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REPURPOSING THERAPEUTIC DRUGS
FOR COVID-19: RESEARCH
CHALLENGES AND OPPORTUNITIES

FRIDAY, JUNE 19, 2020

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON INVESTIGATIONS AND OVERSIGHT,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
Washington, D.C.

The Subcommittee met, pursuant to notice, at 1:30 p.m., via
Webex, Hon. Bill Foster [Chairman of the Subcommittee] presiding.
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COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES
SUBCOMMITTEE ON INVESTIGATIONS & OVERSIGHT

HEARING CHARTER

Repurposing Therapeutic Drugs for COVID-19: Research Challenges and
Opportunities
Friday, June 19, 2020
1:30 p.m. ET
Cisco WebEx
PURPOSE

The purpose of the hearing is to explore the scientific foundations behind repurposing existing
drugs for the treatment of COVID-19. The Subcommittee will discuss how researchers identify
and test approved drugs—developed for other uses—that could lessen the severity of COVID-19
symptoms and the regulatory approval process for the use of these drugs among infected
patients. The Subcommittee will also explore how the Federal government conducts oversight
and supports research in this area and how these processes have been affected by the current
pandemic.

WITNESSES

e Dr. Peter Lurie, President, Center for Science in the Public Interest

* Dr. James Finigan, Director of the Respiratory Centers of Excellence, National Jewish
Health

¢ Dr. Rick Stevens, Associate Laboratory Director for Computing, Environment and Life
Sciences, Argonne National Laboratory

¢ Dr. Benjamin Rome, Associate Physician, Brigham and Women’s Hospital;
Postdoctoral Research Fellow, Harvard Medical School

KEY QUESTIONS
¢ How can existing FDA-approved drugs be used to treat COVID-19?

» How does the approval process for repurposed therapeutics differ from the traditional
drug approval process?

» How should existing research and approval mechanisms be altered to meet the urgent

need created by the ongoing pandemic?

How can the Federal government support research into repurposing existing drugs that

might not be profitable for industry?

¢ How have the Emergency Use Authorizations issued over the course of the pandemic

adhered to best practices and the principles of scientific integrity?

What are the challenges of conducting clinical trials during a pandemic?

® How can the Federal government incorporate clinical trial research into its broader
pandemic planning and preparedness efforts?

®  What opportunities exist for conducting low-cost outpatient trials of repurposed drugs
that patients could take immediately after testing positive but prior to developing
symptoms?



Backeground

There is no single drug or treatment plan that is reliably effective in combatting COVID-19.}
There are many research efforts attempting to address this need, including the development of
new drugs and CRISPR-based therapeutics, the use of convalescent plasma, and the repurposing
of drugs that have been previously approved by the Food and Drug Administration (FDA) to
treat other diseases. This hearing will primarily focus on the potential to repurpose drugs that
have been deemed safe and effective for other diseases.

More than 2,000 studies addressing various aspects of COVID-19 are registered on

Clinical Trials gov, including almost 50 federally funded clinical studies.” Many of these trials
are directed at treatment, and the results of numerous trials involving therapies will be reported
over the next few weeks and months.® It is vitally important that these study results are
interpreted and presented clearly, and appropriately communicated to clinicians, the public, and
policymakers.

Conducting Clinical Trials for COVID-19 Therapeutics

Large randomized, placebo-controlled trials are the ideal way to determine whether a drug is safe
and effective at treating COVID-19. These are prospective studies that reduce bias and provide a
rigorous tool to examine cause-effect relationships between an intervention and a health
outcome.* Unfortunately, these types of trials are expensive, and private industry tends to fund
clinical trials that promise to reap financial rewards. Shrinking Federal funding has made
industry an important source of research; however, companies with financial interests in studies
have more control over what doctors and patients learn about new treatments

During COVID-19, it seems that numerous, small stand-alone trials and observational studies of
single treatments or interventions have grown, in part due to uncoordinated clinical research.®
Some fear that so many trials have launched in response to COVID-19 that this could actually
prevent studies from producing useful results — either because some may be potentially
redundant or because each study does not involve enough patients to reach accurate conclusions.”

Clinical trials are much more difficult to conduct during pandemics. Researchers, institutional
review boards, and regulators are accustomed to developing trial plans over months, not weeks.®
Healthcare workers and trial coordinators must collect detailed data at regular intervals; this is

! “Treatments for COVID-19,” Harvard Health Publishing, Updated June 5, 2020, accessed here:
hitps://www health mrvard.edw/diseases-and-conditions/Areatments-for-covid-19
2 See https:/felinicaltrials gov/et fresults/details?cond=COVID-16.

3 Howard Bauchner and Phil Fontanarosa, “Randomized Clinical Trials and COVID-19: Managing Fxpectations,” JAAA, May 4,
2020, accessed here: hitps:/jamanetwork.conviournals/ama/fullarticle/2765696.

4 Eduardo Hariton and Toseph J. Locascio, “Randomized controlled trials—the gold standard for effectiveness research: Study
design: randomized control trials,” BJOG, Vol. 125(1331716, DOL: 10.1111/1471-03528.15199, December 2018, accessed here:
httpsy//www nebinlm.nibh gov/pme/articles/PMC62 35704/,

5 Meredith Cohn, “Industry funds six times more clinical trials than feds, research shov
accessed here: https./www, balti un.comhealth/bs-he-trial-funding-20151214-5 L
§ Hans-Georg Eichler, et al, “Cli als for COVID-19: Can we Better Use the S| ndow of Opportunity?” Clinical
Pharmacology & Therapeatics, DOL: https:/fdorore/10.1002/cpt. 1891, May 14, 2020, accessed here:

ttps://ascpt ontinelibrary wiley com/dorfull/10, 1002/cpt. 1891

7 Zachary Brennan, “The latest obstacle in the search for a coronavirus treatment: Too many drug trials,” Politico, April 30, 2020,
accessed here: hitps:/foww politico com/news/f2020/04/30/coronavirus-drug-treatment-irials-227508.

8 R. Kiplin Guy, et al, “Rapid repurposing of drugs for COVID-19,” Science, Vol. 368, Issue 6493, pp.829-830, DOL:
10.1126/science.abb9332, May 22, 2020, accessed here: https:/fscience sciencemag . org/content/308/6493/829.

” Baltimore Sun, December 15, 2015,
1
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harder when they lack adequate personal protective equipment and their workloads are already
stretched thin.

Recruiting patients can also be challenging; even under ideal settings, trials can fail due to a lack
of patient enrollment. An early explosion of cases followed by a steady decrease means that the
recruitment window remains open only for a small amount of time. During the 2014-2016 Ebola
outbreak in West Africa, for instance, the National Institutes of Health (NIH) was forced to
cancel a trial of a promising therapeutic after the outbreak’s decline made it impossible to find
enough participants

In addition, physicians at trial sites that evaluated Gilead’s remdesivir in Boston, New York, and
Atlanta faced barriers to recruiting minority patients in clinical trials. Some of the sites working
on the NIH-funded trial said that they did not receive consent forms for the study in Spanish.'®
To avoid wasting personal protective equipment, physicians working with translators had to call
into the COVID-19 patients’ rooms instead of being at the bedside. Some of the researchers said
that explaining the study and getting consent took up to four hours, per patient.!!

Researchers argue that “for every week that trials do not deliver, more and more patients are
exposed to the wrong treatments, which well-designed and rapidly run clinical trials could have
taken off the table, making space to pursue, other, and ultimately more meaningful, therapeutic
options.”? Without coordinated clinical research, well-funded scientific infrastructure, and
reasonable regulatory flexibility and oversight, our efforts to find treatments for COVID-19 will
be delayed.

Larger “platform” trials, like the World Health Organization’s Solidarity clinical trial, facilitate
the comparison of multiple treatments and approaches within a trial and across trials.”® The FDA
could encourage researchers to leverage “master protocols” that allow them to test multiple
potential COVID-19 therapies at once.'* However, the FDA does not have the power to
coordinate trials—only to approve their design based on safety and efficacy criteria.!®

FDA Approval for Repurposed Therapeutics

Developing COVID-19 therapeutics by repurposing approved drugs used for other illnesses takes
advantage of existing information to enable rapid clinical trials and regulatory review,'¢
Researchers can screen numerous drugs at one time, testing whether they may have an

° During a subsequent Ebola outbreak in 2019, the NIH was able to generate enough clinical evidence to show that the
therapentic was ineffective. Zachary Brennan, “The latest obstacle in the search for a coronavirus treatment: Too many drug,
trials,” Politico, April 30, 2020, accessed here: hitps:/www.politico.cony/news/2020/04/30/coronavirus-drug-treatment-frials-
227508,

18 Zachary Brennan, “Hit hard by the coronavirus, minorities find access to potential COVID-19 drugs via hospitalizations,”
Politico, May 20, 2020,

.

12 Hans-Georg Fichler, et al, “Clinical Trials for COVID-19: Can we Better Use the Short Window of Opportunity?” Clinical
Pharmacology & Therapeutics, DOL https://doi.org/10.1002/cpt. 1891, May 14, 2020, accessed here:

httpsi/fasept ondinelibrary. wiley com/doy/full/ 10,1002
B,

14 Stephen Hahn, Peter Marks, and Janet Woodcock, “The Path Forward: Coronavirus Treatment Acceleration Program,” FDA,
April 20, 2020, accessed here: https: fwww . fda. govinews-events/fda-voices/path-forward-coronavirus-treatment-agceleration-
program.

1% Zachary Brennan, “The latest obstacle in the search for a coronavirus treatment: Too many drug trials,” Politico, April 30,
2020, accessed here: https:/fwww. politico.com/mews/2020/04/30/coronavirus-drug-treatment-trials-22 7308,

19 R. Kiplin Guy, et al, “Rapid repurposing of drugs for COVID-19,” Science, Vol. 368, Issue 6493, pp.829-830, DOL:
10.1126/science.abb9332, May 22, 2020, accessed here: hitpsi//science selencemaz.org/content/368/6493/829.
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unexpected potential to fight the SARS-CoV-2 virus, and then narrow down a list of the most
promising candidates.!” Preclinical testing can move faster since scientists already have a general
understanding of these drugs’ toxicity, efficacy, and safety information.

When the FDA approves a drug for a particular purpose, it allows the company selling the drug
to label and market it for that purpose. These approvals are made after the company submits
sufficient evidence that the drug is safe and effective. In vitro, or “test tube” tests, and animal
studies provide mechanistic information, giving preliminary evidence that the drug has the
intended effect on the virus being studied. Companies then use this information to apply for FDA
approval to move into clinical trials. These consist of three phases of testing, where controlled
experiments are done on increasingly larger populations to determine the safety and efficacy of
the drug.'® The FDA’s Center for Drug Evaluation and Research (CDER) then reviews the
information submitted by pharmaceutical companies and determines whether the demonstrated
benefits of the drug outweigh any demonstrated risks.

When a drug is finally granted FDA approval, a company has received permission to market it
for the specific indications that were tested and reviewed by the FDA. However, physicians are
legally permitted to prescribe drugs for off-label purposes that have not been studied by the
company or approved by FDA.™ In order for an approved drug to be labeled and marketed for
another purpose, the same clinical trial process must cccur. Safety trials can typically be
expedited, due to the drug’s prior clinical trials, but key questions must still be answered. The
population taking the drug for its labelled use might be entirely different than the population that
would take it for COVID-19 treatment. For example, there exists a wealth of information in the
FDA’s safety database on the benefits and risks of taking hydroxychloroquine for lupus or
arthritis. However, patients sick with COVID-19 may be older and sicker, and the disease may
have compromised organs that tend to be healthy in the typical lupus or arthritis patient. Thus,
CDER'’s risk-benefit calculation — the determining factor for FDA approval — is fundamentally
different when the drug is applied to a different disease in a different population. For example, a
higher level of risk might be acceptable for a deadlier disease; or, if a drug is less effective on
COVID-19 than it is for its approved use, its toxicity levels may be deemed unacceptable given
the only marginal benefit.

Numerous drugs are currently being tested for their effectiveness against COVID-19. Most
notable are hydroxychloroquine and chloroquine, which have been FDA-approved as anti-
malarials®® and have scientific support for several off-label uses; remdesivir, an antiviral that
currently has no FDA-approved uses;?! and famotidine, an over-the-counter heartburn

17 Carl Zimmer, “Old Drugs May Find a New Purpose: Flghtmo the Coronavirus,” New York Times, May 1, 2020, accessed here:
https [Avww nytimes.com/2020/04/30/health/corons antiviral-drogs. himl

1% “Development and Approval Process | Drugs,” U.S. Food and Drug Administration, accessed here:

Ittps/www. {da.zov/drugs/development-approval-process-drugs

1 Rebecca Dresser and Joel Frader, “Off-Label Prescribing: A Call for Heightened Professional and Government Oversight,”
The Journal of Law, Medicine, and Ethics, Fall 2009, accessed here: https:/www.ncbinbn nih cov/pme/articles/PMC2836889/
* “Plaguenil,” U.S. Food and Drug Administration, accessed here:
hitps/Awww. aceessdata. fda gov/drugsatida does/label/2017/0097685037504 5504 Tibl pdf
2 Andrew Joseph, “As the coronavirus spreads, a drug that once raised the world’s hopes is given a second shot,” Stat News,
March 16, 2020, accessed here! httpsi//www. statnews.com/2020/03/1 6/remdesivir-surges-ahead-against-coronavirus’




6

medication.” Remdesivir has been granted an Emergency Use Authorization (EUA) for the
treatment of COVID-19, based on preliminary clinical trial results >

Emergency Use Authorizations

The Secretary of Health and Human Services (HHS) has the authority to grant EUASs to facilitate
the availability of medical products during public heaith emergencies. This allows the Federal
government to provide state and local governments with medical supplies through the Strategic
National Stockpile. HHS can grant EUAs to unapproved drugs, or to off-label uses for drugs. A
public health emergency must be declared in order for HHS to issue EUAs, and the EUA elapses
once the public health crisis has concluded ™

The standards for granting an EUA are much lower than the standards for FDA approval of a
drug. The FDA may issue an EUA if “it is reasonable to believe that the product may be
effective in diagnosing, treating, or preventing the serious or life-threatening disease or
condition.”® There are no public hearings held to solicit comment as there would be in a drug
approval process, and only a few senior FDA officials might review the EUA, rather than a
number of FDA staff and scientists. %

Hydroxychloroguine

On March 28, the FDA issued an EUA for hydroxychloroquine and chloroquine, anti-malarial
medications that have been approved for use in lupus and arthritis cases. Chleroquine has shown
anti-viral properties in various in vitro tests, and it has been proposed as a treatment for
numerous diseases, including SARS, Ebola, dengue, Zika, and chikungunya. However, in animal
studies, chloroquine was not effective in combatting these viruses, and in some cases
exacerbated the diseases *” Hydroxychloroquine and chioroquine entered the COVID-19
conversation in March, when various media outlets began reporting on the drugs’ potential
antiviral properties, and a French paper was published suggesting that a combination of
hydroxychloroquine and an antibiotic had been effective in a small number of COVID-19
patients. President Trump then began publicly advocating for use of the drugs on his Twitter
account and at White House press briefings. ®® On March 23, he announced, “At my direction, the

22 Blizabeth Cohen, “Common heartburn drug may have helped 10 patients at home with Covid-19,” C
accessed here: hitps:/fwoww.onn. u)m,7()20/06/(74/huﬂih/ famotidine-covid-1 9-case-series-studv/ndex hitmld

2 “Dmergency Use Authorization,” U.S. Food and Drug Administration, Updated Jane 13, 2020, accessed here:
https:/Awvww fda gov/emergency-preparedness-and-response/mem-tegat-regulatory-and-policy-framework/emergency-use-
authorizationfcoviddrus
2 “FAQs on Emergency Use Authorizations (EUAs) for Medical Devices During the COVID-19 Pandemic,” U.S. Food and
Drug Administration, April 29, 2020, accessed here: hitps//www.{da.gov, /mmdlwi deviges/emergency-situgtions-medical-
fags-emergency-use-agutherizations-cuas-medical-dk ~darin
mergency Use Authorization,” U.S. Food and Drug Administration | Public Health }mergenw September 3, 2019, accessed
here: https:/fwww . phe.gov/Preparedness/plannmg/authority/Pages/ena asps
26 Nicholas Florko, “Why was an obscure federal bureaucrat involved in Trump’s emergency hydroxychloroguine
authorization?,” Stat News, April 24, 2020, accessed here: hitps//www statnews.com/2020/04/24/whv-rick-bright-involved-
Irydroxychloroguine/

7 Franck Tournet and Xavier de Lamballerie, “Of chloroquine and COVID-19.” Antiviral Research, Vol. 177, May 2020,
accessed here: hitps://www sciencedirect. conv/science/article/pii/S01 66354220301 1457via%3Dihub

3 Philip Bump Tlu. risc and fall of Trurnp"b obs ion Wi ith hy dxoxx d11010quim, asl:fnglon Pott April 24 2020, accessed

/N, June 5, 2020,
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federal government is working to help obtain large quantities of chloroquine.”” The FDA issued
an EUA for chloroquine and hydroxychloroquine on March 28.%¢

The decision to issue an EUA came under fire from scientists, including a number of former
FDA officials. While FDA has the flexibility to extend EUAs to drugs that do not meet the
threshold for FDA approval — and while this flexibility is important — experts were concerned
that the lack of any clinical evidence for hydroxychloroquine’s and chloroquine’s effectiveness
would send a confusing, and potentially harmful, message. Furthermore, widespread use of the
drugs would potentially interfere with researchers’ ability to collect meaningful data.!

On June 15, the FDA revoked the EUA for hydroxychloroquine and chloroquine after
concluding that it is “no longer reasonable to believe that oral formulations of
[hydroxychloroquine] and [chloroquine] may be effective in treating COVID-19, nor is it
reasonable to believe that the known and potential benefits of these products outweigh their
known and potential risks”*2 The notice of revocation noted that previous findings regarding the
drugs” effect on viral shedding have not been replicated in controlled experiments, and that no
experiments have shown decreased mortality or other positive outcomes due to use of the
drugs.®

2.

% Letter from Denise M. Hinton to Rick Bright, “Request for Emergency Use Authorization For Use of Chloroquine Phosphate
or Hydroxychloroquine Sulfate Supplied From the Strategic National Stockpile for Treatment of 2019 Coronavirus Disease,”
U.S. Food and Drug Administration, March 28, 2020, accessed here: Qttps://www. Ida.govimedia/136534/download

3 Charles Piller, “TFormer FDA leaders decry emergency authorization of malaria drugs for coronavirus,” Seience, April 7, 2020,
accessed here: hitps/fvww. sciencemag ore/news/2020/04/former-fda-leaders-decry-emergencv-authorization-malaria-drugs-

us

3 Letter from Denise M. Hinton to Gary L. Disbrow, U.S. Food and Drug Administration, June 15, 2020, accessed here:
httpsi/fwww, fda gov/medial/ 38945/download

¥d,
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Chairman FoSTER. Without objection, the Chair is authorized to
declare recess at any time.

Before I deliver my opening remarks, I wanted to note the un-
usual circumstances under which we’re meeting today. Pursuant to
Resolution 965, today, the Subcommittee will be meeting virtually.
This is not how any of us would prefer to perform our duties, but
remote work is unfortunately a necessity at the current moment
and a reflection of the part we all have to play in slowing the
spread of COVID-19.

In light of this remote format, I want to offer some reminders to
the Members about the conduct of the hearing. Members should
keep their video feed on as long as they are present at the hearing.
Members are responsible for muting and unmuting their own
microphones, and please keep your microphones muted unless
you’re speaking. You know, much as we love your family dog [audio
malfunction].

And finally, if Members have documents they wish to submit for
the record, please email them to the Committee Clerk, whose email
address was circulated prior to the hearing.

Well, good afternoon and welcome to the first virtual hearing of
the Committee on Investigations and Oversight. Today, we're dis-
cussing a critical issue: research into repurposing of existing thera-
peutic drugs for COVID-19 treatment, as well as the scientific
basis for the Federal Government’s evaluation of such drugs.

I appreciate our witnesses being here under these unusual cir-
cumstances, but these are very important issues, and we look for-
ward to your testimony.

Today’s hearing revolves around one of humanity’s most prom-
ising tools in its public health response to the current pandemic:
repurposing existing therapeutic drugs to treat COVID-19. The ap-
peal of repurposing existing therapeutics is obvious. These drugs
have already been developed, they have already been manufac-
tured, and in some cases can quickly be accessed in large quan-
tities. And for drugs that have already been approved to treat other
diseases, a certain amount of safety data is often available to regu-
lators.

In the absence of any COVID-19 vaccine or novel treatment, ex-
isting therapeutics could potentially offer critical assistance for se-
verely ill patients and bridge the gap until more prevention and
treatment options become available. But with great promise comes
great concerns. Since existing therapeutics rest at our fingertips
and have demonstrated benefits in other circumstances, it can be
all too easy in the midst of a pandemic to cut corners and to seek
shortcuts to longstanding regulatory processes, and we can’t allow
that to happen. The evaluation process to repurpose approved
drugs is there for a reason: to ensure that existing therapeutics,
which could carry significant health risks for COVID-19 patients,
are assessed through the prism of scientific and medical data and
sanctioned on the basis of factual evidence regarding safety and ef-
ficacy in their new context. And while the process itself should be
flexible and as fast as possible, the integrity of the process must
be firmly upheld.

The research community’s evidence-based evaluation of existing
therapeutics must be paramount, and political considerations must
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never enter into the equation for any specific treatment. If politics
is allowed to interfere, scientific research may be distorted, pa-
tients may be placed at risk, and the faith of the public in our
whole public health mechanism may be shaken.

Unfortunately, we’re seeing the consequences of some political in-
terference in the controversy surrounding two existing therapeutic
drugs, chloroquine and hydroxychloroquine. In March, the FDA
(Food and Drug Administration) issued an emergency use author-
ization (EUA) for these drugs as COVID-19 treatments. The sci-
entific evidence to support this decision was dangerously thin, but
the political considerations were clear. And our President became
the world’s loudest cheerleader for both drugs. Researchers, ex-
perts, and former FDA officials all questioned the decision for lack-
ing a sufficient scientific basis.

And now, nearly 3 months later, the FDA just this week revoked
the emergency use authorization, acknowledging the clinical data
showing the drugs, quote, “may not be effective to treat COVID-
19” and that, quote, the “potential benefits for such use do not out-
weigh the known and potential risks.” This is a clear example of
the dangers of allowing political considerations to distort what
should be a scientific process reliant upon unbiased scientific eval-
uation.

This hearing will explore the importance of supporting scientific
research into repurposing existing therapeutics as COVID-19
treatments and the cost of neglecting science when politics in-
trudes. The research community is currently engaged in a heroic
effort to explore as many therapeutics as possible in the search for
a COVID treatment. The Federal Government supports many of
these efforts, but there may be more that we can do as policy-
makers to provide researchers with the funding and the conditions
that they need to make progress. And there may also be more that
we can do to uphold the integrity in the role of science as the foun-
dation for Federal efforts in this area.

Our witnesses bring diverse perspectives with deep experience in
these areas. I look forward to learning from them about the most
effective way for the Federal Government to support research into
repurposing existing therapeutics for this pandemic and probably—
unfortunately, probably for the next one. Well, thank you all.

[The prepared statement of Chairman Foster follows:]

Today’s hearing revolves around one of humanity’s most promising tools in its
public health response to the current pandemic: repurposing existing therapeutic
drugs to treat COVID-19. The appeal of repurposing existing therapeutics is obvi-
ous. These drugs have already been developed; they have already been manufac-
tured, and in many cases can quickly be accessed in large quantities; and for drugs
that have already been approved to treat other diseases, a certain amount of safety
data is already available to regulators. In the absence of any COVID-19 vaccine or
novel treatment, existing therapeutics could potentially offer critical assistance for
severely ill patients and bridge the gap until more prevention and treatment options
become available.

But with great promise comes great temptation. Since existing therapeutics rest
at our fingertips and have demonstrated benefits in other circumstances, it can be
all too easy in the midst of a pandemic to cut corners and seek shortcuts to long-
standing regulatory processes. We cannot allow this to happen. The evaluation proc-
ess to repurpose approved drugs exists for a reason: to ensure that existing thera-
peutics, which could carry significant health risks for COVID-19 patients, are as-

sessed through the prism of scientific and medical data and sanctioned on the basis
of factual evidence regarding safety and efficacy in their new context. While the
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process itself should be flexible, the integrity of the process must be firmly upheld.
The research community’s evidence-based evaluation of existing therapeutics must
be paramount, and political considerations must never enter into the equation for
any specific treatment. If politics is allowed to interfere, scientific research may be
distorted, patients may be placed at risk, and the faith of the public may be shaken.

Unfortunately, we are seeing the consequences of political interference in the con-
troversy surrounding two existing therapeutic drugs, chloroquine and
hydroxychloroquine. In March, the FDA issued an Emergency Use Authorization for
the drugs as COVID-19 treatments. The scientific evidence to support this decision
was dangerously thin, but the political considerations were clear: President Trump
had become the world’s loudest cheerleader for both drugs. Researchers, experts,
and former FDA officials all criticized the decision for lacking a sufficient scientific
basis. Now, nearly three months later, the FDA just this week revoked the EUA,
acknowledging clinical data showing that the drugs “may not be effective to treat
COVID-19” and that the “potential benefits for such use do not outweigh its known
and potential risks.” This is a clear example of the dangers of allowing political con-
siderations to distort a process reliant upon unbiased scientific evaluation.

This hearing will explore the importance of supporting scientific research into
repurposing existing therapeutics as COVID-19 treatments, and the costs of neglect-
ing science when politics intrudes. The research community is currently engaged in
a heroic effort to explore as many existing therapeutics as possible in the search
for a COVID treatment. The federal government supports some of these efforts, but
there may be more we can do as policymakers to provide researchers with the fund-
ing and the conditions they need to make progress. There may also be more we can
do to uphold the integrity of the role of science as the foundation for federal efforts
in this area. Our witnesses bring diverse perspectives with deep experience on these
issues. I look forward to learning from them about the most effective way for the
federal government to support research into repurposing existing therapeutics, now
and for the next pandemic.

Chairman FOSTER. And the Chair will now recognize Mr. Lucas,
the Chair of the Full Committee, for an opening statement.

Mr. Lucas. Thank you, Chairman Foster, and thank you to our
witnesses for their participation today.

The COVID-19 pandemic is unlike anything we've faced since
the 1918 Spanish flu. In those days, we had very few tools to slow
the spread of the virus, develop treatments, or produce a vaccine
to make ourselves immune to it. Thankfully, that has changed. Our
Nation’s research enterprise, including government, academia, and
industry, is the expertise, resources, and talent needed to fight this
pandemic. The work they’re doing to model the virus, screen poten-
tial treatments, and engineer new medical equipment is truly life-
saving.

We have supercomputers, advanced manufacturing techniques,
and even advanced photon sources being used to fight COVID-19.
From PPE (personal protective equipment) manufacturing and new
vaccine developments to repurpose existing therapeutics, America’s
scientific community has heeded the call to action.

An excellent example of the public-private collaboration,
leveraging technology to fight a common cause, is the COVID-19
High-Performance Computing Consortium. Though this OSTP (Of-
fice of Science and Technology Policy)-led collaboration, COVID-19
researchers can access the world’s most powerful computing re-
sources to run complex models and develop large numbers of cal-
culations at astonishing speeds. By leveraging these computing re-
sources and deploying artificial intelligence (AI) and machine-
learning techniques, researchers can determine which drugs have
the potential to be repurposed against COVID-19 at a speed and
scale previously unthinkable. Technology will continue to play a
critical role in saving lives and preventing the spread of COVID-
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19. And our Federal research enterprise must have access to the
resoulrl'ces and the technology necessary to do their jobs and to do
it well.

That’s why I introduced the “COVID Research Act of 20207,
which would create an interagency working group and establish a
national strategy to address infectious diseases. Additionally, this
bill authorizes %50 million for DOE’s (Department of Energy’s) in-
fectious disease research program over the next two years. Working
together with NASA (National Aeronautics and Space Administra-
tion) and the NSF (National Science Foundation), this program
gives us the ability to utilize the Federal Government’s computing
resources to respond to infectious diseases.

Our national labs have already demonstrated the value of using
high-performance computing and advanced research facilities to
model novel coronavirus, understand its effects on human cells,
and predict its spread. I'm pleased to learn that there is work un-
derway at Argonne National Lab that is particularly relevant to
repurposing therapeutics to fight COVID-19.

And thank you, Dr. Stevens, for being here today. I look forward
to learning more about this important work.

And, more broadly, I'd like to extend my thanks to the entire sci-
entific community, researcher after researcher, lab after lab piv-
oting immediately to fight COVID-19 when it reached our shores.

When I began serving as Ranking Member of the Committee, I
said one of our most important responsibilities is to tell the story
of science and to make sure our constituents understand the tre-
mendous research being done and why it matters to the next gen-
eration of Americans. This story in particular, how American sci-
entists, researchers, and engineers responded to COVID-19 is one
everyone should know, and I hope my colleagues will use this hear-
ing as one more opportunity to share this work.

And with that, Mr. Chairman, I yield back.

[The prepared statement of Mr. Lucas follows:]

Thank you, Chairman Foster. And thank you to our witnesses for your participa-
tion today.The COVID-19 pandemic is unlike anything we have faced since the 1918
Spanish flu. At the time, we had very few tools to slow the spread of the virus, de-
velop treatments, or produce a vaccine to make ourselves immune to it. Thankfully,
that has changed.

Our nation’s research enterprise, including government, academia, and industry,
has the expertise, resources, and talent needed to fight this pandemic. The work
they’re doing to model the virus, screen potential treatments, and engineer new
medical equipment is truly lifesaving.

We have supercomputers, advanced manufacturing techniques, and even ad-
vanced photon sources being used to fight COVID-19. From PPE manufacturing and
new vaccine development to repurposing existing therapeutics, America’s scientific
community has heeded the call to action.

An excellent example of public-private collaboration leveraging technology to fight
a common cause is the COVID-19 High Performance Computing Consortium.
Through this OSTP-led collaboration, COVID-19 researchers can access the world’s
most powerful computing resources to run complex models and perform large num-
bers of calculations at astounding speeds.

By leveraging these computing resources and employing artificial intelligence and
machine learning techniques, researchers can determine which drugs have the po-
tential to be repurposed against COVID-19, at a speed and scale previously unthink-
able. Technology will continue to play a critical role in saving lives and preventing
the spread of COVID-19. And our federal research enterprise must have access to
the resources and technology necessary to do their jobs, and to do it well.

That’s why I introduced the COVID Research Act of 2020, which would create an
interagency working group and establish a national strategy to address infectious
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diseases. Additionally, this bill authorizes $50 million for DOE’s Infectious Disease
Research Program over the next two years. Working together with NASA and NSF,
this program gives us the ability to fully utilize the federal government’s computing
resources to respond to infectious diseases.

Our National Labs have already demonstrated the value of using high-perform-
ance supercomputing and advanced research facilities to model the novel
coronavirus, understand its effects on human cells, and predict its spread. I'm
pleased to learn that there is work underway at Argonne National Lab that is par-
ticularly relevant to repurposing therapeutics to fight COVID-19. Thank you, Dr.
Stevens, for being here today. I look forward to learning more about this important
work. And, more broadly, I'd like to extend my thanks to the entire scientific com-
munity. Researcher after researcher and lab after lab pivoted immediately to fight
COVID-19 when it reached our shores.

When I began serving as Ranking Member of this Committee, I said that one of
our most important responsibilities is to tell the story of science and make sure our
constituents understand the tremendous research being done, and why it matters
to the next generation of Americans.

This story in particular—how American scientists, researchers, and engineers re-
sponded to COVID-19—is one everyone should know, and I hope my colleagues will
use this hearing as one more opportunity to share this work.

I yield back.

Chairman FOSTER. Thank you. And if there are Members who
wish to submit additional opening statements, your statements will
be added to the record at this point.

[The prepared statement of Chairwoman Johnson follows:]

Thank you, Chairman, Foster, and thank you to all of our esteemed witnesses for
appearing before the Subcommittee today. It is so important to learn from experts
about these critical issues because the threat of COVID-19 has not diminished. I
have seen in recent days, in Dallas and throughout the state of Texas, how precar-
ious our situation truly is and how we all must reinforce our commitment to com-
bating the pandemic. It has been clear from the beginning and it remains clear
today: science-based policymaking, rooted in facts and guided by the best efforts of
the scientific community, is the key to overcoming this challenge. I am glad that
today’s hearing can help inform the federal government’s response to the pandemic
in the months to come.

Repurposing existing therapeutics for COVID-19 treatment would be an important
tool in the world’s pandemic toolkit. Until a vaccine emerges, we must do everything
possible to develop treatments that can save lives, and it makes a great deal of
sense to evaluate drugs that have already been approved in other circumstances. I
have been encouraged by the immense effort and resources that America’s research
community has dedicated to this cause. The federal government should be doing ev-
erything in its power to promote these research efforts, and I am eager to learn how
we can do more to support the research community’s critical work.

I also want to better understand how the federal government can work with the
research community to prepare for the next pandemic. There may be opportunities
for the federal government to collaborate with the research community on broad
issues such as prioritizing certain drug candidates, efficiently deploying limited re-
sources, and coordinating efforts among the vast network of research institutions
engaged in this work. These questions must be approached in a deliberative man-
ner, and we should start to consider them now so that we are better prepared next
time.

As we think about these issues, we must never lose sight of the paramount impor-
tance of upholding scientific integrity at all times. Repurposing existing drugs in the
midst of a pandemic carries high stakes, and federal policymaking must be done the
right way, based solely on thebest available science and free from any political inter-
ference. The controversy surrounding the FDA’s Emergency Use Authorization for
hydroxychloroquine demonstrates all too well the damage that can occur when polit-
ical considerations inappropriately influence the process. The government’s actions
to address the nation’s needs during this public health crisis must only be guided
by scientific evidence—never political pressure.

The research community is rising to the challenge of COVID-19, and I have no
doubt that it will continue to perform magnificently. Thank you again to all of the
witnesses. I yield back.

Chairman FOSTER. At this point I'd like to introduce the wit-
nesses. Our first witness is Dr. Peter Lurie. Dr. Lurie is the Presi-
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dent of the Center for Science in the Public Interest (CSPI), a non-
profit health advocacy group based in Washington, DC. Before join-
ing CSPI, he held several positions at the Food and Drug Adminis-
tration, including a stint at the—as the FDA’s Associate Commis-
sioner for Public Health Strategy and Analysis. He served nearly
8 years as a top official of the FDA.

Our next witness is Dr. James Finigan. Dr. Finigan is the Direc-
tor of the Respiratory Centers of Excellence at National Jewish
Health, the Nation’s leading respiratory hospital. He’s also the
Medical Director of the Lung Cancer Screening Program at the Na-
tional Jewish Health. Dr. Finigan is a pulmonologist with a re-
search focus on lung cancer and injury.

Our third witness is Dr. Rick Stevens. Dr. Stevens is the Asso-
ciate Laboratory Director for Computing, Environment, and Life
Sciences at Argonne National Laboratory. He also serves as the
leader of Argonne’s Exascale Computing initiative. He’s worked at
Argonne Lab since 1982.

Our final witness is Dr. Benjamin Rome. Dr. Rome is an Asso-
ciate Physician at Brigham and Women’s Hospital in Boston, Mas-
sachusetts. He’s also a Postdoctoral Research Fellow at Harvard
Medical School. Dr. Rome’s academic research focuses on the FDA
approval process for drugs and medical devices, as well as the ef-
fect of Federal policies and regulations on drug pricing and utiliza-
tion.

As our witnesses should know, each of you have 5 minutes for
your spoken testimony. Your written testimony will be included in
the record for the hearing. And when you've all completed your spo-
ken testimony, we will begin with questions. Each Member will
have 5 minutes to question the panel. And if there is time, we may
be able to have a second round of questions from those Members
who are in attendance.

And we'll now start with Dr. Lurie.

TESTIMONY OF DR. PETER LURIE, PRESIDENT,
CENTER FOR SCIENCE IN THE PUBLIC INTEREST

Dr. LUriE. Well, thank you, Chairman Foster, Ranking Member
Lucas, and other Committee Members, for inviting me to testify on
this important topic. For this testimony, I'm defining repurposed
drugs as approved drugs for which a second indication for COVID-
19 is sought. Some other witnesses may use other definitions.

Unfortunately, the unmistakable allure of repurposed drugs is
not enough on its own. Effectiveness for one condition does not
guarantee effectiveness for a second even closely related condition.
Target populations may be demographically and medically dif-
ferent, and so even the existing safety databases may have only
limited relevance. The product may be administered in different
doses or by different routes than for the first condition.

So, let’s look at two repurposed drugs. The antimalarial drugs
chloroquine and hydroxychloroquine, which I'm considering to-
gether, would likely have languished well down the list of can-
didates for COVID-19 had they not been catapulted to prominence
by President Trump’s comments. On March 21st, the President de-
scribed them as, quote, “one of the biggest gamechangers in the
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history of medicine” and later stated that he was taking the drug
himself, the ultimate celebrity endorsement.

On March 28th, under pressure from the Administration, FDA
granted the drugs an emergency use authorization, EUA, but the
evidence provided for this EUA was less than that provided for
many previous EUAs.

Eventually, the scientific process played itself out with several
observational studies that demonstrated either no benefit from the
drugs or even indicated that mortality rates were higher. FDA
issued a warning that the drugs cause life-threatening arrhyth-
mias. And finally, there were two randomized controlled trials, the
gold standard for scientific evidence. The first suggested that the
product was ineffective in preventing infection among those ex-
posed to the virus, and the second, that it was also ineffective in
treating SARS-CoV-2 infection itself. On June 15th, FDA revoked
the EUA.

What can we learn from this embarrassment? Well, first, we
should adhere to accepted methods of drug discovery even in a pan-
demic. It is the painstaking process of conducting randomized con-
trol trials that ultimately produces definitive evidence even if it is
definitive evidence of lack of effectiveness.

Second, the patients in the President’s phrase did have a lot to
lose. Life-threatening arrhythmias were fairly common. Even pa-
tients  without COVID-19 suffered as those needing
hydroxychloroquine for its FDA-approved conditions had difficulty
obtaining the drug due to increased demand.

Finally, the President’s announcements distorted the overall re-
search effort for COVID-19. It is inconceivable that, left to their
own devices, scientists would have designed over 150 randomized
controlled trials assessing the effectiveness of these drugs. How
many more promising drugs were left unstudied or understudied as
researchers pivoted to address the headlines?

A second problematic repurposed drug is famotidine, an over-the-
counter heartburn drug also known as Pepcid, a seemingly unlikely
drug for COVID-19. One of its primary advocates is a Boston phy-
sician named Dr. Michael Callahan, who was also a consultant on
the Staff of the Assistant Secretary for Preparedness and Response,
ASPR, Dr. Robert Kadlec. Under Dr. Kadlec’s direction, Dr. Cal-
lahan, having advocated for the drug, assisted a pharmaceutical
company and a hospital to prepare an application for funding to
ASPR to conduct a trial of famotidine. Shortly thereafter, Dr.
Kadlec ordered a hefty $21 million contract to these entities. Senior
officials were cut out of the granting process.

There are two other prominent drugs worth mentioning here.
The first, remdesivir, is the only drug so far proved effective
against SARS-CoV-2, but it is not a repurposed drug at least in my
definition. Rather, it is an unapproved drug with known antiviral
activity demonstrated to be effective in a study funded by NIH (Na-
tional Institutes of Health).

The second drug, dexamethasone, is the first drug to reduce mor-
tality in patients with COVID-19. Whether it’s a repurposed drug
is a matter of definition as it’s long been approved but is often con-
sidered as a general treatment for severe respiratory illness based
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on its anti-inflammatory activity and is not directed to SARS-CoV-
2 itself.

But the benefits of these two drugs were demonstrated the old-
fashioned way, through rigorous, randomized controlled trials. In-
terestingly, the dexamethasone results are derived from the same
British study that reported the ineffectiveness of hydroxy-
chloroquine. That trial is very large and able to test multiple can-
didate therapies simultaneously. In contrast, the clinical trials ef-
fort in the United States has been fragmented and poorly
prioritized, resulting in many relatively small studies often testing
the same drugs with some patients struggling—some studies strug-
gling to enroll patients.

In conclusion, so far in this pandemic, effective treatments have
not been identified by anecdote, by wishful thinking, by Presi-
dential pronouncement, or by questionable contracting practices.
They were identified instead by the fair, transparent, and system-
atic application of the very scientific principles that for decades
have delivered so many safe and effective treatments. But when we
departed from these principles, precious time was lost, resources
were squandered, and some patients paid with their lives. Thank
you.

[The prepared statement of Dr. Lurie follows:]
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Testimony of Peter Lurie, MD, MPH
President, Center for Science in the Public Interest
Before the U.S. House of Representatives Committee on Science, Space, & Technology
Subcommittee on Investigations and Oversight
“Repurposing Therapeutic Drugs for COVID-19; Research Challenges and Opportunities”

June 19, 2020

| want to thank Chairman Foster, Ranking Member Norman, and other committee members for
inviting me to be a witness on behalf of the Center for Science in the Public Interest (CSPI) at
this important hearing. CSPI is an almost 50-year-old advocacy group that is a watchdog on
food and health issues on behalf of US consumers. We have been actively involved in COVID-19
issues, including building an online hub that aggregates all international databases containing

evidence on COVID-19 {https://cspinet.org/covid-19-evidence-hub) and advocating for better

workplace protections, particularly for those in the meatpacking industry.

The COVID-19 epidemic has produced unparalleled amounts of scientific information and has
done so more rapidly than ever in history, as thousands of researchers across the globe have
turned their attention to the disease. By one estimate, perhaps 52,000 papers will have been
completed by mid-june. One particular focus of research has been repurposing existing drugs to
treat COVID-19. This approach has an understandable allure: Such a drug would already be
produced on a large scale, the product would have been found effective by the Food and Drug

Administration (FDA) or other regulatory authority for a particular use, the sponsor would have
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submitted data regarding the safety of the drug, and physicians would have experience

prescribing it.

Unfortunately, it's not so simple. Effectiveness for one condition does not guarantee
effectiveness for a second condition, even a closely related one. The target populations may be
demographically and medically different and so even the existing safety database and clinical
experience may have only limited relevance. The product may need to be administered in
different doses or by different routes than for the first condition. Together, these factors

require that FDA conduct a unique risk-benefit assessment for the potential new use.

Sad to say, shortcuts do not come often in science. And our experience with two repurposed
drugs in the COVID-19 pandemic reinforces the need to adhere to established scientific

principles.

The experience with the anti-malarial drugs chloroquine and hydroxychloroquine {which | will
consider as one drug for the purposes of this testimony) illustrates how data-free speculation
can have disastrous consequences. The drug was frequently mentioned as a potential
treatment for viral infections in the past, but, despite some promising early findings in
laboratory testing, it never proved effective at preventing or treating those infections in clinical
studies. It would likely have languished well down the list of candidate therapies for COVID-19
had it not suddenly been catapulted to prominence by President Trump’s comments. On March

21, for example, the President described it as “one of the biggest game changers in the history
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of medicine” and later stated that he was taking the drug himself[1—the ultimate celebrity

endorsement.

On March 28, under pressure from the administration, FDA granted the drug an Emergency Use
Authorization (EUA), allowing 29 million doses to be transferred to the Strategic National
Stockpile. But my former FDA colleagues Jesse Goodman and Luciana Borio, both of whom have
signed off on past EUAs, have attested that the evidence provided for this EUA was below that
required for many previous EUAs. (The standard for EUA issuance is that “the known and
potential benefits of the product, when used to diagnose, prevent, or treat the identified
disease or condition, outweigh the known and potential risks of the product.”) That evidence,
as described in FDA’s authorization letter, was comprised only of “limited in-vitro and anecdotal
clinical data in case series.” In other documents, the agency suggested that it also relied upon a

French observational study, which was later discredited by its own publisher.

Eventually the scientific process played itself out and the inadequacies of the product to
prevent or treat COVID-19 were laid bare. There were several observational studies that
variously demonstrated either no benefit for the product or even indicated that mortality rates
were higher among those administered the drug as treatment. One study showed that as many
as 16% of hospitalized patients prescribed hydroxychloroquine, some concurrently taking other
drugs like azithromycin that can also cause arrhythmias, experienced a specific arrhythmia
called QT prolongation. Within weeks of the EUA, FDA issued a warning that the product couid

cause these life-threatening arrhythmias and reminded doctors to only use the drug in
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hospitalized settings. Finally, there were two randomized, controlled trials—the gold standard
for scientific evidence. The first suggested that the product was ineffective in preventing
infection among those exposed to the virus and the second, still unpublished, suggested that it
was also ineffective in treating COVID-19 infection itself. On June 15, shortly after the second
study was publicized, FDA revoked the EUA. “The totality of scientific evidence currently
available,” said the agency, “indicate a lack of benefit.” At that point, its adverse event

reporting database already contained 25 arrhythmia reports in which the patient had died.

What can we learn from this series of events? First, this is a warning not to stray from accepted
methods of drug discovery, even in a pandemic. Anecdotes are not evidence. It is the
painstaking process of conducting randomized, controlled trials that ultimately produces

definitive evidence—even if it is definitive evidence of lack of effectiveness.

Second, while it is tempting to believe, as the President suggested, that infected patients had
nothing to lose by taking the drug, that, tragically turned out not to be the case. Life-
threatening arrhythmias, as had been predicted, were fairly common, some of them fatal. Even
patients without COVID-19 suffered, as those patients needing hydroxychloroquine for its FDA-
approved uses {treating lupus and rheumatoid arthritis) had difficulty obtaining the drug amid

sudden shortages.

Finally, the President’s announcements had a distorting effect upon the overall research effort

for COVID-19. It is inconceivable that, left to their own devices, scientists would have designed
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over 150 randomized, controlled trials assessing the effectiveness of this drug. How many more
promising drugs were left unstudied or understudied as researchers pivoted to address the

headlines?

A second repurposed drug that has raised concerns is famotidine, an over-the-counter
heartburn drug also known as Pepcid, a seemingly unlikely drug for COVID-19. A physician
named Michael Callahan, who was working in China during the early phases of the pandemic,
came to believe, based on an informal review, that COVID-19 patients who received the drug
died less frequently than those who did not receive the drug. Indeed, an observational study on
which Dr. Callahan was a co-author reported a significant reduction in mortality associated with
famotidine use. As noted above, such findings in observational studies need to be confirmed in

randomized, controlled trials.

Dr. Callahan was also a consultant on the staff of the Health and Human Services Assistant
Secretary for Preparedness and Response {ASPR) Dr. Robert Kadlec. Under Dr. Kadlec’s
direction, Dr. Callahan assisted a pharmaceutical company, Alchem Laboratories, and Northwell
Health, a hospital system in the New York City area, to prepare an application for funding to the
Biomedical Advanced Research and Development Authority {BARDA), a unit within ASPR, to
conduct a randomized, controfled trial of famotidine. Shortly thereafter, Dr, Kadlec ordered
BARDA to award a hefty $21 million contract to Alchem, most of which covered Northwell’s

costs. Senior BARDA officials were cut out of the granting process.
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Time will tell whether famotidine will prove effective. But the irregular process by which the
contract was granted raises real questions about whether scarce government resources are

being committed to the most promising therapeutic candidates.

Two other drugs used for patients with COVID-19 add additional perspectives to this discussion
of repurposed drugs. The first, remdesivir, is the only drug so far proved effective against the
SARS-CoV-2 virus, but is not a repurposed drug. Rather, it was an unapproved drug with known
antiviral activity {not an antimalarial or an anti-heartburn drug) that was demonstrated in a
randomized, controlled trial funded by the National Institutes of Health to reduce hospital stay
for COVID-19 patients. Whether the second drug, dexamethasone, is a repurposed drug is a
matter of definition. It was the subject of significant recent press attention because it appears
to be the first drug to reduce mortality in sicker hospitalized patients with COVID-19, {The
results have not yet been published.) It has long been approved, but its effectiveness is likely
based not on antiviral activity; it is often considered as a general treatment for severe
respiratory iliness based on its anti-inflammatory activity. What links these two drugs is that
their benefits were demonstrated the old-fashioned way: through rigorous randomized,
controlled trials. And this experience demonstrates that such trials are feasible and can deliver

favorable results even in the urgent setting of a pandemic.

The dexamethasone results are of particular note because they are derived from the same
study mentioned above {the RECOVERY Trial) that reported the ineffectiveness of

hydroxychloroquine in the treatment of COVID-19. In Britain, where the study was conducted,
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there has been better coordination of the COVID-19 research effort, and the resultant

RECOVERY trial is very large and able to test multiple candidate therapies simultaneously and
rapidly. In contrast, the research effort in the United States has been fragmented and poorly
prioritized, resulting in many relatively small studies, often testing the same drugs with some

studies struggling to enroll patients.

In conclusion, effective treatments are not generally identified by anecdote, wishful thinking, or
questionable contracting practices; they are instead the product of the fair, transparent, and
systematic application of the very scientific principles that for decades have delivered so many
safe and effective treatments. But when we depart from these approaches, as occurred with
both hydroxychloroquine and famotidine, precious time is lost, resources are squandered, and

some patients pay with their lives.
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Chairman FOSTER. Thank you. And our next witness is Dr.
Finigan, now recognized for 5 minutes.

TESTIMONY OF DR. JAMES FINIGAN,
DIRECTOR OF THE RESPIRATORY CENTERS
OF EXCELLENCE, NATIONAL JEWISH HEALTH

Dr. FINIGAN. Thank you. I would like to thank the Members of
the Subcommittee for inviting me to speak on my experiences as
a clinical investigator during the COVID-19 pandemic. I am a pul-
monary and critical care physician at National Jewish Health in
Denver, Colorado, where I see patients in our pulmonary clinic and
intensive care units. National Jewish Health is the leading res-
piratory hospital in the Nation and is the only facility in the world
dedicated exclusively to medical research and to the treatment of
patients with respiratory, cardiac, immune, and related disorders.
We work with several hospitals in Colorado, including our flagship
St. Joseph Hospital, to provide pulmonary and critical care medi-
cine and have established respiratory institutes in New York in
partnership with Mount Sinai Health System and in Philadelphia
with Jefferson Health.

I have close to two decades of basic, translational, and clinical re-
search experience and currently help lead our COVID-19 clinical
research program. Responding to this pandemic has required a
complete reorientation of our clinical and research programs at Na-
tional Jewish. Clinically, we reorganized our workforce and phys-
ical plant to diagnose and treat COVID-19 patients while simulta-
neously planning for the worst-case scenario. For our research op-
erations, it meant halting existing studies and starting up new
studies as quickly as possible, all with much of our staff working
remotely. Many of these studies are basic science investigations to
identify new targets for treatment.

At National Jewish Health, we’ve gone from zero COVID-19 clin-
ical studies to 10 or more therapeutic trials in various stages of de-
velopment over the past 12 weeks. Prior to embarking on any spe-
cific research study, each trial requires a number of time-con-
suming steps, including formal protocol review, assessment of our
ability to perform the trial as designed, determination of any con-
flicts with ongoing trials, budget negotiation, and agreement on
contracting terms. This process ordinarily takes 3 months or
longer. During this crisis, we've been able to cut that time to a few
weeks. For a pharmaceutical company or other study sponsor, this
process must be repeated at every study site. As an example, the
recently published remdesivir study had 60 sites.

And reflecting on our experience at National Jewish Health dur-
ing this pandemic, I believe three points should be highlighted.
First, to rapidly deploy clinical trials of new or repurposed drugs,
a pre-existing, organized network of research sites is essential. The
recently announced NIH-led ACTIV program is an example of this.
ACTIV stands for Accelerating COVID-19 Therapeutic Interven-
tions and Vaccines. It is a public-private partnership to create a
collaborative framework for prioritizing vaccine and therapeutic
candidates and streamlining clinical trials using existing clinical
methods.
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Another example is the Prevention and Treatment of Acute Lung
Injury, or PETAL network. PETAL is an NIH-funded network of
academic medical centers dedicated to studying acute lung injury
and the acute respiratory distress syndrome, the disease caused by
SARS-CoV-2. This network has been repurposed to study the clin-
ical features and possible treatments of COVID-19. For the past
month, the PETAL network developed and launched two research
protocols, and both studies will likely be completed in the coming
weeks. Networks like these can be used in collaboration with in-
dustry as a platform to launch quickly new studies on promising
treatments.

Second, we need ongoing investigation of SARS-CoV-2 and
COVID-19 to understand the virus and mechanisms of this dis-
ease. Much of this research will be what we call preclinical studies,
bench research in cells and animal models to expand our under-
standing of COVID-19 pathophysiology. However, this can only
exist if we maintain a robust national medical research mission
and infrastructure.

Dividends from this kind of research are not always immediately
apparent. However, a basic understanding of the underlying
science of this disease will drive development of new therapeutics
moving forward both for this pandemic and to prepare us for the
next one. These studies can help identify which new drugs are
most promising and can inform a rational strategy for prioritizing
drugs for clinical trials.

Third, another pandemic is likely in our future. What that will
be we don’t know, but we should be planning now on how to incor-
porate a full research operation into any future pandemic response.
I've been impressed with the research community reaction to this
crisis. However, even with this effort, an organized national re-
sponse was not launched until several months into the pandemic.
Coordination of what research will be performed and how it will be
executed, the respective roles of organizations such as the FDA,
NIH, CDC, BARDA (Biomedical Advanced Research and Develop-
ment Authority), as well as industry, should be considered prospec-
tively. Research is as important to defeating this pandemic and
being ready for the next one as personal protective equipment, in-
tensive care units, and ventilators. Thank you.

[The prepared statement of Dr. Finigan follows:]
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James Finigan, ML.D. Director of the Respiratory Centers of Excellence, National Jewish Health
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Testimony to the Subcommittee on Investigations & Oversight of the House Committee on Science,
Space and Technology.

Hearing: Repurposing Therapeutic Drugs for COVID-19: Research Challenges and Opportunities

I thank the members of the sub-committee for inviting me to speak on my experiences as a clinical
investigator during the COVID19 pandemic.

I am a pulmonary and critical care physician at National Jewish Health in Denver, Colorado where 1 see
patients in our clinic and intensive care units. L have close to two decades of basic, translational and clinical
research experience, and currently help lead our COVID19 clinical research program.

National Jewish Health is the leading respiratory hospital in the nation. Founded 120 years ago as a
nonprofit hospital, National Jewish Health today is the only facility in the world dedicated exclusively to
groundbreaking medical research and treatment of patients with respiratory, cardiac, immune and related
disorders. National Jewish Health is a world leader in research on all facets of the lung, in both disease
and health, as well as inflammation and immune function. Patients and their families come to National
Jewish Health from around the world to receive cutting-edge, comprehensive, coordinated care. We work
with several other hospitals in Colorado, including our flagship National Jewish Health-Saint Joseph
Hospital, to provide pulmonary and critical care medicine and have established Respiratory Institutes in
New York in partnership with Mount Sinai Health System and in Philadelphia with Jefferson Health.

COVID19 is the discase caused by infection with the SARS-CoV-2 virus. Most cases are mild but
roughly 20% of patients develop pneumonia and at least 5% will develop respiratory failure, multi-system
organ dysfunction and shock. The case fatality rate is roughly 2%. This is in comparison to seasonal flu
which has a fatality rate of about 0.1%. Over 100,000 Americans have died of COVID19 in the past five
months.

Responding to this pandemic has required a complete re-orientation of our clinical and research programs.
Clinically, we reorganized our workforce and physical plant to diagnose and treat COVID19 patients while
simultaneously planning for the worst-case scenario. For our research operations, it meant halting existing
studies and starting up new studies as quickly as possible, all with much of our staff working remotely.

At National Jewish Health, we’ve gone from zero COVID19 related studies to ten or more therapeutic trials
in various stages of development over the last twelve weeks. Prior to embarking on any specific research
study, each trial requires a number of time-consuming steps including: formal protocol review, assessment
of our ability to perform the trial as designed, determination of any conflicts with other ongoing trials,
budget negotiation, Institutional Review Board review, response and approval, and agreement on
contracting terms. This process ordinarily takes three months or longer. During this crisis, we have been
able to cut that time to a fow weeks. For a pharmaceutical company or other study sponsor, this process
must be repeated at every study site. As an example, the recently published Remdesivir study had sixty
sites.

In reflecting on our experience at National Jewish Health during this pandemic, I believe three points should
be highlighted.
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First, to rapidly deploy clinical trials of new or repurposed drugs, a pre-existing, organized network
of research sites is essential. The recently announced, NIH-led ACTIV Program is an example of this.
ACTIV stands for “Accelerating COVID19 Therapeutic Interventions and Vaccines™ and is a public-private
partnership to create a collaborative framework for prioritizing vaccine and therapeutic candidates and
streamlining clinical trials using existing clinical networks. Another example is the Prevention and
Treatment of Acute Lung Injury, or “PETAL,” Network. PETAL is an NIH-funded network of academic
medical centers dedicated to studying Acute Lung Injury and the Acute Respiratory Distress Syndrome, the
discase caused by SARS-CoV2. This network has been repurposed to study the clinical features and
possible treatments of COVID19. In the past month, the PETAL Network developed and launched two
research protocols and both studies will likely be completed in the coming weeks. Networks like these can
be used in collaboration with industry as a platform to launch new studies on promising treatments.

Second, we need ongoing investigation of SARS-CoV-2 and COVID19 to understand the virus and
mechanisms of this disease. Much of this research will be what we call pre-clinical studies; bench research
in cells and animal models to expand our understanding of COVID19 pathophysiology. These are
foundation studies where candidate drugs and non-pharmacologic therapies will be identified. However,
this can only exist if we maintain a robust national medical research mission and infrastructure. Dividends
from this kind of research are not always immediately apparent, however a basic understanding of the
underlying science of disease drives development of new therapeutics. This is true for this pandemic and
will help prepare us better for the next one.

Third, another pandemic is likely in our future. What that will be, we don’t know, but we should be
planning now on how to incorporate a full research operation into in any future pandemic response.
T have been impressed with the research community reaction to this crisis. However, even with this effort,
an organized national response was not launched until several months into the pandemic. Coordination of
what rescarch will be performed and how it will be executed, the respective roles of organizations such as
the FDA, NIH, CDC, as well as industry should be considered prospectively. Research will be as important
to defeating this pandemic, and the next one, as personal protective equipment, intensive care units and
ventilators.
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Dr. Finigan is a pulmonary and critical care physician at National Jewish Health in Denver,
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graduating from medical school from the University of Rochester in 1999, he completed a residency in
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internal Medicine for 2002-2003. He completed a fellowship in Pulmonary and Critical Care Medicine at
Johns Hopkins University in 2007.

Dr. Finigan has two decades of basic, translational and clinical research experience. he began my
research training at Johns Hopkins in 2003. He has a basic science laboratory that focuses on lung
endothelial and epithelial biology and mechanisms of lung injury and lung cancer. He has received
research funding from the National Institutes of Health, as well as a variety of foundation and industry
sponsors. He conducts clinical research in lung cancer, acute lung injury and the acute respiratory
distress syndrome. He also serves as the Medical Director of the Lung Cancer Screening Program.
Clinically, he sees patients in the outpatient clinic and intensive care unifs.
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Chairman FOSTER. Thank you. That was beautifully timed. The
Chairman appreciates the accuracy of your time estimate and will
now recognize Dr. Stevens for 5 minutes. Whoops, Rick, mute.

TESTIMONY OF DR. RICK L. STEVENS,
ASSOCIATE LABORATORY DIRECTOR
FOR COMPUTING, ENVIRONMENT AND LIFE SCIENCES,
ARGONNE NATIONAL LABORATORY

Dr. STEVENS. OK. I thought they were going to unmute me. So,
thank you, Chairman Foster, Ranking Member Lucas, and Mem-
bers of the Subcommittee, for inviting me here to talk about our
work relating to COVID-19. My group and collaborators work pri-
marily in the development of methods for high-performance com-
puting and artificial intelligence applied to problems in biology and
medicine, so let me talk a little bit about what we’re doing.

I should say that I'm speaking for Argonne, myself and for Ar-
gonne. I’'m not speaking for the Department of Energy. My work fo-
cuses on applying high-performance computing methods to prob-
lems in science and medicine, and I've worked in this combination
space for over 25 years. And related to COVID-19, I'm the co-PI
(principal investigator) on a DOE, CARES Act-funded, nine-labora-
tory consortium project that is working on molecular design for
COVID. As part of that effort, we're looking at repurpose-able
drugs, as well as de novo compounds.

Now, let me tell you a little bit about the virus and why it—why
this drug search process is actually challenging. The virus is a sin-
gle-stranded RNA (ribonucleic acid) virus. It codes for about 30 pro-
teins. About 2/3 of those proteins commandeer host cell machinery
to make copies of the virus, and about 1/3 of them are involved in
packaging and formulating the virus. Of those proteins, there’s per-
haps 10, maybe a little bit more than that in the virus that the
virus codes for that are plausible drug targets. The virus proteins
also interact with the host. Perhaps as many as 300 protein inter-
actions appear to occur, and a number of those host proteins could
also be drug targets.

Now, it’s also important to know this virus is very closely related
to SARS-1, and so since around 2003 the scientific community has
had access to information about its genome and its proteome and
has been working on this. And thanks to the DOE light sources
and light sources elsewhere, we have very detailed atomic struc-
tural maps of these proteins, and in the last few months we’ve ac-
quired more of these structural maps. But what’s not known is es-
sentially how existing drugs interact with these virus targets. That
has not been the subject of large-scale computational work prior to
now and has not been the study of large-scale experimental work.

So, what I'm working in and my collaborators at the University
of Chicago and at the nine national laboratories that are collabo-
rating with us are really looking at how we can apply high-per-
formance computing to scan not only the 2,500 or so licensed drugs
worldwide and the 7,000 or so drugs that are in the pipeline but
literally billions of molecules that we know can exist.

Now, in this effort, it’s also critical to recognize the three main
infrastructures that we’re using. We're using supercomputers, the
fastest machines in the world that exist at the DOE labs like at
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Argonne and at Oak Ridge. The famous Summit computer at Oak
Ridge is a workhorse for us but also machines that the NSF sup-
ports. We also use the light sources. These are critical for deter-
mining structures of proteins and for determining structure with
molecules, potential inhibitors, bound into these proteins so we can
understand their mechanism of action.

And the third resource that’s critical for this effort is the NIH-
funded biocontainment laboratories, the regional biocontainment
laboratories that were stood up after 9/11, after the scare—after
the anthrax scare and concern about emerging pathogens, and
these exist at various locations in the country. The one that is close
to me is the H.T. Ricketts lab operated by the University of Chi-
cago here at Argonne. We're also using the Regional Biocontain-
ment Laboratory that’s at the University of Tennessee Health
Sciences Center. Those centers are critical because they can work
on active virus, virus that’s—viruses are not alive, but viruses
where we can look at the entire lifecycle and whole cell assays and
animal-based assays.

So, essentially, what our program is, is to use the computers to
search for molecules, including all the repurposing drugs. They get
scored on each individual molecular target. The drugs that appear
to have high potential get forwarded to our experimental collabo-
rators where they get assayed biochemically and then ultimately
through whole cell assays.

I should point out one more thing. There’s lots of advice we could
give about future pandemics, but one thing that’s holding us back,
that’s holding back the scientific community right now is the lack
of biochemical assays for these specific virus protein functions. The
National Institutes of Health are investing in development of these
assays. They have the NCATS (National Center for Advancing
Translational Sciences) program working on that. The national lab-
oratories are also investing in assay development, but that is a
major bottleneck. In the future, we need to invest in assays up
front. They need to be stockpiled. They should become part of the
national critical infrastructure and made available to these bio-
containment laboratories so that, in the future, rapid screening can
happen on any new outbreak. And I'll leave it at that. Thank you.

[The prepared statement of Dr. Stevens follows:]
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June 19, 2020

Chairman Foster, Ranking Member Norman, and Members of the Subcommittee, thank
you for the opportunity to participate in today’s discussion about Drug Repurposing for
COVID-19 and the role of the U.S. Department of Energy (DOE) National Laboratories.

T am Rick Stevens, the Associate Laboratory Director responsible for Computing,
Environment and Life Sciences research at Argonne National Laboratory and a Professor
of Computer Science at the University of Chicago. My research focuses on finding new
ways to advance science and health outcomes using computation. This includes helping
to develop the Exascale computing initiative and the emerging Al for Science initiative in
the DOE. Currently I lead research projects that are developing and using High-
Performance Computing (HPC) and Artificial Intelligence (Al) in infectious diseases,
cancer and in other areas of science.

I have been associated with the DOE national laboratory system for nearly forty years.
My testimony today is on behalf of my work at Argonne National Laboratory and does
not represent the views of the Department of Energy.

Let me start by telling you a bit about the virus we are fighting.

The virus is called SARS-CoV-2, and the disease it causes in humans is called COVID-
19.

The SARS-CoV-2 virus is a coronavirus closely related (> 90% similar) to the SARS and
MERS coronaviruses that emerged in 2003 and 2012 and is more distantly related (50%
similar) to the coronaviruses that cause the common cold.

Its natural host is a bat.

There is no evidence to suggest it was engineered,
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The virus was probably transmitted to humans via an intermediate host similar to SARS
(civet) and MERS (camel), but we currently don't know precisely what species that
intermediate animal was.

Globally, the biomedical community has sequenced and analyzed over 30,000 genome
sequences of the SARS-CoV-2 virus, and while there are some differences between
samples (isolates), they are minor and do not seem to give rise to significant differences
in virulence or mortality.

The SARS-CoV-2 virus (like all viruses) is not alive.

It cannot replicate outside of the host and is dependent entirely on the host to complete its
replication cycle.

The particle of the virus is quite small, on the order of 100nm in diameter or about 1000th
the thickness of a human hair and is not visible to the human eye.

In this very small volume, the virus packs a single-stranded RNA genome that codes for
about 30 proteins.

Of those 30 proteins, about two-thirds of them are used to commandeer the host cell into
helping it replicate. The other proteins are used to package the viral RNA and build the
virus structure, Some proteins have multiple functions.

Each infected host cell produces about 1000 new virus particles in about 10 hours.
Of the 30 proteins in the virus genome, about 10 of them are plausible drug targets.

Thanks to the work at the light-sources of the DOE national laboratories and elsewhere,
we have good atomic level structures for most of these proteins. In fact, most of these
proteins are highly similar to the proteins from the SARS 1 virus. The SARS 1 virus has
been studied by a small global research community for over a decade and these research
results provided a critical head-start to understanding SARS-CoV-2,

The virus proteins also interact with many human proteins. Some virus proteins turn off
functions in the host that would normally help recognize the virus and would then
activate aspects of the immune system. In other cases, the viral proteins regulate host
processes to help create a more suitable environment for the virus to replicate.

All told, perhaps 200-300 host proteins are involved in some form of interaction with the
virus proteins, and some of those (perhaps 10-20) are plausible drug targets.

Globally, there are about 2500 drugs that are approved by national authorities and are
generally available in the marketplace.
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These existing "potentially repurposable drugs" are obvious candidates for consideration
for therapeutics for COVID-19 since they have already passed through numerous tests for
safety and side effects, and the dosing for human use is reasonably well understood.

What is not deeply understood (certainly not at the beginning of this pandemic) is which
of these existing “on the market” drugs are active against targets in the virus or host to
treat COVID-19.

1 am personally involved in research projects that are actively working on discovering
small molecule antiviral drugs for COVID-19, which include repurposing existing drugs.
Resources for these efforts come from NIH and the Department of Energy, including
crucial support under the CARES Act.

My research partners include teams at the University of Chicago and a nine-laboratory
consortium of DOE laboratories (Argonne, Oak Ridge, Berkeley, Brookhaven,
Livermore, Los Alamos, Pacific Northwest, Sandia, and SLAC).

In these collaborations, my role has been to lead the efforts to using large-scale
computing and artificial intelligence to identify existing drugs and new compounds for
treating COVID-19.

I have a wonderful team of about 100 people across many institutions deeply engaged in
different aspects of the computational effort.

To address the challenge of therapeutics development for COVID-19 requires the
creation of interdisciplinary teams of scientists that include physicians, virologists,
synthetic and medicinal chemists, molecular biologists, biochemists, structural biologists,
computational biologists, bioinformaticians, computer scientists, data scientists, drug
designers, molecular engineers, and Al researchers.

These teams started forming in March 2020 when it became clear that COVID-19 was
becoming a pandemic.

Our early goal was to use computational screening of existing drugs to quickly determine
candidates for experimentation, and to get those priority hits into the experimental
pipelines as fast as possible. To give you a sense of the urgency, in some cases, our
UChicago colleagues synthesized molecules in house since it was faster than ordering
them.

Once those initial screens were underway, we started focusing on and are continuing a
longer-term effort to investigate new compounds prioritized specifically for effectiveness
on COVID-19 related targets.

In conducting this work, we are using three significant classes of national user facilities:
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1. The DOE and National Science Foundation (NSF) supercomputers: Argonne
Leadership Computing Facility (ALCF), Oak Ridge Leadership Computing Facility
(OLCF), National Energy Research Scientific Computing Center (NERSC), Lawrence
Livermore National Laboratory (LLNL), Texas Advanced Computing Center (TACC),
San Diego Supercomputer Center (SDSC), Pittsburgh Supercomputing Center (PSC),
National Center for Supercomputing Applications (NCSA), etc.

These supercomputers are being used to model virus proteins, protein interactions, virtual
drug screening and to build and run Al models to predict binding and other properties of
potential drugs.

2. The DOE supported x-ray light sources and neutron sources: Advanced Photon
Source (APS) at Argonne, Advanced Light Source (ALS) at Lawrence Berkeley,
Stanford Synchrotron Radiation Light Source (SSRL) at SLAC, National Synchrotron
Light Source IT (NSLS II) at Brookhaven, and Spallation Neutron Source (SNS) at Oak
Ridge National Laboratories.

The light-sources and neutron source are used to determine structures of proteins, protein
complexes and the position and orientation of drugs bound to the active sites in proteins.

And critically the:

3. National Institutes of Health (NIH) National Institute of Allergy and Infectious
Diseases (NIAID) supported Biocontainment Laboratories (Biosafety Level 3): the
Howard T Ricketts Laboratory operated by the University of Chicago and the University
of Tennessee Health Science Center Regional Biocontainment Laboratory, where
experimental screening on active “live” virus can take place.

The biocontainment laboratories are critical since without them we are limited to working
only on biochemical assays and not full virus replication assays.

At Argonne National Laboratory we have developed and published a database of over 4
billion known compounds from many sources and the associated information to support
Artificial Intelligence methods to accelerate computational screening. Over 2 million
hours of computer time were used to build this database.

We have also identified a priority library of about 10 million molecules that are readily
available for experimental validation. This library has been used to screen drug targets
and to identify priority compounds that can be quickly acquired for experimental
validation.

My team is using the world’s fastest supercomputers housed at DOE Leadership
Computing Facilities at Argonne and Oak Ridge National Laboratories, and other
machines across the country, to virtually screen these 4 billion compounds on dozens of
COVID-19 drug targets. This is something that would not have been possible just a few
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years ago and is not possible without the advances in Al and machine learning, supported
by the DOE’s Office of Science

These computational efforts have been ongoing for several months now and hundreds of
top scoring molecules (including many drug repurposing candidates) have been
experimentally screened for antiviral activity, and thousands more are in the pipeline for
experimental screens.

An important point to make here is that while repurposing is a fast route to possible
treatments, in general, the repurposing candidates are not the ideal molecules to bind to
COVID-19 specific targets.

Long-term, it is highly likely that the most effective drugs for treating COVID-19 will
need to be purpose built, and this will take time and longer-term investment.

Our goal in the short term is to try to do as much up-front work as possible on these
molecules so that the private sector—that would ultimately need to produce new or
repurposed drugs—has reasonable places to start.

We want to provide candidate lead compounds that have demonstrated activity on
important COVID-19 targets.

A few observations on how well this is going and some recommendations for the future:

e The national research community is working well together and has quickly
identified and integrated capabilities from DOE, NIH, and many universities to
fight COVID-19.

* The DOE has created a National Virtual Biotechnology Laboratory effort,
supported by CARES Act funding, that is coordinating COVID-19-related efforts
at all the DOE labs; this is working well.

* Interagency communication paths are open and senior leaders at the agencies are
coordinating.

e The national laboratory efforts are coordinating with Pharma and have ongoing
conversations about methods and potential hand offs on drug candidates.

As these national collaborations continue and we ook to continue to make an impact in
addressing COVID-19 and future potential pandemics, I offer a few considerations and
recommendations for going forward:

e FExperimental assay development needed to validate drug repurposing candidates
is difficult and time consuming and is a bottleneck for antiviral drug development
efforts. These assays should be a high-priority part of long-term research
programs and considered critical national infrastructure.

o Once assays exist for a new target, baseline experimental screens of existing
drugs can be done relatively quickly, inexpensively, and in parallel with
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computational work and would provide important datasets for Al efforts.
Standing libraries of repurposing compounds are available and should be part of
standard inventory at regional biocontainment laboratories.

* The national network of research capabilities that has been assembled to address
the COVID-19 challenge should be maintained and tuned for future epidemics
and emerging pathogens. Modern therapeutics development needs tight
integration of high-throughput experiments, structure determination, assay and
methods development, data analysis, Al, and simulation.

+ Standing interagency agreements should be put in place to streamline funding
transfers, materials transfers, personnel exchange, and data sharing. Certainly
DOE, NIH, NSF, DOD all have capabilities that need rapid coordination and
access. A collaboration network is needed to exercise these connections on an
ongoing basis.

Finally, SARS-CoV-2 and COVID-19 is not the first pandemic and it is not likely the last
one we will see. Zoonotic diseases (those that originate in animals and infect humans)
are likely to become more common as the pressures of economic and social development
and land use changes push larger human populations deeper into traditionally unsettled
areas and cause more human contact with diverse animal species.

I believe we need a systematic approach to sampling and understanding the diversity of
pathogens carried by animals in natural environments and to use this information to
understand the likelihood of transition to human hosts, their pathology, and to get a head
start on therapeutics, and in general to be more prepared for the next outbreak.

We should be mounting internationally coordinated expeditions to sample the many
thousands of known carrier species for microbial pathogens and use this information to
manage risk.

The cost of proactive risk management for emerging pathogens will be orders of
magnitude less than the cost of another pandemic and the tragic loss of life.

The DOE laboratories exist to do the science and to create technology for the national
grand challenges. As organizations they are specifically designed to support fast moving,
interdisciplinary science, precisely the kind of science that is needed to respond to
national challenges like COVID-19,

Looking forward I believe we should consider how to structure a permanent role for the
National Laboratories to augment and support the national response to future infectious
disease challenges.

Thank you. I would be happy to answer any questions you or other members of the
committee may have.
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Bio: Rick Stevens is the Associate Laboratory Director of the Computing, Environment and Life Sciences
Directorate at Argonne National Laboratory, and a Professor of Computer Science at the University of
Chicago, with significant responsibility in delivering on the U.S. national initiative for Exascale computing
and developing the DOE initiative in Artificial intelligence (Al) for Science.

His research spans the computational and computer sciences from high-performance computing, to the
building of innovative tools and techniques for biological science and infectious disease research as well
approaches to advance deep learning to accelerate cancer research. He also specializes in high-
performance computing, collaborative visualization technology, and grid computing. Currently, he is the
Pl of the Bacterial / Viral Bioinformatics Resource Center (BV-BRC) which is developing comparative
analysis tools for infectious disease research and serves a large user community; the Exascale Deep
Learning and Simulation Enabled Precision Medicine for Cancer project through the Exascale Computing
Project (ECP), which focuses on building a scalable deep neural network application called the CANcer
Distributed Learning Environment (CANDLE); the Predictive Modeling for Pre-Clinical Screening (Pilot 1)
of the DOE-NC! Joint Design of Advanced Computing Solutions for Cancer (JDACS4C) project; and the Co-
design of Advanced Artificial Intelligence (Al) Systems project focused on predicting behavior of complex
systems using multimodal datasets.

At Argonne, he is leading the Laboratory’s Al for Science initiative and currently focusing on high-
performance computing systems which includes collaborating with intel and Cray to launch Argonne’s
first exascale computer, Aurora 21, as well as leading a partnership with Cerebras Systems to bring
hardware on site to advance the deep learning experiments being pursued at Argonne for basic and
applied science and medicine with supercompute-scale Al,

Prof. Stevens is a member of the American Association for the Advancement of Science and has received
many national honors for his research, including an R&D 100 award.
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Chairman FoOSTER. Well, thank you. Well, at this point we’ll
begin our first round of questions, and the Chair will recognize
himself for 5 minutes here.

Dr. Rome and Dr. Lurie, you know, there have been—there’s
been mention of the—what is being set up in Europe and inter-
nationally and as opposed to what has happened in the United
States in terms of the coordination of the large number of clinical
trials. Can either of you say little bit about what we get right that’s
gotten—you know, that’s better or worse than what’s done in other
countries and other international collaborations and whether we're
insufficiently or more than—or sufficiently connected to those?

Dr. LURIE. Let me let Mr.—Dr. Rome answer because, sir, I
think you neglected to give him the chance to read his statement.

Chairman FOSTER. Oh, goodness. My apologies. My apologies.
Thank you, Dr. Rome. I was fumbling multiple windows here and
neglected, so—and thank you for that, Dr. Lurie.

All right. Dr. Rome, you’re now recognized for 5 minutes.

TESTIMONY OF DR. BENJAMIN ROME,
ASSOCIATE PHYSICIAN, BRIGHAM AND WOMEN’S HOSPITAL;
POSTDOCTORAL RESEARCH FELLOW,

HARVARD MEDICAL SCHOOL

Dr. RoME. Thank you. Sorry about that. So, Chairman Foster,
Ranking Member Lucas, and Members of the Subcommittee, thank
you for inviting me. I'm a practicing primary care physician and a
health policy researcher at Harvard Medical School and Brigham
and Women’s Hospital in Boston. I'm a member of the division of
pharmacoepidemiology and pharmacoeconomics and the Program
on Regulation, Therapeutics, and Law for PORTAL, an inter-
disciplinary research group that studies prescription drug develop-
ment, regulation, use, and cost. I am honored to be here today to
talk with you about the process for studying and approving
repurposed drugs during the COVID-19 pandemic.

Drug development can be a lengthy process, and repurposing sev-
eral medications with existing data about safe use in humans al-
lowed clinical trials to begin early in the pandemic. As a result,
just 4 months after the first COVID-19 patient was reported in the
United States, several high-quality clinical trials have provided
solid evidence relating to at least four drugs, two of which have
proven effective: dexamethasone, a low-cost generic corticosteroid
that can be readily prescribed by clinicians; and remdesivir, an
antiviral that has not yet been approved for any indication by the
FDA but is now available under an emergency use authorization.

However, we have also witnessed examples of how the process for
testing and approving drugs can go awry, as exemplified by the
case of hydroxychloroquine. We should learn from our past
missteps as we move forward, and our experiences so far suggest
four key actions Congress should take.

First, Congress should hold all government agencies and officials
accountable for making statements and acting based on the best
available scientific evidence. Hydroxychloroquine was widely touted
by President Donald Trump and was issued an emergency use au-
thorization by the FDA based on preclinical and limited anecdotal
evidence that turned out to be unreliable. These actions led to
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widespread use of the drug, which exposed patients to risk, led to
shortages at pharmacies, and diverted attention and resources that
might have been dedicated to other potential therapies.

Second, Congress should invest heavily in high-quality clinical
trials which are necessary for determining whether drugs are safe
and effective. Notably, most of the high-quality evidence generated
so far during the pandemic has resulted from public funding, in-
cluding the U.S. Government in the case of remdesivir and the
United Kingdom Government in the case of dexamethasone.

While the pharmaceutical industry will continue to have a role
to play, the Federal Government’s leadership and involvement are
crucial, particularly for repurposed drugs which industry may have
little or no financial incentive to study. However, such public in-
vestment should be made with the assurance that any medications
that are found effective will be priced fairly and distributed equi-
tably to patients who need them. No American should be prevented
from accessing potentially lifesaving treatment for COVID-19 due
to cost.

Third, Congress should invest in a public health infrastructure
and national clinical trial network that can help shape the research
agenda, facilitate research across multiple sites, and limit duplica-
tive efforts. In several European countries, government and aca-
demics have collaborated on large clinical trials that test multiple
repurposed drugs simultaneous. A prime example is the RECOV-
ERY Trial based out of the University of Oxford. This trial has al-
ready provided useful information about the lack of effectiveness of
hydroxychloroquine and the effectiveness of dexamethasone.

Finally, Congress should amend the process by which the FDA
issues emergency use authorizations or EUAs. The level of evidence
required to meet the standard of an EUA should be clarified. And
to increase transparency, Congress should compel the FDA to make
all related data public at the time that the EUA is issued.

As new evidence emerges, the FDA should be directed to apply
the same standards for revoking an EUA as was required for
issuing it. EUAs should be accompanied by a clear and transparent
plan for how the drug will be fairly and equitably distributed to pa-
tients, something that was lacking for both hydroxychloroquine and
remdesivir.

Finally, issuance of an EUA should be accompanied by collection
of data on treated patients to gain additional insight about the
drug’s safety and effectiveness.

Our experiences so far studying repurposed drugs during the
COVID-19 pandemic have shown that we need not choose between
rigorous scientific evidence and speed. We can have both. As our
fight to control the COVID-19 pandemic continues, Congress must
assure that we uphold a drug approval process that follows the
science and promotes the practice of evidence-based medicine.

In a recent viewpoint published in the New England Journal of
Medicine, Dr. Jerry Avorn and I argued that, quote, “The health of
individual patients and the public at large will be best served by
remaining true to our time-tested approach in clinical trial evi-
dence and drug evaluation.” Thank you.

[The prepared statement of Dr. Rome follows:]
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Summary of Major Points

Repurposing existing therapeutic agents allows opportunities for expedited clinical trials,
and if found safe and effective, repurposed medications can be inexpensive and widely
available options to treat patients with Covid-19.

The pandemic has made it possible for high-quality clinical trials of potential therapies to

be performed swiftly, due to a large volume of available patients to enroll and short

disease course that allows for speedy measurement of important clinical outcomes.

Observational studies based on real-world data can be a powerful, efficient tool to

provide preliminary or additional evidence complementing clinical trials, but these

studies must be high quality and methodologically rigorous.

Most of the important evidence about which repurposed drugs are effective in Covid-19

has been publicly funded, and government funding is particularly important for

repurposed drugs for which financial incentives for industry may be limited.

Even before approving drugs, during a public health emergency the FDA has broad

authority to authorize use of medications based on preliminary evidence.

Learning from our experience so far, Congress should take four actions to improve

the process for studying and approving repurposed drugs moving forward.

1. Hold all government agencies and officials accountable to make statements and act
based on the highest-quality available evidence; patients and providers rely on this
information to guide evidence-based clinical practice.

2. Further invest in research, either directly or through collaboration with academic
institutions, and assure that drugs which receive federal funding will be priced fairly
and made available equitably.

3. Establish a centralized public health infrastructure and clinical trial network that can
allow the federal government to take the lead on setting the research agenda,
streamlining trials across multiple sites, reducing duplicative efforts, and improving
the speed at which clinical trials can be performed.

4. Make several improvements to the FDA’s Emergency Use Authorization (EUA)
process, including:

» Clarifying and standardizing the level of evidence required to support an EUA,
including the potential role of high-quality observational studies.

» Increasing transparency by requiring all data informing the EUA be made
publicly available at the time it is issued.

» Qutlining a robust plan for fair and equitable distribution of the product subject to
the EUA and for negotiation with the product’s manufacturer for a fair price.

* Requiring ongoing collection of patient outcome data to support a product’s
safety and effectiveness while the EUA is in effect and the product has not yet
been approved by the FDA.
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Chairman Foster, Ranking Member Norman, and Members of the Investigations and
Oversight Subcommittee:

My name is Benjamin Rome. I am a practicing primary care physician and a health policy
researcher at Harvard Medical School and in the Division of Pharmacoepidemiology and
Pharmacoeconomics at Brigham and Women’s Hospital in Boston. Within the Division, Iam a
member of the Program On Regulation, Therapeutics, And Law (PORTAL), an interdisciplinary
research group that studies the intersections between prescription drug affordability and use,
laws and regulations related to medications, and the development and cost of drugs. [ am
honored to be here today to talk with you about the process of studying and approving drugs
during the Covid-19 pandemic, with a focus on the best way to evaluate existing medications that

might be repurposed to treat patients during this public health emergency.

Drug Appreval During Covid-19

The global Covid-19 pandemic has kicked of an urgent search for effective therapies and
has put pressure on the US Food and Drug Administration (FDA) to swiftly make medications
available to patients. The need to act expeditiously has also encouraged us to consider whether
existing medications that we already have experience using for different indications might be
repurposed and tested for effectiveness in treating Covid-19. Even remdesivir — an experimental
antiviral drug that was recently shown to be effective in Covid-19' — was initially developed to
treat hepatitis C and was subsequently tested unsuccessfully in patients with Ebola before being
repurposed during the current pandemic ? Drug development can be a lengthy process, in which
human clinical trials are only the final step. Thus, the decision to repurpose several drugs that
have existing data in humans allowed clinical trials to begin early in the pandemic. Even prior to
Covid-19, repurposing drugs for new indications was common. Among 26 transformative drug
products or drug classes approved by the FDA from 1984-2009, our group found that 35% were
repurposed after being initially studied for a different indication.?

In many ways, the search for Covid-19 therapies can already be considered a success.
Just 4 months after the first patient with Covid-19 was reported in the US, two repurposed drugs
have now demonstrated efficacy for treatment of Covid-19 and are available for use by US

patients: remdesivir and dexamethasone.!* Remdesivir use is now allowed under an FDA
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Emergency Use Authorization (EUA), and dexamethasone is a low-cost generic corticosteroid
that can readily be prescribed by clinicians.

However, our nation’s response to Covid-19 has also shown examples of how the process
for testing and approving drugs can go awry, as illustrated in the case of hydroxychloroquine.’
Early studies showed that the hydroxychloroquine had in-vitro activity against the virus that
causes Covid-19,° spurring interest in potentially repurposing the drug for use in Covid-19. In
mid-March 2020, a small study of 36 patients in France reported that those who received
hydroxychloroquine, particularly in combination with the antibiotic azithromycin, had faster
clearance of the virus based on nasopharyngeal samples, compared to untreated controls.” The
study was subsequently criticized for obvious methodologic flaws, including baseline differences
between the treated and control patients, substantial amounts of missing data, and exclusion of
patients who did not complete the study due to side effects or death.®

However, shortly after this study was published, President Donald Trump stated that
hydroxychloroquine and azithromycin could be “one of the biggest game changers in the history
of medicine.” He continued to advocate heavily for use of the drug and even claimed to have
taken it himself to prevent Covid-19'" despite no evidence that the drug was effective for that
purpose. On March 28, the FDA issued an Emergency Use Authorization (EUA) for
hydroxychloroquine and the related drug chloroquine for use among patients with Covid-19. The
scope of the EUA was limited to permitting distribution of 30 million doses that were donated by
the drug’s manufacturer to the US Strategic National Stockpile.!"1? However, the EUA was
widely yet incorrectly reported by President Trump and others to mean that the FDA had
approved the drugs for Covid-19.

Because hydroxychloroquine was already approved for use in patients with rtheumatoid
arthritis and lupus, it was easily available for clinicians to prescribe it “off label” to treat or
prevent Covid-19, and demand for the drug spiked immediately after President Trump’s initial

endorsement.'?

This led to widespread shortages at pharmacies, which resulted in difficulty
obtaining the medication among patients with rheumatoid arthritis and lupus, two conditions in
which hydroxychloroquine has been shown to have benefits that outweigh its risks.!* By
contrast, there were concerns raised about the drug’s known cardiac toxicities, particularly

because there was not yet any convincing evidence of benefit when using the drug to treat Covid-
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19, as well as concerns about accidental poisonings among patients who confused the drug with
non-medical chloroquine-containing products.'® In response to these concerns, on April 24 the
FDA issued a warning cautioning against the use of hydroxychloroquine to treat Covid-19
outside of a hospital or clinical trial setting,' though the EUA remained in effect.

Ultimately, more evidence about the risks and benefits of hydroxychloroquine in patients
with Covid-19 emerged. Two larger observational studies of several thousand patients in New
York found no association between use of hydroxychloroquine and improved clinical
outcomes.'®!7 In early June 2020, results were reported from two large randomized controlied
trials finding that hydroxychloroquine was not effective either for preventing Covid-19
symptoms after exposure to the virus or for treatment of hospitalized patients with confirmed
Covid-19.1%1° Ultimately, the FDA withdrew the EUA for hydroxychloroquine on June 15.%

Maintaining Rigorous Standards for Evidence

The case of hydroxychloroquine highlights the importance of focusing attention and
resources on rigorous, high-quality evidence to determine whether potential treatments are safe
and effective. All drugs marketed in the US must be deemed to have “substantial evidence” of
safety and effectiveness by the FDA ! While the FDA traditionally preferred two high-quality
randomized controlled trials in which a drug is compared to placebo and patients and
investigators are blinded to treatment assignment, this standard has been eroded over the past
few decades. More recently, the FDA frequently determines that drugs meet the “substantial
evidence” standard based on more limited evidence, especially if the drug treats a disease that is
life-threatening or rare or when there is an unmet medical need.?! Over the past several decades,
the FDA has approved an increasing proportion of drugs through expedited approval pathways,
with 81% of newly-approved drugs benefiting from at least one such pathway in 201822 As a
result, many drugs are now deemed safe and effective by the FDA based on a single clinical trial,
trials with suboptimal design (e.g., lacking randomization or blinding), or trials that rely on
surrogate outcome measures (such as changes to lab tests or radiology findings) which may or
may not predict actual clinical benefit for patients.?

While it is tempting to believe that the FDA should rely on limited evidence given the

urgent need for effective Covid-19 therapies, it would be a mistake to abandon the process of
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carefully evaluating medications that has served us so well for many decades. In fact, the
pandemic presents several conditions needed to expeditiously obtain rigorous clinical trial
evidence. First, the entire global scientific community is united around finding treatments for
Covid-19, with increased resources directed toward streamlining the regulatory and ethical
review processes to prevent delays. The first randomized controlled trial began enrolling patients
in China just one week after the virus had been identified 2* As of May 11, 2020, there were
144 active clinical trials of therapeutic agents to treat Covid-19,% including several international
trials testing multiple potential therapies at once *?

Second, the thousands of patients presenting each day to emergencies rooms and
hospitals for treatment of Covid-19 allows for rapid enroliment into clinical trials, and patients
have been very willing to participate. In the key clinical trial of remdesivir, 96% of the 1,107
patients assessed for eligibility were enrolled and randomized, an impressive feat for a trial of an
experimental therapy versus placebo.! Third, because Covid-19 is an infectious disease with
rapid progression or recovery, important clinical outcomes such as death, hospitalization, and
need for a ventilator, can be quickly measured and used to judge the effectiveness of treatments.

Finally, once effective therapies are identified, FDA can expedite its regulatory review
and quickly get the medication into the hands of doctors and patients. The FDA created a
Coronavirus Treatment Acceleration Program to assist manufacturers in navigating regulatory
requirements to and assure an expedited review process for any Covid-19 therapies that did
prove effective.”

Thus, several aspects of the pandemic make it more feasible than ever to expeditiously
conduct high-quality, rigorous randomized clinical trials that provide the best possible evidence
of whether therapies are safe and effective. So far, this process has identified two drugs that
either shorten duration of symptoms or reduce the risk of death in patients with Covid-19 -
remdesivir and dexamethasone ' Trials of other drugs, including hydroxychloroquine and the
antiviral combination lopinavir-ritonavir, have provided useful evidence that those drugs are nof
effective 1193

Because many repurposed treatments are being used for routine care even prior to clinical
trial results, researchers have attempted to use observational (“real world™) data to provide early

evidence about whether treatments are associated with improved outcomes. Large observational
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studies, which use real-world patient data either from insurance claims or electronic health
records, can provide early data when clinical studies are not feasible or have not yet been
completed, and can offer complementary information to what is learned from clinical trials 227
For example, clinical trials often do not include a sufficient number of patients to detect rare
adverse effects, so observational data of thousands of patients can measure safety issues that
were not noticed in the pre-approval clinical trials after drugs are approved by the FDA * There
is even evidence that observational data might be used confirm effectiveness of an existing
mediation for a novel indication.*!

However, observational research presents many potential methodologic challenges and
must be performed well to assure validity of the results. For example, clinicians may reserve
experimental Covid-19 therapies for the most severe cases, making it challenging to compare
patients who received a drug to those who did not. Furthermore, certain key information may not
be captured in available real-world databases. Nonetheless, research using these methods to
study the safety and effectiveness of hydroxychloroquine and angiotensin-receptor blockers
among Covid-19 patients has provided important preliminary evidence and informed clinical
practice at the height of the pandemic.!*7*? While high-quality observational studies can
provide useful evidence about use of repurposed drugs, the FDA should be not approve any new
drug based on observational studies alone, without confirmatory evidence for clinical trials.
Additionally, observational studies must be meticulously performed and rigorously vetted to
assure that the data used is of high fidelity. Recently, both the New England Journal of Medicine
and The Lancet issued retractions after concerns were raised about the provenance of a large
international dataset used in these studies.’»* These retractions further underscore the
importance of rigorous conduct and methodologic review of observational studies to assure that

the results are reproducible and valid.

Opportunities for Federal Investment
While pharmaceutical companies are typically involved in development of new drugs,
investment in research by the federal government also plays an important role. Federally funded

basic and translational science were found to be related to every single new drug approved from
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2010-2016. In addition, our group recently reported that publicly-supported research played a
major role in the late-stage development 1 in 4 drugs approved over the last decade.*

Federal funding of research has played a critical role during the Covid-19 pandemic, and
additional investment could expedite clinical studies necessary to learn whether drugs are safe
and effective. This is particularly true for repurposed drugs, many of which are older and
inexpensive, providing limited incentives for the for-profit brand-name pharmaceutical industry
to study these drugs in Covid-19 patients. Indeed, the RECOVERY trial, which has already
produced useful results for both hydroxychloroquine and dexamethasone, was funded by the
United Kingdom’s National Institute for Health Research. But even when a drug is patent-
protected, public investment has played an important role. While the intellectual property for
remdesivir is owned by Gilead Sciences, the key clinical trial that has supported its use in Covid-
19 was funded by the US federal government.!

By investing in clinical trials, the federal government can help expedite and prioritize the
development of high-quality evidence to guide our use of therapeutics for Covid-19, particularly
in the case of repurposed drugs. Furthermore, efforts in Europe have shown that a coordinated
effort nationally across the health care system can result in expedited clinical trial results. Thus,
by investing in a robust public health infrastructure and clinical trial network, the federal
government could improve the US role in establishing a research agenda, facilitate collaborative

research across multiple sites, and streamline efficiency by cutting down on duplicative efforts.

Improving Use of Medications Prior to FDA Approval

Naturally, during the pandemic there has been public demand to allow use of medications
even before the FDA has had a chance to weigh the risks and benefits. There are several ways
patients can access unapproved medications, with implications for the practice of evidence-based
medicine.

First, medications that are already approved by the FDA and marketed for a different
indication can be used “off-label” by physicians to treat Covid-19. While the FDA approves
drugs for only those indications on which there is evidence of safety and effectiveness, clinicians
can use the drugs for any indication within the realm of the practice of medicine. As a result,

medications like hydroxychloroquine have been widely prescribed to patients even before
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evidence had been collected about their safety and effectiveness. However, there is no rigorous
tracking of clinical outcomes among patients prescribed drugs off-label, which limits our ability
to use these experiences to learn about drugs’ safety and effectiveness to guide evidence-based
clinical decision-making.

Additionally, for investigational drugs that are not yet marketed, patients who are
severely ill, lack alternative treatment options, and are not eligible for clinical trials may be
eligible for “expanded access” programs.*® The FDA nearly always grants permission for
expanded access requests, and it is mainly up to manufacturers whether they will make their drug
available to patients outside of clinical trials. This option was used for remdesivir, which Gilead
provided to over a thousand Covid-19 patients outside of clinical trials.*” Even before the Covid-
19 pandemic, many conservative politicians and advocacy groups have supported expanding
patients’ “right to try” unapproved experimental medications.>® This sentiment stems from an
incorrect assumption that slow and onerous FDA requirements limit patient access to important
and beneficial medications. To the contrary: the FDA approves the overwhelming majority of
new drug applications it receives, with recent review times averaging less than one year and 6
months or less for truly innovative new treatments.>* Currently, the FDA is one of the fastest and
most efficient pharmaceutical regulatory agencies in the world, and a majority of drugs are
approved in the US before being approved in Europe or Canada.*®

Finally, during a public health emergency the FDA has broad regulatory authority to
allow for use of unapproved drugs through Emergency Use Authorizations (EUAs). The FDA’s
authority to issue EUAs was first granted by Congress under the Project BioShield Act of 2004.
While EUAs are typically used to allow rapid deployment and expansion of diagnostic testing
and necessary devices (including personal protective equipment), the FDA can issue an EUA to
allow use of a drug if it is “reasonable to believe” that the drug may be effective and the known
and potential benefits outweigh the known and potential risks, based on “the totality of scientific
evidence available. ™

Prior to the Covid-19 pandemic, the only instance for which EUAs were used to permit
use of medications for unapproved indications was during the 2009-2010 “swine flu” outbreak.
At that time, an EUA was issued for use of peramivir — an investigational intravenous drug to

treat influenza — in severely ill hospitalized patients with HIN1 influenza.*' The EUA was based
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on preliminary evidence from phase 2 and phase 3 clinical trials,* and the drug was given to
approximately 1200-1500 patients, though there was no rigorous tracking of which patients
received the drug or clinical outcome data.**~** Ultimately, a clinical trial showed that peramivir
was not effective for treatment of severely ill hospitalized influenza patients, and the drug was
approved by the FDA only for use in less sick, uncomplicated cases. Because the drug is
administered intravenously and there are similar drugs from the same class that can be taken as
pills (oseltamivir, also known as Tamiflu), the current use of peramivir is very limited.

During the current pandemic, the FDA has issued two EUAs for medications under two
very different circumstances. The first, for hydroxychloroquine and chloroquine, was based on
“limited in-vitro and anecdotal clinical data in case series,” with no clear documentation of the
specific evidence the FDA considered when making its decision.*? Although the EUA was
intended to increase access to the medications through use of the Strategic National Stockpile,
the EUA instead signaled to providers that the drugs had been judged to be effective and—along
with misleading statements by some politicians, celebrities, and media outlets—helped spur
widespread off-label use that caused shortages of the drugs among patients who relied on them to
treat rheumatoid arthritis and lupus %42

More recently, the FDA issued an EUA for use of remdesivir after preliminary clinical
trial evidence found that the drug shortened duration of symptoms.! Because remdesivir is not
yet approved or marketed in the US, the EUA provided a means for Gilead to begin distribution
of the drug for use in US hospitals, which was kicked off by a donation of 1.5 million doses of
the drug to the federal government. However, the process by which these doses of remdesivir
was distributed was opaque, and it was not clear how the available supply of remdesivir was
being equitably allocated to where it was most needed.* Furthermore, at the time the EUA was
issued, the only publicly-available data to guide clinicians were top-line results from a press
release; the full preliminary results were not published until 3 weeks later,' at which point
distribution and use of remdesivir outside of clinical trial settings was already underway. Finally,
because Gilead owns patents protecting remdesivir, they will be able to price the drug however
they choose, and there has been no coordinated federal effort to negotiate a fair price based on

the drug’s value so that cost does not limit patient access.

10
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Summary and Recommendations

The Covid-19 pandemic has highlighted both opportunities and challenges within the US
drug approval process. Our use of repurposed medications has allowed rapid development and
execution of several high-quality clinical trials, and we now have proof that such trials can
feasibly be conducted in a short time frame. So far, trials have provided solid evidence relating to
at least four potential drugs for Covid-19, of which two have proven effective. But along the
way, there have been several missteps that we should learn from as we move forward and
continue to study and develop therapies to treat and prevent Covid-19. Our experiences so far
point toward four key actions Congress should take to improve the process by which existing
drugs are repurposed and studied for use in Covid-19.

First, Congress should hold all government agencies and officials accountable for making
statements and acting based on the best available scientific evidence. From the case of
hydroxychloroquine, we have learned that promotion of a drug by politicians and explicit or
implicit validation of a drug by government agencies based on limited evidence can have
consequences. Scores of patients were exposed to the risks of hydroxychloroquine, which turned
out not to be effective. Furthermore, the immense attention devoted to hydroxychloroquine over
the past several months may have diminished resources that could have been dedicated to other
potential therapies. The FDA’s issuance of an EUA based on limited evidence and subsequent
warnings about the drug safety sent mixed signals to patients and prescribers that caused
confusion, hampered clinical trial enrollment, and may have diminished the public’s trust. For its
part, the scientific community must continue to scrutinize the quality and methodologic rigor of
all published peer-reviewed research, as highlighted by recent retractions from two of the
world’s leading medical journals of studies that were based on flawed underlying data.

Second, Congress should invest heavily in the organization and conduct of high-quality
clinical trials and observational studies, which we know can swiftly provide evidence for safety
and effectiveness of therapies in Covid-19. Most of the highest quality evidence generated to
date during the pandemic has resulted from public funding, including the US government in the
case of remdesivir and the UK government in the case of dexamethasone. While industry will
continue to play a role, the federal government’s leadership and involvement are crucial,

particularly for repurposed drugs for which industry may have little or no financial incentive to

11
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conduct clinical studies. However, such public investment should be made with the assurance
that any medications found effective will be priced fairly and distributed equitably to patients
who need them. No American should be prevented from accessing a potentially lifesaving
treatment for Covid-19 due to cost, especially when taxpayers fund the research supporting the
drug’s use.

Third, Congress should invest in in a public health infrastructure and national clinical
trial network that allows for a coordinated response by shaping the research agenda, facilitating
research across multiple sites, and limiting duplicative efforts. In several European countries,
government and academics have collaborated on large, multi-site studies that test multiple
repurposed drugs simultaneously. A prime example is the RECOVERY trial, which has already
provided useful information about the lack of effectiveness of hydroxychloroquine and the
effectiveness of dexamethasone. The Covid-19 pandemic is far from over, and investment in a
similar infrastructure in the US can promote collaboration to expedite our ability to uncover
additional therapies to treat or prevent Covid-19, including vaccines.

Finally, Congress should amend the process by which the FDA issues Emergency Use
Authorizations (EUAs) to expand access to drugs before they are formally approved. The level
of evidence and data required to meet the “reasonable to believe” standard should be made
clearer, including the role of high-quality observational studies. While the EUA for
hydroxychloroquine and chloroquine was based on “preclinical and limited anecdotal” evidence
that turned out to be unreliable, the remdesivir EUA was not issued until there were clinical trial
results. Any data the FDA uses should be described, and full results should be made publicly
available at the time an EUA is issued. This was not the case for either EUA issued for drugs
during the Covid-19 pandemic so far, and Congress could act to compel the FDA to increase
transparency for all future EUAs. Additionally, as new evidence emerges, the FDA should be
directed to apply the same standards for revoking an EUA as required for approving it; the
hydroxychloroquine EUA lasted for 3 months despite multiple studies released during that time
that raised questions about the drug’s safety and effectiveness. Even while the EUA was in place,
the FDA issued a warning cautioning against use of the drug due to serious cardiac risk. A more
predictable set of rules around EUAs will promote public understanding, make it easier for

physicians like me to know how to best treat patients, and enhance trust in government.

12



53

The issuance of an EUA should also be accompanied by a clear and transparent plan for
how the drug will be fairly and equitably distributed to patients. It is not clear how the federal
government allocated the doses of hydroxychloroquine or remdesivir that were provided by
manufacturers or whether the EUAs satisfactorily improved access to either medication. Finally,
issuance of an EUA should be accompanied by collection of demographic, treatment, and
outcome information for all treated patients to gain additional insight about the drug’s safety and
effectiveness. A federal registry operated by the FDA or an independent third party could help
find early safety signals not detected clinical trials, monitor for disparities in access to the drug,
and expand upon effectiveness data from clinical trials. Failure to collect such information may
hinder efforts to sufficiently understand a drug’s safety and effectiveness to support FDA
approval.

The Covid-19 pandemic has caused many to suggest that we must balance the desire for
rapid use of experimental treatments against the need for rigorous evidence of drugs’ safety and
effectiveness. However, we have learned that we need not choose between rigorous scientific
study and speed — we can have both. In a recent viewpoint published in The New England
Journal of Medicine, Dr. Jerry Avorn and I argued that “The health of individual patients and the
public at large will be best served by remaining true to our time-tested approach to clinical trial
evidence and drug evaluation.” As our fight to control the Covid-19 pandemic continues,
Congress must assure that we uphold a drug approval process that follows the science and

promotes evidence-based medical practice.
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Chairman FoOSTER. Thank you. And my apologies again for hav-
ing skipped your testimony in the order. That’s, I guess, the danger
that occurs when I've read your testimony in advance and feel less
need to hear it directly from you.

And so I guess I will repeat my question, which is largely di-
rected at your testimony to say a little bit more about the dif-
ferences in the way things are being done internationally versus in
the United States and what lessons we might learn from that.

Dr. ROME. Thank you, yes, I am appreciative. So, the—your ques-
tion is a good one. We have had two successes in this pandemic so
far with dexamethasone and remdesivir. One was primarily driven
out of the United States, but the other, dexamethasone came from
funding from other countries. And I can say that most of the large
clinical trials that are being conducted, especially the ones that
were started very, very early in the pandemic and are likely to get
us results in a timely fashion, were led by our peers in Europe and
other countries. And definitely the United States should, in going
forward in this pandemic and in future pandemics, lead those ef-
forts and become a leader in the world for running these sorts of
clinical trials.

Chairman FOSTER. Now, in the case of the drug that worked, the
anti-inflammatory that worked in England, was that funded by the
manufacturer? Because one of the things that worries me here is
that if all—if the majority of our clinical trials are funded by manu-
facturers, you will naturally—they will prefer drugs for which they
have an intellectual property or a manufacturing position in and
that we may forgo equally promising drugs that are, for example,
off patent or just become generic drugs. And is that handled dif-
ferently in other countries than the United States or are essentially
all trials worldwide funded by the manufacturer?

Dr. ROME. No, not all trials are funded by the manufacturer. And
the trial out of Oxford was funded by the U.K. Government. Dexa-
methasone is a generic drug. There’s very little skin in the game
for any manufacturer to conduct a clinical trial, and that’s likely
to be true of many of these repurposed drugs, which may be older,
off patent, generic drugs, which are widely available and great for
patients but not necessarily a good investment from the perspective
of a manufacturer.

But not only that, the clinical trial for remdesivir, which is still
a patented drug owed by Gilead, the key clinical trial upon which
we are using the drug and an EUA was based was funded by the
U.S. Government, by the NIAID (National Institute of Allergy and
Infectious Diseases), and so—and this is a case where Gilead
should have been running the key clinical trials and instead ran
a clinical trial testing two different doses of the medication against
itself and leaving the key clinical trial to come to the U.S. Govern-
ment. And they have a patent on that drug and can financially
benefit from it when it—or if and when it gets FDA approved.

Chairman FOSTER. Thank you. Yes, Dr. Lurie, any comments on
what’s done internationally versus the United States and lessons
we might learn?

Dr. Lurie. Well, I think what Dr. Rome said is spot on the
money. Unfortunately, things have been to a certain extent dele-
gated to the pharmaceutical industry and even to individual aca-
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demic institutions in this country. What we really need is some-
body to coordinate the whole thing. I know that the NIH would like
to do that. I know that the British Government has done so very
successfully, particularly in the Recovery Trial, but we need a
stronger hand on the rudder, somebody to prioritize the drugs, fig-
ure out the ones that matter the most, and then do proper trials
on them.

I guess I'd add it to what Dr. Rome said in the following way.
It’s tempting in the setting of a pandemic to say that we need to
cut corners, but actually, the pandemic is almost the best place to
stick with the usual game plan because there are so many patients,
I'm sorry to say, and the disease makes you ill so quickly, I'm sorry
to say, that there’s more than enough statistical power for people
to do the randomized controlled trials which we expect drug ap-
proval to be based upon.

So, let’s stick with the methods that work. Let’s not use the pan-
demic as some excuse for corner-cutting or for deregulation.

Chairman FOSTER. All right. So, yes, that’s interesting. Do you
think that there may be opportunities that we’re overlooking for
sort of lightweight outpatient clinical trials? You know, you can
imagine to have a quick but scientifically valid look at
hydroxychloroquine, for example, if you had any one of the—some
fraction of the large number of people who have tested positive
were immediately given the option of being screened and just on
an outpatient basis given that we could’ve rapidly understood and,
you know, with a lot of safety concern. Are there opportunities
there we should think about?

Dr. LUrlik. I think there are, but so far if you look at the totality
of the research that’s been done, most of it is based on the inpa-
tient setting, and that makes a certain kind of sense. These are the
sickest patients after all. They’re the patients in whom you can
demonstrate benefit most easily. So, I agree there’s opportunity,
but I don’t mean that as a criticism of the research enterprise to
date.

Chairman FOSTER. All right. And that exceeds my 5 minutes,
and so I’d like to recognize Representative Lucas—Chairman Lucas
for 5 minutes.

Mr. Lucas. Thank you, Mr. Chairman.

Dr. Stevens, could you provide us with an example of a cutting-
edge research capability unique to the Argonne National Lab and
how it is helping researchers work forward toward repurposing ex-
isting drugs to treat COVID-19?

Dr. STEVENS. Well, the—probably the best example is the use of
the advanced photon source to quickly within a few days, assuming
we can get a good crystal, produce a new structure of a viral pro-
tein bound to a drug. This is critical to understand whether or not
the target is in fact the target that the drug is working on to un-
derstand how it changes the structure of the protein, how it might
interrupt its function, so that’s a pretty unique capability. There’s
only a handful of places in the United States and the world that
can do that and can do it quickly.

And after the pandemic became apparent and Argonne went into
a lowered level of operation, we kept the advanced photon source
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up, and we kept that team working on determining protein struc-
tures critical to the virus. That’s a really good example.

Mr. Lucas. Well, could you, along those lines, explain how Ar-
gonne National Lab is working collaboratively with other research
entities toward identifying COVID-19 drug candidates?

Dr. STEVENS. So, we have a nine-lab consortium that includes
Argonne, Oak Ridge, Berkeley, Brookhaven, Los Alamos, Liver-
more, Sandia National Laboratories, SLAC, and Pacific Northwest
Labs, nine labs all working together. We are using large-scale com-
putation to computationally screen drugs, billions of drugs—or bil-
lions of potential drugs. All the existing drugs and billions of mol-
ecules that can become potential drugs. The drugs that look inter-
esting from a computational standpoint are immediately procured
and turned over to experimentalists that can assay the drug to de-
termine if it is a viable inhibitor of function.

And for things that succeed at that functional screen are for-
warded to whole cell assays that can test full virus replication.
Things that would succeed there would get passed on to animal
models and then passed on for additional refinement and develop-
ment. But I point out that it takes a large team to do this with
virologists, physicians, medicinal chemists, computer scientists, and
so on, and because of that large team—in fact, an important strat-
egy is to consider repurposing existing drugs alongside new com-
pounds. Existing drugs are of particular interest to clinicians due
to them already being available.

Mr. Lucas. As I mentioned earlier, my bill, H.R. 6599, focuses
on collaboration among Federal agencies and aims to create a na-
tional strategy for any infectious disease outbreaks we face in the
future, and certainly we will face those in the future again, as the
Chairman alluded to. Are there any other collaborations that we’re
not thinking about that would help you, Dr. Stevens?

Dr. STEVENS. Well, we—early on, we established a collaboration
between the DOE national labs, and the NIH, which has laboratory
activities and research groups, so there’s linkage. I think what’s
needed in the framework of your bill is a sustained, ongoing net-
work of research collaborations that’s consistently working on prob-
lems and is sharing data, sharing research, sharing assays, sharing
information and would involve the DOE, it would involve the NIH,
it probably would involve NSF resources in some cases, the DOD
(Department of Defense), essentially all the players that are nec-
essary for integrated public health in this country—some kind of
ongoing collaboration around emerging threats.

Mr. Lucas. One last question, Dr. Stevens. Is there anything
Congress can do to help scientists and researchers like yourself do
their jobs more efficiently during this pandemic and bring us one
step closer to ultimately a cure?

Dr. STEVENS. I believe that the current activity is exactly what’s
needed. The funding—the ongoing funding support for these new
efforts is of course critical, extend that longer. We're not out of this
pandemic yet. I believe the interagency coordination process is
working quite well. I believe that the institutions have put together
structures to support this. Within the Department of Energy, for
example, they created the National Virtual Biotechnology Lab co-
ordination process across all the national labs in the United States
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to drive them toward a coherent COVID-19 strategy, so I believe
that’s working. So, continued support for that level of activity is
what I recommend.

Mr. Lucas. Thank you, Doctor. Thank you, Mr. Chairman. I yield
back.

Chairman FOSTER. Thank you. And I will now recognize Rep-
resentative Bonamici for 5 minutes.

Ms. BoNaMmicI. Thank you, Mr. Chairman. Can you hear me?

Chairman FOSTER. Yes.

Ms. BonNawmicl. Terrific. Well, thank you to Chair Foster and
Ranking Member Lucas and really for—to our witnesses today.
Thank you for your expertise.

We know that COVID-19 is disproportionately affecting black,
Latinx, indigenous, and other people of color and that they are con-
tracting the disease and dying at alarming rates. And as research-
ers develop studies and carry out trials, the Administration and
Congress can and must address these disparities and do all we can
to encourage or require research that’s deliberately inclusive of all
demographics and effectively addresses these inequitable outcomes.

Recruiting patients to participate in research we understand can
be challenging even under ideal settings, but trials can fail if
there’s a lack of patient enrollment. There are valid reasons why
a patient invited to take place in a study may not trust medical re-
searchers or feel comfortable participating. And even once a willing
participant is identified, there can be barriers to their inclusion.

A recent Politico article talked about physicians who were con-
ducting NIH-funded clinical trials for remdesivir at sites in Boston,
New York, and Atlanta. They faced language barriers in recruiting
patients with limited English proficiency. They didn’t have consent
forms in Spanish. They had to work with translators by phone to
explain the study and get consent and took extra hours per patient.

So, I know, Dr. Lurie, you mentioned this. Do the witnesses all
agree that it’s important to have diverse representation in studies
and trials? Do you all acknowledge that that’s important?

Dr. Lurie. Well, if I may go, I most certainly do. I've not seen
specific information about recruitment and how it might vary by
ethnicity so far in this pandemic, but I do know that this is not an
equal-opportunity virus. At all stages of this disease, African Amer-
icans and other people of color are at a distinct disadvantage.
They’re more likely to be exposed to the virus in that they’re more
likely to be living in crowded living conditions, more likely to be
working in meatpacking plants, more likely to be in prison, more
likely to be healthcare workers at the front lines of exposure to the
virus.

After that, they very often have difficulty gaining access to treat-
ment in part because of lack of health insurance, and then within
the hospital, you know, the outcomes have not been equal across
ethnic groups perhaps because of significant underlying health
care—health conditions as well.

So, all the way across

Ms. BoNaMicl. I appreciate that. I'm going to ask—I don’t mean
to interrupt, Dr. Lurie, but I'm also going to ask you and Dr.
Finigan, are there strategies to get diverse representation in test-
ing and trials? And, if not, what could not only the government but
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what can the medical community do? Do you have suggestions on
how to build trust in the communities that may have been histori-
cally excluded from government-funded research? I want to get
your thoughts and also Dr. Finigan.

Dr. LUrik. Well, Dr. Finigan, go ahead.

Dr. FINIGAN. Thank you. So, first off, youre correct. So, I
would—I have seen firsthand in the COVID-19 pandemic where
we—there have been examples of people who were not recruited
adequately or were not recruited because there was a language
barrier, there was not an appropriate consent form. That was par-
ticularly challenging for people who only spoke Spanish. One im-
portant thing to note is that there’s often—there’s always a time
window in which you can recruit somebody, so, you—typically, you
can’t recruit somebody into a study in an unlimited time window,
that you may have to do it within, let’s say, 24 or 48 hours of them
being positive, and so there’s a little bit of a race against the clock
in this. And so those kinds of barriers really can have significant
n%eaning. I think those things need to be taken into account ahead
of time.

It is relatively common that African Americans, Latinos, non-
whites are sort of underrepresented in studies, and so being ready
for that kind of thing ahead of time to make sure they can get ade-
quately enrolled, all the resources are available to them, those
things are critical. I know of studies where they got those kinds of
resources, those consent forms, but it happened weeks into the
trial, and so you lost time, you lost patients.

And the other critical piece there that I think you're also getting
at is that’s a lost opportunity for that person to be in a trial. Our
goal is to give every patient the opportunity to enroll in a trial if
they want to. And if you can’t enroll them because there’s not an
adequate consent form, let’s say, that’s a missed opportunity for
that patient, and they may lose the chance of being in a trial, let’s
say, on remdesivir where there’s a potential benefit.

Ms. BoNawMmicl. I appreciate that. And there was just an article
this morning in Axios Health Newsletter that there’s all this—now
there’s talk this week about this steroid that’s been hailed as a
breakthrough treatment, but there’s also evidence, according to the
Chair of Pharmacology at Johns Hopkins University School of Med-
icine that African Americans may respond differently to this type
of steroid. So, it’s so critical that we address this issue because, as
we know, COVID-19 doesn’t discriminate based on somebody’s
race. I mean, it’s disproportionately affecting people of color.

And real quickly, Dr. Finigan, we know that repurposing existing
drugs is an attractive option because medications have already
gone through testing. Can you tell us more about how preclinical
testing in clinical trial phases can be safely accelerated if the drug
has already been approved for another use?

Dr. FINIGAN. So, there are—so there are different ways this can
be done, but I think the key is to have sort of integrated networks
so you can hit all the phases at once. So, as has been described,
there are things you can do, Insilico, in a computer where you can
try to rationally identify drugs. So, for example, I was a part of a
study where one of our investigators built essentially a Google pro-
gram where you could put in drugs and then put in the kind of
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drug you wanted or the kind of protein you wanted to target, and
then this computer program would sort of spit out the drug that
you wanted, and then you could marry that to an assay that you
could do in a lab where you might have, let’s say, 500 little wells,
and you could test different drugs in each one of those wells. And
so being able to marry those different things together and being
able to do that and then rapidly move that into an animal model,
those things are important, to have that whole spectrum rep-
resented. Whether or not that requires one institution or multiple
institutions is important.

And I think, as was said earlier, having these assays sort of
ready to go is important, and so thinking about what these might
be, they often have to do with toxicity, whether or not they kill
cells or something like that, those are the things that need to be
thought about ahead of time so they can be ready to go.

Chairman FOSTER. OK. So, I’'m afraid I have to

Ms. Bonamict. OK. My—yes, my time is expired. I yield back,
Mr. Chairman, thank you.

Chairman FOSTER. That’s all right. And we’ll have a little bit of
forbearance with Representatives who are coming in on the tele-
phone because they can’t see the timer.

And we’ll now recognize Representative Biggs for 5 minutes.

Mr. BigcGgs. Thank you, Mr. Chairman, and thanks, Ranking
Member Lucas, and thank you to each Member of the panel. This
has been very interesting.

And as we're trying to develop vaccine or cures for the COVID,
I see we’re moving fairly rapidly. It looks like we’re moving rapidly.
And I appreciate Dr. Lurie talking through this, maintaining some
standards and normalcy.

But I guess my question that I want to ask here is, as we go
through this and we accelerate these processes, can you address,
and I'll just open it up to whoever wants to answer this. How can
we maintain scientific rigor while we’re accelerating the develop-
ment of vaccines and curatives? And each one of you have nibbled
around the edges here, but 'm wondering if there’s any way that
you see that we can maintain that scientific rigor that’s so nec-
essary if we’re going to really get a handle on this?

Dr. Lurik. Well, you know, I think the playbook is clear. The
playbook is the playbook that we’ve had for decades, the playbook
that has produced effective therapy through following that very
playbook, through keeping to strong standards. So, all I think we
really need to do is to coordinate better, obviously speed things up
the way researchers collectively have decided to do by turning their
attention to this. And if we keep our standards up, I like to think
that ultimately we’ll have the products that we need.

Mr. Bicas. Well, and so that gets me to Dr. Rome, who I think
mentioned something I'm in total agreement with if you’d maybe
expand on that. You said in EUAs one of the things that we need
to do is be more transparent. And so, Dr. Rome, if you would just
address that, how we do that and how can we best be more trans-
parent?

Dr. ROME. Yes, thank you. I totally agree. Transparency is key
with EUAs. We had two examples of EUAs or emergency use au-
thorizations so far during this pandemic, so hydroxychloroquine
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and chloroquine was the first one. That was based on very little
evidence. But when the EUA came out, it wasn’t clear what evi-
dence the FDA had considered, and it sort of—only later did we
sort of learn a little bit about what they—what was going through
the minds of the folks at the FDA.

With remdesivir, we had a top-line result published by the clin-
ical trial, but we—not until 3 weeks later did we have the full data
that was released in the New England Journal of Medicine. And
during those 3 weeks the drug was already being shipped out to
hospitals and humans, and we didn’t know necessarily how to best
target the drug toward particular patients or if there was—and we
had a limited supply.

So, absolutely, transparency is key. The FDA should make deci-
sions in a consistent way that meet the standard. The standard for
any EUA is that it is reasonable to believe, based on the totality
of evidence, that the drug is likely to be effective. So, that reason-
able-to-believe standard needs to be enforced. When new data
comes out, we need to reassess. And we need the—whatever data
that the FDA is using to make those decisions should be public at
the same moment that the EUA letter is issued.

Mr. BiGgGs. Great. Thank you. And I'm just going to go to Dr. Ste-
vens. Dr. Stevens, you mentioned that although repurposing exist-
ing drugs may be a fast route to possible treatments, it’s highly
likely that we’re going to still need purpose-built drugs for treating
COVID-19. Can you expand on how the work that you’re doing at
Argonne be leveraged by pharmaceutical companies to help develop
purpose-built drugs specifically?

Dr. STEVENS. Yes. So, what the team is doing is we are trying
to produce a set of qualified leads. That would be compounds that
show some promise in the computational work, they show some
promise in initial functional assays and initial whole cell assays
but are not fully refined as drugs. These would be compounds that
we would essentially handover to the pharmaceutical industry and
say here’s all the data that we’ve computed and that we’ve meas-
ured on these compounds and let them take it from there.

And this—that kind of handoff has been discussed between the
labs and pharma, and it’s the kind of thing that pharma is very
interested in because you think of the—the drug and all the proc-
esses is a giant funnel, and at the top of the funnel you've got bil-
lions of possible molecules out of the—out of 10 to the 60th possible
drug molecules, we know of a few billion of them that we've
thought about in some sense, and we have to narrow that down to
handfuls, you know, 10’s or 20’s of compounds the pharmaceutical
industry can take and do more advanced studies on, can refine and
improve the molecules, improve their safety, improve their effec-
tiveness, improve the therapeutic window.

And so what we’re doing in the public sector is essentially that
big top part of the funnel and reducing it down in a very public
way, in a very open way, to set of priorities that they can then take
and invest private money into drugs. That’s the strategy.

Mr. Bicas. Right. Thank you. And with that, Mr. Chairman, I'll
yield back.

Chairman FoOSTER. Thank you. And I will now recognize Mr.
Beyer for 5 minutes.
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Mr. BEYER. Thank you, Mr. Chairman, and thanks, all of you, for
being with us.

Let me begin with Dr. Rome. One of the things in your testimony
you said it’s imperative that we establish a clinical trial network.
Does one not already exist, and isn’t that part of the function of
NIH to have established that over the years?

Dr. RoME. Thank you for the question. Yes, so, certainly, we
have small networks of clinical trials, and I think that Dr. Finigan
could probably speak to this more as a trialist himself, but I would
say that the NIH does in fact do direct research itself in some
cases, as was the case in remdesivir. But in other cases it will
outsource to academics. And, as was already mentioned, when a
study is done at multiple sites, there’s a lot of regulatory things
that need to happen. You need to assure safety of the clinical trial
through institutional review boards, and that can take a long time.

And so by—what I think the—where I think the efforts need to
be is, you know, clinical trialists and scientists are ready to go and
want to act. What needs to be cut down on are the things that are
super important like maintaining patient safety, but the time to do
those things and the time to correlate across different sites can
definitely be cut down on by investing further in those infrastruc-
tures.

Mr. BEYER. The vision has to be that there is an existing na-
tional network of clinical sites, say, 50, 100, 300, that in a future
crisis, click, you turn it on.

So, to Dr. Finigan, you mentioned that at National Jewish
Health you’re working on delineating the structure of the protein.
Why would an individual hospital do that rather than the national
labs that have all the—you know, the big computing machines, the
neutron devices and the light devices?

Dr. FINIGAN. You know, I mean, it has to—so it has to do with
a couple things. No. 1, ability and interest. We have people who
have that ability and can do it. And, as I said, everything is sort
of reoriented toward COVID-19, so everybody in the hospital
dropped what they were doing and started to do new things di-
rected toward COVID-19. So, people who had that ability here
worked on that.

I think it also speaks to a little bit of a lack of coordination of
how this would be attacked from the beginning, and so from the
beginning there was not a sort of—at least not a publicly an-
nounced kind of strategy that was clear to everybody in terms of
how things were going to happen, how things were going to get laid
out from sort of basic science, understanding some of those basic
facts to driving it into clinical trials, and that creates a fair amount
of duplication.

And an example of that, just to answer the question you brought
up earlier, there are clinical networks that have existed, and there
are lots of them that still exist. It’s just that it took several months
to utilize those for COVID-19. They sat not being used for COVID-
19 trials for a period of time, and now theyre starting to get used.
And so it may not be creating a new network. It just means under-
standing that these things exist and you have a strategy ready to
go that you're going to use.
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Mr. BEYER. Great, thank you. Thank you. Dr. Stevens, I was fas-
cinated by the notion that the COVID—you know, the RNA trans-
lates into 30 specific proteins. You understand the structure, how
they’re folded, that 10 to 20 of them are what creates this issue.
And you talk about purpose-built. Is it—are you thinking or is it
possible to think—and I think mathematically with your supercom-
puters about how to tear apart one of those 20 proteins?

Dr. STEVENS. Well, we’re building both physics-based models and
Al models to essentially design—custom design inhibitor molecules
for each of those proteins using the power of supercomputing. I
mean, that’s what the community that can do this type of bio-
physical modeling and Al is working on. There are many groups
that are collaborating on this task, and I believe in the near fu-
ture—I can’t say exactly how long this will take—we will have new
compounds that are the result of this process that will go into the
experimental screening pipelines.

Mr. BEYER. But do you have to disrupt more than one of those
20 proteins to make a——

Dr. STEVENS. Yes, you have to. If you look at state-of-the-art
antiviral therapies, often theyre a cocktail of drugs, and so we
think the best strategy is probably a multiple therapeutic mix that
would go after multiple targets, maybe a target that would help in
blocking viral entry, one that might block replication, one that
might block some host process that is a problem, and so forth. And
so you would probably end up at the end of the day with a mixture
of compounds in a future drug—or future drug treatment.

I think it’s really important, though, to say that to develop the
kind of drugs that we’re imagining will take a long time. If you
think about in the case of HIV, it took many, many years before
there were effective HIV therapies, over a decade, and while we're
moving faster, and we have better tools, this is a very hard prob-
lem. And while the scientific community has been working the last
few months in a kind of crisis mode on this, they can’t work in cri-
sis mode for many years, and so we have to put institutional struc-
tures around this to get it done.

Mr. BEYER. Thank you very much. And I yield back, Mr. Chair-
man.

Chairman FoOSTER. Thank you. I'll recognize Representative
Wextgn for 5 minutes. Mute. Whoops, microphone. Mute. You're
muted.

Ms. WEXTON. Shame on me. Hi. Thank you, Mr. Chairman, for
yielding and for not charging me my 5 minutes quite yet. And to
the panelists for joining us today, this is a really fascinating discus-
sion, and I'm glad to be here for it.

You know, the controversy surrounding the FDA’s EUA for
hydroxychloroquine has caused a lot of people to question the sci-
entific integrity of FDA’s process, and so the policymaking espe-
cially during this pandemic. Dr. Lurie and Dr. Rome, could you
please give us your general assessment of the rigor of FDA policy-
making and public communications regarding the repurposing of
therapeutic drugs during this pandemic and then what needs to be
done better, if anything?

Dr. LUrik. Well, I certainly agree that it has been a disappoint-
ment, and I don’t think it’s because of the career officials in FDA,
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who I believe are completely committed to scientific integrity and
proper regulatory procedures in this pandemic. But I do think that
people have turned out to be susceptible to political pressure.

The hydroxychloroquine example is frankly an embarrassment.
The standard for approving the EUA was considerably below what
it was in previous EUAs, and I say this based on talking to people
who granted EUAs in previous Administrations. And so, in the end,
that turned out to be a black eye for the agency.

Another embarrassment I think has turned out to be antibody
tests where for a while the agency allowed these products to come
on the market without even an EUA. And then that turned out to
be a disaster when it turned out that they were plagued by false
positives, so now they have an EUA.

What I hope is that from the combination of those two experi-
ences we'll get a proper use of the EUA process, which I think we
are now seeing for remdesivir, and I sincerely believe and hope
that my former colleagues at FDA will be able to stand up to the
political pressure, because it is certainly searing.

Ms. WEXTON. And Dr. Rome, how about you?

Dr. RoOME. Yes, thank you for the question. I think what you're
getting at is actually an issue that has come up again and again,
which is sort of the standards of evidence sort of required for any
drug approval even before COVID-19, which traditionally were
statutorily supposed to be based on sort of substantial evidence, so
it means that traditionally that meant two clinical trials, two large
randomized clinical trials to make sure that even if one trial got
the answer wrong, that we wouldn’t get it wrong twice. And that
has changed over time.

There are many drugs now that are expedited through the FDA
process, and that’s something that needs to be considered. And
that’s sort of the background for when—you know, when COVID-
19 came, we've already experienced the fact that 80-plus percent of
drugs are approved through some expedited pathway may be based
on more limited evidence than that traditional two clinical trials.
So, during COVID-19, we’ve relied, you know, on the EUA to sort
of cutoff the FDA approval process and act before the FDA sort of
carefully considers all the evidence.

It makes total sense, and certainly time is of the essence, but to
your point, we actually have very little experience using EUAs in—
for drugs. It was done during a swine flu pandemic of 2009, 2010.
There, a drug was issued an EUA, and the—but data that later
came out from the clinical trials showed that the drug was not ac-
tually effective for the type of patients the EUA was issued for.

Now, we have hydroxychloroquine and remdesivir, so we've
maybe hit one out of three potentially that we don’t know the full
story on remdesivir, but certainly this is the time for Congress to
take a look at the way the EUAs have been utilized and tune up
the regulations on the FDA to make sure it’s done appropriately in
the context of the speed that’s needed.

Ms. WEXTON. So, in this final minute I guess my question is also
there’s going to be a lot of financial incentives for various firms to
get their drugs through this EUA process and get them approved.
What—how does the FDA assess and eliminate conflicts of interest
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in its drug approval process, make sure that there’s no conflicts in
the decisionmaking process?

Dr. LUrie. Well, I—quite frankly, the process is infected with
conflict of interest, and there’s not very much that can be done
about it in the following sense. We accept the idea that drug trials,
trials of diagnostics and vaccines, are conducted in general by the
manufacturers themselves, and so it’s a given that there will be
that kind of conflict of interest in that the companies will come in
viflith an interest in depicting the data in the way that best suits
them.

But that’s where the FDA comes in. That’s where the FDA’s re-
view of the actual data itself, which no other country in the world
claims to do, that’s where that kind of review, that kind of insu-
lating of the reviewers from the manufacturers is so important.
And that’s the way it’s managed. But it’s a given that most of the
time the studies will be done by the manufacturers themselves.

Ms. WEXTON. Thank you very much. I see my time has expired,
and I will yield back.

Chairman FoSTER. Well, thank you. And I will now recognize
Representative Perlmutter to unmute and——

Mr. PERLMUTTER. Thanks, Mr. Chair. And to the panelists, thank
you all for your testimony. I've been watching you all listen and
watch each other, and it’s been interesting.

So, the first question I have—and, Dr. Finigan, you brought up
a couple networks, and you say there are networks in place, but
they really didn’t get activated promptly. So, you talked about
ACTIV and you talked about PETAL I guess, sort of the acronyms
for these things. And to everybody but start with you, Dr. Finigan,
a pandemic comes, we see this thing starting to roll, how is there—
is there some lead agency, is it CDC, is it NIH, is it BARDA, is
it—who is it that says to these networks, OK, everybody’s got to
jump to whether it’s hospitals or the laboratories or who says “get
going?”

Dr. FINIGAN. So, I think to a certain degree the exact agency that
does it doesn’t matter. I think it just needs to be understood out
of time. And so whether or not it is the NIH or BARDA, it—you
know, or another agency, I don’t think really matters. It’s just a
function of thinking ahead of time and knowing ahead of time that
these networks exist and that you want to put them into action and
especially in a situation like this where you actually have some
lead time. So, we knew about this pandemic for some time, and we
could have been planning it, and so it doesn’t necessarily matter
that it’s the CDC or a different agency. Whichever agency, let’s say,
funds that network or if you need to bring in more than one net-
work and you might need to have cross agency, those things just
need to be thought of ahead of time.

Other aspects like how you would do consenting for patients and
those things also should be thought of ahead of time so that that
can be streamlined as quickly as possible for when you need to uti-
lize those networks.

Mr. PERLMUTTER. So, Dr. Stevens, when were the labs sort of
kicked into gear on this thing?

Dr. STEVENS. The labs started to self-organize around the 1st of
March ahead of the official proclamations. We have a bit of internal
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flexibility at the labs and we used that flexibility to get started.
That’s why the labs exist, to do large-scale science, interdiscipli-
nary, and so—and we’re used to taking initiatives on our own, tak-
ing our own initiatives, so the labs started talking to each other,
we started arranging computer time, we started pulling together
teams actually long before the pandemic was declared. And DOE
headquarters was very supportive that we were already moving.

And so I think the community—I think the others would—panel-
ists would agree. The community saw this coming and started to
do things that they could do within the realm of their degrees of
freedom of action, and the agencies then came up to speed to start
resourcing things. So, I think, you know, it all sort of happened in
parallel.

Mr. PERLMUTTER. So, to all of you, from our—so our Science
Committee we have a little bit of jurisdiction with respect to hos-
pitals but not a lot, but we do have definitely jurisdiction over the
laboratories. So, is there any connection in these networks that you
talked about, Dr. Finigan, or you talked about the nine labs that
you're collaborating with, Dr. Stevens? Is there any connection be-
tween sort of these hospital networks and our laboratories? Are you
guys talking to each other?

Dr. STEVENS. Not so much. The Department of Energy typically
doesn’t get involved in clinical research. Our laboratory doesn’t
have ongoing internal projects related to clinical work. This is
largely due to the distinctions between the different agencies that
fund that work. We do have a lot of collaborators in universities,
and so the way in which we—and I personally have a joint appoint-
ment at the University of Chicago where I have colleagues in clin-
ical trials and I have funding from NIH and connections to clinical
work via my university appointment and from talking to those peo-
ple so, personally, we have contacts. But, institutionally, the De-
partment of Energy, typically, the DOE laboratories that they sup-
port aren’t involved in clinical work.

Mr. PERLMUTTER. All right. Well, let me turn to Dr. Rome for my
last 45 seconds. So, at Harvard—so National Jewish collaborates
with lots of hospitals, the University of Colorado, a bunch of other
stuff. Harvard obviously collaborates with everything around the
world. When did your medical school and when did you sort of—
or how—get engaged in this thing, I mean, the minute we heard
about it from China or how did that go?

Dr. ROME. I agree with what’s been said that the scientific com-
munity acted early, but acting early involves having information,
and I think the information comes from the top in this case. The
information out of China was challenging, I think, for medical pro-
fessionals to understand, and so by the time in March that people
started to gear up here, that might have been unfortunately
pushed earlier had the Administration and everyone else in the
government sort of set the ball moving and pushed for action ear-
lier on.

Mr. PERLMUTTER. And I guess I was remiss to say Dr. Finigan
helped me on a telephone town hall where we had 10,000 people
on the line, and so I just wanted to mention that and thank all of
you for your testimony today. I really appreciate it.
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Chairman FOSTER. Well, thank you all. At this point I guess
there’s probably enough Member interest for another round of
questioning for those Members who wish, and so we can quickly—
all right. Mr. Perlmutter and Beyer. OK. So, this may be a brief
round of questions here, but I would like to follow up on a couple
of points.

The—Dr. Finigan, you sort of mentioned the idea, the concept
that there—instead of having to replicate the approval of the
remdesivir trial at 60 different locations, that there could be some
single point of approval. And are you—is it realistic to expect that
individual institutions will buy into that mechanism, that they’ll be
willing to outsource the approval of a clinical trial that may or may
not, you know, be safe, which is one of their concerns?

Dr. FINIGAN. So, the answer is no, they’re not going to give it up,
but I think there’s things you can do ahead of time to make it go
much faster. So, what happens with a trial like the remdesivir trial
or other trials that we have going on is an industry sponsor in
these instances reaches out to us, asks us if we want to be a part
of it. We say yes, and then there—at that point you begin the back-
and-forth of we get the protocol, we read it, it goes through our
process, we have to approve it and make sure it’s safe, we have to
discuss the budget, we need to make sure we have to do it. While
we're—they’re doing that with us, they’re doing that individually at
all the different sites. If we spend, let’s say, 3 weeks working on
it and then decide we can’t do it, that’s wasted time for everybody.

So, if this—so if you have a network like, let’s say, the PETAL
network that I mentioned, this exists already in place. A lot of that
work has been taken care of already, and so a lot of that immediate
work and legwork in terms of getting things approved and con-
tracting and budgeting, that stuff might be taken care of. And so
you can imagine a situation where a drug company might say I
have a drug, I think it’'s promising, I want to use this federally
funded network and maybe there’s some mechanism by which they
have to pay in to use that to help keep that funded but allows them
to very rapidly get their drug out there and not have to go through
the process every time.

Chairman FoOSTER. All right. And so, yes, you touched on the
issue of getting the commercial incentives right, because that must
be very delicate in this because, you know, obviously if a drug com-
pany can get the Federal taxpayer to pay for a clinical trial for a
drug that they’ll eventually make money on, you know, say this is
something which is a currently unapproved use, you'd think that
there ought to be a mechanism in place somehow to have the
drug—the Federal taxpayer, you know, have some benefit from the
fact that they paid for this trial.

And are there countries anywhere that have a different model
that might be more effective for dealing with the—you know, the
commercial interest to fund trials, or do they just fully federalize
it and there’s a big pot of money that—and a group of scientists
who decide what is the most scientifically promising and allocate
some fraction of the clinical trials that way?

Dr. FINIGAN. So, I can’t speak to what happens very knowledge-
ably in other countries. I'll let other people address that if they
know that. What I will say briefly is that there are some examples
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of—I don’t know if it’s quite public-private partnerships but, for ex-
ample, in cystic fibrosis, the Cystic Fibrosis Foundation, which
really sort of regulates a lot of the trials that happen in cystic fi-
brosis in kids and adults, partnered with an industry sponsor on
new drugs so that they could rapidly get those drugs sort of tested,
and then those were successful and approved, and so the drug com-
pany and the Cystic Fibrosis Foundation both benefited from that.
And I think that’s an example that could be replicated in other in-
stances. And I'll let others talk about other countries.

Chairman FOSTER. Dr. Rome, any comments?

Dr. ROME. Yes, I guess I would say that I don’t know of another
country sort of to your question of sort of how that balance is made
other than other countries do a much better job negotiating for
value-based prices of drugs so that we do not sort of double pay,
paying sort of through the roof for clinical research to develop the
drug and then secondarily for high prices, so that’s one comment.

The other is that not just in COVID-19, again, I mentioned the
example of remdesivir, which is exactly what you said. A govern-
ment is funding the late stage sort of clinical trial development.
That occurs in one in four drugs that have been developed over the
last decade where the Federal Government is involved late in the
development of a drug. And almost every drug has some sort of
Federal involvement in the early stages of development, so this is
absolutely a problem. It’s going to be highlighted in COVID-19,
and it’s going to affect how the drugs are able to be accessed by
patients once we have to—you know, once patients and insurance
companies have to pay for them, so it’s definitely something that
needs to be addressed.

Chairman FOSTER. Well, thank you. And I think one of the most
potentially tragic outcomes is that promising drugs just won’t get
looked into that should if you don’t set this up right. All right.

And at this point I'm happy to recognize Chairman Lucas for 5
minutes of additional questions.

Mr. Lucas. Mr. Chairman, I will yield back but simply note our
constituents out in the countryside are frantically looking for ways
to protect themselves from this or cures to address it. I'd like to
think that all the discussion here today about the challenges we
face to this point, still the underlying issue is we’re making
progress, diligently working to address the needs of our constitu-
ents, and that they should have faith in the institutions both inside
and outside the Federal Government that are working together,
healthcare industry included, to try and address their needs, needs
that are brought on through issues by no fault of their own, just
the world we live in at this time.

And with that, Mr. Chairman, I yield back.

Chairman FOSTER. Thank you. And I'll now recognize Represent-
ative Beyer for 5 minutes.

Mr. BEYER. Thank you, Mr. Chairman, very much.

Dr. Stevens, in your testimony you talked about us paying atten-
tion in the long term to emerging pathogens. How do you define
emerging pathogens? Does someone have to get sick before we do
it? And given the billions of different viruses that are out there,
what constitutes an emerging one?
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Dr. STEVENS. Well, it’'s—there are several definitions, but the one
that I think most people would agree with, it’s pathogens that are
relatively new to science, so these could be pathogens, zoonotic
pathogens that are endemic in wild animals, maybe in places peo-
ple don’t normally live, and as humans, human development, and
economic development pushes large numbers of people closer to
these previously wild areas, there’s lots of opportunity for contact
with these animal species, and new pathogens can emerge that
way. That’s the primary mechanism.

If you think over the last couple of decades, the viral pathogens,
Ebola, Zika, SARS, COVID-2—SARS-CoV-2, these have all
emerged from animal reservoirs, and so my recommendation is that
we mount a scientifically based international program to surveille
wild populations, understand their microbiomes, the natural vi-
ruses that coexist with them, and study them. We have the tech-
nology for doing that. We could easily sequence these things. We
can produce the structures. We can get ahead of the curve. We can
understand the reservoirs much better than we do currently, and
that would leave us more time to be ready for the next one.

Mr. BEYER. Thank you. You also mentioned that there are 10
million molecules available for experimental validation. Well, you
can’t—are you—and you talked about the windowing, the fun-
neling.

Dr. STEVENS. That’s right.

Mr. BEYER. Is the first funnel going to be a mathematical one,
the physical one rather than experimental

Dr. STEVENS. Well, the top of the funnel occurs in some theo-
retical sense as every molecule that’s possibly drug like is about 10
to the 60th. The drug companies and the academic community have
an understanding of maybe 4 to 5 billion molecules. Of that, maybe
10 million are something I can get my hands on in a couple of
weeks. Of course, synthetic chemists can make new things roughly
in that timeframe as well, so it would be conceivable to create
ahead of time panels, that is, collections of molecules that are
ready but essentially standing by in the freezers.

And if you have an emerging outbreak and you develop assays
quickly, you could screen a very large set of molecules in a few
months and have a lot of possible leads to chase down. And com-
bining that with computation would create a much better situation
in terms of future therapeutic development, and that’s something
I think the community would be very excited to work towards.

Mr. BEYER. Excellent. Thank you. And it is amazing trying to get
your arms around 100 million molecules.

One last question. Dr. Rome, your fourth point was making im-
provements to FDA’s EUA process, and you talked about the bul-
lets, clarifying and standardizing transparency, equitable distribu-
tion, and then patient outcome data. Is this something that should
be done regulatorily or is this a perfect piece of legislation for the
House Science Committee?

Dr. ROME. So, the FDA has the ability to do some of these things
but has not done so. They have the ability to collect information
about the drugs, but they’re not required to and—other than ad-
verse event or safety reporting of sort of major events like deaths
that occur from the drug, so that has happened, but further data
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has not been required as part of the EUAs. The FDA has broad au-
thority to write into the EUA sort of what it wants in terms of re-
quirements, but certainly those requirements—you know, that sort
of broad authority could be better regulated by Congress by sort of
more directing and saying when you issue an EUA, these are the
things that we think are necessary.

And we’ve learned a great deal about what would be helpful. I
would say, again, more transparency at the outset so that physi-
cians who are using the drugs from an EUA have access to data,
you know, not just the data that’s, you know, on the internet but
actually like the raw data, the published studies.

Mr. BEYER. And you wouldn’t think that we were guilty of micro-
management if we led that?

Dr. ROME. I mean, I think that these things need to happen, and
so I think if Congress wants to step up and say that for all future
EUAs that these are some tweaks that we think are necessary, I
think that’s reasonable. I would say the EUA is not just to drugs.
The EUA applies to diagnostics, testing equipment that has been
mentioned before, ventilators, other things. So, again, drugs are a
minority of cases over the history of the EUA that have been—
where it’s been used, so we only have really three examples, two
of which, you know, are for this pandemic alone. So, we are—you
know, I do think it’s time to reevaluate how that was used and de-
cide if change—small changes, legislative changes need to be made.

Mr. BEYER. All right. Thank you very much. Mr. Chairman, I
yield back.

Chairman FOSTER. Thank you. And I'll now recognize Represent-
ative Perlmutter for 5 minutes.

Mr. PERLMUTTER. Just one question, and start with you, Dr.
Lurie. Anybody can jump in. The serologic tests, the antibody tests
I guess, there are a whole bunch of them. Some have been ap-
proved, I guess, and some have not been approved. So, going to the
diagnostics that you were talking about, Dr. Rome, did we do this
right or not or is there now sort of doubt about these tests and
their validity? Dr. Lurie?

Dr. LURIE. Well, in referring to the antibody tests specifically, I
don’t think that has been well-handled by FDA. I think that, feel-
ing the pressure to press ahead, they gave the antibody tests a free
pass to begin with, not even requiring an EUA for them. And it
didn’t take long for evidence to mount that, particularly in low-
prevalence populations, certain of these tests could actually
produce more false positives than true positives. And I think that
first the agency took a look at what they’d done and then they
slapped an EUA upon them giving the companies 10 days to com-
ply. I don’t know how many of them have met the EUA require-
ments at this point, but I expect that certain of those products will
just disappear because they couldn’t meet the standards.

So, again, what I'm sorry to say has happened is that the FDA
has been—you know, theyre kind of flip-flopping or, if you like,
course-correcting, you know, to try and get this exactly right.
They’ve made some mistakes. Hopefully, it will be better going for-
ward.
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Mr. PERLMUTTER. OK. Thank you. I don’t know if anybody else
has any comments. I just want to thank the panel, and I'm happy
to yield back to you, Mr. Chairman.

Chairman FoOSTER. Well, thank you. And I—you know, I have to
say that I was a little bit surprised when the antibody tests came
out so flawed, that there was no one responsible for making—for—
in the government for establishing a test panel that you run every
one of the proposed tests against just blood samples of positive and
negative people that would be just prepared and at least given to
every manufacturer to test against and report their results. And,
you know, that seems like the sort of infrastructure that should
exist somewhere in the future when this sort of thing happens.

And I was also fascinated by Representative Beyer’s suggestion
of potential legislation coming out of this, that there may be some-
thing sensible that could be done there. And, let’s see, I can—now
can—have about one remaining minute of Representative
Perlmutter’s time, so I'd just like—Dr. Stevens, how leaky is the
funnel? How often do you see a drug that works wonderfully in
practice and not at all in theory?

Dr. STEVENS. Well, it usually means our theory is wrong, so we
have to go back and fix the theory if that happens. The funnel is
pretty leaky in the sense that things fall out that we have to filter
out because we’re using approximate rules often to do this. But,
you know, most of what we look at doesn’t work. I mean, that’s the
reality of drug development. Most compounds don’t work. And so
it is a needle-in-a-haystack type of problem, and occasionally, you
will find drugs that defy our, you know, initial view, but those usu-
ally don’t come from the computational process because we filter
those out. They would come through physical screens and natural
products, for example, and then you have to go back and rethink
them. So, you need combinations of both. This can’t all be
computationally driven. As I mentioned before, large chemical li-
braries that would be screened in public I think is another resource
that we need as infrastructure.

Chairman FOSTER. All right. Well, anyway, I just want to thank
all of our witnesses at this point before bringing the hearing to a
close. It’s very important. And keep thinking, as you're doing your
daytime job here, what changes you’d like to see in place for the
next pandemic because I think that’s going to be a big part of our
job is to try to preserve the attention span of Congress so that
we’re better prepared.

I guess someone smart once said you go to war with the army
you have, and next time—next pandemic I'd like a slightly better
army. And just thank you all for being part of the army that we
have.

So, the record here will be open—remain open for 2 weeks for ad-
ditional statements from Members for any additional questions
that the Committee may ask the witnesses, and the witnesses are
now excused, and the hearing is adjourned.

[Whereupon, at 3:04 p.m., the Subcommittee was adjourned.]
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