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Evidence at time of regulatory approval and cost of new
antibiotics in 2016-19: cohort study of FDA approved drugs

Mayookha Mitra-Majumdar

ABSTRACT

OBJECTIVE To review the clinical evidence,
regulatory background, and cost of antibiotics
approved by the US Food and Drug Administration
(FDA), 2016-19.

DESIGN Cohort study of FDA approved drugs.
DATA SOURCES FDA databases, ClinicalTrials.gov,
and drug labelling. Launch prices were extracted
from IBM Micromedex Red Book.

ELIGIBILITY CRITERIA FOR SELECTING

STUDIES Antibiotics approved by the FDA from
October 2016 to December 2019 were identified,
and key features of their clinical development were
extracted from publicly available FDA databases,
ClinicalTrials.gov, and drug labelling. Launch prices
were extracted from IBM Micromedex Red Book to

evaluate the cost of treatment against comparators.

RESULTS 15 new antibiotics received at least one
special regulatory designation and were supported
by a median of two pivotal trials. More than half

of the pivotal trials used an active control non-
inferiority design. All drugs were approved based
on surrogate outcome measures. 52 postmarketing
requirements and commitments were included
across the cohort (median 3 for each drug). From
January 2021, 27 postmarketing requirements

and commitments were listed as pending, seven
as ongoing, three as delayed, one as submitted,
eight as released, and four as fulfilled. The most
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WHAT IS ALREADY KNOWN ON THIS TOPIC

bacteria.

= Antibiotic resistance, associated with more than 35 ooo deaths annually, is
a public health problem, particularly for infections caused by Gram negative

= Avibrant development pipeline of new antibiotics to treat antibiotic resistant
infections and improve patient outcomes is needed.

WHAT THIS STUDY ADDS

I

= Most antibiotics introduced in the US in 2016-19 were approved by the Food
and Drug Administration based on trials with a non-inferiority design that
evaluated changes in surrogate outcome measures.

Postmarketing commitments and requirements were common.

These new antibiotics were often found to be non-inferior and more costly
than the older effective comparator drugs.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE, OR POLICY

= These trends should be taken into account by policymakers considering new
incentives for the development of antibiotics.

= Incentives for the development of new antibiotics should balance the need
for a strong antibiotic development pipeline with ensuring that new drugs
show added value for patients by, for example, improving patient outcomes
in patient with antimicrobial resistant infections.

BM)

expensive new antibiotic was pretomanid at $36
399 (£29 618; €34 582) for a course of treatment,
and the least expensive was rifamycin ($176). Cost
ratios between study drugs and comparators ranged
from 0.48 to 134.

CONCLUSIONS New antibiotics have been
approved by the FDA in recent years mostly based
on fewer, smaller, and non-inferiority pivotal trials
that often used surrogate outcome measures but
were commonly more costly. Efforts to incentivise
the development of antibiotics should balance
growing the antibiotic development pipeline with
ensuring that clinical trials provide clinically relevant
evidence of effectiveness in showing added benefits
for the patient.

Introduction

Since the discovery of antibiotics almost a century
ago, bacteria have acquired antibiotic resistance by
various means.! According to the Centers for Disease
Control and Prevention (CDC), every year at least 2.8
million people in the US are infected with bacteria
resistant to at least one antibiotic.' Antibiotic resist-
ance, associated with more than 35 000 deaths
annually, is a public health problem, particularly
for infections caused by Gram negative bacteria. A
vibrant development pipeline of new interventions
to treat infections and improve patient outcomes is
needed.

In recent years, however, antibiotic development
has slowed.? Between 1990 and 2000, the US Food
and Drug Administration approved 21 new antibi-
otics compared with six in 2000-10.> Some have
criticised the substantial testing required of new
antibiotics to justify regulatory approval by the FDA.*
Large pharmaceutical manufacturers have left antibi-
otic development, citing the high cost of development
and the limited returns on drugs, at least compared
with other disciplines, such as cancer treatments.’
Also, when new antibiotics are approved, low uptake
has been reported.

Legislators in the US have enacted multiple
approaches to enhance the antibiotic development
pipeline. The Generating Antibiotic Incentives Now
(GAIN) Act of 2012 provided a five-year extension on
guaranteed protection from entry of generic drugs
for new antibiotics that treat multidrug resistant
bacterial infections.® The act also made antibac-
terial and antifungal drugs with in vitro activity
against resistant or other qualifying pathogens but
without requiring added patient benefits automati-
cally eligible for special FDA pathways intended to
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streamline development and regulatory review. The
21st Century Cures Act of 2016 authorised a new
expedited regulatory pathway, the limited population
antimicrobial drug pathway, for studies conducted in
populations with limited or no options.” Other poli-
cies are being developed, including a plan to provide
more payments for new antibiotics used in hospitals.
Other initiatives, like the Pioneering Antimicrobial
Subscriptions To End Upsurging Resistance
(PASTEUR) Act, which allows Congress to authorise
large upfront payments for new antibiotics poten-
tially again without requiring added patient benefits,
are under discussion.®

To evaluate the recent output from the antibiotic
development pipeline and explore the potential
effect of new proposals, we reviewed a cohort of anti-
biotics approved from 2016 to 2019. Our goal was
to understand the regulatory history of the new anti-
biotics, the evidence on which they were approved,
and their cost.

Methods
From Drugs@FDA, we identified antibiotics that
received their first FDA approval between October
2016 and December 2019. Drugs approved based
solely on animal testing were not included in our
cohort.

Data sources and extraction

Regulatory information

We used regulatory review documents from Drugs@
FDA to extract the clinical characteristics of each
drug: approved indications, target enrolled popu-
lations, method of administration, susceptible
pathogens, and in vitro activity against ESKAPE
(Enterococcus  faecium, Staphylococcus —aureus,
Klebsiella pneumoniae, Acinetobacter baumanii,
Pseudomonas aeruginosa, and Enterobacter spp)
pathogens.’ 1° We also identified the in vitro activity
of each drug against bacteria included in the CDC's
urgent threat pathogens list: carbapenem resistant
Acinetobacter, Clostridiodes difficile, carbapenem
resistant Enterobacteriaceae, and drug resistant
Neisseria gonorrhoeae.*

We then extracted characteristics relevant to each
drug’s regulatory review process: date of investiga-
tional new drug filing, indicating the start of human
clinical trials; date of new drug application filing,
indicating the start of the FDA review; date of FDA
approval; manufacturer; and any special regulatory
designations that were assigned to the antibiotic
during its development or FDA review periods.'! We
used this information to determine each drug’s devel-
opment time, defined as the time between investi-
gational new drug filing and new drug application
filing. Special regulatory designations included fast
track, breakthrough treatment, accelerated approval,
Orphan Drug Act, and priority review. We also
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tracked limited population antibacterial drug status
and qualified infectious disease product status,
the special designation created by the GAIN Act for
antibacterials and antifungals with in vitro activity
against a list of pathogens. Press releases from drug
sponsors and other public sources provided confirm-
atory information on each drug’s FDA designations.

Pivotal trials

The FDA often designates some clinical trials as
pivotal trials when a drug is approved. These trials
provide the main body of clinical evidence in
support of the drug’s efficacy and form the basis for
FDA approval. For each pivotal trial, we extracted
the indication or indications studied, study popu-
lation, comparator regimen, primary end points,
trial size and arms, and statistical hypothesis and
analysis plan. These details were confirmed in
ClinicalTrials.gov.'? FDA law and regulations define
a direct outcome used as a primary endpoint as a
measure of how patients feel, function, or survive.'
Direct endpoints, also referred to as true or clinically
significant endpoints, look at outcomes directly
relevant to patients, clinicians, and payers. These
include survival and patient reported symptoms or
function in their daily lives.'* Indirect endpoints do
not directly measure how a patient feels, functions,
or survives, but are believed to reflect changes in a
direct patient outcome and thus serve as surrogate
measures of that effect. Clinician reported outcomes
of signs of disease or clinician decisions (eg,
prescribing more drug treatments), observer reported
outcomes, and biomarkers (ie, objective measures of
biological processes) are indirect endpoints.’> We
classified the primary endpoints as direct versus
indirect endpoints. Indirect endpoints were further
categorised into survival, patient reported outcomes
of signs of disease, clinician reported outcomes,
observer reported outcomes, and biomarkers.

Postmarketing requirements and commitments

We extracted postmarketing commitments or post-
marketing requirements for each of our study drugs.
Postmarketing requirements are studies and trials
that manufacturers are required to complete under
statutes and regulations, such as the Animal Efficacy
Rule, Pediatric Research Equity Act, or the Food and
Drug Administration Amendments Act (FDAAA).
Postmarketing commitments are studies and trials
that the manufacturer agrees to conduct, but which
are not mandated by statute or regulation.'® We
recorded postmarketing commitments reportable
under section 506B of the federal Food, Drug, and
Cosmetic Act, but excluded non-reportable postmar-
keting commitments listed in the original approval
letters. These details were identified in the drug’s
original approval letter listed in the Drugs@FDA
database, and their statuses were identified from
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the FDA’s online database of postmarketing require-
ments and postmarketing commitments.

The FDA database categorises postmarketing
requirements and postmarketing commitments into
several different open or closed status categories.
Open status includes pending, ongoing, delayed,
terminated, and submitted postmarketing require-
ments or commitments. Pending studies have not
yet started, but also do not meet the criteria to be
listed as delayed. Ongoing studies are proceeding
according to or ahead of schedule. Delayed studies
are behind schedule. Terminated studies were ended
by the manufacturer before completion and the FDA
has not yet received a report. Submitted studies have
been completed and a final report submitted to the
FDA, but the FDA has not yet notified the applicant
that the postmarketing commitment has been satis-
fied."” Closed status includes fulfilled and released
postmarketing commitments and postmarketing
requirements. Fulfilled studies have been completed;
the FDA has received the final report and notified the
applicant that the postmarketing commitment has
been satisfied. The FDA lists some postmarketing
commitments as released when they determine that
the study is no longer feasible or would not provide
meaningful information.

Cost of treatment

We extracted the dose, method of administration,
and course of treatment of each drug from its FDA
labelling. We then used the 2020 wholesale acquisi-
tion unit cost listed in IBM Micromedex Red Book to
calculate the cost of treatment.'® If a study drug was
indicated for use in combination with other drugs, we
included their cost in our calculation of the total cost
of treatment. For all study drugs other than preto-
manid for tuberculosis and secnidazole for bacterial
vaginosis, we used the comparator regimen in their
pivotal trials as the comparison point for our analysis.
Where a pivotal trial did not use an active compar-
ator, we relied on input from providers, professional
guidelines, and recommendations from authorities,
such as the CDC, to identify the most appropriate
comparator treatment. For pretomanid, we used the
World Health Organization's guidelines to select the
comparator regimen.'” Metronidazole was recom-
mended as the best comparator for secnidazole. Our
cost calculations did not account for optional step-
downs to oral drug treatment if included as an option
in pivotal trials.

We similarly used IBM Micromedex Red Book to
extract the wholesale acquisition cost price of the
comparator drugs, but we calculated the cost of treat-
ment for comparator regimens mainly based on the
dose and method of administration used in pivotal
trials, rather than their labels. We used discretion in
selecting the particular National Drug Code used to
calculate the cost of a comparator regimen. Factors
considered included the method of administration,
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dose, wholesale acquisition unit cost, and the last
date when the wholesale acquisition cost price was
updated. We matched the method of administra-
tion used in pivotal trials, and selected the least
costly National Drug Code (in terms of unit whole-
sale acquisition cost) that came in a dose that most
aligned with the course of treatment. If necessary, we
chose a more expensive National Drug Code to reflect
a more current price or a more appropriate dose
option. Online supplemental appendix 1 shows the
full calculations and methodology (cost analysis).

Patient and public involvement

Neither patients nor the public were involved in the
design, or conduct, or reporting, or dissemination
plans of this research, because the study involved
a review of publicly available data from regulatory
and other sources relating to antibiotic drugs. The
work will be disseminated to policymakers and
patient groups focusing on antibiotic innovation.

Results

Our cohort had 15 new antibiotics: pretomanid,
imipenem-cilastatin-relebactam, lefamulin, rifa-
mycin, omadacycline, eravacycline, plazomicin,
delafloxacin, secnidazole, meropenem-vaborbactam,
ozenoxacin, bezlotoxumab, amikacin liposome inha-
lation suspension, cefiderocol, and omeprazole
magnesium-amoxicillin-rifabutin (table 1). Online
supplemental appendix 2 has a full list of data
sources for each drug.

Approved indications and other regulatory
characteristics

Four drugs were approved for complicated urinary
tract infections, two for complicated intra-abdominal
infections, two for community acquired bacterial
pneumonia, and two for acute bacterial skin and skin
structure infections. One drug each was approved
for multidrug resistant tuberculosis, traveller’s diar-
rhoea, bacterial vaginosis, impetigo, prevention of
Clostridodiodes difficile recurrence, Mycobacterium
avium complex lung disease, and Helicobacter pylori
infection. Two drugs were simultaneously approved
for two indications each, omadacycline for acute
bacterial skin and skin structure infections and
community acquired bacterial pneumonia, and
imipenem-cilastatin-relebactam for complicated
urinary tract infections and complicated intra-
abdominal infections. Nine drugs showed in vitro
activity against ESKAPE pathogens. Omadacycline
and delafloxacin had an FDA approved indication for
disease due to methicillin resistant Staphylococcus
aureus. Bezlotoxumab, a human monoclonal anti-
body, was the only drug to target a CDC urgent threat
pathogen (C difficile), and the only drug with a new
mechanism of action (binding to C difficile toxin B).
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Four drugs were approved for oral administration,
six for intravenous administration, one for topical
application, one for inhalation, and three in both
oral and intravenous formulations.

Among 14 drugs with available data, the median
development time was 8.2 years (interquartile range
5.9-9.1), defined as the time between investigational
new drug filing and submission of new drug appli-
cation. Meropenem-vaborbactam had the shortest
total development time of 3.0 years and delaflox-
acin the longest at 15.3 years. All drugs received at
least one special regulatory designation intended to
speed up development or regulatory review. Eleven
drugs received priority review designation, eight
received fast track, two received Orphan Drug Act,
two received breakthrough, and one received accel-
erated approval. Thirteen of the 15 drugs in our
cohort received a qualified infectious disease product
designation. Two drugs, pretomanid and amikacin
liposome inhalation suspension, formally received
limited population antibacterial drug approval
(table 2) whereas three other drugs (plazomicin,
imipenem-cilastatin-relebactam, and cefiderocol)
were labelled for populations with limited or no
treatment options.

Design and evidence from pivotal trials

The drugs in our cohort were supported by 28 total
pivotal trials (median 2, range 1-3). The median
number of patients enrolled in a trial was 388 (inter-
quartile range 270.5-690, range 31-1446). The only
pivotal trial with no comparison with an active or
placebo control was the Nix-TB trial, a single arm
multicentre study that compared pretomanid in
combination with bedaquiline and linezolid with
a putative historical control based on a literature
review of surrogate outcomes of sputum culture in
patients with a new diagnosis of extensively drug
resistant tuberculosis not treated with pretomanid,
delamanid, bedaquiline, or linezolid.?® Of the 27
other trials, 17 compared the drug with an active
comparator and 10 with placebo.

Fifteen trials used active-controlled non-inferiority
hypotheses. Non-inferiority margins were 10% (in
7/15 trials), 12.5% (2/15), 15% (4/15), and 20%
(1/15). One pivotal trial for rifamycin specified a
non-inferiority margin in the form of a hazard ratio.
To determine if a new treatment is non-inferior,
researchers use a non-inferiority margin, defined
as the maximum acceptable loss of effectiveness
compared with an effective older agent. Ten studies
used a superiority approach to show that the new
drug was more efficacious than an existing one
(one historical control and eight concurrent placebo
control groups, and one comparison with a standard
of care plus placebo add-on). Two trials had no
specified hypothesis and used descriptive statistics
to evaluate results. All drugs were approved on the
basis of indirect outcome assessments as endpoints.

OPEN ACCESS 3

Most pivotal trials focused on composite primary
endpoints that incorporated more than one of the
endpoint categories of survival, patient reported
outcomes, observer reported outcomes, clinician
reported outcomes, and biomarkers. Patient reported
outcomes were used in four pivotal trials but evalu-
ated signs of disease rather than patients’ symptoms,
clinician reported outcomes in 19, and biomarkers
in 14. No observer reported outcomes were used in
the pivotal trials for our drug cohort. None of the
trials used patient reported outcomes to evaluate
patients’ symptoms or function (online supple-
mental appendix 3).

All trials with superiority hypotheses showed
significantly superior results. Of trials with non-
inferiority hypotheses, 11 met that trial’s statistical
criteria for non-inferiority, one trial did not show
non-inferiority (imipenem-relebactam-cilastatin in
complicated urinary tract infections) whereas three
trials (all in complicated urinary tract infections)
showed significantly superior results. The results of
the three superiority trials were driven by surrogate
outcomes of urine culture without superiority for
patient outcomes. The two trials with no hypoth-
eses enrolled patients with resistant pathogens and
the results were uninterpretable or showed worse
outcomes with the new agent (cefiderocol showed a
16% increase in mortality).

Postmarketing requirements and commitments

We found 52 postmarketing requirements and post-
marketing commitments (median 3) (online supple-
mental appendix 4). Pretomanid and lefamulin had
the most at seven each; ozenoxacin and omeprazole
magnesium-amoxicillin-rifabutin had none. Nearly
half of these (25, 48%) were postmarketing require-
ments required under FDAAA section 505 (o), 21
(40%) under the Pediatric Research Equity Act, and
one (2%) under accelerated approval; we found five
postmarketing commitments under section 506B
(10%). For nine drugs, the FDA required their spon-
sors to conduct US surveillance studies over five years
after approval to monitor development of bacterial
resistance based on in vitro data rather than patient
outcomes. For 10 drugs, testing of efficacy and safety
in children was required. As of January 2021, 27
postmarketing commitments were listed as pending,
six as ongoing, three as delayed, one as submitted,
eight as released (one was replaced with another
postmarketing requirement), four as fulfilled, and
three were no longer listed in the online database. No
study drug had submitted or fulfilled all of its post-
marketing commitments.

Drug prices and total cost of treatment

Comparative cost information was available for 13
study drugs, and the most expensive was pretomanid
at $36 399 (£29 618; €34 582). The least expensive
was rifamycin for traveller’s diarrhoea ($176). The
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cost ratios between study drugs and comparator
regimens ranged from 0.48, for ozenoxacin for impe-
tigo compared with topical retapamulin, to 134 for
intravenous omadacycline for community acquired
bacterial pneumonia compared with oral moxiflox-
acin. The study drugs that were less expensive than
their comparators (giving a cost ratio of <1) were
ozenoxacin for impetigo compared with topical reta-
pamulin, and oral delafloxacin compared with intra-
venous vancomycin and aztreonam, with cost ratios
of 0.48 and 0.84, respectively. Table 3 provides a
summary of the results of the cost analysis.

Bezlotoxumab and amikacin liposome inhalation
suspension required special calculation in the cost
analysis. Bezlotoxumab, indicated for the prevention
of recurrence of C difficile, did not have a compar-
ator treatment on the market. The cost of treatment
with weight based bezlotoxumab is $2850 (for a
patient weighing 75 kg), but without a comparator,
calculating a cost ratio was not possible. Amikacin
liposome inhalation suspension, for Mycobacterium
avium complex lung disease, was the only study
drug intended for chronic use, and no compar-
ator regimen exists. A month's supply of amikacin
liposome inhalation suspension costs $12 381, with
only one supporting pivotal trial in patients treated
for 8-16 months. Treatment across this time period
would cost $161 394-$215 192, making amikacin
liposome inhalation suspension the most expensive
drug by course of treatment in our cohort.

Discussion

Principal findings

The number of new antibiotics on the market has
grown in line with policy incentives designed to
increase the quantity of approved drug treatments.
Our previous study examined a cohort of eight
antibiotics approved between January 2010 and
December 2015. In this study, we examined 15
new antibiotics approved in a shorter timeframe
(October 2016-November 2019). This more recent
cohort of new antibiotics had similar regulatory and
pivotal trial characteristics to the cohort of antibi-
otics approved in 2009-15. In both cohorts, all drugs
received at least one special regulatory designation
intended to speed up development or review, but the
application of these designations was inconsistent.
Most pivotal trials had non-inferiority hypotheses;
and reliance on surrogate endpoints was found (none
used patient reported outcomes to directly evaluate
patient symptoms or function, or both).

The limited number of pivotal trials, small numbers
of patients enrolled in the trials, wider non-inferiority
margins allowing greater losses of efficacy than the
2009-15 cohort, and limited postmarketing evidence
because of incomplete postmarketing requirements
and postmarketing commitments make it difficult to
determine the real world value of improved patient
outcomes with these new drug treatments. More than

OPEN ACCESS 3

half of the 28 pivotal trials, and all trials for common
infections like urinary tract infections and pneu-
monia, were non-inferiority trials. Non-inferiority
trials are most appropriate when the need for more
treatment options with improved adverse effects
might justify a trade-off for slightly reduced efficacy,
and also do not result in irreparable patient harm. We
found non-inferiority trials allowing worse effective-
ness of 10-20%, a wider range than in a similar study
of antibiotics approved in 2010-15 (10-15%).?! Non-
inferiority hypotheses can be used to prioritise non-
efficacy benefits.?? These same trials are designed to
exclude patients who lack current treatment options,
however, and thus are less likely to provide evidence
that the drug provides meaningful efficacy benefits
above existing treatments, especially given their
higher costs.”> One non-inferiority trial failed to
show non-inferiority, with the new drug 18.3% less
effective than the older agent. The FDA review found
that this trial was not adequate or well controlled
(as required by law), but still used the trial as the
basis for regulatory approval, also relying on in vitro
data and animal models. These trial results were not
prominently described in the drug’s labelling.

Three non-inferiority trials showed significant
superiority, mainly from the results of urine culture, a
surrogate measure of unclear validity, without supe-
riority for direct patient outcomes. Two trials were
designed with no hypotheses and used only descrip-
tive statistics, two design choices not classically
associated with the adequate and well controlled
investigations described in FDA regulations as being
needed for new drugs to be approve. These two
studies enrolled patients with resistant pathogens
and the results were uninterpretable because of
the small numbers of patients or showed increased
mortality with the new agent. We found three drugs
labelled for patients with limited or no treatment
options despite a lack of substantial evidence from
studies enrolling these patients.

All of the study drugs in our cohort were approved
on the basis of at least one indirect outcome assess-
ment as an endpoint, including many of the trials
with superiority hypotheses. Indirect endpoints,
also called surrogate endpoints, have become
increasingly common in clinical trials since their
introduction in the early 1990s to speed up HIV
drugs coming to market.** Indirect endpoints are
appropriate when clinical outcomes take years
or longer to emerge, such as in oncology or other
chronic conditions where physical changes accu-
mulate over time. Indirect endpoints are also
useful when the surrogate strongly reflects patient
benefit. Use of indirect endpoints can accelerate
clinical trials, decrease development costs, and
get drugs to market quicker.”> We found an average
development time of about eight years, similar to
results from other reviews of the development of
antibiotics.>

Mitra-Majumdar M, et al. BMJMED 2022;1:¢000227. doi:10.1136/bmjmed-2022-000227

y6uAdoo Ag parosiold 1senb Ag 20z ‘0T My uo /wod*fwg suroipawlg//:dny woij papeojumoq Zz0z 18quisdaq ZT Uo /ZZ000-220Z-pawlwa/9eTT 0T st paysiignd 1suy :pawlwg


http://bmjmedicine.bmj.com/

bmjmed: first published as 10.1136/bmjmed-2022-000227 on 12 December 2022. Downloaded from http://bmjmedicine.bmj.com/ on April 10, 2024 by guest. Protected by copyright.

pljozauy) ‘Ajsnouanenul aujpAdepew
SSSav

8199-99°C6

I#7°€€-18°99 *AjjeI0
87 C-ST € Alsnouanesiu|

€6'8-66'/

ST'1Y

LE°9C

103284 350)

”>_m30cm>mbc_
(P110Zau17 “1SS5AV)

€-C

17-1¢ *AjleI0 "0€9
-G 1€ AlsSnouaneliu|

9G/1-9€§

79¢€-701

08€1
($ VM)

aSuel 1s0)

shep #1-0T 10} Ajlep a21m} S}9]Ge} 4O

Alsnouaaenul Sw 009 (plj0zaul] ‘1SSSGY)

shep /-G 10jsinoy ¢ T Aans
Ajelo 8w 00S (esoylielp s J9)|9Ael] 104)

SAep #1-/ 104 Ajlep AjSnousAe.iul

10 Aje1o uppexo)jixow 8w 00 (dgyD 104)

skep

#1-1 10} Aep e sawl} inoj A|snouaAesjul
wauadiwl Sw 00§ pue sinoy g1 AloAs
WNIPOS 31eylawiisi|od

pue uleiseld

3w 00€ Aq pamoniof Tx (8w 00€)
WNIPOS 31eY1aWI1SI|0d

pue upelseyn

SAep #1-4 10}

Aep e sawiy inoy AjsnousAenul Sw 00G
S3oam g1 10j Ajlep uidweyls Sw 009 pue
pizejuos| Sw 00€ :9seyd uolzenuiuo)
‘SI29M 8 10§ AlIep [0INGURYIS 00T T

pue ‘opiweuizelAd Sw 00§ T ‘uidweju Sw

009 ‘pizeiuos| Sw 0O € :aseyd aAIsualu|

asoq

UBXo|IXOW dgvd
p1ozaui :1Sssav

uppexoyoldi)

WINIPOS 3}eylaWIisi|od

pue ufelse|R-wauadiw|

upelse)R-wauadiw|

|oinquieyls ‘apiw

-eujzelAd ‘uidweyu ‘pizejuos|

Sniqg

Jojeredwo)

(Alsnouaneul
‘suonedIPUl 1Y)

9.1

G/ET *ARI0 "SEVT
-GZ0T “>_m30cw>m\::_

086 71-08CY

66€ 9¢

($ ovm)
150)

-9ARIUI SW OQT 10 UIW Q9 IS0
Ajlsnouaneliul Sw Q¢ :8uipeo

sAep ¢ Joj sinoy ¢ T Aians Sw gg¢

shep G 10y sinoy ¢ T A19Aa s39|qe}
Sw 009 10 shep /-5 Joj Ajsnou
-9ABAUI SInoy ¢ T Al9Aa Sw 06T

SAep #1-4 10J ‘sinoy 9 A1ans
‘ul € 19Ao Ajsnousaenul S 67T

SOIM 77 10§ 399M B Sall}
€ 8w 00C uayl s3eam g 1oy Ajjelo
Ajlep 8w 0% aulinbepagq pue
Ajjeto Ajrep 8w 00Z T prozaul]
snid sy@am 9¢ 1o} Ajlep 8w 00¢

asoq

panuijuo)
skep 71-1
8/°€1-68°9 6%1-G8 10j Aep e saw} 9.1y} Ajsnouanenul S 0°T wauadoiapy skep 11 10}
171 00%71-00%  SAep #71-t7 10y Aj1ep Ajsnousaenul § 0°T wauadey3 8507-885  Allep a21m) Alsnouanenul 8%/sul T (ene1ay) aulhoeeis
€L°GCT-TTHET=
Ajjeso upe
-XoljIxow ‘AjSnousAeIIUl dUIIAPEIBWQ
'10'8-92'8=
Ajlsnouanelju upd
-BX0}IXOW ‘AjSnouaAeIIUl BuldAdIBPRWQ
'ddvd
TLLEE€TOr= TH-1T:AIRI0 (0€9
Aleso  -gT€ :Ajsnousnenu shep
pljozaul ‘AjsnousAesul suldAdepew () (UIDBXOYIXOW ‘dgVD) skep #1-/ 1e10] "Ajlep s191gel Sw Qo€ 10
6G€-€8€= ‘/€1-69  #1-/ 10} Ajlep AjsnouaAeljul 1o Ajjelo upd Ajlep Ajsnouaaesiul Sw QOT Uayl ‘1
Ajsnouaneju| :Ael0 "or1-0T/  -exopixow Sw 00Y (UIDeXOIXOW dgV)) G/16-09/C Aep uo 921M] ‘Ul O€ JaA0 Ajsnou

(e1AZnN) sulAdEPRWQ

(0100waYy) upAwejry

(eI91UBY) UNNWERT

(o11gleday) Wejega|al

-unelse)n-wauadiw)

(pruewolald)
pluewolaid

(dweu pueiq) Sniq

anjoiqiaue panosdde Ajjusday

suaw|Sai 10jesedwod pue (61-910¢) uonjelsiuiwpy Sniqg pue pood sn Aq panosdde Ajjuadal sanjoiqijue o 3s0d pue ‘uoljeinp ‘@soq | € sjqer

Mitra-Majumdar M, et al. BMJMED 2022;1:e000227. doi:10.1136/bmjmed-2022-000227


http://bmjmedicine.bmj.com/

bmjmed: first published as 10.1136/bmjmed-2022-000227 on 12 December 2022. Downloaded from http://bmjmedicine.bmj.com/ on April 10, 2024 by guest. Protected by copyright.

(66103 '18°03) 1§

Mitra-Majumdar M, et al. BMJMED 2022;1:¢000227. doi:10.1136/bmjmed-2022-000227

sAep 1 10J Aep B SaWI1} 99143 9102 ajozeidawo shep 1  (BI21]e]) ulINgejL-uljidIxowe
1017 6 -eidawo Sw QT pue uljRXowe Sw 00T pue unjxowy 699 104 Aep e sawi} 991y} sa|nsded Ino4 -wnisauSew ajozeidaw(
sAep #1-/ 10) Aep e sawi} a1y} Ajsnou SAep #1-/ 104
7'61-9°61 %6/-/6€ -anenul (8 1:8 1) unelse)n/wauadiwi uljelse|n/wauadiw) 00% S1-00// Aep e sawy aa1y} Alsnousnenul S ¢ (elo1324) |02019pYa)
reent (Spuow 91-8) (syuow 91-8)
(Ssyuow 91-8) 8T61-8EWT SYjuow 9T-8 10§ >29M B saully C6T ST C-76E£ 191
‘06111 (Aiddns Aep g7) a1y} (8%/8w G¢) j10INqueYIS pue “(Sw upAwoiyize (Addns Aep 87)  asn syuyapul 1oJ [eIA W '8 /Sw (92ARy|11Y) UoISuadsns uol}
(A ddns Aep g7) 11T 009) uidweju ‘(Sw 00§) uPAwoIYlizy  pue qonqueyls ‘uidweyry 08€CT 066 2U0 JO uoljeleyul jelo Ajleq  -ejeyul awososdi) upeyiwy
(152
SujySiom juaned ioy)
- - - 9]qe|IeAR SUON 0687  8%/8w QT AjsnousAeijul swil auQ (eAr)dUlZ) gewnxo0)0)zag
(u1oEX0URZO (payadsun
(payadsun asop) shep & 1oj Aep e agn} 8 0¢ auo)  3sop) shep G 03 dn oy Ajiep 321m)
370 €79 92IM} Bale pPajdaye ay} 03 1ake) uyy Aiddy unnwedelay /6T ea.e pajdaye 0} Jahe) ulyy Alddy (1day) upexouszQ
skep 01 03 dn 1oy sAep #T1 03 dn oy (213W00qRA
7/ 6€ %G/ Aep e sawiy 9aiy) Alsnousnesiul 8 6:0/8 wejdeqozel-ujoesadid 8¢6 6¢ Aep e sawl aalyy Ajlsnousnenul 8 v wejdeqiogea-wauadolapy
skep / 10}
00°8% 9 Ajep Ajjeso Sw 06/ (sIsoulSen |elisioeg) 9]0ZepIuoIB\ [4:14 Ajelo aduo sanuels jo S ¢ (0950]05) 8]0ZBPIUIAS
780 Ajjelo uiexoje|ag skep #1-G 10} €80~/ Shep #1-G 104 Ajlep 9d1m} 33]ge) Sw
‘0T°T1-0G6°T Ajlep 221m) weuoasjze Ajsnousaenul 8 ¢ AAeI0 0T ZE-STET 061 10 sAep #1-G 10j Ajlep adimy
Ajsnouanesul uppexoyelaq %7/%7-788 PUB UPAWOdURA AjlSnouaABUl 8Y/SW GT  WEUO031)ze pue udAWOdIUBA :A|SnouUaARIIU|  UlW Q9 13A0 AjSnouaAeul SW 00€E (e]opxeg) UIDEXO)JBI3Q
skep /-7 skep /-y
€€ 671-98 104 Aep e sawiy a1y Ajsnouanenul S T wauadoiapy 96%-£8C 10y Ajrep Ajsnousaesul 83/Sw G T (pwaz) uplwoze|d
101284 150) (S ovm) asoq 8nig (S ovm) asoq (dweu pueiq) Sniq
asuel 150) 150)
Jojesedwo) anjoiqiyue panosdde Ajjuaday

panunuo) €ajqel

%)
%)
2]
O
O
2
7u]
(¥
O

10


http://bmjmedicine.bmj.com/

The use of indirect endpoints is questionable in
acute diseases when direct outcomes can be measured
rapidly. Also, indirect measures in acute diseases do
not always reflect clinical benefit. For example, use
of indirect assessment or biomarker of urine culture
gives misleading superior results in trials when
no added benefit is shown for the patient centred
outcomes of survival or symptoms.?® The expectation
is that changes in indirect measures reflect changes
in direct endpoints, but this validation is not always
performed.” The efficacy of drugs approved based
on unvalidated indirect measures is unclear. We
have seen in this analysis that drugs approved on
validated or unvalidated indirect outcomes are often
priced as if they have already shown direct benefit to
the patient. Our analysis showed that many of these
drugs obtain full FDA approval (rather than acceler-
ated approval) despite doubts on whether the indi-
rect outcomes reflect benefit to the patient.

Nearly all of the trials in our cohort of drugs
involved comparison with a placebo or active
comparator. Pretomanid, however, was approved
based on one single-arm study analysing 45 partic-
ipants that compared pretomanid with a historical
control and used a biomarker endpoint. (Inhaled
amikacin was similarly based on a single-arm
study with a biomarker endpoint.) Guidelines from
the International Conference on Harmonisation
of Technical Requirements for Registration of
Pharmaceuticals for Human Use recommend not
using historical controls when patient and disease
factors can affect outcomes (eg, in tuberculosis).?’
Pretomanid was approved based on limited evidence
of questionable rigour, and was also the most expen-
sive drug in our cohort. Furthermore, pretomanid
along with inhaled amikacin was granted an Orphan
Drug Act designation. Tuberculosis is a rare disease
in the US, but is the main cause of mortality from
infectious diseases globally, suggesting the need
for further discussion of the correct application of
special regulatory pathways.”® These regulatory
pathways allow new antibiotics to get regulatory
approval with limited clinical data supporting their
efficacy. Approval of new antibiotics based on
smaller, fewer, and less rigorous pivotal trials that
enrol patients who might not have unmet needs,
produce new antibiotics with unclear evidence of
effectiveness.?” But these new antibiotics are often
more costly: the study drugs were up to 134 times
more expensive than the comparator regimen used
in pivotal trials. In this context of evidentiary ques-
tions, small numbers of prescriptions for some of
the new drugs leading to limited revenue for their
manufacturers is not surprising. Rationale for use
of other special regulatory designations was simi-
larly questionable in certain cases; for example,
secnidazole received QIDP status and five additional
years of regulatory exclusivity despite bacterial vagi-
nosis not being a serious, life-threatening disease
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as intended by law to receive this designation.

Limitations

The drugs in our cohort are often indicated for
use (although often not tested) in patient popula-
tions with multidrug resistant or extensively drug
resistant infections. Studies have shown that these
patients are often excluded from trials of antibi-
otics.>® Because these drugs are often marketed
for use in multidrug resistant or extensively drug
resistant infections, clinicians might use them for
these indications. The new antibiotic might not be
a direct substitute for the comparator in the pivotal
trials, which we used in our cost analyses. Another
limitation is that we did not conduct a systematic
analysis of the safety profiles for each of our study
drugs compared with other drugs for the same indi-
cation, or compared with evidence of benefit. These
non-efficacy benefits might include lower toxicity,
fewer adverse events, and greater potential for
adherence (which might result in greater real world
efficacy), and justify approving the drug based on
slightly reduced efficacy.’! Some drugs in our cohort
had greater safety concerns than their predecessors.
Plazomicin, for example, increased harms of renal
insufficiency in patients, as noted in the drug's
labeling.

Thirdly, in our cost analysis, we used the compar-
ator in the drug’s pivotal trials. The comparator
chosen by the drug sponsor might not be the regimen
recommended by professional guidelines or the
most cost effective option for the indication studied.
Some of the comparator regimens were more expen-
sive than generic regimens currently recommended
for clinical use. For example, ozenoxacin for impe-
tigo was compared with retapumulin in its pivotal
trials and had the lowest cost ratio in our cohort.
Retapumulin is a similarly new expensive antibiotic,
however, which likely skews the cost ratio towards a
more favourable lower number. Generic mupirocin,
by contrast, can also treat impetigo, and is avail-
able as a low cost over-the-counter treatment. Also,
because we used discretion in choosing the compar-
ator National Drug Code, small variations in the cost
of treatment with comparator regimens might exist.
Fourthly, our cost analysis was also based on whole-
sale acquisition unit prices that do not account for
rebates, which are typically confidential, and so
the cost of treatment for each drug does not always
reflect the cost to a payer. Finally, all of the postmar-
keting commitments and postmarketing require-
ments had not been completed for any of the drugs
in our cohort, which limited the scope of our anal-
ysis. Hence we could not draw associations between
evidence of effectiveness shown in the pivotal trials
and any confirmatory evidence provided by a drug’s
postmarketing requirements and postmarketing
commitments.
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Conclusions

This study of antibiotic innovation in the past five years
showed that new antibiotics meant to fillunmet medical
needs for improved efficacy lacked evidence that they
do so on real clinical endpoints before approval by the
FDA. These trends should be taken into account by
policymakers considering new incentives for the devel-
opment of antibiotics. For example, the PASTEUR bill
would provide large government payments based on
contracts for new antibiotics considered high priority.®
Contracts under the PASTEUR Act are intended to
determine payment on public health value rather
than the quantity of an antibiotic, but the version of
the Act introduced in the US Senate in 2021, like the
preceding GAIN Act of 2012, did not require added
benefits to be shown in patients with unmet needs to
qualify for a contract. We have shown in this study that
the value of a new antibiotic drug is not always clear
based on testing before approval by the FDA. Efforts
like the PASTEUR Act deal with the barrier of low sales
potential to new antibiotic development but might
not account for whether these drugs provide suffi-
cient added benefit to the patient to justify payment.
Increasing the number of agents coming to market
should balance the robustness of evidence of improved
direct patient outcomes compared with current stand-
ards of care, therefore meeting the needs of patients.

Contributors MM-M, JHP, and ASK conceptualised the study. MM-M
and BLB were responsible for data collection and analysis. MM-M
drafted the manuscript. BLB, JHP, and ASK reviewed the manuscript
and provided substantial textual edits. MM-M is the guarantor. The
corresponding author attests that all listed authors meet authorship
criteria and that no others meeting the criteria have been omitted.
Transparency: The lead author (the guarantor) affirms that the
manuscript is an honest, accurate, and transparent account of the
study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as planned
(and, if relevant, registered) have been explained

Funding The work was supported by Arnold Ventures and the
Collaborative Research Program for Biomedical Innovation Law, a
scientifically independent collaborative research program supported
by Novo Nordisk Foundation (grant NNF17SA0027784). The funders
had no role in considering the study design or in the collection,
analysis, interpretation of data, writing of the report, or decision to
submit the article for publication.

Competing interests All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/disclosure-of-interest/ and declare:
support from Arnold Ventures and the Collaborative Research
Program for Biomedical Innovation Law for the submitted work; JHP
reports consultancy work for Arrevus, Arnold Ventures, Eicos, Eli Lilly,
Evofem, Eyecheck, Fuji, Gilead, GlaxoSmithKline, Johnson & Johnson,
Microbion, Otsuka, Resolve, Romark, Shinogi, SpineBioPharma, and
Vir, outside of the submitted work; no financial relationships with any
organisations that might have an interest in the submitted work in the
previous three years; no other relationships or activities that could
appear to have influenced the submitted work

Ethics approval The project was exempt from institutional review
board review because it was based on publicly available data and did
not involve health records (45 CFR 46.102).

Provenance and peer review Not commissioned; externally peer
reviewed.

Data availability statement No additional data available.

Supplemental material This content has been supplied by the
author(s). It has not been vetted by BMJ Publishing Group Limited
(BMJ) and may not have been peer-reviewed. Any opinions or
recommendations discussed are solely those of the author(s) and
are not endorsed by BMJ. BMJ disclaims all liability and responsibility

arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy
and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug
dosages), and is not responsible for any error and/or omissions
arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance
with the Creative Commons Attribution Non Commercial (CC BY-NC
4.0) license, which permits others to distribute, remix, adapt, build
upon this work non-commercially, and license their derivative works
on different terms, provided the original work is properly cited,
appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/
4.0/.

ORCID iDs
Mayookha Mitra-Majumdar http://orcid.org/0000-0002-9385-2821
Aaron S Kesselheim http://orcid.org/0000-0002-8867-2666

REFERENCES

1 Centers for Disease Control and Prevention. Antibiotic resistance
threats in the United States, 2019. U.S. Department of Health and
Human Services, CDC, 2019. https://www.cdc.gov/drugresistance/
pdf/threats-report/2019-ar-threats-report-508.pdf

2 Dheman N, Mahoney N, Cox EM, et al. An analysis of antibacterial
drug development trends in the United States, 1980-2019. Clin Infect
Dis 2021;73:e4444-50. d0i:10.1093/cid/ciaa859

3 Powers JH. Antimicrobial drug development--the past, the present,
and the future. Clin Microbiol Infect 2004;10 Suppl 4:23-31.
d0i:10.1111/}.1465-0691.2004.1007.X

4 Shlaes DM, Sahm D, Opiela C, et al. The FDA reboot of antibiotic
development. Antimicrob Agents Chemother 2013;57:4605-7.
doi:10.1128/AAC.01277-13
McKenna M. The antibiotic paradox: why companies can't afford
to create life-saving drugs. Nature 2020;584:338-41. doi:10.1038/
d41586-020-02418-x

6  Darrow ], Kesselheim AS. Incentivizing antibiotic development: Why
isn't the Generating Antibiotic Incentives Now (GAIN) act working?
Open Forum Infect Dis 2020;7:0faaoo1. doi:10.1093/0ofid/ofaaoo1

7 U.S. Department of Health & Human Services. 21st Century Cures
Act: SEC. 2062. Tick-borne diseases. HHS, 2017. Available: https://
www.hhs.gov/ash/advisory-committees/tickbornedisease/about/
21-century-cures-act/index.html [Accessed 24 Feb 2022].

8  The Pasteur act, HR 8920, 116th Congress (2019-2020). Available:
https://www.congress.gov/bill/116th-congress/house-bill/8920
[Accessed 24 Feb 2022].

9 U.S. Food & Drug Administration. Drugs@FDA: FDA-Approved
Drugs. Available: https://www.accessdata.fda.gov/scripts/cder/daf/
[Accessed 24 Feb 2022].

10 Santajit S, Indrawattana N. Mechanisms of antimicrobial
resistance in ESKAPE pathogens. Biomed Res Int 2016;2016:1-8.
d0i:10.1155/2016/2475067

11 FDA. How drugs are developed and approved: types of applications.
U.S. Food & Drug Administration, 2014. https://www.fda.gov/drugs/
how-drugs-are-developed-and-approved/types-applications

12 NIH. Clinicaltrials.Gov. U.S. National Library of Medicine. Available:
https://clinicaltrials.gov/ [Accessed 24 Feb 2022].

13 FDA. Surrogate endpoint resources for drug and biologic
development, 2018. Available: https://www.fda.gov/drugs/
development-resources/surrogate-endpoint-resources-
drug-and-biologic-development#:~:text=A%2o0clinical%20
trial’s%20endpoints%2omeasure%2othe%200utcomes%20
in%20the%2otrial.&text=The%20benefit%200r%20likely%20
benefit,drug%2Dinduced%2oliver%2oinjury [Accessed 24 Feb
2022].

14 Walton MK, Powers JH, Hobart J, et al. Clinical Outcome
Assessments: Conceptual Foundation-Report of the ISPOR Clinical
Outcomes Assessment - Emerging Good Practices for Outcomes
Research Task Force. Value Health 2015;18:741-52. d0i:10.1016/j.
jval.2015.08.006

15 Mcleod C, Norman R, Litton E, et al. Choosing primary endpoints
for clinical trials of health care interventions. Contemp Clin Trials
Commun 2019;16:100486. doi:10.1016/j.conctc.2019.100486

16 U.S. Food & Drug Administration. Postmarketing requirements and
commitments: introduction, 2016. Available: https://www.fda.gov/
drugs/guidance-compliance-regulatory-information/postmarket-
requirements-and-commitments [Accessed 24 Feb 2022].

17 U.S. Food & Drug Administration. Postmarketing requirements and
commitments: frequently asked questions (FAQ), 2018. Available:
https://www.fda.gov/drugs/postmarket-requirements-and-
commitments/postmarketing-requirements-and-commitments-
frequently-asked-questions-faq [Accessed 24 Feb 2022].

Mitra-Majumdar M, et al. BMJMED 2022;1:¢000227. doi:10.1136/bmjmed-2022-000227

ybuAdoa Ag pajoslold 1senb Ag 20z ‘0T Iidy uo /wod fwg auloipawlwg//:dny woly papeojumod 'ZZ0Z 1aquisdsq ZT Uo £22000-2202-pawlwag/9eTT 0T Se paysiignd 1sil :pawlwg


https://www.google.com/url?q=http://www.icmje.org/disclosure-of-interest/&sa=D&source=editors&ust=1669746834810762&usg=AOvVaw2b5hzPf6_1TfhhoEMhcQET
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9385-2821
http://orcid.org/0000-0002-8867-2666
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
http://dx.doi.org/10.1093/cid/ciaa859
http://dx.doi.org/10.1093/cid/ciaa859
http://dx.doi.org/10.1111/j.1465-0691.2004.1007.x
http://dx.doi.org/10.1128/AAC.01277-13
http://dx.doi.org/10.1038/d41586-020-02418-x
http://dx.doi.org/10.1093/ofid/ofaa001
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/about/21-century-cures-act/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/about/21-century-cures-act/index.html
https://www.hhs.gov/ash/advisory-committees/tickbornedisease/about/21-century-cures-act/index.html
https://www.congress.gov/bill/116th-congress/house-bill/8920
https://www.accessdata.fda.gov/scripts/cder/daf/
http://dx.doi.org/10.1155/2016/2475067
https://www.fda.gov/drugs/how-drugs-are-developed-and-approved/types-applications
https://www.fda.gov/drugs/how-drugs-are-developed-and-approved/types-applications
https://clinicaltrials.gov/
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development#:~:text=A%20clinical%20trial’s%20endpoints%20measure%20the%20outcomes%20in%20the%20trial.&text=The%20benefit%20or%20likely%20benefit,drug%2Dinduced%20liver%20injury
http://dx.doi.org/10.1016/j.jval.2015.08.006
http://dx.doi.org/10.1016/j.conctc.2019.100486
http://dx.doi.org/10.1016/j.conctc.2019.100486
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/drugs/guidance-compliance-regulatory-information/postmarket-requirements-and-commitments
https://www.fda.gov/drugs/postmarket-requirements-and-commitments/postmarketing-requirements-and-commitments-frequently-asked-questions-faq
https://www.fda.gov/drugs/postmarket-requirements-and-commitments/postmarketing-requirements-and-commitments-frequently-asked-questions-faq
https://www.fda.gov/drugs/postmarket-requirements-and-commitments/postmarketing-requirements-and-commitments-frequently-asked-questions-faq
http://bmjmedicine.bmj.com/

18

19

20

21

22

23

24

IBM Watson Health. Micromedex. IBM Corporation. Available:
https://www.micromedexsolutions.com/home/dispatch/ssl/true
[Accessed 24 Feb 2022].

World Health Organization. Treatment strategies for MDR-TB and
XDR-TB. In: Companion handbook to the WHO guidelines for the

programmatic management of drug-resistant tuberculosis. Geneva:

World Health Organization, 2014. https://www.ncbi.nlm.nih.gov/
books/NBK247431/#:~:text=9%E2%80%9312%20months)%
20MDR%2D,isoniazid%2o0during%20an%2ointensive%20ophase
U.S. Food and Drug Administration, Center for Drug Evaluation and
Research. NDA multi-disciplinary review and evaluation — NDA
212862. CDER, 2016. Available: https://www.accessdata.fda.gov/
drugsatfda_docs/nda/2019/2128620rigisoooMultidisciplineR.pdf
[Accessed 07 Jan 2021).

Deak D, Outterson K, Powers JH, et al. Progress in the fight against
multidrug-resistant bacteria? A review of U.S. Food and Drug
Administration-approved antibiotics, 2010-2015. Ann Intern Med
2016;165:363—72. d0i:10.7326/M16-0291

DiNubile MJ. Noninferior antibiotics: when Is "not bad" "good
enough"? Open Forum Infect Dis 2016;3:0fw110. doi:10.1093/ofid/
ofw110

Aberegg SK, Hersh AM, Samore MH. Empirical consequences of
current recommendations for the design and interpretation of
noninferiority trials. / Gen Intern Med 2018;33:88—96. doi:10.1007/
511606-017-4161-4

Medeiros FA. Biomarkers and surrogate endpoints: lessons learned
from glaucoma. Invest Ophthalmol Vis Sci 2017;58:B1020-6.
doi:10.1167/i0vs.17-21987

Mitra-Majumdar M, et al. BMJMED 2022;1:e000227. doi:10.1136/bmjmed-2022-000227

25

26

27

28

29

30

31

OPEN ACCESS

Weintraub WS, Luscher TF, Pocock S. The perils of surrogate
endpoints. Eur Heart | 2015;36:2212—8. doi:10.1093/eurheartj/
ehvi64

Fleming TR, Powers JH. Biomarkers and surrogate endpoints in
clinical trials. Stat Med 2012;31:2973-84. d0i:10.1002/sim.5403
Guideline, ICH Harmonised Tripartite. £10 choice of control

group and related issues in clinical trials. Geneva, Switzerland:
International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for Human Use,
2000: 10.

Centers for Disease Control and Prevention. Tuberculosis, 2020.
Available: https://www.cdc.gov/globalhealth/newsroom/topics/th/
index.html

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 2021;72:1968~-74.
doi:10.1093/cid/ciaass7

Kuzucan A, Powers JH, Doshi P. Antibiotics approved for marketing
in populations specifically excluded from premarketing trials,
1999-2018. Mayo Clin Proc 2020;95:2699-703. d0i:10.1016/].
mayocp.2020.07.023

U.S. Food and Drug Administration. Non-Inferiority clinical trials
to establish effectiveness: guidance for industry, 2016. Available:
https://www.fda.gov/media/78504/download

» Additional supplemental material is published online only. To
view, please visit the journal online (http://dx.doi.org/10.1136/
bmjmed-2022-000227).

13

ybuAdoa Ag pajoslold 1senb Ag 20z ‘0T Iidy uo /wod fwg auloipawlwg//:dny woly papeojumod 'ZZ0Z 1aquisdsq ZT Uo £22000-2202-pawlwag/9eTT 0T Se paysiignd 1sil :pawlwg


https://www.micromedexsolutions.com/home/dispatch/ssl/true
https://www.ncbi.nlm.nih.gov/books/NBK247431/#:~:text=9%E2%80%9312%20months)%20MDR%2D,isoniazid%20during%20an%20intensive%20phase
https://www.ncbi.nlm.nih.gov/books/NBK247431/#:~:text=9%E2%80%9312%20months)%20MDR%2D,isoniazid%20during%20an%20intensive%20phase
https://www.ncbi.nlm.nih.gov/books/NBK247431/#:~:text=9%E2%80%9312%20months)%20MDR%2D,isoniazid%20during%20an%20intensive%20phase
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212862Orig1s000MultidisciplineR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/212862Orig1s000MultidisciplineR.pdf
http://dx.doi.org/10.7326/M16-0291
http://dx.doi.org/10.1093/ofid/ofw110
http://dx.doi.org/10.1007/s11606-017-4161-4
http://dx.doi.org/10.1167/iovs.17-21987
http://dx.doi.org/10.1093/eurheartj/ehv164
http://dx.doi.org/10.1002/sim.5403
https://www.cdc.gov/globalhealth/newsroom/topics/tb/index.html
https://www.cdc.gov/globalhealth/newsroom/topics/tb/index.html
http://dx.doi.org/10.1093/cid/ciaa457
http://dx.doi.org/10.1016/j.mayocp.2020.07.023
https://www.fda.gov/media/78504/download
http://dx.doi.org/10.1136/bmjmed-2022-000227
http://dx.doi.org/10.1136/bmjmed-2022-000227
http://bmjmedicine.bmj.com/

Supplemental material

BMJ Publishing Group Limited (BM

disclaims all liabjlity and responsibili

i Jt> ) | s arising from any reliance
placed on'this supplemental material which has been supplied by the author(s)

BMJIMED

Appendix 1: Cost Analysis

1. Pretomanid

[zr;cg] Dosage & Administration Unit Cost (WAC, S) Total Cost (WAC, $)
= Pretomanid
19.78/200 mg tablet
200 mg daily orally for 26 weeks, in combination with: (Package Size: 26 tablets)
= Pretomanid: 3,599.96
. = Linezolid 1,200 mg daily orally for up to 26 weeks = Linezolid = Linezolid: 884.52
T Pretomanid .
Study Antibiotic [49502-0476-26] 2.43/600 mg tablet = Bedaquiline: 31,914.00
= Bedaquiline 400 mg orally once daily for 2 weeks (Package Size: 20 tablets)
followed by 200 mg 3 times per week for 24 weeks for 36,398.48
a total of 26 weeks = Bedaquiline:
159.57/100 mg tablet
(Package Size: 188 tablets)
Isoniazid (INH) = INH Intensive
[10135-0584-01] 0.16040/300 mg tablet = INH: 8.98
(Package Size: 100 tablets) = RIF:123.82
Rifampin (RIF) = PZA:817.51
[00904-5282-61] = RIF = EMB: 131.04
Intensive Phase: 300 mg INH, 600 mg RIF, 1500 mg PZA, 1.10550/300 mg tablet
Pyrazinamide (PZA) and 1200 EMB once daily for 8 weeks (Package Size: 100 tablets) Continuation
Comparator [61748-0012-05] = [NH:20.21
Continuation Phase: 300 mg INH and 600 mg RIF once = PZA: = RIF:278.59
& daily for 18 weeks 4.86616/500 mg tablet
(Package Size: 500 tablets) 1,380.15
Ethambutol (EMB)
[68850-0012-02] = EMB
0.78000/400 mg tablet
(Package Size: 100 tablets)
Cost Factor 26.37
T
= Total costs are calculated based on unit cost rather than package cost.
Notes = Additional Reference NDCs
o Linezolid: 72606-0001-07
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Bedaquiline: 59676-0701-01
Isoniazid: 10135-0584-01
Rifampin: 00904-5282-61
Pyrazinamide: 61748-0012-05
Ethambutol: 68850-0012-02
Costs as of Date

Pretomanid: 11.07.2019
Linezolid: 10.08.2019
Bedaquiline: 04.19.2013
Isoniazid: 05.01.2015
Rifampin: 09.12.2016
Pyrazinamide: 02.28.2017
Ethambutol: 11.01.2016

O 0O O O O

O 0 O O O O O
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2. Imipenem-Cilastatin-Relebactam

Dru
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Imipenem-Cilastatin- L ) ) ) )
L [All Indications] 1.25 g by IV infusion over 30 minutes, 267.50/1.25 g vial
Study Antibiotic Relebactam . . 4,280 - 14,980
every 6 hours, for 4-14 days (Package Size: 25 vials)

[00006-3856-02]

[Imipenem-Cilastatin]

Imipenem-Cilastatin .
6.50000/unit of 250-250 mg

(IM1)

500 mg IV infusion every 6 hours, for 4 — 14 days powder for solution 104.00 - 364.00
[63323-0349-93] ) )

(Package Size: 25 units of 250-250

(Study PNOO3, PN0O4)
mg)

Colistimethate Sodium [Colistimethate Sodium]

(CMS) 24.00000/unit of 150 mg powder
Comparator [25021-0159-10] for solution

Package Size: 1 unit
Loading dose of colistimethate sodium (300 mg), (Package Size: 1 unit)

&
followed by 300 mg CMS every 12 hours and 500 mg IMI ) ) ) 536.00-1,756.00
) ) [Imipenem-Cilastatin]
. . i IV infusion every 6 hours, for 4 — 14 days .
Imipenem-Cilastatin 6.50000/unit of 250-250 mg
(1M1) powder for solution
[63323-0349-93] (Package Size: 25 units of 250-250
(Study PNO13) mg)
IMI
41.15
Cost Factor

IMI+CMS
7.99, 8.53

= Imipenem-Cilastatin-Relebactam is available in a combination of 500 mg imipenem, 500 mg cilastatin, and 250 mg relebactam.
= Cost ranges, and cost factor ranges, reflect cost for the shortest and longest course of treatment indicated.
= Additional Reference NDCs
o Imipenem-cilastatin (250-250 mg): 63323-0349-93
Notes o Colistimethate sodium: 25021-0159-10
= Costs as of Date
o Imipenem-Cilastatin-Relebactam: 01.06.2020
o Imipenem-cilastatin (250-250 mg): 06.16.2016
o Colistimethate sodium: 12.15.2014
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3. Lefamulin
Drug L . .
INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
6.83/mL
Lefamuli 150 mg every 12 hours by IV infusion over 60 minutes for | (Package Size: 6 vials, 15 mL each,
Study Antibiotic 720803 Z‘” 1330 5-7 days at 10 mg/mL) IV: 1,024.50 - 1,434.50
v [72000 '011210 P OR Oral: 1,375.00
B -06] 600 mg tablets every 12 hours for 5 days 137.50/600 mg tablet
(Package Size: 30 tablets)
0.18/mL
Moxifloxacin (Package Size: 12 units of 250 mL
For CABP] 400 mg moxifloxacin orally OR by IV infusion IV: 315.00 - 630.00
Comparator [67457-0323-25, 65862- | | Pl 8 yERBY at 400 mg/250 mL)
0603-30 once daily for 7 — 14 days Oral: 20.58 —41.16
-30] 2.94/400 mg tablet
(Package Size: 30 tablets)
Cost Factor IV: 3.25, 2.28
Oral: 66.81, 33.41
= Costs as of Date
Notes o Lefamulin (IV 72000-0110-30, tablet 72000-0120-06): 09.01.2019
o Moxifloxacin (IV, 67457-0323-25): 10.03.2017
o Moxifloxacin (tablet, 65862-0603-30): 05.15.2018
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4. Rifamycin
Drug L . .
INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Rifamycin 14.67/194 mg tablet
Study Antibiotic 4 388 mg twice a day for 3 days / . & 176.04
[71068-0001-10] (Package Size: 12 tablets)
Ciprofloxacin For Traveler’s Diarrhea] 500 mg orally twice daily for 5 —
Comparator p ( ] g orally y 0.19/500 mg tablet 1.9-266
[55111-0127-01] 7 days (Package Size: 100 tablets)
Cost Factor 92.65, 66.18
= Note that in rifamycin’s two pivotal trials, the comparator was placebo in one and ciprofloxacin in the other. The course of treatment with ciprofloxacin in
the pivotal was 3 days, but here we have used more conservative guidelines of 5 to 7 days for cost calculation here.
Notes = Costs as of Date
o Rifamycin: 01.01.2021
o Ciprofloxacin: 07.05.2017
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5. Omadacycline

Drug
[NDC]

Dosage & Administration

Unit Cost (WAC, $)

Total Cost (WAC, S)

Omadacycline

[ABSSSI] Loading - 200 mg by IV infusion over 60 min OR
100 mg by IV infusion over 30 minutes twice on Day 1.
Maintenance - 100 mg IV infusion over 30 minutes once
daily OR 300 mg tablets once daily. Alternative - 450 mg
tablet once on Day 1 and 2, and 300 mg tablet once daily
thereafter. Total course of treatment 7 — 14 days.

345.00/100 mg package
(Package Size: 100 mg solution)

[All Indications, IV Infusion]

CABP

IV Omadacycline: IV Moxifloxacin = 8.76 — 8.21
IV Omacadycline: Oral Moxifloxacin = 134.11 —125.73

Study Antibiotic [71715-0001-01, 71715- 2,760- 5,175
0002-21] ) . . . 216.71/150 mg tablet
[CABP] Loading - 200 mg by IV infusion over 60 min OR .
R X R . (Package Size: 6 tablets)
100 mg by IV infusion over 30 minutes twice on Day 1.
Maintenance - 100 mg IV infusion over 30 minutes once
daily OR 300 mg tablets once daily. Total course of
treatment 7 — 14 days.
[ABSSSI, Linezolid]
0.12/mL
(Package Size: 10 units of 300 mL
at 600 mg/300 mL)
ABSSSI: Linezolid 1V: 720.00 - 1,440.00
[25021-0169-87, 72606~ | [ABSSSI, Linezolid] 600 mg IV infusion OR tablets twice 3.43/600 mg tablet Oral: 68.60 — 137.20
0001-08] daily for 10 — 14 days (Package Size: 30 tablets) [ABSSSI, Linezolid]
Comparator .
CABP: Moxifloxacin [CABP, Moxifloxacin] 400 mg moxifloxacin orally OR by IV [CABP, Moxifloxacin] IV: 315.00 - 630.00
[67457-0323-25, 65862- | infusion once daily for 7 — 14 days 0.18/mL Oral: 20.58 —41.16
0603-30] (Package Size: 12 units of 250 mL [CABP, Moxifloxacin]
at 400 mg/250 mL)
2.94/400 mg tablet
(Package Size: 30 tablets)
ABSSSI|
IV Omadacycline: IV Linezolid = 3.83 — 3.59
IV Omacadycline: Oral Linezolid = 40.23 — 37.72
Cost Factor
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Notes

The alternative dosage and administration for the ABSSSI indication was not used in total cost calculation. Only the IV administration in maintenance was
used in total cost calculation. That is, the oral route was disregarded to simplify cost calculation.

Note that each study drug may have more than one NDC, not all of which are noted in these tables. The NDC chosen to calculate total cost of a course of
treatment is based on the NDC(s) with the lowest unit cost at the time of writing OR NDCs for which cost information was available in the IBM Micromedex
Red Book.

Costs as of Date

Omadacycline (IV, 71715-0001-01): 12.10.2018

Omadacycline (tablet, 71715-0002-21): 01.01.2021

Linezolid (IV, 25021-0169-87): 08.01.2019

Linezolid (tablet, 72606-0001-08): 06.05.2020

Moxifloxacin (IV, 67457-0323-25): 10.03.2017

Moxifloxacin (tablet, 65862-0603-30): 05.15.2018

O O O O O O
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6. Eravacycline

Dru,
N ch] Dosage & Administration Unit Cost (WAC, S$) Total Cost (WAC, $)
Study Antibiotic Eravacycline 1 mg/kg IV infusion over 60 minutes every 12 hours for 49.00/50 mg powder for solution [75 kg patient]
v [71773-0050-05] total of 4 — 14 days (Package Size: 50 mg) 588.00 — 2,058.00
Ertapenem
. . . 100.0000/1 g powder
[55150-0282-09] 1.0 g IV infusion once daily for 4 to 14 days ] ) 400.00 - 1,400.00
(Package Size: 10 units at 1 g each)
(Study TP-434-008)
Comparator
Meropenem
) ) ) ) 7.11000/1 g powder
[72572-0415-10] 1.0 g IV infusion three times daily for 4 to 14 days ) ) 85.32-149.31
(Package Size: 10 units at 1 g each)
(Study TP-434-025)
Ertapenem: 1.47
Cost Factor

Meropenem: 6.89, 13.78

= Note that each study drug may have more than one NDC, not all of which are noted in these tables. The NDC chosen to calculate total cost of a course of
treatment is based on the NDC(s) with the lowest unit cost at the time of writing OR NDCs for which cost information was available in the IBM Micromedex
Red Book.

= Costs were calculated based for a 75 kg male patient.

= Additional Reference NDCs

Notes o Ertapenem: 55150-0282-09
o Meropenem: 72572-0415-10

= Costs as of Date
o Eravacycline: 05.30.2019
o Ertapenem: 05.03.2019
o Meropenem: 08.27.2020
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7. Plazomicin

Dru,
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
15 mg/kg IV infusi 30 minut daily for 4 -7 31.5000/10 m! vial [75 k tient]
ici m infusion over 30 minutes once daily for 4 - atien
Study Antibiotic Plazomicin &/ke v (Package Size: 10 vials of 10 mL at P
[71045-0010-02] days 283.50-496.13
50 mg/ml)
Meropenem X X . . 7.11000/1 g powder
C t 1gIVinfi three t daily for4-7d -
ormparator [72572-0415-10] & 1V infusion three fimes datly for avs (Package Size: 10 units at 1 g each) 85.32-149.31
Cost Factor 3.32

= Additional Reference NDCs
o Meropenem: 72572-0415-10
Notes = Costs as of Date
o Plazomicin: 07.17.2018
o Meropenem: 08.27.2020
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8. Delafloxacin

Drug

INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
P ) 132.5000/300 mg powder
300 mg IV infusion over 60 minutes every 12 hours for 5 . )
Delafloxacin 14 days (Package Size: 10 300 mg units) V: 1325 - 3.710
Study Antibiotic - X Y !
Y [70842-0102-03, OR Oral: 744.19 - 2,083.76
70842-0101-01] X X 74.42/450 mg tablet
450 mg tablet twice daily for 5 — 14 days .
(Package Size: 20 tablets)
[Vancomycin]
. 0.15/1 mL solution )
Vancomycin [75 kg patient]

(Package Size: 12 units of 200 mL

i Vancomycin: 337.50 — 945.00
solution at 1 g/200 mL)

[70594-0042-03]

& 15 mg/kg IV vancomycin & 2 g IV aztreonam, twice daily Aztreonam:
Comparator
for 5 —14 days 546.20-1,529.36
[Aztreonam]
Aztreonam
27.31000/1 g powder
[63323-0401-26] i . 883.70-2,474.36
(Package Size: 10 unitsof 1 g
powder each)
|V Delafloxacin: 1.50, 1.10
Cost Factor

Oral Delafloxacin: 0.84

= Additional Reference NDCs

o Vancomycin: 70594-0042-03
o Aztreonam: 63323-0401-26

= Costs as of Date
o Delafloxacin IV: 10.20.2017
o Delafloxacin tablets: 04.01.2019
o Vancomycin: 04.01.2019
o Aztreonam: 09.04.2015

Notes
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9. Secnidazole
Drug L . .
INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Study Antibiotic Secnidazole 2 grams of granules once orally 282.25/2 g_granules 282.25
[27437-0051-01] (Package Size: 2 g granules)
Metronidazol
Comparator etronidazole [Bacterial vaginosis] 750 mg orally once daily for 7 days 0.28/250 mg tablet 5.88
[62332-0016-31] (Package Size: 100 tablets)
Cost Factor 48.00
= Costs as of Date
Notes o Secnidazole: 12.01.2019
o Metronidazole: 12.02.2016
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10. Meropenem-vaborbactam

Dru
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Meropenem- 2 g/2 g IV infusion over 3 hours, every 8 hours, for u i
Study Antibiotic vaborbactam . gi 43 Ve ori 1P7 8.500/ 15Ag ?°6err foi solution 29,937.60
[70842-0120-06] (o} ays (Package Size: 6 1 g units)
Piperacillin- 0.25125/mL premix solution
Comparator tazobactam 4 g/0.5 g IV infusion, every 8 hours, for up to 10 days (Package Size: 12 units of 100 mL 753.75
[00206-8862-02] solution at 4 g/0.5 g)
39.72

Cost Factor

= Note that the length of treatment in the pivotal trials with meropenem-vaborbactam was up to 10 days. The FDA label indicates a course of
treatment up to 14 days, which we have opted to use to calculate cost of treatment here.
= Optional stepdowns to oral treatment (typically levofloxacin) not included in cost calculation.
= Additional Reference NDCs
o Piperacillin-tazobactam: 00206-8862-02
= Costs as of Date
o Meropenem-vaborbactam: 04.01.2019
o Piperacillin-tazobactam: 01.01.2021

Notes
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11. Ozenoxacin
Drug - . :
INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Apply thin layer to affected area twice daily for up to
_— Ozenoxacin 5 days 9.90/g 1% cream 297.00
Study Antibiotic [70363-0011-30] (Package Size: 30 g tube) [One 30 g tube ozenoxacin]
(Dosage unspecified.)
Apply thin layer to the affected area twice a day for 5
Retapamulin days 20.76033/g 1% cream 622.81
Comparator

[16110-0518-30]

(Dosage unspecified.)

(Package Size: 30 g tube)

[One 30 g tube retapamulin]

Cost Factor

Notes

= Additional Reference NDCs
o Retapamulin: 16110-0518-30

= Costs as of Date

o Ozenoxacin: 10.26.2018
o Retapamulin: 01.02.2021

0.48
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12. Bezlotoxumab

Drug

INDC] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
95.00/mL
2,850.00
Study Antibiotic [o%e;(;%ﬁggr;?o%] One-time IV infusion of 10 mg/kg over 60 minutes (Package Size: 40 mL at 25 (75 kg patient]
mg/mL)
Comparator None available. - - -

Cost Factor

Notes

No calculation possible.

= Costs as of Date
o Bezlotoxumab: 12.08.2016
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13. Amikacin liposome inhalation suspension

Dru
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
12,380.93
feacin i 28-d |
L Amikacin liposome Once daily oral inhalation of one 590 mg/8.4 mL vial, 52.64/mL [28-day supply]
Study Antibiotic inhalation suspension for 8 — 16 months (Package Size: 28 vials of 8.4 mL
[71558-0590-28] at 590 mg/8.4 ml) 161,394.24 — 215,191.78
[8 — 16 months]
. . [Rifampin] .
Rifampin [For a 75 kg patient]
1.10550/300 mg capsule . .
[00904-5282-61] (Package Size: 100 les) Rifampin: 2.21/dose
ackage Size: capsules
& P Ethambutol: 4.06/dose
Ethambutol Azith in: 2.95/d
62991 3020 01] Azithromycin (500 mg), rifampin (600 mg), and [Ethambutol] srthromycin /dose
Comparator ethambutol (25 mg/kg) three times a week, for 8 —16 | 2.16750/g powder 110.64
& months. (Package Size: 25,000 grams) (28-day .supply]
R R [Azithromycin]
Azithromycin 1,438.32-1,917.76
2.94800/500 mg tablet
[00069-3070-30] ) [8 — 16 months]
(Package Size: 30 tablets)

[28-day supply]
111.90
Cost Factor
[8 -16 months]
112.21 (across the range)
.
= Pivotal trials for amikacin sulfate used a background regiment of at least two ATS/IDSA recommended drugs as the comparator. More than half of
the comparison group in the pivotal trial were on a rifamycin, ethambutol, and a macrolide. Here we’ve used azithromycin as the representative

macrolide based on IDS guidelines, and rifampin as the representative rifamycin.
= Additional Reference NDCs

o Rifampin: 00904-5282-61
Notes o Ethambutol: 62991-3060-01

o Azithromycin: 00069-3070-30
= Costs as of Date

o Amikacin sulfate: 01.01.2021

o Rifampin: 01.01.2021

o Ethambutol: 01.01.2013
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o Azithromycin: 01.01.2021
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14. Cefiderocol

Dru,
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Study Antibiotic Cefiderocol 2 g IV infusion over 3 hours, every 8 hours, for 7 to 14 183.33/g p_owder for. solution 7,699.86 — 15,399.72
[59630-0266-10] days (Package Size: 10 units of 1 g each)
Imi /Cilastati 9.45/500 mg-500 mg powder for
mipenem/Cilastatin i i i . infusi
Comparator p Imipenem/cilastatin (1 g: 1 g) IV infusion every 8 hours solution 396.90— 793.80
[00409-3507-10] for 7—14 days ) )
(Package Size: 25 units)
Cost Factor 19.6,19.4

= Additional Reference NDCs
o Imipenem/Cilastatin: 00409-3507-10
Notes = Costs as of Date
o Cefiderocol: 02.24.2020
o Imipenem/Cilastatin: 07.01.2013
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15. Omeprazole magnesium-amoxicillin-rifabutin

Notes

Dru
N ch] Dosage & Administration Unit Cost (WAC, $) Total Cost (WAC, $)
Omeprazole
Study Antibiotic m.a.ngeswm- i 4 capsules every 8 hours for 14 days 3.98/capsu_|e 668.64
amoxicillin-rifabutin (Package Size: 168 capsules)
[57841-1150-02]
Amoxicillin [Amoxicillin]
[65862-0016-05] 0.047/250 mg tablet
o (Package Size: 500 capsules) Amoxicillin: 7.90
1000 mg amoxicillin & 10 mg omeprazole every 8
Comparator & Omeprazole: 0.76
hours for 14 days
[Omeprazole] 8.66
Omeprazole 0.018/10 mg capsule
[62175-0114-37] (Package Size: 100 capsules)
Cost Factor 77.21

= Talicia is available in a combination of 250 mg amoxicillin, 10 mg omeprazole magnesium, and 12.5 mg rifabutin capsules.
= Additional Reference NDCs

o Amoxicillin: 65862-0016-05

o Omeprazole: 62175-0114-37
= Costs as of Date

o Omeprazole magnesium-amoxicillin-rifabutin: 01.01.2021

o Amoxicillin: 09.12.2006

o Omeprazole: 10.18.2019
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Appendix 2. Drug-Specific Citations

Databases

Drugs@FDA: US Food and Drug Administration. Drugs@FDA: FDA-Approved Drugs. FDA. Accessed
January 7, 2021. https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm

PMC: FDA/Center for Drug Evaluation and Research, Office of New Drugs. Postmarket Requirements and
Commitments. FDA. Updated October 29, 2020. Accesdsed January 7, 2021.
https://www.accessdata.fda.gov/scripts/cder/pmc/index.cfm

Bezlotoxumab (Zinplava)

Label: Zinplava. Prescribing information. Merck Sharp & Dohme Corp.; 2016. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/761046s000Ibl.pdf

Summary Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Division
Director Summary Review; BLA 761046, Bezloxtumab for injection. CDER; 2016. Accessed January 7,
2021. https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/7610460rig1s000SumR.pdf

Risk Assessment and Risk Mitigation Review(s): US Food and Drug Administration, Center for Drug
Evaluation and Research. Vision of Risk Management Review, Evaluation to determine if a REMS is
necessary. CDER; 2016. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/7610460rig1s000RiskR.pdf

Medical Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Clinical
Review; BLA 761046, Bezlotoxumab. CDER; 2016. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/7610460rig1s000MedR.pdf

AdisInsight: Bezlotoxumab — Merck & Co. AdisInsight Drugs. Updated July 12, 2020. Accessed January 7,
2021. https://adisinsight.springer.com/drugs/800044552

Delafloxacin (Baxdela)

Label: Baxdela. Prescribing information. Melinta Therapeutics, Inc.; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208610s000,208611s000Ibl.pdf
Summary Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Division
Director Summary Review; NDAs 208610 and 208611, Baxdela (delafloxacin). CDER; 2017. Accessed
January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/2086100rig1s000,2086110rig1s000SumR.p
df

Clinical Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Clinical
Review; NDA 208610 and NDA 208611, BAXDELA (delafloxacin meglumine). CDER; 2016. Accessed
January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2086100rig1s000,2086110rigls000MedR.p
df

Adisinsight: Delafloxacin — Melinta Therapeutics/Wakunaga Pharmaceutical. AdisInsight Drugs. Updated
November 20, 2020. Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800009417

Meropenem-vaborbactam (Vabomere)
Label: Vabomere. Prescribing information. The Medicines Company; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209776lbl.pdf
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https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208610Orig1s000,208611Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208610Orig1s000,208611Orig1s000MedR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208610Orig1s000,208611Orig1s000MedR.pdf
https://adisinsight.springer.com/drugs/800009417
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209776lbl.pdf
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Summary Review. US Food and Drug Administration, Center for Drug Evaluation and Research. Combined
Cross-Discipline Team Leader, Division Director, and Office Director Summary Review; NDA 209776
Vabomere (meropenem-vaborbactam). CDER; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2097760rig1s000SumR.pdf

Clinical Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Clinical
Review; NDA 209776 (Meropenem-vaborbactam). CDER; 2017. Accessed January 7, 2017.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2097760rig1s000MedR.pdf

Adisinsight: Meropenem/vaborbactam — Melinta Therapeutics. Adisinsight Drugs. Updated July 8, 2020.
Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800039513

Secnidazole (Solosec)

Label: Solosec. Prescribing information. Symbiomix Therapeutics LLC; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2017/209363s000Ibl.pdf

Summary Review: US Food and Drug Administration, Center for Drug Evaluation and Research. NDA
209363l; Combined Cross-Discipline Team Leader, Division Director, and Deputy Office Director Summary
Review. CDER; 2017. Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2093630rig1s000SumR.pdf

Clinical Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Clinical
Review; NDA 209363, SYM 1219 (secnidazole). CDER; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2093630rigls000MedR.pdf
AdisInsight: Secnidazole — Lupin. AdisInsight Drugs. Updated November 19, 2020. Accessed January 7,
2021. https://adisinsight.springer.com/drugs/800040719

Ozenoxacin (Xepi)

Label: Xepi. Prescribing information. Medimetriks Pharmaceuticals, Inc.; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208945Ibl.pdf

Summary Review: US Food and Drug Administration, Center for Drug Evaluation and Research. NDA
208945: Cross-Discipline Team Leader, Division Director and Deputy Office Director Summary Review for
Regulatory Action. CDER; 2017. Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2089450rig1s000SumR.pdf

Risk Assessment and Risk Mitigation Review(s): US Food and Drug Administration, Center for Drug
Evaluation and Research. Division of Risk Management Review, Addendum to DRISK Review to determine
if a REMS is necessary, dated February 23, 2017. CDER; 2017. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2017/2089450rig1s000RiskR.pdf

Clinical Review: US Food and Drug Administration, Center for Drug Evaluation and Research. Clinical
Review; NDA 208945, Ozenoxacin cream 1%. CDER; 2017. Accessed January 7, 2021.

Adisinsight: Ozenoxacin — Ferrer/Maruho. AdisInsight Drugs. Updated April 16, 2019. Accessed January 7,
2021. https://adisinsight.springer.com/drugs/800016781

Plazomicin (Zemdri)
Label: Zemdri. Prescribing information. Achaogen, Inc.; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/2103030rig1s000Ibl.pdf

MitraMajumdar M, et al. BMIMED 2022; 1:e000227. doi: 10.1136/bmjmed-2022-000227


https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/209776Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/209776Orig1s000MedR.pdf
https://adisinsight.springer.com/drugs/800039513
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/209363s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/209363Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/209363Orig1s000MedR.pdf
https://adisinsight.springer.com/drugs/800040719
https://www.accessdata.fda.gov/drugsatfda_docs/label/2017/208945lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208945Orig1s000SumR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2017/208945Orig1s000RiskR.pdf
https://adisinsight.springer.com/drugs/800016781
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/210303Orig1s000lbl.pdf

BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJIMED

Summary Review: US Food and Drug Administration, Center for Drug Evaluation and Research. NDA
210303, Plazomicin for injection; Cross-Discipline Team Leader, Division Director and Office Director
Summary Review for Regulatory Action. CDER; 2018.

Risk Assessment and Risk Mitigation Review(s): US Food and Drug Administration, Center for Drug
Evaluation and Research. Division of Risk Management Review, Evaluation of Need for a REMS. CDER;
2018. Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2018/2103030rig1sO00RiskR.pdf
AdisInsight: Plazomicin — Cipla. AdisInsight Drugs. Updated July 7, 2020. Accessed January 7, 2021.
https://adisinsight.springer.com/drugs/800029572

Eravacycline (Xerava)

Label: Xerava. Prescribing information. Tetraphase Pharmaceuticals, Inc.; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/211109Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-Disciplinary Review and Evaluation — NDA 211109: XERAVA (eravacycline) for injection. CDER;
2018. Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2018/2111090rig1s000MultidisciplineR.pdf
AdisInsight: Eravacycline — Tetraphase Pharmaceuticals. AdisInsight Drugs. Updated August 31, 2020.
Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800032231

Amikacin sulfate (Arikayce)

Label: Arikayce. Prescribing information. Insmed Incorporated; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/207356s000Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-Disciplinary Review and Evaluation — NDA 207356. CDER; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda _docs/nda/2018/2073560rig1s000MultidisciplineR.pdf
Adisinsight: Amikacin liposomal inhaled — Insmed. AdisInsight Drugs. Updated January 5, 2021. Accessed
January 7, 2021. https://adisinsight.springer.com/drugs/800021086

Omadacycline (Nuzyra)

Label: Nuzyra. Prescribing information. Paratek Pharmaceuticals, Inc.; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/209816 209817Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-Disciplinary Review and Evaluation — NDAs 209816 and 209817. CDER; 2018. Accessed January
7,2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2018/2098160rig1s000,2098170rigls000Multidis
ciplineR.pdf

AdisInsight: Omadacycline — Paratek Pharmaceuticals. AdisInsight Drugs. Updated December 11, 2020.
Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800017923

Rifamycin (Aemcolo)
Label: Aemcolo. Prescribing information. Cosmo Technologies, Ltd.; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2018/210910s000Ibl.pdf
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Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-disciplinary Review and Evaluation — NDA 210910. CDER; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/2109100rig1s000MultidisciplineR.pdf
Adisinsight: Rifamycin controlled-release — Cosmo/Dr Falk Pharma/Salix. AdisInsight Drugs. Updated
December 12, 2020. Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800026559

Imipenem-cilastatin-relebactam (Recarbrio)

Label: Recarbrio. Prescribing information. Merck Sharp and Dohme Corp.; 2019. Accessed January 7,
2021. https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/212819s000Ibl.pdf
Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-disciplinary Review and Evaluation (NDA 212819): RECARBRIO
(imipenem/cilastatin/relebactam for injection). CDER; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2019/2128190rig1s000MultidisciplineR.pdf
Adisinsight: Cilastatin/imipenem/relebactam — Merck Sharp and Dohme. AdisInsight Drugs. Updated
December 14, 2020. Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800042881

Pretomanid (Pretomanid)

Label: Pretomanid. Prescribing information. Mylan Laboratories, Ltd.; 2019. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2019/212862s000Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA Multi-disciplinary Review and Evaluation — NDA 212862. CDER; 2016. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/nda/2019/2128620rigls000MultidisciplineR.pdf
Adisinsight: Pretomanid — Global Alliance for TB Drug Development/Novartis. AdisInsight Drugs. Updated
December 17, 2020. Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800007841

Lefamulin (Xenleta)

Label: Xenleta. Prescribing information. Nabriva Therapeutics, Inc.; 2019. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2019/211672s000,211673s000lbl.pdf
Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
NDA/BLA Multi-disciplinary Review and Evaluation NDA 211672 and NDA 21167: XENLETA (Lefamulin
injection and tablets). CDER; 2018. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/2116720rig1s000,%202116730rig1s000Mul
tidisciplineR.pdf

Adisinsight: Lefamulin — Nabriva Therapeutics. AdisInsight Drugs. Updated September 2, 2020. Accessed
January 7, 2021. https://adisinsight.springer.com/drugs/800031605

Omeprazole magnesium-amoxicillin-rifabutin (Talicia)

Label: Talicia. Prescribing information. RedHill Biopharma Inc; 2019. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2019/213004Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
Multi-Disciplinary Review and Evaluation NDA 213004: TALICIA (rifabutin, amoxicillin, omeprazole). CDER;
2019. Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2019/2130040rig1s000MultidisciplineR.pdf
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Adisinsight: Amoxicillin/omeprazole/rifabutin - RedHill Biopharma. AdisInsight Drugs. Updated August 1,
2020. Accessed January 7, 2021. https://adisinsight.springer.com/drugs/800026964

Cefiderocol (Fetroja)

Label: Fetroja. Prescribing information. Shionogi Inc.; 2019. Accessed January 7, 2021.
https://www.accessdata.fda.gov/drugsatfda docs/label/2019/209445s000Ibl.pdf

Multi-Disciplinary Review: US Food and Drug Administration, Center for Drug Evaluation and Research.
Multi-Disciplinary Review and Evaluation NDA 209445: FETROJA (cefiderocol) for Injection. CDER; 2019.
Accessed January 7, 2021.

https://www.accessdata.fda.gov/drugsatfda docs/nda/2019/2094450rig1s000MultidisciplineR.pdf
Adisinsight: Cefiderocol — Shinogi. AdisInsight Drugs. Updated January 6, 2021. Accessed January 7, 2021.
https://adisinsight.springer.com/drugs/800036159

MitraMajumdar M, et al. BMIMED 2022; 1:e000227. doi: 10.1136/bmjmed-2022-000227


https://adisinsight.springer.com/drugs/800026964
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/209445s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2019/209445Orig1s000MultidisciplineR.pdf
https://adisinsight.springer.com/drugs/800036159

Supplemental material

BMJ Publishing Group Limited (BM
placed on'this supplem:

;{) disclaims all liabjlity and r&sponsibilit¥
ental material which has been supplied by the author(s)

arising from any reliance

Appendix 3. Characteristics of Pivotal Trials Supporting FDA Ap

proval of Antibiotics, 2016-2019

. — . . Endpoint , Treatment | Comparator Absolute Risk Reduction
Drug Trial ID* Indication Comparator Primary End Point Type Hypothesis Group, n Group, n (95% Cl)
Pretomanid NCT02333799 B Matched historical | Favorable outcome, Biomarker | Superiority 104 - Favorable Outcome:
control cohortand | defined as absence of [Indirect] 91% (84-96)
results reported in | bacteriologic failure,
the literature relapse, or clinical failure 6
months after the end of
treatment
Imipenem- NCT01505634 cUTI Imipenem- Microbiological and clinical | Biomarker | Non-Inf.* 74 81 Favorable Response:
Cilastatin- cilastatin and response, coded as & ClinRo (Margin: 15%) IMI/REL 250 mg: 85.1%
Relebactam placebo favorable in the case of [Indirect] IMI/Placebo: 92.6%
combination (IV or | eradication or unfavorable Difference: -7.5 (-18.3, 2.6)
IV+oral) in the case of persistence
or persistence with
acquisition of resistance
NCT01506271 clAl Imipenem- Microbiological and clinical | Biomarker | Non-Inf.* 89 92 Favorable Response:
cilastatin and response, coded as & ClinRo (Margin: 15%) IMI/REL 250 mg: 89.9%
placebo favorable in the case of [Indirect] IML/Placebo: 90.2%
combination (IV) eradication or unfavorable Difference: 1.7(-8.8, 12.3)
in the case of persistence
or persistence with
acquisition of resistance
NCT 02452047 Imipenem Colistimethate Favorable overall Biomarker | No 21 10 Favorable Response:
non- sodium (CMS) and | response, based on & ClinRo prespecified IMI/REL: 71.4% (49.8, 86.4)
susceptible imipenem survival at day 28 [Indirect] hypothesis/des CMS + IMI: 70.0% (39.2,
bacterial cilastatin (IV) (HABP/VABP), composite criptive 89.7)
infections, clinical and microbiological statistics**
including response (cUTI) and
HABP/VABP, clinical response only
and clAl, (clAl).
cUTI
Lefamulin NCT02559310 CABP Moxifloxacin (IV) Percentage of patients ClinRo Non-Inf. 276 275 Favorable Response
responding to study drug [Indirect] (Margin: Lefamulin: 87.3%
at 96 + 24 hours after first 12.5%) Moxifloxacin: 90.2%
dose Difference: 2.9 (-8.5, 2.8),
p =0.0003
NCT 02813694 CABP Moxifloxacin (oral) Percentage of patients ClinRo Non-Inf. 370 368 Favorable Response
responding to study drug [Indirect] (Margin: 10%) Lefamulin: 90.8%
at 96 + 24 hours after first Moxifloxacin: 90.8%
dose Difference: 0.0 (-4.4, 4.5),
p < 0.0001
Rifamycin NCT01142089 TD Placebo Time to last unformed PRO on Superiority 199 65 Time to Last Unformed
stool disease Stool (Median, Hours
signs Rifamycin: 46.0
[Indirect] Placebo: 68.0
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Hazard Ratio: 1.825,
(1.276, 2.611), p=0.0008
NCT01208922 TD Ciprofloxacin Time to last unformed PRO on Non-Inf. 420 415 Time to Last Unformed
(oral) stool disease (Hazard Ratio > Stool (Median, Hours
signs 0.764) Rifamycin: 44.3
[Indirect] Ciprofloxacin: 40.3
Hazard Ratio: 0.962 (0.826,
1.119)
Omadacycline | NCT02531438 CABP Moxifloxacin (IV) Successful response to ClinRo Non-Inf. 386 388 Successful Response:
therapy 72 to 120 hours [Indirect] (Margin: 10%) Omadacycline: 81.1%
after first dose of study Moxifloxacin: 82.7%
drug, based on cough, Difference:-1.6 (-7.1, 3.8)
sputum production,
pleuritic chest pain, and
dyspnea
NCT02378480 ABSSSI Linezolid (IV) Clinical success 48 to 72 ClinRo Non-Inf. 316 311 Successful Response:
after first dose, based on [Indirect] (Margin: 10%) Omadacycline: 84.8%
lesion size reduction of at Linezolid: 85.5%
least 20% Difference: -0.7 (-6.3, 4.9)
NCT02877927 ABSSSI Linezolid (oral) Clinical success 48 to 72 ClinRo Non-Inf. 360 360 Successful Response:
after first dose, based on [Indirect] (Margin: 10%) Omadacycline: 87.5%
lesion size reduction of at Linezolid: 82.5%
least 20% Difference: 5.0 (-0.2, 10.3)
Eravacycline NCT01844856 clAl Ertapenem (IV) Clinical response at test- ClinRo Non-Inf. 220 226 Clinical Cure Rate (%
of-cure visit [Indirect] (Margin: 10%) Eravacycline: 86.8%
Ertapenem: 87.6%
Difference: -0.8 (-7.1, 5.5)
NCT02784704 clAl Meropenem (IV) Clinical response at test- ClinRo Non-Inf. 195 205 Clinical Cure Rate (%)
of-cure visit [Indirect] (Margin: Eravacycline: 90.8%
12.5%) Meropenem: 91.2%
-0.5(-6.3, 5.3)
Plazomicin NCT02486627 cUTI, Meropenem (V) Composite microbiological Biomarker | Non-Inf. 191 197 Composite Cure (Day 5)
including eradication and & ClinRo (Margin: 15%) Plazomicin: 88.0%
acute programmatically derived [Indirect] Meropenem 91.4%
pyelonephri clinical cure rate at Day 5 Difference: -3.4 (-10.0, 3.1)
tis and test of cure visit
Composite Cure (Test of
Cure)
Plazomicin: 81.7%
Meropenem 70.1%
Difference: 11.6 (2.7, 20.3)
Delafloxacin NCT01811732 ABSSSI Vancomycin and Objective clinical response, | ClinRo Non-Inf. 331 329 Clinical Response (%
aztreonam (V) defined as a reduction of [Indirect (Margin: 10%) Delafloxacin: 78.2%
at least 20% in lesion Vancomycin/Aztreonam:
spread 80.9%
Difference: -2.6 (-8.8, 3.6)
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NCT01984684 ABSSSI Vancomycin and Objective clinical response, | ClinRo Non-Inf. 423 427 Clinical Response (%
aztreonam (V) defined as a reduction of [Indirect (Margin: 10%) Delafloxacin: 83.7%
at least 20% in lesion Vancomycin/Aztreonam:
spread 80.6%
Difference: -3.1 (-2.0, 8.3)
Secnidazole NCT02147899 Bacterial Placebo Clinical outcome at TOC, Biomarker | Superiority 62 62 Clinical Response Rate (%)
vaginosis based on vaginal & ClinRo Secnidazole: 67.7%
(BV) discharge, whiff test, and [Indirect] Placebo: 17.7%
proportion of clue cells on
vaginal wet mount Difference: 50.0 (33.4,
66.7), p<0.0001
Cochran-Mantel-Haenzel
tests: X2=32.4769, df = 1,
p<0.0001
NCT02418845 Bacterial Placebo Clinical outcome at TOC, Biomarker | Superiority 107 57 Clinical Response Rate (%)
vaginosis based on vaginal & ClinRo Secnidazole: 53.3%
(BV) discharge, whiff test, and [Indirect] Placebo: 19.3%
proportion of clue cells on
vaginal wet mount Difference: 34.0 (18.7,
49.3)
p<0.001
Cochran-Mantel-Haenzel
tests: X2=17.5851, df =1,
p<0.0001
Meropenem- NCT02166476 cUTI Piperacillin- Proportion of patients Biomarker | Non-Inf. 192 182 Clinical Success Rate (%)*
Vaborbactam (including tazobactam saline achieving overall success, & ClinRo (Margin: 15%) Meropenem-
acute (V) based on clinical cure or [Indirect] Vaborbactam: 98.4%
pyelonephri improvement and Pipercillin-tazobactam:
tis) microbiological 94.0%
eradication, at end of Difference: 4.5 (0.7, 9.1)
treatment
Ozenoxacin NCT01397461 Impetigo Placebo Clinical response at end of | ClinRo Superiority 155 156 Clinical Success Rate (%)
therapy, based on [Indirect Ozenoxacin: 34.8%
improvement in Skin Placebo: 19.2%
Infection Rating Scale Difference: 0.155 (0.056,
(SIRS) and physician 0.255), p =0.003
evaluation
NCT02090764 Impetigo Placebo Clinical response at end of | ClinRo Superiority 203** 199 Clinical Success Rate (%
therapy, based on [Indirect] Ozenoxacin: 55.2%
improvement in Skin Placebo: 39.2%
Infection Rating Scale Difference: 0.160 (0.063,
(SIRS) and physician 0.256), p =0.001
evaluation
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Bezlotoxumab | NCT01241552 Prevention Placebo*** CDI recurrence through PRO for Superiority 386 395 CDI Recurrence Rate (%)
of CDI week 12 following clinical disease Bezlotoxumab: 17.4%
recurrence cure of initial episode signs + Placebo: 27.6%
Biomarker Difference: -10.1 (-15.9, -
[Indirect] 4.3), p=0.0006
NCT01513239 Prevention Placebo*** CDI recurrence through PRO for Superiority 395 378 CDI Recurrence Rate (%)
of CDI week 12 following clinical disease Bezlotoxumab: 15.7%
recurrence cure of initial episode signs + Placebo: 25.7%
Biomarker Difference: -9.9 (-15.5, -
[Indirect] 4.2), p=0.0006
Amikacin NCT02344004 Mycobacteri | Multi-drug Sputum culture conversion | Biomarker | Superiority 224 112 Sputum Conversion Rate
liposome um avium background by 6 months [Indirect] %
inhalation complex regimen of at least ALIS + Background
suspension (MAC) lung 2 antibacterials Regimen: 29.0%
(ALIS) disease based on Background Regimen: 8.9%
ATS/IDSA
guidelines Difference: 20.5 (12.2,
28.7), p < 0.0001
Odds Ratio: 4.22 (2.08,
8.57), p <0.0001
Cefiderocol NCT02321800 cUTl Imipenem- Composite of Biomarker | Non-Inf **** 252 119 Clinical Response Rate (%)
(including Cilastatim (IV) microbiological eradication | & ClinRo (Margin: 20%) Cefiderocol: 72.6%
pyelonephri and clinical response at [Indirect] Imipenem-Cilastatin:
tis) test of cure visit 54.6%
Difference: 18.6 (8.2,
28.9), p = 0.0004
NCT02714595 HABP/VABP Best available Clinical response at test of Biomarker | No 101 51 Mortality
/cUTI/BSI/se | therapy (BAT) cure visit for & ClinRo prespecified Cefiderocol 34/101 (34%)
psis HABP/VABP/BSI/sepsis and | [Indirect] hypothesis/des BAT 9/51 (18%)
microbiological response criptive Difference: 16% (0.83 to
for cUTI statistics 28.6)!
Omeprazole NCT03198507 H. pylori Placebo Eradication of H. pylori as Biomarker | Superiorityt 66 37 Response Rate (%
Magnesum- infection confirmed via 13C Urea [Indirect] Omeprazole magnesium-
Amoxicillin- Breath Test testing 23-35 amoxicillin rifabutin: 89.4%
Rifabutin days after treatment Placebo: 2.7%
completion Difference: 86.7% (74.3,
93.9), p < 0.001
NCT01980095 H. pylori Amoxicillin and Eradication of H. pylori as Biomarker | Superiority 228 227 Response Rate (%
infection omeprazole (oral) confirmed via 13C Urea [Indirect] Omeprazole magnesium-
Breath Test testing or amoxicillin rifabutin: 83.8%
fecal antigen test 43-71 Amoxicillin and
days after treatment omeprazole: 57.7%
initiation Difference: 26.1 (18.0,
34.1), p<0.0001
Legend:

HABP: Hospital-acquired bacterial pneumonia
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VABP: Ventilator-associated bacterial pneumonia

clAl: Complicated intra-abdominal infection

cUTI: Complicated urinary tract infection

CABP: Community-acquired bacterial pneumonia
ABSSI: Acute bacterial skin and skin-structure infection
TD: Traveler’s diarrhea

ITTC: Intent to treat clinical

*With additional testing for superiority to control if non-inferiority was established

**Primary goal was to gain clinical experience at different infection sites

*** Included another monocloncal antibody for comparison. Efficacy based on comparison to placebo.
**x* |f met, additional testing for 15% non-inferiority margin.

TRequired eradication rate of omeprazole magnesium-amoxicillin-rifabutin was set at 70%.

| Data from Bassetti et al Lancet ID 2021 Feb;21(2):226-240. PMID 33058795

ClinRo: Clinician reported outcome — data capture from observers with expertise or training
PRO: Patient reported outcome — data captured directly from patients on either signs or symptoms
ObsRO: Observer-Reported Outcomes — data captured from observers without need for clinical expertise or training

Direct measure — measurement of patient survival, symptoms or patients function in their daily lives

Indirect measure — measurement of laboratory test, signs of disease, or clinician actions e.g decisions to admit to hospital or prescribe another drug, used as substitute for direct measure of patent
outcomes.

* The studies of imipenem/cilastatin/relebactam were two dose-ranging studies. The cUTI study did not meet the definition for non-inferiority posed by the sponsor in the FDA’s analysis (lower bound
of 95% confidence interval -18.9% for the primary endpoint). For cIAI the study had 80% power and a non-inferiority margin of -15% (the FDA analysis showed a lower bound of the 95% CI of -
8.8%).
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Appendix 4: Post-Market Commitments and Requirements

See https://www.accessdata.fda.gov/scripts/cder/pmc/index.cfm. All PMCs are copied verbatim from the FDA source.

Drug

Commitments and Requirements

Reportable Under*

Current Status (as of Q 1
2021)

Pretomanid

Conduct a study to evaluate the effect of Pretomanid Tablets on human
semen.

FDAAA Section 505 (0)(3)

Pending

Conduct a global surveillance study for a five-year period after the
introduction of Pretomanid Tablets to the market to monitor changes in M.
tuberculosis susceptibility to pretomanid.

FDAAA Section 505 (0)(3)

Pending

Conduct a study to evaluate pharmacokinetics and safety of Pretomanid
Tablets in subjects with renal impairment.

FDAAA Section 505 (0)(3)

Pending

Conduct a study to evaluate pharmacokinetics and safety of Pretomanid
Tablets in subjects with mild, moderate, and severe hepatic impairment.

FDAAA Section 505 (0)(3)

Pending

Conduct a two-year rat carcinogenicity study with pretomanid.

FDAAA Section 505 (0)(3)

Pending

Conduct the ZeNix trial to evaluate various doses and treatment durations of
linezolid plus bedaquiline and Pretomanid Tablets for treatment of
extensively drug-resistant pulmonary tuberculosis.

FDAAA Section 505 (0)(3)

Pending

Conduct the SimpliciTB trial to evaluate Pretomanid Tablets, bedaquiline,
moxifloxacin, and pyrazinamide for treatment of drugresistant pulmonary
tuberculosis.

FDAAA Section 505 (0)(3)

Pending

Imipenem-
cilastatim-
relebactam

Conduct an open label, single-dose study to evaluate the pharmacokinetics,
safety and tolerability of imipenem, cilastatin and relebactam in children
from birth to less than 18 years of age with proven or suspected Gram-
negative infections.

Pediatric Research Equity Act

Pending

Conduct a randomized, open-label, active controlled trial to evaluate the
safety and tolerability of imipenem, cilastatin and relebactam in children
from birth to less than 18 years of age with complicated urinary tract
infections and complicated intra-abdominal infections.

Pediatric Research Equity Act

Released
[As of 06/04/2020]

Conduct a United States surveillance study for 5 years from the date of
marketing to determine if resistance to imipenem, cilastatin, and relebactam
had developed in those organisms specific to the indication in the label.

FDAAA Section 505(0)(3)

Pending

Lefamulin

Conduct a single-dose study to evaluate the pharmacokinetics and safety of
intravenous XENLETA (lefamulin) in children from birth to less than 18 years
of age with suspected or confirmed bacterial infections receiving standard of
care.

Pediatric Research Equity Act

Pending
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Conduct a single-dose study to evaluate the pharmacokinetics and safety of
oral XENLETA (lefamulin) in children from birth to less than 18 years of age
with suspected or confirmed bacterial infections receiving standard of care.

Pediatric Research Equity Act

Pending

Conduct a randomized active-controlled study to assess the safety and
pharmacokinetics of XENLETA (lefamulin) in children from 2 months to less
than 18 years of age with CABP.

Pediatric Research Equity Act

Pending

Conduct a United States surveillance study for 5 years from the date of
marketing to determine if resistance to XENLETA (lefamulin) has developed
in those organisms specific to the CABP indication in the label.

FDAAA Section 505 (0)(3)

Pending

Conduct a pregnancy surveillance program to collect and analyze information
for a minimum of 10 years on pregnancy complications and birth outcomes
in women exposed to XENLETA (lefamulin) during pregnancy.

FDAAA Section 505 (0)(3)

Pending

Conduct an in vitro Mouse Lymphoma Assay (MLA) that evaluates higher
doses of lefamulin reaching 10-20% Relative Total Growth (RTG) and in
accordance with the Organisation for Economic Co-operation and
Development (OECD) Guidelines for the Testing of Chemicals #476.

FDAAA Section 505 (0)(3)

Pending

Conduct an in vitro Mouse Lymphoma Assay (MLA) that evaluates higher
doses of the lefamulin metabolite BC-8041 reaching 10-20% Relative Total
Growth (RTG) and in accordance with the OECD Guideline for the Testing of
Chemicals #476.

FDAAA Section 505 (0)(3)

Pending

Rifamycin

Conduct a randomized, placebo-controlled study to evaluate the safety,
tolerability, and efficacy of AEMCOLO (rifamycin) for the treatment of
travelers’ diarrhea in children from 6 to 11 years of age.

Pediatric Research Equity Act

Delayed
[Final protocol due 12/2019;
submitted 01/2020.]

Conduct a randomized, placebo-controlled study to evaluate the safety,
tolerability, and efficacy of AEMCOLO (rifamycin) for the treatment of
travelers’ diarrhea in children from 12 to 17 years of age.

Pediatric Research Equity Act

Pending

Conduct human factors validation study for AEMCOLO (rifamycin) packaging.

Section 506B

Fulfilled

Omadacycline

Conduct a single dose pharmacokinetic and safety study in children ages 8 to
17 years who are receiving antibacterial drug therapy for an infectious
disease.

Pediatric Research Equity Act

Delayed

[Final protocol submitted
02/2020, after original
milestone]

Conduct an active-controlled safety study in children 8-17 years who have Pediatric Research Equity Act Pending
acute bacterial skin and skin structure infections.
Conduct an active-controlled safety study in children 8-17 years who have Pediatric Research Equity Act Pending

community-acquired bacterial pneumonia.
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Conduct an active-controlled safety and efficacy study in adults with
community-acquired bacterial pneumonia.

FDAAA Section 505 (0)(3)

Pending

Conduct a United States surveillance study for 5 years from the date of
marketing to determine if resistance to NUZYRA (omadacycline) has
developed in those organisms specific to the indications in the label.

FDAAA Section 505 (0)(3)

Pending

Eravacycline

Conduct a study to evaluate the pharmacokinetics, safety, and tolerability of
a single dose of intravenous XERAVA (eravacycline) in pediatric patients from
8 years to less than 18 years of age with suspected or confirmed bacterial
infection.

Pediatric Research Equity Act

Released
[As of 01/02/2020]

Conduct a randomized, multicenter, active-controlled trial to evaluate the
safety and tolerability of intravenous XERAVA (eravacycline) in pediatric
patients from 8 years to less than 18 years of age with complicated intra-
abdominal infections. The dose for this study will be determined upon review
of the data from the single-dose, non-comparative study assessing the
pharmacokinetics of XERAVA (eravacycline) in pediatric patients from 8 years
to less than 18 years of age.

Pediatric Research Equity Act

Released
[As of 01/02/2020]

A United States surveillance study for 5 years from the date of marketing to
determine if resistance to XERAVA (eravacycline) has developed in those
organisms specific to the indication in the label.

FDAAA Section 505(0)(3);

Ongoing

Plazomicin

Conduct an open-label multiple dose pharmacokinetic and safety study of
plazomicin in hospitalized children ages birth to 18 years with infections and
receiving standard-of-care antibacterial drugs.

Pediatric Research Equity Act

Released [As of 03/13/2020]

Conduct a randomized active-controlled pharmacokinetic and safety trial of
plazomicin in children ages birth to 18 years with cUTI including acute
pyelonephritis.

Pediatric Research Equity Act

Released [As of 03/13/2020]

Conduct US surveillance studies for five years from the date of marketing FDAAA Section 505(0)(3) Pending
plazomicin to determine if resistance to plazomicin has developed in those

organisms specific to the indication in the label.

Conduct a clinical study in subjects with end stage renal disease (ESRD) Section 506B Pending

receiving hemodialysis to evaluate the pharmacokinetics of plazomicin.
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5. Establish an FDA cleared or approved in vitro diagnostic device for Section 506B No longer listed
therapeutic drug monitoring of plazomicin that is recommended for patients
with baseline creatinine clearance <90 mL/min in patients with complicated

urinary tract infections (cUTI).

Delafloxacin 1. Conduct US surveillance studies for five years from the date of marketing FDAAA Section 505(0)(3) Released
Baxdela to determine if resistance to delafloxacin has developed in those
organisms specific to the ABSSSI indication in the label.

2. Conduct a tissue distribution study in pregnant rats treated during the period | FDAAA Section 505(0)(3) No longer listed
of organogenesis with the oral formulation and with the intravenous
formulation of Baxdela with the excipient sulfobutylether beta-cyclodextrin
(SBECD) to assess the distribution of the drug substance to the reproductive
tract and developing fetus.

3. If the results of the tissue distribution studies from PMR 3220-2 demonstrate | FDAAA Section 505(0)(3) No longer listed
greater exposure of the fetus / maternal reproductive tract to delafloxacin
with the intravenous formulation, conduct an embryo-fetal developmental
toxicology study in pregnant rats treated during the period of organogenesis
with the intravenous formulation of Baxdela to identify possible effects of
delafloxacin with the excipient sulfobutylether betacyclodextrin (SBECD) on
fetal development during the period of organogenesis.

Secnidazole 1. Conduct an open label, multicenter, safety study of Solosec (secnidazole) oral Pediatric Research Equity Act Ongoing

granules in healthy postmenarchal adolescent females ages 12 years to less

than 18 years of age with bacterial vaginosis.

Meropenem- 1. Conduct an open-label, sequential study to assess the pharmacokinetics (PK), | Pediatric Research Equity Act Ongoing

vaborbactam safety, and tolerability of VABOMERE and the PK of meropenem and

vaborbactam in children from birth to < 18 years of age with selected serious

bacterial infections.

2. Conduct a randomized, single-blind, active comparator study to evaluate the | Pediatric Research Equity Act Pending
safety, tolerability, and PK of VABOMERE versus piperacillin-tazobactam for
the treatment of pediatric subjects from 3 months to <18 years of age with
complicated Urinary Tract Infections (cUTI) including acute pyelonephritis.
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Conduct an open-label, active comparator study to evaluate the PK, safety,
and tolerability of multiple doses of VABOMERE vs. comparator in neonates
(less than or equal to 90 days of age) with late onset sepsis.

Pediatric Research Equity Act

Pending

Conduct a US surveillance study for five years from the date of marketing to
determine if resistance to VABOMERE has developed in those organisms
specific to the indications in the label.

FDAAA Section 505(0)(3)

Ongoing

Conduct a “Thorough QT/QTc Study” to evaluate whether VABOMERE has a
threshold pharmacologic effect on cardiac repolarization.

FDAAA Section 505(0)(3)

Fulfilled

Ozenoxacin

None listed

Bezlotoxumab

1.

Conduct a randomized, double-blind, placebo-controlled trial of safety,
efficacy, and pharmacokinetics of Zinplava (bezlotoxumab) in pediatric
patients from 1 to less than 18 years of age receiving antibacterial therapy for
C. difficile infection.

Pediatric Research Equity Act

Ongoing

Amikacin liposome
inhalation
suspension
(Arikayce)

Conduct a randomized, double-blind, placebo-controlled clinical trial to
assess and describe the clinical benefit of ARIKAYCE in patients with
nontuberculous mycobacterial (NTM) lung disease caused by MAC. The trial
will evaluate the effect of ARIKAYCE on a clinically meaningful endpoint, as
compared to an appropriate control in the intended patient population of
patients with MAC infection.

Accelerated Approval

Delayed

Provide and implement an email, standard mail, and facsimile
communication plan to include a Dear Healthcare Provider letter as well as
targeted educational materials to clinicians and professional societies.

Section 506B

Submitted

Provide results of a drug utilization assessment including ICD-10 code or
other information on the indication and patient demographic/clinical
characteristics of users of ARIKAYCE through pharmacies that will be
distributing ARIKAYCE, and the results of chart reviews of a random subset of
patients who are prescribed ARIKAYCE.

Section 506B

Ongoing

Cefiderocol

Conduct an open-label, randomized, multicenter, active-controlled trial to
evaluate the pharmacokinetics, safety and tolerability of FETROJA
(cefiderocol) in children from 3 months to less than 18 years of age with cUTI.
The dose for this study for children 3 months to less than 12 years of age will

Pediatric Research Equity Act

Released
[As of 09/25/2020]

Mitra-Majumdar M, et al. BMIMED 2022; 1:€000227. doi: 10.1136/bmjmed-2022-000227



. BMJ Pub||sh|ng Group Limited (BMJt) disclaims all ||ab||t and resp 5|b|I|t¥ arising from any reliance
Supplemental material placed on'this supplemental material which h b p plied by the author(s) BMJIMED

be determined by the data from a single-dose, non-comparative study
assessing the pharmacokinetics of FETROJA (cefiderocol) in pediatric patients
from 3 months to less than 12 years of age with suspected or confirmed
Gram-negative infections.

2. Conduct an open-label, single arm non-comparative study to evaluate the Pediatric Research Equity Act Released
pharmacokinetics, safety and tolerability of multiple doses of FETROJA [As of 09/25/2020]
(cefiderocol) in children from birth to less than 3 months of age with
suspected or confirmed cUTI. The dose for this study will be determined by
the data from a single-dose, noncomparative study assessing the
pharmacokinetics of FETROJA (cefiderocol) in pediatric patients from birth to
less than 3 months of age with suspected or confirmed Gram-negative
infections.

3. Conduct US surveillance studies for five years from the date of marketing FDAAA Section 505 (0)(3) Pending
FETROJA to determine if resistance to cefiderocol has developed in those
organisms specific to the cUTI indication in the label.

4. Conduct a study to define the mechanism(s) of resistance to FETROJA FDAAA Section 505 (0)(3) Pending
(cefiderocol) for isolates identified as being resistant to cefiderocol in the

surveillance study (five years from the date of marketing).
5. Submit the final study report for the completed CREDIBLE-CR trial FDAAA Section 505 (0)(3) Fulfilled

(1424R2131), “A Multicenter, Randomized, Open-label Clinical Study of S-

649266 or Best Available Therapy for the Treatment of Severe Infections

Caused by Carbapenem-resistant Gram-negative Pathogens”.
6.  Submit the final study report for the completed APEKS-NP trial, “Clinical FDAAA Section 505 (0)(3) Fulfilled
Study of S-649266 for the Treatment of Nosocomial Pneumonia Caused by

Gram-negative Pathogens”.

Omeprazole None listed
magnesium-
amoxicillin-rifabutin
(Talicia)

* PMRs reportable under: FDAAA Section 505(0)(3); Pediatric Research Equity Act; Accelerated Approval
PMCs reportable under: Section 506B
Only PMRs and PMCs that are reportable and included in original approval letter have been included, unless otherwise noted.

** This PMR was not originally listed in the approval letter, but according to the FDA, it replaces PMR 1 and PMR 2. As such, it has been included here.
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