dose adjustments Dose adjustments are necessary for patients with renal impairment (reduced 
dose). 
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APPENDIX 3: OUTCOMES DEFINITIONS 

Table A12. Endpoint definitions clinical study CREDIBLE-CR 

Clinical Outcomes for EA, EOT, and TOC 

HAP/VAP/HCAP:  

Clinical Cure Resolution or substantial improvement of baseline signs and symptoms of pneumonia 
including a reduction in SOFA and CPIS scores, and improvement or lack of progression 
of chest radiographic abnormalities such that no additional antibacterial therapy is 
required for the treatment of the current infection. 

Clinical Failure No apparent response to therapy; persistence or worsening of baseline signs and/or 
symptoms of pneumonia; reappearance of signs and/or symptoms of pneumonia; 
development of new signs and/or symptoms of pneumonia requiring antibiotic therapy 
other than, or in addition to, study treatment therapy; progression of chest radiographic 
abnormalities; or death due to pneumonia. 

Indeterminate Lost to follow-up such that a determination of clinical cure/failure cannot be made. 

cUTI  

Clinical Cure Resolution or substantial improvement of baseline signs and symptoms of cUTI, or return 
to pre-infection baseline if known, such that no additional antibacterial therapy is required 
for the treatment of the current infection. 

Clinical Failure No apparent response to therapy; persistence or worsening of baseline signs and/or 
symptoms of cUTI; or reappearance of signs and/or symptoms of cUTI; development of 
new signs and/or symptoms of cUTI requiring antibiotic therapy other than, or in addition 
to, study treatment therapy; or death due to cUTI. 

Indeterminate Lost to follow-up such that a determination of clinical 

BSI/Sepsis  

Clinical Cure Resolution or substantial improvement of baseline signs and symptoms including a 
reduction in SOFA score, such that no additional antibacterial therapy is required for the 
treatment of BSI/sepsis. Patients with bacteremia must have eradication of bacteremia 
caused by the Gram-negative pathogen. 

Clinical Failure No apparent response to therapy; persistence or worsening of baseline signs and/or 
symptoms, reappearance of signs and/or symptoms; development of new signs and/or 
symptoms requiring antibiotic therapy other than, or in addition to, study treatment 
therapy; or death due to BSI/sepsis. 

Indeterminate Lost to follow-up such that a determination of clinical cure/failure cannot be made 

Clinical Outcomes for FUP 

HAP/VAP/HCAP  

Sustained 
Clinical Cure 

Continued resolution or substantial improvement of baseline signs and symptoms of 
pneumonia, such that no additional antibacterial therapy is required for the treatment of 
pneumonia in a patient assessed as cured at TOC 

Relapse: Recurrence of signs and/or symptoms of pneumonia, appearance of new signs and/or 
symptoms of pneumonia, or new chest radiographic evidence of pneumonia in a patient 
assessed as cured at TOC. 
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Indeterminate Lost to follow-up such that a determination of clinical sustained cure/relapse cannot be 
made, or patient received additional antibacterial therapy for the treatment of the current 
infection 

cUTI  

Sustained 
Clinical Cure 

Continued resolution or improvement of baseline signs and symptoms of cUTI, or return to 
pre-infection baseline if known, in a patient assessed as cured at TOC. 

Relapse: Recurrence of signs and/or symptoms of cUTI, or appearance of new signs and/or 
symptoms of cUTI in a patient assessed as cured at TOC. 

Indeterminate Lost to follow-up such that a determination of clinical sustained cure/relapse cannot be 
made, or patient received additional antibacterial therapy for the treatment of the current 
infection 

BSI/Sepsis  

Sustained 
Clinical Cure 

Continued resolution or substantial improvement of baseline signs and symptoms 
associated with reduction in SOFA score, such that no additional antibacterial therapy is 
required for the treatment of the patients original BSI/sepsis in a patient assessed as 
cured at TOC. 

Relapse: Recurrence of signs and/or symptoms of BSI/sepsis, or appearance of new signs and/or 
symptoms of the patients original BSI/sepsis in a patient assessed as cured at TOC. 

Indeterminate Lost to follow-up such that a determination of clinical sustained cure/relapse cannot be 
made, or patient received additional antibacterial therapy for the treatment of the current 
infection. 

Microbiological Outcomes for EA, EOT, and TOC 

HAP/VAP/HCAP  

Eradication: Absence of the baseline Gram-negative pathogen from an appropriate clinical specimen. If 
it is not possible to obtain an appropriate clinical culture and the patient has a successful 
clinical outcome, the response will be presumed as eradication. 

Persistence Continued presence of the baseline Gram-negative pathogen from an appropriate clinical 
specimen 

Indeterminate No culture obtained from an appropriate clinical specimen or additional antibacterial 
therapy for the treatment of the current infection 

cUTI  

Eradication: A urine culture shows the baseline Gram-negative uropathogen found at entry at ≥ 105 
CFU/mL are reduced to < 104 CFU/mL 

Persistence A urine culture shows that the baseline Gram-negative uropathogen found at entry at ≥ 
105 CFU/mL grows ≥ 104 CFU/mL. 

Indeterminate No urine culture obtained or additional antibacterial therapy for the treatment of the current 
infection. 

BSI/Sepsis  

Eradication: Absence of the baseline Gram-negative pathogen from a blood culture and/or other 
primary source. 

Persistence Continued presence of the baseline Gram-negative pathogen from a blood culture or other 
primary source 
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Indeterminate No culture obtained or additional antibacterial therapy for the treatment of the current 
infection 

Microbiological Outcomes for FU 

HAP/VAP/HCAP  

Sustained 
Eradication 

Absence of the baseline Gram-negative pathogen from an appropriate clinical specimen 
after TOC. If it is not possible to obtain an appropriate clinical culture and the patient has a 
successful clinical response after TOC, the response will be presumed eradication. 

Recurrence Recurrence of the baseline Gram-negative pathogen from an appropriate clinical 
specimen taken after TOC and the TOC culture is negative. 

Indeterminate No culture obtained from an appropriate clinical specimen or patient received additional 
antibacterial therapy for the treatment of the current infection 

cUTI  

Sustained 
Eradication 

A culture taken any time after documented eradication at TOC, and a urine culture 
obtained at FUP shows that the baseline uropathogen found at entry at ≥105 CFU/mL 
remains < 104 CFU/mL. 

Recurrence A culture taken any time after documented eradication at TOC, up to and including FUP 
that grows the baseline uropathogen ≥ 104 CFU/mL 

Indeterminate No urine culture or patient received additional antibacterial therapy for the treatment of the 
current infection. 

BSI/Sepsis  

Sustained 
Eradication 

Absence of the baseline Gram-negative pathogen from a blood culture or other primary 
source after TOC. 

Recurrence Recurrence of the baseline Gram-negative pathogen from a blood culture or other primary 
source after TOC and the TOC culture is negative. 

Indeterminate No culture or patient received additional antibacterial therapy for the treatment of the 
current infection. 

New Pathogens 

Superinfection:  The identification from an appropriate clinical specimen of a new pathogen from the 
original infection site. This new pathogen must be associated with new or persisting signs 
and symptoms of infection. 

New Infection:  The identification from an appropriate clinical specimen of a new pathogen from an 
infection site different from the original infection site. This new pathogen must be 
associated with new or persisting signs and symptoms of infection. 

Source= Credible CR Study protocol 

 
Table A13. Efficacy endpoint definitions APEKS-cUTI 

Efficacy Measurements at TOC 

Clinical and 
Microbiological 
Response  

The demonstration that the bacterial pathogen found at study entry was reduced to < 104 
CFUs/mL on urine culture at the TOC (microbiological eradication) and the resolution or 
improvement of the symptoms of cUTI present at study entry and no new symptoms (clinical 
response) 
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Clinical and/or 
Microbiological 
Failure 

Symptoms of cUTI present at study entry were not completely resolved or new symptoms 
developed, the subject died, or the urine culture taken at the TOC grew ≥ 104 CFUs/mL of the 
original pathogen identified at study entry. 

Per Pathogen Microbiological Outcomes at EA, EOT, and TOC 

Eradication  A urine culture showed that the bacterial uropathogen(s) found at baseline at ≥ 105 CFUs/mL 

was reduced to < 104 CFUs/mL  

Persistence  A urine culture showed that the original bacterial uropathogen(s) found at entry at ≥ 105 

CFUs/mL grew ≥ 104 CFUs/mL  

Indeterminate  No urine culture or a urine culture that could not be interpreted for any reason  

Per Pathogen Microbiological Outcomes at FU 

Sustained 
Eradication  

A urine culture obtained after documented eradication at the TOC, up to and including the 
FUP, showed that the bacterial uropathogen(s) identified at baseline at ≥ 105 CFUs/mL 
remained < 104 CFUs/mL  

Persistence  A urine culture obtained any time after TOC, up to and including the FUP, grew ≥ 104 
CFUs/mL of the original uropathogen; if there were no available culture results, the outcomes 
for pathogens that persisted at TOC were carried forward to the FUP  

Recurrence  A urine culture obtained any time after documented eradication at the TOC, up to and 
including the FUP, grew ≥ 104 CFUs/mL of the original uropathogen  

Indeterminate  No urine culture was obtained after TOC, up to and including FUP, or culture results could not 
be interpreted for any reason  

New Pathogens 

Superinfection:  A urine culture grew ≥ 105 CFUs/mL of a bacterial uropathogen other than the baseline 

uropathogen(s) during the course of study drug therapy  

New Infection:  A urine culture grew ≥ 105 CFUs/mL of a bacterial uropathogen other than the baseline 

uropathogen(s) after administration of the last dose of study drug up to the FUP visit . 

Per Subject Microbiological Outcome at EA,EOT,TOC 

Microbiological 
eradication  

Eradication of all baseline Gram-negative uropathogens  

Microbiological 
failure  

Persistence of any baseline Gram-negative uropathogen  

Indeterminate  Other than those above  

Per Subject Microbiological Outcome at FUP 

Sustained 
microbiological 
eradication  

Sustained eradication of all baseline Gram-negative uropathogens after documented 
eradication at the TOC  

Microbiological 
failure  

Persistence or recurrence of any baseline Gram-negative uropathogen  

Indeterminate  Other than those above  

Clinical Outcomes at EA 

Clinical 

Response  
Resolution or improvement of baseline signs and symptoms of cUTI and no new symptoms at 

EA, or return to preinfection baseline if known  
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Clinical Failure No apparent response to therapy, persistence of signs and/or symptoms of cUTI infection 
beyond preinfection baseline, or reappearance of signs and/or symptoms, at or before the EA  

Indeterminate  Lost to follow-up such that a determination of clinical response (cure, improvement, or failure) 
was not made  

Clinical Outcomes at EOT and TOC 

Clinical 
Response  

Resolution or improvement of baseline signs and symptomsof cUTI and no new symptoms, or 
return to preinfection baseline if known, at EOT and TOC 

Clinical Failure  No apparent response to therapy, persistence of signs and/orsymptoms of cUTI infection 
beyond preinfection baseline, or reappearance ofsigns and/or symptoms, at or before the 
EOT and/or TOC visit 

Indeterminate  Lost to follow-up such that a determination of clinical response(success or failure) was not 
made 

Clinical Outcomes at FUP 

Sustained 
Clinical 

Response  

All pretherapy signs and symptoms of cUTIshowed no evidence of recurrence after 
administration of the last dose of studydrug 

Failure  Signs and/or symptoms of cUTI that were absent at TOC reappeared atthe FUP 

Indeterminate  Lost to follow-up such that a determination of clinical response(success or failure) was not 
made 

Source: APEKS cUTI CSR chapter 9.5.1.1. 

Table A14. Efficacy endpoint definitions APEKS-NP 

Clinical Outcomes for EA, EOT, and TOC 

Clinical Cure Resolution or substantial improvement of baseline signs and symptoms of pneumonia including 
a reduction in SOFA and CPIS scores, and improvement or lack of progression of chest 
radiographic abnormalities such that no additional antibacterial therapy is required for the 
treatment of the current infection at the EA and EOT visits, and no antibacterial therapy is 
required for the treatment of the current infection at the TOC. 

Clinical 
Failure:  

No apparent response to therapy; persistence or worsening of baseline signs and/or symptoms 
of pneumonia; reappearance of signs and/or symptoms of pneumonia; development of new 
signs and/or symptoms of pneumonia requiring antibiotic therapy other than, or in addition to, 
study treatment therapy; progression of chest radiographic abnormalities; or death due to 
pneumonia. Clinical failures will be carried forward to the next visit  

Indeterminate Lost to FUP such that a determination of clinical cure/failure cannot be made. 

Clinical Outcomes for FUP 

Sustained 
Clinical Cure 

Continued resolution or substantial improvement of baseline signs and symptoms of pneumonia, 
such that no antibacterial therapy has been required for the treatment of pneumonia in a subject 
assessed as cured at TOC. 

Relapse Recurrence of signs and/or symptoms of pneumonia, appearance of new signs and/or 
symptoms of pneumonia, or new chest radiographic evidence of pneumonia in a subject 
assessed as cured at TOC. 

Indeterminate Lost to FUP such that a determination of clinical sustained cure/relapse cannot be made, or 
subject received additional antibacterial therapy for the treatment of the current infection. 

Microbiological Outcomes for EA, EOT, and TOC 

Eradication Absence of the baseline Gram-negative pathogen from an appropriate clinical specimen. If it is 
not possible to obtain an appropriate clinical culture, and the subject has a successful clinical 
outcome, the response will be presumed as eradication. 

Persistence Continued presence of the baseline Gram-negative pathogen from an appropriate clinical 
specimen. Persistence at EOT or TOC will be carried forward. 
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Indeterminate No culture obtained from an appropriate clinical specimen or additional antibacterial therapy for 
the treatment of the current infection 

Microbiological Outcomes for FUP 

Sustained 
Eradication 

Absence of the baseline Gram-negative pathogen from an appropriate clinical specimen after 
TOC. If it is not possible to obtain an appropriate clinical culture, and the subject has a 
successful clinical response after TOC, the response will be presumed eradication 

Recurrence Recurrence of the baseline Gram-negative pathogen from an appropriate clinical specimen 
taken after TOC and the TOC culture was negative. 

Indeterminate No culture obtained from an appropriate clinical specimen or subject received additional 
antibacterial therapy for the treatment of the current infection. 
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APPENDIX 4: NMA 

Methods Information retrieval for the NMA submitted by the MAH 

The evidence base with regard the efficacy and safety of current treatments for Gram-negative 
infections of the urinary tract and pneumonia and to assess the feasibility of potential indirect 
treatment comparisons (ITC), highlighting any key sources of heterogeneity within the proposed 
networks and provided by the MAH was reviewed by the Authoring Team. Complete details on the 
search are described in the Submission Dossier and appendices. No supplementary searches were 
conducted to check for possible incompleteness of the study pool. 

Table A15 provides a summary of the eligibility criteria  

Table A15. Summary of information retrieval eligibility criteria 

Elements Details 

List of studies 
submitted by 
MAH 

The SLR resulted in 31 references this list can be found in the Submission Dossier, 
appendix B5 

Databases and 
trial registries 
searched 

 MEDLINE ALL 

 PubMed 

 Embase 

 Cochrane Central Register of Controlled Trials (CENTRAL) 

 Cochrane Database of Systematic Reviews 

 Database of Abstracts of Reviews of Effects (DARE) 

 Health Technology Assessment (HTA) 

 Web of Science 

 BIOSIS Citation Index 

 ClinicalTrials.gov 

 WHO International Clinical Trials Registry Platform (WHO ICTRP) 

 European Congress of Clinical Microbiology & Infectious Diseases (ECCMID) 

 IDWeek 

 European Respiratory Society (ERS) International Congress 

Search date February 2019 

Keywords The strategy was devised using a combination of subject indexing terms and free text 
search terms in the Title, Abstract and Keyword Heading Word Fields and included in 
Appendix B5 from Submission Dossier.  

Eligibility criteria Population: 

Hospitalised patients > 18 years with the following infections due to Gram-negative 
pathogens ( Table with all Gram negative species is included in appendix B5): 

 Urinary tract infections (UTIs) (bacteriuria, pyuria, pyelonephritis, cystitis, urethritis) 

 Moderate to severe nosocomial pneumonia/ healthcare associated pneumonia/ 
ventilator-associated pneumonia 

Trials with a mixed population including one or more of the above infections were eligible if 
results were presented separately for each infection site. Trials with both Gram negative 
and Gram positive infections were eligible if they presented the results separately for 
patients with Gram negative infections. 
Intervention: Cefiderocol 
Comparators: 

 Any parenteral antibiotics for the treatment of Gram-negative infection to placebo 

 Another parenteral antibiotic were eligible for inclusion  
Outcomes:  

 Clinical cure 

 Microbiological eradication 

 All-cause mortality 

 Adverse events 
Data were collected for all time points reported 
Study designs:  

 Randomised controlled trials (RCTs) 

 Systematic reviews (for reference checking only) 
The following study designs were eligible for inclusion in the review: 

 Cross-over trials 
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Elements Details 

 Case-control trials 

 Phase I studies 

 Single arm studies 

 Retrospective trials 

 Case reports 

 Observational studies  

Other search 
limits or 
restrictions 

 SLR restricted to English  

 cefiderocol or any of its synonyms had to be an intervention in the study 

Source: Submission Dossier. 
Abbreviations: MAH= marketing authorisation holder's; NA=not applicable; RCT=randomised controlled trial. 

 

The inclusion and exclusion criteria used to select studies and justification of these are summarised in 
Table A16 below. 

Table A16. Summary of inclusion and exclusion criteria for study selection 

Criterion Inclusion criteria Exclusion criteria 

Population 

 Cell based (bacteria, human or animal) 

 Animal (healthy and infected) 

 Human (healthy and infected) 

NA 

Intervention  Cefiderocol Any other intervention 

Comparators 
 Any intervention, placebo or best standard of care 

 Studies with no comparator  
NA 

Outcomes 

 Clinical cure 

 Microbiological eradication 

 All-cause mortality 

 Adverse events 

 Microbiology  

 Pharmacodynamics  

 Pharmacokinetic 

 Toxicology 

NA 

Study designs 

 RCTs of any duration 

 Cross-over RCTs if data are presented at time of 
cross-over 

 Any comparative or non-comparative studies both 
prospective and retrospective 

 In vitro studies 

 In vivo studies 

Systematic reviews, 
reviews, opinion pieces 
(for listing in the final 
report only) 

Limits No date or language limits  

 

Methods for the Feasibility assessment  

The MAH performed a feasibility assessment to identify whether the retrieved data could be combined 
in a network meta-analysis (NMA) based on similarity of the studies, available outcomes (clinical cure, 
microbiological eradication, composite of clinical cure and microbiological eradication, mortality, 
adverse event) and possibility of making a connected network. The MAH applied the guidance from 
Australian Pharmaceutical Benefits Advisory Committee (PBAC) and International Society for Health 
Economics and Outcomes NMA task force to help guide the feasibility assessment. 
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Table A17. Factors which might cause heterogeneity of comparative treatment effects (Report 
of the Indirect Comparisons Working Group to the Pharmaceutical Benefits Advisory Committee 
assessing indirect comparisons) 

Factor Details 

A. Different quality or 
methods of randomised 

trials  

i. Adequate concealment of randomisation  

ii. Blinding  

iii. Duration of follow-up  

iv. Loss to follow-up  

v. Cross-over  

B. Confounding factors in 
relation to participant 
populations  

i. Age  

ii. Sex  

iii. Body mass index  

iv. Site of infection  

v. Pathogen causing the infection  

vi. APACHE II score  

vii. SOFA score  

viii. Background therapy or concomitant treatments  

ix. Mechanical ventilation use for pneumonia only  

x. Known antibiotic resistance  

C. Confounding factors in 
relation to 
circumstances  

i. Health systems  

ii. Geography  

iii. Setting  

iv. Date of trials  

D. Different treatment 
(common reference and 
interventions)  

i. Dose  

ii. Duration  

iii. Timing  

E. Different outcome 
measures and methods 

of statistical analysis  

i. Definition  

ii. Rating instrument  

iii. Frequency of measurement  

iv. Start point of measurement against duration or progression of disease or 
treatment, especially in time-to-event analyses  

Source: Submission Dossier 
Abbreviations: APACHE=Acute Physiology, Age, Chronic Health Evaluation score; SOFA=sequential organ failure assessment 
score 
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Results Information retrieval and study selection NMA 

Information retrieval 

The MAH provided a systematic literature review of the efficacy and safety of current treatments for 
infections of the urinary tract and pneumonia due to Gram-negative pathogens (ref appendix B5), which 
was evaluated by the authors of this assessment. The literature search was conducted in February 
2019. The search for the NMA was not updated as it is recommended in EUnetHTA guidelines. 

The literature search for the assessment, described above identified two additional studies for 
cefiderocol that were not relevant for this assessment nor for the NMA.  

The SLR for the NMA resulted in a total of 14.493 records, after deduplication, 12.718 records. For a 
detailed description of the methods and the results of this SLR refer to Submission Dossier 

Study selection cUTI and NP 

Following deduplication and title and abstract assessment, 258 full text documents were assessed and 
31 studied were eligible for inclusion in the NMA (cUTI or NP). The interventions assessed in the trials 
are in Submission Dossier appendix B5. Afterword trials were identified by treatment arm for both UTI 
and NP. 

Feasibility assessment for NMA  

The MAH performed a qualitative feasibility assessment to identify whether the retrieved data could be 
combined in a network meta-analysis (NMA) for either pneumonia or cUTI infections. This feasibility 
assessment was based on similarity of the studies, available outcomes (clinical cure, microbiological 
eradication, composite of clinical cure and microbiological eradication, mortality, adverse event) and 
possibility of making a connected network.  

For pneumonia it was not possible to connect the identified trials into a network. Authors believe that 
other statistical techniques could be applied as matching adjusted indirect comparisons (MAIC), No 
other techniques have been applied by MAH. Authors have not performed either these analyses.  

A connected network and NMA was possible only in cUTI, based on the overlapping pathogen profile 
and similar patient baseline characteristics, across all relevant published studies. Based on selection 
according to bacteria, the potential network was designed in line with the intended label for cefiderocol. 
Only 9 studies (ref and delete studies below) were possible to include in the NMA: APEKS-cUTI (66), 
ASPECT-cUTI (67), DORI-05 (68), RECAPTURE(69), REPRISE(70), TANGO I (71),TANGO II (72). 
Vasquez 2012 (73), ZEUS (74). 

The MAH performed NMA on the following outcomes using a frequentist analysis fixed effects model 
based on the structure of the evidence network (1 study per comparison) as well as a Bayesian analysis.  

 Microbiological eradication at TOC and at FUP visit; 

 Clinical cure at TOC visit and FUP visits; 

 Any adverse event; 

 Any drug related adverse event. 

 
MAH performed a risk of bias assessment for these 9 studies (Submission Dossier Appendix B5). No 
separate risk of bias assessment was performed by authors for the studies included in the NMA.  
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NMA cUTI studies 

A brief description of the studies is included further below 

Table A18. Summary of outcomes reported in each study 
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Vasquez 
2012 

         

ZEUS          

 

Results efficacy and safety NMA c-UTI 

Efficacy 
Based on reporting of outcomes, similarity of studies and considerations of time point, a total of 6 
studies, 7 interventions and 2,630 randomised patients were included in the final analysis. Studies 
included in the analysis were APEKS-cUTI, REPRISE, RECAPTURE 1&2, ASPECT-cUTI, Vasquez 
and DORI-5. TANGO II was excluded from the analysis due to it being a trial in confirmed carbapenem 
resistant patients, which led to the exclusion of several other studies. This is the reason provided by 
MAH for the exclusion of TANGO II study (TANGO II included confirmed CR, while APEKS cUTI did 
not). 

Table A19. Studies included in the NMA of cUTI 

Trial Design Intervention Comparator Outcomes included in NMA 

APEKS-cUTI 
Multi-centre 
double blind 
phase II RCT 

FDC (n=252) 
IPM–cilastatin 
(n=119) 

Microbiological eradication at TOC  
Microbiological eradication at late FU 
Clinical cure at TOC 
Clinical cure at late FU 
Any AE 
Treatment related AE 

ASPECT-cUTI 
Multi-centre 
two double blind 
RCT 

C/T (n=398) LVX (n=402) 
Microbiological eradication at TOC  
 

DORI-05 
Multi-centre 
double blind 
RCT 

DOR 
(n=377) 

LVX (n=376) 
Microbiological eradication at TOC  
 

RECAPTURE 
1&2 

Multi-centre CZA (n=393) DOR (n=417) 
Microbiological eradication at TOC  
Microbiological eradication at late FU 
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two double-blind 
RCT (pooled 
analyses) 

Clinical cure at TOC 
Clinical cure at late FU 
Any AE 

REPRISE 
Multi-centre 
open label 

CZA (n=153) BAT (n=153) 

Microbiological eradication at TOC  
Microbiological eradication at late FU 
Clinical cure at TOC 
Clinical cure at late FU 
Any AE 

Vasquez 2012 
Multicentre 
double blind  
RCT 

CZA (n=69) 
IPM–cilastatin 
(n=68) 

Microbiological eradication at TOC  
Microbiological eradication at late FU 
Clinical cure at TOC 
Clinical cure at late FU 
Any AE 
Treatment related AE 

 

Interventions included in the study were cefiderecol (FDC), imipenem-cilastin (IPM-CIL), cefdazimine-
avibactam (CZA), ‘best available therapy’ (BAT), doripenem (DOR), levoflaxin (LVX), ceftazalone-
tazobactam (C/T). Although all of the above outcomes were considered for evidence synthesis, due to 
how outcomes were reported only analyses of the following outcomes were feasible: 

 Clinical cure; 

o At time of cure (TOC); 

o At late follow up. 

 Microbiological eradication; 

o At time of cure (TOC); 

o At late follow up. 

 Any adverse event; 

 Treatment related adverse events. 

Clinical cure at TOC and late follow-up 
Network diagram for clinical cure outcome at TOC and late follow-up 

 

Clinical cure rates at TOC - frequentist analysis 

 

Clinical cure rate at TOC - Bayesian analysis 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 
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Clinical cure rate at follow-up - Frequentist Analysis 

 

Table A20. Results for clinical cure at TOC and late FUP, frequentist and Bayesian analysis 
relative to cefiderocol  

Comparator Clinical cure at 
TOC-  
Frequentist 
analysis  
OR (95% CI)* 

Clinical cure at late 
FU 
Frequentist 
analysis  
OR (95% CI)* 

Clinical cure at TOC 
Bayesian analysis  
OR (95% CI)* 

Clinical cure at late 
FU 
Bayesian analysis  
OR (95% CI)* 

BAT 0.59 (0.10 to 3.45) 1.16 (0.28 to 4.78) 0.57 (0.079 to 3.8) 1.1 (0.2 to 6.6) 

CZA 0.87 (0.19 to 3.89) 1.17 (0.35 to 3.96) 0.84 (0.15 to 0.41) 1.2 (0.25 to 5.1) 

DOR 0.86 (0.18 to 4.14) 1.30 (0.36 to 4.64) 0.83 (0.14 to 4.6)  1.3 (0.24 to 6.6) 

IPM-CIL 1.25 (0.64 to 2.47) 1.67 (1.00 to 2.79) 1.2 (0.55 to 2.7) 1.7 (0.75 to 3.7) 
*>1 favours cefiderocol 

 

The authors consider that the results of the NMA for clinical cure at TOC do not favour cefiderocol for 
all comparisons, with the exception of imipenem-cilastatin while results for clinical cure at late follow up 
favoured cefiderocol in all cases. Forests plot indicate between study variation and suspected 
heterogeneity. Confidence interval and credible intervals are generally wide. 

Microbiological eradication 
Network diagram for microbiological eradication 

 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 
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Network diagram for microbiological eradication at late follow-up 

 

 

Microbiological eradication rates at TOC - frequentist analysis 

        

Microbiological eradication rates at TOC - Bayesian analysis 

 

Table A21. Results for microbiological eradication at TOC, frequentist and Bayesian analysis 
relative to cefiderocol  

Comparator Microbiological eradication at TOC-  
Frequentist analysis  

Microbiological eradication at TOC-  
Bayesian analysis  

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 
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OR (95% CI)* OR (95% CI)* 

BAT 4.42 (1.46 to 13.40) 4.5 (0.48 to 41.00) 

C/T 0.83 (0.24 to 2.86) 0.83 (0.051 to 13.00) 

CZA 1.75 (0.67 to 4.58) 1.7 (0.28 to 11.00) 

DOR 2.44 (0.89 to 6.73) 2.4 (0.28 to 22.00) 

IPM-CIL 2.10 (1.33 to 3.32) 2.1 (0.62 to 7.20 

LVX 1.94 (0.61 to 6.17) 1.9 (0.16 to 24.00) 
*>1 favours FDC 

Table A22. Results for microbiological eradication at late follow-up frequentist and Bayesian 
analysis relative to cefiderocol 

Comparator Microbiological eradication at late 
FU-  
Frequentist analysis  
OR (95% CI)* 

Microbiological eradication at late FU-  
Bayesian analysis  
OR (95% CI)* 

BAT 2.89 (1.02 to 8.19) 2.9 (0.54 to 15.00) 

CZA 1.52 (0.61 to 3.80) 1.5 (0.37 to 6.2) 

DOR 2.09 (0.80 to 5.47) 2.1 (0.41 to 11.00) 

IPM-CIL 1.72 (1.11 to 2.67) 1.7 (0.71 to 4.20) 
*>1 favours FDC 

The authors consider that the results of the NMA for microbiological eradication at TOC and late follow-
up favoured cefiderocol except for ceftazalon-tazobactam at TOC. Confidence interval and credible 
intervals are generally wide. 

Safety 
Network diagram for any adverse events 

 

Any adverse events - frequentist analysis 

 

Table A23. Results for any adverse event, frequentist and Bayesian analysis relative to 
cefiderocol 

Comparator Any adverse event-  
Frequentist analysis  
OR (95% CI)* 

Any adverse event-  
Bayesian analysis  
OR (95% CrI)* 

BAT 0.72 (0.27 to 1.91) 0.72 (0.19 to 2.7) 

CZA 0.99 (0.42 to 2.33) 1.0 (0.33 to 3.0) 

 Legends: 

BAT: best available therapy 
C_T: ceftazalone-tazobactam 
CZA: ceftaz idime-avibactam 
DOR: doripenem 
FDC: cefiderocol 
IPM_CIL: imipenem/cilastatin 
LVX: levofloxacin 
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DOR 1.25 (0.51 to 3.05) 1.3 (0.36 to 4.4) 

IPM-CIL 0.65 (0.44 to 0.96) 0.65 (0.34 to 1.20) 
*>1 favours FDC 

Network for treatment related adverse events 

 

 

Treatment related adverse events – frequentist analysis 

 

Table A24. Results for treatment related adverse events relative to cefiderocol 

Comparator Treatment related adverse event 
Frequentist analysis 
OR (95% CrI)* 

Treatment related adverse event 
Bayesian analysis  
OR (95% CrI)* 

CZA 1.44 (0.56 to 3.69) 1.5 (0.36 to 6.1) 

IPM-CIL 0.76 (0.40 to 1.45) 0.77 (0.29 to 2.10) 
*>1 favours FDC 

The Authoring Team considers this network extremely weak. Strictly the results for any adverse event 
favoured cefiderocol in all comparisons with the exception of doripenem, and the results for drug related 
adverse events favoured cefiderocol in the case of imipenem-cilastatin, but not for ceftazidim-
avibactam. The Authoring Team considers that this network is too weak to be taken in consideration.  

Assessment of the NMA 

Several limitations have been identified by the authors: 

 Several issues were identified during the feasibility assessment as probable violations of the 
assumptions for an NMA. More specifically there were identified differences between 
interventions, outcome, analysis populations and disease); 

 The methodological description of the NMA is insufficient although script and data code are 
provided; 

 Any potential publication bias is not discussed;  

 Input data for the NMA are not tabulated; 

 The network plots lack indication of which studies inform each comparison;  

 For the frequentist analyses rationale for choice of fixed effect analysis is not discussed;  

 For the Bayesian analyses, the priors are not described;  
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 Any quantification of between study variance possibly related to heterogeneity is not discussed. 
Information on residual deviance could have been reported to indicate this; 

 

All Identified differences can introduce substantial heterogeneity and hence make indirect comparisons 
invalid.  

The results from the NMA with the forests plot indicate between study variation and suspected 
heterogeneity for all outcomes investigated. Confidence interval and credible intervals are generally 
wide especially for clinical cure and adverse events.  

Even though the extensive feasibility assessment performed by MAH may lead to the conclusion that 
the results are balanced and fair, the authors consider that it is highly questionable whether the results 
are valid. Furthermore, it is questionable whether the results can be used for conclusion about relative 
efficacy and safety for patients with cUTI due to Gram-negative susceptible pathogens. 
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APPENDIX 5: OTHER EVIDENCE 

Characteristics of in vitro surveillance Studies 

SIDERO-WT 

Systematic surveillance studies of cefiderocol in vitro activity compared to key antibacterials 
(Ceftolozane/tazobactam, ceftazidime/avibactam, cefepime, ciprofloxacin, polymyxin E (colistin), and 
meropenem ) against a total of 30,459 Gram-negative isolates collected from medical institutions in the 
EU and USA in 2014-2016. Pathogens included Carbapenem susceptible and carbapenem non-
susceptible pathogens (CarbNS): Enterobacteriaceae (including but not limited to Escherichia coli, K. 
pneumoniae, Enterobacter spp., Citrobacter spp., Serratia spp.), non-fermenters (including but not 
limited P. aeruginosa, A. baumannii, S. maltophilia, B. cepacia), and Proteeae (M. morgannii, P. 
vulgaris, P. mirabilis). [ref Submission Dossier] 

SIDERO-CR 

An in vitro surveillance In vitro study evaluating the activity of cefiderocol compared to key antibacterials 
(Ceftolozane/tazobactam, ceftazidime/avibactam, cefepime, ciprofloxacin, polymyxin E (colistin), and 
meropenem) against a total of 1,873 clinical isolates of Gram-negative bacilli provided by a worldwide 
network of laboratories (52 countries) in 2014-2016. Pathogens included CarbNS Enterobacteriaceae, 
MDR A. baumannii, MDR P. aeruginosa, S. maltophilia and B. cepacia. The test isolates of MDR non-
fermenters were defined to be resistant to meropenem, amikacin and ciprofloxacin. [ref Submission 
Dossier] 

Results of in vitro surveillance studies  

In vitro surveillance studies. These were conducted to establish the in vitro antimicrobial efficacy of 
cefiderocol. These in vitro studies are supported by in vivo studies in animal models (PK/PD data) 

 

SIDERO-WT analysis  

The purpose of this study was to calculate the indices related to the antibacterial activity of cefiderocol 

and the ratio of susceptible strains of cefiderocol and other reference compounds based on the 

breakpoint criteria of Clinical and Laboratory Standards Institute (CLSI) standards. MICs were 

determined by broth microdilution for a panel of 7 antibacterials, including cefiderocol, ceftazidime-

avibactam (CZA), ceftolozane-tazobactam (C/T), colistin (CST), cefepime (FEP), meropenem (MEM), 

and ciprofloxacin (CIP) according to the Clinical & Laboratory Standards Institute (CLSI) for analyses 

on the global total isolates and EUCAST for the breakpoints were used for the European subsample 

of isolates. Included herein are results from the total sample and from the European subsample 

(overall and non-fermenters) (75-79). 

 

A subsequent analysis focused on a Difficult-to-treat resistant (DTR) subset of pathogens, which were 

non-susceptible to fluoroquinolones (CIP), extended-spectrum cephalosporins (FEP), and 

carbapenems (MEM) according to CLSI M100-E28:2018 breakpoints. (Longshaw et al., Poster 

presentation, IDWeek 2019 (80)). 

 

A molecular analysis based on the same collection investigated acquired carbapenem-hydrolyzing 

enzymes (carbapenemases) identified in meropenem-non-susceptible (MEM-NS) strains and 

antibacterial susceptibility by year and country for the included strains. (Sato et al, Poster 

presentation, IDWeek 2019). 

 

A complete description of the invitro efficacy results can be obtained in the Submission Dossier 

chapter 5.4.1.1; 5.4.1.2 and 5.4.1.3 and additional information is summarized on the EPAR 

 
Pooled results from SIDERO –WT are shown in Table A25. 
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Table A25. In vitro activity data for CR Gram-negative pathogens (SIDERO-WT-2016-2017) of 
cefiderocol versus ceftazidime-avibactam, ceftolozane-tazobactam, and colistin  

Pathogen Cefiderocola % 
Ceftazidime / 
avibactama % 

Ceftolozane / 
tazobactama 

Colistina % 

CarbNSb 
Enterobacteriaceae  

98.7 81.3 11.1 71d 

CarbNSb non-fermentersc  96.4 39.8 37.0 91.5e 

CarbNSb P. aeruginosa  100 75.6 77.3 97.3 

CarbNSb A. baumannii  91 11.0 9.0 90.8 

S. maltophilia  100 38.8 31.4 86 

CarbNS, carbapenem-non-susceptible  
a Ratios (%) susceptible strains were calculated by using the following MIC criteria: Cefiderocol MIC ≤4 μg/mL, 
ceftazidime/avibactam MIC ≤8 μg/mL, ceftolozane/tazobactam MIC ≤2 μg/mL for Enterobacteriaceae, ≤4 μg/mL for non-
fermenters, colistin MIC ≤2 μg/mL.  
b CR strain was defined as meropenem MIC ≥2 μg/mL for Enterobacteriaceae, ≥4 μg/mL for non-fermenters 
c Non-fermenters include P. aeruginosa, S. maltophilia, Burkholderia spp, and Acinetobacter spp. 
d Serratia spp. and Proteeae were excluded. 
e Burkholderia spp. was excluded. 
Source: Submission Dossier 

SIDERO-CR-2014-2016 study  

SIDERO-CR studies included CR Enterobacteriaceae and MDR non-fermenters (defined as resistant 
to carbapenems, fluoroquinolones, and aminoglycosides) and demonstrated the in vitro activity of 
cefiderocol against these pathogens (81). The activity of cefiderocol against various carbapenemase-
producers collected in the SIDERO-CR-2014/2016 study was evaluated using molecularly 
characterised meropenem-resistant Enterobacteriaceae (n=1021) and meropenem non-susceptible P. 
aeruginosa (n=262) and A. baumannii (n=368). 
 
In summary, cefiderocol had a MIC90 of ≤ 4 mg/L against Enterobacteriaceae producing KPC, VIM 
and OXA-48-like carbapenemase, P. aeruginosa producing VIM and A. baumannii producing OXA-23 
type carbapenemase. The cefiderocol MIC90 was 8 mg/L for NDM-producing Enterobacteriaceae and 
OXA-24/40-like carbapenemase-producing A. baumannii. In addition, cefiderocol MICs were ≤ 4 mg/L 
against P. aeruginosa producing IMP, GES, and NDM and A. baumannii producing OXA-58. 

 

Table A26. In vitro activity data for all tested clinical strains (SIDERO-CR 2014-2016) of 
cefiderocol versus ceftazidime-avibactam, ceftolozane-tazobactam, and colistin  

Pathogen Cefiderocola % 
Ceftazidime / 
avibactama % 

Ceftolozane / 
tazobactama 

Colistina % 

CarbNSb 
Enterobacteriaceae  

97.0 77.0 1.7 77.8c 

MDR P. aeruginosa  99.2 36.3 24.1 99.6 

MDR A. baumannii  90.9 NA NA 94.6 

S. maltophilia  100 NA NA NA 

Source: Hackel, 2018 (81); Yamano (75) 
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a Ratios (%) susceptible strains were calculated by using the following MIC criteria: Cefiderocol MIC ≤4 μg/mL, 
ceftazidime/avibactam MIC ≤8 μg/mL, ceftolozane/tazobactam MIC ≤2 μg/mL for Enterobacteriaceae, ≤4 μg/mL for non-
fermenters, colistin MIC ≤2 μg/mL.  
b CR strain was defined as meropenem MIC ≥2 μg/mL for Enterobacteriaceae, ≥4 μg/mL for non-fermenters 
c Includes 39 Serratia species that are intrinsically resistant to colistin 
Abbreviations: CarbNS=carbapenem-non-susceptible; MDR=multi drug resistant; NA=susceptibility breakpoints not available  

Characteristics of retrospective comparative PK/PD analysis  

A retrospective analysis of cefiderocol and comparators by population PK/PD simulation. This analysis 
compared the probability of target attainment (PTA) and cumulative fraction of response (CFR) of 
cefiderocol, ceftolozane/tazobactam and meropenem against Enterobacterales and Pseudomonas 
aeruginosa in a simulated patient population at risk of MDR/CR infections. Several pharmacokinetic 
(PK) models for meropenem and ceftolozane/tazobactam (82-85) and one existing model for 
cefiderocol (86) and Submission Dossier), were used with standard dosage regimens for simulating 
individual PK data. The model descriptions are included in the study report submitted by the MAH. (ref 
Submission Dossier- Attachment “Report CS 11-55-1”). A simple virtual population, defined by 
parameters body weight (lognormal distribution; mean 70 kg, SD 14 kg (CV = 20%)) and Cockcroft-
Gault estimated creatinine clearance (uniform distribution, lower/upper cut-offs 80/150 ml/min), was 
used for the comparative simulations. Total drug concentrations for cefiderocol, meropenem and 
ceftolozane/tazobactam were simulated at steady state using PKPDsim software and free 
concentrations were derived based on protein binding. Dosing regimens and PK/PD targets for 
cefiderocol, ceftolozane/tazobactam, ceftazidime/avibactam and meropenem were identified from the 
literature and the EUCAST guidelines. For cefiderocol, f T>MIC was set to 100% according to the EMA 
evaluation in the EPAR. The simulated dosing regimens for meropenem and ceftolozane/tazobactam 
were the recommended regimens for severe infections such as nosocomial pneumonia and thereby 
higher than standard dosing regimen. CFRs were calculated by multiplying the PTA by the cumulative 
proportion of bacterial isolates at each MIC selected from the SIDERO surveillance program, with 
results 

Results retrospective comparative PK/PD analysis 

PTA (Probability of Target Attainment) analysis 

In a PTA analysis, the probability of attaining a PKPD target for a range of MIC values of the test agent 
at a defined dose is estimated based on Monte Carlo simulations of patient exposure levels. The PD 
target is a predetermined magnitude of the quantitative relationship between patient exposure to the 
test agent, and a measure of biological susceptibility (such as relative time of free concentration of test 
agent/MIC = fT>MIC). In general, PTA analyses are primarily used to support dose and dosing regimens 
and not to confirm efficacy. 

MIC susceptible breakpoints established by the European Committee on Antimicrobial Susceptibility 
Testing (EUCAST) are for: 

1) Cefiderocol: Enterobacterales and P.aeruginosa: < 2 mg/l; 

2) Meropenem: Enterobacterales and P.aeruginosa: < 2 mg/l; 

3) Ceftolozane-tazobactam: Enterobacterales: < 2 mg/l and P.aeruginosa: < 4 mg/l. 

The calculated PTAs in plasma for all 3 antimicrobials were above 98% at their respective MIC 
corresponding to their EUCAST breakpoints confirming published results (  
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Table A27). 

It is noted that the MAH selected a MIC=8 mg/l in the analysis for meropenem since a high dose regimen 
was simulated. The PTA was still above 98%. 
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Table A27. Estimated PTA for three selected MIC values corresponding to MIC for 
Enterobacterales and Pseudomonas spp.  

Source: Table 1 page 17 REPORT: CS 11-55-1 Retrospective analysis of cefiderocol and comparators by population PK/PD 
simulation 

 

CFR (Cumulative Fractions of Response) analysis 

CFR can be understood as the expected population probability of target attainment for a specific drug 
dose and a specific population of microorganisms. MIC data for each of the three drugs against the 
various bacteria were taken from the SIDERO surveillance program (2013–2018 combined) but 
including only European isolates already resistant to both cefepime and ciprofloxacin as a proxy for 
the suspected MDR/CR isolates. Table A28 presents the MIC values required to inhibit 50% (MIC50) 
and 90% (MIC90) of organisms, and susceptibility/resistance of the pathogens to the three drugs, 
using the SIDERO data and based on both EUCAST current susceptibility breakpoints. Further 
information on MIC distribution is available in Appendix D of the dossier. 

Table A28. MIC50 and MIC90 values (mg/L), and EUCAST susceptibility profiles based on data 
from the SIDERO Surveillance Program (2013–2018 combined), including European isolates 
resistant to cefepime and ciprofloxacin 

 

Source: Table 3 page 16 CS 11-55-1 Retrospective analysis of cefiderocol and comparators by population PK/PD simulation 

CFRs were 97.4% and 99.8% for cefiderocol for Enterobacterales and Pseudomonas spp. respectively. 
These are considerably higher than seen for meropenem (91.2% and 68.4%) and ceftolozane-
tazobactam (67.2% and 55.2%) (Table A29).  

Table A29. Estimated CFR for MIC distributions corresponding to Enterobacterales and 
Pseudomonas spp. 
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Source: Table 2 page 17 REPORT: CS 11-55-1 Retrospective analysis of cefiderocol and comparators by population PK/PD 
simulation 

Initially the comparison included ceftazidime/avibactam and colistin, which would also be considered 
relevant comparators. Development of models for PTA and CFR analyses for these substances were 
however not possible since:  

 the model implemented for ceftazidime-avibactam could not be appropriately validated; 

 the model for colistin, was also not possible to implement, since the information required about 
the correlation matrix, and the nature of the parameter values reported in the original colistin model 
article, was not made available by the original model authors; 

 
Hence, there are no PKPD comparative results for these two comparators available.  
  

Author’s comment’s (see also Chapter 6): 

PK aspects  

Exposure to unbound concentrations of drugs at steady state conditions were appropriately calculated 
for PTA analysis based on the following estimated protein binding. Cefiderocol: 58%, Ceftolozane: 21%, 
Meropenem: 5% Tazobactam: 30%.  
In the virtual population VirPop0 used as standard in the comparative simulations, Body weight is 
modelled as a lognormal distribution with mean value 70 kg and SD set to 14 kg (CV = 20%). The 
population variation in the Cockcroft-Gault estimated creatinine clearance (clcr) is described as a 
uniform distribution with lower and upper cut-off values of 80 and 150 ml/min, respectively.  

 

Creatinine clearance was identified as an important covariate in population PK models for cefiderocol. 
Simulations based on normal clcr is however considered sufficient for comparative purposes, since 
dosage adjustments are recommended in patients with renal impairment and in patients having 
augmented renal clearance.  
  
Pathogens selected for the PTA analysis and MIC distribution data used for the CFR analysis  

The comparative PTA analysis includes Enterobacterales and P.aeruginosa, but due to lack of 
established breakpoints for cefiderocol activity of comparators for this pathogen, it was not possible to 
include the clinically important Acinetobacter spp.. Therefore; although interpretation of results must be 
limited to Enterobacterales and P.aeruginosa, the selection of pathogens is acceptable.  

 

For the CFR analysis, MIC data for each of the three drugs against the various bacteria were taken 
from the SIDERO surveillance program (2013–2018 combined) but including only European isolates 
already resistant to both cefepime and ciprofloxacin, as a proxy for the suspected MDR/CR isolates. As 
the population is enriched with resistant isolates, MIC50 and MIC90 for ceftolozane/tazobactam and 
meropenem is higher than for a wild type population and consequently the susceptibility of 
Enterobacterales and P. aeruginosa is higher for cefiderocol (89% and 99.8% respectively) compared 
with 54.5% and 46.8% respectively for ceftolozane/tazobactam and 82.8% and 40.2% for meropenem 
high dose. The MAH used a breakpoint of 8 mg/l for high-dose meropenem to estimate susceptibility 
across resistant isolates. Despite the official breakpoint established by EUCAST for meropenem is 
2mg/ml for both bacteria, a breakpoint of 8 mg/ml was used, as it is more accurate to reflect the high 
dosing regimen that would correlate with the recommended dosing in critically ill patients with severe 
infection. This impact is a conservative approach leading to a potential overestimation of the 
susceptibility for meropenem.  

 

WHO has categorized Cefepime in the Reserve group that includes antibiotics that should be treated 
as ‘last-resort’ options, or tailored to highly specific patients and settings, and when other alternatives 
would be inadequate or have already failed (e.g., serious life-threatening infections due to multi-drug 
resistant bacteria). Ciprofloxacin is included on the WHO Watch group that includes antibiotic classes 
that are considered generally to have higher resistance potential and that are still recommended as first 
or second choice treatments but for a limited number of indications. Taken together, although it 
is acknowledged that the isolates included in the CFR analysis clearly are representative for a patient 
population at risk of MDR infections however, only all isolates resistant to cefpime and ciprofloxacin 
were include, therefore it was not possible to confirm if CR isolates were included or not. 
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PK/PD targets  

The following PKPD targets were included in the PTA analysis:  

 Cefiderocol: % fT>MIC ≥100 ; 

 Meropenem: % T>MIC ≥55 ; 

 Ceftolozane: % fT>MIC ≥50 ; 

 Tazobactam: % fT>MEC ≥20.  

For ceftolozane/tazobactam, a joint probability of target attainment is the appropriate measure to use. 
In the present study, however, the applicant used the following approach: If the PTA for the β-lactamase 
inhibitor (tazobactam) is close to 100% the joint PTA can be approximated with the PTA for the "killing 
drug" (ceftolozane). A MEC value of 1 mg/l was used for tazobactam. This approach is accepted.  

Overall, the PKPD targets used are appropriate and in line with targets accepted during approval and 
by EUCAST. The PTA analysis is however performed for plasma, and not for ELF (Epithelial lining fluid). 
Consequently, the comparison may not be relevant for lung infections.  
 
Posology  

The simulated dosing regimen for cefiderocol is 2000 mg 8qh via 3 h infusion. The simulated dosing 
regimens for meropenem (2g q8h, 3 h infusion) and ceftolozane/tazobactam (2000/1000 mg 8qh, 1 h 

infusion.) are the recommended regimens for severe infections such as nosocomial pneumonia and 
thereby higher than standard dosing regimen.  
  
Clinical pharmacological studies 

Six small phase 1 trials on single-and multiple-ascending dose, intrapulmonary (BAL/ELF) PK, renal 
impairment, mass balance, drug interaction and thorough QT/QTc. The renal impairment study was 
performed in a cohort with a mean age of 54.6 years with renal function varying from normal to severe. 
All other studies were performed in healthy volunteers with a mean age between 26.1 and 36.1 years. 
Studies are described in the EPAR (6)] 

Resistance against cefiderocol 

Mechanisms of bacterial resistance that may lead to resistance to cefiderocol include mutant or 
acquired PBPs; beta-lactamase enzymes with ability to hydrolyse cefiderocol; mutations affecting 
regulation of bacterial iron uptake; mutations in siderophore transport proteins; overexpression of 
native bacterial siderophores.  

Cefiderocol has little or no activity against Gram-positive or anaerobic bacteria due to intrinsic 
resistance. 

 

In vitro resistance 

Resistance development to Cefiderocol has been investigated using the standard in vitro experiments 
to determine the frequency of spontaneous resistance and to observe the adaptation of pathogens 
during serial passaging. 

The in vitro antibacterial activity effect of cefiderocol against normally susceptible species is not 
affected by the majority of beta-lactamases, including metallo-enzymes. Due to the 
siderophoremediated mode of cell entry, the in vitro activity of cefiderocol activity is generally less 
affected by porin loss or efflux-mediated resistance compared to many other beta-lactam agents. 

Frequency of spontaneous resistance 

The frequency of spontaneous resistance of E. coli, E. cloacae, K. pneumoniae, and P. aeruginosa (8 
strains in total) was determined in the presence of 10 × MIC of cefiderocol. 

The magnitude of the order of frequency of the resistance for cefiderocol was similar to ceftazidime 
with a frequency of 10−7 to 10−8 except for P. aeruginosa for which the frequency ranged from 10−6 to 
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10−8. Cefiderocol MIC increase was shown to be associated with the mutation in the upstream region 
of pvdS (pyoverdine synthesis gene) and fadD3 (fatty acyl-CoA synthetase) in P. aeruginosa, and 
baeS, envZ, ompR (all are 2-component signal transduction gene), and exbD (biopolymer transport 
gene) in K. pneumoniae. 

Resistance acquisition assay by serial passage 

Resistance acquisition was evaluated for K. pneumoniae, and P. aeruginosa (5 strains in total) by a 
10 times serial passage in two different media. The MIC of cefiderocol increased in general 1 to 4-fold 
but for one strain up to 8-fold. 

Resistance acquisition by using an in vitro pharmacodynamic model 

To estimate the risk of emergence of cefiderocol-resistant mutants during the treatment of patients, in 
vitro PD models simulating the free concentration-time curves in human plasma was used. Against all 
3 strains, cefiderocol showed rapid bacterial reduction within 4 hours. Regrowth was observed for one 
strain, but no growth was observed with a MIC of ≥ 10 mg/L and no resistant colonies to cefiderocol 
were detected at the 24- and 72-hour time points. 
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APPENDIX 6: EVIDENCE GAPS 

Additional evidence generation needs 
Research question 1: Do patients with aerobic Gram-negative infections and limited treatment option benefit 

from cefiderocol as an additional treatment option? 
Rationale: Due to limited clinical documentation available for cefiderocol, the MAH was not able to submit a 

dossier according to the scope defined in the project plan. A complete assessment of cefiderocol vs. all identified 
relevant comparators in the specified patient populations in the European PICO was not possible 

Evidence Limited evidence against relevant comparators. Only one phase 3 study not designed to 
show differences between intervention and comparator (BAT). Small patient population in 
studies.  

Population Infections due to aerobic Gram-negative pathogens in adult patients with limited treatment 
option, which comprises:  

1) Adult patients with documented infection by a carbapenem-resistant Gram-negative 
pathogen or other Gram-negative pathogen difficult to treat with limited treatment option; 

Intervention Cefiderocol 2g IV as a 3 hr infusion every 8 hrs for 7-14 days 

Comparator Best available therapy (BAT)* 

BAT includes (but is not limited to) any of the following as monotherapy or in combination: 

 carbapenems (only for sensitive pathogens or in high dose/prolonged infusion time for 
carbapenem-resistant pathogens with an MIC close to the susceptibility/resistance 
breakpoint); 

 polymyxins; 

 tigecycline; 

 fosfomycin; 

 aminoglycosides; 

 ceftazidime-avibactam; 

 meropenem–vaborbactam; 

 ceftolozane-tazobactam. 

Outcome(s)  Efficacy outcomes as defined in scope against relevant comparators for the relevant 
patient population (patient population 1) and for the defined efficacy outcomes in the 
project plan, PICO table;  

 QoL;  

 Mortality: Further data regarding imbalance in mortality in CREDIBLE-CR is needed; 

 Resistance against cefiderocol: This is included in the assessment but will change over 
time. This must be monitored; 

 Resource use. 

Study design RCT blinded and powered to show differences, proper indirect evidence or register studies 
(RWE) 

Ongoing studies https://clinicaltrials.gov/show/NCT03869437  
Date of search 04-06.2020 

Research question 2: Do patients with aerobic Gram-negative infections and limited treatment option benefit 

from cefiderocol as an additional treatment option? 
Rationale: Due to limited clinical documentation available for cefiderocol, the MAH was not able to submit a 

dossier according to the scope defined in the project plan. A complete assessment of cefiderocol vs. all identified 
relevant comparators in the specified patient populations in the European PICO was not possible 

Evidence Limited or absent evidence against relevant comparators. The majority of the included 
patients in APEKS c-UTI had moderate severity of disease. These baseline patient- and 
disease characteristics may not be regarded as a population with critically ill (life-
threatening infection). 

Population Infections due to aerobic Gram-negative pathogens in adult patients with limited treatment 
option, which comprises:  

2) Critically ill* adult patients with suspected infection by a carbapenem-resistant Gram-
negative pathogen or other Gram-negative pathogen difficult to treat with limited treatment 
options  

*With life-threatening infection 

Intervention Cefiderocol 2g IV as a 3 hr infusion every 8 hrs for 7-14 days 

Comparator Best available therapy (BAT)* 

https://clinicaltrials.gov/show/NCT03869437
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BAT includes (but is not limited to) any of the following as monotherapy or in combination: 

 carbapenems (only for sensitive pathogens or in high dose/prolonged infusion time for 
carbapenem-resistant pathogens with an MIC close to the susceptibility/resistance 
breakpoint); 

 polymyxins; 

 tigecycline; 

 fosfomycin; 

 aminoglycosides; 

 ceftazidime-avibactam; 

 meropenem–vaborbactam; 

 ceftolozane-tazobactam. 

Outcome(s)  Efficacy outcomes as defined in scope against relevant comparators for the relevant 
patient population (patient population 2) and for the defined efficacy outcomes in the 
project plan, PICO table; 

 QoL; 

 Mortality (critically ill patients); 

 Resistance against cefiderocol: This is included in the assessment but will change over 
time. This must be monitored; 

 Resource use. 

Study design RCT blinded and powered to show differences, proper indirect evidence or register studies 
(RWE) 

Ongoing studies https://clinicaltrials.gov/show/NCT03869437  
Date of search 04-06.2020 
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