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OPENING SESSION

Sam Raney, PhD (Associate Director for Science & Chief Scientific Advisor,
ORS/OGD/CDER/FDA)

Good morning, everyone, and welcome. It is our pleasure to welcome all of you — in person
and online from across the world — to our FY 2026 GDUFA Public Workshop. This is a
workshop where FDA primarily, first and foremost, listens to hear what the challenges are
for patients, for the public, and for generic drug developers, to ensure that we can work
together to help enhance patient access to safe, effective, affordable, high-quality generic
drugs.

A few housekeeping notes before we get started. The restrooms are just outside, down the
hallway to my right. There will be coffee during the breaks, up through lunch, but notin the
afternoon. So if you would like to get your coffee during the lunch break or during any of the
breaks leading up to that, | welcome you to do so — that will keep you through the
afternoon.

Without further ado, we are going to launch straight into our program, and Dr. Ahmed Zidan
will introduce our first speakers.

Ahmed Zidan, PhD (Sr. Research Pharmacologist, DPQR V/OPQR/OPQ/CDER/FDA)

Thank you, Sam. First, good morning, everyone in the room. | would also like to welcome all
participants to this year's GDUFA Public Workshop. Let's begin with our opening session.
These opening remarks will bring together patient, policy, regulatory, quality, and research
perspectives to frame the scientific discussions over the next two days.

First, itis my pleasure to introduce Alyson Bancroft, Director of Legislation, Policy, and
Alliances at Patients for Affordable Drugs. Alyson will provide an important patient and
access perspective on the value of generic competition and affordable medicine. Alyson,
thank you for joining us.



Alyson Bancroft, MPH (Director of Legislation, Policy & Alliances, Patients for Affordable
Drugs)

Good morning. Can everybody hear me? Allright. | am a former camp counselor, so | don't
always need a microphone, but I'll try to use my inside voice. It is such a pleasure to be
here with you. Thank you for having me today.

My name is Alyson Bancroft, and | serve as the Director of Legislation, Policy, and Alliances
at Patients for Affordable Drugs. We are the only national patient advocacy organization
focused exclusively on policies to lower prescription drug prices. We are independent,
bipartisan, and we do not accept funding from any organization that profits from the
development or distribution of prescription drugs.

We have gathered stories from patients and families across the country who are struggling
to afford the medications they need. We now have more than 40,000 verified stories from
people in every state and every district of Congress in the U.S. One reality that they all
understand is that drugs are too expensive in the United States. In fact, roughly 3in 10
Americans report difficulty affording their medications, and Americans pay at least four
times more for brand-name prescription drugs than patients in other wealthy countries.

Patients are often forced to make impossible choices between paying for their medications
or other essentials, like food or housing. Those costs also ripple across the healthcare
system, driving higher spending for taxpayers, employers, and families. You are likely
familiar with the report from America's Health Insurance Plans that found 24 cents of every
dollar spent on health insurance premiums goes toward prescription drugs.

Increasing the number of generic medicines on the market — and increasing the speed at
which safe and effective generics become available — remains one of the best ways to
lower prescription drug prices for patients. It is also one of our priorities as an organization.

The people in this room certainly know that when generic competition works, patients
benefit. As a reminder, a single generic can lower the cost of a drug by 30%, and the entry
of six or more generics can lower prices by nearly 95%.

For me, this issue is deeply personal. | have lived with type 1 diabetes for nearly 35 years.
During that time, | have watched the list prices of brand-name insulin products skyrocket.
You have probably seen this in the news. | have seen many families in the diabetes
community struggle to afford healthcare and basic prescription medications. Through the
diabetes camps where | once worked, | met parents making impossible choices to keep
their children alive.



Last year, during my first pregnancy, generic drugs played a critical role in my own care. |
was prescribed a generic version of metformin on top of the insulin | had been taking for
decades. As a background, many pregnant patients experience insulin resistance because
of hormones produced by the placenta, but for someone living with type 1 diabetes, these
changes can be particularly difficult to manage — even with exercise, boatloads of insulin,
and an intentional diet. Glucose management during pregnancy holds massive
implications for both delivery and fetal brain and heart development, so the stakes are sky
high. Thankfully, as dozens of manufacturers have a version of metformin on the market,
the medication was affordable and accessible for me. As someone who already faced high
healthcare costs and high prescription drug cost, | was relieved to have access to an
effective and affordable generic option — and it helped ensure that | was able to deliver a
healthy baby girl.

At Patients for Affordable Drugs, we know that generic competition is not just an abstract
policy discussion. While many of the conversations happening here over the next two days
will be highly technical, the impact will be on patients like me and families like mine across
the country. For patients, delays in access can mean years of paying unnecessarily high
prices for medicines they rely on every day.

One of our patient advocates is a man named Kevin, who lives in Oregon and takes Rinvoq
for Crohn's disease. His drug has a list price of $7,000 and has no generic competition.
Kevin is often forced to pay roughly $2,000 per month. Struggling to afford this product has
meant that he has never experienced full remission from Crohn's. And for that reason,
Kevin is physically weaker than his peers and cannot keep up with his friends, despite being
in his mid-20s.

Stories like these — patients like Kevin —we hear this constantly. This is one of the reasons
why we fight for more generic medicines. And that’s why conversations about efficiency,
predictability, scientific standards, and regulatory clarity matter so much beyond this
room.

As stakeholders consider the future of the user fee programs, we see important
opportunities to further strengthen the generic pipeline. That includes supporting policies
that improve transparency and accelerate the review process while maintaining rigorous
scientific and safety standards. We were proud to support the passage of the Q1/Q2
provision in the healthcare package earlier this year to help reduce unnecessary barriers
and to facilitate timely competition.

Fundamentally, increasing competition is about creating a system where scientists have
confidence in the pathway, patients have confidence in the medicines they take, and



affordable options reach people faster. Thank you again for having me here today. We look
forward to continuing to work together to help make prescription drugs more affordable
and accessible for patients across the country. Thank you.

Ahmed Zidan, PhD (Sr. Research Pharmacologist, DPQR VVOPQR/OPQ/CDER/FDA)

Thank you, Alyson. It is my pleasure to introduce Dr. Darby Kozak, Deputy Director of the
Office of the Generic Drugs at CDER. Dr Kozak will provide opening remarks from OGD and
highlight the importance of GDUFA science and research in supporting generic drug
development and access. Darby.

Darby Kozak, PhD (Deputy Director, OGD/CDER/FDA)

Thank you, Ahmed. And let me take another opportunity to thank everyone and welcome
everyone to the Fiscal Year 2026 GDUFA Public Workshop. If you are here in person or
joining us virtually, we are really delighted to have you here, as this is a very critical
conversation we will be having over the next two days to really set our research priorities
going forward.

As Ahmed mentioned, | am Darby Kozak, | am the Deputy Director of the Division of, oh

thank you, | am Deputy Director of the Office of Generic Drugs and it is my pleasure and
privilege to provide a few opening remarks on behalf of OGD before turning it over to my
colleague, Dr. Larry Lee from the Office of Pharmaceutical Quality.

We have held this public workshop every year since GDUFA was first enacted in 2012, and
it continues to be one of the most important conversations we have each year, as it shapes
the future of the science and research priorities for generic drug development and our
generic drug program.

Today and tomorrow, there will be five sessions discussing the current scientific gaps and
associated research needs related to: nitrosamines; Al tools for generic drug development;
innovative approaches to bioequivalence; improving regulatory predictability for complex
generics; and how the generic industry can engage more with FDA to shape the GDUFA
research and PSG priorities. These discussions help determine what research areas we
prioritize in fiscal year 2027 and ultimately set the path for the future of generic drug
development and approvals. Your participation and engagement are very critical over the
next two days.

So why is the GDUFA Science and Research Program important, and how does it impact
the American public? Generic drugs are a critical component of the U.S. healthcare
system. Generics help ensure Americans have access to more affordable treatments and



reduce potential drug shortages by creating market competition and diversifying supply
chains. As a result, generics can drive improved medication adherence and better health
outcomes for the American patients.

The GDUFA Science and Research Program exists because generic drug development —
particularly for complex products — may not always be straightforward. Scientific gaps can
create uncertainty about how to develop and demonstrate that a generic is a therapeutic
equivalent to its brand-name reference listed drug. For example, just a few decades ago, it
was uncertain whether generics would ever be available for complex drug products such as
peptides and inhalation products that millions of Americans depend upon. However, since
then, FDA's generic drug program has made major advances and approved hundreds of
complex products, including generic peptides and inhalation products. These milestones
were made possible by the dedicated GDUFA-funded research and regulatory innovation to
resolve those scientific uncertainties, establish clearer regulatory pathways, and help
provide generic drug manufacturers with the tools they need to bring safe, effective, and
high-quality generic medicines to the American patients.

During the last year, FDA has continued to leverage our external research collaborations
and our internal scientific expertise to conduct more than 50 research projects, all
designed to facilitate generic product development and prepare FDA to assess information
submitted in ANDAs. These GDUFA research findings help inform FDA recommendations
on bioequivalence and product quality, which are then communicated through our
product-specific and general guidances.

In fiscal year 2025, FDA issued over 925 PSGs, including 49 for complex products. These
PSGs help communicate FDA's current thinking, focus development programs, and prepare
for ANDA submissions while reducing uncertainty in generic drug development. In addition,
GDUFA research allows FDA to evaluate proposed bioequivalence approaches during the
pre-ANDA interactions, providing timely and scientifically grounded advice and
recommendations to industry.

A major milestone last year was a revision to 800 PSGs removing the need to conduct both
fasting and fed PK studies. This significantly reduces the time and cost for generic
development of these oral products. This revision not only helps reduce development costs
and time, it also alighs FDA's recommendations with ICH M13A — the first ICH guideline
developed specifically for generic drug bioequivalence. In many cases where both fed and
fasted studies were previously required, GDUFA-funded bioequivalence risk assessment
and BCS research helped scientifically support when a single fasted study is appropriate.



In addition to providing greater clarity for generic development, GDUFA-funded research
also prepares FDA to assess and approve more complex products. GDUFA research on
analytical and in silico approaches for characterizing peptide structure and impurity
profiles supported FDA's recent approval of the first generic liraglutide injection referencing
Victoza, and the first generic to Saxenda. These approvals represent the first once-daily
GLP-1 generic peptides for the treatment of type 2 diabetes and chronic weight
management. We continue to see considerable interest in the development of peptide
drugs such as the GLP-1s, and we are expecting to see many more generic approvals in the
near future.

Following extensive research into nitrosamine and nitrosamine mitigation, FDA also
approved the first reformulation of ranitidine tablets in November 2025. This approval
marked the return of this important acid-reducing medication after a five-year absence
from the U.S. market. GDUFA research also advanced our understanding of the critical
quality attributes, characterization methods, and bioequivalence approaches for
nanotechnology products. This work has supported the approval of multiple generic
products over the last few years, including generic amphotericin B liposomes, paclitaxel
protein-bound particles, and iron sucrose injections in 2025.

| particularly want to highlight a remarkable recent generic approval that demonstrates the
long-term value of the GDUFA Science and Research Program. The research we do today
will help approve products in the near future and the future going out. In October 2025, FDA
approved the first generic conjugated estrogen tablet since 1991. The RLD, Premarin —
derived from pregnant mare's urine and originally approved in 1942 — contains more than
50 estrogenic steroidal components and lacked a generic equivalent for over three
decades. In 1991, FDA withdrew marketing approval for over 28 generic versions at the time
because therapeutic equivalence could not be adequately established using the scientific
tools available at that time. Since then, years of collaborative research between OGD and
OPQ scientists enabled characterization of these conjugated estrogen components within
Premarin. The FDA team developed a UHPLC mass spectrometry method that was capable
of assessing the identity and concentration of the steroidal and non-steroidal components,
and published a PSG outlining a framework for demonstrating active ingredient sameness
and bioequivalence of this product. This combination of sustained scientific investment
and clear regulatory expectations ultimately enabled the development, assessment, and
the approval of a conjugated estrogen generic in 2025, expanding patient access to this
critical medication.

As part of FDA's commitment to expanding collaboration with industry, FDA worked closely
with our stakeholders, including the Center for Research on Complex Generics. The CRCG



continues to develop and host scientific workshops discussing critical topics to complex
generic development, such as innovations in bioequivalence, drug-device combination
products, immunogenicity assessment, and nitrosamine mitigation. The CRCG, along with
other stakeholders of the generic drug program, helped play a major role in organizing the
topics for today's public workshop. The agenda for this year's workshop reflects the
challenges identified through this collaborative process.

We remain grateful for the collaborations across FDA, with academia, and with industry.
These partnerships remain one of the most effective mechanisms for addressing scientific
barriers to generic drug development and advancing access to safe, effective, high-quality,
and affordable medications. With that, | want to encourage and thank you for your
participation in this event. And now | am delighted to turn things over to my colleague from
the Office of Pharmaceutical Quality, Dr. Larry Lee.

Ahmed Zidan, PhD (Sr. Research Pharmacologist, DPQR V/OPQR/OPQ/CDER/FDA)

Thank you, Darby. So let’s introduce, let’s introduce Dr. Sau Lee, Deputy of Pharmaceutical
Quality in the Office of Pharmaceutical Quality. Dr Lee will share OPQ’s perspective on
advancing pharmaceutical quality, supporting reliable generic drug supply and
strengthening the scientific foundation for high quality generic medicine. Welcome Larry.

Sau (Larry) Lee, PhD (Deputy Director of Pharmaceutical Quality, OPQ/CDER/FDA)

Alright. Good morning, everyone. | am really pleased to join you for the FY 2026 GDUFA
Science and Research Initiatives Public Workshop on the behalf of the Office of
Pharmaceutical Quality, OPQ.

In the Office of Pharmaceutical Quality, we believe that everyone deserves confidence in
their next dose of medicine. Pharmaceutical quality assures the availability, safety, and
efficacy of every single dose. During my time today, | will speak briefly about OPQ's role in
supporting GDUFA science and research, and our work with the Office of Generic Drugs,
OGD, and how pharmaceutical quality research helps support the development,
assessment, and availability of high-quality generic drug medicines.

From this slide you can see, our OPQ mission is to assure that quality medicines are
available for the American public. In support of that mission, OPQ contributes to the
assessment of nearly every type of human drug marketing application — new drug
applications, abbreviated new drug applications, and biologics license applications. We
also establish quality standards for drug products, over-the-counter drug products, and as
well as manufacturing facilities.



Our role in GDUFA extends well beyond the application assessment. Together with OGD,
OPQ conducts many GDUFA-funded research projects and provides FDA's internal
laboratory capacity supporting generic drug science, review, and development. This in-
house research is particularly important because we do not simply review applications —
we also conduct research, regulatory science research that enables us to exercise risk-
based decision-making in application assessment. That work allows FDA to identify
scientific gaps before they become regulatory hurdles or barriers, and to form
recommendations grounded in data and practical experience, because we do not want our
recommendations to sponsors based on theoretical concerns.

OPQ research is integral across the product life cycle — from product-specific guidance
development and pre-ANDA interactions, to ANDA assessments, review support,
regulatory decision-making, approval, and post-approval activities.

Here, | want to just point out that OPQ research helps FDA evaluate the quality and
performance of increasingly complex generic drug products. As generic drug medicines
become more sophisticated, new scientific approaches are often needed to establish
equivalence and support efficient development, because we do not want to rely on just the
clinical endpoint bioequivalence studies.

In the area of peptides and oligonucleotides, our scientists have developed and validated
new analytical approaches to address challenges associated with complex active
ingredients. This includes in vitro assays designed to characterize the immunogenicity
impact of impurities in peptide and oligonucleotide products, as well as quantitative NMR
methods for direct analysis of complex oligonucleotide therapeutics. These tools, | want to
point out, really strengthen our ability to assess equivalence for products where
conventional approaches may not be able to approve generic peptide products.

OPQ also continues to advance scientific methods for complex dosage forms as well as
routes of administration. For inhalation products, our research has focused on
performance testing methods that really improve understanding of product behavior and
support bioequivalence assessment. For topical and transdermal products, we have
evaluated analytical methods to characterize complex formulations and support
scientifically sound bioequivalence strategies or approaches. For long-acting implants and
injectables, our research developed characterization approaches that improve
understanding of how product attributes relate to in vivo performance. This work includes
research on, as Darby mentioned, on nanotechnology products — for example, liposome
formulations and ophthalmic hydrogels — where advanced analytical techniques were
used to connect product structure and composition with a drug release behavior.



Another important area of focus is nitrosamine risk mitigation strategy, which is the subject
of our first session this morning. OPQ continues to address nitrosamine-related risks which
helps maintain patient access to important medicines. Across this area, OPQ research
programs support product-specific guidance, inform regulatory recommendations, and
prepare FDA to assess complex generic products.

Let's look at OPQ and OGD collaboration on nitrosamines as a practical example of the
impact of GDUFA research. Nitrosamine impurities have now impacted more than 2,000
applications — which is a pretty huge number. FDA's revised nitrosamine guidance
introduced an alternative bioequivalence approach for certain reformulated products,
which depends on BCS classification of the drug substance. And to support consistent
implementation, OGD and OPQ scientists worked together to develop the scientific
principles, decision charts, and as well as templates needed by our assessors or reviewers.
They completed provisional BCS classifications for about 91 drug substances involved in
nitrosamine-impacted applications. This supports consistent review and helps apply FDA
guidance efficiently and uniformly.

We now talked about the science behind drug products and drug substances, but | want to
next talk about something equally important: the science of quality management.
Research advances alone are not sufficient to ensure a reliable supply of medicine. Strong
quality systems are really important from a manufacturing and facility perspective,
because, as | point out, a lot of the complete response are due to facility issues.

This principle is reflected in OPQ's Quality Management Maturity initiative, or the so-called
QMM. This is a voluntary QMM program that builds on CGMP compliance and encourages
quality management practices that support operational excellence, supply chain
resilience, and reliable manufacturing performance. The idea is not really new —
investment in robust quality management has long been recognized as a key factor for
driving business success and the quality of the product. Modern research continues to
show that strategic investment in quality management can yield positive returns for the
pharmaceutical sector, and the public health implications are even greater. OPQ's 2025
white paper or research paper on quality management initiatives highlights how mature
quality systems can support business performance and reliable access to medicine. A
mature quality system can help organizations anticipate risks, respond to disruptions,
improve continuously, and sustain reliable product quality over time. We will hear more
about QMM during the session 4 tomorrow, where the QMM presentation will explore how
quality management systems drive performance and business excellence in order to
support to reduce the CRs due to facility issues.



This workshop is also about preparing for what comes next. OPQ is working to advance the
future of pharmaceutical quality through the development of more predictive approaches
to product assessment and quality management. We want predictive quality decisions that
link measurable product attributes directly to clinical performance. By leveraging model-
integrated evidence and clinically relevant dissolution, we may be able to predict in vivo
behavior in a virtual space. The other element of this aim is to standardize the product
characterization needs, to provide confidence in product’s future performance. This allows
us to evaluate bioequivalence more efficiently, bypass redundant clinical trials or
bioequivalence with clinical endpoints, and ultimately lower the cost and time to bring
complex generics to market.

Second, we are accelerating digitalization and Al and deploying it to solve practical
bottlenecks and problems. Advanced analytics and machine learning will help us to
address generic drug issues more efficiently across the entire product life cycle. | believe
that many of these topics align directly with the discussions we’ll have during this
workshop, including this afternoon's session on Al tools in generic drug development. This
is a really powerful tool for us to use in the future.

We hope this conversation will identify future research opportunities to further strengthen
generic drug development, and regulatory assessment, and policy development. This will
require continued collaboration among FDA, industry, academia, and other stakeholders.

So, finally, patients are our shared focus and the beneficiary of everything we discuss today
and tomorrow. Through GDUFA, FDA, industry, academia, and our research partners have
worked really hard together to address many important scientific challenges in generic
drug development — because a generic drug is not just a simple copy of the innovator
product. | think we all know that in this room. We are grateful to our FDA colleagues and our
many collaborators whose contributions continue to support safe, effective, and high-
quality generic drug medicines. As we look ahead, | remain confident that continued
collaboration and scientific innovation will further strengthen the generic drug program.
Thank you for your time, and | look forward to the discussion over the next two days. | am
pleased to turn the program over to my friend, Dr. Robert Lionberger from OGD's Office of
Research and Standards. Thank you.

Ahmed Zidan, PhD (Sr. Research Pharmacologist, DPQR V/VOPQR/OPQ/CDER/FDA)

Thank you, Larry. So, | am pleased to introduce Dr. Robert Lionberger, Director of the Office
of Research and Standard,Office of Generic Drugs. Dr. Lionberger will provide an overview
of the GDUFA Science and Research Program and describe how the program supports



regulatory science, genetic generic drug development and future research priorities.
Welcome Dr. Lionberger.

Overview of the GDUFA Science and Research Program
Robert Lionberger, PhD (Director, ORS/OGD/CDER/FDA)

Thank you very much, Ahmed. Welcome to all of you here in our live studio audience and to
those of you watching our live stream. Thank you to our introductory speakers, who gave a
real sense of how important the generic drug program is to patients and to the generic drug
industry that provides affordable medications for Americans.

Today | want to give you an overview of our science and research program with the goal of
trying to help trigger your input into our science and research program — because that is
the purpose of this workshop: to get input. We have sessions today, and we will be listening
to what people say at those sessions today, but there is also a docket that’s available for
public comments as well. We are not limited to comments just on the topics we are
hearing today. You can provide comments on any part of the research portfolio, and | will
point out a few of them as | go through my talk where we are particularly interested in those
comments.

But first, | want to remind you of why science and research is so important to the generic
drug program. If you compare it to our new drug programs, they have randomized
controlled clinical trials — really definitive evidence. But in the generic drug program, the
scientific aspects become more important because what we have to do, essentially for
every generic product, is to use pharmaceutical science and clinical pharmacology to
identify what aspects of that product need to be the same. If we are able to do that and
translate that into reproducible in vitro or in vivo studies, then we are able to approve
generic products without repeating the clinical trials needed to approve the original
products. That is the essence of why the system is efficient and does not lead to
unnecessary clinical studies. But it is really that scientific focus that is essential to generic
products — and sometimes that is challenging. Sometimes you can do the clinical trial and
you can observe the outcome in patients, but you may not know exactly why it happened or
which aspect of the product was the element that made that happen. That is a lot of the
time what our science and research programs for generic drugs are doing: taking that apart,
building that understanding, so we can establish efficient approaches for generic products.

As you have heard in our introductory talk, generic drugs are a huge value to American
consumers and patients. If we look at the AAM generic drug savings report, over $400
billion per year in cumulative savings from generics, with $20 billion in new savings in 2025



and each year — and again that savings compounds. Once you start saving, it continues
year over year. This is an immense benefit to the U.S. healthcare system. If you contrast
that savings with our total investments in the regulatory science program that come from
the user fee agreements — that’s approximately $25 million a year against $20 billion — it is
a huge value proposition for this work.

And if you think what’s the goal of this? The goal is to provide, make sure that generic
competition is available for all products. You heard the value to patients, but again, all
patients, this is how the American healthcare system works. The long-term value of access
and sustainability is dependent on generic products being available. So when we think
about what we are working on, we are asking: can we make it possible for there to be
generics for every product? And certainly, this is not only valuable to patients — it is also
valuable to the generic industry. Patients do not receive any benefit from generic products
unless a generic product development company chooses to invest in developing that
generic product. So that way you can think of refining the goal of our program as to ensure
that the regulatory pathways for generic products support the economically viable generic
development for the product. If we come up with a theoretical approach that is not feasible
or efficient, then perhaps no one makes the decision to provide that product, and we are
left in a situation without access.

And the way you can think about this is the efficient () can lead to investment in providing
generic products if there is clarity on what studies are needed and if there is work on finding
just the most efficient way to do those things and provide that evidence. As Larry
mentioned, these things are linked into our product-specific guidances and pre-ANDA
meetings, where applicants can see FDA's advice and then interact with us around that
advice. That all draws on the regulatory science program and again, then touches on the
predictability of the ANDA review process. We will have sessions tomorrow that talk a little
bit about some of the challenges in implementing new approaches in our review process —
and that is also a part of the research program: how do we make these things
implementable in an efficient way?

We are very grateful to the fact that the generic industry, through the user fee agreements,
has continued to support the constant effort to develop a more efficient system for access
to generic products. This annual meeting is part of that user fee commitment to listen to
stakeholders across different areas — from both the industry and patients as well —to
develop and refine the program each year.

Today | am going to give an overview of the entire portfolio and show how essentialitis to
access to affordable medications. This year we have focused review different sessions on
different topics. We will start off today with nitrosamines and then Al for generic drugs in



the afternoon. Tomorrow we will pivot toward science-based bioequivalence, flexibility, and
regulatory predictability, and then we’ll close with a session on enhancing industry
engagement with the research program — especially through our Center for Research on
Complex Generics — to help facilitate that. There are things that perhaps industry has
more capability to do than FDA has, and so finding ways to work together to provide
scientific data that move things forward can be very helpful in making the system continue
into the future.

And again as | mentioned, in addition to we’re listening to what people on the panel say
here and the comments they make, we also look for the docket for comments on broader
issues related to science and research for generic drugs. One specific one is related to our
product-specific guidances. We have a forecast list for product-specific guidances that are
expected in the next year. But again there are some product-specific guidances have goal
dates written into our commitment letter, but there are classes of products that don’t
because they were approved prior to GDUFA IIl. We are really interested in input on
product-specific guidances that are not on our forecast list — what are the places where
we are not planning to work on something, and stakeholders feel that if a guidance were
available for that product, it would be very helpful to us? That is an important use of the
docket for the science and research priorities as well as the input on these different
research topics.

So | want to give you an overview of the whole portfolio here. Again, soliciting comments
across through the docket on the whole portfolio and not just on the topics we will talk
about in the sessions today. But again, you know research doesn't happen immediately so
we try to keep the portfolio stable, it covers a wide variety of activities At the higher level,
about every five years, we try to look at what are the big buckets of things we are working on
are, and we will be doing this again — that review will be due in FY 2027. If you want to see
what the categories are, you can go to our science and research priorities, which was the
output of last year's workshop. The 2025 workshop affected the 2026 priorities, and so this
workshop will affect our 2027 priorities, which then after we spend the summer distilling
what we have heard and you will see this become available in the fall. If you want details on
what is going on across the entire portfolio at the level of research projects, we publish a
research report every year that contains project descriptions of all the GDUFA-supported
projects — these are both the ones that are completed and in progress — and links them to
different outcomes, approvals, or PSGs that were posted. This is something that we publish
every year. The FY 2025 one just became available a few months ago.

So, if you go to our 2026 priorities, the GDUFA lll priority areas we cover include: impurities;
complex active ingredients; bioequivalence for complex routes of delivery; bioequivalence



for complex dosage forms; oral and parenteral generics; drug-device combination
products; quantitative medicine; and Al and machine learning.

First, to talk about nitrosamines — you heard from Larry that this is a very important focus
of OPQ's work. The goal here is to have tools that can efficiently evaluate and mitigate the
risk of harmful impurities, right. And this touches.. here today we’ll talk about some of
the...you know, what research is needed to get a better understanding of the
pharmaceutical and toxicology risk of the products, as well as tools to mitigate the
presence of these products. So, reformulation technologies become important, as well as
the approaches to say, when | reformulate the product, can | efficiently make that post-
approval change as well. All of those fit together in a framework to say, what can you do to
reduce or mitigate the risk of exposure to potentially harmful impurities. We will have a
deep dive into that topic today and have a deep discussion of what might some of the next
steps be.

This area is particularly challenging for the generic industry because in most parts of our
regulatory system, we generally have a system where the pharm/tox risk of products is
generally evaluated during the new drug review. Nitrosamines are a very unique issue
where we discovered these late in the pharmaceutical life cycle, so many of the questions
that in a normal process would go to the first company developing a new drug product now
are being asked of all the generic companies that have been marketing ANDA products for
many years. It is a challenging regulatory environment from that sense too because it is
sort of an unusual timing for these types of discussion.

The next part of our research portfolio are complex active ingredients — and these include
methods to characterize complex active ingredients and their immunogenicity risk. Darby
gave an excellent example of many years of work that have finally led to the approval of a
generic for conjugated estrogen. Some of the areas of focus of our current work on this
area are on peptides. Less than 10% of the peptide products have generic competition. We
are definitely seeing a surge in ANDA submissions for peptide products, these are due to,
as everyone knows, to the GLP-1 products. This is going to be a significant part of the work
of the generic drug program and a significant contribution to long-term sustainable use of
these products in the healthcare system by having multiple generic suppliers for these
products. And again, for the peptides, because of this interest, we are seeing new interest
in the development of oral delivery of peptides — that’s a very fundamentally scientifically
challenging enterprise. The way those products work is, in my understating, completely
different than how other orally absorbed products work, so there is fundamental science
that has to be understood to come up with efficient bioequivalence approaches for those
products.



We have indicated in some of our PSGs this year that we are open to the use of
recombinant manufacturing for ANDA peptides. You can approach FDA through meetings.
That is an area where, as we talk about efficiently implementing new approaches, having
an understanding of how those can be used in the past— and this is something that has not
been an opportunity for the generic industry in the past. Another area of focus in this area is
oligonucleotides — no generics have been approved, and there are many challenges in the
analytical methods and the types of impurities that you see and the potential risks. | want
to highlight in this area that for a deeper understanding, please join us in September for a
CRCG workshop focused on the GLP-1 products, both oral and injectable routes. We will
also talk about the device related issues there and we have significant progress in trying to
streamline the entire system around complex active ingredients and immunogenicity risk
assessment and so itis an important workshop to attend if you are working in this area. And
every generic company is sort of actively working in this area, so we hope you will be there
and participate in that deeper dive workshop on this topic.

For our complex dosage forms and formulations — this is what we are talking about.
Complex dosage forms that deliver drugs systemically, so these can be long-acting
injectables, implants — again, those categories of products we have in recent few years
approved several generics for some of these PLGA-based products, that was sort of a
landmark approval that drew strongly on the scientific foundations of our research
program. We have also seen interest in liposomal products and iron colloid products, some
very challenging characterization issues there that we are beginning to work through. Here
our goal is to build the foundations for in vitro approaches and novel, more efficient in vivo
studies. Some of these long-acting injectable products are not really safe for use in healthy
volunteers because they are intended to deliver large amounts of drugs for long periods of
time — not a single dose to a healthy volunteer. So we are looking for more efficient ways to
do those studies, as well as what are the possibilities where there are predictive in vitro
methods. And those are some of the active areas of current research in this area. CRCG is
an important partner in all of these activities. They will be having a workshop in December
2026 on long-acting injectables, so you can understand what the current progress is in that
area and have a detailed discussion for these products.

For the complex routes of delivery — this covers locally acting complex dosage forms such
as inhalation, topicals, and others — in the inhalation area, there is less competition than
we would like. We have really been able to establish alternatives to clinical endpoint
studies in all of our product-specific guidances for inhalation products. But once you
establish that, there are other challenges that come up. For the metered-dose inhalers,
there is interest in transitioning to different propellants as changes in the market



environment affect access to propellants for both generic and brand companies. We are
really trying to streamline the in vitro studies. You saw some recent PSGs that are moving in
this direction as well. As we move away from the clinical endpoint studies, identifying
places where charcoal block studies are needed versus not needed is a current activity in
this area. We are really looking very closely for strength waivers for inhalation products.
Traditionally, we have asked companies to do full PK studies on every strength of their
products, so we have active research looking at trying to understand what situations,
studies can be done on a smaller number of strengths. Lots of activities in this area. So |
encourage you to come to the CRCG workshop in October, where we will go through in
detail a lot of the newly posted product-specific guidances, the science behind them, and
the implementation challenges on all of these important issues for this category.

Other routes, not just the inhalation route, are important. We’ll have some discussion at
some of our other workshop on topical products. We are here, a focus of our research
activity is really expanding our scientific work toward non-Q1/Q2 formulations. We have
had very big success providing Q3 approaches for generic topical products that are Q1, Q2,
and Q3. But in many cases, sometimes for some of the newer products, there are patents
on the formulations that may limit access to generic products that are strictly identical to
the brand company. So we want to have opportunities and options for companies to
efficiently develop non-Q1/Q2 formulations. For ophthalmic and otic products, we are
seeing some ophthalmic implant products that have no generic product, no generics
available. So a lot of the work on the ophthalmic products has focused on what is the best
approach for the implants. As PSGs for ophthalmic products now provide full access to
alternatives to clinical endpoint studies for all of the ophthalmic and otic topical
suspensions and emulsions. And again, this area also includes nasal and Gl-acting
products as well.

Drug-device combination products. We have heard from the generic industry that drug-
device combination products and the evaluation can be a challenging part of generic
development. Sometimes there can patents environment that prevent having a device that
is exactly the same as the brand product. We really want to have efficient approaches that
can evaluate the differences between a device constituent part for a branded generic
product. The area of focus here has been how to understand: when we identify a
difference, what do we do next? We are actively researching the role of human factors in
comparative studies, providing alternatives to them, or more efficient approaches to
evaluate the device constituent parts. We have been conducting our own research on
human factors studies looking at different device differences. We have a completed one
that will be published imminently on the barrel extension, and we have a second study that
has been completed and is undergoing final review. This also includes transdermal



systems where we have improvements to irritation and sensitization study guidances to
minimize studies that we generally found to be not needed.

A key collaboration here with the Center for Research on Complex Generics, they have a
focus group on human factors studies that has been working and providing industry input
on some of the concerns, and we look forward to having a discussion in 2027 through a
workshop on this area.

For the oral and parenteral products — which still are the majority of the generic products
that are submitted and approved each year — we really want to provide more efficient
bioequivalence evaluations via waiver expansions and global harmonization. We have
really been working on implementing the M13 guidance. Darby mentioned the big lift we did
right away, updating 800 guidances to provide updated information on when you need fed
and fasting BE studies. But there are other new aspects of M13 implementation as well —
one of them is clarity on studies that look at bioequivalence in the presence of proton
pump inhibitors. So this is one of the most commonly used co-medications, and by
changing the gastric pH, if you take a medication that changes the gastric pH, the gastric
pH can have an important effect on the biopharmaceutics of formulations. There are
certain products for which we are beginning, and this is in the M13 harmonized guidance as
well, certain products for which we are beginning to ask for studies under that condition,
and so we are working on what the optimal study design is, as well as whether there are
cases where using pharmaceutical science and bio-predictive dissolution methods can
manage that risk without doing another clinical study.

The harmonization work continues. The M13B has been published and is moving through —
it covers strength waivers for immediate release. We are working diligently on M13C, which
talks about some of the statistical and study desigh methods for more complex IR
products, and then following that, moving to harmonization for the MR products. Our active
research programs have been looking at what are some of the places where there are
global differences for the MR products, these are the strength waivers in quotes, because
at the FDA we don’t give waivers, we have alternative BE approaches for the modified
release products, because of how regulations are written. But also the use of partial AUCs
and multi-dose study designs, where there are significant difference between different ICH
regions and how we do this. And in May we had a CRCG workshop that focused on some of
BE issues related to making drug products more efficient.

One of the emerging areas that is going be important for generic drug development is what
we call quantitative medicine — this are the use of predictive models, both for oral
products to help the biowaivers and some of the harmonization things, and for local routes
where we look at PBPK and mechanistic models for delivering of them, as well as the long



acting injectables and better study designs. We will hear a little more about this later. This
is something we covered in previous workshops. But an area of emerging use and very
important to the generic industry, because the critical thing is: can we use pharmaceutical
science and clinical pharmacology to predict what is happening? Expressing thatin a
model that’s testable model is an important way to demonstrate that understanding and
move forward with efficient BE approaches.

Today we will also be taking a deep dive into the use of artificial intelligence and machine
learning for generic products. There is an intersection here with quantitative medicine. We
have also been working internally on building our internal data infrastructure, on what we
call quantitative biopharmaceutics — collecting internal data to make more efficient
regulatory decisions — and, like every organization, trying to understand how our internal
workflows can be accelerated by Al tools but maintaining high reliability and the human
oversight of those activities, is something that is very important to FDA. We’ll talk more
about that in today’s session.

| want to close by saying: what is coming next? This is an overview of what we are doing
right now, but we also want to be open to input on what we should be doing that we are not
doing now. | want to point out a few areas for thought and encourage people to provide
comments on these areas in the docket.

| think one of the most important future aspects affecting the generic industry — but also
other aspects of pharmaceutical development — is the intersection of quantitative
medicine and Al tools to build better predictive, use Al tools to build better predictive
models. This is just from our own internal experience, where we are looking at, can we
match up the data the we have, and use that to build a model and then test the model. This
is something that FDA, because of the data we have and we see, can really be at the
forefront of doing in a way that can be beneficial to the entire community around this. Itis
an exciting time to be working at FDA in this area to put together. The goal is to provide
optimal advice to applicants, because as we learn from all the things we do across FDA
and put that together into a more efficient and better system, | think that is really the
promise and future of Al. The generic industry, with the focus on efficiency and efficient
study designs, will be a huge beneficiary of this.

I just want to remind you that while we have heard a lot about complex generics, there are
really three parts of the generic industry: there is the oral dosage forms, solution products,
and complex generics. And if you trace the evolution of these over time, when | joined FDA
over 20 years ago, we were 70% solid oral products, 20% solutions, and 10% complex
generics — and almost all of those complex generics were topical or transdermal, so 3% of
non-topical, non-transdermal complex generics. In FY 2026 so far in submission, almost



20% of submissions are non-topical, non-transdermal complex generics. That has come
with a decrease in both solid oral approaches and some variation in the solution dosage
forms. So still, growth in complex generics going forward. But even with that, still 75% of
the generic applications submitted to us are for non-complex products. So science and

research program has to be covering both of those.

I want to encourage people to provide input on both non-complex and complex generics.
For the non-complex generics, we had our workshop with the CRCG in May, where we
focused on access to generics for oncology products — these are studies where healthy
volunteer studies can sometimes be difficult, so we have to come up with new approaches
or do PK studies in patients. Very challenging to recruit, limits competition for generics of
oncology products. We also know that there are lot of cases where there is an unavailable
reference product. FDA has gone through the whole new drug review process, someone
has done a clinical study and gotten the product approved, and for whatever reason they
are not marketing that. If we are not able to bridge or make the scientific connection to that
product, all of that investment of product development and FDA review is lost and wasted.
We are really aggressively using models, simulations, and different approaches to be able
to link to those cases where FDA has approved the product and made the safety and
efficacy determination. It’s available for generic use if you can make the bridge.

When we look at injectables, we are still in an environment of the pharmaceutical sciences
of the 1980s, where our regulations say that injectable products should be Q1/Q2 to the
brand product. This has led to new laws on Q1/Q2 that help us communicate better about
this. But the fundamental science question is: are there cases where generic injectables do
not really have to be Q1/Q27? | think that is a future framework.

And we move to a global harmonized environment. As we think about non-complex
generics — still 75% of the products — we want to make sure that we are building
confidence in that. This gets to what Larry mentioned about quality management maturity
of the manufacturing systems for generic products, that can be an important part of giving
people confidence in the products they are taking. But there are also other scientific areas
as well. Think about pediatric populations, where we generally rely on studies notin the
pediatric populations to approve these populations. We also think there are opportunities
for thinking about how we use real-world evidence to demonstrate that generic products
are being used safely and effectively once they become approved.

And when we put all of this together, robustness, and manufacturing and as well as the
access to versions helps make the whole system more robust to shortages. So thinking
about how we maintain access and competition in these areas is important.



We talk a lot about complex generics — a growing portion of the work of the generic drug
program that presents a lot of value for the industry and the public. A lot of industry
business models compete for complex generics, and the public sees complex generics as
less likely to have generic competition. So we really have to have a focus on that. One of
the things we have tried to bring up at this workshop today, is that you need to have reliable
development and review paths for these products. This can include more ways to interact
with FDA around the scientific work. The Center for Research on Complex Generics is a
place to discuss the implementation of these novel methods. We need to think about how
we make the in vitro studies more clear on what the results mean. And one of the focuses
that links into our modeling and simulation is: what are the appropriate BE limits for
complex generics on in vitro studies? What particle size do | really have? How close does
my particle size have to be to provide the same clinical benefit? Drug-device combinations,
as we mentioned before, are a significant part of this.

So there are lots of things for the future. We welcome your comments to the docket on all
of these issues, and we look forward to the discussions today around all of these areas as
we refine and develop our portfolio. Thank you all for coming here in person, being our live
audience and giving the energy to our panelists and speakers, and thanks to everyone who
volunteered their time to come here and engage in the discussions around that. With that,
we will have a short break and then continue with the meat of our program. Thank you very
much.

Ahmed Zidan, PhD (Sr. Research Pharmacologist, DPQR VVOPQR/OPQ/CDER/FDA)

Thank you, Robert, for the opening remarks. So | believe we can take a short break for about
10 minutes after our opening session and then we are going to meet again at 9:15am to
start with our first session on Ongoing Challenges with Nitrosamine Impurities. Thank you.



