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Abstract

The US Food and Drug Administration (FDA) is the institutional regulatory gateway through which healthcare business sectors gain access
to commercial markets in pharmaceuticals, biologicals, vaccines, medical devices, diagnostic test kits and personal protective equipment. The
unfolding of events for the COVID-19 pandemic serve as a case study for understanding, in real time, how FDA has contributed value to the
healthcare sector. Federal regulatory agencies, such as FDA, require strong processes to provide fair and consistent outcomes to retain the trust
of the stakeholder community. These processes include statutes and regulations, internal manuals of standard operating procedures and policies,
guidance documents, external advisory committees and the Office of Inspector General. These processes cover the following activities: product
development conditions, regulatory pathways, types of approvals, manufacturing quality, and post marketing safety. Together, the institutional
experiences that led to and shaped these processes prepared FDA for the challenges associated with COVID-19. The sum of twelve decades of
experience comes down to the following goals that provide value to the degree with which each is successful: 1) The manufacturing process must
meet standards of quality and be secured. 2) Medical products must be shown, through scientific evidence and based on evidentiary standards, to
be safe and effective for human use. 3) Identified risks must be mitigated, by labeling at a minimum, with additional strategies as necessary. 4)
Provisions must exist to address extraordinary circumstances of unmet medical needs and of threats to public health and national security.
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1. Introduction

When we look at the US Food and Drug Administration
(FDA) today, we see an agency that stands at the portal of busi-
ness sectors that develop a staggering array of healthcare prod-
ucts on one side and the extraordinary cornucopia of marketed
products on the other side, with FDA as the institutional regula-
tory gateway through which business sectors gain market access
with their products. Thus, a key component of FDA’s mission
includes protecting the common interests of its stakeholders,
keeping the community safe and, where possible, mitigating the
risks of harm and exploitation.

This paper describes first, the hierarchical layers and com-
ponents of the regulatory process and second, approaches to
understanding value. These two critical elements serve as vehi-
cles for analyzing representative scenarios of COVID-19 as an
overarching case study for demonstrating how the regulatory
process creates value.

∗Paul Beninger, Phone: 617-636-4057, Email: paul.beninger@tufts.edu

2. The Layers and Components of the Regulatory Process

Federal regulatory agencies, such as FDA, require strong
processes to provide fair and consistent outcomes to remain
credible and retain the trust of the stakeholder community. There
are both a) hierarchically layered, inter-connected regulatory
processes of decreasing formality and increasing flexibility, and
lessening external engagement that translate into a narrowing
breadth of impact but that are nonetheless of procedural impor-
tance to the efficient conduct of daily activities and decision-
making, and b) distinct, unrelated structural processes that sup-
port and reinforce the hierarchical layers and provide checks
on the content and process dimensions of FDA activities: 1) At
the top of the hierarchy are statutes and regulations, the most
formal and least flexible processes with the greatest impact that
provide the framework for carrying out the agency’s mandates.
Following a general description, four major categories are dis-
cussed in detail. 2) At the next lower rung is the internal manual
of standard operating policies and procedures, which is a far
less formal and more flexible set of processes with much less
breadth of impact that directs much of the daily activities and
decision-making. 3) At the next lower rung is the Guidance
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document, including Points to Consider, an even less formal
and more flexible type of document with far less impact on pro-
cesses per se but with a significantly greater impact on content,
that makes available the agency’s best and most current think-
ing on a given topic of interest. 4) Next is the external Advisory
Committee, a formal, separate process with highly consequen-
tial impact on the content of approval decisions but which is
only periodically convened, that provides solicited advice about
major impending regulatory decisions and related issues facing
the agency. 5) And finally, there is the Office of Inspector Gen-
eral, a federal, independent assessment function that reviews an
agency’s internal activities for consistency, fairness, and timeli-
ness. Each is discussed in turn as it applies to FDA.

2.1. Statues and Regulations

FDA’s long-term success has depended to a significant de-
gree on its ability to well navigate the constraints of processes
set by administrative law. As a nearly invisible infrastructure,
administrative law is notable for the following features:

As a branch of public law, regulatory law concerns struc-
tural and functional activities of its respective agencies, that is,
the organizations, powers, functions, and duties of regulatory
authorities that protect public interests with respect to the in-
terests associated with private rights [61]. In the case of FDA,
this is expressed in its Mission Statement as protecting the pub-
lic health, advancing the public health, and contributing to the
nation’s counterterrorism capability [16]:

– The Food and Drug Administration is responsible for pro-
tecting the public health by ensuring the safety, efficacy,
and security of human and veterinary drugs, biological
products, and medical devices; and by ensuring the safety
of our nation’s food supply, cosmetics, and products that
emit radiation.

– FDA also has responsibility for regulating the manufac-
turing, marketing, and distribution of tobacco products
to protect the public health and to reduce tobacco use by
minors.

– FDA is responsible for advancing the public health by
helping to speed innovations that make medical products
more effective, safer, and more affordable and by help-
ing the public get the accurate, science-based information
they need to use medical products and foods to maintain
and improve their health.

– FDA also plays a significant role in the Nation’s coun-
terterrorism capability. FDA fulfills this responsibility by
ensuring the security of the food supply and by fostering
development of medical products to respond to deliberate
and naturally emerging public health threats.

Rulemaking is one of the key processes of regulatory agen-
cies, which requires strict adherence to the following process:
proposal of a rule in the Federal Register with adequate op-
portunity to comment by interested parties (“notice and com-
ment”), revision as necessary in response to comments, and

publication of a binding Final Rule,[61] again, in the Federal
Register. Failure of strict adherence to the process risks a chal-
lenge in the courts on procedural grounds alone. This is the pri-
mary way that a regulatory agency translates a broadly sweep-
ing congressional statute into narrowly focused and detailed
regulations. Such regulations have the full force and effect of
the enacting statutes that were passed by the legislature.

From an historical perspective, the statutes and regulations
that govern FDA’s activities may be thought of as falling into
four large general domains: the domain that established the
foundations, the domain that established means to expedite de-
velopment and approval of new drugs and biologics, the domain
that expanded access to investigational drugs for treatment use,
and the domain that extended capabilities to emergency use.
The origin, evolution and features of each domain are discussed
in turn.

Established Foundations: The Biologics Control Act of 1902
[43] was the statutory remedy to the tragic deaths of children
who had been treated with tetanus-contaminated products, diph-
theria antiserum in one circumstance and smallpox vaccine in
another. The Act established licensing processes for the manu-
facturing site and for individual products, and it also established
manufacturing standards for safety, purity, and potency for bio-
logical products. While the particulars for these standards have
evolved over time, the underlying concepts have remained in
place up to the present.

The Pure Food and Drugs Act of 1906 [43] was the statutory
remedy to an exposé on patent medicines, The Great American
Fraud, published in Collier’s Weekly. The Act established def-
initions and penalties for “misbranding” for the control of fab-
ricated and illicit labeling and for “adulteration” of manufac-
tured products for control of “secret” formulas that would often
include one or more of the following: ethyl alcohol, morphine,
opium, laudanum or other narcotic agents; and strychnine, mer-
cury, or other heavy metal poisons.

The Drug Amendments of 1962 [43], also known as the
Kefauver-Harris Amendments, was the statutory remedy to the
thalidomide tragedy, a sedative drug intended to be taken during
pregnancy, that resulted in the “flipper limb” birth defect known
as phocomelia that was largely averted in the United States [93],
though not in Europe. The Amendments added multiple new re-
quirements for manufacturers, including full and free Informed
Consent to participate in clinical studies, demonstration of effi-
cacy in addition to safety for NDAs, creation of a new eviden-
tiary standard, “substantial evidence,” as a basis of approval,
and required reporting of adverse events by manufacturers to
FDA after marketing approval.

The Medical Device Amendments Act of 1976 [43] was
the statutory remedy to the Cooper Commission that during
the conduct of its inquiries collected reports on more than 700
deaths and 10,000 injuries. [76] The Act established a three-
tier, risk-based approach to regulation of medical devices and
diagnostic test kits.

Together, these five statutes have become foundational laws
for establishing standards for manufacturing quality and for doc-
umenting safety and efficacy prior to the issuance of market-
ing approval for drugs and biologics and for establishing stan-
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dards for a risk-based approach for medical devices. Experi-
enced regulatory physician and regulatory scientist profession-
als have a deep understanding of the context in which a manu-
facturer’s new drug/biologic/vaccine/medical device is intended
to be used. They are also experienced in the applicable ba-
sic sciences and can work with the manufacturer in planning
an appropriate development pathway to market. In that pro-
cess, they assess the benefits and risks drawn from the data ob-
tained from preclinical animal studies, Phase 1 dose-escalation,
pharmacokinetic and pharmacodynamic studies, Phase 2 dose
comparison studies, and Phase 3 large-scale, randomized, con-
trolled trials. Finally, they can propose strategies to manage
identified risks through appropriate labeling, assessment of the
need for focused follow-up studies, and the potential for restric-
tions in use through Risk Evaluation and Mitigation Strategies
[27].

Other important foundational statutes: While not essential
to the background for the COVID-19 case study, other statutes
play foundational roles in addressing important closely related
areas of drug development.

The Orphan Drug Act of 1983 [43, 57, 54] was the statu-
tory remedy to the growing awareness and concern about the
more than 20 million patients suffering from the approximately
5 thousand rare diseases about which there was little commer-
cial interest in developing drugs. ODA provided incentives to
the drug development community, including tax credits, user
fee waivers, and 7 years of market exclusivity following ap-
proval.

Best Pharmaceuticals for Children Act of 2002 (BPCA) and
the Pediatric Research Equity Act of 2003 (PREA)[19] were the
statutory remedies to the decades of frustration in the pediatric
community to the virtual lack of response by the pharmaceu-
tical industry to broad community encouragement to develop
pharmaceutical drugs explicitly for children. BPCA offers fi-
nancial incentives to voluntarily conduct pediatric studies and
PREA requires companies to assess safety and efficacy in pedi-
atric patients. They were made permanent in 2012.

User Fee Acts [39]: Beginning with the Prescription Drug
User Fee Act of 1992, a sea change was taking place in how
problems and, importantly, potential problems were to be ad-
dressed, that is, instead of waiting until catastrophic events oc-
curred before Congress would react with significant effect, is-
sues were being addressed proactively on a quinquennial basis.
The program has continued to be renewed every 5 years and
has gradually expanded to include generic drugs, biosimilars,
over-the-counter drugs, medical devices, and veterinary drugs.

The Drug Quality and Security Act of 2013, in particular
Title II, the Drug Supply Chain Security Act [29], which built
on the foundational Biologics Control Act, was the statutory
remedy to the tragic deaths of more than 80 patients because of
financially motivated adulteration of heparin during the remote,
upstream sourcing of raw materials in the manufacturing pro-
cess. This comprehensive legislation is also intended to address
the substantial black market in substandard/spurious/falsely- la-
belled/falsified/counterfeit (SSFFC) medicinal products [67]. It-
’s deeply unfortunate that such a completely unforeseen tragedy
occurred. But the still unfinished, nearly decade-long period

of scope and depth that this legislation has gradually reflected
shows how difficult it would have been to proactively change
manufacturing practices through the quinquennial mechanism
without an identified “problem” to address.

Expedited Development and Approval: From 1992 to 2016,
Congress legislated five mechanisms by which manufacturers
could expedite the development of appropriately identified new
drugs and biologics [4].

Priority Review, enacted in 1992 [4, 52], reduced the ex-
pected time for FDA to complete review of an application from
10 months to 6 months for applications that showed significant
improvement in safety or effectiveness.

Accelerated Approval, enacted in 1992 [4, 17], shortened
development time for manufacturers by shifting the study end-
points from clinical markers to earlier documentable laboratory
surrogate markers for serious or life-threatening illnesses lack-
ing satisfactory treatment, thereby potentially reducing devel-
opment time by years, leading to substantially earlier access to
patients.

Fast Track, enacted in 1997 as part of the FDA Moderniza-
tion Act [4, 33], established processes for facilitated develop-
ment and expedited review of new drugs to treat serious dis-
eases that fill an unmet medical need, thus creating new popu-
lations of treatable patients.

Breakthrough Therapy, enacted in 2012 as part of the FDA
Safety and Innovation Act [4, 21], enabled FDA to accept pre-
liminary clinical evidence indicating that a new drug may demon-
strate substantial improvement over available therapies on a clin-
ically meaningful endpoint. It also enabled FDA to utilize fea-
tures of the Fast Track designation and allowed FDA to provide
intensive guidance to sponsors in the development process.

Regenerative Medicine Advanced Therapy, enacted in 2016
as part of the 21st Century Cures Act [15], was an explicit
means of identifying cell therapies, therapeutic tissue engineered
products, and human cell and tissue products that are “intended
to treat, modify, reverse, or cure a serious or life-threatening
disease or condition” for which “preliminary clinical evidence
indicates that the product has the potential to address unmet
medical needs for such disease or condition.” Products with this
designation would have access to the benefits of Fast Track and
Breakthrough Therapy designations.

Together, these five mechanisms provide FDA with tools to
respond to nuanced features of new drug and biological prod-
ucts in development to facilitate the most expeditious avenues
to market and awaiting patients.

Expanded Access to Investigational Drugs for Treatment
Use: Since the 1960’s, FDA had made informal processes avail-
able to practicing clinicians to request investigational drugs for
use in treatment of their desperately ill patients who had no
alternatives available to them [11]. Some of the terms used for
these circumstances include “compassionate use INDs,” “single-
patient protocol exceptions,” and “large open protocols.”

In 1987 [45, 46, 100], in response to AIDS activists who
demanded access to experimental drugs during the early years
of the worsening AIDS epidemic when there were no avail-
able drugs of any sort for the primary HIV infection and no
approved drugs for the frequently rapidly fatal secondary op-
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portunistic infections, FDA codified these practices under the
IND regulations (21 CFR §§312.34, 312.35 and 312.36) by is-
suing a Final Rule that would make “promising investigational
new drugs available to patients with serious and immediately
life-threatening diseases for which no comparable or satisfac-
tory alternative drug or other therapies exist. . . as early in the
drug development process as possible.”

This regulation was substantially updated in 2009, and has
been recently discussed, [31, 41, 70, 71, 72] to recognize 3 gen-
eral categories of expanded access: 1) for individual patients,
including in emergencies; 2) for intermediate-size patient pop-
ulations; and 3) for expected large populations that were previ-
ously identified for Treatment IND or treatment protocol.

In 2018, Right to Try [55, 86] was enacted to provide an-
other “way for patients who have been diagnosed with life-
threatening diseases or conditions who have tried all approved
treatment options and who are unable to participate in a clinical
trial to access certain unapproved treatments.”

Extended Capabilities to Emergency Use: 9/11 brought to
the country’s attention the importance and need of having a
completely new dimension of product development and regula-
tory pathways that involve medical countermeasures to respond
to emergencies and threats to national security. Nine statutes
have been enacted since 2001 to address a range of issues. Per-
tinent to this discussion is BioShield, enacted in 2004, which
established the Emergency Use Authorization (EUA) [30] by
which the FDA may authorize unapproved medical products
or unapproved uses of approved medical products to be used
in an emergency to diagnose, treat, or prevent serious or life-
threatening diseases or conditions caused by CBRN (chemical,
biological, radiological, and nuclear) threat agents when certain
criteria are met, including the absence of adequate, approved,
and available alternatives.

2.2. Policies and Procedures
FDA maintains a public record of its internal policies and

procedures: for example, the Center for Biologics Evaluation
and Research (CBER) has its Standard Operating Policies and
Procedures (SOPP) [20] and Center for Drug Evaluation and
Research (CDER) has its Manual of Policies and Procedures
(MAPP) [22].

2.3. Guidance Documents
Guidance documents [56], including Points to Consider [47],

do not carry specific regulatory weight, in that it is not required
that Guidance documents be followed by the industries to which
they are addressed. But the guidance does reflect the agency’s
best, current thinking about a topic, particularly of science or
technology, that may be in flux or evolving rapidly, such as in
response to the COVID-19 pandemic. A company does have
the opportunity to offer alternatives to an applicable guidance
when a good scientific or technological case can be made for a
different approach or use of other criteria.

Examples of Guidance Documents include the following:
COVID-19: Master Protocols Evaluating Drugs and Biological
Products for Treatment or Prevention; [26] Policy for Evaluat-
ing Impact of Viral Mutations on COVID-19 Tests. [51]

Examples of Points to Consider include the following: Points
to Consider in the Manufacture and Testing of Monoclonal An-
tibody Products for Human Use; [50] Points to Consider in the
Characterization of Cell Lines Used to Produce Biologicals.[49]

2.4. Advisory Committees

Advisory Committees are highly regulated, with their own
statutes, regulations, and guidance documents, in order to make
known the “steps that FDA has taken to enhance decision mak-
ing, increase transparency, and strengthen public confidence in
[the] advisory committee program [18].” FDA Advisory Com-
mittees have their roots in the Federal Advisory Committee Act
of 1972, which is employed by all agencies in the federal gov-
ernment. It emphasizes 1) transparency through open meet-
ings, 2) conformance with established procedures through char-
tering, 3) stakeholder involvement through public engagement,
and 4) documentation through reporting.

FDA has made use of advisory committees for scientific re-
view of product applications, policy review for use of prod-
ucts, and miscellaneous topics such as communication. All
reviewing divisions in CBER, CDER, and CDRH have multi-
ple dedicated advisory committees, including, for example, the
Vaccines and Related Biological Products Advisory Committee
(VRBPAC) [14].

2.5. Inspector General

The Office of Inspector General (OIG) for the Department
of Health and Human Services provides the following descrip-
tion of its functions [83, 62]:

OIG was established by law as an independent and objec-
tive oversight unit of the Department to carry out the mission of
preventing fraud and abuse and promoting economy, efficiency,
and effectiveness of HHS programs and operations. In further-
ance of this mission, the organization:

– Conducts and supervises audits, investigations, evalua-
tions, and inspections relating to HHS programs and op-
erations

– Identifies systemic weaknesses giving rise to opportuni-
ties for fraud and abuse in HHS programs and operations
and makes recommendations to prevent their recurrence

– Leads and coordinates activities to prevent and detect fraud
and abuse in HHS programs and operations

– Detects wrongdoers and abusers of HHS programs and
beneficiaries so appropriate remedies may be brought to
bear, including imposing administrative sanctions against
providers of health care under Medicare and Medicaid
who commit certain prohibited acts

– Keeps the Secretary of Health and Human Services and
Congress fully and currently informed about problems
and deficiencies in the administration of HHS programs
and operations and about the need for and progress of
corrective action.
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3. Approaches To Value

Oxford’s English Dictionary defines value as “the regard
that something is held to deserve; the importance, worth, or use-
fulness of something.” [84] This definition can be reasonably
extended to the impact of its “. . . importance, worth, or useful-
ness. . . ” Thus, one measure of value for a regulatory agency is
the economic output (i.e., the impact) of the business sector(s)
over which it has responsibility. For FDA, the following Fact
Sheet highlights key contributions to public health [32]:

– FDA is responsible for the oversight of more than $2.8
trillion in consumption of food, medical products, and
tobacco.

– FDA-regulated products account for about 20 cents of ev-
ery dollar spent by U.S. consumers.

– FDA regulates about 78 percent of the U.S. food supply.
This includes everything we eat except for meat, poultry,
and some egg products.

– There are over 20,000 prescription drug products approved
for marketing.

– FDA oversees over 6,500 different medical device prod-
uct categories.

– There are about 1,600 FDA-approved animal drug prod-
ucts.

– There are about 300 FDA-licensed biologics products.

– FDA oversees over 90,000 tobacco products, not includ-
ing e-liquids.

The estimated number of regulated products is continually as-
sessed for accuracy and reliability.

With these descriptive statistics, the measures of value are
simple and easily understood, and they point to the breadth of
responsibility and the impact that FDA has in the consumer
marketplace. However, these statistics are only snapshots-in-
time of the outcomes, and they do not show the process by
which there is value creation and value destruction. To gain an
understanding of how the process affects value, the COVID-19
pandemic may serve as a useful, current, overarching case study
with the following features: The pandemic in its present guise
is an event that last occurred on this scale a century ago, and is
deeply affecting virtually every aspect of society, including the
economy, healthcare, politics, and culture. As a distinct tempo-
ral event unencumbered by the impact of other pandemics that
occurred remotely to COVID-19, it’s possible to analyze how
the many scenarios that involve healthcare products, including
personal protective equipment, diagnostic test kits, medical de-
vices, drugs, biologics, and vaccines, can shed light on how
value is created.

The following are proposed chronological events about the
COVID-19 pandemic that may serve as useful reference points
for gaining insight through a regulatory lens into the ways that
value has been created:

– On January 9, 2020, W.H.O. issues a statement regarding
cluster of pneumonia cases in Wuhan, China [99].

– On January 11/12, 2020, Chinese scientists shares the full
sequence of 2019-nCoV with the global scientific com-
munities [88].

– By June, 2020, ten companies have candidate vaccines in
clinical development [82].

– On December 11 & 18, 2020, FDA issues Emergency
Use Authorizations to two companies for vaccines based
on a previously untested mRNA platform that showed
95% efficacy [38, 44].

– By December 14, 2020, first doses of vaccines are admin-
istered to the public. The rollout has led to rapid, early
vaccination with at least one dose of 53% of the popu-
lation, with 45% fully vaccinated, as of June 19, 2021
[68].

– Beginning in early June, 2021, there is a steady, if un-
even, opening up of social venues and a substantial return
to commerce [9].

– Beginning in late June, 2021, the Delta variant started to
gain dominance in the U.S. New data emerged that it is
more contagious and causes more severe disease, leading
to a 4th wave of infection across the United States borne
primarily by those who are unvaccinated [7].

This stands as a most remarkable, even unprecedented, his-
torical achievement in regulatory science. How was this pos-
sible? In the face of a rapidly developing pandemic with so
many scientific unknowns and so much surrounding political
uncertainty, how was it possible for a regulatory agency to man-
age the science, technology, manufacturing, labeling, advertis-
ing, promotion, logistics, and politics to bring all of the many
working parts together to facilitate the commercial marketing
of desperately needed vaccines? The underlying set of statutes
and regulations that forms the basis for structuring the overall
development processes for medicinal products provides the key
to understanding the historical backdrop that prepared FDA to
anticipate and to respond to circumstances of catastrophic or
lethal potential.

4. COVID-19 as a Case Study

With these brief descriptions of the hierarchical layers and
components of the regulatory process in place, critical repre-
sentative scenarios that occurred during the first year and a half
of the pandemic can serve as touch points to highlight the struc-
tures in place that were able to support and facilitate responses
to the respective issues.
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4.1. PPE, Diagnostic Test Kits, and Ventilators

Almost immediately after the first cases of COVID-19 were
being identified in the United States, including New York City
which became the epicenter of the initial wave of infections,
there was the worrisome awareness that there would likely be
a dramatic shortage of “protective clothing, gloves, masks, hel-
mets, shields, goggles, respirators and other equipment designed
to protect the wearer from injury or spread of infection [48].”
FDA responded by issuing EUAs as quickly as applications
were being received. Similarly, diagnostic test kit requests were
being submitted to FDA and were being given EUAs just as
quickly. (See next paragraph for further comments.) Circum-
stances turned particularly dire when, within weeks of the lock-
down, it became evident that hospitals were facing an immi-
nent, critical shortage of ventilators. FDA took several, innova-
tive regulatory steps [60]: 1) Publication of an Enforcement
Policy for ventilators and accessories. 2) Issuance of “um-
brella” EUAs for the use of certain ventilators, anesthesia gas
machines modified for use as ventilators and positive pressure
breathing devices also modified for use as ventilators. and 3)
Working directly with ventilator manufacturers to add models
to “umbrella” EUAs and issuance of 510(k)s for new and mod-
ified ventilators, routinely within days of requests by manufac-
turers.

Another of FDA’s decisions concerning diagnostic test kits
became problematic. [90] In the first week after COVID-19
was declared a pandemic, FDA published a guidance that en-
abled developers of serological test kits to market their tests
without an EUA, contingent upon validation, FDA notification,
and disclaimer of limitations. Within weeks, government offi-
cials were promoting the test’s potential to support reopening of
the economy. Misuse of the tests followed, and by early May,
FDA changed its policy to require FDA’s review of all test kits.

Created value: It was the 9/11 crisis that led directly to en-
actment of the BioShield legislation in 2004 and establishment
of the Emergency Use Authorization process. Its most frequent
use has been for medical devices, and its most urgent use was
in the early days of the pandemic when unprecedented demand
rapidly overwhelmed available supply, and every day that was
saved until supplies were replenished resulted in saved lives.

The serological test kit experience that reflected good in-
tensions overtaken by political forces which were quickly rec-
ognized and corrected provided valuable lessons learned, first
among them, “the importance of authorizing medical products
independently. . . ” [90] The experience was of limited imme-
diate consequence, but it clearly showed the potential for un-
foreseen consequences when even small degrees of increased
flexibility were exercised.

4.2. Vaccine INDs

An NIH-funded Phase 1 study was conducted at Kaiser Per-
manente Washington Health Research Institute in Seattle, Wash-
ington, and Emory University School of Medicine in Atlanta,
Georgia. It was an open-label, dose-escalation Phase 1 study
that enrolled 45 healthy adults between 18 and 55 years of age
over approximately 6 weeks, beginning on March 16, 2020.

Preliminary findings were published July 14 [69]. The study
was done under an IND, there was an Institutional Review Board,
and there were procedures for obtaining Informed Consent, es-
tablishing oversight by a safety monitoring committee, devel-
oping a statistical analysis plan, and creating a committee to
write up the results.

Moderna submitted its own application for an IND on April
27, 2020 [81, 8], for a Phase 2 randomized, blinded, placebo-
controlled study to evaluate safety, reactogenicity and immuno-
genicity of two different dose amounts, each dose regimen given
as a 2-dose vaccination schedule of its mRNA vaccine, given 28
days apart, in 600 healthy participants in two cohorts, aged 18-
55 years (300), and older than 55 years of age (300). “The pro-
tocol was approved by regulatory and institutional committees.”
There were procedures for obtaining Informed Consent, estab-
lishing oversight by a safety monitoring committee, instructing
participants in use of electronic diaries, developing a statisti-
cal analysis plan, and creating a writing committee. The same
degree of attention was paid to the Phase 3 trial [2]

A parallel program was carried out by Pfizer and BioNTech,
beginning with approval of a Phase 1/2 clinical trial in Germany
by the Paul-Ehrlich-Institut, [5] and continuing on to the phase
3 trial. [85]

Created value: It’s essential to appreciate that the statement
in [8], “. . . The protocol was approved by regulatory and insti-
tutional committees...” refers to FDA and covers all of the ac-
tivities that are needed to conduct the study and to provide the
necessary governance. This is all done under the company’s
IND, which has its roots in the Food Drug and Cosmetic Act of
1938, as amended.

4.3. Expedited Development and Approval
One of the little appreciated aspects of the expedited de-

velopment and approval designations is the opportunity for a
sponsor to work with FDA to arrange for documents completed
by the company to be provided to FDA in a “rolling submis-
sion.” For COVID-19-related applications, a given sponsor and
FDA professional staff communicate frequently on an informal,
documented basis by telephone, email, and videoconferencing
about progress of studies, availability of new data, and out-
standing issues. They develop timetables for submission of in-
dividual components of regulatory documents rather than wait-
ing until there are complete sets of documents to submit, thus
contributing to the overall efficient use of resources and expe-
dited timing of the review process.

Created value: The use of expedited mechanisms for devel-
opment and regulatory review began in the early HIV/AIDS era
and expanded to address issues in orphan drugs, cancer and in-
fectious diseases and were well developed in terms of available
SOPPs/MAPPs and Guidance documents / Points to Consider
by the time of the COVID-19 pandemic. Thus, FDA was able to
seamlessly transition to working with manufacturers to develop
expedited pathways for vaccine products and drug products.

4.4. Expanded Access
Of the panoply of statutes and regulations available to FDA,

only the Expanded Access regulations have found limited use
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in this pandemic and it would be difficult to speculate about the
circumstances in which it could be applicable.

4.5. Advisory Committees

Vaccines and Related Biological Products Advisory Com-
mittee (VRBPAC) convened in open session on October 22,
2020, to discuss, in general, without specific applications to
consider, “the development, authorization and/or licensure of
vaccines to prevent COVID-19.” [13, 14] VRBPAC convened a
second time in open session on December 10, 2020, to discuss
data in the Pfizer-BioNTech EUA to support use in individu-
als 16 years of age and older for the prevention of COVID-19.
[14] VRBPAC convened a third time one week later, on Decem-
ber 17, 2020, to discuss data in the Moderna EUA to support
use in individuals 18 years of age and older for the prevention
of COVID-19. These well-organized meetings included back-
ground materials from the sponsors and FDA that were also
made available to the public [14].

Created value: Across the federal government, outside sub-
ject matter experts have been able to contribute their knowledge
and perspectives at advisory committees (AC) since the Federal
Advisory Committee Act became law in 1972. [18] ACs have
evolved over the decades through carefully structured statutes,
regulations, and guidance documents to standardize the pro-
cess, minimize the risk for conflicts of interest, and enhance
the transparency of their activities.

VRBPAC added its positive scientific assessment to FDA’s
favorable review of each company’s EUA application, which
led to authorization on the following day for each manufac-
turer’s vaccine, providing strong evidence of internal FDA align-
ment, coordination, and collaboration.

Advisory committees have also given temperature readings
to FDA on the scientific, medical, and patient stakeholder com-
munities. For example, the most surprising response in recent
years occurred in early 2021 when three members of the Pe-
ripheral and Central Nervous System Drugs Advisory Com-
mittee resigned after FDA approved aducanumab, a drug for
Alzheimer’s disease, after the AC strongly advised against its
approval because of lack of evidence supporting efficacy. [78]
The degree of value creation is less clear in this situation be-
cause of countering influences. There is the prospect of finan-
cial benefits that accrue to the drug’s manufacturer, that is po-
tentially discounted by the weak evidence of clinical benefit and
the risk of potential harm of adverse drug reactions to the sub-
stantial number of affected patients who are likely to be pre-
scribed the new drug [36]; and there is the patient stakeholder
community that strongly favored having this option available
that is countered by an academic stakeholder community that
is deeply skeptical about the basis of the regulatory decision,
concerned about the integrity of the regulatory process, and
wary about participation in the future.[1] FDA leadership has
requested a review by Department of Health and Human Ser-
vices’ Office of Inspector General [3]. It is notable that after one
quarter of marketing, there has been exceedingly slow uptake of
aducanumab, and the manufacturer is expecting continued poor
performance [87].

4.6. Emergency Use Authorization

Once the Secretary, Health and Human Services, declares
that circumstances exist for a public health emergency, the Com-
missioner of Food and Drugs has the authority to evaluate re-
quests for use of the Emergency Use Authorization against four
criteria that are necessary to support issuance of an EUA, namely
that: (1) there is a serious or life-threatening illness/condition
caused by the identified agent(s); (2) there is reasonable belief
that the product may be effective in preventing, diagnosing, or
treating a serious or life-threatening disease or condition caused
by the agent(s); (3) the known or potential benefits outweigh the
known or potential risks; and (4) there is no adequate, approved,
and available alternative to the product [80]. The Commissioner
issued EUAs to Pfizer-BioNTech on December 11, 2020 [38],
and to Moderna on December 18, 2020 [44], in each case, the
Commissioner acted one day after VRBPAC gave a positive as-
sessment of the company materials in its EUA application. Tran
and Witek [96] provide a fuller discussion on the use of EUAs
during the COVID-19 pandemic.

Altogether, these activities transpired as a seamless process
of an almost invisible infrastructure that sets the requirements
for what is needed to develop a medical product for human use
and ultimately to provide a pathway to patient access via the
EUA and eventually to approval. The last piece of the puzzle,
described in the next section on VAERS, harkens back to one of
the key features of the Kefauver-Harris Amendments of 1962:
the requirement to report adverse events after marketing [43],
and then as amended by the National Childhood Vaccine Injury
Act of 1986 for injuries associated with the use of vaccines [59].

Created value: As with PPE, diagnostic test kits and ven-
tilators, FDA was able to issue EUAs for vaccines because of
regulatory infrastructure based on responses to 9/11. But the
EUA is still a relatively novel process that’s going to require a
great deal more experience before the full implications of its use
are appreciated in the user community. Upgrading the mRNA
vaccine EUAs to full FDA approvals is a case in point.

On July 1, 2021, Topol [95] called for FDA to fully approve
the mRNA vaccines, citing the nearly four months of use un-
der the EUAs and the two additional months since filing the
companies’ Biological License Applications. He emphasizes
the strong data from the clinical trials and the extensive experi-
ence in marketed use. This was quickly followed by a response
from the Director of FDA’s Center for Biologics Evaluation and
Research, noting that full approval requires “review and verifi-
cation of data at the level of individual subjects enrolled in clin-
ical trials” which is essential to provide “the public with trust
and confidence in the quality, safety, and effectiveness of any
vaccine that the agency approves.” [79] The Pfizer-BioNTech
COVID-19 vaccine [23] was approved on August 23, 2021. Ap-
proval has been identified as a potential “turning point” in vac-
cine uptake [98], thus, highlighting an inherent and not well-
recognized limitation of EUAs.

4.7. Vaccine Adverse Event Reporting System (VAERS)

The rare development of immune thrombotic thrombocy-
topenia associated with antibodies against Platelet Factor-4 [63]
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was identified after more than 82 million doses of 4 different
vaccines against COVID-19 had been distributed in the Euro-
pean Union. Detailed analysis implicated ChAdOx1 nCov-19
(Oxford /AstraZeneca). In the US, physicians at FDA iden-
tified a similar syndromic picture of 6 case reports of cerebral
venous sinus thrombosis with thrombocytopenia following vac-
cination with approximately 7 million doses of Ad26.COV2.S
COVID-19 vaccine (Janssen/Johnson & Johnson) and reported
to VAERS [89]. These findings prompted FDA and CDC to
advise doctors to “pause” the J&J vaccine on April 13, 2021,
while the extremely rare blood clots were being investigated
[42]. FDA and CDC subsequently lifted the pause 10 days later
on April 23, 2021 [35].

Created value: While it may appear counterintuitive that
value creation can follow from the identification and announce-
ment of adverse drug reactions that have occurred in association
with the use of a specific vaccine, a more patient-centered per-
spective shows that an emphasis on transparency, particularly
regarding adverse drug reactions, heightens confidence in the
use of vaccines, especially when reaching out to those who are
hesitant about or resistant to the use of vaccines, or who may be
inclined to harbor conspiracy theories.

4.8. Manufacturing
As in all other areas of pharmaceutical regulation, manufac-

turing has made quantum changes since the Biologics Control
Act of 1902. Today’s state-of-the-art innovations at FDA con-
cern quality-by-design [53, 101]. Multiple failures to meet QbD
principles were clearly behind the rejection of 75 million doses-
worth of bulk COVID-19 active pharmaceutical ingredient of
the Ad26.COV2.S COVID-19 vaccine [35] because of cross-
contamination [74, 70, 71, 72]. An ongoing, serious threat
to manufacturing integrity is the substantial global black mar-
ket in substandard/spurious/falsely-labelled/falsified/ counter-
feit medicinal products, which has recently touched a COVID-
19 vaccine [66].

Created value: The Biologics Control Act of 1902 is, in
fact, a founding statute of what was to become the FDA, even
though the Pure Food and Drugs Act of 1906 is the marker for
its centennial because Harvey Wiley, MD, became FDA’s first
commissioner on January 1, 1907. [24] Outside of the U.S., the
greatest threats to the integrity of pharmaceutical products are
counterfeit products. [67] The Drug Quality and Security Act of
2013, specifically Title II, the Drug Supply Chain Security Act,
put in place the most far-reaching changes in manufacturing in
the last century [29]. The Act requires that key stakeholders
in the supply chain (manufacturers, wholesaler drug distribu-
tors, repackagers, and dispensers [pharmacies]) perform essen-
tial functions to maintain the integrity of pharmaceutical prod-
ucts, including product identification, tracing, verification, de-
tection and response, and notification of regulatory authorities.

5. Discussion

5.1. An Agency Under Unprecedented Pressures and Stress
From the COVID-19 case study, it would appear that FDA

has been flawless in the execution of its many responsibilities.

But as with any new challenge to the status quo, especially an
external challenge, it’s well recognized that pressure testing can
often reveal weaknesses in the overall system that would not
otherwise be evident during routine performance. In looking at
FDA under pressure testing, it’s helpful to consider issues from
the perspective of structure and function.

5.2. Structure

As an organization, FDA is bureaucratic, in that it’s hier-
archical, with multiple components performing narrowly pre-
scribed activities. At its head is the Commissioner of Food and
Drugs, a position that until 1969 had been a non-partisan, pres-
idential appointment. [24] Then-Secretary of Health Education
and Welfare, Robert Finch, brought in a physician with man-
agement expertise and connections to the consulting industry to
address apparent deficiencies in managing high profile issues,
including cyclamates. [77] Over the ensuing decades, politi-
cal influence was gradually brought to bear (Patel, 2020) on a
key function (transferring oversight for rule-making to the Of-
fice of Management and Budget, 1981), [58] reporting struc-
ture (converting the status to a PAS position, that is, a presiden-
tial appointment requiring senate confirmation, 1988) [34] and
decision-making (slowing approval of mifepristone, also known
as RU-486, and blocking regulation of food additives and nu-
tritional supplements, 1990s), [28] leading to gradually dimin-
ished agency autonomy. The topic of FDA as an independent
agency has been discussed by seven former FDA commission-
ers. [6]

5.3. Function

Political influence has also been evident with COVID-19.
Diamond and Toosi [12] reported in March, 2020, that the White
House encouraged FDA to issue an EUA for favipiravir (Avigan®),
an antiviral agent used to treat influenza in Japan and manufac-
tured by Fujifilm. In April, 2020, the White House similarly
encouraged use of chloroquine and hydroxychloroquine, two
anti-malarial drugs. [92] The EUAs for chloroquine and hy-
droxychloroquine were subsequently withdrawn after clinical
evidence showed lack of effect. [25]

Beyond the COVID-19 case study, FDA has in recent times
made controversial approval decisions that have resulted in splits
between agency decision-makers and stakeholders, chief among
them, the academic community. The FDA decision to approve
aducanumab for Alzheimer’s disease contrary to an overwhelm-
ing Advisory Committee vote against it led to three committee
member resignations and to on-going controversy in the litera-
ture [78].

As an example of a divisive split within the academic com-
munity, in 2016, during the Peripheral and Central Nervous
System Advisory Committee deliberations regarding eteplirsen
treatment of patients with Duchenne’s muscular dystrophy, the
committee voted 7-6 that the drug did not qualify for accel-
erated approval, but in a less well-publicized letter from 36
DMD clinical experts, there was strong support for approval.
And within the patient stakeholder community, there was also
strong support for approval of eteplirsen. The Agency approved
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eteplirsen on September 19, 2016, through the accelerated ap-
proval mechanism. [37]

Returning to the question of pressure testing as seen through
the pandemic lens, stresses in FDA’s structure are evident: 1)
Political pressure applied at the Commissioner’s level is felt
down through the organization and recurrent exposures risk fur-
ther compromises. The recent resignations of very senior, vet-
eran Agency managers lend weight to this consideration. [97]
2) Well-intended regulatory flexibility is more limited in its po-
tential than might be imagined, especially in a highly charged
and extremely dynamic environment where the terrain is unfa-
miliar. For example, recall CDRH’s experience with COVID-
19 antibody test discussed above under 4.1 PPE, Diagnostic
Test Kits, and Ventilators: Created value [90]. 3) More recently
instituted regulatory mechanisms, such as EUAs, are still rela-
tively untested and may go only so far to meet broader policy
expectations. [94] Deeper integration with established mecha-
nisms may be needed.

5.4. Lessons Learned

What can we learn from the larger scope and longer time
frame of events beyond the COVID-19 case study? First, FDA
has been hampered by a long, gradual diminution of its inde-
pendence, exemplified by the change in the Commissioner’s
status to a PAS position, transfer of reporting responsibility to
the Secretary, Health and Human Services, and establishment of
OMB oversight for FDA rulemaking. [6] Even the introduction
of user fees, long recognized as a successful program regarding
improvements in timeliness of reviews and decision-making, is
recognized as having an insidious effect on the Agency’s inde-
pendence [6, 10].

Second, FDA’s reputation has been damaged by sporadic
faux pas on different fronts: 1) controversial internal decision-
making (aducanumab approval), 2) external interference with
decision-making (political pressure for multiple drug authoriza-
tions), and 3) significant disruptive, scientific disagreements
with expert advisory committees (eteplirsen, aducanumab).

Third, the conflicts among the stakeholders are reminiscent
of the early HIV era when FDA began to experience a deep
shift toward recognition of and gradual consideration for pa-
tient stakeholder interests that started with HIV/AIDS activists,
and expanded to include the many small populations of patients
with orphan diseases, the devastated populations of patients
with cancers, and others. Accelerated approval complicated the
dynamics by providing a means by which an approval could be
contingent upon eventually obtaining longer-term clinical bene-
fit to support shorter-term surrogate marker improvements. Re-
sults have been mixed [64, 75].

Herder offers the following creative perspective on a com-
parable analysis:

. . . I attempt to make sense of these findings by devel-
oping a concept of institutional incumbency. . . . With the
term institutional I refer not just to the agency, but also how
the FDA operates in dialogue with regulated industries and,
increasingly, patient groups, to generate, shape, and delimit
knowledge about drugs and biologics. And by incumbency,

I mean to evoke the strategies that established firms de-
ploy to preserve positions of dominance and extend this idea
of defense-by-offense to the FDA. Through this conceptual
lens of institutional incumbency, I aim to reveal not sim-
ply an agency in transition, but an agency on guard, en-
gaged in an effort to reproduce key features of the regula-
tory system — in concert with regulated industries and oth-
ers — while simultaneously sanctioning significant changes
to the regulatory standards the FDA has long applied. In the
name of lifecycle regulation, the agency is preserving who
produces information about the safety and effectiveness of
drugs and biologics, while altering when, and under what
circumstances, that information production occurs [65].

There are three components of the title that provide oppor-
tunities for comment: COVID-19 as a case study, the concept
of value, and FDA as an agency at the right place and the right
time.

5.5. Case Study that Provides a Measure of Value

COVID-19 as a case study. COVID-19 has challenged ev-
ery aspect of medical products under FDA’s jurisdiction: range
of products (drugs, biologics, vaccines, medical devices, diag-
nostic test kits), product development conditions (routine and
accelerated), regulatory pathways (expedited mechanisms), types
of approvals (use of Emergency Use Authorization and full ap-
proval), manufacturing quality (contaminated and counterfeit
products), and post marketing safety (reporting rare and un-
usual adverse drug reactions). Thus, it can provide a sweeping
context against which to conduct a meaningful exploration of
value.

A Measure of Value: The title opens with “A Measure of
Value” for which a definition of “value” is provided under the
section Approaches to Value: “the regard that something is held
to deserve; the importance, worth, or usefulness of something.”
[84] Value is an attribute that reflects the perspective of the be-
holder, and thus includes the historical events that are consid-
ered attributable to the institution. For FDA, the sum of twelve
decades of experience since passage of the founding statutes
comes down to the following goals that provide value to the
degree with which each is successful:

– The manufacturing process must meet standards of qual-
ity and be secured

– Medical products must be shown, through scientific evi-
dence and based on evidentiary standards, to be safe and
effective for human use

– Risks must be identified and mitigated, by labeling at a
minimum, with additional strategies as necessary

– Provisions must exist that can address extraordinary cir-
cumstances of unmet medical needs and of threats to pub-
lic health and national security

Place and Time: The subheading of the title is “An agency
in the right place at the right time.” FDA is clearly an agency
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“. . . in the right place. . . ” because, of all the federal govern-
ment agencies with responsibilities that have any bearing on
the lives of the people in the country associated with the pan-
demic, only FDA has been in a strong position to actually flatten
the pandemic’s epidemiological curve and to provide support
that has led to meaningful improvements in professional and
personal circumstances and protection of their well-being: pro-
tecting health care workers [through facilitating rapid access
to PPE], caring for the critically ill [through facilitating rapid
access to mechanical ventilators and their substitutes, medical
oxygen, and extracorporeal membrane oxygenation (ECMO)
machines], identifying and tracking responsible pathogens, in-
cluding variants [through rapid access to diagnostic test kits],
developing and evaluating new vaccine candidates [through pro-
mpt review of INDs for the ethical conduct of clinical trials],
evaluating repurposed, previously approved drugs and biolog-
ics [through prompt review of INDs for the ethical conduct of
clinical trials], manufacturing bulk and finished vaccine prod-
ucts [through timely inspections of state-of-the-art manufactur-
ing facilities], reviewing the experimental clinical data to assure
integrity, validity, and transparency [through sharing and con-
ferring with subject matter experts on agency advisory commit-
tees who discuss the results and provide assessments at publicly
available meetings], and maintaining the safety profile of the
vaccines with EUAs [through real time surveillance of FDA’s
and CDC’s safety data bases].

FDA is just as clearly an agency “. . . at the right time. . . .”
because, for over the past twelve decades, despite the institu-
tional, that is, structural, limitations and occasional faux pas
in other, non-pandemic-related areas, FDA has learned to re-
spond to myriad disasters and tragedies and to work with stake-
holders to learn the difficult essential lessons from the issues at
hand. COVID-19 has challenged every aspect of products un-
der FDA’s jurisdiction: range of products, product development
conditions, regulatory pathways, types of approvals, manufac-
turing quality, and post-marketing safety. FDA has learned to
work on different terrains, in different political environments,
on different missions, at different speeds, and under different
existential risks.

The subheading also implies how all aspects of the COVID
pandemic that have been under FDA’s jurisdiction were man-
aged well and in a timely way. FDA never found itself the focus
of an investigation for bureaucratic ineptitude or scientific faux
pas.

Two basic strengths have contributed to FDA’s ability to
well manage its resources under a wide range of conditions:
its regulatory structure and its professional staff. First, no mat-
ter how much FDA must negotiate and compromise, in the fi-
nal analysis, FDA has the statutory and regulatory authority to
act, backed up by twelve decades of experience in making dif-
ficult decisions under a variety of risks and a range of fraught
conditions. FDA is responsible for regulatory aspects of the
products under its jurisdiction, including development, manu-
facturing, communication, advertising, and promotion. FDA
has generally succeeded in basing its actions on what the sci-
ence says about the subject under discussion, and not on politi-
cal ideologies or whims of the day that attempt to influence its

decisions. FDA is deeply grounded in a set of regulations that
have evolved over decades and become mutually reinforcing.
Second, FDA is a highly bureaucratic organization, in the best
sense of that word, with a high degree of active, bidirectional
vertical alignment, timely flow of information, clear assignment
of responsibilities, coordination, and collaboration among its
functions – top-down and bottom-up. It has been managed by a
relatively stable, if at times stressed by understaffing [73], pro-
fessional staff with extensive experience under varied circum-
stances, and that possesses a firm grasp of the agency’s mission
and maintains a clear sense of its purpose – values that have
only been sharpened by a pandemic crisis that has posed an ex-
istential threat.

5.6. Limitations
This focused review has limitations that come of using a sin-

gular lens. First, this has been a strictly descriptive, qualitative
assessment that features many of the issues that FDA had occa-
sions to face in other circumstances over decades, such as the
early desperate years of HIV, the long slow, halting improve-
ments in cancer treatments, the long-ignored orphan diseases,
and multiple episodes of contaminated, adulterated, and coun-
terfeit manufactured products. Second, there has been no effort
to identify and assess the considerable effects resulting from
the influence that user fees have had on the process, but rather
to accept the role of user fees as a constitutive part of FDA’s
regulatory fabric, aware that there are recognized risks to this
model. And third, this has been an unconventional approach to
assessing value with no evident precedent because regulatory
agencies are more often thought of as a drag on value, rather
than as value added; but the ideas discussed here may offer a
novel conceptual approach to thinking about value that could
be applied to other highly regulated fields and in comparative
work versus other national or regional jurisdictions.

6. Conclusion

In response to a long history of disasters and tragedies that
occurred over twelve decades since the beginning of the twenti-
eth century, Congressional passage of ground-breaking statutes
and development of innovative regulations have transformed
FDA into a peerless regulatory agency that has played a crit-
ical role in the COVID-19 pandemic and, in the process, has
brought new meaning to the concept of value.

FDA has been the singular regulatory agency in the federal
government to have had a sweeping salutary effect on virtually
every disease-related and healthcare-related aspect of the pan-
demic. FDA has expedited access to personal protective equip-
ment, diagnostic testing kits, mechanical ventilators and ECMO
machines, and expedited clinical development and regulatory
review of new vaccine candidates. It has conducted inspections
of the manufacturing processes of active pharmaceutical ingre-
dients and maintained the safety profile of vaccines that have
been given to hundreds of millions of individuals. All of these
actions have occurred in a transparent environment and under
the glare of 24/7 publicity for nearly 2 years. FDA has served
well as a regulatory agency of its place and time.

10 of 14



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v10i1beninger Beninger

7. Declaration of Conflicting Interest

The author declares that the review and assessment was con-
ducted in the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of interest.

8. References

[1] Alexander, G. C., Knopman, D. S., Emerson, S. S., Ovbiagele, B.,
Kryscio, R. J., Perlmutter, J. S., & Kesselheim, A. S. (2021). Revisiting
FDA Approval of Aducanumab. The New England journal of medicine,
385(9), 769–771. https://doi.org/10.1056/NEJMp2110468

[2] Baden, L. R., El Sahly, H. M., Essink, B., Kotloff, K., Frey, S., No-
vak, R., Diemert, D., Spector, S. A., Rouphael, N., Creech, C. B.,
McGettigan, J., Khetan, S., Segall, N., Solis, J., Brosz, A., Fierro,
C., Schwartz, H., Neuzil, K., Corey, L., Gilbert, P., . . . COVE Study
Group (2021). Efficacy and Safety of the mRNA-1273 SARS-CoV-
2 Vaccine. The New England journal of medicine, 384(5), 403–416.
https://doi.org/10.1056/NEJMoa2035389

[3] Belluck, P., Kaplan, S., & Robbins, R. (2021, October 20). How
Aduhelm, an Unproven Alzheimer’s Drug, Got Approved. The New
York Times. https://www.nytimes.com/2021/07/19/health/alzheimers-
drug-aduhelm-fda.html

[4] Beninger P. (2020). COVID-19: Regulatory Landscape of Medicinal and
Medical Device Products for Human Use. Clinical therapeutics, 42(8),
1444–1450. https://doi.org/10.1016/j.clinthera.2020.06.014

[5] BioNTech and Pfizer announce regulatory approval from
German authority Paul-Ehrlich-Institut to commence first
clinical trial of COVID-19 vaccine candidates — Pfizer.
(2020, April 22). Pfizer. Retrieved October 26, 2021,
from https://www.pfizer.com/news/press-release/press-release-
detail/biontech and pfizer announce regulatory approval from german
authority paul ehrlich institut to commence first clinical trial of cov

id 19 vaccine candidates
[6] Califf, R. M., Hamburg, M., Henney, J. E., Kessler, D. A., McClellan,

M., von Eschenbach, A. C., & Young, F. (2019). Seven Former FDA
Commissioners: The FDA Should Be An Independent Federal Agency.
Health Affairs, 38(1), 84–86. https://doi.org/10.1377/hlthaff.2018.05185

[7] Center for Disease Control and Prevention (CDC). U.S. dept of health
and human services. Delta variant: What we know about the science.
Retrieved January 7, 2022, from https://www.cdc.gov/coronavirus/2019-
ncov/variants/delta-variant.html.

[8] Chu, L., McPhee, R., Huang, W., Bennett, H., Pajon, R., Nestorova, B.,
Leav, B., & mRNA-1273 Study Group (2021). A preliminary report of
a randomized controlled phase 2 trial of the safety and immunogenic-
ity of mRNA-1273 SARS-CoV-2 vaccine. Vaccine, 39(20), 2791–2799.
https://doi.org/10.1016/j.vaccine.2021.02.007

[9] Cohen, P. (2021, July 2). May 2021 Jobs Report: U.S. Adds 559,000
to Payrolls. The New York Times. Retrieved January 7, 2022, from
https://www.nytimes.com/2021/06/04/business/economy/jobs-report-
may-2021.html

[10] Darrow JJ, Avorn J, Kesselheim AS. Speed, safety and industry funding
– from PDUFA I to PDUFA VI. NEJM. 2017; 377:2278-2286.

[11] Darrow, J. J., Sarpatwari, A., Avorn, J., & Kesselheim, A. S. (2015).
Practical, Legal, and Ethical Issues in Expanded Access to Investi-
gational Drugs. New England Journal of Medicine, 372(3), 279–286.
https://doi.org/10.1056/nejmhle1409465

[12] Diamond, D., & Toosi, N. (2020, March 31). White House pres-
sures FDA on unproven Japanese drug. POLITICO. Retrieved January
7, 2022, from https://www.politico.com/news/2020/03/31/white-house-
pressures-fda-japanese-drug-157587

[13] Fink D. Update from the Vaccines and Related Biologics Products Ad-
visory Committee (VRBPAC) Meeting of October 22, 2020.

[14] Food and Drug Administration (FDA). US dept of health and human ser-
vices. 2020 Meeting materials, vaccines, and related biological products
advisory committee. Content current as of 12/03/2020. Retrieved Jan-
uary 7, 2022, from https://www.fda.gov/advisory-committees/vaccines-
and-related-biological-products-advisory-committee/2020-meeting-
materials-vaccines-and-related-biological-products-advisory-committee

[15] Food and Drug Administration (FDA). US dept of health and human
services. 21st Century Cures Act. Content current as of 07/06/2021.
Retrieved January 7, 2022, from https://www.fda.gov/vaccines-
blood-biologics/cellular-gene-therapy-products/regenerative-medicine-
advanced-therapy-designation

[16] Food and Drug Administration (FDA). US dept of health and human
services. About FDA: What we do. Content current as of 03/08/2018.
Retrieved January 7, 2022, from https://www.fda.gov/about-fda/what-
we-do

[17] Food and Drug Administration (FDA). US dept of health and human
services. Accelerated Review. Content current as of 01/04/2018.
Retrieved January 7, 2022, from https://www.fda.gov/patients/fast-
track-breakthrough-therapy-accelerated-approval-priority-
review/accelerated-approval

[18] Food and Drug Administration (FDA). US dept of health and
human services. Advisory committee laws, regulations and guid-
ance. Content current as of 03/27/2018. Retrieved January 7,
2022, from https://www.fda.gov/advisory-committees/about-advisory-
committees/advisory-committee-laws-regulations-and-guidance

[19] Food and Drug Administration (FDA). US dept of health and hu-
man services. Best pharmaceuticals for children act and Pediatric re-
search equity act. Content current as of 03/22/2018. Retrieved January
7, 2022, from https://www.fda.gov/science-research/pediatrics/best-
pharmaceuticals-children-act-and-pediatric-research-equity-act

[20] Food and Drug Administration (FDA). US dept of health and human
services. Biologics Procedures. Content current as of 01/27/2021.
Retrieved January 7, 2022, from https://www.fda.gov/vaccines-
blood-biologics/guidance-compliance-regulatory-information-
biologics/biologics-procedures-sopps

[21] Food and Drug Administration (FDA). US dept of health and human
services. Breakthrough Therapy. Content current as of 01/04/2018.
Retrieved January 7, 2022, from https://www.fda.gov/patients/fast-
track-breakthrough-therapy-accelerated-approval-priority-
review/breakthrough-therapy

[22] Food and Drug Administration (FDA). US dept of health and
human services. CDER Manual of Policies and Procedures —
MAPP. Content current as of 08/11/2021. Retrieved January 7,
2022, from https://www.fda.gov/about-fda/center-drug-evaluation-and-
research-cder/cder-manual-policies-procedures-mapp

[23] Food and Drug Administration (FDA). US dept of health and
human services. Comirnaty and Pfizer-BioNTech COVID-19 Vac-
cine. Content current as of 08/26/2021. Retrieved January 7,
2022, from https://www.fda.gov/emergency-preparedness-and-
response/coronavirus-disease-2019-covid-19/comirnaty-and-pfizer-
biontech-covid-19-vaccine

[24] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Commissioners. Content current as of 01/20/2021. Retrieved Jan-
uary 7, 2022, from https://www.fda.gov/about-fda/fda-leadership-1907-
today/commissioners

[25] Food and Drug Administration (FDA). US dept of health and
human services. Coronavirus (Covid-19) update: FDA re-
vokes emergency use authorization for chloroquine and hy-
droxychloroquine. Content current as of 06/15/2020. Retrieved
January 7, 2022, from https://www.fda.gov/news-events/press-
announcements/coronavirus-covid-19-update-fda-revokes-emergency-
use-authorization-chloroquine-and

[26] Food and Drug Administration (FDA). US dept of health and human
services. Covid-19: Master protocols evaluating drugs and biolog-
ical products for treatment or prevention: Guidance for industry.
Content current as of 06/23/2021. Retrieved January 7, 2022, from
https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/covid-19-master-protocols-evaluating-drugs-and-biological-
products-treatment-or-prevention

[27] Food and Drug Administration (FDA). US dept of health and hu-
man services. Development & Approval Process — Drugs. Con-
tent current as of 10/28/2019. Retrieved January 7, 2022, from
https://www.fda.gov/drugs/development-approval-process-drugs

[28] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Dietary supplements. Content current as of 08/16/2019. Retrieved
January 7, 2022, from https://www.fda.gov/food/dietary-supplements.

[29] Food and Drug Administration (FDA). US dept of health

11 of 14



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v10i1beninger Beninger

and human services. Drug Supply Chain Security Act. Con-
tent current as of 08/04/2021. Retrieved January 7, 2022, from
https://www.fda.gov/drugs/drug-supply-chain-integrity/drug-supply-
chain-security-act-dscsa (accessed August 3, 2021)

[30] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Emergency use authorization. Content current as of 01/11/2022.
Retrieved January 7, 2022, from https://www.fda.gov/emergency-
preparedness-and-response/mcm-legal-regulatory-and-policy-
framework/emergency-use-authorization

[31] Food and Drug Administration (FDA). US dept of health and
human services. Expanded Access — Information for Industry.
Content current as of 09/05/2019. Retrieved January 7, 2022, from
https://www.fda.gov/news-events/expanded-access/expanded-access-
information-industry

[32] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Fact Sheet: FDA at a Glance. Content current as of 11/18/2020.
Retrieved January 7, 2022, from https://www.fda.gov/about-fda/fda-
basics/fact-sheet-fda-glance

[33] Food and Drug Administration (FDA). US dept of health and hu-
man services. Fast track. Content current as of 01/04/2018. Re-
trieved January 7, 2022, from https://www.fda.gov/patients/fast-track-
breakthrough-therapy-accelerated-approval-priority-review/fast-track

[34] Food and Drug Administration. US dept of health and human services.
Food and drug administration act of 1988. Pub. L. 100-607, title V, Nov.
4, 1988, 102 Stat. 3120.

[35] Food and Drug Administration (FDA). US dept of health and human
services. FDA and CDC lift recommended pause on Johnson & Johnson
(Janssen) COVID-19 vaccine use following thorough safety review.
Content current as of 04/23/2021. Retrieved January 7, 2022, from
https://www.fda.gov/news-events/press-announcements/fda-and-cdc-
lift-recommended-pause-johnson-johnson-janssen-covid-19-vaccine-
use-following-thorough

[36] Food and Drug Administration (FDA). US dept of health and hu-
man services. FDA grants accelerated approval for Alzheimer’s
drug. Content current as of 06/07/2021. Retrieved January 7,
2022, from https://www.fda.gov/news-events/press-announcements/fda-
grants-accelerated-approval-alzheimers-drug

[37] Food and Drug Administration (FDA). US dept of health and human ser-
vices. FDA grants accelerated approval to first drug for Duchenne mus-
cular dystrophy. Content current as of 09/29/2016. Retrieved January 7,
2022, from https://www.fda.gov/news-events/press-announcements/fda-
grants-accelerated-approval-first-drug-duchenne-muscular-dystrophy

[38] Food and Drug Administration (FDA). US dept of health and hu-
man services. FDA takes key action in fight against COVID-19 by
issuing emergency use authorization for first COVID-19 vaccine.
Content current as of 12/11/2020. Retrieved January 7, 2022, from
https://www.fda.gov/news-events/press-announcements/fda-takes-key-
action-fight-against-covid-19-issuing-emergency-use-authorization-
first-covid-19

[39] Food and Drug Administration (FDA). US dept of health and human
services. FDA user fee programs. Content current as of 04/07/2021.
Retrieved January 7, 2022, from https://www.fda.gov/industry/fda-user-
fee-programs

[40] Food and Drug Administration (FDA). US dept of health and human
services. Harvey W. Wiley, M.D.. Content current as of 02/24/2020.
Retrieved January 7, 2022, from https://www.fda.gov/about-fda/fda-
leadership-1907-today/harvey-wiley

[41] Food and Drug Administration (FDA). US dept of health and human
services. IND applications for clinical treatment (expanded access):
Overview. Content current as of 06/01/2016. Retrieved January 7,
2022, from https://www.fda.gov/drugs/investigational-new-drug-
ind-application/ind-applications-clinical-treatment-expanded-access-
overview

[42] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Joint CDC and FDA statement on Johnson & Johnson COVID-19
vaccine. Content current as of 04/13/2021. Retrieved January 7, 2022,
from https://www.fda.gov/news-events/press-announcements/joint-cdc-
and-fda-statement-johnson-johnson-covid-19-vaccine

[43] Food and Drug Administration (FDA). US dept of health and
human services. Milestones in US FDA food and drug law. Con-
tent current as of 01/31/2018. Retrieved January 7, 2022, from

https://www.fda.gov/about-fda/fda-history/milestones-us-food-and-
drug-law

[44] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Moderna COVID-19 vaccine. Content current as of 08/12/2021.
Retrieved January 7, 2022, from https://www.fda.gov/emergency-
preparedness-and-response/coronavirus-disease-2019-covid-
19/moderna-covid-19-vaccine

[45] Food and Drug Administration (FDA). US dept of health and human
services. New drug, antibiotic, and biologic drug product regula-
tions. Content current as of 09/22/2015. Retrieved January 7, 2022,
from https://www.fda.gov/science-research/clinical-trials-and-human-
subject-protection/new-drug-antibiotic-and-biologic-drug-product-
regulations

[46] Food and Drug Administration (FDA). US dept of health and human
services. New drug, antibiotic, and biologic drug product regulations;
Treatment use and sale. Final Rule. January 7, 2022. Federal Register
Vol 52, No. 99, pp 19466-19476.

[47] Food and Drug Administration (FDA). US dept of health and hu-
man services. Other recommendations for biologics manufacturers.
Content current as of 01/27/2021. Retrieved January 7, 2022, from
https://www.fda.gov/vaccines-blood-biologics/guidance-compliance-
regulatory-information-biologics/other-recommendations-biologics-
manufacturers

[48] Food and Drug Administration (FDA). US dept of health and
human services. Personal protective equipment EUAs. Con-
tent current as of 02/09/2021. Retrieved January 7, 2022, from
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-
medical-devices/ventilators-and-ventilator-accessories-covid-19

[49] Food and Drug Administration (FDA). US dept of health and hu-
man services. Points to Consider in the characterization of cell
lines used to produce biologicals. Retrieved January 7, 2022, from
https://www.fda.gov/media/76255/download

[50] Food and Drug Administration (FDA). US dept of health and human
services. Points to Consider in the manufacture and testing of mon-
oclonal antibody products for human use. Retrieved January 7, 2022,
from https://www.fda.gov/media/76798/download

[51] Food and Drug Administration (FDA). US dept of health and human
services. Policy for evaluating impact of viral mutations on COVID-19
tests. Guidance for test developers and FDA staff. Retrieved January
7, 2022, from https://www.fda.gov/regulatory-information/search-fda-
guidance-documents/policy-evaluating-impact-viral-mutations-covid-
19-tests

[52] Food and Drug Administration (FDA). US dept of health and human
services. Priority Review. Content current as of 01/04/2018. Re-
trieved January 7, 2022, from https://www.fda.gov/patients/fast-track-
breakthrough-therapy-accelerated-approval-priority-review/priority-
review

[53] Food and Drug Administration (FDA). US dept of health and hu-
man services. Q8, Q9, & Q10 Questions and Answers – Appendix:
Q&As from training sessions (Q8, Q9, & Q10 points to consider).
Content current as of 04/14/2020. Retrieved January 7, 2022, from
https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/q8-q9-q10-questions-and-answers-appendix-qas-training-
sessions-q8-q9-q10-points-consider

[54] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Rare diseases at FDA. Content current as of 02/20/2020. Retrieved
January 7, 2022, from https://www.fda.gov/patients/rare-diseases-fda

[55] Food and Drug Administration (FDA). US dept of health and human
services. Right to try. Content current as of 01/14/2020. Retrieved Jan-
uary 7, 2022, from https://www.fda.gov/patients/learn-about-expanded-
access-and-other-treatment-options/right-try

[56] Food and Drug Administration (FDA). US dept of health and
human services. Search for FDA guidance documents. Con-
tent current as of 08/09/2021. Retrieved January 7, 2022, from
https://www.fda.gov/regulatory-information/search-fda-guidance-
documents

[57] Food and Drug Administration (FDA). US dept of health and
human services. The story behind the orphan drug act. Con-
tent current as of 02/23/2018. Retrieved January 7, 2022,
from https://www.fda.gov/industry/orphan-products-development-
events/story-behind-orphan-drug-act

12 of 14



Journal of Regulatory Science | https://doi.org/10.21423/jrs-v10i1beninger Beninger

[58] Food and Drug Administration (FDA). US dept of health and
human services. FDA-TRACK: Unified Agenda-TRACK. Con-
tent current as of 03/16/2021. Retrieved January 7, 2022, from
https://www.fda.gov/about-fda/fda-track-agency-wide-program-
performance/fda-track-unified-agenda-track

[59] Food and Drug Administration (FDA). US dept of health and human ser-
vices. Vaccine adverse event reporting system (VAERS) Questions and
Answers. Content current as of 08/13/2021. Retrieved January 7, 2022,
from https://www.fda.gov/vaccines-blood-biologics/vaccine-adverse-
events/vaccine-adverse-event-reporting-system-vaers-questions-and-
answers

[60] Food and Drug Administration (FDA). US dept of health and hu-
man services. Ventilators and ventilator accessories for COVID-19.
Content current as of 08/03/2021. Retrieved January 7, 2022, from
https://www.fda.gov/medical-devices/coronavirus-disease-2019-covid-
19-emergency-use-authorizations-medical-devices/personal-protective-
equipment-euas

[61] Garvey, T. (2017, March). A Brief Overview of Rulemaking and
Judicial Review (No. R41546). Congressional Research Service.
https://sgp.fas.org/crs/misc/R41546.pdf

[62] Ginsberg, W., & Greene, M. (2016, June). Federal Inspec-
tors General: History, Characteristics, and Recent Congres-
sional Actions (No. R43814). Congressional Research Service.
https://sgp.fas.org/crs/misc/R43814.pdf

[63] Greinacher, A., Thiele, T., Warkentin, T. E., Weisser, K., Kyrle, P.
A., & Eichinger, S. (2021). Thrombotic Thrombocytopenia after ChA-
dOx1 nCov-19 Vaccination. New England Journal of Medicine, 384(22),
2092–2101. https://doi.org/10.1056/nejmoa2104840

[64] Gyawali B, Rome BN, Kesselheim AS. Regulatory and clinical conse-
quences of negative confirmatory trials of accelerated approval cancer
drugs: retrospective observational study. BMJ 2021;374:n1959 — doi:
10.1136/bmj.n1959

[65] Herder M. (2019). Pharmaceutical Drugs of Uncertain Value, Life-
cycle Regulation at the US Food and Drug Administration, and
Institutional Incumbency. The Milbank quarterly, 97(3), 820–857.
https://doi.org/10.1111/1468-0009.12413
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