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ABSTRACT

Antimicrobial resistance (AMR) has received widespread attention in the press
and considerable resources from governments and global organizations, and
that has resulted in many new drugs but not in better outcomes for patients.
To achieve better outcomes, researchers and regulators should focus more
on a drug’s meaningful clinical benefit to patients and less on the in vitrostudy
of the drug’s ability to inhibit the growth of pathogenic organisms. That
requires putting resistance in the context of overall infections and the impact
of the human immune response to develop medical interventions that
improve the lives of patients.

© 2025 European Society of Medicine 1


mailto:dz@center4research.org
https://doi.org/10.18103/mra.v13i3.6291
https://doi.org/10.18103/mra.v13i3.6291
https://doi.org/10.18103/mra.v13i3.6291
https://doi.org/10.18103/mra.v13i3.6291

inking “Antimicrobial Resistance”: For

Introduction

Antimicrobial resistance (AMR) has received
widespread attention in the press and considerable
resources from governments and global
organizations.® The focus has been on pathogenic
organisms’ ability to resist inhibition of growth by
drugs /n vitro. Missing from this equation are
patients and patient outcomes.? Although AMR’s
importance is based on the association between /in
vitro resistance and worse patient outcomes, it is
essential to define resistance in ways that are
meaningful for patients and clinicians. That
requires putting resistance in the context of overall
infections and the impact of the human immune
response to develop medical interventions that
improve the lives of patients.

Research shows that attempts to address AMR
have centered on “bugs and drugs” — developing
many new drugs with /n vitro biological activity
against without
demonstrating whether those same drugs improve
patient outcomes.®# That is why new drugs have
not improved survival for patients in the United
States (US) and many other countries. Here we

organisms, evaluating or

discuss current issues with AMR and suggest how
to move forward to develop evidence and
interventions to save and improve patients’ lives.

The Focus on Pathogens Instead of
Patients

The definitions and evaluations of resistance often
are based on assumptions related to /17 vitro growth
inhibition and pharmacokinetics, rather than
randomized assessments of patient outcomes in
clinical trials.?® Preclinical data do not consider the
human immune system’s effect on patient
outcomes.® Case reports of poor outcomes in
patients infected with “resistant” pathogens
cannot show that those outcomes are due to
resistance. Patients infected with resistant
organisms are often older and sicker, and poor
outcomes may be due to these factors, not
resistance.? One study showed that when

controlling for other diseases and severity of

Y on s":. ents instead of Pathoaen

illness, there was no difference in deaths for
patients infected with methicillin-susceptible and
methicillin-resistant Staphylococcus aureus (MRSA).”

In the US, the 21% Century Cures law of 2016
allowed regulators to use definitions of resistance
developed by outside groups that accept money
from pharmaceutical corporations.® These groups
have recently suggested changes in definitions that
make older drugs seem less effective,® although
the definitions often have not aligned with patient
outcomes.'® Instead, the
definitions encourage clinicians to use newer, more
expensive drugs that are not proven to improve
patient outcomes compared to older drugs.

suggested new

Research shows that most deaths are from
infections in patients who receive a drug to which
the infecting organisms are “susceptible” /in vitro.
A study of nearly 50,000 patients in 173 US
hospitals showed approximately 99% of patients
had infections with gram-negative bacteria to
which at least one susceptible drug remained.*
Similarly, in a global study from the US Department
of Defense Military Health System, 99% of all
bloodstream infections (both gram positive and
gram-negative organisms) and 94% of deaths were
in patients for whom a drug exists that is able to
inhibit growth of the bacteria in the test tube.** The
proportion of patients who died from a resistant
bacteria was only one of every 17 infections, indicating
that most patients who died with infections had
“susceptible bacteria.” And yet, the needs of those
patients are not considered in AMR discussions
because they are not infected with a “priority
pathogen.” This calls into question the definition of
“resistance” that relies solely on /n vitro results. A
focus on patient outcomes would define “resistance”
as infections in which patients do not get better
regardless of the results of /n vitro testing.

Exaggerating the Impact of Antimicrobial

Resistance

Resistance is often defined by how many drugs or
classes of drugs lack /n vitro biological activity. For
example, the US Centers for Disease Control and
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Prevention (CDC) defines “multi-drug resistance”
as organisms “resistant to one or more classes of
antibiotics.”** However, focusing on which drugs
might not work is less clinically useful to patients
than focusing on how many potentially effective
drugs remain for treatment. Studies using this more
clinically relevant definition termed “difficult to
treat resistance” (DTR) show a better correlation
with patient survival.'*!* As noted above, patients
infected with organisms resistant /n vitro are on
average older, sicker, have more co-morbid
diseases, and received more prior antibiotics than
patients with “susceptible” infections.™® For this
reason, many patients die with, not from, resistant
organisms. One study measured the attributable
mortality — deaths due to the infection — as 25%,
meaning that 3 of 4 patients infected with resistant
organisms do not die from the infection but rather
die from weakened immunity and/or other
underlying diseases.'® Another study using US data
showed attributable mortality in infections from
gram negative bacteria in various diseases as
approximately 7.5% to 12.6% (1 in 8 to 1 in 13
deaths due to resistant infection), depending on
the disease and the drugs used for comparisons.*’

A widely reported alarming prediction of 39 million
deaths and “more deaths than cancer by 2050
are not based on evidence; on the contrary, rates
of /n vitro resistance in the US and in other
countries have remained stable or decreased over
the last decade. This and previous frightening
predictions are from modeling based on
assumptions. As was amply demonstrated during
the COVID-19 pandemic, models can be largely
inaccurate at predicting numbers of infections,
deaths, and the impact of medical interventions.*®
The models regarding AMR assume a continued
and large increase in “resistance,” which as we
noted above is defined by how many drugs lack /n
vitro activity rather than how many potentially
effective drugs remain.**?? Unfortunately, the focus
on future predictions shifts attention away from the
current patients who need more effective
treatments now, not in 2050.

n 'Jb:i ents instead of }‘ (/‘ <

Impact on Drug and Device Development

The focus on pathogens has resulted in
development of medical interventions that focus
on /n vitro biological activity instead of improving
patient outcomes.** For several decades, government
regulators have allowed studies to enroll patients
who already have effective options for what
regulators define as serious and life-threatening
diseases. Equally problematic, standards for
approval allow the new drug to be up to 20% less
effective for the types of patients enrolled - the
oddly named “non-inferiority” trials — exposing
patients in clinical trials to potential harm while
potentially offering no benefit to any patients.?
These studies did not focus on whether the new
drugs decreased adverse effects to offset the
potential decrease in efficacy.?**

Regulators and drug companies have claimed that
approving drugs studied in patients who already
have effective options will provide “new options”
for future patients when the older drugs to which
the new drugs were compared might decrease in
efficacy.? This claim lacks a scientific foundation, since
infectious diseases are caused by the presence of
pathogenic organisms and a response from the
host's immune system, which can often clear
common bacteria before a disease develops.?,®
Different types of patients have different immune
responses, which is why COVID-19 had different
effects in older persons and those with underlying
diseases compared to younger, healthier people.*®

Moreover, at least a dozen drugs with /n vitro
activity have been shown to be harmful for patients
in clinical trials.?” One notable example is the
antibiotic  cefiderocol (Fetroja). This drug
demonstrated “similarity” in efficacy to an older
effective drug in patients who already had effective
options for complicated urinary tract infections.
However, in a randomized trial the drug increased
deaths by 16% in patients who were infected with
resistant organisms compared to older drugs

whose efficacy were also considered questionable.®

Regulators in the US have approved a dozen drugs
over the last ten years for infections due to
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methicillin-resistant Staphylococcus aureus (MRSA
drugs).®*? None of these drugs decreased deaths
in clinical trials; moreover, in clinical practice,
mortality in bloodstream infections in the large
global US military health system did not change
over a decade, despite these new drugs.*? Since no
patients with MRSA over that decade had
resistance to all current drugs, poor outcomes must
be due to factors other than /n vitro resistance.
Despite this evidence, regulators continue to
approve drugs based on a single trial plus
“confirmatory evidence” that are often from /n vitro
data or data from animal models.** However,
confirmatory trials are supposed to provide
evidence that a drug improves patients’ lives, not
to confirm how a drug might work in pre-clinical
studies. In fact, legal precedent from the 1970s
that was the genesis of current FDA standards for
drug approval pointed out the lack of correlation
between /n vitro data, animal models, and patient
outcomes in disease.?

Due to all these shortcomings in how current drugs
are studied for most bacterial and fungal infections,
it is not possible for patients and clinicians to know
which drugs are likely to be better for which
patients. Since it is impossible to show statistically
that two drugs are exactly equal, non-inferiority
trials are intended to allow some loss of efficacy as
long as the new drug has some added benéefit in
terms of fewer or less severe adverse effects,
improved convenience, or less cost, and does not
result in irreparable patient harm.® Patients with
effective options need fewer or less serious
adverse effects, whereas patients who lack
effective options need treatments with better
efficacy. Therefore, studies in these different types
of patients should differ in their research questions.

Unfortunately, research on the protocols of
infectious disease trials shows that this trade-off is
not evaluated in most studies.?* Consent forms also
fail to explain that the goal for study participants
and the future approval of the drug is non-
inferiority compared to existing treatments, raising
ethical as well as scientific issues. The loss of

n 'Jb:i ents instead of }‘ (/‘ <

efficacy allowed by regulators in non-inferiority
trials has steadily increased in recent years from
10% to 20%.%3! That means that a new drug can
be approved despite being 70% effective when the
older drug it is compared to is 90% effective. Few
patients would sign up for a trial or treatment
where as many as 1 in 5 patients (20%) might do
worse with the new drug compared to an older
available approved drug; In fact, in a recent survey
most patients said they would decline to join a
study with a potential loss of efficacy of 10%
regardless of other potential benefits.?® Moreover,
if drug B is approved based on potentially 20% less
efficacy than drug A, and drug C is allowed to be
approved if 20% worse than drug B, there can be a
slippery slope called “biocreep” resulting in less
and less efficacy for each newly approved drug.*
Equally problematic, the outcomes in these trials
are often laboratory tests or subjective clinician
judgments rather than objective measurements of
patients’ health such as survival, symptoms and

function in patients’ lives.®

Solutions

The approach to infections needs to focus more on
patients and patient outcomes, and that means we
need drug approval policies that require better
evidence. If government policies are needed to
provide incentives for new treatments, those
policies should focus on prioritizing interventions
that improve patient outcomes in terms of helping
them live longer or better, rather than focusing on
just changing laboratory tests. For example, the
Get Antibiotic Incentives Now (GAIN) Act of 2012
allowed FDA to grant priority review to shorten the
review time for “life-threatening diseases” if the
drug had /n vitro activity against a list of organisms
that includes almost every human pathogen, even
some to which resistance has not yet developed.*’
The law did not require improved patient
outcomes as a criterion for priority review; As a
result, since the passage of this law, there has been
an increase in the number of antimicrobials
approved in the US, but none of them have
demonstrated improved patient outcomes.33238,
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For example, sulopenem recently gained extended
exclusivity under the GAIN Act for uncomplicated
urinary tract infections — a disease with short-term
reversible morbidity-- despite a lack of evidence of
improved patient outcomes and unknown risks
compared to older drugs. Therefore, the law
should be amended to provide priority review only
to interventions that have direct evidence of
improving patient outcomes in diseases with high
mortality. Similarly, the recent change by the US
Center for Medicare and Medicaid Services that
allows higher payments for antibiotics in the
absence of evidence of improved patient
outcomes should be reversed to increase
payments only for interventions that improve the
lives of patients.®*® Any new legislative efforts to
provide incentives for drug companies to develop
new antimicrobials, such as the Pioneering
Antimicrobial Subscriptions to End Upsurging
Resistance (PASTEUR) Act introduced in the US,
should provide such incentives only to drugs that
provide direct evidence that they improve patient
outcomes.®

There is also a need to improve the evidence from
clinical trials in infectious diseases to justify clinical
use in practice, and to justify government coverage
for payment. The following suggestions would
improve the evidence and therefore benefit
patients:

1. Studies should enroll patients for whom
current therapies have
effectiveness.

suboptimal
This would help ensure that
interventions focus on patients who most need
them, thus justifying the potential harm of new
interventions. In addition, patients should be
enrolled based on patient characteristics,
rather than infecting organisms alone.

2. In addition to small molecule antimicrobials,

more research is needed to evaluate
interventions that focus on the patients’
microbiome, immune system, and personal
protective equipment such as gowns and

masks. For example, steroids given to patients

Rethinking “Antimicrobial Resistance”: Focusing on Patients instead of Pathogeni
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with severe pneumonia have recently been
shown to improve survival. Better diagnostic
devices which are evaluated to show their
benefits on patient outcomes (not just accuracy
of tests) would be helpful in applying new
interventions appropriately.

3. Trials should be designed to evaluate
superiority in effectiveness. Non-inferiority
trials should be reserved only for interventions
where the new treatment is likely to have
decreased adverse effects, improved
convenience, or less cost, and only in diseases
where lesser efficacy does not result in
increased harm for patients. This is consistent
with the Declaration of Helsinki, which states
that potential research participants should not
be randomized to any drug less effective than
the best available one if they would be subject

to irreparable harm.

4. The outcomes used as endpoints in clinical
trials should be direct measures of survival,
patient symptoms, and function in their daily
lives. These are more meaningful than indirect
measures such as culture results or clinicians’
decisions and make more sense when studying
acute diseases where the direct impact on
patients’ lives can be measured in a short
period of time. Any studies using indirect
measures should show how they reflect direct
benefits to patients.

5. Researchers should enroll sufficient numbers
of male and female participants of varying ages
and health status and use appropriate
inferential statistical analyses (not descriptive
statistics only) so that the results are relevant to
clinical practice.

How do we know these strategies will work? The
vast improvements in the lives of patients living
with HIV/AIDS were achieved by following the
precepts above. First, effective therapies were
developed, then those with fewer adverse effects
and finally those with greater convenience.
Evaluating interventions for diagnosis, prevention
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and treatment of bacterial, fungal and other viral
diseases should follow this same model. We have
tried it the “usual way” for decades and the result
has been a greater quantity of costly drugs without
evidence that they improve patients’ lives.
Focusing on patients and improving patient
outcomes would help patients infected with
resistant organisms as well as the greater numbers
of patients who experience poor outcomes with
“susceptible” bacteria.

Conclusions

For several decades, the focus of infectious
diseases research and policy has centered on
pathogens and resistance to the biological effects
of growth inhibition by drugs /n wvitro and
misleadingly framed as a world crisis. While AMR
is a serious issue, it should be put into the context
of overall patient outcomes regardless of infecting
pathogens. A patient-centered view shows that
resistance to all first line antimicrobials is
uncommon in developed countries and has not
increased (or has decreased) over time. This is in
part due to stewardship efforts to use drugs more
appropriately. Historically, infection mortality
decreased before the first antibiotic was
discovered, showing the importance of infection
control, clean water and food, particularly in
developing countries — challenges that will not be

n 'Jb:i ents instead of }‘ (/‘ <

addressed by new drugs. The focus on “bugs and
drugs” has resulted in more new drugs on the
market and increased prices, but not improved
patient outcomes. This result is not surprising as
current government policies do not place the
incentive on improving patient outcomes. Policy
interventions should focus on patients and
improving patient outcomes for all those who
experience poor outcomes with infections, not only
those infected with specific types of pathogens.
The evidence shows that patients with
“susceptible” infections who still have unmet
needs outnumber those with AMR. Focusing on
improving outcomes could expand the types of
interventions and help all those with infections
including susceptible as well as resistant infections.

Conflict of Interest:

The authors have no conflicts of interest to
disclose.

Funding Statement:

Dr. Zuckerman's work was partially supported by
Arnold Ventures. The funders had no role in the
writing of this manuscript.

Acknowledgements:
None.

© 2025 European Society of Medicine 6



References:

1. O'Neill J. Antimicrobial resistance: tackling a
crisis for the health and wealth of nations. 2014.
Accessed May 27, 2024.

https://amr-
review.org/sites/default/files/AMR%20Review%20

Paper%?20-
%20Tackling%20a%20crisis%20for%20the%20hea

1th%20and%20wealth%200f%20nations 1.pdf

2. Pezzani MD, Tornimbene B, Pessoa-Silva C, et al.
Methodological quality of studies evaluating the
burden of drug-resistant infections in humans due
to the WHO Global Antimicrobial Resistance
Surveillance System target bacteria. Clin Microbiol
Infect. Jan 13 2021;d0i:10.1016/j.cmi.2021.01.004

3. Watkins RR, Du B, Isaacs R, Altarac D. Pathogen-
Targeted Clinical Development to Address Unmet
Medical Need: Design, Safety, and Efficacy of the
ATTACK Trial. Clin Infect Dis. May 01
2023;76(Suppl 2):S210-S214.
d0i:10.1093/cid/ciad097

4. US Food and Drug Administration. Antibacterial
therapies for patients with unmet medical need for
the treatment of serious bacterial diseases:
Guidance for Industry.
https://www.fda.gov/files/drugs/published/Antiba
cterial-Therapies-for-Patients-With-an-Unmet-

Medical-Need-for-the-Treatment-of-Serious-

Bacterial-Diseases.pdf

5. Lawandi A, Kadri S, Powers Il JH. Focusing on
antimicrobial resistant infections —are we missing
the forest for the trees and the patients for
pathogens? Frontiers in Antibiotics.
2023;2(December)

doi:https://doi.org/10.3389/frabi.2023.1329081

6. Cao M, Wang G, Xie J. Immune dysregulation in
sepsis: experiences, lessons and perspectives. Cell
Death  Discov. Dec 19 2023;9(1):465.
d0i:10.1038/s41420-023-01766-7

7. Yaw LK, Robinson JO, Ho KM. A comparison of
long-term outcomes after meticillin-resistant and
meticillin-sensitive Staphylococcus aureus bacteraemia:

an observational cohort study. Lancet Infect Dis.
Oct 2014;14(10):967-75.
d0i:10.1016/51473-3099(14)70876-X

8. Doshi P. Defining antibiotic effectiveness and
resistance: how a private party may soon rule
judgments over susceptibility testing. BMJ. Jan 06
2016;352:h6849. doi:10.1136/bm;j.h6849

9. Tamma PD, Powers JH. Do patient data really
support the clinical and laboratory standards institute
recommendation for lowering third-generation
cephalosporin interpretive breakpoints? Clin Infect
Dis. Aug 2013;57(4):624-5. doi:10.1093/cid/cit308

10. Tamma PD, Wu H, Gerber JS, et al. Outcomes
of children with enterobacteriaceae bacteremia
with reduced susceptibility to ceftriaxone: do the
revised breakpoints translate to improved patient
outcomes? Pedlatr Infect Dis J. Sep 2013;32(9):965-
9. d0i:10.1097/INF.0b013e31829043b3

11. Kadri SS, Adjemian J, Lai YL, et al. Difficult-to-
Treat Resistance in Gram-negative Bacteremia at
173 US Hospitals: Retrospective Cohort Analysis of
Prevalence, Predictors, and Outcome of Resistance
to All First-line Agents. Clin Infect Dis. Jul
2018;d0i:10.1093/cid/ciy378

12. Vostal A, Grance M, Powers Il JH, et al.
Demographics, epidemiology, mortality, and
difficult-to-treat resistance patterns of bacterial
bloodstream infections in the global US Military
Health System from 2010-2019: a retrospective
cohort study. BMJ Open. Mar 2025;15(3):e094861.
doi: 10.1136/bmjopen-2024-094861.

13. US Centers for Disease Control and Prevention
Management of Multidrug-Resistant Organisms in
Settings: MDRO
https://www.cdc.gov/infection-control/hcp/mdro-
management/background.html#:~:text=MDRO%?2
ODefinition,of%20antimicrobial%20agents%20(1).

Healthcare Definition.

14. Kadri SS, Lai YLE, Ricotta EE, et al. External
Validation of Difficult-to-Treat Resistance Prevalence
and Mortality Risk in Gram-Negative Bloodstream
Infection Using Electronic Health Record Data
From 140 US Hospitals. Open Forum Infect Dis.
Apr 2019;6(4):0fz110. doi:10.1093/ofid/0fz110

© 2025 European Society of Medicine 7


https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://www.fda.gov/files/drugs/published/Antibacterial-Therapies-for-Patients-With-an-Unmet-Medical-Need-for-the-Treatment-of-Serious-Bacterial-Diseases.pdf
https://www.fda.gov/files/drugs/published/Antibacterial-Therapies-for-Patients-With-an-Unmet-Medical-Need-for-the-Treatment-of-Serious-Bacterial-Diseases.pdf
https://www.fda.gov/files/drugs/published/Antibacterial-Therapies-for-Patients-With-an-Unmet-Medical-Need-for-the-Treatment-of-Serious-Bacterial-Diseases.pdf
https://www.fda.gov/files/drugs/published/Antibacterial-Therapies-for-Patients-With-an-Unmet-Medical-Need-for-the-Treatment-of-Serious-Bacterial-Diseases.pdf
https://doi.org/10.3389/frabi.2023.1329081
https://www.cdc.gov/infection-control/hcp/mdro-management/background.html#:~:text=MDRO%20Definition,of%20antimicrobial%20agents%20(1
https://www.cdc.gov/infection-control/hcp/mdro-management/background.html#:~:text=MDRO%20Definition,of%20antimicrobial%20agents%20(1
https://www.cdc.gov/infection-control/hcp/mdro-management/background.html#:~:text=MDRO%20Definition,of%20antimicrobial%20agents%20(1

15. Safdar N, Maki DG. The commonality of risk
factors for nosocomial colonization and infection
with antimicrobial-resistant Staphylococcus aureus,
enterococcus, gram-negative bacilli, Clostridium
difficile, and Candida. Ann Intern Med. Jun 4
2002;136(11):834-44.

16. Murray CJL, lkuta KS, Sharara F, et al. Global
burden of bacterial antimicrobial resistance in
2019: a systematic analysis. Lancet. Feb 12
2022;399(10325):629-655. doi:10.1016/S0140-
6736(21)02724-0

17. Kadri SS, Strich JR, Swihart BJ, et al.
Attributable mortality from extensively drug-
resistant gram-negative infections using
propensity-matched tracer antibiotic algorithms.
Am J Infect Control. Sep 2019;47(9):1040-1047.
do0i:10.1016/j.ajic.2019.01.010

18. Chin V, Samia NI, Marchant R, et al. A case
study in model failure? COVID-19 daily deaths and
ICU bed utilisation predictions in New York state.
Eur J Epidemiol. Aug 2020;35(8):733-742.
doi:10.1007/5s10654-020-00669-6

19. Abat C, Rolain JM, Dubourg G, Fournier PE,
Chaudet H, Raoult D. Evaluating the Clinical
Burden and Mortality Attributable to Antibiotic
Resistance: The Disparity of Empirical Data and
Simple Model Estimations. Clin Infect Dis. Aug 15
2017;65(suppl_1):S58-S63. doi:10.1093/cid/cix346

20. Abat C, Fournier PE, Jimeno MT, Rolain JM,
Raoult D. Extremely and pandrug-resistant bacteria
extra-deaths: myth or reality? Eur J Clin Microbiol
Infect Dis. Sep 2018;37(9):1687-1697.
d0i:10.1007/s10096-018-3300-0

21. Baquero F. Threats of antibiotic resistance: an
obliged reappraisal. /nt Microbiol. Nov 2021;24(4).499-
506. doi:10.1007/s10123-021-00184-y

22. Diallo OO, Baron SA, Dubourg G, et al. Major
discrepancy between factual antibiotic resistance
and consumption in South of France: analysis of
539,037 Dbacterial strains. Sc/ Rep. Oct 26
2020;10(1):18262. doi:10.1038/s41598-020-75158-7

23. Ghosh M, larikov D, Qi XK, et al. Flexible
Development Programs for Antibacterial Drugs to
Address Unmet Medical Needs. Emerg Infect Dis.
Nov 2024;30(11):2227-2230.
doi:10.3201/eid3011.231416

24. Doshi P, Hur P, Jones M, et al. Informed
Consent to Study Purpose in Randomized Clinical
Trials of Antibiotics, 1991 Through 2011. JAMA
Intern Med. Oct 2017;177(10):1-8.
doi:10.1001/jamainternmed.2017.3820

25. Morlock R, Rose J, Powers JH. Perspectives of
US Adults on Antimicrobial Trials With
Noninferiority Designs. JAMA Netw Open. May 01
2023;6(5):€2316297.
do0i:10.1001/jamanetworkopen.2023.16297

26. Doshi P, Spence O, Kuzucan A, Powers JH.
Communication of Nonefficacy Benefits of New
Drugs Approved on the Basis of Noninferiority
Trials Alone: Cohort Study of FDA and Sponsor
Communication, 2011-2017. JAMA Intern Med. 05
2019;179(5):719-721.
do0i:10.1001/jamainternmed.2018.7040

27. Powers JH, Evans SR, Kesselheim AS. Studying
new antibiotics for multidrug resistant infections:
are today's patients paying for unproved future
benefits? BMJ. Feb 2018;360:k587.

28. Crasta K, Daly CG, Mitchell D, Curtis B, Stewart
D, Heitz-Mayfield LJ. Bacteraemia due to dental
flossing. J Clin Periodontol. Apr 2009;36(4):323-32.
do0i:10.1111/j.1600-051X.2008.01372.x

29. Martins CC, Lockhart PB, Firmino RT, et al.
Bacteremia following different oral procedures:
Systematic review and meta-analysis. Oral Dis. Apr
2024,30(3):846-854. d0i:10.1111/0di.14531

30. Powers JH. Scientific Evidence, Regulatory
Decision Making, and Incentives for Therapeutics
in Infectious Diseases: The Example of Cefiderocol.
Clin Infect Dis. Jun 15 2021;72(12):e1112-e1114.
do0i:10.1093/cid/ciaal795

31. Mitra-Majumdar M, Powers JH, Brown BL,
Kesselheim AS. Evidence at time of regulatory
approval and cost of new antibiotics in 2016-19:

© 2025 European Society of Medicine 8



cohort study of FDA approved drugs. BMJ Med.
2022;1(1):e000227. doi:10.1136/bmjmed-2022-000227

32. Deak D, Outterson K, Powers JH, Kesselheim
AS. Progress in the Fight Against Multidrug-
Resistant Bacteria? A Review of U.S. Food and
Drug Administration-Approved Antibiotics, 2010-
2015. Ann Intern Med. May 31 2016;
do0i:10.7326/M16-0291

33. US Food and Drug Administration. Demonstrating
Substantial Evidence of Effectiveness With One
Adequate and Well-Controlled Clinical Investigation
and Confirmatory Evidence; Guidance for Industry.
https://www.fda.gov/regulatory-

information/search-fda-guidance-

documents/demonstrating-substantial-evidence-

effectiveness-one-adequate-and-well-controlled-

clinical

34. Upjohn v Finch. United States Court of Appeals
for the Sixth Circuit. February 27, 1970 1970;No.
19926 422 F.2d 944; 1970 U.S. App. LEXIS 10524

35. World Medical Association. Declaration of Helsinki.
http://www.wma.net/en/30publications/10policies/b3/

36. Powers JH. Noninferiority and equivalence
trials:  deciphering ‘'similarity’ of medical
interventions. Stat Med. Feb 10 2008;27(3):343-52.
doi:10.1002/sim.3138

37. 112th United States Congress. Generating
Antibiotic Incentives Now (GAIN) Act.
https.//www.gpo.gov/fdsys/pka/BILLS-
112s1734is/pdf/BILLS-11251734is.pdf

38. Yahav D, Tau N, Shepshelovich D. Assessment
of Data Supporting the Efficacy of New Antibiotics
for Treating Infections Caused by Multidrug-
resistant Bacteria. Clin Infect Dis. Jun 01
2021;72(11):1968-1974. doi:10.1093/cid/ciaad57

39. Sinha MS, Powers JH, Kesselheim AS. The
Wrong Cure: Financial Incentives for Unimpressive
New Antibiotics. J /nfect Dis. May 20
2021;223(9):1506-1509. doi:10.1093/infdis/jiaa536

© 2025 European Society of Medicine 9


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/demonstrating-substantial-evidence-effectiveness-one-adequate-and-well-controlled-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/demonstrating-substantial-evidence-effectiveness-one-adequate-and-well-controlled-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/demonstrating-substantial-evidence-effectiveness-one-adequate-and-well-controlled-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/demonstrating-substantial-evidence-effectiveness-one-adequate-and-well-controlled-clinical
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/demonstrating-substantial-evidence-effectiveness-one-adequate-and-well-controlled-clinical
http://www.wma.net/en/30publications/10policies/b3/
https://www.gpo.gov/fdsys/pkg/BILLS-112s1734is/pdf/BILLS-112s1734is.pdf
https://www.gpo.gov/fdsys/pkg/BILLS-112s1734is/pdf/BILLS-112s1734is.pdf

