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INTRODUCTION

The AAPS PharmSciTech Theme Issue entitled “Team
Science and Education for Pharmaceuticals - the NIPTE
Model” curates nineteen papers (1–19) listed in Table I and
written before and amidst the COVID-19 pandemic. Another
manuscript, currently in the editorial process, is expected to
be the final paper in the Theme Issue. It will review the
evolution of the NIPTE education certificate program over
the past three years and describes a shift from a didactic,
lecture-based curriculum to a more interactive, flipped, case-
based program developed through backward design. Of the
nineteen papers we discuss here, one is focused on assessing
the impact of NIPTE (1), and two describe contemporary
challenges confronting the sector and were contributed by us,
the editors of Theme Issue (12, 18). Sixteen papers describe
research methodology and outcomes for questions posed in a
request for proposals by the US FDA (identified by shaded
rows in Table I). Others describe research projects that were
self-sponsored locally or funded by a corporate grant or
contract. Three are open access papers (1, 12, 18), two (1, 12)
per AAPS PharmSciTech consideration and the third (18) by
default per the United Nations open science recommendation
to help address the COVID-19 challenge.

The term team science broadly refers to collaborative
research at the National Institute for Pharmaceutical Tech-
nology and Education (NIPTE). Note the emphasis on “for”
in naming NIPTE is to signify its virtual eco-system for doing
things voluntarily. In this context, team science is to go
beyond individual and additive efforts to voluntarily engaging
and committing to collaborative research to address a multi-
disciplinary question or solve a particular problem.

In and among the sixteen technical papers that make the
Theme Issue, what did we observe and what sense did we
make of the state of pharmaceutical quality, team science, and
education? In this paper, which closes the Theme Issue, we
answer these questions and place them in the context of
assuring the availability of adequate quantities and quality of
pharmaceuticals amidst the COVID-19 pandemic and beyond
2020. We intend to help readers of AAPS PharmSciTech to
appreciate the nineteen papers individually and the Theme
Issue holistically. We also record our appreciation to the
AAPS PharmSciTech and its Editor for providing the space
and support for the theme issue.

THE CONTEXT: BACKGROUND INFORMATION

The shared yearning to generate optimal recognition and
funding for research and education in pharmaceutics, indus-
trial pharmacy, and pharmaceutical engineering is a driver
that brings together a core group of faculty members at
NIPTE member institutions. It is also the glue that maintains
the viability of this virtual eco-system. Beyond this core
group, other faculty members engage when funding becomes
available. NIPTE collaborates with the US FDA to channel
this yearning towards improving science-based regulatory
policies and practices.

The following background information provides a con-
text for the readers to appreciate the narrative we generate
from our observations to describe opportunities for and
challenges in aligning and integrating academic research and
education with the evolving legislative and regulatory policy
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trends and industry practices. We conclude this paper and the
Theme Issue with a commentary on the state of pharmaceu-
tical quality, team science, and education and some consider-
ations for “maturing” of team science at NIPTE.

Art, Science, Powder Technology, Good Pharmaceutical
Manufacturing, and COVID-19

Egyptian tablets date back to antiquity, so what more do
we need to know about making pharmaceutical tablets in the
twenty-first century? Yes, powder technology is as old as
humankind; it is still an art form in many areas—the journey
from art to science is the challenge that the FDA’s Process
Analytical Technology Initiative confronted (20).

Just fifteen years ago, the need for a public system to
foster a competitive eco-system for research and education in
pharmaceutical science, technology, and engineering was not
self-evident (21). Perhaps, this need is still under a shadow
that needs illumination.

The funding (for 2006–2016) of an Engineering Research
Center for science-based development of structured organic
particle-based products and their manufacturing processes, C-
SOPS, by the National Science Foundation was indeed a
significant breakthrough (22). It laid a solid academic
foundation for a system for pharmaceutical engineering
research and education.

In December 2016, another milestone was the enactment
of the 21st Century Cures Act. A section in this Act,
“Domestic Manufacturing and Export Efficiency,” authorized
the FDA to fund continuous pharmaceutical manufacturing

research. A few months before and then amidst the COVID-
19 pandemic, proposals to amend the 21st Century Cures Act
transpired. For example, the “National Centers of Excellence
in Continuous Pharmaceutical Manufacturing Act of 2020”
(23) and other proposals (e.g., H.R.6670—Prescription for
American Drug Independence Act of 2020 discussed in (18))
are now awaiting a political consensus.

What impact can NIPTE have on the evolving legislative
proposals and how will emerging legislation impact NIPTE
are important questions related to the concept of team
science that NIPTE has been promoting for many years
(24). The pending legislative efforts are critical parts of a
long-overdue solution to correct pharmaceutical science and
engineering neglect. Today, these juxtapose with the “warp
speed” mode of action to deal with the virus-directed public
health emergency of COVID-19.

Lessons in Scientific Public-Private Partnerships and Consor-
tia and Warp Speed

The Product Quality Research Institute (PQRI), created
in 1998, was an initial effort at the US FDA to formalize and
structure its collaborative search for efficient methods of
ensuring unchanged product quality and performance during
scale-up of pharmaceutical dosage forms (25). Today PQRI is
an established organization, and it continues to generate and
share information among its regulatory and industry stake-
holders (26). However, the search for efficient methods of
ensuring unchanged product quality and performance for
switching from batch to continuous manufacturing is an

Table I. What Theme, a Central Topic, or Message We Observed Within the Narratives of the Articles?

Ref. Title of paper that contributed to the Theme Issue

(1) The Impact of the National Institute for Pharmaceutical Technology and Education on Academic Research
(2) Using Manufacturing Design Space Concepts for Stability Risk Assessment—Gabapentin NIPTE/FDA Case Study.
(3) Particle Size Distribution Equivalency as Novel Predictors for Bioequivalence.
(4) The Sensitivity of In Vitro Permeation Tests to Chemical Penetration Enhancer Concentration Changes in Fentanyl Transdermal

Delivery Systems.
(5) A Simplified Geometric Model to Predict Nasal Spray Deposition in Children and Adults.
(6) Sensitive Determination of Fentanyl in Low-Volume Serum Samples by LC-MS/MS.
(7) Impact of Natural Variations in Freeze-Drying Parameters on Product Temperature History: Application of Quasi Steady-State Heat

and Mass Transfer and Simple Statistics
(8) Scale-Up and In-line Monitoring During Continuous Melt Extrusion of an Amorphous Solid Dispersion
(9) Influence of Formulation Factors on the Aerosol Performance and Stability of Lysozyme Powders: A Systematic Approach.
(10) New Insights on Solid-State Changes in the Levothyroxine Sodium Pentahydrate during Dehydration and its Relationship to Chemical

Instability.
(11) Pediatric Formulations: Knowledge Gaps Limiting the Expedited Preclinical to Clinical Translation in Children
(12) Pharmaceutical “New Prior Knowledge”: Twenty-First Century Assurance of Therapeutic Equivalence
(13) Feedforward and Feedback Control of a Pharmaceutical Coating Process.

(14)
Lesson Learnt from Recall of Valsartan and Other Angiotensin II Receptor Blocker Drugs Containing NDMA and NDEA Impurities

(15) Predictive and Accelerated Formulation Design Using Synchrotron Methods
(16) Decision Support for Excipient Risk Assessment in Pharmaceutical Manufacturing
(17) Determination of Rate and Extent of Scopolamine Release from Transderm Scōp® Transdermal Drug Delivery Systems in Healthy

Human Adults.
(18) In and Beyond COVID-19: US Academic Pharmaceutical Science and Engineering Community Must Engage to Meet Critical National

Needs
(19) Development and Validation of Sample Preparation and an HPLC Analytical Method for Dissolution Testing in Fed-State Simulated

Gastric Fluid—Illustrating Its Application for Ibuprofen and Ketoconazole Immediate-Release Tablets. Missing funding information.
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important topic that needs to be appreciated, particularly in
the context of a public health emergency and “warp speed.”

NIPTE was established in 2005 to generate a critical
mass of academic resources dedicated to fundamental re-
search and education in pharmaceutical product development
and manufacturing. Today, it develops and disseminates new
knowledge in a voluntary, not-for-profit, educational eco-
system with very modest funding (1). NIPTE, in its core
faculty leadership, was a door opener; today, it is one among
fifty-three (see Table II below) partners that collaborate with
CDER FDA to identify science and fill science gaps in drug
development (26).

Over the years, other research funding sources were
established, for example, under Generic Drug User Fee
Amendments (predominantly for the development of bio-
equivalence assessment methodologies) and the 21st Century
Cures Act (for continuous pharmaceutical manufacturing).
NIPTE member institutions have often competed individually
and sometimes collectively to address these challenges; still,
the need to bridge chemistry, manufacturing, and controls
with bioequivalence remains needs attention (24).

Reliable Supply of Required Quantities and Quality A
National Security Need

Before the COVID-19 pandemic, the pharmaceutical
supply chain’s reliability was wanting, and affordable medi-
cine delivery was under severe strain. Although a growing
recognition that a reliable supply of quality pharmaceuticals is
a national security need exists (18), finding a consensus
solution to secure uninterrupted supply remains elusive. The
challenge at hand is complex, perhaps akin to redesigning
systems, including corporate and public research and devel-
opment, manufacturing, regulatory, and education.

NIPTE Is a Part of the Solution

Indeed, NIPTE is a unique collaboration within the
context of US academic expertise in pharmaceutical science,
technology, and engineering. Is this specialty valuable,
appreciated, or still needed? The exponentially increasing
complexity and scale of challenges we confront demands
team science. For NIPTE, to fulfill its promise to be a
significant part of the solution, its team science must be
more than an additive effect, and the value of its
outcomes must be evident.

The continued ability of NIPTE to contribute, we posit,
relates strongly to its relative maturity (and recognition of the
value of maturity) in the larger eco-system of scientific public-
private partnerships with federal agencies (e.g., as in
Table II). What is “maturity”? Here, we pose this question
to place it in our awareness while we describe our
observations. We comment on characteristics relevant to
assessing the maturity of pharmaceutical socio-technical
systems at the conclusion.

OBSERVATIONS: TEAM SCIENCE AND EDUCATION
FOR PHARMACEUTICALS—THE NIPTE MODEL

Several papers in the Theme Issue offer an opportunity
to observe how research is and can be organized,

communicated, and conducted. We noted the article entitled
“Using Manufacturing Design Space Concepts for Stability
Risk Assessment—Gabapentin NIPTE/FDA Case Study” (2)
with interest. It describes one aspect of a larger study
conceived conducted in response to an FDA request for
proposal by a team from across nine universities that worked
collaboratively with industrial and governmental scientists
(see the Acknowledgments section of the paper). The
references cited in this paper provide a partial list of other
related publications.

The paper develops a methodology to describe the
mapping of causal, predictive relationships between
manufacturing-related stress and the stability of “model
drug” gabapentin (a drug approved by the FDA in 1993). It
posits gabapentin as a “model” drug prone to (solid-state)
structural disorder under mechanical stress, enhancing sus-
ceptibility to stability failures. Implicit in this inquiry, we
observe, is a reminder of “unknown unknowns”; that is,
sometimes, the process of regulatory approval does not
account for important “failure modes.”

Some readers may not immediately appreciate that the
project generated over fifteen peer-reviewed research papers
and seven doctoral dissertations, partially or wholly, based on
project data. It supported about ten graduate students and
about the same number of post-doc and research scientists
(20)—indeed, a valuable academic contribution. In looking
past these valuable scholarly contributions, others would be
interested in knowing what impact this project would have on
improving regulatory policy and industry practices. Here, we
observe a gap in NIPTE and FDA processes on research to
policy to practice translation. We will return later in the paper
as participants (in the process) to comment on ways to fill
gaps we note.

Solid-State, Material Science, and Predictable Stability and
Therapeutic Outcomes

In a broader context of the gabapentin paper (2), we
note the report “New Insights on Solid-State Changes in the
Levothyroxine Sodium Pentahydrate during Dehydration and
its Relationship to Chemical Instability” (10). This
investigator-initiated paper builds on the theme of variance

Table II. Current CDER/FDA’s Scientific Public-Private Partner-
ships and Consortia (26). Note the Table Highlights Only a Few of
the Fifty-Three Partnerships Directly Relevant to This Discussion

1. Alcohol Clinical Trials Initiative (ACTIVE)
2. Accelerating Medicines Partnership (AMP)
6. Biomarkers Consortium (BC)
9. Critical Path for Parkinson’s (CPP)
16. Dissolution Working Group
33. National Institute for Innovation in Manufacturing
Biopharmaceuticals (NIIMBL)
34. National Institute for Pharmaceutical Technology and Education
(NIPTE)
38. Product Quality Research Institute (PQRI)
39. The Patient-Reported Outcome Consortium (PRO)
45. RX-360
53. Worldwide Innovative Networking (WIN) Consortium
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in solid-state characteristics and their causal links to chemical
degradation and product susceptibility to (reoccurring) sta-
bility failures. It and several other papers in the Theme Issue
relate to two articles we contribute as participants in the
process, one on “New Prior Knowledge” (12) and a call to the
US academic pharmaceutical science and engineering com-
munity to engage in meeting critical national needs (18).
Hence, we will discuss these in our commentary.

The need to link the development of drug substances,
their products, and their manufacturing process to patient
safety (in the QbD paradigm) was a conclusion of the paper
entitled “Lesson Learnt from Recall of Valsartan and Other
Angiotensin II Receptor Blocker Drugs Containing NDMA
and NDEA Impurities” (14).

Several contributions in the Theme Issue remind us of
the stubborn gaps in pharmaceutical solid-state and material
science. For example, the papers entitled “Decision Support
for Excipient Risk Assessment in Pharmaceutical
Manufacturing” (16) remind us of the complex behavior of
excipients, which poses challenges in assessment when
designing a formulation or evaluating regulatory submissions.
It outlies an Excipient Risk Assessment System utilizing an
experiential knowledge base. The quality risk assessment
ideally occurs in the context of clinical safety and effective-
ness. Pediatric therapeutics is a topic that must remind us of
gaps in knowledge we continue to tolerate.

Beyond optimal decisions on excipients in pediatric
formulations, the paper entitled “Pediatric Formulations:
Knowledge Gaps Limiting the Expedited Preclinical to
Clinical Translation in Children” describes gaps in assessing
risk in pediatric clinical outcomes and toxicity. It also outlines
the prevailing uncertainties in current assessment systems and
ontogenic physiological similarities (11).

In striving for knowledge and risk management over a
product’s life cycle, we observe the need to be aware of and
surface or make apparent uncertainties to prioritize research
across multiple partnerships (27, 28). For example, a system
approach to research problem definition and prioritization to
mitigate risk would need to evolve a process to cut across,
and perhaps beyond, the listed Scientific Public-Private
Partnerships and Consortia in Table II.

Particulate Dosage Forms and Therapeutic Equivalence

The theme issue included two FDA-sponsored research
papers, one on the equivalency of particle size distributions
(case of subcutaneous injection dosage forms) (3) and the
other on the prediction of nasal spray deposition in
children and adults (5). Approval of particulate dosage
forms, particularly those of locally acting drugs such as
nasal and inhalation products, is a complex process and
remains a long-standing challenge.

We note that assessing therapeutic equivalence via
“weight of evidence” considerations can be challenging in
the pre-market phase. After approval, challenges can con-
tinue to occur to create chaos in the lack of assurance of
quality and supply reliability (12). Here, our choice of
words, complexity and chaotic, as descriptors of the
obstacles is measured; we elaborate on why later in the
context of a system approach to regulatory research,
policy, and practice prioritization.

Failure Modes, Natural Variations, and Measurement
Uncertainty

Identifying “failure modes” (and effects analysis) in a
process and a product is the first step to preventing harm.
Papers in the theme issue related to adhesive transdermal
systems (4, 6, 17), in part, sought to improve measurements
needed to evaluate important performance and quality
attributes of these delivery systems. These papers reminded
us of the need to pay attention to patient-related failure
modes. In and of itself, adhesiveness (which is also in the
name we give to these products) is critical to safety, efficacy,
quality attributes, and suboptimal adhesive resulting in loss of
life (29). The path to correcting, improving, updating
regulatory policy to mitigate harm due to patient-related
failure modes can be long and winding (30).

The paper entitled “Impact of Natural Variations in
Freeze-Drying Parameters on Product Temperature History:
Application of Quasi Steady-State Heat and Mass Transfer
and Simple Statistics guide process development” (7) outlies a
procedure for efficient freeze-drying process design and
finding the edge of failure and avoiding the edge of collapse
without undue extension of the process. We note with interest
this paper’s relevance beyond the freeze-drying process
because all processes exhibit natural variation. We delib-
erated on why it (natural variation or common cause
variation) is not acknowledged explicitly in other methods
and research contributions.

The natural variation, patient-related failure mode, and
measurement uncertainty describe the themes of this sub-
section. We noted the paper (19) on developing an HPLC
analytical method for dissolution testing in fed-state simu-
lated gastric fluid in this broader context to observe the
relevance of considering and accounting for the differences in
pre-market R&D and post-approval life cycle of quality
control dissolution testing. This paper preludes another
article on “Similarity of dissolution profiles from bio-
relevant media” published in another journal; in it, the
authors observed—“favorable inter-day repeatability (83 of
88 comparisons were similar), favorable inter-analyst repeat-
ability (19 of 21 comparisons were similar), and favorable
interlaboratory reproducibility (10 of 14 comparisons were
similar) of dissolution profiles” (31). These observations give
us reason to pause to reflect on how might these observations
of reproducibility and repeatability and are relevant in the
context of education, training, and assurance of data integrity
for requests of waiver in vivo bioequivalence studies and
routine quality control testing, effective Out-of-Specification
investigations, corrective and preventive actions, and contin-
ual improvement, particularly in the context of a globalized
supply chain and disruption in FDA’s ability to inspect
facilities.

Pharmaceutical Engineering, Pharmaceutical Science, and
Therapeutic Equivalence

Amid the chaos and uncertainty precipitated by the
COVID-19 pandemic, we remain hopeful and have reason to
celebrate progress in pharmaceutical engineering of continu-
ous manufacturing. Many faculty members in NIPTE mem-
ber institutions have successfully advanced technologies and
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engineering platforms for continuous pharmaceutical
manufacturing, at C-COPs and other universities, such as
those who contributed papers (8, 13) to the Theme Issue. We
also note the article contributing to developing methodolo-
gies for predictive and accelerated formulation design and
development (15).

Over more than a decade, NIPTE has nurtured an eco-
system to align and integrate research in the fields of
pharmaceutics, pharmaceutical manufacturing, pharmaceutical
engineering, and physical pharmacy (collectively called “phar-
maceutical technology”) with the needs of the FDA (1). We
posit that NIPTE must now leverage team science to advance
progress in “Pharmaceutical Engineering Science of Therapeu-
tic Equivalence.” To do so, it must strengthen the timber and
consistency of its voice amidst the political noise in public
funding decisions for research and education are enacted.

Why Did We Observe What We Observed?

In writing this paper, we were conscious of motivated
observations and limits to their objectivity for reasons such as
“conflict of interests.” Conscious awareness and writing of
this report at the end of the tenure at NIPTE of two of us
were the safeguards to maintain objectivity. To the extent
feasible, we note and distinguish our observations of, from
the commentary on, the themes (see Table III) in this Theme
Issue. In Table I, we enclose our comments in parentheses.
We elaborate on these and other comments in the following
section.

COMMENTARY: MATURING PHARMACEUTICAL
SOCIO-TECHNICAL SYSTEMS

Today, we seek to engineer our processes, products, and
systems. The maturity of socio-technical systems is in the
harmonious maturity of its parts. We must appreciate and pay
attention to maturing both the technologies and the popula-
tion of professionals, all members of our communities of
knowledge and practice. We cannot underestimate the
challenge we confront to correct years and layers of
disharmony in developing our technologies and ourselves
(professionals).

Some readers who had remained committed to and
continued this journey from before PQRI or NIPTE existed
may still remember the “scandal” in a rush to approve generic
drugs. It ushered in the Office of Pharmaceutical Science in
CDER, FDA. A crisis or a scandal is often the basis for
advancing laws and creating layers of legacy practices and
assumptions that get habituated and embedded in our
subconscious, so the techniques are applied but no longer
consciously chosen. Without this awareness, “never let a
serious crisis go to waste” is the preferred strategy, and it is a
temptation. We must simultaneously resist this temptation
and be strategic. We must strengthen the timber and improve
the harmony of our voice.

In this section, we offer a few suggestions. To assess our
recommendations, particularly by new members of our
pharmaceutical knowledge community, listen to the words’
voices in Table IV capture. These voices are passionate
commitment to confront the challenges at hand. Let’s begin
with the end in mind.

“Fail and Fix to Predict and Prevent”

Before the COVID-19 pandemic, NIPTE had already
initiated engagement with policymakers on the concept of
“New Prior Knowledge” (12). Today and in the foreseeable
future, the urgent need is to prevent critical drug shortages
for treating COVID-19 patients and other essential medicines
to treat other acute and chronic conditions. Significant
progress has been made listing essential drugs and mapping
their supply chain to predict and prevent disruptions (35). In
2020, NIPTE advanced rapid response proposals for inte-
grated manufacturing in the USA, i.e., sourcing raw materials
in the USA to manufacture drug substances and drug
products for both critical injectable drugs and solid dosage
forms (18). The challenge at hand is monumental, complex,
and in parts chaotic.

Certainly, continuous manufacturing is part of the
solution. It is not and cannot be the only solution. The
journey ahead is best described as “chaos to continual
Improvement” by averting the 2–3 sigma barrier imposed
on new drug applications and breaking the 2–3 sigma barrier
for products currently on the market. Herein is the opportu-
nity to expand engagement both within and outside NIPTE.

Table III. The Themes We Observed in This Theme Issue

Themes and observations

1 Theme: Solid-State, Material Science, and Predictable Stability and Therapeutic Outcomes. Observation: A tendency to be satisfied with a
scholarly contribution, necessary but not sufficient

2 Particulate Dosage Forms and Therapeutic Equivalence. Assessing therapeutic equivalence via “weight of evidence” can be challenging in
the pre-market phase. After approval, challenges can continue as a reoccurring failure and CGMP violations (create chaos in the lack of
quality and supply reliability (12)).

3 Natural Variations, Failure Modes, and Measurement Uncertainty. Note: Accounting of natural variation and failure modes remain in need
of attention. The path to correcting, improving, updating regulatory policy to mitigate harm due to patient-related failure modes can be long
and winding.

4 Pharmaceutical Engineering, Pharmaceutical Science, and Therapeutic Equivalence. Progress in pharmaceutical engineering is necessary
but not sufficient. (NIPTE must now leverage team science to advance progress in “Pharmaceutical Engineering Science of Therapeutic
Equivalence.” To do so, it must strengthen the timber and consistency of its voice amidst the political noise in public funding decisions for
research and education are enacted.)
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Fixing habitual failing is part of the comprehensive stabilizing
solution in need of NIPTE leadership in the context of a
“third leg of the stool.”

A Case of Dissolving Habitual Failing

Here, for example, the theme “Natural Variations,
Failure Modes, and Measurement Uncertainty” is a useful
reminder. NIPTE accepting the challenge in an investigator-
initiated manner (not waiting for a request for proposal)
confronting the real-world challenge of recurring dissolution
test failures can be a basis to inform and appreciate the legacy
challenges of under or unaccounted for natural variance in
method development and validation in R&D for formulation
similarity assessment, setting regulatory specification in the
context of an overall control strategy.

That is, break the sectoral habit of treating dissolution
testing as a black box and empowering professionals with
knowledge on how to justify reasonable controls. Be a voice
to support resisting and ending the legacy practice of
procrustean (regulatory and compendial) acceptance criteria
or limits, often after phase III clinical trials or “pivotal” bio
study in case of generic drug development. For the NIPTE
community’s consideration, the 2020 Conference presentation
“Industry Policy–NIPTE” discussed a case of generic meto-
prolol succinate ER product system dissolution failures as a
remainder of “common cause” system-wide challenge (36).

Valid measurement systems with a known and
benchmarked error rate are necessary for the proper
contexts—R&D and lot-lot testing. Our measurement tech-
nology for solid-state attributes of raw and in-process
materials has advanced significantly in the past two decades.
However, the implementation of the new measurement
technologies lags in practice. The generics sector, a major
segment of the industry, will need assistance to be current in
their control strategy to provide the assurance patients need
and expect to experience the real-world equivalent therapeu-
tic outcome claimed on product labels.

Unlocking the Door to a “Weight of Evidence” Destination

The pressure on the FDA to approve applications keeps
increasing. The nation is precariously dependent on the
imported supply of generics drugs and active pharmaceutical
ingredients. Surely, most will agree that the COVID-19
pandemic is disrupting supply chains and adding to the pre-
existing challenge.

Before the COVID-19 pandemic, major parts of the
sector struggled to approach pharmaceutical development
and complexity systematically. The built-in “file first and
figure it out later” business incentives in the law is a powerful
force that easily overshadows the power in knowledge.
Perhaps, in part, the remedy is at the legislative level.
However, a legislative remedy without follow-through based
on science is not a viable option.

Inadequate rigor and sufficiency of controls in submitted
applications (NDA and ANDA) to the FDA suggest on-
going product development via multiple review cycles, which
can pose many challenges to approval and in the post-
approval phase. As noted above, over the past several years,
significant research funding has been available under the
Generic Drug User Fee Amendments Regulatory Science
initiative, focusing on developing bioequivalence assessment
methods. There is no doubt that a valid bioequivalence
assessment methodology is certainly necessary. It is also
essential to remember that bioequivalence assessment, when
needed, is one of four parts of the system that is supposed to
assure therapeutic equivalence in the pre-market phase.

Assurance of lot-to-lot therapeutic equivalence demands
knowing failure modes and controlling critical quality attri-
butes in the post-approval phase and over a product’s life
cycle. We observe an imbalance in need of attention,
specifically, to pharmaceutical equivalence and CGMP com-
pared to bioequivalence assessment, typically a one-time
assessment pre-approval and occasionally post-approval for
certain SUPAC Level 3 changes. Given this background, a
delegation of NIPTE faculty members visited FDA in 2016
to, among other things, share ideas on a “CMC Risk
Classification System,” and later also submitted these for-
mally to the designated FDA Docket (27, 28).

NIPTE progressed its “New Prior Knowledge” (12)
proposal focusing on solid-state, material science, and mea-
surement uncertainty challenges are the locks on the door
leading to a path from the “pivotal bio” station to a “weight
of evidence” destination. It seeks to maintain a high level of
assurance in generic drugs’ therapeutic equivalence, which is
essential to keep an optimal balance between patient
satisfaction and the public health objectives in promoting
generic medicines. The NPK paper illustrated prevailing
challenges using real-world case examples and placed the
FDA statistics on submissions and approval of ANDA in the
context of market chaos while explaining the patient-level
consequence of quality failures. Case examples of the erosion
of confidence in “therapeutic equivalence” of generic drugs
(e.g., when color and shape changes) and also brand products

Table IV. Voices that Remind Us of the Challenge at Hand Not to Scare But to Encourage

“Don’t use and Don’t Tell.” Uttered by manufacturing a major pharma corporation at
the FDA Science Board meeting on 16 November 2001 (32)

“If I Don’t Look, there is No Problem.” Words of quality recorded at a major biopharmaceutical company
as an awakening to break the 2–3 sigma barrier (33, 34)

“Fail and Fix to Predict and Prevent.” A yearning in a proposal outlined at the 2020 NIPTE Research Conference,
we must confront both the urgent and long-standing challenges amidst
and beyond the COVID-19 pandemic (35)
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were illustrated in the massive backlash in France and other
countries to an “improved” formulation of levothyroxine.

Removing the Hurdles in Research to Policy to Practice

The need to pay attention to “patient-related failure
modes” is urgent—a confidence gap prevails in the safety,
efficacy, and quality of pediatric formulations (11). The path to
correcting, improving, updating regulatory policy can be long
and winding (30). Then, implementation in practice often needs
enforcement actions, which can be challenging. NIPTE must
strengthen the timber and consistency of its voice to contribute
ways to accelerating the science to policy to practice journey.

Amidst All Challenges, There Are Many Opportunities to
Serve the Nation

Today, we have reason to celebrate the many members
in the NIPTE institutions and broadly, individually and as a
team, contributing to advancing technologies and engineering
platforms for continuous pharmaceutical manufacturing at C-
COPs and other universities. We recommend NIPTE to build
on this momentum to promote “Engineering Science of
Therapeutic Equivalence.” Collectively NIPTE has expertise
in parts that are needed to constitute “Engineering Science of
Therapeutic Equivalence.” It must be a system that can
predict and confirm therapeutic equivalence to justify the
least burdensome post-approval changes. Superior to legacy
consensus “defaults” (e.g., 10× scale-up factor, three batches,
and subjective risk classification for post-approval changes)
established by the previous SUPAC paradigm.

Concluding Our Observations and Commentary

In concluding our observations and commentary on a
remarkable AAPS PharmSciTech Theme Issue, we return to
the importance of committing to team science as a basis to do
more. Particularly in the prevailing chaos and uncertainty,
doing more is credibly informing the legislative and regula-
tory systems on problems and solution priorities to secure a
reliable supply of expertise, technology, and resources to
ensure uninterrupted pharmaceuticals’ availability, quantity,
and quality that fellow citizens need. To do so, we must
overcome the acquired “immunity to change” and increase
the Order of Consciousness—two concepts in the theory of
constructive development of adult development. These con-
cepts can benefit pharmaceutical professionals and mature
systems, as discussed elsewhere over the past few years (33,
34, 36). Doing more is recognizing that our systems are socio-
technical systems. Their maturity is our maturity, to be
suitable and capable to move from “don’t use and don’t tell”
and “if I don’t look there is no problem” and “fail and fix” to
be able to “predict and prevent” harm.
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