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As the number of antibacterial medicines in the pipeline remains low, we anonymously surveyed pharmaceutical industry pro-
fessionals on challenges and solutions for clinical development of these agents. Challenges were reported primarily as financial
and regulatory. For multidrug-resistant organisms, there are needs for rapid diagnostic tests, new regulatory guidance, and ad-
aptation of endpoints/trial designs. Regulators and public/private initiatives are addressing these challenges to help ensure that
proposed solutions have the support of all involved stakeholders.

While resistance to the available arsenal of antibacterial agents
is rising at an alarming rate (1), the number of new antibac-

terials in research and development (R&D) remains low (2, 3).
The identification and a clear understanding of challenges ham-
pering the clinical development of new antibacterial medicines are
essential to develop and propose targeted solutions that will be
implemented by pharmaceutical companies. Limited published
information regarding the opinions of industry professionals on
the topic is available (4–10). To fill this information gap, we sur-
veyed professionals in the private sector working on the clinical
development of new antibacterial agents. For methods and addi-
tional survey results, see the supplemental material.

Sixty respondents (Table 1) entered the survey, and 82% (n �
49) completed it. Overall, financial issues came forward as the
main challenge facing pharmaceutical companies developing an-
tibacterial agents. The most frequent reason for stopping clinical
development (Fig. 1) was reported to be due to low return on
investment (ROI) (84%). This is no surprise, as the economics of
antibacterial R&D is not favorable today and is one of the main
reasons for the desertion of this therapeutic area by companies
since the 1990s (11). Interestingly, the UK Review on Antimicro-
bial Resistance formed in 2014 recently published a survey of
the pharmaceutical industry that focused mostly on financial bar-
riers to antibacterial R&D (http://amr-review.org/sites/default
/files/Surveyofactors.pdf), which also showed financial issues as
being the main barrier to investment. To decrease financial chal-
lenges, the 2012 GAIN act in the United States defined incentives
in the form of a 5-year additional market exclusivity, priority re-
view, and fast track approval for new antibacterials that have ob-
tained Qualified Infectious Disease Product (QIDP) designation.
This designation can be obtained by new antibacterials targeting a
defined list of pathogens that are considered a serious threat to
public health and therefore would fulfill high unmet medical
needs (12). Although there is discussion around whether this mea-
sure really fosters true innovation, 46 QIDP designations have
been awarded to 32 compounds since 2012 (13). Interestingly,
respondents supported clinical trial design options that would not
result in the lowest clinical development costs. These options in-
clude prospectively gathering external control data for pathogen-
based trials (versus the use of already-available historical control

data) or gathering postmarketing surveillance data subsequent to
acquisition of regulatory approval based on limited clinical data.

To adapt to the high unmet medical need caused by infections
due to multidrug-resistant organisms (MDRO), the regulations
for antibacterial R&D have been changing at a fast pace in the last
few years; the European Medicines Agency (EMA) and the Food
and Drug Administration (FDA) updated their guidance for de-
velopment of antibacterial medicines in case of high unmet med-
ical need (14–16). Nevertheless, based on our survey, which was
conducted after the release of the FDA guideline, the current reg-
ulations are still perceived as a hurdle, and more regulatory
changes are needed. When asked about changes in regulatory
pathways that would have a positive impact in simplifying the
path to approval (Fig. 2), 74% of respondents indicated that har-
monizing international regulatory requirements would have a
major positive impact. Over 50% of respondents also rated as high
impact the four following changes: creation of new regulatory
pathways, provision of regulatory guidance on pathogen-based
indications for MDRO, conditional/limited-use approvals for
MDRO based first on microbiologic surrogate endpoint data, and
regulatory acceptance of external control data. According to this
survey, new approval pathways based on limited clinical data,
such as the limited-population antibacterial drug (LPAD) path-
way (17), would be well received by pharmaceutical companies,
which also suggests that some pharmaceutical companies may en-
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vision stepping away from the current antibacterial-medicine
business model based on sales volume.

Following financial and regulatory challenges, the design and
implementation of more-effective clinical development pro-
grams, including pathogen-based trials, were identified as chal-
lenging. As pathogen-based trials differ from the traditional large
indication-based phase 3 randomized controlled trials, new trial
designs (i.e., new clinical endpoints, new control group defini-
tions) will have to be agreed upon between regulators and phar-
maceutical companies. Regarding the design of such trials, the
most favorable opinions went to single-arm trials supported by
external control data gathered prospectively (78%), while the
least-favored design option was represented by superiority trials
(Fig. 3). The updated regulatory guidance mentions testing for
superiority as an option to assess. However, situations in which
such trials would be ethical and clinically important are still a
matter of debate (14, 17). Two alternatives that have been dis-
cussed were met with a more favorable response: 53% of respon-
dents agreed or strongly agreed with the concept of noninferiority
trials with alternative statistical criteria (e.g., with relaxation of the
type I error rate) as a feasible pathway to registration, and 61%
agreed with the concept of indication-based trials where patients
infected with MDRO are a subset. In terms of the required sample
size as well as endpoints and hypothesis tested, there seems to be a
need for flexibility, which is currently reflected in the guidance.
Equally important is the general assumption that in noninferiority
trials, the new drug will be tested in line with International Con-
ference on Harmonisation of Technical Requirements for Regis-

TABLE 1 Survey respondents’ main area of expertise and years of
experience in antibacterial R&D

Category of respondents
% (no.) of
respondents

Main area of expertise
Clinical development/medical affairs 47 (28)
Preclinical development 17 (10)
Research 13 (8)
Regulatory affairs 8 (5)
Clinical operations/clinical trial management 5 (3)
Biostatistics 5 (3)
Pharmacometrics 2 (1)
Human pharmacology 2 (1)
Business development 2 (1)

No. of yrs of experience in antibacterial R&D
�1 2 (1)
2 to 5 27 (16)
6 to 10 8 (5)
�10 63 (38)

Respondents experience with regulatory environments
FDA 95 (57)
EMA 93 (56)
Othera 25 (15)

a Pharmaceuticals and Medical Devices Agency (PMDA), Japan, n � 8; China Food and
Drug Administration (CFDA), n � 6; Therapeutic Goods Administration (TGA),
Australia, n � 5; Health Canada, n � 5; Health Sciences Authority, Singapore, n � 2;
Africa, n � 2; South America, n � 1; Asia, n � 1; European Union member state
regulatory agencies, n � 1.

FIG 1 Response to the question “what are the three most frequent reasons for stopping the clinical development of new antibacterial agents?” n � 58.
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tration of Pharmaceuticals for Human Use (ICH) guidelines
against an approved standard of care, regardless of whether the
control group is an arm of that same trial or is composed of exter-
nal data gathered retrospectively or prospectively. Nevertheless, at

the end of the day, new trial designs need to be operationally
feasible and cost-effective while providing sufficient and quality
data for regulators to make informed decisions. Innovative ap-
proaches, such as Bayesian statistics-based adaptive designs, phar-

FIG 2 Opinions on the positive impact that changes in regulatory pathways and guidance might have on the successful development of new antibacterial agents.
MDRO, multidrug-resistant organism; LPAD, limited-population antibacterial drug; M&S, modeling and simulation.

FIG 3 Opinions on study design for registration trials assessing safety and efficacy of new antibacterial agents for infections caused by MDRO.
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macokinetic/pharmacodynamic modeling, and the wider use of
pharmacometrics, have limited support from the survey respon-
dents since they seem to still be perceived as having a higher risk of
delivering unsuccessful trials than traditional frequentist ap-
proaches.

Finally, regarding operational aspects, the lack of rapid diag-
nostic tests is a crucial R&D gap both for sensitive and MDRO
infections. Indeed, even with streamlined development pro-
grams for MDRO, the absence of rapid diagnostic tests will still
induce the recruitment of a high number of patients, only a
small fraction of whom will be infected with the MDRO of
interest. Development of rapid diagnostic tests for Gram-neg-
ative MDRO remains challenging (18), but two recent initia-
tives promote innovation in this field: the 2014 United King-
dom Longitude prize (http://www.longitudeprize.org/) and a
new prize announced by the U.S. President in September 2014
(19).

Regarding our survey’s limitations, the overall response rate
was not assessable, as we had to rely on primary contacts within
companies to distribute the survey. Second, we cannot guarantee
that the opinions of this limited sample of respondents are repre-
sentative of the whole pharmaceutical industry or of groups with
different areas of expertise. Finally, our survey was conducted on
the heels of the draft FDA guidance (15) release but shortly before
the final EMA addendum was made public (16). This timing
might have influenced respondents’ answers.

Refueling the antibacterial pipeline will imply innovative R&D,
regulatory pathways, and economic models (20) and is the aim of
several ongoing initiatives. In 2013, the Biomedical Advanced Re-
search and Development Authority (BARDA) (http://www.phe
.gov/about/barda/Pages/default.aspx) initiated programs to pro-
vide public funds for R&D of agents against MDRO, and the
Innovative Medicines Initiative (IMI) launched the New Drugs for
Bad Bugs (ND4BB) program in the European Union (http://www
.imi.europa.eu/content/nd4bb). ND4BB leverages the synergism of
a public-private partnership to boost efforts in all R&D areas for
antibacterial agents (i.e., basic research to new economic models)
(21). Simplifying the design of antibacterial clinical trials is the
focus of several initiatives, including the Clinical Trials Transfor-
mation Initiative (CTTI) (http://www.ctti-clinicaltrials.org/what
-we-do/ctti-project-categories/ab-drug-development), the Foun-
dation for the National Institute of Health (FNIH) (22), and the
Combating Bacterial Resistance in Europe (COMBACTE) con-
sortium, within the scope of which the present survey was run
(https://www.combacte.com/).

In summary, the main challenges for the successful clinical
development of new antibacterial medicines are rooted in fi-
nancial and regulatory hurdles. Innovative trial designs were
deemed important in the arsenal of tools to promote R&D of
antibacterial agents, but their implementation within clinical
development programs is still eclipsed by ROI concerns and an
uncertain regulatory environment. For trials with antibacterial
medicines active against MDRO, there is a need for improved
rapid diagnostic tests, global regulatory guidance, surrogate
endpoints, and alternative study designs which encompass ex-
ternal control data. Initiatives such as IMI’s ND4BB program
and others aimed at refueling the antibacterial-medicine pipe-
line should focus objectives on the requisite solutions to over-
come the financial and regulatory challenges. Results from our
survey as well as from all ongoing initiatives and public-private

collaborations should help balance industry needs with regu-
latory requirements and ensure that proposed solutions have
the support of both private and public stakeholders.
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