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Introduction
At Certara, we are passionate about empowering our customers with model-informed
drug development and regulatory writing solutions to help them solve the toughest
drug development problems. The Certara blog is our little corner of the internet
where we hope that you can pull up a seat and engage in meaningful dialogue.
2016 was a great 3rd year for our blog as we posted weekly. Certara staff discussed a
range of issues from pharmacometrics to systems biology to the growing importance
of regulatory writing and sharing clinical trial results.
We hope that you enjoy the highlights of our blog. Please remember to visit to
our blog at http://www.certara.com/blog/ to continue the conversation about the
ever-shifting climate of drug development.
Suzanne Minton, Certara Blog’s Editor in Chief
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Optimizing Drug Development Decisions:
Where We’ve Been and Where We’re Going
At the end of the day, it’s important to reflect on why we are in the business of
drug development decision optimization. The pharma pioneer, George Merck,
said it best,

“

We try never to forget that medicine is for the people. It is not for the
profits. The profits follow, and if we have remembered that, they have
never failed to appear. The better we have remembered it, the larger
they have been.

”

At Certara, we put patients first and think differently to accelerate drug
development and optimize the use of new medicines. We harness our scientific,
technological, and regulatory expertise to improve the lives of people.
In 2016, we had the privilege of partnering with our clients on many life-saving or
life-enhancing drugs, in therapeutic areas including oncology, central nervous
system diseases, infectious diseases, and auto-immune diseases. Our powerful
model-informed drug development and regulatory science solutions have
helped our clients bring safer and more effective medications to patients in less
time and at lower cost.
2017 will be an exciting time for pharma for many reasons. In the US, the 21st
Century Cures Act, which includes the President’s Precision Medicine Initiative
and Vice President’s Cancer Moonshot program is expected to pass, opening up
additional demand for innovative quantitative pharmacology strategies. Both the
Prescription Drug User Fee Act (PDUFA) and Generic Drug User Fee Amendments
(GDUFA) renewals highlight model-informed drug development as critical for
advancing the industry.
Read the following blog posts for insights from our thought leaders on how
modeling and simulation has impacted and is continuing to reshape our approach
to drug development.
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Inside the Mind of Pharmacometrics
Pioneer, Professor Malcolm Rowland
By: Suzanne Minton
Officially, Prof. Malcolm Rowland has retired. This scientific pioneer has
been helping lay the foundation of a mechanistic understanding of pharmacokinetics since the 1960s. So you might think that he’d be ready for quieter
pursuits. But this professor emeritus at the University of Manchester has no
plans to stop actively teaching and guiding the pharmaceutical industry’s
use of modeling and simulation. Here, we pick Prof. Rowland’s brain about
the impact of pharmacometrics on drug development, the direction he sees
the field going, and the secrets to his success as a scientist and teacher.

My trends in pharmacometrics and systems pharmacology
Q&A with Prof. Rowland
Q. Can you discuss what attracted you to a career in science? What do
you see as your current role?
A. I’ve always been fascinated with how the body handles drugs and
chemicals in general. If one understood both the quantitative and
qualitative processes controlling these events in vivo, and the factors
that determine the magnitude of the processes, it should be possible
to predict the pharmacokinetic behavior of drugs from first principles
using physical, chemical, in vitro data and relevant physiological and
biochemical data. That’s been a driving force for me over the years.
I started doing research in this field 50 years ago. My early publications date
back to the ’60s. I’ve been involved with the field of physiologically-based
pharmacokinetics (PBPK) for many of these years. In my day, drug development was mainly empirical and descriptive. Now it’s more mechanistic and
more predictive. I don’t have a laboratory or graduate students anymore.
But, I interact with a lot of people in academia, industry and regulatory
agencies discussing relevant issues, offering advice, and encouraging
additional research to be done. As you know I’m on the scientific advisory
boards of Simcyp and Certara. I also consult for the industry and teach
courses. So, I’m not going to stop. I think they’ll have to carry me out!
Q. In an interview with the American Association of Pharmaceutical
Sciences (AAPS), you mentioned your foster parents among your early
influences. If you were to talk to a child in foster care today, what advice
would you give to them?
A. That’s an interesting question. I would ask them to appreciate that
education is the key to their future. That if they can get a good education,
then they are well on their way. To do that, they need to gravitate to supportive people. I was very fortunate in that way. One of my foster parents
was a teacher, so it was natural for them to support me in my education.
My experience has been that one important component of getting a good
education is study. I didn’t know how much that would benefit me at the
time, but I really enjoyed it. While personal studying is free in financial
terms, it costs time and commitment. And when you’re young you don’t
often realize that the time invested is worthwhile. So I would ask them to
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try to shy away from the bright lights. The instant gratification. The shallower things in life. Also respect others. That would be my advice to them.
Q. Can you talk about the adoption of PBPK models by the
pharmaceutical industry and regulatory agencies and how that’s
changing our approach to drug development?
A. Yes, the adoption of PBPK is very nice to see although it’s been slow
in coming. I published my first PBPK paper in Clinical Pharmacology
& Therapeutics in 1974. That was over 40 years ago! But, the actual
research, of course, started before then. So, it isn’t as if the essence of the
subject wasn’t thought about. We didn’t have the tools at that stage—the
molecular tools, the in vitro tools, the computational tools—and the
mechanistic knowledge that were necessary to move the subject forward.
What has also been necessary for PBPK to take off is the development of
user-friendly software platforms. The Simcyp Simulator is an excellent
example of that type of software. The receptivity by regulatory agencies
has also greatly facilitated the uptake of PBPK by industry, which has now
seen exponential growth in its application during the past decade.
There’s an analogy that I use to illustrate the importance of regulatory
receptivity. Pharmacometrics uses nonlinear mixed effects modeling to
characterize population variability and the factors, covariates, responsible
for the variability. When this methodology was developed within
academia in the ’80s and early ’90s, the industry did not take it seriously.
But then the regulators said this approach was very important. They stated
that sponsors needed to provide data about why people varied in their
responses to drugs, what was responsible for that variability, and how
that variability influences dosing regimens. Then, the industry responded.
Now, leveraging this tool is second nature to pharma.
The same thing is happening now in the industrial application of PBPK.
The partnerships between industry and Certara through the Simcyp
Consortium are also facilitating the uptake of PBPK. This powerful
resource-sparing approach is changing the course of drug development.
PBPK is mechanistic, rather than empirical. This approach lays down a
scientific framework for acquiring the type and quality of physical, chemical,
and in vitro data needed to improve clinical development. Without the right
data, you can’t predict the pharmacokinetics in humans. Therefore, you can’t
work out what your exposures are most likely to be in first-in-human studies.
To be successful, a drug developer must be able to answer multiple
questions related to pharmacokinetics. How should I design clinical
studies? When and how long do I need to collect PK samples? What is the
relationship between the dose and exposure? All these questions were
primarily driven by empiricism before the advent of PBPK. Some areas
of drug development are still empirically-based. But without the frame
of PBPK, you wouldn’t have been able to systematize thinking about the
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components needed to make sound predictions. I think you’ve seen that
happen in the change that’s going on within the industry.
PBPK describes how drugs might behave in people on average. This
approach can also look at the causes of variability in drug responses—
genetics, other drugs, disease, food, smoking, etc. PBPK provides insight
into what we would expect in these different situations, both individually
and together. This tool has been very useful in clinical development. Also,
PBPK allows prediction in special populations—pediatrics, pregnant women,
or patients with severe organ impairment—who are unlikely to be studied at
Phase 2 or Phase 3 clinical trials. So while we can’t always do clinical studies
in these individuals, we do need guidance in drug labels as to what might
be expected. Some of the more recent labels indicate that the sponsor used
PBPK to make predictions related to particular drug-drug interactions.
Formulation development is another major application for PBPK,
especially physiologically-based, mechanistic in vivo-in vitro correlations
(IVIVC). Understanding the interaction between the pharmaceutical
formulation and its performance in vivo is critical. The industry is
increasingly turning to PBPK to understand their drug’s dosage forms
better and to reduce the number of clinical studies needed to get this
information. The wise use of PBPK is transforming the way industry and
regulators think about drugs and their use.
Q. We’ve talked about the use of modeling and simulation for clinical
research. Among the many boards you served on was the National
Center for Replacement, Refinement, and Reduction of Animals in
Research. Can you comment on how modeling and simulation is
impacting pre-clinical research?
A. Yes, Replacement, Refinement, and Reduction—commonly known
as the Three Rs. I think that for too many years researchers have treated
animals as objects rather than sentient creatures that feel pain and
experience distress. We realize now that this attitude is not the way to go.
And I think people increasingly realize that while animal studies provide
basic information about physiology, pathology, genetics, and more,
they don’t completely map to human beings. Many important elements
are unique to humans—distinct metabolism, transporter levels, disease
pathophysiology, and environmental factors.
Animal research is still necessary for gaining a basic understanding of
biological processes that would be very difficult to attain in humans. But
animal studies are limited. We should look for alternative methodologies
that not only substitute for experiments we might do in animals, but also
are more relevant to human health.
For example, we can perform experiments using human tissues, enzyme
systems, or transporters. These human in vitro systems will yield much
more relevant information than what we’d get from animals. So we’ve seen
an increasing prominence and acceptance of this view. Methodologies that
minimize the need for animal studies—both human in vitro systems and in

silico approaches—are also less costly. In many areas of drug development,
including pharmacokinetics, animals are being used less to provide the
information we need. Also, why expose animals to stress and pain in safety
assessments with compounds whose pharmacokinetics in humans do not
meet the developer’s requirements, when this could have been predicted
using such a tool as PBPK?
Q. In 2012, you wrote a scientific article entitled, “The Impact of Pharmaceutical Sciences on Healthcare: A Reflection over the Past 50 Years.”
Looking forward to the next 40 years, what would you predict will be
the impact of this approach on healthcare?
A. This is an interesting question. Reviewing and reflecting upon the past
50 years with experienced colleagues was relatively easy. You’ve got to
read a lot of publications and identify the critical ones. And, you only
know which publications described critical and disruptive approaches by
looking back. You can’t always see it at the time.
So, predicting even ten years from now what the situation will be is going
to be highly problematic. Predicting the state of affairs 40 years from now
requires someone braver (more foolhardy) than me!
However, I think we can say a number of things. We can say that mechanistically-based, quantitative, predictive approaches are likely to impact drug
development right down to the individual patient level. These approaches
will improve the individualization of medicines and therapeutics. And
leveraging these tools through web-based and mobile phone technologies will become commonplace. In addition, patients will know a lot more
about their genetics, health and disease, and hereditary risk factors.
The scientific community will also need to support the companion
development of mechanistically-based pharmacodynamics—the body’s
response to exposure to drugs. And this endeavor will need to move along
the same broad lines that we’ve seen in the last 40 years for physiologicallybased pharmacokinetics. We’re beginning to see this work develop for
quantitative systems pharmacology and systems pharmacology and
therapeutics. But, the field needs to advance much further. We need to
understand how the body operates as a networked structure and the
underlying pathophysiology of individual processes in the body.
In my opinion, developing mechanistically-based pharmacodynamics
tools will improve the ability to predict drug efficacy. Most drugs that
get into Phase 1 and go onto Phase 2 fail because of the lack of efficacy.
Understanding mechanistically both PK and PD will help us develop
safer, more effective drugs. We will be able to predict much earlier which
drugs are likely to produce problems and stop their development. We
won’t have to wait for reports of adverse events after these drugs are
given to patients in large groups or out in the wider world. The measures
of success for this effort will be threefold: a decrease in the likelihood of
major adverse events, better understanding of the individual differences
between patients, and greater individualizing of treatments.
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The Rise of Model-informed Drug
Development in China
In the next 40 years, the use of modeling and simulation (M&S, biosimulation) will become much more extensive. Modeling and simulation,
already an integral part of PBPK, will permeate the whole drug selection,
development and use programs. We’ll see the industry, increasingly, and
society as a whole, benefiting from using M&S.
The population at large won’t see biosimulation in the way that industry
or regulators see it. Just like they don’t see the use of computer models in
weather forecasting. They don’t appreciate the mechanistic understanding
and the massive computational power that is used in weather forecasting.
They just see the weather forecast, and they are increasingly confident
about whether they want to go out for a trip tomorrow morning or afternoon, or even three or more days later. The same is going to happen with
drug development, which will become increasingly predictive and individualized. By knowing to whom and how much, how often, and for how long
we need to give drugs to patients, healthcare will become more precise.
I also foresee a focus on developing drugs and other approaches that
help the body to heal itself. One example of this can be seen in immunotherapy for oncology.
Q. Is there anything else that you’d like us to know about you and
your career?
A. Pharmacokinetics was virtually not discussed when I was young, even
when I was going through my pharmacy education. We never had a
course in pharmacokinetics.
Over the years, I’ve really seen the field develop. Pharmacokinetics was
first used in the clinical environment. Then, it moved into the early clinical
drug development, then the pre-clinical arena, and finally drug discovery.
The use of pharmacokinetics was then based primarily on empirical
observations. Over the past decade, mechanistic, physiologically-based
methodology has moved in the reverse direction, from the pre-clinical
arena into the clinical arena and through to the regulatory process. Eventually, we will see mechanistic PK/PD become a standard best practice in
informing patient care.
I look forward to being around for many, many more years making this
happen. That would give me great satisfaction.

By: Christine Yuying Gao
China’s pharmaceutical market is poised for growth. By 2020, it is
expected to grow to approximately $120 billion. Today, China’s 1.36
billion people represent 20 percent of the world’s population. Yet, they
comprise only 1.5 percent of the global drug market. From a demographic
perspective, nine percent of the Chinese population today is over 65
years of age. The “greying of China” means the number will rise to 25
percent by 2050. Elderly patients currently comprise 23 to 40 percent of
the prescription drug market in China and 40-50 percent of the overthe-counter drug market. These trends obviously present significant
challenges for the Chinese and global pharmaceutical industry.

A push for innovation
The slow regulatory review process in China is an obstacle to pharma
innovation. During the past several years, the China Food and Drug
Administration (CFDA) amassed a huge backlog of drug applications.
While the average review time was three years, some companies waited
as long as eight years for their drug to be evaluated. That delay was due
in part to staff shortages, but also to the large numbers of applications
being submitted for generic drugs of inferior quality.
However, the CFDA is now working to expedite the drug approval process.
They reviewed 9,394 new drug applications in 2015—a 90% increase
from 2014. The “class of 2015” included approvals for 241 registration
applications for marketing small molecule drugs, 76 for traditional Chinese
medicines and natural medicines, and 25 for biological products.
In addition to developing new drug registration and approval guidelines,
the CFDA is opening a second drug evaluation center in Shanghai to support its main office in Beijing. Shanghai is the financial center and largest
city in China. It offers a highly-skilled local workforce and a transportation
hub with strong rail and air connections.
Pharma research and development (R&D) is at a relatively early stage in
China. There is significantly less financing, fewer assets, and a smaller
number of high-quality drug candidates to support this market segment
than in the US, Western Europe, or Japan. Most importantly, the expertise
in drug development and the ability to navigate the regulatory landscape
are just emerging as necessary competencies in China. Having more
experienced R&D professionals that understand drug development, have
a global perspective, and can talk the same language as Western partners
will help fuel the growth of the Chinese pharmaceutical market.

Increasing use of modeling and simulation
The Chinese Government’s growing interest in developing novel pharma
products is fueling the adoption of modeling and simulation—also known
as model-informed drug development—technologies. Model-informed
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Future outlook
drug development includes both “top-down” pharmacokinetic and
pharmacodynamic (PK/PD) modeling and simulation and “bottom-up”
physiologically-based pharmacokinetic (PBPK) modeling and simulation.
PBPK is used to determine first-in-human drug doses, predict drug-drug
interactions, and understand drug disposition in untestable populations
such as pediatric patients, pregnant women, and patients with
co-morbidities or impaired organ function. It can also help select dose
regimen, assess food effects on oral medicines, and evaluate the impact
of disease and lifestyle factors on drug disposition.
Generic drugs are the mainstay of China’s pharma industry, representing
80 percent of all drug sales in 2015. Thus, generics companies need
only to show that their products were accurate reproductions of brand
drugs. As a result, they tended to conduct only bioequivalence and noncompartmental analyses (NCA). The CFDA employs Phoenix software
to conduct those types of analyses. The Phoenix platform is used to
manage, analyze and report PK, PD, and toxicokinetic (TK) data.
This TK and PK/PD analysis approach is now being used by pharma companies, clinical research organizations, academic centers, and hospitals.
Pharmacometrics organizations and associations are also being founded
in Beijing and Shanghai to help educate local scientists in this field. Attendance in pharmacometrics training courses is also increasing each year.
Several top academic institutions, such as Peking University, Peking Union
Medical College Hospital, China Pharmaceutical University, Huashan
Hospital, and Fudan University provide valuable support to industry. Peking
University was recently established as a Phoenix Center of Excellence. This
Center of Excellence Program is designed to enhance research and training
in pharmacometrics at elite academic centers globally. Phoenix software
and licenses have been donated to Peking University for teaching and
research purposes. The institution also receives associated training and
workshop assistance. The program goal is combining Peking University’s
research, clinical, and educational expertise with Phoenix IT infrastructure
to create innovative approaches to improving population health.

Pharma innovation will continue to increase in China as product differentiation grows in importance. In the next five to 10 years, China is expected
to develop several first-in-class or best-in-class pharmaceutical products.
Consequently, the percent of generics on the Chinese market will
decrease and the number of novel new drug applications will increase.
Biologics, especially biosimilars and bio-betters, will flourish in China.
Many companies are already establishing good manufacturing practices
(GMP), manufacturing capabilities, and developing biosimilars that target
current blockbusters, such as Humira, Rituxin, and Herceptin. Usually five
to 15 competitors apply for regulatory approval for each target with the
goal of selling these Chinese biosimilars in other regulated markets.
China’s new policies show its commitment to being an active participant
in global drug development and in commercializing innovative products.
That’s why I’m excited to help support pharmaceutical innovation by
leading Certara Strategic Consulting China (CSCC) in Shanghai. Our
scientists will provide strategic pharmacometric services to biopharm
companies, nonprofits, and regulatory agencies. The CSCC headquarters
are located close to the CFDA’s new drug evaluation center. Because our
office is based in a free trade zone, we have special tax benefits and can
easily perform financial transactions between China and the US.
By embracing modeling and simulation technology and instituting a more
business-friendly climate, the Chinese drug development market today
has unprecedented opportunities. The next decade will be our strategic
opportunity period.

As more Chinese pharma companies develop innovative products, they
have started to use PK/PD modeling and simulation to make data-driven
decisions at all stages of drug development. This quantitative framework
includes dose selection, clinical trial design, competitive analysis, and a
range of safety and efficacy factors.
Of the 45 drugs approved by the US FDA in 2015, more than 90 percent
leveraged model informed drug development to support their labels.
Using this approach will help bring safer therapies to market faster and
support China’s fast-track drug approval process.
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Revolutionizing Drug Development:
d3 Medicine Joins the Certara Family
By: Craig Rayner
Thinking Without BordersTM
Developing Medicines that MatterTM
These guiding principles fueled the creation of d3 Medicine. With a goal
of revolutionizing the pharmaceutical paradigm to accelerate developing
medicines that benefit society, combining d3 and Certara was a “no brainer.”

Delivering on our clients’ missions
The d3 Medicine staff join Certara’s Strategic Consulting (CSC) division,
which was formed in July 2015 through the merger of Quantitative
Solutions and Pharsight Consulting Services. We are now the largest
and most transformational consultancy of its kind, with more than 100
scientists, most with PhDs or PharmDs.
d3 Medicine’s staff is comprised of experienced drug developers, clinical
pharmacologists and regulatory specialists. Our team can advise on all
aspects of drug development strategy. Partnering with our clients, we
derive a more robust plan that has been pressure tested from multiple
angles. We incorporate contemporary thinking in regulatory science,
quantitative clinical pharmacology and value-focused decision-making.
Patient health is always at the forefront of our work.
By combining with Certara’s unique model-informed drug development
and regulatory submittal and communications expertise, we can move
forward more quickly on achieving our mission: we are revolutionizing
drug development by applying quantitative science and smart regulatory
strategy to inform the most crucial decisions.
Specifically, we bring to Certara and its clients expanded capabilities
and expertise, most notably in the areas of oncology, orphan diseases,
infectious diseases and inflammation, including:
• drug development optimization strategy, stewardship and
implementation
• regulatory consulting and liaison services with global health
authorities, and

We begin with a client assessment, diagnosis and gap analysis. Next, we
develop and implement a road map that translates model-informed drug
development (MIDD) into the decision-making process and leverages
all data to align with that optimized clinical strategy. Our expertise from
having sat on both sides of the table at critical regulatory meetings
provides confidence in our recommendations on how to best leverage
MIDD throughout a program.
We can support specific products, programs or entire portfolios,
participate in licensing and due diligence activities, work alongside a
drug development team, or serve as that fully outsourced partner.

Tailoring a road map to optimize regulatory and
commercial success
Our work provides ongoing stewardship for many clients, supporting
them at pivotal times during their development programs, including
interactions with health authorities, during due diligence or at the deal
table with potential commercial partners. Many opportunities to develop
medicines faster and better may be unlocked via embracing integrated
leadership in clinical pharmacology and regulatory science coupled with
advances in pharmacometrics and biosimulation.
Far too many cases treat drug development like a relay race, with the
baton handed from one participant to the next. We see it as a team
sport where clinical pharmacology helps bring the domains of expertise
together in an integrated manner with a renewed focus on regulatory
science innovation. We focus on cost, time and certainty, all oriented to
the patient need.
Our team of drug development and regulatory science specialists
guides the client’s program by testing and evolving the strategy to
optimize the development program. Moreover, our growing modeling
and simulation toolkit, for which Certara has the largest portfolio and
client base, further differentiates us. Demand for all of these capabilities
is growing exponentially.

• evaluating, strategizing, and optimizing licensing and M&A plans

Spotlight on the clinical pharmacology road map
As clinical pharmacology comprises more than 50 percent of a drug
label, the need to optimize safety and efficacy in drug development is
critical. We understand the impact of clinical pharmacology on a drug
development program and devise strategies to harness that knowledge
toward a more successful program in consideration of:
• the rigors and latest thinking on the part of the regulators
• speed, efficiency, and optimization of the development process
• the competitive landscape and a “pharmacology-to-payer” perspective
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Developing Medicines That Matter:
Case Studies of Supporting Drug Approvals
“Model-informed drug development” (MIDD) has already profoundly impacted
drug development, yet its full impact is just now coming to light. This approach
integrates computer-aided mathematical simulation with biological science to
inform drug development and labels. MIDD has the proven ability to influence
every phase of the drug development process, including the commercial
decisions around the benefits of even bringing a specific drug to market. One of
the most important elements of MIDD is that it carries over the knowledge and
the wisdom from one phase to the next, and from one indication to the next,
both in terms of successes and failures.
MIDD transforms data into information and information into knowledge. Read
these case studies to learn how we are helping sponsors bring safer, more
effective drugs to market.
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How to Expedite FDA Approvals
of Orphan Drugs
By: Thomas Peyret
350 million patients worldwide suffer from 7,000 rare diseases, yet only 300
of these diseases have approved treatments. This gap, impacting 95% of
rare disease patients, represents a huge unmet medical need. Developing
drugs for rare diseases poses a range of clinical, regulatory and commercial
challenges. The small number of patients are difficult to identify and recruit
for clinical trials. Many orphan diseases are genetically based, and oftentimes, these patients have complex phenotypes that react very differently
to proposed treatment protocols. The diseases may be poorly understood,
making it difficult to set clinical endpoints, biomarkers or outcome measures. Patients may also fall into an ethically sensitive population, ranging
from neonates and pediatrics to people with co-morbidities. Modeling and
simulation uses disparate information to create a cohesive picture of the
dose-concentration-effect relationship that informs development decisions. A recently approved orphan drug exemplifies how pharmacokinetic
modeling helped support the approval of a new drug for a rare disease.

Developing a new treatment for a chronic rare liver disease
Primary biliary cholangitis (PBC) is a chronic, rare disease characterized by
cholestasis—the impaired flow of bile from the liver.1 The resulting increased
bile acid concentrations cause cellular injury. Untreated PBC can lead to
liver failure and death. The only currently approved treatment for PBC was
ursodeoxycholic acid (UDCA). However, not all patients respond to UDCA.
Intercept Pharmaceuticals—an emerging global biopharmaceutical
company—sought to develop obeticholic acid (OCA) as an alternative
treatment for PBC. OCA is a semi-synthetic analogue of the primary
bile acid chenodeoxycholic acid with similar pharmacokinetic (PK)
properties.2 Like other bile salts, OCA is metabolized via conjugation to
glycine acid and taurine.
OCA is a selective and potent farnesoid X receptor (FXR) agonist.2
FXR activation decreases the concentration of bile acids in the liver to
reduce cellular injury. FGF-19 was used as a biomarker for OCA
pharmacological activity.

Understanding the relationship between systemic and
hepatic exposure of OCA in PBC patients
Because liver damage is a consequence of disease progression in PBC
patients, the Intercept team needed to develop a dosing strategy for OCA
in PBC patients with and without hepatic impairment. They conducted
a small clinical study wherein a single dose of OCA was given to healthy
volunteers and patients with mild, moderate, and severe hepatic impairment and intensive PK sampling was performed for 24 hours.2
Study results revealed that systemic OCA concentrations increased
with worsening hepatic impairment.2 Yet, plasma FGF-19 levels were
increased with the administration of OCA for subjects with and without
hepatic impairment suggesting similar activation of FXR. Clearly, systemic
exposure of OCA failed to correspond to its pharmacological effects in
the liver. Developing a robust dosing strategy required understanding the
relationship between systemic and hepatic exposure of OCA in patients
with and without hepatic impairment.
10

My colleagues and I used our population PK/PD modeling software,
Phoenix NLME, to perform physiologically-based pharmacokinetic (PBPK)
modeling and simulations.1,2 The PBPK model was based on a previously
reported model for chenodeoxycholic acid.3 The model for OCA was
calibrated using the plasma concentration-time profiles of OCA, glyco-OCA
and tauro-OCA in healthy volunteers who received a single dose of OCA.
Then, the model was recalibrated for patients with hepatic impairment
taking a single dose of OCA. Hepatic impairment involves the following
mechanisms which were incorporated into the model: decreased hepatic
update of OCA and its metabolites, portal systemic shunting, decreased
functional liver volume, and increased taurine conjugation.
The physiologic PK model was validated when its predicted OCA-plasma
exposures were found to be comparable to observed exposures in
healthy volunteers and patients with hepatic impairment.2 Both the model
and clinical data showed a significant increase in systemic exposure of
OCA in patients with hepatic impairment. Yet, liver exposure of OCA was
predicted to only increase modestly in patients with mild, moderate,
and severe hepatic impairment compared to healthy volunteers. The
modeling results and clinical trial data supported the safety and efficacy
of the OCA dosing strategy. Dosing reductions were only required for PBC
patients with moderate and severe hepatic impairment.1,4

Gaining FDA approval
In May 2016, the FDA approved Ocaliva (obeticholic acid) for the treatment of PBC in combination with UDCA in adults who show inadequate
response to UDCA alone or as a single therapy in adults who cannot
tolerate UDCA.5 It is the first new drug for PBC in almost 20 years.
Because of Ocaliva’s potential to address an unmet medical need, the FDA
granted it fast track designation.5 Ocaliva also received orphan drug designation which entitles its sponsor to tax credits, user fee waivers, and market
exclusivity rights. The case of Ocaliva demonstrates how sponsors can accelerate their drug approvals through leveraging pharmacometric modeling.
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Modeling and Simulation Guides
Dosing for a New Anti-psychotic Drug
By: Karen Rowland Yeo
Drug development is becoming more complex than ever. Regulatory
agencies expect sponsors to consider a wide variety of intrinsic and
extrinsic factors that could impact drug safety and efficacy. These factors
include intrinsic variability—CYP metabolizer status, age, sex, renal/
hepatic impairment—as well as external variables—co-medications, food
effects, smoker status, etc.
Clinical trials alone simply cannot evaluate all potential scenarios. Using
modeling and simulation to conduct virtual trials can help sponsors
optimize the dosing strategy and label claims for their drug programs. In
this blog post, I’ll discuss how we used modeling and simulation to help a
sponsor develop a new treatment for schizophrenia.

Improving medication adherence through a new formulation
of an anti-psychotic
Despite the availability of effective treatments, schizophrenia patients
frequently relapse due to poor medication adherence. Thus, Alkermes
developed aripiprazole lauroxil (AL), a novel long-acting injectable (LAI)
atypical anti-psychotic drug.1 Administration of AL results in extended
exposure to aripiprazole, and allows for multiple dose strengths and
dosing intervals, which provides flexibility for individualized patient care.

The trial design information comprises the dose, administration route,
dosing schedule, and co-administered drugs.
The Simcyp Simulator PBPK platform was used to predict the impact
of co-administration of CYP3A4 and CYP2D6 inhibitors/inducers on
aripiprazole exposure in patients with varying CYP2D6 metabolizer status.2

Informing the dosing strategy
Results from the PBPK model suggested that reduction of the high and
medium dose to the next lower dose in the presence of strong CYP3A4
and CYP2D6 inhibitors is needed to keep aripiprazole exposure in the
target range.3 Likewise, in the presence of a strong CYP3A4 inducer, the
low dose needs to be increased to the next dose level to keep aripiprazole
exposure within the therapeutic window.3 The PBPK model also helped to
make recommendations on dose adjustments for CYP2D6 PMs who were
also taking strong CYP3A4 inhibitors.3

Following injection, aripiprazole lauroxil is converted to N-hydroxymethyl
aripiprazole, which is then hydrolyzed to aripiprazole, the active drug.
Aripiprazole is primarily eliminated by the drug metabolizing enzymes
CYP2D6 and CYP3A4.

Aristada (injectable, extended-release aripiprazole lauroxil) received
FDA approval in late 2015.4 Dose adjustments in the drug label were
based on simulations that examined the effects of co-medications
on aripiprazole PK. The effect of patients’ CYP2D6 genotype was also
incorporated into the PBPK model and informed label claims. The
insights from modeling and simulation approaches as well as the product
characteristics of AL provide clinicians with flexibility in devising safe and
effective treatment plans for schizophrenia patients who have difficulty
with medication adherence.

Understanding the impact of concomitant medications
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How Biosimulation Can Bring New
Immuno-oncology Treatments to Patients
By: Rik de Greef
Immuno-oncology, which harnesses the patient’s own immune system
to fight cancer, is one of the hottest areas in drug development today. In
recent years, the FDA has granted breakthrough therapy designations to
multiple immuno-oncology drugs for a variety of oncology indications
including advanced non-small cell lung cancer and melanoma. Over the
last two decades, PK/PD modeling and simulation (M&S) has played a
growing role in oncology drug development. In this blog post, I’ll discuss
how M&S (also known as biosimulation) can help support some of the
unique challenges that immuno-oncology programs face.

A 21st century treatment with 19th century roots
When it comes to immuno-oncology treatments, everything old is new
again. In the late 19th century, an intrepid physician named William
Coley was struck by the case of a deathly ill cancer patient who made
a seemingly miraculous recovery after contracting a serious bacterial
infection. This strange case inspired him to deliberately infect another
cancer patient with bacteria. Again, the patient who was suffering from an
advanced-stage sarcoma, recovered. Dr. Coley kept refining his treatment, known as Coley’s toxins. A lack of understanding of the immune
system meant that no one knew exactly how this treatment worked.
Eventually, Coley’s toxins fell into disuse with the emergence of radiation
therapy in the early 20th century.

How the immune system targets cancer cells
In addition to protecting us from pathogens, the immune system is also
able to identify and destroy cancer cells. Briefly, the cancer-immunity
cycle works as an interplay between T-cells and tumor cells. When tumor
cells die, they release antigens which trigger the activation of specific
T-cells. These migrate into the tumor where they can kill tumor cells, thus
causing a further release of antigens, serving to maintain the cycle.

How do immunotherapy drugs rev up the immune system to
fight cancer?
Immuno-oncology drugs bind their pharmacological targets to stimulate the immune response. Many of these targets have a general role in
immune system. Drugs that are selective for these targets risk causing
systemic immune-related adverse reactions. On the other hand, there are
several pharmacological targets which are specific to the T-cell/tumor
interaction, eg, PD-1/PD-L1.

PD-1: A key immune checkpoint in cancer
PD-1 (Programmed cell death 1) is a protein that serves as an immune
checkpoint. It downregulates the immune system by preventing the
activation of T-cells. PD-1 helps reduce autoimmunity and promotes
self-tolerance. This checkpoint protein inhibits the immune system by
promoting apoptosis in antigen specific T-cells and, simultaneously,
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reducing apoptosis in regulatory T cells (suppressor T cells). Cancer cells
overexpress PD-1 ligands (PD-L1/PD-L2) which bind PD-1 and thereby
suppress the immune system.
Immuno-oncology drugs can target the PD-1 signaling pathway in one
of two ways. PD-1 inhibitors target PD-1 on T cells whereas PD-L1/PD-L2
inhibitors target the PD-L1/PD-L2 ligand expressed on tumor cells. These
inhibitors are generally antibodies. Both types of inhibitors release the
“brakes” that the tumor places on the immune system so that T-cells are
able to identify and kill cancer cells.
The pharmaceutical industry has jumped on the “PD-1 bandwagon.” Two
anti-PD-1 drugs (nivolumab and pembrolizumab) have been approved and
at least nine other PD-1/PD-L1 drugs are in varying stages of clinical development. Likewise, a rising trend is to combine immuno-oncology drugs
with other anti-cancer treatments including standard chemotherapies,
targeted therapies, other immuno-modulators, and anti-cancer vaccines.

Clinical results of anti-PD-1 treatments are promising
Initial clinical results of anti-PD1 treatments have been promising.
Objective response (OR) rates have been observed in multiple cancer
types that are well beyond the rates achieved with present standard of
care (SOC). In the meantime, these drugs have also demonstrated clear
improvements in overall survival (OS) for cancer patients. Specifically in
advanced melanoma, superior efficacy was observed in comparison to
dacarbazine, the pre-immunotherapy SOC, as well as in comparison to
ipilimumab, a CTLA-4 inhibitor and the first immune checkpoint inhibitor.
Patient PD-L1 status appears to predict the response to anti-PD-1
drugs. Since PD-1 inhibitors block the interaction between PD-1 and its
ligands expressed on tumor cells to “revive” the immune system, it’s no
surprise that patients with PD-L1 positive tumors consistently have better
outcomes than PD-L1 negative patients.

Clinical development in immuno-oncology
The standard clinical development trajectory follows a phased, linear course.
Clinical pharmacology characterization is largely done through dedicated
healthy volunteer studies in Phase I. For these programs, M&S is applied
in learn-confirm cycles which inform the next phase of development and
generally take place around well-defined milestones in the program.
In contrast, clinical development in immuno-oncology programs thus
far has followed a much more condensed time line wherein the classical
drug development phases are not readily discernible. Clinical pharmacology is generally characterized as part of safety/efficacy studies rather than
through healthy volunteer studies. In this compressed time line, modeling
and simulation is continuously applied to address a variety of questions;
no clear separation exists between learn-confirm cycles.
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Key challenges and opportunities in immuno-oncology
clinical development
The unique trajectory of immuno-oncology programs means that their
sponsors face distinct challenges. For example, the time lines for development tend to be highly condensed by the opportunity for fast-track
approval. In addition, a lack of early clinical biomarkers means informing
dosing using early clinical data is difficult.
Immuno-oncology has its upsides as well. Opportunities frequently arise for
extending the drug to multiple oncology indications. M&S can help leverage
the data from one indication to support development, and ultimately,
approval for another. Moreover, the potential for developing multiple
combination treatments can increase the value of a drug program.

How can PK/PD M&S be applied to immuno-oncology?
PK/PD modeling and simulation can be leveraged throughout the
development of an immuno-oncology drug. Early in development, M&S
can help translate preclinical data from mouse xenograft models to
support establishing the clinical dose regimens. Once a drug candidate
moves into the clinic, its safety and efficacy profile must be characterized.
Pharmacometrics can help establish the relationship between drug
exposure and safety and efficacy parameters to support and justify the
dosing regimen and determine the drug’s therapeutic window.
Regulatory agencies expect sponsors to understand the intrinsic and
extrinsic factors that might cause variability in drug exposure. In the
absence of dedicated clinical pharmacology studies, population PK
analysis can be performed on sparsely sampled PK data from patients to
understand which factors significantly impact exposure. Furthermore,
semi-physiological approaches can be used to predict PK at the site of
action. These models can also help predict PK in other populations that
the sponsor might want to include in the drug label.
Finally, regulatory success alone is no guarantee of commercial success. By
understanding the competitive landscape, sponsors are better positioned
to make critical decisions. Model-based meta-analysis (MBMA) of publicly
available clinical trial data can be used to assess a compound’s safety and
efficacy profile compared to the SOC and/or competitor drugs in development. MBMA enables indirect comparison, taking into account the impact of
treatment, patient population, and trial characteristics. This type of analysis
can help estimate the probability that a drug can differentiate itself in terms
of efficacy and/or safety from competitors in the same drug class or across
drug classes. In the quickly evolving immuno-oncology landscape, MBMA
and associated clinical trial outcome databases allow sponsors to stay on
top of new developments and understand the relative merits of their drug.
Immuno-oncology drugs have the potential to serve as a powerful
weapon in the war on cancer. By leveraging modeling and simulation
approaches, sponsors have the ability to maximize their likelihood of
regulatory and commercial success.
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First Do No Harm: Using Modeling and
Simulation to Inform Drug Safety
The concept “first do no harm” is a key directive in the Hippocratic Oath. The
same ethical precept applies to drug development. In January 2016, the Bial
clinical trial tragedy claimed the life of one volunteer and seriously injured five
others. We must be ever mindful of our sacred duty to protect patients from
medication adverse effects.
Today, meeting the imperative for drug safety is more challenging than ever.
Special populations—children, patients with organ impairment, pregnant women,
and more—are all difficult, if not impossible, to study through clinical trials.
Moreover, the commonplace use of “one-size-fits-all” dosing can raise the risk
of drug toxicity. The maturation of pharmacogenetics has enabled us to identify
relevant genetic differences in enzymes, transporters, and receptors. Patient
differences—including genetic polymorphisms—can cause significant PK variability.
And many patients take either multiple medications and/or herbal supplements
concurrently. Drug-drug interactions and drug-herb interactions can cause a
medication to either decrease its effectiveness or cause toxicity.
Modeling and simulation is an approach that can provide insights to support
developing safer drugs. Read the following blog posts to learn how this
approach has helped inform dosing for special populations, account for
patients with poor metabolizer phenotypes, assess the likelihood of drug-drug
and drug-herb interactions, and facilitate determining first-in-man dosing from
pre-clinical studies.
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Quantitative Pharmacology Strategies
for Pediatric Drug Development
By: Patrick Smith
Pediatric patients are not simply small adults. Children differ from adults
in both disease pathophysiology and pharmacokinetics/pharmacodynamics (PK/PD). Yet historically, 80 percent of medicines used in children
had little to no data guiding prescribers on proper use. Quantitative
pharmacology strategies are a powerful emerging approach for informing
pediatric drug development.

Disincentives for pediatric drug development
Pharma has numerous reasons not to develop pediatric drugs. Often,
pediatric indications are not particularly profitable, and pediatrics in the US
market represents only about seven percent of drug sales. Furthermore,
conducting pediatric clinical studies poses both ethical and legal risks, and
from a practical perspective tends to be a low priority for product development teams who are focused on gaining regulatory approval for adults.

The regulatory landscape
To address this market failure, global regulatory agencies have
introduced a number of “carrot and stick” policies. The US, for example,
provides incentives for studying pediatrics such as six-months of market
exclusivity. These policies have had a positive impact. In the early 1970s,
only about 22 percent of drug labels included pediatric information. By
2009, about half of drugs included this information. Similar trends have
occurred in Europe. Despite progress made in older children, neonates
remain an under-served population. In fact, many pediatric programs
exclude neonates. Sponsors are granted waivers from regulatory
agencies, and they exclude this sub-population from clinical trials.

Using adult data to bridge to pediatrics
Due to the inherent difficulties of pediatric development, the concept of
extrapolation—bridging from adults—was proposed years ago. Decision
trees illustrating the pediatric extrapolation algorithm help sponsors
determine a development pathway that is scientifically robust, yet operationally feasible. In cases where disease progression and pharmacology
supports a similar response to the drug, conducting efficacy trials in
children isn’t always necessary. If you have a strong pharmacodynamic
marker, then using robust PK/PD modeling approaches is possible
instead. If an exposure-response relationship has been established in
adults, and it’s reasonable to apply this to children, then simply dosing
pediatric patients to achieve similar drug exposures is possible. Pediatric
extrapolation provides a framework to bridge and scale from adults to
children and has led to advances in both tools and methods.

body composition can alter volumes of distribution, and changes in GI
function can affect drug absorption. These factors must be accounted for
when bridging from adults to kids. This information has become better
characterized over time, and pharmacometric approaches incorporating
these factors have become common place.
Pediatric drug development also requires consideration of pharmacodynamic factors such as the number of drug-related receptors present
as a function of age, or the functioning of those receptors compared to
adults. Often, these factors are unknown in advance.

Stocking the pediatric drug development armamentarium
Data from pediatric clinical studies are usually sparse and limited. Thus,
we need methods that fill data gaps. Quantitative pharmacology meets
this need and is a proven tool for facilitating pediatric development.
But pediatric development is still tough. The approach is never
straightforward. It’s always done on a case-by-case basis and requires
multidisciplinary expertise in clinical pharmacology, quantitative methods,
and regulatory science. Pediatric drug programs often face capacity,
capability, or capital constraints. The result is lost opportunities and delays
in introducing important new medicines to the pediatric population.
Partnering with experts on pediatric components of programs can help
expedite their development. These partnerships may include outpartnering entire programs or particular aspects of programs, such as
formulation development/manufacturing, clinical development, all the
way through to sales and marketing.

When should pediatric trials be started?
Ninety percent of investigational drugs don’t make it to market. Thus,
sponsors often wait to expose children to new medicines until safety
and efficacy has been established in adults. The International Council for
Harmonisation of Technical Requirements for Pharmaceuticals for Human
Use (ICH) Topic E11 provides guidance on when trials should be initiated
depending on the indication and the state of existing therapies.
• For diseases affecting children exclusively or predominantly, the
entire development program can be conducted in children; often,
these programs begin with a Phase 1 healthy adult volunteer study,
if relevant

Children are physiologically distinct from adults

• For serious diseases lacking treatments for children and adults,
they recommend conducting pediatric studies early, after obtaining
reasonable evidence for tolerability and efficacy from studies in adults

Numerous physiological changes occur during development which
can impact drug disposition. Maturation of metabolic capacity and
renal function can impact drug clearance. In addition, changes in

• For diseases affecting both adults and children—which may be less
serious or where adequate treatments exist—pediatric trials should be
initiated after gaining substantial experience in adults
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Can QSP Save Lives?
Lessons from a Trial Debacle
The ability to bridge from adults to children, the amount of available data,
and the assumption of risk changes as pediatric programs are initiated
earlier. Conducting pediatric trials early is riskier. But these drugs have the
highest probability of meeting an unmet medical need. These programs
also benefit the most from scientific innovation.

A bright future for pediatric drug development
Studying drugs in pediatric populations has many challenges. The earlier
studies are performed, the less information is available for guidance.
Likewise, the ability to extrapolate from adult data varies by the indication.
Careful and thoughtful drug programs can address important pediatric
diseases sooner. These indications include diseases where no acceptable
treatment options exist, (orphan diseases), childhood cancers, and
medical countermeasures.
Constraints on capacity, expertise, and capital also may delay the availability of pediatric therapies. Sponsors’ constraints can be mitigated via
partnering, outsourcing, and creative licensing approaches.
Clearly, newer tools and approaches to support pediatric drug
development are needed. Emerging approaches include microdosing
in pediatrics to characterize pharmacokinetics, further development
of quantitative pharmacology methods, and advances in study design.
Fortunately many opportunities for further innovation can happen
in the pre-competitive space. Through collaboration and sharing of
information, we can bring new medicines to children more quickly.

By: Neil Benson
The notion that volunteers could be harmed in a clinical trial is every drug
developer’s worst nightmare. Earlier this year, the drug company, Bial,
investigated inhibitors of the enzyme fatty acid amide hydrolase (FAAH) in
clinical trials as a treatment for pain. Tragically, one person in the volunteer
group died, and six patients were hospitalized. Could a better understanding
of FAAH inhibitors’ biology have potentially averted this debacle?
Quantitative systems pharmacology (QSP) is a mathematical modeling
approach that integrates our understanding of biology and drug
pharmacology. Applying a QSP approach to drug programs can yield
important—maybe even life-saving—insights.

Why use a systems pharmacology approach in drug
development?
A systems pharmacology approach to drug discovery helps tackle the
problem of high attrition and low return on investment. By all metrics,
the productivity of pharmaceutical R&D is declining. One of the biggest
reasons for programs failing is attrition in Phase II due to failure to show
efficacy or unexpected toxicity. A clear explanation for these findings is an
inadequate understanding of the consequences of perturbing a complex
biological system.
The challenge of understanding complex systems is not unique to drug
discovery or biology. This problem has been observed in other areas,
such as engineering and physics. These fields have successfully employed
mathematical modeling to better understand complex systems. We can
do the same in biology. For example, mathematical pharmacology models
can be used to understand the pro and cons of FAAH as a drug target.

Targeting the endocannabinoid system for treating pain
CB1 and CB-2 are cannabinoid receptors. The CB-1 receptor is primarily
expressed in the brain whereas the CB2 receptor is mainly expressed
in the periphery. These receptors are the pharmacological target of
cannabis’ active ingredient, tetrahydrocannabinol (THC). The endogenous
cannabinoids—anandamide (AEA) and arachidonoyl glycerol (2AG)—are
also CB1 and CB2 agonists. Increased levels of anandamide attenuate
firing of pain-sensing neurons (nociceptors), and some argue there is
evidence showing efficacy of cannabis preparations for pain.
Given that anandamide is degraded by FAAH, this information led a
project team at Pfizer to hypothesize that inhibiting FAAH will increase
the local concentrations of anandamide which in turn will decrease
nociceptor firing and attenuate pain. Subsequently, they identified FAAHi
PF-04457845 as a potent FAAH inhibitor. This molecule was tested in 11
rodent models of chronic pain or acute pain. Positive results were attained
in six models. The interpretation of these results was that the FAAH
inhibitor addressed the specific pain types represented by the models.
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So far, this drug program seemed to be on the right track: interesting
biology, a promising compound, and a biomarker—anandamide—that
could be measured in pre-clinical species and patients. Immediately prior
to the phase I evaluation of PF-04457845, the clinical pharmacology
team came to me with the following questions:
Will we test the pharmacology fully and the doses that we’re intending to
use in patients? Can we predict the reception occupancy and the level of
occupancy required for drug efficacy?

Building a systems pharmacology model of the
endocannabinoid system
We used a systems pharmacology approach with internal and external
data to address these questions. First, we performed a literature review
of data on the disposition and kinetics of the biosynthesis/degradation
of AEA. The literature search also revealed many open questions on this
biological system. For example, anandamide is a CB-1 agonist, which
should attenuate pain. Anandamide is also, some evidence suggests,
a TRPV-1 agonist, which is associated with causing pain, rather than
inhibiting it. Thus, it was unclear whether perturbing anandamide would
cause or block pain. Likewise, 2AG and anandamide both agonize CB-1,
yet how they interact with one another is unclear. Finally, although
qualitative evidence linked receptor occupancy and nociceptor firing, this
relationship had not been quantified. Therefore, specifying what clinical
trial success would look like, in terms of receptor occupancy versus time
in the patients, would be difficult.
Using the information from the literature, we next constructed a model
comprised of five components.
• The first component was a model of XEAs (the ethanolamides including
anandamide that could be important to the system) disposition; this
model described the disposition of those XEAs in terms of their tissue
binding and compartmental localization
• The second component related how FAAH would bind anandamide
and other XEAs
• The third component described the biosynthesis and degradation of XEAs
• The fourth component detailed the clinical PK and pharmacology of
the FAAH inhibitor
• The fifth component described anandamide’s receptor interactions
These components were integrated into an ordinary differential equation
model that described the biology of the system.

Refining the model to fit clinical observations
After building the model, we simulated the anandamide time-concentration
profiles upon dosing volunteers with the candidate molecule. We predicted

that the relative anandamide plasma concentration would rise quickly,
peak briefly, and then decrease rapidly. However, when the volunteers
were dosed, the plasma anandamide concentration increased relative to
baseline, plateaued, and then slowly decayed back to the baseline. The
anandamide concentration plateau was independent of drug dose.
What was the model missing that would explain the plateau? Something
other than FAAH must be clearing anandamide! Updating the model to
include an additional anandamide clearance mechanism resulted in an
anandamide plateau similar to the observed data.
It turned out that many potential candidates—cytochrome P450,
lipoxygenase, cyclooxygenase, etc.—could clear anandamide in addition
to FAAH. QSP models provided a quantitative framework to examine which
processes could clear anandamide as well as their kinetic properties.
We matched the candidates with the known properties of the different
clearance processes and asked which molecule best fit the model. The
most likely candidate was the enzyme n-acylethanolamine-hydrolyzing
acid amidase (NAAA).
This additional clearance process was then added to the model. We
performed simulations and compared our predictions with the observed
patient data. The updated model accurately described the time course
and dose response for anandamide and other ethanolamides.

The riddle of receptor occupancy
Our data suggested that our FAAH inhibitor could increase the plasma
concentration of anandamide to ~10 nanomolar (nM). But anandamide
binds human serum albumen strongly with a free fraction of ~0.1%. In
vitro experiments suggested that the EC50 of anandamide was 300 nM.
Assuming that the free drug in the aqueous phase drives pharmacological
effects, these assumptions translate into anandamide having much less
than 1% occupancy at the CB-1 receptor. How can the FAAH inhibitor
have an effect with minimal CB-1 receptor occupancy?
An explanation could be that anandamide does not align with the
standard free drug hypothesis. Rather than binding the reception from
the aqueous phase, anandamide could intercalate within the lipid-rich
membrane, diffuse to the CB-1 receptor, and express its pharmacology.
This hypothesis would explain observing pharmacology at these concentrations of anandamide if it is very hydrophobic. In this scenario, the
steady state concentration of anandamide would be much higher within
this lipid environment than the hydrophobic environment. Consistent
with this, it was shown that anandamide has a very high Log D7.4 (equal to
approximately 6). At steady state, it would be orders of magnitude more
concentrated in the hydrophobic environment than in the hydrophilic
environment. In the case where an agonist partitions into a hydrophobic
phase and then binds to the receptor, the observed dissociation constant
(KD) can be calculated from the binding of anandamide to the CB-1
receptor, multiplied by its partition coefficient. Under these assumptions,
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the model predicts pharmacology with picomolar free AEA in the aqueous
phase. This hypothesis may explain why low free levels of anandamide
could drive meaningful CB-1 receptor pharmacology. Next, we used the
model to determine whether the proposed FAAH inhibitor doses blocked
FAAH and what CB-1 receptor occupancy occurred.
The model predicted that the FAAH inhibitor doses resulted in greater than
96% FAAH inhibition over extended time periods. However, the model
also predicted that CB-1 receptor occupancy would plateau at ~25%,
independent of the FAAH inhibitor dose. Giving more FAAH inhibitor did
not increase the CB-1 receptor occupancy above 25%; it only extended
the time course of the effect. CB-1 receptor occupancy was limited by the
clearance of anandamide by something else, which we hypothesized was
NAAA. However, the question of whether 25% receptor occupancy could
produce a pharmacologically relevant effect in pain remained open.

Our recommendations based on the model
To recap, the traditional drug discovery perspective supported a clear
rationale for this drug program. First, using cannabinoids in pain has clinical
precedent. Second, our biomarker could be measured pre-clinically and
showed a clear PK/PD response. Third, we had positive data from animal
models of pain.
However, the systems pharmacology perspective was quite different. Our
hypothesis suggested that attaining meaningful CB-1 receptor occupancy
was possible. Yet questions remained about whether 25% receptor
occupancy was adequate to decrease nociceptor firing. Also, receptor
occupancy cannot be increased by raising the dose of FAAH inhibitor
because CB-1 receptor occupancy was likely limited by a different
enzyme clearing anandamide. In addition, we didn’t know how much
nociceptor firing would need to be decreased to reduce pain. Finally, the
endocannabinoid system is very complex and may contain redundancies.
While we examined the interplay between anandamide and the CB-1
receptor, we didn’t consider other elements in the system such 2AG.
Thus, we concluded that FAAH was a relatively high risk drug target.
The feedback to the team prior to the phase II trial was that the model
suggested that the planned doses would almost completely inhibit the
FAAH enzyme. But the alternative clearance pathway—potentially by
NAAA—for anandamide would limit the effect of any FAAH inhibitor. In
addition, we had no quantitative data linking CB-1 receptor occupancy
to the pain outcome. The model predicted some receptor occupancy,
but we didn’t know if it was adequate for drug efficacy. Thus, the success
criteria for our FAAH inhibitor was an open question.
Paul Morgan and his colleagues made a similar warning in their 2012
Drug Discovery Today paper.1 If you can’t show that your pharmacophore
gets to the target and expresses the pharmacology, you risk running an
uninterpretable experiment. In the event of a negative result, you won’t
know whether it was because the drug didn’t get to the target and express
the pharmacology OR whether the mechanism that the hypothesis was
based on was invalid. You can’t discriminate those two explanations without
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having an assay of pharmacology. Ultimately, our recommendation from
our model was that the project risked being uninterpretable.

The FAAH inhibitor moves into Phase II studies
Pfizer tested PF-04457845 in a phase II study in osteoarthritis patients
where it failed to show efficacy. This clinical failure raised many questions.
While the results from animal models were positive, they didn’t translate
clinically. Also, we don’t know whether the drug expressed pharmacology.
The systems pharmacology perspective was that we needed to build our
knowledge and technology before any further clinical studies occur.
In a CPT: Pharmacometrics and Systems Pharmacology paper, we stated
that any future progression of FAAH inhibitors should be accompanied
by developing technologies that enable demonstrating pharmacology
at CB1.2 We also needed to better understand the relationship between
receptor occupancy and attenuation of nociceptor firing together with
greater knowledge of endocannabinoid system functioning in humans.

Lessons from the Bial trial
Other companies subsequently looked at FAAH as a pharmacological
target for pain. Like Pfizer, they were unable to demonstrate efficacy. In
the Bial trial aftermath, the French authorities published a review of the
clinical trial. In my view, the authorities concluded that the FAAH inhibitor
was responsible for the toxicity and that it was dosed to concentrations
that would saturate FAAH. Ultimately, the toxicity’s origin remains unclear.
Likewise, we don’t understanding the complex biology enough to predict
the consequence of perturbing it.

The way forward
A better understanding the endocannabinoid system could support
developing useful drugs. Our model of the system only addressed the
anandamide facet of the biology. But other elements, like 2-AG, could
drive CB-1 signaling. Deeper knowledge of endocannabinoid biology will
require extending the existing systems pharmacology model.

How systems pharmacology approaches adds value to
drug programs
The system pharmacology approach complements traditional drug
discovery. It identifies potential risks and suggests testable hypotheses
to address these risks. QSP models also highlight crucial deficits in our
understanding of biological systems. By leveraging the insights provided
by mathematical models, we can better define the success and safety
criteria of clinical drug trials.
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Using PBPK Models to Optimize
Antiviral Dosing at the Point of Care
By: Manoranjenni Chetty
The use of physiologically-based pharmacokinetic (PBPK) modeling for
drug development is well-established and is now routinely used by the
pharmaceutical industry, regulators, and researchers. A novel application combined PBPK and Bayesian modeling to help clinicians optimize
dosing at the point of patient care. This application was used to identify
patients at risk of developing serious adverse effects from a standard
dose of the antiviral efavirenz. Such patients usually require a decrease in
dosing for effective therapy.

metabolizers taking the standard dose. Poor metabolizers frequently
experience serious side effects from taking the standard dose, because
of very high plasma concentrations. Their dosing must be lower to get
effective and safe therapy.

Why personalized dosing?

Based on these observations, some clinicians recommend genotypeguided dosing of patients. First, the patients are genotyped to determine
which CYP2B6 polymorphisms they have. Then, they’re classified as EMs,
IMs, or PMs. Finally, they are prescribed an appropriate dose for their
phenotypic status.

In recent years, we have realized that prescribing a standard dose for
all patients is not appropriate for some drugs. The standard dose may
not be effective in some patients or cause toxicity in others. This has led
us to reconsider the concept of “one-size-fits-all” dosing. Drugs with a
high inter-patient variability in pharmacokinetics that also have a narrow
therapeutic range present special dosing challenges.

However, genotyping may not be available or affordable in developing
countries. We were approached by a South African clinician who
inquired about tools to identify patients who require dose adjustments of
efavirenz. Our scientific team viewed his request as both a scientifically
interesting challenge and an opportunity to help patients in nations hit
hardest by the HIV epidemic.

The maturation of pharmacogenetics has enabled us to identify relevant
genetic differences in enzymes, transporters, and receptors. This
information allows us to optimize dosing for individual patients. The best
therapeutic practices now focus on giving the right drugs to the right
patient in the right dose instead of using a “one-size-fits-all” approach.

Identifying patients requiring dose adjustment

The need for personalized dosing of efavirenz

Prior evidence suggested that plasma concentrations of efavirenz
could be used as a marker for CYP2B6 activity. Thus, we asked: “Would
giving patients the standard dose of efavirenz and then performing serial
PK sampling enable identification of poor metabolizers at the initiation
of treatment?”

Efavirenz is a potent non-nucleoside reverse transcriptase inhibitor that
is highly effective against HIV-1. It is a first line treatment for HIV infection
and forms a component of highly active antiretroviral therapy (HAART).

Our proposed plan of action involved the following steps:

Efavirenz displays very high inter-subject pharmacokinetic variability.
For example, Burger and coworkers studied a cohort of patients on the
standard dose of efavirenz.1 They measured concentrations that ranged
from as low as below 1000 nanograms per milliliter (ng/mL) to higher than
10,000 ng/mL. That’s a huge range of plasma concentrations. About 78
percent of these patients were within the therapeutic concentration range.
The balance of patients had concentrations above the upper therapeutic
window range, which has been associated with serious adverse reactions,
such as depression, confusion and hallucinations. These side effects can
lead to compliance failure or discontinuation of the drug by the clinician.

• Simulate the concentration time profiles in those individuals

Patient differences—including genetic polymorphisms—can cause
significant PK variability. CYP2B6 is the main enzyme that metabolizes
efavirenz. Polymorphisms in this enzyme can lead to significant variability
in the rate of drug metabolism.
Based on these studies, the extensive metabolizers (EMs) of CYP2B6
substrates can take a standard daily dose of efavirenz. However, the
intermediate metabolizers (IMs) and the poor metabolizers (PMs)
may require dose reduction to get a similar exposure as the extensive

• Perform PBPK modeling to create virtual subjects that would be EMs,
IMs, and PMs

• Use Bayesian modeling to determine the probability of identifying a poor
metabolizer by using a drug concentration at a specific sampling time
• Verify our models using clinically observed pairs of concentration and
genotype data; the person doing the prediction would be blinded to
the genotype and will be given the concentration only
• Test the tool in the clinic

A brief introduction to PBPK modeling
PBPK models describe the behavior of drugs in the different body tissues.
Depending on the route of administration, the course of the drug can
be tracked through the blood and tissues. Each tissue is considered to
be a physiological compartment. The concentration of the drug in each
compartment is determined by combining systems data, drug data, and
trial design information. The systems data includes demographic, physiological, and biochemical data for the individuals in the study population.
The drug data consists of its physicochemical properties, its binding
characteristics, and information on its metabolism and solubility.
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The trial design information comprises the dose, administration route,
dosing schedule, and co-administered drugs.

drug exposure—differed significantly between the EM, IM, and PM groups,
which was further evidence for our model’s validity.

The Simcyp Simulator uses this information as well as various algorithms
to predict the PK and pharmacodynamics (PD) of the drug in the
population of interest. PBPK models help determine the impact of PK
variability associated with genetic polymorphisms in CYP enzymes and
drug transporters as well as drug-drug interactions. Thus, this approach
enables precision medicine—helping clinicians to determine which drug
is right for a patient and at what dose.

Then, we performed Bayesian analysis to determine the probability of
correctly predicting each phenotype using a single PK sample taken 24
hours after a single dose of efavirenz. Our analysis showed our ability to
identify PMs had an 82% true positive rate and an 87% true negative rate.
These results suggest that our tool has a high probability of identifying
poor metabolizers.

Developing a tool to identify patients at risk for
efavirenz toxicity
In this study, we used both PBPK and Bayesian modeling. For the
efavirenz PBPK model, we used the published model by Xu and
coworkers.2 We simulated virtual EM, IM and PM patients on the standard
dose of efavirenz using the Simcyp Simulator version 13.3 Then, we
verified the model using clinical data. Once we were satisfied with
the model, we simulated concentration-time profiles in 5,000 virtual
individuals of each phenotype (15,000 individuals total) to be used as a
training set for our Bayesian model.
Performing rich pharmacokinetic sampling on patients is not practical
in developing nations. To have a useful clinical tool, we’d need to be
able to identify PMs based on one or two samples extracted at specific
time periods. Therefore, we isolated virtual pharmacokinetic samples at
multiple time points in the first 24 hours post dosing to see if we could
use sparse sampling techniques to identify poor metabolizers.
The Bayesian model was used to calculate the probability of predicting
a phenotype, given a concentration at a particular sampling time. Once
we identified the model that gave the highest probability of predicting
the poor metabolizers, we checked the reliability of our predictions.
To do this, we used clinically observed concentration-phenotype
pairs. The researcher doing this analysis was blinded to the patient
phenotype. She input concentrations into the Bayesian model to predict
phenotypes. Thus, we calculated the probability of correctly predicting
each phenotype (the true positive rate) and the probability of correctly
rejecting each phenotype (the true negative rate).

Results and performance of the tool
We verified the PBPK models using clinically measured patient timeconcentration data. Our models provided good recovery of the clinical
data for extensive, intermediate and poor metabolizers.

Potential application of this tool in the clinic
How do we propose using this tool in the clinic? First, a patient would visit
the clinic and be prescribed the standard dose of efavirenz. The patient
would then return 24 hours later for a blood draw. Next, this blood sample
would be analyzed to determine the efavirenz plasma concentration. The
plasma concentration would then be entered into the Bayesian model.
Finally, depending on the patient’s phenotype, the clinician can adjust the
dose for that patient. Of course, we’d expect further drug monitoring to
ensure that that revised dose was appropriate for the patient.
This new tool could help clinicians personalize efavirenz dosing. Our next
step will be to use a larger clinical data set to further confirm our findings.
A similar approach using PBPK and Bayesian modeling could be used
for other drugs with high intersubject pharmacokinetic variability and a
narrow therapeutic index. This novel application of PBPK modeling and
simulation technology has the potential to bring us one step closer to
realizing the goal of personalized medicine.
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We also calculated PK parameters—the area under the curve (AUC),
maximum concentration (Cmax) and clearance—using the simulated
concentration-time profiles. Again, comparing the predicted PK
parameters with those obtained in two other clinical studies revealed
good recovery of the observed data. The predicted AUC—a measure of
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How Biosimulation Can Provide
Insight into Herbal Supplement Safety
By: Ellen Leinfuss
According to the Council for Responsible Nutrition, a trade group for the
$32 billion nutritional supplement industry, 68% of adults take dietary
supplements. Further analysis shows that supplement use is more
prevalent among women, the children of women that take supplements,
and the elderly. Like drugs, supplements do not work the same in all
patients due to a range of genetic and environmental factors. And
supplements are not regulated with the same rigor of as drugs. Ergo, the
quality and dosage of supplements may vary widely. Moreover, herbal
supplements can interact with drugs to either lessen their effectiveness or
cause toxicity. Biosimulation technology, including physiologically-based
pharmacokinetic (PBPK) modeling, is increasingly being leveraged to
better understand drug-supplement interactions.

Weak Regulatory Oversight
The US FDA has little authority to review supplements prior to them
appearing on the shelves of your local CVS. What FDA can do is
inspect nutraceutical production facilities for compliance with Good
Manufacturing Practices, a practice that has increased since the FDA
published final rules requiring compliance by 2010. However, a look at
that inspection data provides some sobering news around the issues of
product quality and consistency:
• 71% of supplement manufacturers received a Form 483 from the FDA,
which is essentially a pre-warning letter citing multiple observations
requiring corrective action
• About one third of all 626 facilities received a status of Official Action
Indicated, requiring the manufacturer to address “significant conditions
or practices” where regulatory action is required
• FDA data around adverse events point to both the increased use
of supplements among adults and the negative reactions among
those adults

Drug-Supplement Interactions
A recent Wall Street Journal (WSJ) article has brought attention to the issue
of interactions between supplements and prescription drugs, an issue that
has not been well studied. The article points out that recent studies found
that more supplements than previously thought can impact the way certain
enzymes metabolize drugs. For example, they may inhibit the enzyme’s
ability to break down a drug and impact clearance, causing the prescription
medicine to build up to the point of potentially causing an overdose.
Couple these findings with data from the Council for Responsible Nutrition
that as many as 70% of patients don’t tell their physician about their use of
supplements and doctors don’t usually ask when taking a medical history.
An area of specific concern raised in the WSJ article is among cancer
and surgery patients and those on heart and blood thinner medications,

where there are small differences between beneficial and toxic
doses. While we know about the impact of St. John’s Wort and its side
effects when taken with certain anti-depressants or interference with
contraceptives and HIV medications, the article cites a warning from
the director of the UCLA Center for East-West Medicine on popular
supplements like ginger, garlic, ginseng, and gingko as interacting with
blood thinners. Another example is the popular sleep supplement, Kava,
which can potentially reduce the efficacy of breast cancer drugs.

Role of Modeling and Simulation
While the study of drug-supplement interactions is relatively new, there
is ample opportunity for biosimulation to answer key safety questions.
A recent article published by a team of scientists from Washington State
University and the University of North Carolina used modeling and
simulation to evaluate silibinin, a semi-purified milk thistle seed extract
taken with raloxifene, a selective estrogen receptor modulator. Milk thistle
is a popular supplement that is reputed to detoxify and protect vital liver
function. Raloxifene was selected as a clinically relevant exemplar of an
intestinal UDP-glucuronosyl transferases (UGT) substrate.
To test a proof-of-concept clinical study, a Simcyp PBPK model was
built based on a virtual cohort of 16 healthy patients, aged 18 to 65
years, with raloxifene (60 mg) and silibinin (480 mg three times daily)
administered in the fasted state. Pharmacokinetic outcomes were
recovered by non-compartmental analysis using Phoenix WinNonlin.
The Simcyp model leveraged the ADAM model, which uses a mechanistic
framework to describe the passage of drug molecules along and through
the gastrointestinal tract. The ADAM module divides the intestine into
multiple transit compartments, distributing any drug-supplement
interactions of the silibinin perpetrator and the drug victim, raloxifene
along the entire gastrointestinal tract.
The Simcyp model predicted negligible changes in raloxifene
pharmacokinetic outcomes and rapid silibinin elimination. However,
there were some subjects that demonstrated an almost two-fold increase
in raloxifene exposure, suggesting further investigation is warranted.
PBPK modeling should further be iterated with clinical data when possible
to understand the full impact of drug-supplement interactions.

Next Steps
With recognition of possible negative health impacts of mixing
supplements and pharmaceuticals against a rising tide of supplement
usage, the need for further study is clear. The University of Illinois is
working in this area and has recently obtained funding from the NIH
to study the impact of certain supplements and common prescriptions
used in women’s health. Specifically, clinical studies are planned to
evaluate supplements such as licorice, hops and red clover, used to
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relieve menopause symptoms and potential interactions with high blood
pressure and cholesterol medicines. That same Illinois team is evaluating
biosimulation options to study drug-supplement interactions.
When you couple the issues of product quality stemming from limited
regulatory oversight with our lack of knowledge around drug-supplement
interactions, we should expect increased scientific rigor placed on this
field. Interestingly, recent television advertisements for certain new drugs
remind patients to tell their physicians about not only the drugs they take,
but the supplements they use in the disclaimer statement at the end of
each commercial.
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By: Serge Guzy
If ever there was a cautionary tale illustrating the importance of getting
allometric scaling of drugs right, it’s the story of Tusko the elephant. In
1962, Tusko was living at the Lincoln Park Zoo in Oklahoma City where he
received a dose of the psychomimetic drug, lysergic acid diethylamide,
better known as LSD.
The dose of LSD that Tusko received was estimated from a dose previously
used successfully in cats. Within five minutes of administering the LSD, he
went into status epilepticus. Despite efforts to control the seizures, the
elephant died after a little more than an hour. While this dose only produced
marginal effects in cats, it was clearly toxic in elephants. This dramatic
difference in pharmacological response is due to the fact that physiological
processes are slower in elephants than cats. Thus, a dose that was fine
for cats resulted in a toxic level of drug exposure with both elevated peak
plasma concentration and prolonged effect duration in elephants.
Clearly, we must be very careful in extrapolating the doses used in
pre-clinical model organisms (rats, dogs, and monkeys) to first-inman (FIM) drug trials. Allometric scaling is commonly used to predict
human pharmacokinetic (PK) parameters based on animal data. While
allometric scaling has been used in drug development for many years,
it is a complicated and laborious process. A new solution can streamline
designing FIM clinical studies based on pre-clinical data.

Allometric scaling of drug doses
Humans have a distinct biochemistry, anatomy, and physiology compared
to other animals. Predictions of a drug’s PK profile in humans based on
animal PK data must account for these differences. Allometric scaling is
used to predict differences in PK parameters based only on size.

Predicting human dosing with the Phoenix Automation System
Getting the dose right for FIM trials is critical. In addition, this calculation
is performed frequently in pre-clinical groups as they study various drugs
in different pre-clinical model organisms. To help accelerate the pace of
drug development, we have developed an application that automates FIM
allometric scaling using pre-clinical PK data.
To illustrate how this user-friendly tool can help you save time and
money, I will briefly discuss the following items:
• The assumptions regarding the model parameters
• The tool’s modeling strategy
• The optimal dosing program
• The tool’s outputs and architecture

Assumptions of the model
Like any model, we have built this tool based on several assumptions. For
example, the system is assumed to exhibit linear kinetics. Different species
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have unique pharmacokinetic profiles. Thus, we also assumed that the
volume of distribution, clearance from plasma, transfer rate from/to
plasma and to/from peripheral compartments (for two-compartment
models) differs between species.
The input into the tool is either oral or IV PK data from rats, dogs, or
monkeys. First, the algorithm determines the average values for the PK
parameters and finds the best model (one- or two-compartment with or
without a time lag) to fit the pre-clinical data. These parameters are then
subjected to a pre-defined allometric scaling equation that extrapolates
from each animal species to humans. Each animal species has its own
pre-defined allometric scaling equation. All other model parameters (Ka,
bioavailability, etc.) are assumed to be shared across the different species
including humans.

Modeling strategy
A population PK modeling approach is used to fit the model to the
combined species input data. The advantage of a population PK modeling
approach is that it enables both rich and sparse individual data to be
combined. The end product of the model is both average and individual
PK parameters for each species. The average animal PK model parameters
are then used to extrapolate to humans using a pre-defined allometric
scaling equation.

population PK/PD models, and combined PK/PD with categorical
response models.
This automation procedure opens the door for new opportunities in the
pharmacometrics community. Once the algorithm that automatically
calculates initial estimates for model parameters has been determined,
it can be implemented in an application that is linked to Phoenix.
Companies running this application will save time and money because
it is so user-friendly that it can be operated by any scientist involved in
pre-clinical DMPK projects.
Finally, the automation procedure delivers as output a Phoenix project
with all the model templates as well as the entire workflow. The user can
then edit those, run any of the models, and decide what to do next to
achieve optimal dosing using the manual mode rather than the automated
one. He can still take advantage of all the templates that are generated
during the automation procedure (models, NCA, descriptive statistics,
graphics, etc.). This new tool can help pre-clinical researchers streamline
performing allometric scaling from pre-clinical to FIM dosing.

Optimal dosing regimen
Based on user-defined threshold values for either the drug concentrationtime area under the curve (AUC), maximum concentration (Cmax) or
minimum concentration (Cmin), the program automatically estimates the
dose needed to reach each of these threshold values. Finally, the user
defines their desired dosing interval, and the program calculates the
optimal dosing scenario to achieve steady state IV or oral dosing. The
output of the program is a Phoenix project which includes capabilities
for performing data manipulations, non-compartmental analysis (NCA),
descriptive statistics, and generating accompanying graphics.

Application architecture
The allometric scaling plugin is connected to Phoenix via an API. These
can all access data that is stored externally. The plugin application is able
to map input data to Phoenix objects, execute and compare models, and
acquire results from executed objects to set up the fixed and random
effects for the next executable non-linear mixed effects (NLME) model.

Automation will create new opportunities for
pharmacometricians
This unique application supports automating allometric scaling using
Phoenix. It can also be easily customized. The same automation concept
can be expanded to include individual Bayesian based model predictions,
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Best Practices in PK/PD modeling
Model-informed Drug Development (also called Modeling and Simulation, M&S)
has already played a sizable role in drug development, with more than 90 percent
of all drugs and biologics approved in 2015 incorporating one or more of these
quantitative approaches. M&S has been written into more than ten FDA guidance
documents. A 2015 paper written by Dr. Janet Woodcock and others at the FDA,
called Catalyzing the Critical Path Initiative: FDA’s Progress in Drug Development
Activities, offered the following:

“

Modeling and simulation (M&S) tools for drug exposure and its response
have been useful in both pre- and post-market settings when questions
related to safety and efficacy of therapeutic products arise.

”

Phoenix®, our PK/PD modeling and simulation software workbench, is a critical
tool for gaining understanding of an investigational drug’s safety and efficacy
profile. It is used by 6,000 scientists in 60 countries by 1,500 organizations and
200 academic institutions including the top 50 global pharmaceutical companies.
Regulatory agencies, including seven divisions of the FDA, Japan Pharmaceutical
and Medical Device Agency (PMDA), China Food and Drug Administration (CFDA),
and the UK Medicines and Healthcare Products Regulatory Agency (MHRA), use
Phoenix for analysis and to evaluate drug submissions.
But we don’t stop at merely developing industry leading modeling and simulation
tools. We help our clients achieve commercial and regulatory success by establishing and promoting best practices in PK/PD modeling. Read the following blog
posts to learn more.
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The Ultimate Cheat Sheet
on CDISC-SEND
By: Chris Lovejoy
On December 18, 2016, numerous regulatory agencies will require
electronic submission of non-clinical data using CDISC’s standard format.
What exactly are CDISC data standards and how will they impact drug
developers? I will summarize the CDISC-SEND data standard, review
some of the requirements for implementing SEND, and discuss a solution
that supports SEND compliance.

What is SEND?
SEND (Standard Exchange of Non-clinical Data) is one of the data models
developed by the Clinical Data Interchange Standards Consortium
(CDISC). The model supports the submission of non-clinical data to
Regulatory Agencies such as the FDA and Japanese PMDA. SEND is an
implementation of the CDISC Standard Data Tabulation Model (SDTM) for
non-clinical studies.

Why use SEND?
Using SEND standardizes electronic data transfer thereby making
it easier to transfer data between organizations. Importantly, it will
improve communication between regulatory authorities and sponsors.
This will also increase the efficiency and quality of scientific review
by the pharmacologists and toxicologists at the FDA’s Center for Drug
Evaluation (CDER).

The challenges posed by complying with the FDA mandate
to use SEND
SEND is a new and evolving standard. Managing data from multiple
sources to generate a standard output poses multiple challenges.
Generating data that support SEND domains can be a time-consuming
process requiring the manual population of data. It requires converting
data from a form that is readable to humans to a machine-readable
format. Thus, SEND data set generation is an informatics problem, not a
scientific problem. Often, PK scientists and IT managers would rather rely
on experts who understand the standard to help them create the required
submission files.
Submission of SEND DATA is ultimately the sponsor’s responsibility—not
that of a CRO or other external body. Thus, sponsors should have the
ability to receive, review, submit and archive the SEND Data. If the submission is not fully compliant, then the FDA can “Refusal to File” (RTF) the
application. While an RTF is unlikely to occur for early submissions, this
seems like an imprudent risk to incur.

Compliance with CDISC SEND

• Control and version it

Numerous manipulations must occur for a dataset to be CDISC SEND
compliant. The SEND implementation guide lists controlled terminology
codes which must be used for PK parameter and specimen labels. The
column (field) heads are also controlled. In addition, field sizes are
restricted. Dates must comply with the ISO 8601 format. Finally, additional
data may be required such as the Pool ID for animals in a sparse analysis.

• Use informatics tools for data mining

Why the SEND Workflow Template Solution?

The ultimate goal is to phase out paper based submissions. Thus, new
drug application (NDA) studies with a protocol signature date on or after
December 18, 2016 must be submitted with electronic data. The IND
submission deadline is for one year later.

For Phoenix WinNonlin users who have to submit non-clinical data
to the FDA, the CDISC SEND workflow template is an automated and
seamless solution within Phoenix WinNonlin that generates the required
outputs in the SEND format, saving time, reducing errors, and increasing
compliance. By standardizing your input and output, you can systematize
quality control and minimize the time spent on QC-review. This template
is also reusable across different studies.

Standardized data formats gives organizations the opportunity to:
• Warehouse the data

SEND and SDTM Domains
Submission data can subdivided into 28 data sets. Each data set is termed
a “domain” and groups similar types of information. Domains are defined
and structured so that supersets of data can be created using pre-defined
keys within individual domains. A submission will contain many domain
datasets that will represent the tabulated data for a study. We will discuss
generating three possible domains as part of the submission pack:

In addition to the SEND workflow template, we also offer templates
for discovery PK, toxicokinetics, and clinical PK. By leveraging Phoenix
workflow templates and plugin services, you can streamline your CDISC
electronic data submissions.

• PC domain – Pharmacokinetic (PK) Concentration
• PP domain – Pharmacokinetic Parameters
• POOLDEF domain – used for sparse study data sets (optional)
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PML School: Custom PK/PD
Modeling Made Easy
By: Bernd Wendt
In our increasingly noise-filled world, sometimes, the most powerful
insights come from listening. As the head of support at Certara, I get
excited about listening to our clients’ pharmacokinetic/pharmacodynamic
(PK/PD) modeling dilemmas and helping them solve them. And through
listening to our users who call our support hotline, attend our training
courses, or participate in our Phoenix Roadshow events, I realized that
they were struggling with our Phoenix Model engine. They needed a
library of dedicated models and hands-on experience using them to
take advantage of this powerful technology. By listening to our user’s
concerns, the idea for PML School was born.
PML School is a twice-monthly series of webinars around PK/PD Modeling
with Phoenix WinNonlin where we illustrate how to build custom PK
and PK/PD models. We started the series this September. Judging by the
hundreds of users who attend each session, we seem to have struck a
chord that resonates with our users.
Maybe you’re wondering what PML stands for? Phoenix Modeling
Language (PML) is the language that runs the Phoenix modeling engine.
Typically, learning a modeling language is a tedious and lengthy exercise.
And for beginners, learning a modeling language can pose a high barrier
to entry. But for the Phoenix Modeling Language, this need not be the
case. Our goal for PML School is to lower the barrier to entry and quickly
turn new modelers into happy users.
PML School’s step wise approach to model building shortens your
learning time and gets you modeling fast!
Everything is connected in the Phoenix model object’s user interface.
Whether working with built-in options or the graphical model, the model
engine always executes the textual model. The built-in options and
graphical models are just alternative representations of the textual model.
When building a new model, start with the built-in options to choose the
number of compartments, the route of administration, etc. The built-in
options support building a variety of models. When you have exploited all
built-in options, switch to the graphical model builder to add additional
compartments, observations, flows, parameters or procedures, just by
picking from the menu. The final step is fine tuning the textual model. In
each PML School webinar, we explain the requirements and syntax of the
textual model. Frequently, you only need to make a few tiny changes to
the textual model. But, you need to understand these subtleties to build
robust, custom PK/PD models.
The PML School curriculum covers 20 common modeling scenarios.
We are grateful to Drs. Johan Gabrielsson and Dan Weiner for giving
us permission to use exercises from their book, Pharmacokinetic and
Pharmacodynamic Data Analysis, to illustrate these models. Their book
has recently been released in its 5th edition and is a standard for PK/PD
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modeling. It explains the theory of PK/PD modeling and provides more
than 100 detailed exercises covering a range of modeling scenarios. The
book also comes with a memory stick containing all the exercises in the
form of Phoenix project files. We have been granted permission by the
publisher to present 20 of these exercises in webinars and provide the
models in text form.
To select the models featured in PML School, we reviewed all support
cases received over the past four years. We assigned each modeling
question to relevant exercises in the book. Then, we ranked all exercises
according to the frequency of associated support cases. From this
ranking, we selected the top 10 PK as well as the top 10 PD models.

PK Models

PK/PD Models

• 3-compartment model

• PK/PD link

• multiple dose

• Hill model, logistic model

• parent metabolite kinetics

• tumor growth inhibition

• IV/PO, simultaneous fit

• enzyme inhibition

• Michaelis-Menten

• PK/PD link, initial estimates

• dose escalation

• warfarin

• multiple dose

• indirect response, dose escalation

• target-mediated drug
disposition (TMDD)

• multiple dose, indirect response

• zero order absorption

• dose response, dose
escalation, ED50

• allometric scaling

• transduction, transit compartments

• enterohepatic recirculation
We are presenting the exercises in individual webinars on a biweekly basis
through August 2017. After each webinar, we post the materials to the
Certara Forum in the newly created PML School category. Webinar
registrants will be given a link to the recorded webinar as well as the
presentation slides. We will also provide access to the textual model as a
downloadable text file. These text files can be imported into Phoenix for
use with different data sets. I hope that you’ll visit the forum to post your
questions and comments on the webinars! Let’s start an ongoing dialogue.
So far, PML School has generated an overwhelming positive response
from a large group of users. Join us at upcoming webinars to accelerate
your ability to develop complex models that address critical drug
development problems.
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Conventional & Mechanistic IVIVC:
Complementary or Clashing Methods?
By: Venkateswari Muthukrishnan
An IVIVC (in vitro-in vivo correlation) is a mathematical relationship
that predicts key pharmacokinetic parameters (Cmax, AUC) from in vitro
dissolution data. Drug developers use IVIVCs for 3 major reasons:
1. To serve as a surrogate for human bioequivalence (BE) studies.
2. To support and/or validate the use of dissolution methods and
specifications.
3. To assist in quality control during manufacturing and selecting
appropriate formulations.
IVIVC models can be developed using either a conventional or mechanistic
approach. In this blog post, I’ll discuss how to develop IVIVC models using
the conventional approach.

How to develop an IVIVC model
An IVIVC model has been defined by the Food and Drug Administration
(FDA) as “a predictive mathematical model describing the relationship
between an in vitro property of a dosage form and an in vivo response.”
Generally, the in vitro data that is used in an IVIVC is the rate of drug
dissolution over time. The in vivo dissolution is plotted against the in
vitro dissolution. Deconvolution is used to evaluate in vivo release and
delivery when data from a known drug input (UIR) from IV or oral solution
is available. Convolution is the opposite process where the drug’s in vivo
input and elimination profiles are combined to reflect the plasma drug
concentration-time profile.

from both extravascular and intravenous administration of the drug to
the same subject.
When would you want to use numerical methods of deconvolution?
These methods are model independent. They make no assumptions on
the number of compartments or kinetics of absorption. Like the LooRiegelman method, numerical approaches require both extravascular
and reference data from oral solution/immediate release formulation
or IV data. In addition, these methods assume that the drug undergoes
linear distribution and elimination and is time-invariant. Numerical
methods also assume that the input site is the same for all formulations
and that the input rate is constant (similar to infusion) between two time
points. Depending on which unit impulse response (UIR) you are using,
numerical methods deconvolute a composite function of dissolution, GI
transit, GI permeation, and first pass metabolism.

When to use mechanistic IVIVC
All of these conventional methods are sufficient for IVIVC models
where no complex ADME processes are involved. Sometimes, you may
want to separately estimate the different processes that are involved in
drug systemic absorption (dissolution, GI transit time, permeation, gut
wall metabolism, and first pass metabolism). In this case, you’ll want
to use a mechanistic IVIVC approach. This approach can separate in
vivo dissolution from systemic input to be correlated against in vitro
dissolution and provide a better IVIVC.

Conventional methods of fraction absorbed estimation

Steps involved in IVIVC model development

Conventional IVIVC generally uses one of three deconvolution methods:

Let’s briefly cover the process you would undertake to develop a
conventional IVIVC model:

• Wagner-Nelson
• Loo-Riegelman
• Numerical
These methods use several important assumptions. The first two
approaches deconvolute the systemic input rate which is a composite
function: dissolution + gastrointestinal (GI) transit + GI permeation +
first pass metabolism. These two methods are also restricted to being
applied to drugs that undergo linear elimination. Also, the Wagner-Nelson
method treats the body as a single compartment. Thus, this method is not
appropriate for drugs that follow multiple compartment characteristics.
Likewise, it does not assume that the absorption follows zero- or firstorder kinetics. Finally, it has the advantage of being able to calculate the
fraction of drug absorbed over time without requiring IV plasma drug
concentration-time data.
By contrast, the Loo-Riegelman Method takes a compartmental
modeling approach. This method requires concentration-time data

1. Look at the molecule that you are investigating and determine when an
IVIVC is likely to succeed or fail. Drugs are divided into different classes
based on their permeability and solubility. If the drug is BCS class I or
II (Biopharmaceutics Classification System), IVIVC is likely to succeed
when dissolution is the rate limiting step in absorption.
2. Understand the data requirements. You will need in vitro data from all
the formulations that you are investigating. Ideally, you should have
fast, intermediate, and slow release formulations with at least a 10%
difference in dissolution profiles between the formulations. Then, you
will need your corresponding in vivo data from a crossover study. In
addition, you will need in vivo data from the innovator product if you
want to determine bioequivalence.
3. Model the dissolution data to be able to predict the dissolution at
any given time point. An IVIVC that correlates the entire in vitro
and in vivo profiles has regulatory relevance and is called a Level
A correlation. This level of correlation is the highest category of
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correlation and represents a point-to-point relationship between the
in vitro dissolution rate and the in vivo input rate of the drug from the
dosage form. Level A correlation is the most preferred since it may
allow a bio waiver for changes in manufacturing site, raw material
suppliers, and minor changes in formulation. The purpose of Level A
correlation is to define a direct relationship between in vivo data such
that measurement of in vitro dissolution rate alone is sufficient to
determine the biopharmaceutical rate of the dosage form.
4. Estimate UIR from the reference formulation (IV/oral solution/
immediate release formulation) plasma concentration data. The Unit
Impulse Response can be described as disposition functions in terms of
exponents with constant parameters corresponding to a unit dose. For
example, for a drug that can be described best by a one-compartment
model, the parameters for UIR are A1 and alpha1. When oral data is used
as a reference, the absorption components are removed after modeling
and only the disposition parameters are used as the UIR.
5. Use deconvolution to estimate the fraction absorbed using the UIR.
6. Learn to use plots. There are two major plots used: Fraction absorbed
vs. fraction dissolved and the Levy Plot which plots time in vivo vs
time in vitro. These plots are very helpful in determining which IVIVC
models are most appropriate.
7. Account for Tscale, Tshift, AbsScale, and AbsBase if required. Tscale
refers to time scale differences between in vitro and in vivo data. Tshift
refers to any lag time in the in vivo data. If you have any differences
in the bioavailability between formulations, this is accounted for by
AbsScale. AbsBase is not used very often. It is only applicable for
drugs that are also present as endogenous molecules. Then, AbsBase
is applied for a baseline correction if there is a Y-intercept of the
regression line of fraction absorbed vs. fraction dissolved.
8. Once you have the IVIVC model developed, you can predict the plasma
concentration-time profiles for each of the internal formulations used
in IVIVC development. Estimate Cmax and AUC from predicted plasma
concentration-time profiles. Estimate prediction error using observed
Cmax and AUC data as references. If the average prediction error is
less than 10% and 15% or less for these parameters for any one of the
formulations, your IVIVC model is validated.
Now you know the steps to build an IVIVC model using the conventional
approach. Happy modeling!
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Regulatory Trends to Watch in 2017
At Synchrogenix, Certara’s regulatory writing consultancy, we know that the
drug submission and approval process is more than just a series of stand-alone
documents. With writers and editors worldwide, and experience in a range of
therapeutic areas, functions, and document types, Synchrogenix provides strategic
global regulatory writing support from pre-clinical through life-cycle management.
We have chosen to specialize because we believe regulatory writing is an expertise.
The documents we create are an integral part of the drug development process
and each program’s legacy. From development through project management to
submission, we deliver the whole package.
This selection from Certara’s 2016 “Best of Blogs” highlights our thought leaders’
best practices on complying with EMA Policy 0070, communicating trial results
in lay language, and optimizing your submissions strategy.
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Best Practices for Complying
with EMA Policy 0070
By: Lora Killian
EMA Policy 0070 requires sponsors to publish anonymized versions of
clinical study reports (CSRs) and submission documents submitted in
support of a marketing authorization application (MAA) after January 1,
2015. Sponsors must prevent re-identification of people named or referred
to in those documents.
In March 2016, the detailed guidance document was published.
Anonymizing sensitive information has many challenges. Following best
practices enables maintaining the clinical utility of the documents and
facilitating anonymization.

Anonymization of CSRs and submission documents
Complying with Policy 0070 entails multiple challenges. Sponsors must now
anonymize their documents for submission under Policy 0070. The guidance
document provides the pros and cons of anonymization techniques. Most
techniques change documents and data sets. Creating a second anonymized
report increases costs. Manipulating documents in Microsoft Word as
opposed to managing all anonymization in a PDF also complicates QC.
While redaction (masking) is not the EMA’s long term preference for
anonymization, it is the most likely short term solution. The guidance
states, “The EMA understands that in an initial phase redaction techniques
are likely to be used.” Redaction has the biggest negative impact on data
utility of all of the proposed anonymization techniques. Yet, only this
technique maintains integrity of the underlying document.
What are the implications of anonymizing CSRs and submission
documents? Should we write our documents differently, knowing that
post-opinion they will have to be anonymized? The primary purpose of
submission documents is to support the agency’s review. Anonymization
cannot impede that review. Yet, the versions submitted for redaction must
be “true and complete” copies of the final version. These two principles
seem to contradict. How do you use the preferred anonymization methods
that alter the document and attest that the final modified document is a
true and complete copy that will result in the same analytical accuracy?

The risk arising from regulatory requirements
Sensitive information in regulatory documents must be anonymized.
Protected personal data (PPD) refers to patients and study administrators’
sensitive information. The guidance document also refers to CCI—company
confidential information—which is beyond the scope of this blog post.
Many sponsors believe that their biggest challenge will be identifying
CCI. But, our experience suggests that defining and identifying PPD is the
trickier exercise. Which is easier—figuring out your secrets are OR figuring
out what someone else considers secret?
Ensuring privacy is a “three legged stool.” Many people can be identified
with three core pieces of information—location, date and demographics.
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An analysis of 1990 Census data showed that 87% of the US population
can be identified using zip code, date of birth, and gender.

Re-identification risks for study administrators
Sharing clinical trial data risks re-identifying study administrators and
patients. The former group includes sponsor employees, investigators,
committee members, and vendors.
The guidance states that “Personal data relating to all other clinical study
personnel should also be redacted.” However, the guidance also requires
retaining the “names of all CROs and vendors involved in trial related
duties and function.”
Combining these two requirements, what should be redacted? The
company name should remain public, but what about its address? Know the
company name, and you can find its address. So should addresses remain?
What about external consultants? Expert consultants often work from home
or provide personal details about their consulting business. In this scenario,
how do you distinguish between company and personal information?
Likewise, phone numbers are complicated. The Guidance Rejection
code 1 bars redacting public information. But the Guidance also states
to redact contact details for study administrators. Do your documents
contain telephone numbers, and if so, how are they labeled? To facilitate
anonymization, label telephone numbers to distinguish individual versus
company contact numbers. Or, place named individuals other than the
primary investigator and sponsor signatory in section 16.1.4, which does
not have to be disclosed. This practice limits the amount of contact
information provided in the CSR.
Another item for potential anonymization are dates. Most sponsors think
about dates for patients, but study administrators also have dates of
concern—dates of hire, termination/departure dates, and degrees earned.
Handwritten signed dates may allow linkage through handwriting.
SAS footers and headers also risk identifying study administrators. Some
sponsors include the statistician’s personal ID, initials, or initial last names
in the SAS footer. Does your organization have a contractual relationship
to allow sharing these individuals’ identities? If re-identifying a study
administrator negatively impacts him, could the sponsor be liable?
Sponsor signatories and investigators comprise two trickier categories of
study administrators. Their personal information should not be published,
with some exceptions such as sponsor signatories.
To facilitate identifying the different categories of study administrators,
regulatory documents should include clear titles for signatories and
study administrators. Likewise, signatures of signatories often run over
into the corresponding study roles and title information listed below
the signature. Once signatures are redacted, this information is partially
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blacked out. Consider setting specific blocks for signatures to limit
over-redaction into information that should be retained.
Investigators are one of the trickiest categories of study administrators.
The EMA stated that investigators do not have a right to privacy.
Organizations interpret this concept in different ways. Again, the
Guidance states to redact personal data except for “the sponsor and
coordinating investigator signatories of the clinical study report and the
identities of the investigator(s) who conducted the trial and their sites.”
Some sponsors retain only the coordinating investigator information,
while others retain all investigator information. Rejection code 3 states
“names and addresses of investigator sites and the names of the principal
investigators at each study site” will not be accepted for redaction.
You may rebel against the EMA and retain only the coordinating
investigator information, but redact all other investigator information.
Still, the challenge of information in the public domain remains. What
have you posted for clinicaltrials.gov? FDAAA 801 requires publishing
trials’ location and contact information. Some sponsors remove trial site
information from clintrials.gov once the results have been posted. Yet, the
audit trail shows that the information removed is still accessible. Thus, this
information is still in the public domain and should not be redacted.

Protecting patient privacy
Clearly, we need to consider investigators’ privacy. Releasing investigation
location information also risks identifying patients’ locations. Linking a
specific patient with a specific investigator provides one point of location
for that patient. What happens if we then reveal a patient in a lab or a
hospital for non-study related care?
Per research mentioned in Opinion 05/2014, 95% of people can be
identified with four location points. Location and date information—
when combined with additional demographic information—risks
re-identifying patients.
While investigator information should be retained, this discrepancy
causes a conflict between the desire to be transparent and the need to
protect patient privacy.
The CSR contains patient information in narratives, listings, and tables.
The EMA requires sponsors to redact narratives. When considering patient
information, what should be removed?

Challenges with Level I identifiers
Obviously, remove patient direct identifiers – names, subject IDs,
telephone numbers. Quasi identifiers should also be removed because
combining them could lead to re-identification. Level I quasi identifiers
are personal identifiers that don’t change—ie, demographic information.
Level II quasi identifiers tend to change over time—ie, lab values and other
medical measurements.

Gender information—a Level I quasi identifier—must be redacted. A set
of gender-related words must be redacted—he, she, him, her, herself,
himself, male, female, etc. Yet, character length can reveal gender. To
simplify anonymization, only include gender where clinically required.
Dates for patients are tricky as well. The guidance states, “Date of birth of
trial participants should be redacted (month and day) with the exception
of year. Other dates such as event or assessment dates can be offset.”
But what about age? Most sponsors remove ages greater than 89. If birth
year remains for those individuals, their age can still be derived. Since the
number of patients in the 89+ category increases over time, this group
is a moving target. Death dates and other patients’ dates are obviously
considered for anonymization. The EMA suggests using offsetting—basing
events in terms of a count of days offset from zero rather than a date.
Offsetting also presents challenges. Redacting month/day presenting the
issue of offset information corresponding to dates. If the original zero
value of the offset is provided within the CSR (and not redacted because
not shown in conjunction with a specific patient), then the date can still
be derived.

Challenges posed by Level II quasi identifiers
Level II quasi identifiers includes medical information such as individual
outcomes—adverse events, medical history, and current medical
diagnosis. What Level II identifiers do you redact? You should also
consider information on medications, lab values, and symptoms. Does
leaving the symptoms or medications reveal the diagnosis? Do test names
reveal the diagnosis?
What about verbatim text? TransCelerate recommends removing verbatim
text but retaining medical coded terms. How do you differentiate
between the two? Is your organization’s verbatim text labeled? To ease
anonymization of reports, label verbatim text within documents.

Anonymization of tables, plots, and listings
Tables, plots, and listings often contain Level I quasi identifiers like height
and weight. Most sponsors would remove this data in the text, tables, and
listings. But what happens to information in plots? Do you remove the
entire plot? Many sponsors believe that obscuring entire plots raises the
suspicion that they are hiding something.
The guidance states that these listings must be retained:
• 3.1 Display of Adverse Events
• 3.2 Listings of Deaths, Other Serious and Significant Adverse Events
• 3.3 Narratives of Deaths, Other Serious and Certain Other Significant
Adverse Events
What do you do with a table containing individual patient data? It’s not
referred to as a listing within the title, subtitle or bookmark. And per EMA,
only “listings” can be removed.
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Meet Pharma Transparency Mandates
and Engage Study Participants
Our last consideration is IDs. In some organizations, ID types are used
interchangeably and link to individual patients. How are IDs marked
within your documents? Do you have a comprehensive list of IDs that can
be linked to patients?

The responsibility for managing the risk of accidental
disclosures
Disclosing clinical trial data per EMA Policy 70 poses numerous risks. Who
owns the risk of patient or study administrator privacy breeches?
The EMA stated that, “This guidance is not intended to provide an
exhaustive list of the techniques available or to mandate a specific
methodology.” In addition, they state, “This guidance document is
without prejudice to the obligations of the pharmaceutical companies as
controllers of personal data under applicable national legislation on the
protection of personal data.”
The EMA has expectations regarding information sharing. However, they
do not accept liability for any privacy breaches or information misuse.
Additionally, the EMA states that they do not “adopt” the anonymization
report. While they will tell you what they do not like about sponsor methodologies, they do not endorse them.

Takeaways
EMA Policy 70 contains many nuances and issues. You should understand
the risk of sharing clinical trial information, mitigate it through an educated
process supported by management, and then own the deliverables.
Hopefully, you now have a starting point of issues to consider as you begin
preparing submissions under EMA Policy 0070.

By: Behtash Bahador
Most clinical study participants want to know the results of trials
they participated in. However, few are actually informed. Lack of
communication and transparency jeopardizes the success of the clinical
research enterprise. A newly developed model facilitates communicating
trial results in lay language while minimizing the added burden on
sponsors and study staff.

What is a lay summary?
The lay summary contains two parts: the clinical study design overview
and the results summary. It has to be scientifically accurate, nonpromotional, and easy to understand. Lay summaries are also a fantastic
opportunity to thank patients for their participation and contribution to
scientific discovery. Finally, they must comply with the latest guidance
from regulatory bodies and plain language standards, which are
constantly evolving.

A new model for engaging patients as clinical
research partners
Synchrogenix and the Center for Information and Study on Clinical
Research Participation (CISCRP) have partnered together to provide the
industry’s preeminent model for lay summary development and global
distribution.
Synchrogenix’s regulatory writing expertise complements CISCRP’s lay
language expertise. This synergy is complimentary to Synchrogenix’s
complete, integrated service that supports all transparency and disclosure
activities, including clinical trial results registration and postings,
redaction and anonymization of private information to fulfill EMA Policy
0043 and Policy 0070 requirements, and lay language summaries.

The CISCRP mission
CISCRP—a nonprofit founded in 2003—is dedicated to engaging the
public and patients as partners in the clinical research process. They
provide resources, programs, and services that assist clinical research
stakeholders in understanding both the public and patient attitudes and
experiences in research, as well as in improving volunteer participation,
experiences, and satisfaction. In addition, CISCRP promotes greater
awareness and understanding of the role that research engagement plays
in advancing public health.
Since 2011, CISCRP has partnered with dozens of sponsors to address
the critical unmet need to disclose lay language trial results to study
participants. To develop lay language standards, CISCRP has consulted
with regulatory agencies and stakeholder groups such as TransCelerate,
the National Institutes of Health, the National Cancer Institute, and the
Pharmaceutical Researchers and Manufacturers of America (PhRMA).
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The regulatory landscape for lay summaries
Regulators also support communicating trial results to patients.
The EU Clinical Trials Regulation was adopted in April of 2014 and will
replace the EU Clinical Trials Directive. Beginning in mid-2016, this
regulation will require the posting of lay language summaries to an
online public database.
Likewise, US regulators indicate support for increased transparency
but noted in the 2014 Notice of Proposed Rulemaking that narrative
summaries of clinical trials must not be misleading or promotional.

Current practices are letting patients down
Sharing clinical trial results with participants should be an industry
standard. It’s the right thing to do. It demystifies clinical research for
volunteer patients and participants. And it helps establish a rapport
between volunteers and the research site staff.
In 2013 and 2015, CISCRP conducted global studies on patient perceptions
of clinical research. These studies provide information about the
motivations and experiences of research participants:
• 90 percent of patients want to know the results of the clinical trial, yet
77 percent never hear back
• If not informed, many volunteers would never participate again
• Being informed about research results is one of the top five enrollment
factors that patients consider globally

The ethical obligation to share clinical trial results
Both PhRMA and EFPIA (European Federation of Pharmaceutical
Industries and Associations) support sharing data with study participants
and healthcare professionals. The World Healthcare Organization’s
Declaration of Helsinki, guideline 26, indicates that all medical research
subjects should be informed about the general outcome and study
results. Finally, Section 801 of the Food and Drug Administration
Amendments Act of 2007 requires sponsors to submit the results of
certain clinical studies to ClinicalTrials.gov.
However, the information in ClinicalTrials.gov is out of reach for study
volunteers without internet access. In addition, ClinicalTrials.gov uses a
tabular format that is difficult to understand without having specialized
scientific and medical training.

to provide to their patients at the last visit and can even provide brief
annual communications until the study results are ready. The annual
communication includes updates on the timing of trial results. Even
if the timelines change during the trial, we can continue to reset
that expectation, if needed, through interim communications. Every
communication sent to volunteers also thanks them for their participation.
Regulatory and medical writing experts develop the lay summary in
consultation with an editorial panel composed of writers, editors,
patient advocates, and specialists. Having patients or a representative
population review the materials that you intend to provide to patients
is a long-standing health literacy best practice. The sponsor’s review
focuses on the documents’ scientific accuracy. We work with sponsors
to balance scientific accuracy and lay language clarity for patients. If the
lay summary is needed in languages other than English, we can handle
translation. Next, CISCRP distributes the lay summaries. This streamlined
process minimally impacts sponsors’ operations.

Considerations in developing lay summaries
Our lay summaries use a template that lays out clear answers to the
questions that patients typically have about trial results. This template was
developed through extensive user testing that CISCRP conducted in focus
groups with representative patient and public populations. Its design
follows lay language and patient communication standards. The format
has plenty of white space between lines and paragraphs. Using larger
fonts is also helpful for patients. Graphs and charts should be included
in lay summaries, and they should also stand alone to accommodate for
various patient learning styles.
Readability formulas are a good tool to follow. However, often the only
way to know that the material you’re providing to your patients is understandable is to test it with the affected population. CISCRP’s editorial
panels include patients, as well as patient advocates with experience in
the relevant therapeutic area.
Lay summaries can be provided in various formats. Patients prefer a
printed copy of the materials. To accommodate different learning styles,
online and video formats should also be considered.

Evaluating the patient communication program

The lay summary process

Patients appreciate being informed about studies. They’re not upset
when the study completion date changes. They just want to know when
they’re going to receive its results. Providing a thank you communication
reinforces the expectation that they will receive the results summary and
reminds them when the results will be available.

The lay summary process developed by CISCRP and Synchrogenix
incorporates our best practices. Patient expectations are first set within
the informed consent document. We draft communications for sites

Lay summaries test well with patients. Pre- and post-tests reveal high
levels of understanding of the information. Patients report satisfaction
with the level of information that is provided.
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Diving into Best Practices for Pooling
Clinical Trial Data
Moreover, site staff are highly receptive to this program. By providing
patients with the information that they ask for, site staff strengthen their
relationship with patients. They also state that the program places minimal
burden on their operations. Expectations that a lay summary initiative
will be taken should be set early with sites, so that they can keep patient
contact information readily available.

Creating a virtuous cycle of study volunteer engagement
Sharing trials results with volunteers has the potential to be more than
just another regulation. Showing volunteers that they are valued by
sharing trial results creates a virtuous cycle of engagement and reinforces
their positive experiences. Results from CISCRP’s global survey, which
included over 12,000 respondents, show a substantially higher rate
of communication among patients when their expectations are met.
Recruitment and retention continue to be critical considerations in
conducting research. When we put patients first, meet their needs, and
appreciate their contributions to clinical studies, value is returned to the
research enterprise.

By: Steve Sibley
If you’ve worked with a client drug development team approaching
submission for approval, it’s likely you’ve heard discussions like this:
Team member 1: “But, you can’t integrate the data from those
studies because the treatment durations are different.”
Team member 2: “That doesn’t matter, we still have to pool the
results into a single integrated summary for submission for approval
of the product!”
Team member 1: “How can we do that when the designs of the
studies aren’t the same?”
Team member 3: “Actually, two of the three Phase 3 studies have the
same design, and one of the Phase 2 studies as well.”
Team member 4: “I’m confused, is there a difference between
integrating and pooling?”
Team member 1: “Yes, but why would we ever integrate data from
Phase 2 with Phase 3?”
Team member 5: “Do we even have time to pool the data?”
You also probably recognize some of the errors in the conversation
above. Decisions on how to best pool or not pool clinical trial data for
submission to regulatory agencies are not easy and require thought and
debate within your team.
That’s when the advice of regulatory writing experts can make all the
difference. Because when you’re drowning in data, it’s easy to end up
doggie paddling in the shallow end instead of butterflying your way into the
Olympic pool. Your clinical data handling must be clear, efficient, and meet
regulatory requirements. We help you identify solutions that will withstand
rigorous reviews, both internally and by the regulatory authorities.
Companies are pushing the development of their products faster and
faster. In addition, a wide array of expedited development, review,
and approval options is now offered by the FDA and other regulatory
authorities. In this environment, teams have less time to consider
options, and more options to consider, when planning data strategies.
Unfortunately, this strategic planning occurs in a frantic rush as the
studies are completing rather than when the protocols and statistical
analysis plans for the studies are being generated.

Clinical trial data integration versus pooling
“Integration” and “pooling” of data are not synonymous. As the 2015 FDA
“Integrated Summary of Effectiveness” guidance specifies, integration
summarizes in a single document all the information known, including
both results from individual studies and published literature, on a particular
drug. The purpose of the integrated analysis is to help the reviewer
understanding the overall evidence for drug efficacy.
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In contrast, pooling refers to combining data from multiple studies
into a single dataset, so that analyses can be run on that new compiled
dataset. Therefore, in a submission, pooled data represent a subset of the
integrated information to be presented.

Pros and cons of pooling
Pooled data are most useful for analyses and evaluations that benefit
from a larger sample size, even if that sample is more heterogeneous
(includes some differences in patient population, study design, treatment
duration, etc.):
• Assessing variability in efficacy or safety effects in subgroups, such
as older patients, women, or individuals with a particular baseline
condition; larger sample sizes improve the ability to identify statistical
differences between subgroups
• Identifying rare adverse events (AEs); larger sample sizes (eg, a pooled
dataset of 3000 patients) increase the likelihood of seeing an event that
happens in 1 of every 1000 patients relative to a dataset of 300 patients
• Modeling pharmacokinetics for a population, or testing the relationship
between efficacy or safety and drug exposure; more samples, across
a broader range of patients, increases the power of models to define
the factors that influence systemic drug exposure and determine the
relationship between exposure and specific efficacy or safety effects
Pooled data are least useful when the degree of differences makes the
results of the pooled data less meaningful or even meaningless. This
applies to safety, but is especially true for efficacy pooling. For example,
no one would gain any useful information from pooling the efficacy data
from two studies in different indications. Similarly, pooling safety data
from a single-dose safety study with data from a 52-week safety study
would likely dilute the overall AE incidence.
For efficacy, the FDA will always treat the individual study results as the
primary support. They regard any pooled efficacy results as guidance
on efficacy across the populations included in the pool. One exception
to this is subgroups, for which pooled efficacy data take primacy over
individual study results.
For pharmacokinetics, data are pooled for modeling purposes. In most
cases, more data is better, regardless of the source, as long as all the
pertinent dosing and patient information are available. Differences in
dosing, study design, and patient population can be built into and tested
in pharmacokinetic models.

Pooling considerations

• Important demographic or disease characteristics (eg, duration, severity,
specific signs and symptoms, previous treatment, concomitant diseases
and treatments, prognostic or predictive biomarkers)
• Treatment practices, including methods of assessing effectiveness,
specific test procedures (eg, measurements of biomarkers and
clinical endpoints)
• Study design features (eg, study duration, study size, doses studied,
visit frequency)
Every discussion of pooling requires you to identify what, if anything,
a particular pool of data is better at answering than the results of one
or more of your individual studies separately. Your team will have to
justify for pooling or not pooling data from particular studies or subsets
of patients. For example, pooling safety data from healthy volunteers
with data from patients with the indicated disease or condition may be
warranted in looking for possible rare adverse effects of the drug. In
other cases, the data pooling would dilute the overall safety profile to be
presented and mislead the reviewer.
Remember also, that the activity of pooling is largely a programming
effort. This impacts your pooling decisions in three main ways:
1. The more similar the programming of each of the studies to be pooled,
the easier the pooling will be (eg, pooling data from five recent studies
from your own company will require significantly less work than
pooling data from three studies done by three different companies
over a 10-year period).
2. It will likely take the programmers the same amount of time to pool a
small subset of the data from 2 or more studies as to pool all the data
from those studies (because of potential differences in variable naming
and data structure).
3. To save critical time to submission after your last study, you should
plan for additional programming resources to complete the pooled
output in parallel with completing the output for the final clinical study.

Nervous about plunging into the murky waters surrounding
submission preparation?
I hope that this has helped clear up any confusion you may have had
regarding some of the issues associated with getting your clinical trial
data results ready for submission to a regulatory agency. Crafting a
submission that presents your drug in the most clear, accurate, and
informative light to regulatory authorities is both an art and a science.
We can create for our clients an end-to-end solution that helps them
meet their aggressive submission timelines.

Differences between studies can affect the validity of and ability to
interpret pooled analyses. You should be proceed with caution when the
studies differ with respect to:
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How to Navigate “EMA Policy 0070:
Publication of Clinical Data”
and Ensure Compliance
By: Nirpal Singh Virdee
The issue of transparency and disclosure of clinical trial data has been
growing over the past few years. Clinical trials are essential in offering
new therapies to patients. However, individuals participating in these trials
put themselves at risk, and therefore, the medical community is obligated
to derive as much benefit from that risk as possible.
Disclosing clinical trials information and creating transparency around the
derived data are key steps toward maximizing that benefit, increasing trust
between the public and the industry, providing data that could spur new products or therapeutic approaches, and potentially avoiding unnecessary trials.
However, data sharing carries its own risk, especially regarding personally
identifiable information (PII; such as names, phone numbers, email
addresses), protected-personal data (PPD; also includes subject or patient
ID numbers, event profiles, etc.), and company confidential information
(CCI; such as trade secrets). Sensitive information must be identified
and redacted PRIOR to releasing documents to the public. What will
the changes to European Medicines Agency (EMA) Policy 0070 mean
for your business? And how can you achieve compliance with this new
transparency and disclosure mandate?

What is the timeline for redacting and publishing
clinical reports?
Timeline (facing page) Notes: Blue shaded milestones represent
milestones that are Policy 0070 driven.
1. Window for Sponsor to submit “Redaction Proposal Version” is also
identified as ≤ 30 days pre-opinion and ≤ 10 days post-opinion.
2. During the assessment of CCI phase, EMA can request that the
Sponsor clarify/revise justifications of CCI redactions. Sponsors have
5-7 calendar days in which to submit clarifications/revisions to the
justification site.
Assumptions:
• Timeline not drawn to scale
• Timeline for steps 2-4 assumes Redaction Proposal Version
submitted on Day 180 and all other deliverables provided at the
maximum time allotted
• All day ranges are in calendar days

What are the requirements under EMA Policy 0070?

Short-term considerations regarding Policy 0070

In January 2015, the EMA released new transparency and disclosure
rules related to clinical reports contained in Marketing Authorization
Applications (MAAs) submitted on or after that date (under Policy 0070).
Specifically, these are clinical study reports and sections 2.5 Clinical
Overview, 2.7.1 Summary of Biopharmaceutics and Associated Analytical
Methods, 2.7.2 Summary of Clinical Pharmacology Studies, 2.7.3 Summary
of Clinical Efficacy, and 2.7.4 Summary of Clinical Safety. The first reports
subject to Policy 0070 are expected to be made publicly available in
September 2016. The EMA is currently going through their backlog
of MAAs submitted since January 2015 and advising sponsors of their
redaction submission due dates. In early March 2016, the EMA published
detailed requirements that expand the breadth and depth of the original
rules in significant ways, including the following:

• Patient narratives: Policy 0070 states that narratives are to be included
in the redaction package and anonymized, rather than removed
from clinical study reports. This has introduced the most challenging
aspect of PPD redaction, with narratives composed mostly of private
information and individual outcomes.

• Redaction of patient narratives
• Identification of CCI and delivery of a table to describe the justification
for what the sponsor classifies as confidential
• Validation that CCI is not currently disclosed in the public domain
• Provision for an anonymization report—the purpose of the report is
to explain how the sponsor anonymized the submission to reduce the
probability of re-identification of patients and study personnel
Aside from these requirements, the EMA has also provided explicit rules
as to what is deemed PPD and CCI; previously, this determination was left
to the sponsor.
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• CCI justification table and validation: The EMA will evaluate all
proposed CCI redactions. Therefore, all information proposed for CCI
redaction should be labeled to indicate that the proposed redaction is
requested on the grounds of company confidentiality. Sponsors must
justify redactions for CCI. Prior disclosures of information in the public
domain such as in a scientific publication invalidates a claim of CCI.
• Anonymization report: The anonymization report is required with
the initial redaction submission package. This report describes the
anonymization process followed, the methods used, the rationale for
data transformations/redactions required to anonymize the data, and the
impact on data utility. The information presented in the anonymization
report should not lead to an increased risk of re-identification.

Multiple techniques for anonymization
The Policy 0070 guidance also discusses various anonymization
techniques, each with its own strengths and weaknesses. Ultimately, the
aim is to preserve data utility while ensuring adequate anonymization.
The simplest method is removing information that allows identification
of an individual. This technique is sometimes called masking. Apart from
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masking, the main anonymization techniques are randomization and
generalization. Randomization alters the data to remove the link between
the data and the individual. The other main technique is generalization of
the attributes of the data by modifying the respective scale or the order of
magnitude. An example would be a trial participant who was born on 19
August 1978. This birth date would be generalized to 1970-1980.
Any combination of anonymization techniques chosen must ensure
an acceptably low risk of re-identification and that the resulting data
transformation will not impact study result interpretations.
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While Policy 0070 mandates proactive disclosure of clinical trial data,
the EMA’s Policy 0043 supports reactive disclosure of requested clinical
trial documents. As time goes by, the relationship between policies will
continue to evolve. On one hand, Policy 0043 requirements could start
to look more like Policy 0070. Alternatively, Policy 0043 could become
an avenue for less conservative redacted documents for research and
other purposes.

Preparing for Policy 0070

How will Policy 0070 affect regulatory and medical writing?

The risk of mistakenly posting PPD or PII publicly is significant and,
potentially, debilitating.

As you can imagine, Policy 0070 will alter the conduct of medical writing.
For example, the public domain comparison mandate will make sponsors
rethink about what information they include in publications and online
portals such as ClinicalTrials.gov and EudraCT as any information disclosed
in these domains cannot be redacted as CCI at a later date. Moreover,
sponsors will need to allocate more time and resources to ensuring that they
achieve compliance with Policy 0070 and meet the associated deadlines.

Understanding human limitations, the complexity of redaction efforts,
and the implications of errors makes compliance with transparency
initiatives a challenging endeavor. Ensure that you are planning well in
advance and have all the key stakeholders at the table. While preparing
for Policy 0070 may require significant effort by sponsors, ultimately,
sharing clinical trial data will confer the benefits of increasing public trust
and advancing medical research.
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Regulatory Writing Experts:
Superman or Clark Kent?
By: Tatyana Wanderer
The day starts out slowly. The clinical lead settles into her comfy chair,
pushes up her glasses just a bit and gazes at the shimmering computer
screen, as the spring breeze sways the branches on the other side of the
window. Then, one email (bing)… two emails (bing, bing)… ten, twenty!
The beeps roar like a machine gun. Here we go!
We are 2 days away from the submission deadline to the FDA. Operations
refuses to approve the document. The dataset includes only 23 patients,
while 26 completed the study. Why did no one notice this before? The
team’s biostatistician is on a plane. We must find a different way. The
administrative assistant procures the correct version of the outputs. Wait!
Will the newly-found potential safety issue be the coup de grâce? And, by
the way, the safety physician is on vacation in Hong Kong…
At the end of the last day, the cross-functional team members dial in for
the final confirmation. It’s over. The document is in. Their eyes are filled
with exhausted joy. They feel like superheroes.
We hear such stories all the time, and we celebrate them because
the credit is indeed due. The team’s collaboration and dedication are
inspiring in the face of potential disaster. However, when we look
just a little beyond the fanfare, the great cost of such victories
becomes apparent. The budget and the projected time allocation for
all functional groups lie in ruins. The impact of the shift in priorities
that had to occur to accommodate the chaos is catastrophic.
Employees across functional lines get burned out and quit, raising
recruiting and training costs. Importantly, the impact of the last-minute
data changes remains unknown: Did we actually get the right dataset?
Did we miss anything important in a rush? Will this bring refusal to
file? The deadline has been met, but the consequences of the chaotic
process are significant.
At Synchrogenix, we believe that true document development success is
when nothing out of the ordinary happens at all.

Superman vs. Clark Kent
In the last decade, the industry has begun recognizing that regulatory
writing experts are uniquely positioned to influence and guide clinical
development teams toward successful document submissions.
The superhero battles might get all the glory, but the best regulatory
writing experts prefer the pace of Clark Kent’s office. Unassuming
and accommodating, the most effective and efficient writers are
thorough thinkers and highly-trained project leaders. They leverage
their knowledge and experience in the field to foresee and avoid future
stumbling blocks with thorough and timely communication.
In the chaotic world of drug development, a strong regulatory writing
team aims to never see the red cape.
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The art and science of regulatory writing
At Synchrogenix, we are transforming regulatory writing from a
commodity to a strategic asset. We understand our clients’ challenges.
This gives us a unique edge: we know what tends to work, and we
are excited to share our experience with our clients. To have the best
submission experience, we recommend the following tips:
• Establish roles, processes, and expectations up-front: Each team
is unique and so is each document. A solid kick-off that includes
agreement on the timeline, expectations for each function, alignment
on the process, and discussion of the goals for the document and
beyond are essential. With all functional area representatives juggling
multiple responsibilities, constantly evolving processes, and new
technology, a clear and concise set of expectations creates a sense of
control and a solid trajectory.
• Create Plan B (and possibly C): Clinical development is fast and
dynamic. Consequently, timelines frequently move. Shifting company
and functional priorities, critical regulatory agency feedback, and key
opinion leader comments can dramatically delay or accelerate document
development. Some teams are so used to chaos that they do not take
timelines at face value. Discussing the contingencies and dependencies
of each milestone allows the team and the writers to prioritize all
activities appropriately. Building an alternative timeline at the start of the
process creates clarity around impact and obviates the need to scramble
for a path forward if the team does need to change strategy. Back-up
rescue writing and quality assurance teams can be made ready to quickly
assess impact and ensure thorough implementation of new information.
• Look one step beyond the data: Regulatory writing experts have a
knack for uncovering tricky and critical unknowns early in the process.
For example, the team may know that there were three deaths in the
study. After the listings are released, it turns out that there was a fourth
death that no one ever mentioned. This death occurred during the
follow-up period, so it was excluded from the summary tables. To find
this important piece of information early in the process, we might ask
the team about the handling of adverse events that occurred during
the run-in or follow-up periods.

Your success is our priority
Helping our clients achieve their goals in the most straight-forward and
uneventful manner is our job. This means developing robust essential
processes, foreseeing the pitfalls, planning for contingencies, and bringing
cutting edge technology and the latest regulatory thinking to the table.
Will projects always go perfectly smoothly? Maybe not. However, every
time our work enables our clients to pick up their kids at 5 pm and forget
their phones for the rest of the evening, we take a moment to celebrate.
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