
Clinical Infectious Diseases

72  •  CID  2018:66  (1 January)  •  Stergiopoulos et al

Cost Drivers of a Hospital-Acquired Bacterial Pneumonia 
and Ventilator-Associated Bacterial Pneumonia Phase 3 
Clinical Trial
Stella Stergiopoulos,1 Sara B. Calvert,2 Carrie A. Brown,1 Josephine Awatin,1 Pamela Tenaerts,2 Thomas L. Holland,3,4 Joseph A. DiMasi,1 and  
Kenneth A. Getz1

1Tufts Center for the Study of Drug Development, Tufts University School of Medicine, Boston, Massachusetts; and 2Clinical Trials Transformation Initiative, 3Duke Clinical Research Institute, and 
4Division of Infectious Diseases, Duke University, Durham, North Carolina

Background.  Studies indicate that the prevalence of multidrug-resistant infections, including hospital-acquired bacterial pneu-
monia and ventilator-associated bacterial pneumonia (HABP/VABP), has been rising. There are many challenges associated with 
these disease conditions and the ability to develop new treatments. Additionally, HABP/VABP clinical trials are very costly to con-
duct given their complex protocol designs and the difficulty in recruiting and retaining patients.

Methods.  With input from clinicians, representatives from industry, and the US Food and Drug Administration, we conducted a 
study to (1) evaluate the drivers of HABP/VABP phase 3 direct and indirect clinical trial costs; (2) to identify opportunities to lower 
these costs; and (3) to compare (1) and (2) to endocrine and oncology clinical trials. Benchmark data were gathered from proprietary 
and commercial databases and used to create a model that calculates the fully loaded (direct and indirect) cost of typical phase 3 
HABP/VABP endocrine and oncology clinical trials.

Results.  Results indicate that the cost per patient for a 200-site, 1000-patient phase 3 HABP/VABP study is $89 600 per patient. 
The cost of screen failures and screen failure rates are the main cost drivers.

Conclusions.  Results indicate that biopharmaceutical companies and regulatory agencies should consider strategies to improve 
screening and recruitment to decrease HABP/VABP clinical trial costs.

Keywords.  clinical trial cost; phase 3 clinical trials; hospital-acquired bacterial pneumonia; ventilator-associated bacterial pneu-
monia; habp vabp. 

Hospital-acquired bacterial pneumonia (HABP) and ventila-
tor-associated bacterial pneumonia (VABP) are acute infections 
occurring in hospitalized patients and are associated with high 
mortality risk [1–6]. The public health threat of multidrug-re-
sistant (MDR) bacterial infections is increasing [2, 4, 5, 7–11].

New antibiotics are needed to treat MDR bacteria, and sev-
eral entities are working to increase drug development efforts 
[12–16]. However, despite the critical need, biopharmaceutical 
organization investment in new antibiotics for HABP/VABP 
and other infectious diseases and new drug approvals has not 
kept up with the need [17–22]. Many pharmaceutical compa-
nies have chosen to invest in other therapeutic areas such as 
oncology or endocrinology [23].

In 2015, 2 independent surveys of pharmaceutical companies 
were conducted to understand the lack of R&D (research and 
development) investment [19, 20]. The primary barrier, stated 
by 80% and 84% of the 2 surveys’ respondents, was economic: 
High costs and low return on investment are major reasons 
for suspension of antibiotic clinical trial development [19, 20]. 
Individuals at a 2009 workshop on HABP/VABP clinical trials, 
cosponsored by the US Food and Drug Administration (FDA) 
and several professional societies, stated “extraordinarily high 
costs” as a major challenge and estimated that “recent studies of 
HABP and/or VABP cost $60 000–$80 000 per patient enrolled 
[$66 513–$88 684 in 2014 dollars], resulting in phase 3 trial pro-
gram costs of >$75 million per study [>$82.8 million in 2014 
dollars]” [24–26].

The survey respondents noted complexity and scientific risk 
as major barriers in all phases of development with “medical/
scientific reasons” and “unreasonably long recruitment period” 
as frequent reasons for stopping the clinical development of 
new antibacterial agents [20]. The 2009 workshop proceedings 
describe many of the scientific and medical reasons in detail, 
including challenges in enrolling seriously ill patients in treat-
ment protocols and confounding associated with prior anti-
biotic exposure [27]. Information from 2 multinational phase 
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3 HABP/VABP studies also illustrates this operational complex-
ity, in which ≤10% of screened patients met protocol eligibility 
criteria, and >250 sites were required in 38 countries to enroll 
>1500 patients over 2.5 years [24].

To our knowledge, studies identifying key cost drivers of clin-
ical trials have been conducted [28], but no studies have calcu-
lated the specific total cost of HABP/VABP drug development 
in the United States using a comprehensive cost model to iden-
tify opportunities for decreasing overall costs. To address this 
knowledge gap, we conducted a comprehensive study in 2015 
to assess the cost of conducting a phase 3 HABP/VABP clinical 
trial, compare those costs to phase 3 oncology and endocrine 
clinical trials, and identify opportunities to lower these costs. 
The results of this study aim to inform future biopharmaceut-
ical company investment in the development of much-needed 
antibacterial drugs.

METHODS

We developed a comprehensive cost model estimating the cost 
of a phase 3 HABP/VABP clinical trial with comparison to phase 
3 oncology and endocrine trials. The model was developed by 
Tufts Center for the Study of Drug Development (CSDD) in 
partnership with the Clinical Trials Transformation Initiative 
(CTTI) HABP/VABP Studies Project [29]. A draft of the model 
was presented for feedback and adjustments at a February 2015 
CTTI multi-stakeholder workshop including representatives 
from drug development companies, the FDA, practicing clini-
cians from academic medical centers and clinical trial research 
centers, and patient advocacy groups [30].

HABP/VABP model results were compared with estimates 
from Oracle Health Sciences ClearTrial Plan and Source Cloud 
Service under the same clinical trial assumptions to assess 
validity of the model. The cost model was created in Microsoft 
Excel 2013 and 2016. Total cost, total cost per patient, and anal-
yses of cost drivers via sensitivity analyses for HABP/VABP, 
oncology, and endocrine phase 3 clinical trials were calculated 
from the model.

Clinical Trial Cost Element Selection and Benchmark Data Compilation

We compiled a detailed list all of cost elements prior to creating 
the model. Cost elements were selected based on institutional 
knowledge and internal databases, as well as a literature review 
on clinical trial financial planning models [28, 31–34]. Costs 
were classified as being per-patient direct costs, per-trial and 
per-site direct costs, and per-trial indirect costs. This classifica-
tion has also been used elsewhere [28].

We gathered benchmark data to create the cost model, 
which calculates a fully loaded (direct and indirect) cost pro-
file of a typical phase 3 HABP/VABP, oncology, and endocrine 
trial. All cost data were inflation-adjusted to reflect 2014 dol-
lars. Data gathered from the Tufts CSDD internal databases are 

from a number of previous single- and multisponsored studies 
that collect actual clinical trial data. Commercially available 
data were selected based on companies that are well estab-
lished, widely utilized, and offer reputable services. All groups 
and individuals providing data asked that the data remain 
confidential.

Per-patient direct costs are defined as study contact costs that 
vary by the number of patients (eg, cost of patient recruitment, 
informed consent, and screen fail). Table 1 lists all per-patient 
direct costs and data sources included in the model.

•	 Country-investigative site distribution. The proportion of 
investigative sites, clinical staff personnel, and the number 
of patients screened and enrolled were calculated by coun-
try. Data were provided by IMS Health in 2016. Proportions 
were calculated from the number of total industry-completed 
phase 3 clinical trials conducted worldwide for:

o	 Oncology and endocrine therapeutic areas in 2015.
o	 Nosocomial pneumonia and ventilator-associated pneu-

monia disease indications for 2010–2015. Data span 
5 years given the limited number of clinical trials under 
these disease indications.

•	 Per-patient costs indexed by country. IMS Health provided 
an index of comparative median per-visit grant cost for select 
countries for 2013–2014 [35]. Per-patient clinical trial costs 
were adjusted by the index as per-patient costs are different 
across countries. Countries not included in the IMS index 
were assigned a mean index percentage based on geography: 
Western Europe, Eastern Europe, Asia Pacific, and Latin 
America.

Per-patient costs were aggregated into the total per-patient dir-
ect cost amount, based on the assumed total number of patients 
randomized in the trial.

Per-trial and per-site direct costs are defined as costs that 
are attributed to the trial (eg, personnel costs, trial insurance, 
and cost of electronic data capture). Per-trial indirect costs are 
not directly attributable to the trial (eg, upper management 
resource costs, overhead costs). The components within each 
category were aggregated to derive a total cost for each. Table 1 
lists all per-trial and per-site direct costs and per-trial indirect 
costs included in the model.

Clinical Trial Assumptions and Hospital-Acquired Bacterial Pneumonia 
and Ventilator-Associated Bacterial Pneumonia Cost Model Sensitivity 
Analyses
Hospital-Acquired Bacterial Pneumonia and Ventilator-Associated 
Bacterial Pneumonia Phase 3 Clinical Trial Assumptions
Based on feedback from the ABDD HABP/VABP Studies Team 
and additional stakeholders, we assumed that a phase 3 HABP/
VABP trial would be conducted in 200 sites and 1000 patients 
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Table 1.  List of Per-Patient Direct Costs, Per-Trial and Per-Site Cost Elements, Per-Trial Indirect Cost Elements, and Data Sources Included in the Hospital-
Acquired Bacterial Pneumonia and Ventilator-Associated Bacterial Pneumonia Phase 3 Clinical Trial Costing Model

Type of Cost Cost Element Source(s)

Per-patient direct cost elements •  Patient recruitment
•  Patient retention
•  Informed consent
•  Protocol study procedural cost
•  Laboratory costs
•  Data entry costs
•  Query resolution costs

•  Medidata Solutions; median 2014 
costs

•  Clinical trial insurance cost •  Marsh Insurance
•  Clinical Trial Insurance Services Ltd.

•  Screen-fail costs •  IMS Health [60]

•  Screen-fail and randomization rates • Tufts CSDD internal databases
•  ClinicalTrials.gov as of January 2015
•  Barriere [24], Harper and Li [38]
•  CTTI ABDD Pilot Study Workshop [30]
•  Centerphase Solutions

•  Country–investigative site distribution and clinical-trial index costs by 
country

•  IMS Health (2016)
•  IMS Health [35]

Per-trial and per-site direct cost 
elements

Personnel costs
•  Sponsor personnel

•  Clinical pharmacology
•  CRO/site contract management
•  Document manager
•  Clinical research associate
•  Physician
•  Statistical programmer
•  Study manager
•  Pharmaceutical technician
•  Product development

•  Site personnel
•  Principal investigator
•  Co-investigator
•  Research nurse/study coordinator
• Technician
•  Other administration
•  Recruitment specialist
•  Microbiologist
•  Regulatory affairs
•  Pharmacist/pharmacy tech

• Tufts CSDD Internal Databases
•  Glassdoor.com as of January 2015

Per-trial site and clinical supply costs
•  Institutional review board fees (local to each site)
•  Amendment fees
•  Record keeping and storage
•  Clinical trial site recruitment costs (marketing)
•  Primary investigator training and travel costs/study monitor travel costs
•  Meeting costs for clinical travel team (venue, food, travel)
•  Clinical supply costs (assumed to be fixed)

•  Manufacturing
•  Comparator
• Trial insurance costs

• Tufts CSDD internal databases
• Tufts University
•  Medidata Solutions
•  Centerwatch

Printing/paper/data costs
•  Number of translations for:
•  Investigator brochure

•  Printing
• Translation

•  Study protocol
•  Printing
• Translation

•  Informed consent
•  Printing
• Translation

•  Case report form
•  Printing
• Translation

•  Data costs
•  Server charges for EDC
•  IT charges for EDC
•  Storage costs
•  Data entry costs

• Tufts CSDD internal databases
• Tufts University
•  Medidata Solutions
• Tyco Health
•  Ritz Carlton Hotel, Boston
• Taj Hotel, Boston
•  IMS Health [35]
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globally [30]. We also assumed that the randomization rate for 
HABP/VABP trials is 1 patient randomized per 100 screened 
based on feedback from the CTTI Workshop and Barriere [24]. 
Table 2 summarizes all assumptions.

Hospital-Acquired Bacterial Pneumonia and Ventilator-Associated Bac-
terial Pneumonia Phase 3 Clinical Trial Cost Model Sensitivity Analyses
Changing the following assumptions, we conducted sensitivity 
analyses to assess the main drivers of the cost model: number 
of sites, number of patients, procedural cost, screen failure rate, 
cost of screen fails, and the cost of patient recruitment. Items 
were selected based on institutional knowledge and recom-
mendations from Knirsch et al and Donnelly et al [36, 37]. See 
Table 3 for sensitivity analysis details.

Sensitivity analyses were conducted separately for each varia-
ble as well as by changing 2 assumptions together. Assumptions 
that were changed together were:

•	 Scenario 1: Changing the number of sites by 50 sites and 
changing the number of patients by 200 patients.

•	 Scenario 2: Changing the cost of screen fails by $60 per 
patient and the cost of recruitment by $50 per patient.

•	 Scenario 3: Changing the cost of screen fails by $60 per 
patient and the procedural cost by $500 per patient.

•	 Scenario 4: Changing the cost of screen fails by $60 per 
patient and the screen failure rate to 99.09% and 98.89% from 
99% (110:1 and 90:1 from 100:1 screened:enrolled)

Both assumptions were either increased or decreased together; 
that is, one assumption was not increased while the other was 
decreased.

Oncology and Endocrine Phase 3 Clinical Trial Assumptions

For comparison, we assumed that a typical phase 3 oncology 
and endocrine trial would be conducted in 279 and 123 sites 
globally, respectively. Assumptions are based on internal Tufts 
CSDD databases containing clinical trial operations data for 
oncology and endocrine trials from multiple biopharmaceut-
ical companies conducted as of 2015, and Harper and Li [38] 
(endocrine only). Table  2 summarizes all assumptions and 

Table 2.  Clinical Trial Study Assumptions and Tufts Center for the Study of Drug Development Estimates of the Average Cost per Patient for Endocrine, 
Oncology, and Hospital-Acquired Bacterial Pneumonia and Ventilator-Associated Bacterial Pneumonia Phase 3 Clinical Trials

Therapeutic Area
Total Sites  

(All Locations)
Total Subjects (All 

Locations)
Total No. of 
Countries

Randomization 
Rate

Per-Patient Direct 
Cost ($000)

Per-Trial Direct 
Cost ($000)

Per-Trial 
Indirect Cost 

($000)

Total Cost 
per Patient 

($000)

HABP/VABP 200 sites 1000 subjects 52 countries 1 patient random-
ized per 100 
screened

$66.1 $20.1 $3.3 $89.6

Oncology 279 sites 448 subjects 74 countries 25 patients ran-
domized per 100 
screened

$18.1 $61.8 $7.5 $87.3

Endocrine 123 sites 582 subjects 47 countries 45 patients ran-
domized per 100 
screened

$9.6 $42.3 $5.8 $57.7

Abbreviations: HABP/VABP, hospital-acquired bacterial pneumonia and ventilator-associated bacterial pneumonia. $000 = Thousands.

Type of Cost Cost Element Source(s)

Per-trial indirect cost elements Upper management time
•  Vice President
•  Executive (Medical) Director
•  Associate Director
•  Biostatistics Manager

• Tufts CSDD internal databases
•  Glassdoor.com as of January 2015

Overhead costs
• Travel and meetings
•  Depreciation (equipment)
•  Depreciation (buildings)
•  Other infrastructure costs
•  Material and office supplies
•  IT costs

• Tufts CSDD internal databases
• Tufts University

Other costs
•  Administration costs
• Training and professional development
•  Employee benefits

• Tufts CSDD internal databases
•  Centerwatch
• Tufts University

Per-patient costs were adjusted by country.

Abbreviations: ABDD, Antibacterial Drug Development; CRO, contract research organization; CSDD, Center for the Study of Drug Development; CTTI, Clinical Trials Transformation Initiative; 
EDC, electronic data capture; IMS, Intercontinental Marketing Services; IT, Information Technology.

Table 1.  Continued
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Figure 1 shows the percentage of sites by therapeutic area and 
region.

Model without underlying data.xlsx contains the cost model 
without any underlying proprietary data (see Supplementary 
Appendix).

RESULTS

Average Cost per Patient for a Typical Hospital-Acquired Bacterial 
Pneumonia and Ventilator-Associated Bacterial Pneumonia Phase 3 
Clinical Trial, Compared to Endocrine and Oncology Trials

We estimate that the overall cost of a phase 3 HABP/VABP 
clinical trial was $89.6 million overall, and that the overall cost 
per patient of a phase 3 HABP/VABP clinical trial was $89 600 
per patient. By comparison, we estimate that the overall cost 
of a phase 3 oncology clinical trial was $39.1 million overall, 
or $87 300 per patient, and that the overall cost of a phase 3 
endocrine clinical trial was $33.6 million overall, or $57 700 

per patient. As indicated in Table 2, per patient, phase 3 HABP/
VABP clinical trials were $2200 more expensive than oncol-
ogy clinical trials and $32 100 more expensive than endocrine 
trials.

Per-patient direct costs made up the majority of phase 3 
HABP/VABP trials, accounting for 74% of overall costs, whereas 
per-trial direct costs made up the majority of phase 3 oncology 
and endocrine trials (71% and 74%, respectively).

Using the same assumptions for number of global sites and num-
ber of patients, but assuming 43 countries instead of 52, Oracle’s 
ClearTrial solution also measured the cost of a phase 3 HABP/VABP 
clinical trial to be approximately $163 million, or $163 000 per patient.

Cost Impact of Changing a Single Model Assumption in a Typical Hospital-
Acquired Bacterial Pneumonia and Ventilator-Associated Bacterial 
Pneumonia Phase 3 Clinical Trial

We estimated the change in overall cost and cost per patient of 
a typical phase 3 HABP/VABP clinical trial by modifying key 

Table 3.  Sensitivity Analysis: Elements, Changes in Assumption, and Rationale

Element Change in Assumption Rationale/References

No. of sites ± 50 sites In line with number of sites in Barriere [24]

No. of patients ± 200 patients In line with number of patients described in Barriere [24] and US Food and Drug 
Administration draft guidance [61]

Clinical trial protocol complex-
ity (proxy measure: clinical 
trial procedural costs)

± $500 per patient Dollar amount corresponds to conducting 2 more or fewer urinalysis, hematology, and 
serum chemistry procedures; and 1 fewer chest radiograph and 12-lead electrocardio-
gram across the treatment phase

Eligibility criteria severity 
(proxy measure: the screen 
failure rate)

± 10 individuals screened per 1 
patient enrolled, eg, instead 
of 100 individuals screened 
to randomize 1 patient, 110 or 
90 individuals are screened to 
randomize 1 patient

Allows to see the difference in costs resulting from a modest change in screen failure rate

Screening complexity (proxy 
measure: investigator pay-
ment per screen failure, ie, 
the cost of screen fails)

± $60 per patient Dollar amount corresponds to changes in protocol procedures, eg, conducting a clinical 
pulmonary infection score test vs 3 individual clinical criteria [26]

The cost of patient recruitment 
(ie, advertisement costs)

± $50 per patient Dollar amount corresponds to modest changes in time spent on records review, internal 
communications, and announcements at grand rounds

Figure 1.  Global region and site distribution assumptions in the phase 3 clinical trial costing model for hospital-acquired bacterial pneumonia and ventilator-associated 
bacterial pneumonia, oncology, and endocrine.
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assumptions in the model to determine the main cost drivers 
as described in the methodology. Figure  2 shows the impact 
of changing each assumption. Changing the screen failure rate 
yields the largest variation in cost. When decreasing the number 
of individuals screened from 100 to 90 patients to randomize 1 
patient, the cost decreases by approximately $5700 per patient, 
or $5.7 million overall.

Changing the cost of screen fails yields the second largest 
variation in cost. When the cost of screen fails is decreased by 
$60 per patient, the cost decreases by approximately $4200 per 
patient, or $4.2 million overall.

Changing the number of patients yields the third largest var-
iation in cost. Although the overall cost of the trial increased 
to $102.8 million, increasing the number of patients to 1200 
decreases the cost by approximately $3915 per patient as fixed 
costs are spread across more patients.

Cost Impact of Changing 2 Model Assumptions in a Typical Hospital-
Acquired Bacterial Pneumonia and Ventilator-Associated Bacterial 
Pneumonia Phase 3 Clinical Trial

We estimated the change in overall cost and cost per patient 
of a typical phase 3 HABP/VABP clinical trial by modifying 
multiple key assumptions in the model to determine the main 
cost drivers as described in the methodology. Figure 3 shows 
the impact of changing each assumption. Scenario 4 (changing 
the cost of screen fails by $60 per patient and the screen failure 
rate by 10 individuals screened to randomize 1 patient) yields 
the largest variation in cost. When decreasing the cost of screen 
fails by $60 per patient and decreasing the number of individ-
uals screened from 100 to 90 patients to randomize 1 patient, 
the cost decreases by approximately $9500 per patient, or $9.5 
million overall. Scenarios 1–3 yield similar variations from the 
baseline estimate of approximately $4300 per patient.

Figure 3.  Cost impact of changing 2 model assumptions in a typical phase 3 hospital-acquired bacterial pneumonia and ventilator-associated bacterial pneumonia trial.

Figure 2.  Cost impact of changing a single model assumption in a typical phase 3 hospital-acquired bacterial pneumonia and ventilator-associated bacterial pneumonia 
trial.
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Oracle also conducted sensitivity analyses. It found that decreas-
ing the cost of screen fails by $60 and decreasing the number of 
individuals screened decreases the cost by approximately $16 000 
per patient. Oracle’s sensitivity analysis of increasing the num-
ber of clinical trial sites by 50 and the number of patients by 200 
showed an increase in overall trial costs to $195.3 million, which 
translated to a cost decrease of approximately $318 per patient.

DISCUSSION

We created a fully loaded (direct and indirect) cost model of a 
typical phase 3 HABP/VABP clinical trial. The overall cost of a 
phase 3 HABP/VABP clinical trial was calculated to be approxi-
mately $89.6 million, or $89 600 per patient (1000 patients in 
200 sites). Per patient, phase 3 HABP/VABP clinical trials were 
$2200 more expensive than oncology trials and $32 100 more 
expensive than endocrine trials. Sensitivity analyses indicate 
that the screen failure rate and cost of screen fails are the main 
cost drivers for phase 3 HABP/VABP clinical trials.

Results from the model corroborate the findings from the 
2009 workshop [24–26]. Our estimates are $6.8 million higher 
than the 2009 workshop estimate, or $920 higher than the 2009 
workshop per-patient maximum. These variations could be due 
to study assumptions as the manuscripts do not provide detail 
on how the 2009 workshop estimates were calculated.

Results from our model differ from results from Oracle’s 
analysis by $73 400 per patient. Variations could be attributed 
to differences in investigator payments for screen failures; 
Oracle’s model used the same cost of screen fails for all coun-
tries, whereas our model adjusted this cost by a country defla-
tor. Additionally, Oracle’s model measures cost based on hours 
spent on each activity, calculating 409 464 total hours for the 
baseline scenario. Our model relies on benchmark data across 
all disease indications, calculating 106 000 total hours.

Although Oracle’s ClearTrial tool estimates are greater than 
our estimates, its sensitivity analyses demonstrate that although 
increasing the number of patients increases the overall cost of 
the trial, the cost per patient decreases. A possible explanation 
for this is that a larger percentage of patients are coming from 
sites in regions where costs are significantly lower (eg, Eastern 
Europe and Latin American).

Study results indicate that 75% of HABP/VABP clinical trial 
costs are attributed to per-patient direct cost variables. This 
could be explained by the high screen failure rate for HABP/
VABP clinical trials. While the cost of screen failures for infec-
tious disease clinical trials is lower than the cost for screen fails 
for oncology and endocrine clinical trials, significantly more 
patients fail screening; for example, to obtain 1000 patients in 
a HABP/VABP phase 3 trial, 100 000 patients must be screened, 
thereby increasing the overall cost of screen fails by an order of 
magnitude. The literature [3, 4, 10, 17, 24–27, 37, 39–57] and 
sensitivity analyses corroborate this hypothesis, as demonstrated 

in Figure 2 and Figure 3. Decreasing both the cost of screen fails 
as well as the screen failure rate leads to greater decreases in 
clinical trial costs for HABP/VABP phase 3 clinical trials. This 
suggests that biopharmaceutical companies and research sites 
should consider ways to increase the number of potentially eli-
gible patients. The “low-hanging fruit” of streamlining exclu-
sion criteria, to only trial specific essential elements, has mostly 
been picked. Novel approaches such as using predictive models 
to find and consent patients earlier in the disease process should 
be explored [36, 58, 59]. Working to decrease screen failures 
will have a greater impact on lowering overall costs than trying 
to streamline already lean clinical trial protocols.

There are some limitations to this study. Assessment of cer-
tain variables for sensitivity analyses is limited and, moreo-
ver, the model does not account for the risk of needing to hire 
another contract research organization in cases where add-
itional sites and/or countries are added due to poor enrollment.

Additionally, some cost elements in the model, eg, resource 
hours and clinical supply costs, are median values across all 
therapeutic areas and not specific to HABP/VABP, oncology, or 
endocrinology. Particularly, clinical supply costs are highly var-
iable depending on the drug type, and so the median value may 
not be generalizable.

With a per-patient price tag of almost $90 000, combined 
with the potential for low return on investment (ROI), HABP/
VABP trials very well stand to be priced out of the market. 
Clinical trials of new oncology and endocrine drugs usually 
enroll outpatient or less acutely ill patients, which may account 
for the more favorable screening-to-enrollment ratios. In add-
ition, treatment durations for oncology and endocrine drugs are 
longer and therefore these therapeutic areas have a larger poten-
tial for a greater ROI. In comparison, antibacterial drugs have 
relatively short treatment durations, decreasing the overall ROI. 
Therefore, it is critically important to investigate and implement 
ways to improve the feasibility of HABP/VABP trials.

By applying the insights gathered from this cost model, phar-
maceutical and biotechnology companies—along with other 
clinical research stakeholders and programs—can move closer 
to creating a more efficient and financially viable drug develop-
ment process for HABP/VABP. Specifically, biopharmaceutical 
companies, regulatory agencies, and research sites should con-
sider ways to increase the number of potentially eligible patients 
(ie, decrease screen failures) [36, 58, 59] as an opportunity to 
decrease HABP/VABP clinical trial costs. This will allow the 
clinical trials and regulatory communities to address the need 
for new HABP/VABP antibiotics and provide the medical com-
munity with more clinically informative data to aid in treatment 
of these desperately ill patients.
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