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Abstract   

Background: Randomized Clinical Trials (RCTs) in Hospital-Acquired (HABP) and Ventilator-

Associated Bacterial Pneumonia (VABP) are important for the evaluation of new antimicrobials. 

However, the heterogeneity in endpoints used in RCTs evaluating treatment of HABP/VABP may 

puzzle clinicians. The aim of this work was to reach a consensus on clinical endpoints to consider in 

future clinical trials evaluating antimicrobial treatment efficacy for HABP/VABP. 

Methods: Twenty-six international experts from intensive care, infectious diseases and the 

pharmaceutical industry were polled using the Delphi method.  

Results: The panel recommended a hierarchical composite endpoint including, by priority order, for 

VABP (i) survival at day 28, (ii) mechanical ventilation (MV)-free-days through day 28, and (iii) 

clinical cure between study days 7 and 10; and for HABP (i) survival (day 28), and (ii) clinical cure 

(days 7-10). Clinical cure was defined as the combination of resolution of signs and symptoms present 

at enrolment and improvement or lack of progression of radiological signs. More than 70% of the 

experts agreed to assess survival and MV-free days though day 28, and clinical cure between day 7 

and day 10 after treatment initiation. Finally, the hierarchical order of endpoint components was 

reached after 3 Delphi rounds (72% agreement).   

Conclusion: We provide a multinational expert consensus on separate hierarchical composite 

endpoints for VABP and HABP, and on a definition of clinical cure that could be considered for use in 

future HABP/VABP clinical trials. 

Keywords 

Hospital-acquired bacterial pneumonia and ventilator-acquired bacterial pneumonia; Multinational 

consensus; Delphi method; Hierarchical composite endpoint; Clinical cure 
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Introduction 

 

Hospital-acquired and Ventilator-Associated Bacterial Pneumonia (HABP/VABP) are the second most 

common nosocomial infections in adults and leading causes of death among critical care infections [1, 

2]. Consequently, indications for treatment of HABP and VABP are of considerable interest in the 

development of new drugs. Nine RCTs of antibiotic therapy for HABP and VABP are currently 

registered as recruiting patients (clinicaltrials.gov, accessed on January 3rd, 2019). However, a 

universal, well-accepted and sensitive-to-change criterion for objective and reproducible assessment of 

drug benefit in HABP/VABP other than all-cause mortality (ACM) at a fixed time (usually 28 days) is 

still lacking [3, 4]. Appropriate endpoints for HABP/VABP trials have been a subject of debate for 

several years and remain controversial [3-6].  

In the most recent Food and Drug Administration (FDA) guidance for industry on studies 

evaluating antibiotics for HABP/VABP treatment, ACM at fixed timepoint between 14 and 28 days 

after therapy start is the accepted primary endpoint [4]. On the other hand, the most recent European 

Medicines Agency (EMA) guidelines (EMA/CHMP/351889/2013) recommend as the primary 

endpoint clinical outcome timed from therapy start, so that it occurs 7-14 days after the last possible 

day of treatment [5]. As shown recently, such a controversy has led to a significant heterogeneity 

among endpoints reported in RCTs, thereby confounding their results [7]. Based on this uncertainty, 

our aim was to achieve a consensus on the choice and definition of relevant and plausible primary 

non-mortality clinical endpoints to address antimicrobial efficacy in HABP/VABP that could be used 

as a component of future trials. Our approach used the Delphi method [8]. 

 

Methods 
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A panel of twenty-six international experts from intensive care, infectious diseases and the 

pharmaceutical industry were consulted using the Delphi method [8] from January 2016 to January 

2017 (five questionnaires). More than 70% of similar answers to a question were necessary to reach a 

consensus [8]. The iterative process followed is shown in figure 1. More details about initial literature 

review, expert selection and Delphi process are provided in the supplementary appendix 
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Results 

Which endpoint? 

 

We first asked the panelists to rank ten potential primary endpoints commonly reported in the 

literature [7] by assigning a score from one to ten according to their preference (ten as the best and one 

as the worst, Figure 1, Table 1). According to 60% of the experts, clinical cure was the most desirable 

primary outcome; its mean (±SD) ranking was 8.5±2.7. Two other endpoints were highly rated: ACM 

and mechanical ventilation (MV)-free days, with mean rankings of 7±2.8 and 6.5 ±2.4, respectively 

(Table 1). Ranking of primary endpoints varied according to the specialty and the nationality of the 

expert: ACM was more frequently chosen as most desirable among non-European experts (55% vs. 

7%) and/or experts from industry (75% vs 18%). 

Recognizing that several endpoints might be relevant simultaneously, six experts suggested using a 

composite endpoint and even a hierarchical composite endpoint to combine these items during round 

one. This idea was approved by 88% of the panelists who confirmed the three previously mentioned 

items (i.e. clinical cure, ACM and MV-free days) as the best components of this hierarchical 

composite endpoint.  

 

Which definition for clinical cure? 

 

Once again, a ranking of the various clinical cure criteria found in the literature was first performed by 

the experts (Table S1) [7]. Only three items obtained a mean score higher than 3 (across the range 1 to 

4) according to the experts: “resolution of signs and symptoms of infection”, “improvement of 

oxygenation parameters” and “no appearance of new signs of sepsis” (Table S1). Given these results, 

96 % of the experts agreed to combine “resolution of signs and symptoms of infection”, “improvement 

of oxygenation parameters” and “no appearance of new signs of sepsis” together under the heading 
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“Resolution at the end of therapy of signs and symptoms present at enrolment” and to include this item 

in clinical cure definition (88% agreement). Strikingly, a low score was initially attributed to “the 

improvement of chest radiography (Table S1)” because the experts thought that a lack of progression 

of radiographic images could be sufficient to qualify for cure Finally, 72% of the expert agreed that 

“resolution or lack of progression of radiological signs of pneumonia” could be part of a clinical cure 

definition. Altogether, a consensus was reached on a clinical and radiological definition of cure: 

1. Clinical: resolution of signs and symptoms present at enrolment 

2. Radiography: resolution or lack of progression of radiological signs of pneumonia 

 

To decrease the risk of incorrect pneumonia diagnosis that would impact clinical cure, we next aimed 

to specify which signs and symptoms should trigger the suspicion of VABP and HABP (Figure 1, 

Table S2). Interestingly, signs leading to VABP suspicion differed from those leading to HABP 

suspicion (Table S2). For VABP, four signs were selected by the experts: worsening of gas exchange, 

hypotension and/or vasopressor requirements, fever or hypothermia, and purulent tracheal secretions 

(Table S2). For HABP, the panelist added dyspnea and leukocytosis or leukopenia to the VABP 

suspicion criteria (Table S2). When we asked the experts to confirm these choices, 88 and 73% of 

them agreed for VABP and HABP suspicion criteria respectively.  

 

Which time-point for endpoint assessment? 

 

In parallel, the optimal timeframe for endpoint assessment was selected: expert choices were day 28 

for ACM, the period from the diagnosis to day 28 for MV-free days, and the period between days 7 

and 10 after treatment initiation for clinical cure. More details on expert choices regarding timepoints 

are provided in supplementary results.  
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Consensus hierarchy between components of a possible composite endpoint. 

 

When considered together, the 3 endpoints of ACM at day 28, MV-free days from diagnosis to day 28, 

and clinical cure between study days 7 and 10 seemed sufficiently independent as to suggest a possible 

composite endpoint. The panel was thus asked to rank these three items according to their importance. 

While ACM was the most important component for 72% of the experts, the relative ranking of the two 

remaining components was more difficult to establish: 60% of the experts placed clinical cure in the 

second position, whereas 40% of them thought that MV-free days was more important for this rank. 

To address this question, we used two small case-vignettes reflecting the possible situations and asked 

the experts which is most desirable: 1) a survivor at day 28, not cured 7 to 10 days after treatment 

initiation, and who required a short duration of MV before day 28 or 2) a survivor at day 28 clinically, 

cured 7 to 10 days after treatment initiation and who required a long duration of MV before day 28. 

Using this strategy, 75% of the experts judged that the first situation with short duration of MV was 

the more desirable scenario, demonstrating that the panel valued MV-free days as more important than 

time to clinical cure.  

Of note, some experts suggested differentiating HABP from VABP and 85% of the panel agreed to a 

dual composite endpoint for non-ventilated HABP consisted of ACM at day 28 and clinical cure 7 to 

10 days after treatment initiation (Figure 2). Conversely, in cases of HABP requiring MV (i.e., 

ventilated HABP) experts recommended adopting the same rules as for VABP. 

Finally, some experts suggested a discrepancy in the direction of the composite endpoint that included 

ACM as a negative endpoint and MV-free days and clinical cure as positive ones. To cope with that 

situation, 96% of the experts agreed to revise this endpoint to “survival at day 28”. 

 

In conclusion, we reached a consensus providing separate hierarchical composite endpoints for VABP 

and HABP that assess by priority order: 1. Day-28 survival, 2. Any number of MV-free days from the 
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diagnosis of pneumonia to day 28 (only for VABP), and 3. Clinical cure measured between study days 

7 and 10 (Figure 2). As an example, we ranked the outcome of four representative patients according 

to five different primary endpoints including our hierarchical composite endpoint (Figure 3) and found 

good discriminatory ability of the latter. 
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Discussion 

 

Several studies are currently investigating the efficacy of new antimicrobials against multidrug-

resistant pathogens or will do so in the near future. Given their frequency, HABP and VABP are key 

testing grounds for new agents against Gram-negative pathogens, despite the lack of validated non-

mortality, patient- and physician-centered clinical endpoints, which would specifically assess the 

effectiveness of a new drug. Using the Delphi method to elicit opinions from a panel of 26 

international experts, we have developed consensus clinical endpoints with the potential of the 

evaluation of antimicrobial treatment for HABP/VABP. This carefully implemented iterative process 

required a notable effort of the panel to obtain a hierarchical composite endpoint that includes 

survival, MV-free days and clinical cure and should provide a better discrimination of patient 

outcomes. 

Taken separately, each component of this composite endpoint has strengths and weaknesses. 

A high agreement was obtained regarding the inclusion of ACM (or survival) as an outcome 

measure. As suggested by the FDA, ACM offers numerous advantages: it is verifiable, 

reproducible, and it is the only unambiguously and entirely objective “patient-centered” 

outcome [3, 4, 9]. However, the EMA raised arguments against it, for the reason that a 

substantial part of ACM (or survival) is not related to HABP/VABP in ICU but rather to 

underlying disease. [3, 5].  

 

The second criterion selected by the experts was ventilator-free days. This patient-oriented 

endpoint is easy to measure but remains susceptible to unrelated events. While its impact on 

patient’s benefit is unambiguous, the process around discontinuing MV includes a subjective 

judgment by the care provider. 
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Clinical cure, the last criterion included in our composite, is disease-oriented [9]. While very 

useful (especially if mortality is low), it is prone to subjective clinical considerations and 

geographic or practice-setting variability. Acknowledging the lack of a validated clinical cure 

definition as an important drawback, we developed a consensus definition of this endpoint 

and then validated a list of signs and symptoms of HABP and/or VABP that should be 

resolved to qualify for cure. 

Besides ACM, MV-free days and clinical cure, several other outcomes may have deserved to be 

included in the composite endpoint but were not suggested or chosen by the panelists. Among them, 

complications of the disease are of particular interest because they reflect how patients feel and 

function and because better tolerability may confer an advantage to a new treatment [10]. CPIS 

acceptance was very variable, with 19% of the panel considering it a highly desirable outcome 

measure, while 30% judging it as not useful at all. [1, 2]. The experts also very readily rejected 

microbiological cure, probably because of the lack of correlation with patient outcome. Finally, some 

medium- to long-term patient-centered outcomes, such as quality of life or hospital discharge [11], 

were not suggested as they were deemed difficult to measure. 

The consensus composite endpoint that we provide includes the three most significant outcomes 

according to the experts. As shown with Figure 3 case vignettes, reporting of a composite may 

improve the assessment of patient’s outcome compared to single endpoint. However, an inherent 

limitation of composite endpoints is that it emphasizes each patient’s first event, which is often the 

outcome of lesser importance.  For example, a patient who was cured at day 7 but died during his ICU 

stay could be considered as having a better outcome than a second patient who was discharged alive 

from the ICU but was cured from his VABP later (Figure 3). Here, as previously suggested by Pocock 

et al. [12] with the win ratio, and Evans et al. [13] with the Desirability Of Outcome Ranking concept, 

we introduced a hierarchy to take the different priorities of the components into account and allow a 

better patient differentiation according to the desirability of the outcome. Those hierarchical composite 

endpoints were recently used in several studies comparing different antibiotic strategies in 
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community-acquired pneumonia [14], intra-abdominal infections [15] or mixed infections caused by 

carbapenem-resistant Enterobacteriaceae [11]. However, statistical design/analysis have to be 

anticipated [16] to operationalize the use of the rank-based composite endpoint [17]. While 

conventional composite could increase power by combining some or all variables included in the 

hierarchy as a primary endpoint, a rank-based composite (as suggested here) would test the 

components of the primary endpoint in a prespecified, hierarchical order with termination rules 

(depending on null hypothesis rejection) of the procedure at each step. In this case, multistate models 

or hierarchical nested-trial designs should be considered [16]. 

 

Several areas of uncertainty remain. First, the debate about the relative merits of utilizing clinical cure 

or ACM remains unresolved. The RCTs assessing antibiotic therapy for HABP and VABP currently 

reported as recruiting on www.clinicaltrials.gov illustrate this uncertainty with ACM and clinical cure 

respectively chosen as primary endpoint in two third and one third of cases. In our study, although the 

sample size may limit the meaning of the results, clinical cure seemed to be especially recommended 

by European experts consistent with EMA recommendations [5], while others, including experts from 

the pharmaceutical industry, showed a preference for ACM, consistent with FDA guidance [4].  

The timepoint to assess each component of the proposed composite endpoint was difficult to define. 

While a consensus was rapidly reached for ACM, probably because choosing a late timepoint (day 28) 

increases event number [10],  it required two rounds for MV-free days. The highest difficulties were 

encountered in clinical cure, for which the experts were divided between early and late timepoints, 

requiring 3 Delphi rounds to reach a consensus about day 7 to day 10 after treatment initiation, with 

only 74% of similar answers. Such uncertainty reflects the opaqueness of our understanding of 

“clinical cure”. Of note, an early timepoint reflecting initial response to treatment was added beside 

the later timepoints used for ACM and MV-free days that may be more representative of global 

outcome. In addition, this timepoint was earlier than the one chosen for clinical cure evaluation by 

regulatory agencies (7 to 14 days after antibacterial treatment completion). 
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Whether treatment efficacy of HABP, ventilated-HABP and VABP could be studied together remains 

debated [10]. Although combining these entities is convenient for analyzing data (e.g. by ensuring an 

adequate power), differences in outcome between these subcategories may preclude such pooling. In 

this work, while the experts considered HABP requiring MV as equivalent to VABP, the majority of 

them suggested a specific endpoint for non-ventilated HABP. This separation is consistent with a 

recent statement from the FNIH [10]. Based on the analysis of ten contemporary HABP/VABP 

clinical trials, the authors found that the ACM rates are similar for ventilated HABP and VABP, and 

higher than for non-ventilated HABP, suggesting inclusion of ventilated HABP and VABP in the same 

clinical trial. Similarly, suspicion criteria for non-ventilated HABP differed from those of the two 

other entities. Despite variability in expert opinion, a large majority of them agreed with four VABP 

suspicion criteria (gas exchange worsening, purulent tracheal secretions, hypotension and/or 

vasopressor requirements, and fever or hypothermia) and six HABP suspicion criteria. Notably, 

hypotension and/or vasopressor requirements were added to VABP suspicion criteria, whereas they 

are not included in “usual” criteria recommended by the Infectious Disease Society of America and 

American Thoracic Society [1]. These findings suggest that in case of severe ICU-acquired sepsis, 

VABP should be systematically suspected given its frequency. Conversely, leukocyte count was 

removed from VABP suspicion criteria, probably because of the numerous factors that could affect 

this inflammatory parameter in ICU.  

Some limitations of our novel endpoint have to be underlined. Consensus on the hierarchical ranking 

of the elements of the composite was difficult to obtain. While the experts gave the maximum weight 

to ACM, three Delphi rounds and the use of case vignettes were required to choose the more clinically 

meaningful outcome between MV-free days and clinical cure, with a final panel agreement limited to 

75%. Such difficulties in ranking of the components demonstrate potential subjectivity in expert 

opinion, given the paucity of evidence, which was not explained by expert background. Furthermore, 

consensus-obtained timepoints for endpoint assessment were difficult to obtain, especially for clinical 

cure, which was a source of intense debate between clinicians and experts from the pharmaceutical 

industry. Another possibility would have been to study the kinetics of disease progression instead of a 
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binary cure/non-cure at a fixed timepoint. In particular, multistate endpoints could be used to 

demonstrate a treatment effect over the complete treatment process instead of merely at the end of 

follow-up [16]. The choice of the statistical design (i.e. superiority or non-inferiority), which was not 

predetermined, may also change expert opinion about endpoints. Use of the composite endpoint in 

non-inferiority trials will require assessment of its effect size relative to effective therapy. Concerning 

our panel that included both industry and academic experts in the field, a third group composed of 

patient representatives would have been interesting. Including regulatory agencies representative was 

also considered but was not retained to avoid potential already formed ideas or conflicts of interest. 

Finally, as for any new method, the use of such endpoint may be initially limited by lack of familiarity 

among trialists. 

 

In conclusion, judgment-based criteria for assessing antimicrobial efficacy in HABP/VABP are 

heterogenous. Therefore, a convergence on approaches for the evaluation of antibacterial drugs is 

urgently required [18]. We reached a consensus on a set of hierarchical composite endpoints for 

VABP and HABP using the Delphi method by drawing on the expertise of 26 international experts. A 

pilot validation of our proposed endpoint by use of data from an already completed clinical trial, 

which was conducted with the classic endpoints, should be performed first. Then, if validated, it could 

be considered for inclusion in future trials and, if further validated, may allow a pragmatic and 

homogenous assessment of antimicrobial efficacy in future HABP/VABP RCTs.  
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Figure legends 

 

Figure 1. Iterative process followed to achieve the proposed hierarchical composite endpoint 

 

Figure 2.  Final hierarchical composite endpoint proposed  

 

Figure 3. Ranking of desirability of the outcome of four representative patients according to the 

chosen primary endpoint.  

Patient outcomes were ranked from most desirable (first position of the podium) to least desirable 

(third position of the podium or even outside the podium). Classical composite endpoint: No hierarchy 

between components (ACM at day 28, MV-free day from diagnosis to day 28, and clinical cure within 

7-10 days of study initiation); The earliest event goes first. Hierarchical composite endpoint: ACM at 

day 28 is firstly assessed. Then, MV-free day from diagnosis to day 28 is assessed. Finally, clinical 

cure within 7-10 days of study initiation.  
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Table 1. Ranking of endpoints found in the literature by the experts.  

 

Rank
1
 Item 

Mean (± SD) score  

(over ten) 

1 Clinical Cure 8.5±2.7 

2 ACM 7.0±2.8 

3 MV Free-Days 6.5±2.4 

4 Improvement in Oxygenation Parameters 5.8±2.4 

5 
Number of Days Before Resolution 

5.6±2.4 

6 CPIS
2
 decrease 5.2±2.4 

7 Microbiological Cure 5.1±2.4 

8 Safety 3.8±2.4 

9 PCT
3
 Decrease 3.7±3.1 

10 Acquisition of Antimicrobial Resistance 3.0±2.3 
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1
A score from one to ten was attributed to every criterion by each expert according to their preference (ten as the best and one as the worst). Results are given 

as mean (±SD) score obtained by each endpoint. 

2
 CPIS: Clinical pulmonary infection score (CPIS) [19] 

3 
Procalcitonin 
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Figure 1 
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Figure 2 
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Figure 3 
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