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Introduction

Why do you blog?
It’s a question that we frequently get from scientists.
Isn’t it about serious, hard science? How can you possibly
capture the profound issues that the pharmaceutical
industry is grappling with in a medium like a blog?
We respectfully disagree. At Certara, we are passionate
about empowering our customers with biosimulation
and regulatory writing solutions to help them solve
the toughest drug development problems. Our blog,
Certara’s Roundtable, is our little corner of the internet
where we hope that you can pull up a seat and engage
in meaningful dialogue. 2015 was a great 2nd year for
our blog as we posted weekly. Certara staff posted
about a range of issues from pharmacometrics to
systems biology to the growing importance of regulatory
writing. We hope that you enjoy the highlights of
our blog. Please remember to subscribe to our blog
at Certara.com to continue the conversation about
the ever-shifting climate of drug development.
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Providing Value to Our
Clients Through Biosimulation
and Regulatory Writing
Through the years, Certara has evolved and continues
to grow to provide our clients with solutions, spanning
the discovery, preclinical and clinical stages of drug
development, that enable data-driven decisions,
leading to more precisely designed trials with a
reduced risk of failure and improved subject safety.

“

Certara is placed at a very critical moment in
the evolution of drug development and patient
care because the science that is the underpinning
of biosimulation and regulatory [science] has
achieved a moment of climax.

”

-Edmundo Muniz, M.D., Ph.D.
Certara CEO
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Back to the Future (of Pharmacometrics)
with Dr. Lawrence Lesko
By: Suzanne Minton

P

harmacometrics uses mathematical models of biology,
pharmacology, disease, and physiology to describe and
quantify interactions between drugs and patients, including
beneficial effects and adverse effects. I recently had the
pleasure of talking to a thought leader, Dr. Lawrence Lesko,
about the history of pharmacometrics and how it will
continue to shape drug development in the future.
Dr. Lesko was Director of the Office of Clinical Pharmacology
in the Center for Drug Evaluation and Research (CDER) at
the Food and Drug Administration (FDA) for 16 years until
his retirement in July 2011. He currently serves as Clinical
Professor and Director of the Center for Pharmacometrics
and Systems Pharmacology in the University of Florida,
College of Pharmacy at Lake Nona in Orlando, FL.

My trends in drug development
Q&A with Dr. Lesko
Q. You’ve probably participated in countless interviews
over the years. So, I wanted to start our conversation with
something a little bit diﬀerent: If you had one superpower,
what would it be and why?
A. Nobody has ever asked me this before! [Laughter] This
question made me think of the recent 30th anniversary of
the film, “Back to the Future.” The film is based the ability to
travel back through time. It occurred to me that it’d be really
cool to be able to be able to travel back in time to historical
health care game-changing moments that occurred over the
past century. The first place that I’d go would be to 1953. I’d
love to be able to visit James Watson and Francis Crick when
they discovered the structure of DNA. Also, I’d want to ask
them what their vision for health care for the next 50 years
was based on their discovery, especially in terms of precision
medicine.
Q. Speaking of going back in history, can you discuss how
you become involved in the ﬁeld of pharmacometrics?
A. My favorite quote that I like to give to my students is that “I
never thought that I’d get into this business.” That’s because
my training is not in pharmacometrics. It wasn’t even around
when I was a grad student!
My involvement in the field began in 1991. This was right
before I joined the FDA. I was attending a conference
called “The Integration of PK (pharmacokinetics), PD
(pharmacodynamics), and TK (toxicokinetics): Principles of
Rational Drug Development.” Sitting in the room and listening
to the talk, it occurred to me that this approach was a
blueprint for the development of quantitative pharmacology,
or pharmacometrics.
The leaders of pharmacometrics at the time were Carl Peck,
who was the director of the FDA Center Drug Evaluation
and Research (CDER) and Bob Temple, who was the Chief
Medical Officer at the FDA. They were both champions of
4

the “learning elements” of pre-clinical and early clinical drug
development, based on the concepts of pharmacometrics.
At the time, pharmacometrics was only based on concepts.
There was no significant use of pharmacometrics at either
the FDA or in the pharmaceutical industry.
That’s when I began to pick up the banner of quantitative
pharmacology. As an FDA officer, I endorsed the “learn/
confirm paradigm” which was published by Lewis Sheiner in
1997. I also advocated for model based drug development
in the Critical Path Initiative. And I installed a very proactive
pharmacometrics group when I was [CDER Office of Clinical
Pharmacology] director. So, that’s how I got into the field.
Q. You mentioned getting the dose right. From your vantage
points of academia and the agency, how else do you think
that biosimulation has inﬂuenced drug development?
A. I think that we need to first define biosimulation. It’s a
term that it used in many different domains. I’ll define it
as a discipline that uses computer-based mathematical
simulations of biological processes. Biosimulation is generally
applied to pharmacokinetics and pharmacodynamics.
More recently, biosimulation has been used in the context
of systems pharmacology. I define “systems” to mean the
response of a target (a cell signaling pathway, organ, tumor,
etc) to a drug treatment. Biosimulation has impacted getting
the dose right by informing the analysis of PK/PD data.
But, the reason why we use biosimulation is to improve our
ability to predict outcomes. Let me give you a few examples.
Getting the dose right is a universal tenet of all modern drug
development programs.
Four examples further illustrate the benefits of biosimulation.
First, fifteen years ago, 20% of drug candidate attrition was
due to poor ADME (absorption, distribution, metabolism, and
excretion) characteristics. Now, the attrition rate is down
to 1-3% because of ADME problems. That’s due to the use
of modeling and simulation. Because, we can simulate not
only structure-activity relationships, we also can simulate
dissolution, pharmacokinetic profiles, and more.
Secondly, there are numerous pediatric indications that were
approved on the basis of PK/PD models that bridged human
adult data to pediatrics. Modeling and simulation benefits
pediatric drug development by reducing the regulatory
burden in conducting pediatric efficacy trials.
My next example focuses on the use of physiologicallybased pharmacokinetics (PBPK) to predict clinical drug-drug
interactions (DDIs) and drug-gene interactions in untested
scenarios. Biosimulation approaches enable these predictions
to be made from a limited number of clinical trials. Such
information is now almost routinely being included in the
labels of FDA-approved drugs.
And the final example is that biosimulation software has
become an integral part of drug development. The Simcyp

Simulator is one example. The emergence of biosimulation
software is de facto evidence that it’s important to be able
to precisely represent biological phenomena such as drug
metabolism, DDIs, and the exposure-response relationship.
Q. If you were to gaze into a crystal ball, what would
you predict as the biggest emerging trends in the
pharmaceutical industry in the next 10 years?
A. Now you’re asking a really tough question! There are many
emerging trends, but I’ll touch on a few. First, I think that we’ll
find diminishing returns, at a huge cost in drug development,
for new monotherapies for important diseases. I predict that
we’ll move away from monotherapies towards combination
therapies, or ‘drug cocktails,’ for the treatment of cancer
and Alzheimer’s disease, to name a few. The reason is that
diseases are complex. And therefore, drug cocktails will be
important to effectively treat complex diseases.
In addition, PhRMA [the Pharmaceutical Research and
Manufacturers of America] is beginning to include
environmental factors in drug development. What’s your
diet like? How much do you exercise? Do you eat
bacon? What’s your energy turnover based on your body
composition? A shift away from monotherapies towards
combination therapies will better address the multifactorial
nature of disease pathology. There’s going to be more and
more reliance on biosimulation to integrate combination
therapies and environmental factors into clinical trials to
optimize medical product treatments.
Q. That makes a lot of sense to me. Do you think that the
trend toward drug cocktails will make PBPK approaches
for predicting DDIs even more important?
A. Yes, exactly! As you add drugs to a patient’s regimen, the
potential combinations grow exponentially. Biosimulation
is going to answer the following questions:
• What drugs should I add together to maximize the
benefits and minimize toxicity?
• What doses of each drug should I give?
• How frequently should I give the drugs?
• Should I give the drugs during the morning hours or
at night?
Another big trend is for rare diseases and orphan drugs.
Half of the drugs that the FDA approved in 2014 were for
orphan drugs. In the future, drugs are going to be developed
for smaller and smaller groups. Why is this? For one, orphan
drugs have significant financial returns. The top 10 most
expensive drugs in the United States right now are orphan
drugs. Secondly, breakthrough designations by the FDA are
multiplying. These are generally being awarded to drugs
for smaller and smaller patient populations. Finally, working
with smaller patient subgroups aids a better understanding
of disease pathophysiology because you have removed a lot
of the interindividual variability of large population disease
states.
For example, in cancer, genomics has given us the ability to
characterize tumors on a molecular basis, rather than on an
organ basis. Right now, we can sequence an entire tumor
genome at a reasonable cost. It wouldn’t surprise me if many
currently fatal cancers, like pancreatic or lung, become
chronic diseases in 10 years.

Likewise, I see a trend towards repurposing older approved
medications. Some medications may not have worked for
very well for the general population. These ‘failed’ drugs
might be revitalized for genomic sub-groups. A lot of these
drugs can also attain an improved risk-benefit profile through
new dosage delivery systems such as liposomes.
Our current approach to treating high cost patients will also
change. For example, consider patients with heart failure.
They can take drugs for their condition, but they don’t work
very well. So, they end up being frequently re-admitted
to the hospital. This imposes a very high cost to taxpayers
and society in general. There will be a greater future focus
on developing drugs that can prevent readmission to the
hospital for costly conditions like heart failure.
An increased use of data from wearable devices (a form
of eHealth) will complement drug development. I wear
a Fitbit® device and my Nike® sneakers have a device in
the sole that tells me how many steps I take in a day. I can
also use devices that monitor my heart rate, my sleep,
and the amount of calories I burn on a walk or run. In ten
years, I imagine that we’ll be able to measure almost any
physiological data that we want to know about ourselves
using wearable devices. Biosimulation plays into this trend
because you cannot make sense of all these data without
computer modeling. For more information, I recommend
that you read Larry Smarr’s work about the “quantified self” in
Biotechnology Journal (2012, 7, 980-991).
My last prediction from the “crystal ball” is that there will be
a shift away from treating disease to developing drugs that
maintain health. In the next decade or so, people won’t wait
until they are sick to visit a doctor. They will have wearable
device e-health technology to monitor their own health and
warn them of impending health crises. This knowledge will
empower them to seek medical help, take their medications,
and initiate lifestyle changes that will keep them healthy.
We’ll use this information to turn fatal diseases into chronic
diseases and reduce the societal impact of devastating
diseases like Alzheimer’s.
The bottom line for all these trends is that the
pharmaceutical industry is using technology to bring
increased value to patients.
Q. What would be your advice for a young
pharmacometrician just starting her career?
A. The importance of being a strong communicator cannot
be overstated. The ability to communicate clearly can be
especially difficult for scientists for whom English is not their
native language. I try to instill this skill in my students and
post-doctoral fellows at the University of Florida.
A few years ago while I was at the FDA, I hired a speech
coach to work with regulatory scientists. The reviewers were
videotaped giving a scientific presentation, and then they
had follow-up 1:1 sessions with the speech coach. It made a
huge and noticeable difference in their presentation skills.

Chatting with a thought leader in drug
development
I’d like to thank Dr. Lesko for pulling up a seat at the
Roundtable and sharing his insights with us.
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The Ultimate Guide to the Biosimulation
Revolution
By: Ellen Leinfuss

I

n my work with biopharmaceutical companies, universities,
and regulatory agencies, I fly a lot. Looking out the airplane
window, the revolutionary impact of biosimulation on drug
development struck me. Unfamiliar with the concept of
biosimulation, or modeling and simulation (M&S)? You can
think of it as the vast improvements in air travel that have
been made in the last half century.
Modeling and simulation gets information about how
something behaves without testing it in real life. For instance,
say we want to design a plane that has maximum speed.
But, we weren’t sure what type of wings would improve
non-friction. We would use a computer simulation of the
plane to estimate the effect of different wing shapes on
the coefficient of friction under different conditions. The
simulation would provide insights about decisions we
could make for the plane without building one. That’s what
modeling and simulation is.
Imagine this applied to the world of drug development.
Biosimulation is transforming our approach to precision
medicine and supporting critical decision making.

Integrating computer-aided modeling &
simulation and pharmaceutical science
Biosimulation is widely used by pharmaceutical companies,
academic institutions, and regulatory agencies. The
pharmaceutical industry uses this tool throughout the drug
development process. During drug discovery, M&S helps
identify molecules with the highest efficacy and the least
toxicity.
For example, we can explore off-target effects as we design
candidate drug molecules. Chemists used to build these
models from plastic molecules. This work is now done in
computers. Computer aided drug design technology can
probe specific sites of a molecule to test safety and efficacy
predictions.
During pre-clinical development, modeling and simulation
provides a scientific rather than intuitive approach to dose
selection. Again, this method provides the optimal dose so
you achieve the best therapeutic window. This is a stark
contrast to the historical approach to drug development.
In fact, a significant percentage of the doses for approved
drugs are actually wrong. These suboptimal dosing regiments
create unnecessary toxicity and lower levels of efficacy.
Biosimulation technology is also used in clinical development
to reduce toxicity and potential drug-drug interactions
(DDIs). To optimize trial outcomes, sponsors leverage
biosimulation technology to model different clinical trial
designs.

From “one size ﬁts all” to an individualized
approach to treating patients
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Twenty years ago, we treated all patients the same. Children.
Pregnant women. Patients with different comorbidities. Even
individuals from different ethnic groups like Chinese, Indian,
Hispanic, and African American. They were all treated in the
same way— one size fits all.
Several decades ago, we moved to the concept of patient
stratification. You looked at patient body size and weight to
inform treatment development and delivery.
Over the last five years, we’ve started looking at subgroups
of patient populations. These subgroups are based on either
genetic mutations or genetic polymorphisms, metabolic
profiles, or different aspects of their physiology and
physiopathology.
Today, the goal of biosimulation is to treat you as an
individual, not as a member of a subpopulation. In the
not too distant future, we will be able to build avatars of
individuals. Before we test or treat a patient, we will treat his
avatar and assess how it responds to the drug. Leveraging
M&S approaches will be essential to ensure that treatments
become as tailored as possible.

Model-based approaches will help make drug
development decisions more predictable and
reliable
How can sponsors, regulatory agencies, and healthcare
providers maximize their use of biosimulation technology?
First, the decision-makers in the industry must adopt M&S as
an enabler of drug development. We’re not saying replace
human judgment or technical competency with modeling
and simulation. That’s not the point. Our mission is to let
biosimulation inform drug development and patient care.
Next, we must educate key stakeholders in drug development
and patient care on the value of biosimulation. That
responsibility falls on the leaders of those organizations and
on us. If we don’t educate our peers, we will not be able to
influence decision-making.
Last, the entire process from discovery to post-marketing
has to be an integrated process. Success adopters of
biosimulation technology will embrace a culture of
information sharing. They will also adopt the “learn/confirm
paradigm” as published by Lewis Sheiner in 1997.1
Ultimately, modeling and simulation will transform the
business of drug development and help bring safer drugs to
market.

Reference
1. “Learn & Confirm.”Drug Discovery & Development. Drug
Discovery & Development. 6 Sept. 2007. Web. 6 Jan. 2016.

How to Optimize Your Drug Label Using
Biosimulation Revolution
By: Steve Toon

A

s a trained pharmacist and scientist, I think a lot about
patient care and how the drug development process impacts
drug labels and the clinical use of medicines. Biosimulation
technology encompasses methods such as physiologically
based pharmacokinetic (PBPK) models. PBPK provides insight
into drug mechanisms. It also helps clinicians provide the
safest and most effective treatment to patients.

How can PBPK inform drug labels?
Dedicated clinical pharmacology studies can quantify the
impact of certain intrinsic and extrinsic factors on drug
exposure. But, investigating every possible scenario is often
cost-prohibitive or unethical. This is especially true when
there is complex interplay between factors.
PBPK considers both intrinsic and extrinsic factors. These
factors include genotype, disease state, renal/hepatic
impairment, ethnicity and age. PBPK models incorporate
information about how drug exposure changes with
drug-induced enzymatic inhibition. Thus, the models can
predict and quantify the magnitude of potential drug-drug
interactions (DDIs). Sometimes, they can even eliminate the
need for additional clinical studies.

of intrinsic and extrinsic factors on pharmacokinetics.
Third, they are a useful tool for developing dosing
recommendations for special populations. The FDA’s Dr.
Vikram Sinha wrote that approximately 50 submissions to
the agency in 2013 either requested advice on using PBPK
or incorporated this approach in their approval filings.1 Most
submissions used PBPK to predict DDIs and drug exposure in
pediatric and organ-impaired patients.
PBPK is a growing discipline, with greater uses and
benefits still to come. Wider adoption of PBPK methods
will accelerate the regulatory review process in different
global regions, bring new medicines to patients faster, and
provide considerable financial benefits for pharmaceutical
companies.

Reference
1. Sinha, V., Zhao, P., Huang, S. M., & Zineh, I. (2014). Physiologically
based pharmacokinetic modeling: From regulatory science to
regulatory policy. Clinical Pharmacology & Therapeutics, 95(5),
478-480.

The Simcyp Simulator is Certara’s PBPK platform. It
streamlines drug development through modeling drug
effects in virtual patient populations. The Simulator
incorporates databases containing human physiological,
genetic and epidemiological information. It integrates this
information with in vitro or clinical data to predict behavior
in ‘real-world’ populations. The Simulator can handle
DDIs involving up to four drugs plus three metabolites. It
accommodates simultaneous competitive enzyme and
transporter inhibition, irreversible time-based enzyme
inhibition, enzyme induction, and suppression.

How does PBPK modeling change the conduct
of clinical trials?
Conducting clinical trials incurs immense costs. Thus,
technologies that change clinical trial practices represent a
sea change in drug development. Sponsors and regulatory
agencies routinely use PBPK modeling and simulation to
manage clinical trials. Substituting clinical DDI studies with
informative ‘virtual’ trials can save millions of dollars and
knock years off development time. These models address
the concerns of regulatory reviewers. They can also answer
‘what-if’ questions designed to test the limits of safety.

From regulatory science to regulatory policy?
Regulatory agencies around the globe are embracing modelbased approaches to drug development, including PBPK.
FDA Office of Clinical Pharmacology (OCP) scientists have
affirmed several uses for PBPK. First, it can help optimize trial
designs. Second, PBPK models aid predicting the impact
7

Can Modeling & Simulation Inform
Personalized Medicine?
By: Kevin Feng

P

harma faces an existential crisis. The cost and time
lines of developing new medications have been growing
exponentially for decades, with no end in sight. Could
modeling and simulation approaches be the Next Great Hope
for ending this madness and restoring sustainability to drug
development? At the same time, can it deliver on the promise
of making the dream of personalized medicine a reality? In
this blog post, I’ll discuss how modeling and simulation (M&S)
is changing drug development and some of the challenges
the pharmacometrics community must overcome to make
the greatest improvements in treatments for patients.

The shifting climate of drug development
The traditional approach to treating patients was the concept
that “one dose fits all.” However, in many cases —pediatrics,
organ impairment, obesity, and genetic variation— the use
of doses for the “average patient” can cause significant
safety and efficacy issues. How can we reduce the cost of
healthcare while developing innovative treatments that help
patients improve their quality of life?
The rise of personalized medicine is one of the biggest
changes in our approach to healthcare in the last several
decades. This paradigm uses genomic and proteomic
information to predict patients’ medical risks, detect
the presence of disease earlier, and manage their
healthcare better. It’s also turning out to be an economic
force to be reckoned with. Indeed, a report1 issued by
PricewaterhouseCoopers valued this market in the United
States alone at $232 billion in 2014 with 11% annual growth.
In an attempt to rein in the spiraling cost of clinical
trials, many pharmaceutical companies have set up M&S
departments to help optimize the design of clinical trials. As
a result, the use of M&S, also known as biosimulation, in drug
development has been steadily increasing over the past 20
years. The emerging discipline of M&S draws together diverse
scientific domains including biomathematics, computer
science, pharmacometrics, biostatistics, pharmacology,
system theories, systems engineering, software engineering,
artificial intelligence, and more. The diversity of this new
discipline sometimes results in the challenge that people of
different backgrounds do not share a common vocabulary in
which to share ideas. To truly realize the potential of M&S will
require building bridges between these different disciplines
so that they can work together efficiently.
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Further evidence for this trend is found in the increasing
number of talks given at scientific meetings that focus on
personalized medicine. For example, at this year’s ACOP
meeting in Crystal City, Virginia, I had the opportunity to hear
a talk by Dr. Yaning Wang, the Deputy Director in the Division
of Pharmacometrics in the Office of Clinical Pharmacology
at the US FDA. His talk focused on how modeling and
simulation is impacting the issue of addressing specific
patient subpopulations in regulatory submissions. I heard him
elaborate on this talk at his presentation “Pharmacometrics
in the Era of Personalized Medicine” at the International
Symposium on Quantitative Pharmacology (ISQP) this past
November in Shanghai, China. In both talks, Dr. Wang clearly
indicated that regulatory agencies such as the FDA are
considering clinical recommendations for treating patient
subgroups in regulatory submissions.

Regulatory, clinical, and patient considerations
While the prospect of truly personalized medicine that is
tailored to the individual patient seems to be coming into
reach, making this dream a reality will require answering
several key questions. How will regulatory agencies approve
drug labels that are tailored to individuals based on a
patient’s individual genetic, physiological, and environmental
characteristics? In theory, individualized drug labels could
lead to a practically infinite number of drug labels. How
would the FDA even review and approve these labels? In the
future, I could envision that personalized drug labels are in
an electronic format that clinicians can transmit via smart
phone. In the era of personalized medicine, how would
clinicians match individual treatment plans to patients?
And how would patients manage these new customized
treatment plans? What would a patient do if he misses a
dose or takes the dose at the wrong time? Would he take
an extra dose to compensate for missing the dose? Building
a technological infrastructure that supports personalized
medicine will be a critical step in delivering precision
medicine to patients.

Personalized medicine and pharmacokinetic
modeling and simulation

In addition to my scientific interest in precision medicine,
I also have personal ties to this issue. One of my family
members has had hypertension for many years. In the future,
perhaps she will be able to use a smart phone app that tells
her when to take her medication and what dose she should
take. In August, the FDA approved the first 3D-printed drug
for epilepsy.2 Indeed, the smart phone app could potentially
be coupled to 3D printing technology to enable real-time
printing of pills with the optimal dose.

The emphasis on personalized medicine is a significant
trend in pharmacokinetic modeling and simulation in drug
development. I recently searched PubMed for the number of
publications that used the keywords “Personalized Medicine”
and/or “Pharmacokinetic.” In the first half of this year alone,
the number of publications have already increased by over
50% from the previous year.

This smart phone app would also be able to advise her on
what to do when she’s missed a dose or taken a short drug
holiday. My relative was very interested in this application
because she said that when she forgets to take her
medication, she gets confused as what to do. Or, she would
measure her blood pressure and get a high reading and

would again be confused on what to do. New technologies
such as smart phone apps and 3D printing may be important
tools in improving the safety and efficacy of treatments for
patients and their quality of life.

Pharmacoeconomic considerations
Leveraging biosimulation technology will help lower costs
for pharmaceutical sponsors, clinicians, payers, and patients.
Whether you are trying to determine first-in-human dosing
or individualized dosing regimens, all M&S tools can share
the same core computational engines. These engines can
then be linked to different applications such as a desktop
app, web app, smart phone app, etc. Likewise, the cost of
drug development can be optimized using the same core
engines with pharmacoeconomic techniques. Finally, the
drug label description of clinical usage can be optimized
with the same core engines using Baysian optimization
techniques, etc. Leveraging this integrated technology from
the beginning of drug development all the way through
patient care will reduce costs by streamlining the transitions
between different phases of drug development and the
transition from drug development to patient care.

References:
1. “$232 Billion Personalized Medicine Market to Grow 11 Percent
Annually, says PricewaterhouseCoopers.” PR Newswire. PR
Newswire. 8 Dec. 2009. Web. 5 Jan. 2016.
2. King, H. “First 3D-Printed Drug Approved by FDA.”.
CNN, 4 Aug. 2015. Web. 5 Jan. 2016.
3. Knights, J., & Rohatagi, S. (2015). Development and application
of an aggregate adherence metric derived from population
pharmacokinetics to inform clinical trial enrichment. Journal of
Pharmacokinetics and Pharmacodynamics, 42(3), 263-273.

Some progress in using pharmacometric
models to provide insight into medication
adherence
A good example of how M&S can provide insight into the
drug development process is found in this recent paper in
the Journal of Pharmacokinetics and Pharmacodynamics,
“Development and application of an aggregate adherence
metric derived from population pharmacokinetics to inform
clinical trial enrichment.”3 The authors used a novel “reverse”
application of a population PK (POPPK) model to assess the
adherence of psychiatric patients to a commonly prescribed
anti-psychotic medication. In a standard POPPK analysis,
drug doses are given to patients and plasma sampling over
time is used to build the POPPK model. In this paper, the
authors used historical clinical trial data to build a PK model.
Then, they conducted sparse plasma sampling from an
independent population and used model outputs to generate
a metric of observed vs. expected drug exposures.
Nonadherence to prescribed medications is a common
and significant barrier to effective treatment. It is also
very difficult for clinicians to detect using more traditional
metrics such as subjective questionnaires. Critical decision
making is hindered by having to rely on these subjective
interpretations. Thus, quantitative, objective measures of
systemic exposure yielded from pharmacometric models
can help shed light on medication adherence. This novel use
of pharmacometric analysis demonstrates one of the many
ways that biosimulation technology is transforming
the pharmaceutical industry.
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That’s So Meta: How Model-Based
Meta-Analysis Informs Drug Development
By: Mark Lovern

M

aking the right choices in drug development often means
the difference between getting a new medication to patients
and it ending up in the scrap heap of failed programs. There
is a surfeit of publically available information on approved
drugs as well as those currently in development. How can
sponsors turn clinical trial data into understanding that
helps chart the course for investigational drugs? Modelbased meta-analysis (MBMA) is an emerging methodology
that quantifies clinical trial efficacy, tolerability, and safety
information to enable strategic drug development decisions.

What is MBMA?
Since a landmark presentation at the Clinical Pharmacology
Subcommittee Meeting at the US Food and Drug
Administration in 2006, MBMA has become an accepted
innovative strategy to make better use of available data,
resulting in increased knowledge and better decision making
in clinical development. The strategy involves a systematic
search and tabulation of summary results from public
sources which may be combined with proprietary clinical trial
data. These data are then analyzed using nonlinear regression
models which characterize the impacts of drug class, drug,
dose, and time on the response(s) of interest. In addition, the
potential influence of study population characteristics or the
trial conduct may also be explored.
The MBMA approach offers two key advantages over classical
meta-analyses. First, it supports bridging across studies,
thereby enabling comparison of treatments that may never
have been tested together in the same clinical trial. Second,
MBMA models are based on pharmacologic principles
which facilitate incorporating wider spectrum data with
regard to dose, observation time, and clinical trial design. In
contrast, traditional meta-analysis generally focuses only on
treatments that were compared within the same trial, and on
a particular dose level for each drug.

• Inform go/no go, portfolio, and marketing decisions: What
are the safety and efficacy profiles for competitor drugs
for a given therapeutic indication? Can we differentiate the
drug as best-in-class? Where is the therapeutic window of
the new drug in comparison to competitor/SOC (standard
of care) benchmarks? How can we best position a drug
between existing and developing competitors?

Gaining insight into the comparative safety and
eﬃcacy proﬁle of your drug
There are very few active comparison trials in drug
development, however it is often important to assess a
compound’s safety and efficacy profile in comparison to
SOC and/or competitor drugs in development. Model-based
meta-analysis 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 is superior to its competitors in the
same drug class or across drug classes.

Elucidating endpoint-to-endpoint relationships
Our clinical outcomes databases contain large amounts of
data from published sources, which enables the applications
of MBMA to make biomarker to clinical, and short-term
to long-term endpoint predictions. Model-based metaanalysis can also be applied to scale across indications.
These analyses help predict drug performance in later stage
development, or in a different indication.

How does MBMA support strategic decision
making?

Interested in learning more about MBMA?

Drug development decisions are usually made with in-depth
quantitative analysis of internal data from the drug candidate
and a comprehensive, but less quantitative, review of public
data or data from other candidates. Most decisions cannot be
made with internal data alone. Model-based meta-analysis
provides a quantitative framework to leverage valuable
external data during drug development decision-making.

1. Mandema, J. W., Cox, E., & Alderman, J. (2005). Therapeutic
benefit of eletriptan compared to sumatriptan for the acute relief
of migraine pain--results of a model-based meta-analysis that
accounts for encapsulation. Cephalalgia : An International Journal
of Headache, 25(9), 715-725.

MBMA can help answer a number of important
questions in areas including:
• Compare your drug vs the competition: What are the
characteristics of the dose-response curves for existing
drugs that are in the same class as a new compound?
What are typical ranges? How does onset of effect differ
between drug classes? How do baseline characteristics
or background treatments impact drug response?
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• Optimize trial design: What is the impact of trial design
features (e.g. time, endpoints) on treatment effects? How
are specific subsets of the population represented? What
is the impact of region? How do biomarker and clinical
endpoint results compare? Can we predict trial results?
How can we optimize dosing to maximize safety and
efficacy?

I’ve provided some resources that provide a deeper
examination of this topic:

2. Mandema, J. W., Gibbs, M., Boyd, R. A., Wada, D. R., & Pfister,
M. (2011). Model-based meta-analysis for comparative efficacy
and safety: Application in drug development and beyond. Clinical
Pharmacology and Therapeutics, 90(6), 766-769.
3. Mandema, J. W., Salinger, D. H., Baumgartner, S. W., & Gibbs, M. A.
(2011). A dose-response meta-analysis for quantifying relative
efficacy of biologics in rheumatoid arthritis. Clinical Pharmacology
and Therapeutics, 90(6), 828-835.

Personalized Toxicology: A New Paradigm
for Chemical Risk Assessment
By: Masoud Jamei

H

istorically, toxicity testing has been conducted by giving
lab animals high doses of chemicals and observing them
for adverse events. But quantifying the risks chemicals
pose to humans based on animal studies is problematic as
the chemical doses are often orders of magnitude higher
than environmental levels. Moreover, this process is slow,
expensive, and ethically questionable.
High-throughput in vitro screening (HTS) is gaining
acceptance as an approach to toxicity testing that is efficient,
economical, and humane. To fully leverage HTS to assess
the risks chemicals pose to human health requires also
considering the variability in responses to chemicals due to
pharmacokinetic (PK) or pharmacodynamic (PD) differences
among subpopulations. In this blog post, I’ll discuss how
researchers at the U.S. Environmental Protection Agency
(EPA) and The Hamner Institutes for Health Sciences
developed a new toxicity paradigm that estimates chemicalspecific PK variability across multiple subpopulations.

People vary in their sensitivity to chemicals
In performing toxicological risk assessment, it’s important to
consider that xenobiotic (a foreign chemical substance found
within an organism that is not normally naturally produced)
exposure can vary by age, gender, ethnicity, and renal/
hepatic function. For example, children have higher food
ingestion and inhalation rates for their weight compared
to adults and are more likely to come into contact with
contaminants during play. Likewise, the PK of xenobiotics
is known to vary by age due to changes in multiple factors
including protein binding, tissue blood flows, and the
expression of xenobiotic-metabolizing enzymes (primarily
CYPs— cytochrome P450-dependent monooxygenases—
and UGTs— uridine 5’-diphospho-glucuronysyltransferases).
Genetic polymorphisms in CYPs and UGTs also impact
their drug metabolizing capability. The relative frequency
of these genetic polymorphisms can vary between ethnic
populations.

Linking in vitro HTS results with
subpopulation-speciﬁc dosimetry and
exposure estimates
In a previous study, in vitro hepatic metabolic clearance
and plasma protein binding data for 239 ToxCast chemicals
were combined with in vitro-in vivo extrapolation (IVIVE)
modeling.1 This enabled calculation of steady-state blood
concentrations (CSS) resulting from repeated, daily chemical
exposure. This information was used to estimate the oral
equivalent dose values for healthy adults. To quantify
population variability in pharmacokinetics, they used the
following approach:
1. Measured isozyme-specific clearance for a subset of
nine ToxCast chemicals for 18 recombinantly-expressed
CYPs and UGTs.

2. Entered the isozyme-specific clearance rates into an
IVIVE model, which used the Simcyp Simulator to
account for known differences in isozyme expression for
several different age groups and ethnicities.
3. Predicted the population-specific CSS values using the model.
4. Performed correlated Monte Carlo simulations to
quantify the variability for each population.
5. Used reverse dosimetry to estimate population-specific
oral equivalents from population-specific CSS values and
chemical in vitro bioactivity concentrations.
6. Compared these values against population-specific
exposure estimates.

A new framework for high-throughput chemical
risk assessment
The US EPA uses default uncertainty factors in its risk
assessments to ensure the protection of public health. In
recent years, there has been a growing movement away
from default uncertainty factors to data-driven chemicalspecific human toxicokinetic adjustment factors (HKAFs) that
consider the variability in toxicological responses between
the general population and more sensitive populations. In
this study, the population-specific IVIVE models were used
to quantify the range in variability in CSS values. This variability
was then used to estimate the HKAFs. Evaluation of the
nine compounds revealed differences between 1.3- and
4.3-fold in the median CSS for a healthy population versus
more sensitive populations. Alarmingly, these results suggest
that the current default uncertainty value does not provide
suﬃcient protection for sensitive populations— generally
children under six months of age. This emerging approach
for estimating chemical-specific PK variability across multiple
subpopulations will be a valuable tool in implementing highthroughput chemical risk assessment.

Ready to learn more?
For more information, read the Toxicological Sciences
article, “Incorporating Population Variability and Susceptible
Subpopulations into Dosimetry for High-throughput
Toxicity Testing.”2 This paper was selected by the Society of
Toxicology as the Outstanding Paper Published in 2014 for
Advancing the Science of Risk Assessment. Congratulations
to our collaborators at the EPA and The Hamner Institutes for
Health Sciences and to my colleague, Dr. Lisa Almond!

References
1. Wetmore, B. A., Wambaugh, J. F., Ferguson, S. S., Sochaski, M. A.,
Rotroff, D. M., Freeman, K., et al. (2012). Integration of dosimetry,
exposure, and high-throughput screening data in chemical toxicity
assessment. Toxicological Sciences : An Official Journal of the
Society of Toxicology, 125(1), 157-174.
2. Wetmore, B. A., Allen, B., Clewell, H. J.,3rd, Parker, T., Wambaugh,
J. F., Almond, L. M., et al. (2014). Incorporating population
variability and susceptible subpopulations into dosimetry for
high-throughput toxicity testing. Toxicological Sciences : An
Official Journal of the Society of Toxicology, 142(1), 210-224.
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Cutting-Edge Biosimulation Software
The Certara biosimulation (model based drug development
and informatics) software portfolio is the most wide-rang in
the industry. Pharmacologists, toxicologists, biostatisticians,
pre-clinical scientists, chemists, geneticists, and other scientists
use Certara software to inform key safety and efficacy decisions,
including target identification and optimization, dosing, trial
design, target validation, compound triaging, comparison with
competitor compounds, and mechanistic drug performance.
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Positive Stats about PK/PD Modeling in the
Pharmaceutical Industry
By: Suzanne Minton

P

harmacokinetic/pharmacodynamic (PK/PD) modeling
and simulation (M&S) is an important tool that can help
researchers gain a better understanding of their drug’s
efficacy— especially at the early stages of drug development.
In this blog post, I’ll discuss some positive statistics
uncovered in a recent IQ Consortium survey that examined
the current landscape for preclinical PK/PD modeling and
simulation in the pharmaceutical industry.

How was the survey conducted?
The mission of the International Consortium for Innovation
and Quality in Pharmaceutical Development (IQ Consortium)
is to support science-based standards and regulations for
the global pharma industry. Its membership is composed
of representatives from pharmaceutical and biotechnology
companies. The survey was conducted in the fall of 2013 via
an online questionnaire. It focused on five different areas:
• Demographics: General characteristics of organizations
and the composition of preclinical PK/PD modeling
groups
• Organizational structure: How these groups fit within
the larger organizational structure
• Operating logistics: Practical, operational aspects of
preclinical PK/PD M&S groups
• Applications: How companies are using information
gleaned from PK/PD M&S
• Impact/perspectives: How preclinical PK/PD M&S is
perceived in organizations and its role in decision
making

• Phoenix WinNonlin is used for preclinical PK/PD modeling
by 100% of companies surveyed.
• The Simcyp Simulator is used for PBPK modeling by 86%
of companies surveyed.

Applications, impact and perspectives on
preclinical PK/PD M&S
With approximately 68% of surveyed companies using
preclinical PK/PD analysis in all therapeutic areas, this
is clearly a tool with broad applications. Indeed, 86%
of companies reported that preclinical PK/PD analyses
significantly impacted their approach to drug development.
Finally, almost three quarters of companies indicate including
preclinical PK/PD analysis in regulatory submissions. We can
almost certainly expect that there will need to be continued
recruitment and training of scientists to fully support the use
of preclinical PK/PD M&S as a tool to better understand drug
efficacy and increase the chances for regulatory approval.
For more information, read the AAPS Journal article,
“Preclinical Pharmacokinetic/Pharmacodynamic Modeling
and Simulation in the Pharmaceutical Industry: An IQ
Consortium Survey Examining the Current Landscape.”1

Reference
1. Schuck, E., Bohnert, T., Chakravarty, A., Damian-Iordache, V.,
Gibson, C., Hsu, C. P., et al. (2015). Preclinical pharmacokinetic/
pharmacodynamic modeling and simulation in the pharmaceutical
industry: An IQ consortium survey examining the current
landscape. The AAPS Journal, 17(2), 462-473.

Demographic and organizational
structure trends
Responses were received from 22 pharma companies
ranging from small (fewer than 500 employees) to large
(greater than 10,000 employees) organizations. The
majority of the US-based companies reported having
research programs for both small molecules and biologics;
this reflects a general industry trend of having diversified
portfolios. Companies tended to have more clinical modelers
than preclinical modelers. The greater number of clinical
modelers may be due to the history of PK/PD modeling
originating in clinical groups with a more recent spread to
preclinical research groups. The survey also assessed how
preclinical PK/PD modelers are organized within companies.
In general, preclinical PK/PD M&S appears to be a desired
skill for members of DMPK groups, rather than a dedicated
activity.

Operating logistics trends
This part of the survey was devoted to quantifying the timing
and outsourcing of preclinical PK/PD M&S. It also included
a question on the prevalence of use of various software
packages. I am especially proud of these findings:
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Meet FDA Bioequivalence Criteria with
WinNonlin RSABE Templates
By: Ana Henry

A

study by the FDA Office of Generic Drugs (OGD) reviewed
over 1000 bioequivalence (BE) studies of 180 drugs, of which
over 30% were highly variable (HV).1 Because of this high
variability, studies designed to show whether generic HV
drugs are bioequivalent to their corresponding HV reference
drugs may need to enroll large numbers of subjects, even
when the formulations themselves have no significant mean
differences. This increases the expense of BE studies, places
more subjects at risk, and ultimately, limits the availability of
generics. In this post, I’ll discuss an approach that addresses
this problem as well as a tool that can help you streamline
this type of analysis.

How is BE determined?
The FDA requires that drug manufacturers demonstrate
BE between the generic product and the corresponding
reference product. The generic drug is considered
bioequivalent to the reference drug if they do not differ
significantly in their rates and extents of absorption. The
rate and extent of drug absorption are determined from the
following pharmacokinetic parameters: peak concentration
(Cmax) and the area under the concentration-time curve
(AUC), respectively. In traditional BE, the 90% confidence
interval for the geometric least squares mean ratio of the
test formulation over the reference formulation for Cmax and
AUC must fall between the BE limits, set from 80% to 125%.
Demonstrating BE turns out to be more complex than you
might think due to the prevalence of HV drugs— those for
which the within-subject variability (%CV) in BE measures is
30% or greater.

What is RSABE, and why should you care?
Reference-scaled average bioequivalence (RSABE)
methodology is increasingly used to demonstrate
bioequivalence for HV drugs. Indeed, a 2012 AAPS Journal
article states that the RSABE approach has supported four
full approvals and one tentative approval of HV generic drug
products.1 This method allows for wider BE acceptance
limits. The extent to which the acceptance limits can be
widened depends on the intra-subject variability for the
reference formulation. The specifics of RSABE methodology
vary between regulatory agencies, but both the European
Medicines Agency (EMEA) and the FDA require that subjects
receive the reference drug more than once, e.g., replicated
3-period (RRT/RTR/TRR) or 4-period (RTRT/TRTR) crossover
designs, so that the BE analysis accounts for within-subject
variability.

What tools are available to help you perform
RSABE analysis?
Phoenix® WinNonlin® provides a BE module to perform
average bioequivalence, but this module is not currently
designed for a complete RSABE analysis. However, RSABE
can be performed in Phoenix WinNonlin using reusable
template projects and workflows for both EMEA and FDA
approaches. I developed these templates with my Certara®
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colleague, Linda Hughes, and Helmut Schütz from BEBAC.
We first presented these results as a poster at the 2013
AAPS annual meeting.2 These templates were developed in
accordance to the RSABE methodology suggested in the
FDA “Draft Guidance on Progesterone (Apr 2010; Revised
Feb 2011)” and the widening BE limits methodology for
highly variable drugs outlined in the EMEA “Guideline on the
Investigation of Bioequivalence (2010)”.
These Phoenix template projects require minimal user input
to be used with any data set from a replicated 3-period or
4-period crossover design. For the FDA workflow template,
we’ve shown that the Phoenix results match SAS® results
obtained by using the SAS code supplied by the FDA for
progesterone. For more information, you can read the full
FDA draft guidance.3
The Phoenix RSABE templates can be downloaded for free
when you contact us (http://www.certara.com/contact-us/
get-info). Disclaimer: these templates have been tested
by the authors but did not follow the formal testing and
validation procedures for Phoenix software development.

The FDA invites Certara to teach the use of
Phoenix RSABE templates
Determining bioequivalence for HV drugs is a hot topic
these days. In fact, last year, the FDA invited my colleague,
Chris Mehl, to come and teach them how to use Phoenix
templates to perform RSABE.

Leverage Phoenix RSABE templates to support
approvals of HV drugs
While many drugs are highly variable, RSABE is a method for
demonstrating BE for regulatory agencies without spending
excessive time and money on large sample sizes. Phoenix
templates make performing RSABE in WinNonlin much
easier and faster than performing manual coding. Executing
workflows in Phoenix WinNonlin 6.4 is even simpler and
quicker!
Demonstrating BE for HV drugs can be challenging. Having
the right tools to support this kind of analysis is critical.
Using Phoenix RSABE templates can help you streamline this
important work.

References
1. Davit, B., Conner, D., Fabian-Fritsch, B., Haidar, S., Jiang, X.,
Patel, D., et al. (2008). Highly variable drugs: Observations
from bioequivalence data submitted to the FDA for new
generic drug applications. The AAPS Journal, 10(1), 148-156.
2. Henry, A., Schutz, H., Hughes, L., and Davis, S. Performing
reference-scaled average bioequivalence (RSABE) in Phoenix
WinNonlin. Poster presented at: The American Association of
Pharmaceutical Scientists Annual Meeting; November 2013;
San Antonio, TX.
3. Food Drug Administration Office of Generic Drugs (2011).
Draft Guidance on Progesterone (FDA Maryland).
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Analyzing Complex In Vitro Experiments:
It’s Not as Hard as You Think
By: Krishna Machavaram

A

nalyzing in vitro experiments can be challenging
and time consuming. Yet, crucial decisions depend
on accurate data analysis and interpretation early in
development. Unfortunately, most lab-based scientists
lack access to state-of-the-art models for analyzing
in vitro data. A new tool enables the analysis of data
generated from complex in vitro studies. These studies
include assays using whole cells, tissue samples and solid
dosage forms.

The need for a user-friendly in vitro
data analysis tool
Many PK/PD software tools are currently available.
But, most of them are general in application and not
specifically designed for in vitro data analysis. Some of
them are not able to fit complex models. Or they are
mainly designed for pre-clinical/clinical PK/PD data
analysis, not for in vitro experiments. Or they require
users to have considerable scripting and statistical skills.
None of the available tools meet the needs of in vitro
pharmacological research.

A powerful, yet easy to use tool
The Simcyp In Vitro (Data) Analysis (SIVA) Toolkit provides
model-based data analysis of drug metabolism, transport
and dissolution/solubility. It uses powerful optimization
algorithms in a sophisticated statistical environment. SIVA
includes a pre-defined library of state of the art models for
various in vitro assays and can handle complex protocols
such as buffer changes within an experiment.
The key components of SIVA include:
• Permeability and Transport: Models for
2-compartment cellular uptake, 3&5- compartment
permeability, and sandwich cultured hepatocyte assays
• Enzyme inhibition: Mechanistic time-dependent
inhibition models
• Metabolic intrinsic clearance: Substrate depletion,
metabolite formation
• Solid dosage form: In vitro solubility and dissolution
models e.g. USP II apparatus
• Additional tools:
o IVIVE clearance (rat, dog, mouse, man)
o In silico prediction of ADME (absorption,
distribution, metabolism, excretion) parameters
There are also model fitting and statistical analysis tools to
assess quality of fit that support all the modules of SIVA in
a user-friendly manner. The graphical user interface (GUI)
has an intuitive layout. Users can cut and paste data from
Microsoft® Excel® into SIVA for analysis. After analysis, users

can export tables and graphs back into Excel spreadsheets.
Furthermore, SIVA provides greater statistical rigor. Fitted
parameters can be assessed for “goodness of fit.” After
parameter fitting, SIVA generates an array of diagnostic plots.
This approach ensures that scientists can use SIVA without
previous modeling or statistical experience.

Analysis of drug permeability and
transport assays
SIVA provides pre-defined library of mechanistic models
to incorporate in vitro data generated in various cellular
transport/permeability assays to estimate specific transporter
kinetics describing uptake, metabolism and eﬄux, including
the interplay of these multiple dynamic processes. These
studies include three different types of assays.

Cellular drug uptake studies
These assays characterize the uptake of drugs into
hepatocytes or transfected cell lines. After adding the drug
to the suspended or plated cells, the cells are lysed at one
or more time points. Then, the lysates are analyzed for drug
concentration using LC-MS/MS or scintillation counting.

Limitations of conventional modeling
approaches
Conventional modeling approaches are commonly used to
estimate transporter kinetics of drugs. The passive transport
rate is estimated with the following methods:
• Using cells that do not express any drug transporters
• Using pharmacological inhibitors of transporters
• Using the PAMPA assay
However, these approaches have several important
limitations.
• Conventional models lack time dependency. They
use nominal concentrations when media and cell drug
concentrations change with time.
• Conventional modeling assumes that sink conditions are
present. Thus, sink conditions for the drug must also be
maintained experimentally. This can be difficult as small
cell volumes can rapidly lead to high intracellular drug
concentrations.
• Specific transporter inhibitors are not available.
This non-integrated and non-physiological approach
results in reduced precision of pharmacokinetic parameter
estimates. The mechanistic models available in SIVA could
help overcome the caveats of conventional modeling
approaches.
15

Bidirectional transport studies
These assays characterize drug permeability and transport
(eﬄux). They use either cells lines (e.g. Caco-2, MDCK
II, LLC-PK1) or artificial membranes (PAMPA). The drug
is added to the apical buffer. At various time points, the
apical and basolateral buffer are sampled and analyzed for
drug concentration. This assay can be modeled as 3- or 5
compartment models. The 3-compartment model allows
assessment of transport rates and permeability of the drug
between the apical and basolateral media and the cells. The
5-compartmental model allows for a time-lag as the drug
crosses the cell’s apical and basolateral membranes.

The SIVA Toolkit can also be used to provide reliable in vitro
data for decision trees in regulatory guidelines, mechanisticstatic or static models. It is a standalone product and can
be purchased independently of Certara’s Simcyp Simulator.
It will be useful for researchers analyzing experimental data
in the pharmaceutical industry, universities and contract
research organizations.

Sandwich cultured human hepatocyte assays
These assays characterize a drug’s hepatic permeability
and transport. Fresh or cryopreserved hepatocytes are
seeded onto plates and covered with matrigel or collagen.
Compared to immortalized cell lines, primary hepatocytes
have a more physiological cell structure. They express
transporters along apical/basolateral membranes and form
bile networks.
After drug addition, the cells are lysed and analyzed at
various time points. The formation of tight junctions between
hepatocytes is calcium-dependent. Thus, hepatobiliary
drug transport can be examined by exchanging calciumcontaining media with calcium-free media. SIVA allows
simultaneous fitting of experiments with and without
transport inhibitors. Likewise, SIVA can simultaneously fit
experiments conducted with wash steps and buffer changes.

Analysis of drug solubility and dissolution
assays
• Solid dosage form dissolution studies: SIVA provides a
mechanistic framework for modeling in vitro dissolution
profiles permitting the estimation of the parameters
required for in vivo simulation of the dissolution of solid
dosage forms. These include a fluid dynamics model to
account for stirring rate and a particle surface pH model
to account for the impact of buffer species on dissolution
of ionizable drugs. Library files defining the composition
of widely used media such as FaSSIF, FeSSIF and simpler
buffer systems are also provided.
• Drug solubility studies: SIVA also provides a framework
within which to model aqueous as well as bio-relevant
solubility permitting estimation of pKa(s), intrinsic
solubility, bile or surfactant micelle:water partition
coefficients and related properties of active
pharmaceutical ingredients.

Using in vitro data to inform later stages of
drug development
The SIVA Toolkit platform is designed to analyze complex
in vitro data. It calculates parameter values that can
subsequently be used in in vitro-in vivo extrapolation (IVIVE)
paradigms that are necessary to successfully predict in vivo
behavior of drugs in physiologically-based pharmacokinetic
models.

16

Examples of in vitro cellular assays and dissolution tests for
which mathematical models are available within the SIVA Toolkit

How to Revamp Your Approach to
Conventional IVIVC Models
By: Nikunjkumar Patel

A

n IVIVC (in vitro-in vivo correlation) is a predictive
mathematical model describing the relationship between
the in vitro properties of a dosage form and the in vivo
responses. Drug developers frequently find IVIVCs useful
for a number of reasons:
• They can use dissolution tests as a surrogate for human
bioequivalence (BE) studies.
• They can support and/or validate the use of dissolution
methods and specifications.
• They can assist in quality control during manufacturing
and selecting appropriate formulations.
Conventional IVIVC uses deconvolution methods such
as Wagner Nelson (WN) and numerical deconvolution
to estimate the rate of input of drug into the systemic
circulation from observed plasma drug concentrations of
the oral formulation with the use of IV bolus data as the unit
impulse response (UIR). To help our customers generate
these models, we offer the IVIVC Toolkit for Phoenix
WinNonlin.
Clearly, there have been many instances of successful use
of conventional IVIVC models, and numerical deconvolution
remains the gold standard. However, there are also cases
where conventional models have performed very badly. One
reason for this may be that conventional methods do not
separately consider the multiple mechanisms that determine
a drug’s in vivo input rate— transit time, gut wall permeability,
gut wall metabolism, and hepatic first-pass metabolism—
from dissolution rate. In this blog post, I’ll discuss our work
to develop physiologically-based pharmacokinetic (PBPK),
mechanistic IVIVC and why you should consider using this
approach when designing and evaluating the performance
and safety of new drug formulations.

What is mechanistic, physiologically-based
IVIVC?
Mechanistic, physiologically-based (PB) deconvolution
models estimate in vivo drug dissolution profiles while
separately accounting for permeation, GI transit and first
pass elimination. This can allow more robust and transparent
IVIVCs to be established against in vitro dissolution, and not
the rate of systemic input. I’ve found the Simcyp Simulator’s
Advanced Dissolution Absorption and Metabolism (ADAM)
model to a very useful tool for this approach. If you wanted
to establish a PB-IVIVC in the Simcyp Simulator for a target
formulation of a drug, you would follow these steps:

2. Use reference oral formulation data for the drug to
estimate disposition parameters and gut permeability.
3. For each controlled release formulation, deconvolute
the in vivo dissolution profiles from the corresponding
Cp profile using the IVIVC module of the Simcyp
Simulator.
4. Establish and validate (internally and externally) a
level A IVIVC between deconvoluted in vivo and in vitro
dissolution profiles. Both two stage (deconvolution of in
vivo dissolution profile followed by establishment of
IVIVC) and single stage (a convolution based approach
with a predefined IVIVC function) approaches are
available.
If you wanted to study population variability in the PK of the
designed formulation after a single dose and at steady state,
you could use the Simcyp Simulator to perform clinical trial
simulations in virtual populations. The Simcyp modeling
platform allows users to define study populations (Caucasian,
Chinese, Japanese, Obese, Diseased, etc.).
Some drugs are metabolized by CYPs that exhibit wide
phenotypic variations. PB-IVIVCs allow the study of the PK
of a formulation in subjects with various phenotypes of a
CYP (extensive metabolizer (EM); poor metabolizer (PM),
and ultra-rapid metabolizer (UM)). The retrograde calculator
within Simcyp allows estimation from overall plasma
clearance (CL) to intrinsic clearance (CLint) by particular
enzymes if the fraction metabolized by that enzyme (fm)
is known. This feature enables the study of the PK of the
formulation in subjects with various drug metabolizing
phenotypes.

What are the beneﬁts of this approach?
Mechanistic deconvolution approaches, exemplified by
the ADAM model, are potentially useful tools in designing
and evaluating the performance and safety of new drug
formulations. In some cases, the PB-IVIVC approach can
improve the predictive performance of the IVIVC model and
result in a simpler IVIVC model compared to conventional
IVIVC models. Further validation using a range of drugs with
different biopharmaceutical properties is needed to improve
confidence in and increase the awareness and acceptance
of mechanistic IVIVC approaches in formulation design and
optimization.

1. Get the observed plasma concentrations (Cp), and in
vitro dissolution profiles of the target formulation and
higher and lower release formulations, if available, and
reference Cp data (UIR) for the drug.
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Common Misconceptions about
Computer System Validation
By: Debra Fontana

D

rug development professionals frequently use computer
systems to help them understand the pharmacokinetics (PK)
and pharmacodynamics (PD) of an investigational drug. To
satisfy regulatory expectations, these computer systems
should be validated. Failure to do computer system validation
for the software functionality that a user intends to use, with
data sets that mimic the data sets that the user expects to
use, can lead to a user failing to discover that a computer
system provides erroneous results.

• I don’t have to validate Phoenix WinNonlin because you (i.e.,
Certara, the Phoenix WinNonlin vendor), already validated the
software before you released it. It is true that Certara validated the
Phoenix WinNonlin software before we released it to customers.
However, the customer is still responsible for completing
validation of the implemented computer system, of which the
Phoenix WinNonlin software is one component, along with the
hardware (servers and workstations), network and operating system
environment, interfaces with other computer systems, and policies/
standard operating procedures.

Clearly, computer system validation is an important activity,
one that is often met with dread, frequently caused by
misconceptions about this topic. In this blog post, I will
discuss what computer system validation is and what
regulations/guidelines require it, clarify some common
misconceptions, and provide information about how
Certara® can make your Phoenix® WinNonlin® validation
easier.

• I can’t use the software vendor or anything provided by the
software vendor to help me with the validation of my Phoenix
WinNonlin computer system. In actuality, the 2002 FDA Guidance
Document General Principles of Software Validation states that
a user “may conduct a validation using their own personnel or
may depend on a third party such as the …software vendor or a
consultant”. In any case, the user retains the ultimate responsibility
for the validation and use of the computer system. Certara
offers tools, such as the Phoenix WinNonlin Validation Suite, and
professional services personnel to assist with your CSV project.

What is computer system validation and what
regulations/guidelines require it?
Computer system validation (CSV) is documented evidence
that a computer system does what it is intended to do. It
applies to the “implemented computer system”, not just the
software. CSV occurs in the user’s environment and accounts
for the user’s specific requirements.
There are a number of regulations and guidelines that detail
the requirements for CSV. Many people think that 1997’s
21 CFR Part 11 Electronic Records; Electronic Signatures
regulation is the driver for computer system validation. Yet,
the requirement for CSV has been around for much longer
than Part 11. The earliest regulations for CSV date back
to the 1960s with the United States cGMP regulations 21
CFR Parts 210-211, which state that “computers…shall be
routinely calibrated, inspected, or checked according to a
written program designed to assure proper performance.”
The US FDA set forth additional requirements in the late
1990s with the Computerized Systems Used in Clinical Trials
Guidance for Industry, which requires that “sponsors who
use computerized systems in clinical trials to document
that these systems conform to the sponsor’s established
requirements for completeness, accuracy, reliability, and
consistent intended performance”. In 2010, the European
Union issued Annex 11, which stipulates the rules governing
good manufacturing practice for using computer systems to
develop medicinal products.

What are some common misconceptions
regarding CSV?
In addition to the misconception mentioned above regarding
Part 11 being the driver for computer system validation, here
are some other misconceptions that I often hear customers
mention:
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• I have to validate all of the functionality in the computer system,
even if I am not going to use it. The FDA validation guidance
document states that the user “who chooses not to use all
the vendor-supplied capabilities of the software only needs to
validate those functions that will be used and for which the [user]
is dependent upon the software results.” The Phoenix WinNonlin
Validation Suite offers flexibility to match this statement, in that the
Validation Suite user can choose which of the nearly 200
automated test cases to execute. If the user intends to use Phoenix
WinNonlin only for NCA, then only the automated test cases related
to NCA (as indicated in the Traceability Document template
included in the Phoenix WinNonlin Validation Suite) can be
executed.
• Computer system validation takes a long time, consumes lots of
resources, and is diﬃcult. While this can be true for some computer
system validation projects, it doesn’t have to be. The Phoenix
WinNonlin Validation Suite facilitates your Phoenix WinNonlin
validation project. It includes validation process deliverable
templates (including a Validation Plan template, a Requirements
Specification template, a Test Plan template, a Traceability
Document template, and a Validation Summary Report template)
to allow for rapid development of validation documentation.
The Phoenix WinNonlin Validation Suite also includes nearly 200
automated test scripts for testing Phoenix WinNonlin functionality.
So, users don’t have to spend time writing lots of test cases to
test functionality. These automated test scripts execute the mouse
movements and clicks that a user would during execution of
manual test cases. Thus, the scripts can run unattended, freeing
resources to do other things. The automated test scripts also
include all required input data sets/other files, so the user does not
have to spend time finding or creating appropriate inputs for testing.

I hope that I’ve been able to clear up some confusion you
may have had about computer system validation. When
it comes time to take on a Phoenix WinNonlin validation
project, you now know about some tools that can help make
this process faster and easier.

Predicting mAb Pharmacokinetics
in Humans with a Minimal PBPK Model
By: Iain Gardner

M

onoclonal antibodies (mAbs) and their derivatives are a
rapidly growing segment of the pharmaceutical industry’s
pipeline. In fact, more than 40 mAbs and derivatives have
been approved for a variety of therapeutic applications;
around 500 mAbs and derivatives are currently in different
stages of development.1 Monoclonal antibodies have
pharmacokinetic (PK) properties that are quite distinct
from that of small molecules. In this blog post, I’ll discuss
how we developed a minimal physiologically based PK
(PBPK) model that describes the pharmacokinetics of
mAbs in humans.

What are monoclonal antibodies?
Antibodies are large (150 kDa) Y-shaped proteins that are
produced by immune cells to defend the body against
pathogens. A hallmark of antibodies is their ability to
specifically bind to epitopes on their molecular targets. The
ability of mAbs to bind epitopes has been harnessed by drug
companies in the development of treatments for certain
cancers and autoimmune diseases.

Monoclonal antibodies: not just
“big chemicals”
Compared to small molecules, mAbs differ in their
pharmacokinetic behavior in several key regards including:
• Relatively poor cellular permeability
• Minimal renal filtration
• FcRn binding
• Target-mediated drug disposition (TMDD)
• Disposition via lymph
Cells take up mAbs via a complex process involving
membrane invagination of plasma components (fluid-phase
endocytosis). Once in cells, mAbs can be transported to
the interstitial space, recycled to the blood, or degraded in
subcellular lysosomes. The neonatal Fc receptor (FcRn) helps
protect IgG from lysosomal degradation after endocytosis. It
is the main reason for IgG’s extended half-life in the plasma.

using a mechanistic minimal PBPK model. The body was
divided into three compartments: plasma, tissue, and lymph
with the tissue compartment being further sub-divided
into vascular, endothelial, and interstitial spaces. The
model accounted for the levels of both endogenous IgG
and exogenous therapeutic mAbs in each compartment
and sub-compartment. We used a Monte-Carlo sampling
approach to simulate the concentrations of IgG and mAb in
a virtual human population. The model also accounted for
competition between native IgG and exogenous mAbs for
FcRn binding in the endothelial space. We coupled TMDD
models to the PBPK model to simulate the effects of binding
targets in the plasma or interstitial space on mAb PK. To
test the feasibility of our model, we simulated the PK of
adalimumab and an anti-ALK1 antibody in a virtual population
and compared the results to published clinical data.
Read more about this work in the AAPS Journal article,
“Simulation of Monoclonal Antibody Pharmacokinetics in
Humans Using a Minimal Physiologically Based Model.”4
According to the AAPS Journal’s editor-in-chief, Ho-Leung
Fung, this article was one of the top 5 most downloaded
articles in the 2nd half of 2014!
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Building a minimal PBPK model to describe
the PK of mAbs in humans
Previous studies have presented PBPK models that describe
the PK of mAbs in rodents.2 Likewise, this recent study
used a minimal PBPK model to describe the disposition of
mAbs in humans.3 However, it did not include important
biological phenomena such as FcRn-mediated distribution
and elimination. Our model addressed these important
physiological aspects of mAb PK.
My colleagues, Drs. Linzhong Li and Masoud Jamei, and I
used the Simcyp Simulator to simulate mAb PK in humans
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Using Biosimulation to Reduce the Risk
to Special Populations
Biosimulation, sometimes known as model-informed drug development,
uses both pharmacokinetic/pharmacodynamic (PK/PD) modeling
and physiologically based pharmacokinetic (PBPK) modeling. These
approaches facilitate a better understanding of a drug’s risk/benefit
profile. This additional knowledge also increases the likelihood of
regulatory success.
In addition to the strong business case for using biosimulation, there
is also a powerful ethical case. Sponsors are using biosimulation
technology to satisfy ethical imperatives by minimizing or even
eliminating the need for clinical trials in special populations (pediatrics,
pregnant women, patients with organ impairment, etc) while informing
the development of new therapies.
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1 Size Doesn’t Fit All: PBPK M&S for
Individual Risk of Complex DDIs
By: Helen Humphries

D

rug-drug interactions (DDIs) are a primary threat to the
safety and efficacy of clinical practice. Clinically relevant drug
interactions are primarily due to drug-induced alterations
in the activity and quantity of metabolic enzymes and
transporters. Indeed, DDIs that cause unmanageable, severe
adverse effects have led to restrictions in clinical use and
even, drug withdrawals from the market. There is a real
need to be able to predict variability in the extent of DDI for
individuals that could be missed in a clinical trial.
While there has been notable success in predicting potential
DDIs caused by alterations in cytochrome P-450 (CYP)
metabolism, there are still major challenges in assessing
“Complex DDIs.” DDIs become more complex when they
involve more than two drugs, multiple CYP, non-CYP and
active transport processes and metabolites of any of the
drugs involved. Moreover, the prediction of DDIs is further
complicated by “Complex Patients”— patients with organ
impairment, pediatrics, or other special populations where
the conduct of clinical trials is either not ethical or feasible. In
this blog post, I’ll discuss how mechanistic predictions using
Physiologically-Based Pharmacokinetic (PBPK) modeling
and simulation (M&S) are increasingly being used to address
these complex scenarios. Ultimately, further refining these
approaches will enable personalized assessment of DDI
potential during drug development and also, potentially by
clinicians at the point of care.

Developing mechanistic models for
complex DDIs
DDIs are often caused by inhibition or induction of drug
metabolizing enzymes, particularly CYPs. But there are
other significant drug metabolic pathways, in addition to
those mediated by CYPs. Liver cells also express transporter
proteins like the organic anion transporting polypeptides
(OATPs) that facilitate the uptake of many drugs. A number
of clinically relevant DDIs can be attributed to drug-induced
inhibition of hepatic transporters. A complete consideration
of complex DDIs requires incorporating transporter-enzyme
dynamics in the liver.
Historically, pharmacokinetics research has focused on the
liver. The intestine and kidney also express drug metabolizing
enzymes and drug transporters. Thus, for orally administered
drugs, intestinal drug disposition can significantly impact
the amount of drug released systemically. This explains
the increased attention on modeling the contribution of
intestinal metabolism to DDIs.

Role of metabolites in causing DDIs
While most research has examined the role of parent drugs
in causing DDIs, drug metabolites can also contribute to the
risk of DDIs. In recent years, various regulatory

agencies, including the FDA, EMA, and PMDA, have issued
guidance documents encouraging sponsors to consider
metabolites during DDI risk assessment. The need to evaluate
metabolites stems from the fact that the majority of clinically
significant CYP inhibitors have metabolites that circulate
at concentrations greater than 25% of the parent drug. Yet,
there are a lack of in vitro data on these metabolites that
would allow evaluation of their contribution to DDI risk.
Resolving this issue will depend on developing methods that
can predict which metabolites appreciably add to DDI risk.

Regulatory agencies advocate use of modeling
to predict untested clinical scenarios
Clearly, comprehensive assessment of DDI risk is
complicated by a number of factors including multiple
biological mechanisms that influence drug clearance as
well as variability within the patient population. Since it is
not feasible to evaluate all potential scenarios in clinical
trials, PBPK modeling can aid predicting untested, clinically
relevant scenarios. This methodology is increasingly being
used in drug development and regulatory review— including
informing the drug label. For a more in-depth examination
of this topic, I recommend reading the Biopharmaceutics
& Drug Disposition review by Varma and colleagues,
“Dealing with the complex drug–drug interactions: Towards
mechanistic models”.1

“Moving towards personalized medicine”
The future of quantitative pharmacology is in personalized
drug dosing. Virtual Twin™ technology will be an important
step towards making this vision a reality. The idea is to match
the characteristics of a real patient with his or her virtual
twin in order to predict individual risk of complex DDIs. This
matching would happen at several levels:
• Age, weight, height, sex, and ethnicity
• Current drug dosage and co-medications
• Activity of metabolic enzymes and transporters
• Level of organ function
Realization of this technology would allow clinicians to first
try different drug doses, schedules, and combinations in the
virtual twin to determine an optimal dosing regimen for the
patient. In the not-too-distant future, I believe that we will be
able to make complex DDI predictions at the point-of-care.
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Modeling the Inﬂuence of Ethnicity
on Drug Disposition
By: Zoe Barter

E

ver noticed how people from different ethnic
backgrounds respond differently to drugs? For example,
you may enjoy having a few drinks with friends on the
weekend. When your friends with Eastern Asian heritage
drink alcohol, it’s not uncommon for their faces to turn
red. This happens because many East Asians possess
an enzyme deficiency for aldehyde dehydrogenase 2
(ALDH2). Alcohol is metabolized to acetaldehyde which
is further broken down into acetate by ALDH2. When
people with the inactive ALDH2 variant drink alcohol,
acetaldehyde accumulates in their body causing facial
flushing, nausea, and a rapid heartbeat.

Ethnic diversity in drug response and its impact on
dosing has been well described for some drugs.1 A recent
study of the most widely prescribed proprietary drugs
in the US showed that, in around half of all cases, the
recommended doses in Japan were considerably lower
than both the US and European doses.2 Investigating
the potential impact of ethnicity on pharmacokinetics
often involves repeating clinical studies in different
populations, which may be unnecessary in some cases.
Physiologically-based pharmacokinetic (PBPK) modeling
and simulation in virtual populations can uncover changes
in drug disposition due to ethnic differences, providing
supporting information for regulatory review and helping
identify and optimize essential bridging studies.

Developing safe and eﬀective drugs
for patients of diﬀerent ethnicities
Reducing the total number of clinical studies undertaken to
secure regulatory approval without compromising patient
safety is a major goal for both pharmaceutical companies
and regulatory agencies worldwide. A major global
pharmaceutical company – which had identified China as a
strategically important market – approached us to develop
a virtual Chinese population so that potential differences in
pharmacokinetics between populations could be simulated
to assist with decision-making regarding clinical trials. This
builds on the prior capabilities of the Simcyp® Simulator
in capturing differences in clearance observed between
Japanese and North European Caucasian subjects.3

Building virtual populations for diﬀerent
ethnic groups
Demographic, physiological and genetic data were gathered
from literature sources and from a Pfizer® database of
Chinese healthy volunteers. The information was used
to build a virtual Chinese population within the Simcyp
Simulator. Significant differences between Chinese and
Caucasian populations were noted for liver weight, the
frequency of CYP2D6 poor and intermediate metabolizers,
the frequency of CYP2C19 and CYP3A5 poor metabolizers
and the hepatic abundance of CYP2C19. Simulations showed
good agreement with clinical data when the model was
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tested using drugs metabolized predominantly by specific
CYP enzymes with minimal impact of transporters and low
biliary or renal clearance.4
Scientists at Janssen® Pharmaceuticals Inc, have also used
the Simcyp Simulator to investigate variability and ethnicity
differences in pharmacokinetics as part of its New Drug
Application for OlysioTM (simeprevir). Simulations showed a
2.2- fold higher exposure in virtual healthy Chinese subjects
compared with healthy Caucasians – a very close match to
the 2-fold increase observed in clinical studies. Although no
dosage recommendations for specific subpopulations are
made in product labeling for Olysio, subsequent simulations
in virtual Caucasian, Japanese and Chinese populations
were requested by FDA reviewers to provide additional
information on the impact of disease state and ethnicity on
drug exposure.5

Leveraging biosimulation technology to
expedite drug approvals
In silico predictions may decrease the need to repeat
pharmacokinetic studies in different ethnic groups3 and
expedite the regulatory approval process in regions
remote to where original clinical development took place.
Furthermore, accessing distinct virtual Japanese and Chinese
populations within the Simcyp Simulator can overcome
some of the difficulties that arise when clinical data collected
in Japanese, Korean and Chinese individuals are combined
and reported for a single ‘Asian’ population.4
Accelerating the regulatory review process in different global
regions brings new medicines to patients faster and can have
considerable financial benefit for pharmaceutical companies.

Read more about inter-ethnic diﬀerences in
pharmacokinetics
1. Yasuda SU, Zhang L, Huang SM. The role of ethnicity
in variability in response to drugs: Focus on clinical
pharmacology studies. Clinical Pharmacology &
Therapeutics. 2008; 84(3):417-23.
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different dosing: Differences in dosing for drugs approved
in the United States, Europe, and Japan. Journal of Clinical
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Assessing the Impact of Liver or
Kidney Disease on Pharmacokinetics
By: Trevor Johnson

I

mpaired hepatic or renal function can have a major
impact on pharmacokinetics. There is a high risk of
adverse events in patients with these conditions. Major
pharmaceutical companies and drug regulatory agencies
use physiologically-based pharmacokinetic (PBPK)
modeling in virtual populations to investigate the impact
of hepatic or renal impairment on drug exposure as a
supplement to clinical investigation. PBPK modeling also
helps guide dosage adjustments in these patient groups.

The challenge of determining optimal dosing
in patients with organ impairment
Thorough investigation of all the potential risks of drug
therapy has to be carefully balanced with the ethical
concerns of conducting studies in vulnerable subjects. The
Simcyp® Consortium of pharmaceutical companies identified
the need to extend PBPK modeling to special populations to
assist in decision making as to whether, when and how to
conduct clinical trials.

Using modeling to predict changes in drug
exposure for patients with liver disease
Hepatic impairment models within the Simcyp Simulator
incorporate relevant information on demographics,
changes in hepatic blood flow, liver size, cytochrome P450
enzymes, plasma protein binding and renal function. They
represent three subpopulations with varying disease severity
corresponding to Child-Pugh scores A (mild), B (moderate)
and C (severe) for liver cirrhosis. An evaluation study looking
at systemic and oral clearance and associated variability
found good agreement between the simulated results and
observed values for a range of drugs.1
Surprisingly, patients with cirrhosis may also have reduced
intestinal CYP3A4 expression and catalytic activity.2 Other
intestinal CYPs are assumed to change proportionately and
in parallel to CYP3A4/5 with the severity of cirrhosis. The
Simcyp Simulator v15 has been updated to quantify intestinal
CYPs using enzyme activity rather than protein expression.
This is a more accurate approach because it accounts for
relevant co-factors such as B5. Other updates to cirrhosis
models include:
• Update to CYP2C9 genotype abundance with
Child-Pugh score in liver and intestine
• Update to demographics
• Male/female CYP3A4/5 correlation in cirrhosis
In its application to the US FDA for regulatory approval
of the hepatitis C drug OlysioTM (simeprevir), Janssen
Pharmaceuticals® used the Simcyp mild hepatic impairment
model to represent a population of patients with hepatitis C
due to the similar characteristics in relation to the numbers
of functional hepatocytes and the expression of CYP
enzymes. The simulated increase in drug exposure was
2.8-fold that of healthy subjects, mirroring the approximate

2.5- fold increase observed in clinical trials in patients3,
providing a surrogate disease population for PBPK modeling.
Scientists at Pfizer® have also used the Simcyp models to
predict changes in axitinib plasma exposures in subjects
with mild or moderate hepatic impairment. This assisted
in the development of a Phase I clinical study, “providing
confidence” in dose selection.4

Using modeling to predict changes in drug
exposure for patients with kidney disease
Simcyp renal impairment models have also been developed
and evaluated for a range of drugs including those with
complex kinetics (that undergo auto-inhibition, have
metabolites that are potent inhibitors and are taken up by
liver transporters) as well as those that undergo extensive
metabolism in the liver and have negligible renal clearance.5
A retrograde approach was used to derive CYP3A4
abundance values in renal impairment. The latest version of
the Simulator includes updated values for CYP3A4 for mild,
moderate, and severe renal impairment scenarios.

Simulations allow complex scenarios to be
investigated without trials
Early prediction of the potential effects of liver or kidney
disease on PK can have significant time and cost saving
benefits in drug development through avoidance of
unnecessary trials and optimization of trial design.
Simulations, which are increasingly being accepted in
regulatory review, allow complex scenarios – which may
never be encountered in the clinic – to be safely investigated.
PBPK modeling and simulation in virtual populations
has been used strategically in support of the regulatory
submission for a new hepatitis C therapy as well as guiding
decision making prior to Phase I clinical trials.

Resources on using models to predict the
impact of organ impairment on PK
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Using Biosimulation to Support
Approvals for Orphan Drugs
By: Suzanne Minton

R

are diseases affect fewer than 1 in 2000 people. Each
one affects only a small number of patients. Yet, there are over
7000 rare diseases. And, there are no treatments for 95 percent
of them. Thus, many patients suffer from these diseases. The
treatments for rare diseases are often referred to as “orphan
drugs.” Orphan drug developers face distinct challenges with
rare diseases including:
• Heterogeneity in disease progress and treatment outcomes
• Few patients to run new studies
• Uncertain appropriate durations of treatment
• Sparse existing data available from limited populations
Biosimulation methods— also known as model based
drug development— include both top-down (empirical)
and bottom-up (mechanistic) models. These methods use
sparse data from small populations to inform dosing and trial
designs. For example, population PK/PD models can test the
influence of factors such as age, weight, and disease status
on drug exposure and response. Likewise, combining drug
and disease models can help distinguish between treatment
effects on symptoms vs changes in disease processes.
Model based approaches can support accelerated approval
pathways that get treatments to patients faster.

Learning from one indication to another
In some cases, information gained developing a drug for one
indication can be leveraged to inform its approval for a different
indication. PNH (paroxysmal nocturnal hemoglobinuria) is a
rare, progressive, and life-threatening disease. It is characterized
by rampant destruction of red blood cells (hemolysis) and
excessive blood clotting. Likewise, aHUS (atypical hemolytic
uremic syndrome) is an ultra-rare genetic disease that causes
abnormal blood clots to form in small blood vessels throughout
the body. The sequelae of aHUS include kidney failure, damage
to other organs, and premature death. There were no FDAapproved treatments for this rare disease.
Both aHUS and PNH are caused by caused by chronic,
uncontrolled activation of the complement system. During
activation of the complement system, the terminal protein C5
is cleaved to C5a and C5b. C5a and C5b have been implicated
in causing the terminal complement-mediated events that are
characteristic of both aHUS and PNH. Eculizumab is a humanized
monoclonal antibody (mAb) that binds C5, thereby inhibiting its
cleavage. In 2007, Certara Strategic Consulting developed a
PK/PD model that supported the approval of this mAb for treating
PNH based on evidence of effectiveness from clinical studies.1

Making use of all available data
Diagnosed in only a few thousand patients each year, aHUS
proved extremely difficult to study in the clinic due to very
low trial recruitment. Though very few patients were available
for study, some additional data were available from PNH
clinical studies. The drug sponsor needed to optimize dosing
of eculizumab for both adult and pediatric aHUS patients,
making best use of all available data.

Crafting the model-based development strategy
The sponsor again turned to our scientific consultants. As the
sponsor’s resource for model-based development strategy for
PNH, our scientific experts were already familiar with the drug’s
pharmacokinetics and safety profile to date. Their starting
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point was a population PK model that had been previously
constructed in adult patients with PNH. This model was
customized and used to develop optimal dosing strategies for
adult and pediatric aHUS patients.
Comparing the case of adults with PNH to pediatric aHUS,
it became apparent that children may require lower doses.
The PK/PD relationship in PNH was leveraged to measure
the drug’s exposure and inform pediatric dosing for aHUS.
Knowledge about eculizumab’s mechanism of action for PNH
also suggested that optimal binding to the pharmacological
target (C5) should translate into a clinical benefit.
Identification of the therapeutic dosing window for a mAb in
pediatric patients with a rare disease involved several steps. First,
to ensure patient safety, the upper exposure limit needed to be
determined. As a safeguard against toxicity, the upper exposure
limit was capped at what had been previously observed in adults.
To ensure efficacy, the minimum drug exposure also had
to be determined. Using the predicted concentration of the
soluble target and the binding characteristics of the mAb to its
target, a minimum concentration threshold was set to obtain
close to full inhibition of the target. Then, trial simulations using
a population PK model were performed to determine which
doses would optimize the probability of obtaining the mAb
within the window of target engagement in neonates, children,
adolescents, and adult patients.
The clinical program for aHUS involved two Phase II studies
and a retrospective observational study. A total of 57 patients
with aHUS participated in these studies (35 adult, 22 pediatric
patients). Two different biomarkers were used to assess
the efficacy of treatment. The proximal biomarker, free C5,
showed complete suppression upon treatment with the mAb.
Likewise, the mAb caused full inhibition of hemolytic activity
(the distal biomarker). The primary endpoint indicated that the
response to interventions across all age groups was very high.

Crossing the ﬁnish line
Using the model-based and observed efficacy and safety
profiles, the consultants were able to recommend dosing
regimens for adult and pediatric aHUS patients. Patients
treated with the mAb experienced several benefits including
improvement in platelet counts and other blood parameters
and better kidney function, even eliminating the requirement for
plasmapheresis in some patients. Soliris® (eculizumab) received
FDA approval to treat aHUS adult and pediatric patients.2
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A

ccording to the US Census Bureau, there is a birth
every eight seconds in the United States.1 Women
frequently take prescription and over-the-counter drugs
during pregnancy. Given the ubiquity of pregnancy
and births, you’d think that there would be a robust
understanding of the safety and efficacy of drugs in
pregnant women. However, the vast majority of drugs are
prescribed to pregnant women off-label— often scaling
doses from the recommendations set for men or nonpregnant women— because of ethical concerns about
performing clinical testing in this vulnerable population.
Physiological and absorption, distribution, metabolism,
and excretion (ADME) changes during pregnancy can
significantly affect pharmacokinetics (PK). This can
lead to under-dosing, with lack of therapeutic effect,
or over-dosing, with potential toxicity that endangers
both mother and developing fetus. In this blog post, I’ll
discuss how pharmacometrics and modeling approaches
can be leveraged to identify drugs whose PK may be
altered during pregnancy, guide rational study design, and
support dosing recommendations for pregnant women.

The current landscape for drug safety
during pregnancy
Recent moves by the US FDA and European Medicines
Agency are requiring that post-marketing studies be
conducted into the effects of drugs in pregnancy where
there is a high likelihood of use in women of child-bearing
age. The challenge for pharmaceutical companies is not
only to determine appropriate initial dosing levels – which
will vary depending on the stage of pregnancy – but also
account for the time-related changes in drug exposure
that may occur over an extended study period. As the
physiological and biological changes that occur during
pregnancy are well-studied, using physiologically-based
pharmacokinetic (PBPK) modeling and simulation to study
pharmacokinetics is an intuitive solution.

Using modeling and simulation to study
maternal-fetal drug disposition

Appropriate dosing for drugs with narrow safety windows
is critical in order to avoid adverse effects that may occur
with only slight alterations in clearance levels. The Simcyp
Simulator model is a major advance on previous pregnancy
models as it is the first to consider time-dependent factors
at any stage of pregnancy. This provides drug developers
and the regulatory agencies with a more versatile tool to
understand compound-specific changes in drug exposure
throughout pregnancy and aid in the planning and design of
clinical trials in pregnant women.
PBPK modeling and simulation is increasingly featuring in
submissions for regulatory approval, gaining widespread
acceptance for its role in optimizing study design, identifying
worst-case scenarios for further investigation and informing
dosage recommendations and labelling. PBPK models for
pregnancy are not only relevant for the development of
drugs specifically for pregnancy-related conditions but can
also potentially assist with the dose adjustment decisions
required to preserve the safety and efficacy of other
therapies which are beneficial to expectant mothers. PBPK
modeling and simulation also offers the possibility to assess
fetal exposure to drugs, one of the major determinants
in assessing the benefit versus risk associated with the
treatment.
If you’d like a more in-depth look at the issues surrounding
applying pharmacometrics approaches for pregnancy, please
read this paper that I wrote with Amin Rostami in the Annual
Review of Pharmacology and Toxicology.3
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My Certara® colleagues developed a full PBPK pregnancy
model which has been implemented in the Simcyp®
Simulator and tested for its ability to simulate how drug
concentrations change over time. The model reflects the
progression of pregnancy through changes such as body
weight, tissue blood flow, blood and plasma volume, fetoplacenta volume, CYP450 enzymatic activity, renal function,
and serum albumin levels. In validation studies, good
agreement was found between simulated and observed
maternal exposure of caffeine, metoprolol and midazolam,
three compounds which undergo hepatic metabolism by three
different enzyme pathways (CYP1A2, CYP2D6 and CYP3A4).2
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Motesanib’s Promise & Peril:
Population PK Modeling an Anticancer Drug
By: Nathalie Gosselin

W

hen thinking about the challenges of oncology drug
development, I recall the advice of the 6th century BCE
military strategist, Sun Tzu:
If you know the enemy and know yourself, you need
not fear the result of a hundred battles. If you know
yourself, but not the enemy, for every victory gained you
will also suffer a defeat. If you know neither the enemy nor
yourself, you will succumb in every battle.
As a scientist at Certara Consulting Services, I work with
clients to help them develop safer and more effective
medicines to use as “weapons” in the “war” against human
disease. In this blog post, I’ll discuss how we used population
pharmacokinetic (PK) modeling of an investigational drug,
motesanib, to assess sources of variability in cancer patients.

Motesanib: An emerging weapon in the
ﬁght against cancer
Tumor angiogenesis is the process by which cancerous
tumors develop new blood vessels from existing vasculature.
This process is critical for a tumor to be able to grow and
metastastize. VEGF (vascular endothelial growth factor)
promotes angiogenesis by binding and activating receptor
tyrosine kinases on endothelial cells. Thus, drugs that can
inhibit tumor angiogenesis may help reduce tumor burden or
limit disease progression.
Motesanib is a small molecule antagonist of VEGF receptors.
It is also inhibits other receptors (PDGFR and c-kit) that
contribute to the pathobiology of several types of solid
tumors. The metabolism of motesanib is primarily mediated
by CYP3A4 with minor contributions by CYP2D6 and CYP1A.
It is broken down into several oxidative metabolites, including
N-oxide (M3), indoline lactam (M4), indolinecarbinolamine
(M5), and N-dealkylated metabolite isonicotinic acid (Mx).

Knowing the disease, knowing the drug
We had several goals for this project including:
• Characterize the PK of motesanib in patients with
different types of solid tumors
• Assess the effects of demographic and physiological
variability on PK
• Generate individual exposure parameters of motesanib
for cancer patients.
Since systemic exposure of the M4 metabolite is greater than
10% of the parent drug exposure at steady state, we also
evaluated the pharmacokinetics of M4 per the FDA guidance
on safety testing of drug metabolites.

Population PK modeling of motesanib
Performing the popPK analysis involved multiple steps. The
concentration-time data for motesanib and M4 was derived
from eight clinical PK studies. For most studies, the patients
received oral motesanib at different dose levels and frequencies.
PK sampling included both intensive and sparse sampling at
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various time points during the study. We assembled the data
sets for analysis to include drug concentration information
as well as demographic
and pathophysiological
Population
PK Modelingcovariates.
an Anticancer Drug
Next, we conducted exploratory data analysis followed by
population PK analysis using nonlinear mixed-effect models
with a sequential approach. Then, we evaluated the pop PK
models using several methods including diagnostic plots, visual
predictive check, and bootstrap analysis. We also developed a
PK model that described the biotransformation of motesanib
into M4. Finally, we simulated the concentration-time profiles of
motesanib and M4 after a first dose and steady state to predict
the exposure levels of motesanib and M4.

Study results
The patients in this study had a variety of advanced solid
tumors including non-small cell cancer, breast cancer, and
gastrointestinal stromal tumors. Roughly equal numbers of
men and women were included in the study. The majority of
the patients were white with Asians representing 31.5% of the
population.
We found that a 2-compartment model with food effect on
absorption parameters fitted the PK data of motesanib well. The
covariates, albumin and sex, had significant effects on apparent
clearance. In contrast to the parent drug, we found that a
1-compartment model provided the best fit for the M4 PK data.
The apparent clearance of M4 was significantly affected by race
(Asian vs. non-Asian) and dosing frequency (once vs twice daily).
Indeed, Asian patients were found to have a typical apparent
clearance of M4 that was 1.4 fold higher than in non-Asian
patients. This difference in drug metabolite clearance suggests
that further research is needed to optimize dosing for patients
of differing ethnic backgrounds.

What does the future hold for motesanib?
While characterization of a drug’s pharmacokinetics is
an essential step in its development, drug makers are also
required to show efficacy. In February, Takeda announced
that its Phase 3 study of motesanib in Asian patients with
stage IV non-squamous non-small cell lung cancer (NSCLC)
failed to meet the primary endpoint of progression-free
survival (PFS). Despite this setback, I hope that further
studies will help uncover the clinical situations for which
motesanib can aid patients in their fight against cancer. For
more information on this project, please read my article
“Population pharmacokinetic modeling of motesanib and
its active metabolite, M4, in cancer patients” which was
published in Clinical Pharmacology in Drug Development.2
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Pediatric Drug Dosing:
Pediatric Drug Dosing:
Tackling Big Problems
for Little
Patients
Tackling
Big
Problems
By: Nastya Kassir

for Little Patients

T

he challenges and complexities of pediatric drug
development are well recognized. Pharmacometric
modeling and simulation (M&S) leverages prior knowledge
to support pediatric drug dosing, trial design and
regulatory writing for submissions. As the benefits of
pharmacometrics for drug development and regulatory
decision-making become increasingly well documented,
the FDA has challenged the industry to more rigorously
apply modeling and simulation to double the success
rate of pediatric trials.1 To highlight the power of this
approach, I’ll present a journal article on using population
pharmacokinetics (PopPK) and Bayesian methods to
develop an optimal sampling strategy to estimate drug
exposure.

Organ transplant recipients take
immunosuppressants to ensure graft survival
Liver transplantation is a surgical treatment for patients with
liver cancer or end-stage liver failure whose disease cannot
be managed medically. A wide variety of conditions can
lead to whole or “cut-down” liver transplants in children,
including biliary atresia, tryosinaemia, North American Indian
childhood cirrhosis, and other conditions. After receiving a
liver transplant, patients must take immunosuppressive drugs
to prevent their immune systems from rejecting the graft.

Dose optimization of tacrolimus is essential to
the success of pediatric liver transplants
Tacrolimus is widely used as an immunosuppressant for both
adult and pediatric solid organ transplant recipients. Its PK
properties have mainly been studied in adults. Tacrolimus has
a narrow therapeutic index and significant inter- and intraindividual PK variability. In addition, it has highly variable oral
bioavailability due to extensive pre-systemic metabolism by
CYP3A and uptake by P-glycoprotein transporters.
To ensure graft survival, it is essential to optimize the dose
of tacrolimus for individual patients. The standard of care
has been therapeutic drug monitoring wherein trough
concentration (Ctrough) has been used to guide tacrolimus
dosing. There is an urgent need for alternative strategies for
estimating tacrolimus exposure as the relationship between
Ctrough and organ rejection is controversial.
One alternative would be to use Area Under the
Concentration-Time Curve (AUC) as a basis for clinical
monitoring. However, AUC-based monitoring requires
measuring many concentration-time points over the dosing
interval. This is both expensive and time consuming, not to
mention impractical and ethically questionable in a pediatric
population.

Using PopPK models to develop an optimal
sampling strategy
We determined that the best solution was an optimal
sampling strategy (OSS) using maximum a posteriori Bayesian

estimators (MAP-BE). This method can predict individual
PK parameters, including AUC, using a limited number of
samples, which can be taken on a flexible schedule. To
establish an OSS using MAP-BE, we developed a PopPK
model for tacrolimus in pediatric liver transplant patients
using rich sampling.
We analyzed 12-hour intensive PK profiles performed on
pediatric liver transplant patients in a retrospective study.
While other PopPK studies on this population found that
tacrolimus PK followed a one-compartment model, we
found that a two-compartment model with first-order
absorption and elimination best fit the concentrationtime profiles of tacrolimus at steady state. We leveraged
the PopPK approach to develop an OSS, which allowed
estimation of tacrolimus PK parameters and AUC using a
more feasible sampling schedule (three or four time points
within four hours).
Despite the high between-subject variability in PK and patient
demographics, the combination of PopPK and Bayesian
estimation appears to provide an accurate method for
predicting tacrolimus exposure in pediatric liver transplant
patients. This OSS will support designing prospective clinical
trials aimed at determining the drug’s therapeutic window
in this population. Ultimately, defining optimal pediatric
drug dosing guidelines for tacrolimus will be a major step in
preventing graft rejection while minimizing toxicity. Getting
the dose right will help pediatric patients return to the
important work of just being little kids again.
This research was performed with my colleague, Dr. Samer
Mouksassi. I encourage you to read our British Journal of
Clinical Pharmacology article, “Population pharmacokinetics
and Bayesian estimation of tacrolimus exposure in paediatric
liver transplant recipients.”2

Modeling and simulation supports pediatric
drug development
There are some major challenges associated with pediatric
drug development. While it’s crucial to optimize dosing,
conducting clinical research in children presents an ethical
dilemma. Pharmacometric modeling and simulation is an
approach that helps sponsors identify optimal drug doses
that balance safety and efficacy while minimizing the
exposure of children to experimental therapeutics.
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Crossing the Finish Line: Case Studies of
Supporting Drug Approvals
Biosimulation, also known as ‘modeling and simulation,’ or ‘model-based
drug development,’ has already had a profound impact on drug
development, yet its full impact is just now coming to light.
Biosimulation 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 biosimulation is that it allows you to carry 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.
Biosimulation transforms data into information and information into
knowledge. Read these blog posts to learn how Certara is helping
sponsors bring safer, more effective drugs to market.
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Gaining FDA Support for a Prognostic
Biomarker, Giving Patients Hope
By: Samer Mouksassi

A

s a clinician scientist, I get really excited about
helping sponsors develop new treatments for patients.
For some diseases, the lack of a validated prognostic
biomarker is an impediment to developing effective
treatments. In this blog post, I’ll discuss how we worked
with the Critical Path Institute (C-Path) Polycystic Kidney
Disease Outcomes Consortium to gain FDA support for
a prognostic biomarker for a rare disease, autosomal
dominant polycystic kidney disease (ADPKD). Having
a validated biomarker will help spur new research and
clinical trials to find a treatment for ADPKD.

What is Autosomal Dominant Polycystic
Kidney Disease?
Polycystic Kidney Disease (PKD) is a debilitating genetic
disease that affects at least 1 in 500 people globally. It
comes in two forms- autosomal dominant and autosomal
recessive. Autosomal dominant PKD (ADPKD) is one of the
most common life-threatening genetic diseases whereas
autosomal recessive PKD is relatively rare.
Normal kidneys are roughly fist-sized and weigh about a third
of a pound. Over the course of several decades, PKD patients
develop renal cysts that cause the kidneys to increase in
size and weight- often to many pounds. The sequelae of
renal enlargement include severe pain, increasing abdominal
girth, hypertension, hematuria, kidney stones, and kidney
infection. About 40-50% of PKD patients develop end stage
kidney disease (ESRD), which then requires either renal
transplantation or dialysis. Since there are no medications
that can slow or stop the progression of PKD, the goal of
treatment is to manage symptoms.

Developing a disease progression model
for ADPKD
One of the factors that has hindered the development
of a treatment for ADPKD is the lack of understanding
of the disease progression, which is highly variable
between patients. The commonly used endpoints for renal
function only show changes very late in the course of the
disease. Thus, it is difficult to assess the effectiveness of
investigational new drugs using these endpoints. Validating a
biomarker that could predict disease progression at an earlier
stage when patients are more likely to respond to medication
is a key step in enabling the development of treatments.
In 2011, we won a competitive bid to work with the Critical
Path Institute’s Polycystic Kidney Disease Outcomes
Consortium to develop disease progression models of
ADPKD.1 The Consortium is a collaboration between C-Path,
the PKD Foundation, Clinical Data Interchange Standards
Consortium (CDISC), four academic medical centers, and
three pharmaceutical companies. We investigated the use
of Total Kidney Volume (TKV)—measured using magnetic
resonance imaging (MRI), computed tomography (CT) or

ultrasound (US)— as a prognostic biomarker for worsening
of kidney function and response to therapy in ADPKD
patients. Qualification of this novel biomarker involved
a number of steps. First, we needed to harmonize data
from a number of disparate sources including several
longitudinal patient registries that had been maintained
for decades and observational clinical trial data. To do this,
C-Path worked with CDISC to create a data standard for
ADPKD. Next, the data standard was used to remap the
data from the various sources into a single database. We
then worked with the C-Path data management team to
curate the database to make it modeling ready. Finally, we
discussed the data analysis and modeling strategies with the
FDA pharmacometrics and biostats teams as well as PKD
clinicians to find the best method to elucidate the role of the
interrelated variables: age, glomerular filtration rate (eGFR)
and the trajectory of TKV.

Model building and validation
Briefly, we needed to link a key clinical outcome such as
ESRD to the trajectory of TKV. We chose two additional
endpoints— 30% and 57% worsening of renal function—
since they occur in a shorter timeframe and predict
the longer term outcome, ESRD. To tease out potential
confounding effects between the various predictors, we used
Multivariate Cox models. Then, we leveraged a simultaneous
joint modeling framework of TKV and the time-to-event
outcome to account for the longitudinal time varying
covariate - TKV. Our team employed a parametric survival
submodel to simulate the probability of avoiding the clinical
outcome according to a given baseline eGFR, baseline TKV,
and baseline age. Now that the model was complete, we
validated it using a standard 5-fold cross validation strategy.
Our model will support ADPKD drug development in several
ways. For example, it was deemed appropriate for simulating
clinical trials to determine economically feasible trial
durations. Likewise, the results of our analysis showed that
longitudinal TKV, eGFR and age were significant predictors
of the likelihood of developing the clinical outcome. We are
working on several peer-reviewed scientific papers that will
detail the results of this work.

Overcoming project challenges
This complex project came with numerous challenges. For
example, the database was continually being updated. Thus,
data analysis was an iterative process where we generated
outputs as the dataset matured. Another challenge was
finding a technology that facilitated working with busy
clinicians. To ensure that we got their critical input, we
provided them with results that were viewable on mobile
devices. This meant that they could easily check project
results while seeing patients in the clinic. The infrastructure
that comes with working at Certara®— a technology-enabled
company— was indispensable in enabling us to complete this
project in record time.
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Gaining regulatory support for a novel
biomarker for ADPKD
This spring, all of our hard work finally paid off when we
received a Biomarker Letter of Support from the FDA. This
biomarker will help support ADPKD drug development
programs in their study design considerations, such as
enrichment for patient subgroups that are more likely to
experience progression of their renal dysfunction over the
course of the trial. Optimizing patient selection for clinical
trials is not only an ethical imperative, it will also increase
the likelihood of a drug development program’s success.
In addition, sponsors will be able to use this biomarker to
support regulatory decision making for a given Investigational
New Drug (IND) development program.
For more information, please read the Letter of Support from
the FDA’s Center for Drug Evaluation and Research (CDER).2

Giving Patients

HOPE

Obtaining FDA Support for a
New Imaging Biomarker
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Fighting Superbugs: Supporting
FDA Approval of a New Antibiotic
By: Michael Eckstut

O

ne of the most rewarding parts of leading Certara’s
consulting services is recognizing how our work supports
new drug approvals to positively impact patients’ health. In
this blog post, I’ll discuss how Certara® helped Cubist obtain
FDA approval for Zerbaxa™ (ceftolozane/tazobactam), a new
antibacterial drug to treat adults with complicated infections.1

ceftolozane-tazobactam in healthy adult subjects following
single and multiple ascending doses”.4
The sponsor now had an initial understanding of Zerbaxa’s
PK profile in healthy adults. Next, they enlisted the help of my
colleague, Dr. Samer Mouksassi, to help them with two critical
tasks to help inform the objectives of the upcoming clinical trials:

The growing threat of antibiotic resistance

• Build a population pharmacokinetic (PK) model for
Zerbaxa in healthy adult volunteers AND patients with
renal impairment and complicated bacterial infections
• Identify the major determinants of variability for Zerbaxa’s PK
Based on data from Phase 1 and 2 studies, Dr. Mouksassi and his
colleagues used Certara’s industry-leading Pop PK/PD software,
Phoenix NLME, to perform population PK analysis and identify
the major sources of variability. Zerbaxa PK was described
by a linear two-compartment model with first-order drug
elimination. As expected, drug clearance was highly correlated
with renal function. The final PK models adequately described
the plasma concentration of Zerbaxa.

According to a report from the Centers for Disease Control
and Prevention (CDC), in the United States, at least two million
people become infected with antibiotic resistant bacteria
and at least 23,000 people die annually as a direct result of
these infections.2 At the same time, the pipeline for novel
antibacterial drugs remains alarmingly low.3 To create incentives
for the pharmaceutical industry to invest in developing new
antibacterial drugs, the Generating Antibiotic Incentives Now,
or GAIN, provision was signed into law as part of the Food and
Drug Administration Safety and Innovation Act in 2012. This
legislation extends by five years the exclusivity period during
which antibiotics that treat serious or life-threatening infections
can be sold without competition from generics.

A new weapon in the battle against
gram-negative bacteria
Increased drug resistance in gram-negative pathogens such as
Pseudomonas aeruginosa and extended-spectrum ẞ-lactimase
(ESBL)- producing Enterobacteriaceae have been linked to
especially deadly infections. Zerbaxa has been approved for
treating adults with complicated urinary tract infections (cUTI),
including pyelonephritis, and complicated intra-abdominal
infections (cIAI) caused by gram-negative bacteria.
Zerbaxa is a novel combination of the cephalosporin,
ceftolozane, and the established ẞ-lactimase inhibitor (BLI)
tazobactam (TAZ). TAZ potentiates the activity of ceftolozane
against the majority of ESBL-producing gram-negative
bacilli and some AmpC-overexpressed Enterobacteriaceae,
as well as against important anaerobic pathogens such as
Bacteroides fragilis.

Certara scientists support the approval
of Zerbaxa
A team of senior Certara scientists supported the preclinical and
clinical development, and ultimately, the regulatory approval
of Zerbaxa in several key ways. Early in Zerbaxa’s development,
we helped to characterize its toxicokinetic profile in dogs.
Once Zerbaxa moved into clinical trials, we helped describe its
pharmacokinetic profile in healthy volunteers when the drug
was given in a strength (mg) fixed at a 2:1 ratio for ceftolozane
relative to TAZ. This work showed that ceftolozane clearance
was similar whether administered alone or in combination
with tazobactam, suggesting tazobactam had no effect on the
clearance of ceftolozane.
The pharmacokinetics of Zerbaxa appeared to be dose
proportional and linear across a wide range of doses. Both
drugs were primarily execreted renally. The results of this study
supported continuing the clinical development of the drug.
Read more about this work by Certara’s MyMy Trinh and her
colleagues in the Antimicrobial Agents and Chemotherapy
article, “Pharmacokinetics and safety of intravenous

These models formed the basis for predicting the probability
of target attainment in diverse populations with varying
demographics, renal function, and infection status. In addition,
these results suggested that Zerbaxa could be an alternative
to the currently recommended treatments for cUTI and cIAI in
patients with varying degrees of renal impairment, especially
in cases of drug-resistant infections. Monte Carlo simulations
derived with the population PK/PD model can also be utilized to
further guide dosing recommendations for Zerbaxa in various
populations, for different pathogens of interest, and for other
indications such as nosocomial pneumonia infection.5 For more
information, read the Journal of Clinical Pharmacology article,
“Population pharmacokinetics of ceftolozane/tazobactam
in healthy volunteers, subjects with varying degrees of renal
function and patients with bacterial infections.”6
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How Biosimulation Technology Could
Save Us from the Zombie Apocalypse
By: Martin Beliveau

S

keptical at the idea of ravenous brain-eating undead?
You don’t have to take my word for it. The Centers for
Disease Control and Prevention (CDC) Office of Public
Health Preparedness and Response recognizes this threat.
Their Zombie Preparedness website provides information
on getting ready for all kinds of disasters.1

Biosimulation technology can help fight the Walking
Dead. Zombie plague, like other serious infectious
diseases, presents unique challenges to drug
development. One challenge is that exposing humans
to these pathogens in drug efficacy studies is unethical.
Biosimulation methods include ‘top down’ approaches
such as PK/PD modeling and simulation and ‘bottom
up’ approaches such as PBPK modeling and simulation.
These approaches can use animal studies and simulate
clinical trials to help prove a drug’s safety and efficacy in
untestable clinical scenarios.

Scary bugs, hard to develop drugs
The FDA provides a guidance on the “Animal Rule.”2 This is a
pathway for approval when human efficacy studies are not
ethical or feasible. To optimize dosing, sponsors use an animal
model to characterize the PK. This animal model must have
pharmacodynamic endpoints that relate to the desired human
endpoints. In recent years, we have helped develop treatments
for two deadly infectious diseases: botulism and smallpox.

Gaining FDA approval for a botulism antitoxin
Botulism is a rare, and sometimes, fatal illness. It is caused
by toxins produced by the Clostridium botulinum bacteria.
Early symptoms include double vision, blurred vision,
drooping eyelids, slurred speech, difficulty swallowing, dry
mouth and muscle weakness. The symptoms may progress
to paralysis of the respiratory muscles, arms, legs, and trunk.
Left untreated, botulism can cause death.
There are ﬁve main kinds of botulism:
• Foodborne, caused by eating infected food
• Wound botulism, caused by a wound infected with
Clostridium botulinum
• Infant botulism is caused by consuming the spores of
the bacterium. The bacteria then grow in the intestines
and release the toxin. This is why you never give infants
honey to eat.
• Adult intestinal toxemia, which occurs by the same
route as infant botulism
• Iatrogenic botulism due to accidental overdose of
botulinum toxin

Using modeling and simulation to optimize
dosing for a botulism treatment
Botulism Antitoxin Heptavalent (A, B, C, D, E, F, G)-(Equine)
(BAT) is an antitoxin consisting of immune globulin
fragments. BAT is derived from horses immunized with
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C. botulinum toxins. It treats symptoms following exposure
to botulinum neurotoxin (BoNT) serotypes A, B, C, D, E, F or G.
To support the human dosing regimen of BAT, I performed
pharmacokinetic (PK) and pharmacodynamic (PD)
modeling. The models used available data from guinea pigs,
non-human primates (NHP) and humans. We developed
a PK compartmental model in humans, guinea pigs and
rhesus macaques. Then, an exposure-response model was
constructed to understand the relationship between BAT
exposure and response to BoNT. This model used available
post-exposure prophylaxis study information from guinea
pigs and rhesus macaque.
Exposure to BAT in humans was simulated using the PK
model for candidate scenarios. Survival probability in humans
was predicted based on the established exposure-response
model. We predicted that the probability of survival in
humans following exposure to all BoNT serotypes was more
than 93.1% following administration of one vial of BAT.
The FDA approved Botulism Toxin Heptavalent to treat
patients showing botulism symptoms following exposure
to the neurotoxin.3 BAT is the first instance of a plasma
derivative gaining FDA approval under the Animal Rule.
For more information, I presented this work at the 2013
Interagency Botulism Research Coordinating Committee as
a poster, “Exposure-Response Modeling and Simulation to
Support Human Dosing for Botulism Antitoxin Heptavalent
(A, B, C, D, E, F, G) – (Equine) or BAT.”4

Dose optimization for a treatment that
protects against smallpox in humans
Smallpox plagued humanity for millennia. The mortality
rate for this viral disease was as high as 30%. Long-term
complications of smallpox included disfiguring pockmarks
and blindness.
This highly contagious illness is caused by the variola virus,
a member of the orthopox virus family. There is no specific
treatment for smallpox. The only way to prevent it is through
vaccination.
Through heroic public health efforts, smallpox was globally
eradicated in the late 1970s. However, concerns remain
about its potential use as an agent of bioterrorism.
Tecovirimat is a small-molecule therapeutic for smallpox
prevention. We sought to determine its human efficacious dose.
To do so, we used efficacy studies in NHPs and PK/PD analysis.
The efficacy analysis used data from studies that evaluated
treatment following infection of NHPs with monkeypox virus
(MPXV).
Monkeypox virus is related to smallpox. Cynomolgus
monkeys infected with MPXV develop a smallpox-like
disease. We performed population PK modeling to
extrapolate from NHPs the effect of infection on tecovirimat
PK to humans. The models were developed using the
non-linear mixed effects modeling software, Phoenix NLME.

Using these biosimulation technology-enabled strategies,
we identified a dose of tecovirimat that should protect over
95% of the population. The US government has amassed
tecovirimat in the strategic national stockpile.5 For more
information, please read this paper by my colleagues,
Nathalie Gosselin, Samer Mouksassi, Nastya Kassir, and
JF Marier, in Antimicrobial Agents and Chemotherapy,
“Pharmacokinetic and Pharmacodynamic Modeling To
Determine the Dose of ST-246 To Protect against Smallpox
in Humans.”6

Join the biosimulation revolution
Biosimulation can influence every phase of the drug
development process. It has the power to help develop new
treatments for deadly diseases. By harnessing the power of
biosimulation, you can transform data into information and
information into knowledge.

References
1. Zombie Preparedness. (2015, April 10). Retrieved January 7,
2016, from http://www.cdc.gov/phpr/zombies.htm
2. Product Development Under the Animal Rule Guidance for
Industry. (2015, October). Retrieved http://www.fda.gov/
downloads/drugs/guidancecomplianceregulatoryinformation/
guidances/ucm399217.pdf
3. FDA approves first Botulism Antitoxin for use in neutralizing all
seven known botulinum nerve toxin serotypes. (2013, March 22).
Retrieved January 7, 2016, from http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm345128.htm
4. Hall C, Douglas C, Atnikov K, Menard AL, Marier JF, Beliveau M.
Exposure-Response Modeling and Simulation to Support
Human Dosing for Botulism Antitoxin Heptavalent (A, B, C, D, E, F,
G) – (Equine) or BAT. Presented at the 50th Annual Meeting of the
Interagency Botulism Research Coordinating Committee 9IBRCC);
November 2013, Annapolis, MD. http://www.certara.com/images/
uploads/files/IBRCC_POSTER_MBeliveau_2013.pdfAccessed 7
Jan. 2016.
5. Damon, I. K., Damaso, C. R., & McFadden, G. (2014). Are We
There Yet? The Smallpox Research Agenda Using Variola Virus.
PLoS Pathogens, 10(5), e1004108. http://doi.org/10.1371/journal.
ppat.1004108
6. Leeds, J. M., Fenneteau, F., Gosselin, N. H., Mouksassi, M.-S.,
Kassir, N., Marier, J. F., … Jordan, R. (2013). Pharmacokinetic and
Pharmacodynamic Modeling To Determine the Dose of ST-246
To Protect against Smallpox in Humans. Antimicrobial Agents and
Chemotherapy, 57(3), 1136–1143. http://doi.org/10.1128/
AAC.00959-12

33

A Clearer Crystal Ball: A Meta-Regression
Model Predicts TB Relapse
By: David Hermann

W

hat would you guess is the world’s most neglected
disease? I bet that you wouldn’t pick tuberculosis
(TB)— a disease that causes an estimated 9 million new
cases and 1.3 million deaths annually. This infectious
disease is caused by the bacterium Mycobacterium
tuberculosis. TB usually attacks the lungs, but can attack
any part of the body.
Patients infected with TB are typically treated with a
standard six-month course of multiple antimicrobial drugs.
It is quite difficult to get patients to adhere to this long
course of treatment. Often, patients will fail to complete
the entire drug course. This increases the likelihood of
relapse and antibiotic resistance developing. Thus, there
is an urgent need for shorter treatment regimens that
minimize the risk of relapse. In this blog post, I’ll discuss
how meta-regression modeling of relapse can inform TB
clinical trial design.

Predicting TB relapse
The gold standard for diagnosing TB is the sputum culture.
This test involves collecting sputum from a patient, putting
it in a lab container, and observing it for growth of TB
bacteria. If bacteria are observed, the culture is deemed
“positive” and is evidence that the patient is infected with
TB. “2 month culture status” refers to whether a patient’s
sputum is culture positive after two months of treatment.
Several studies have shown that 2 month culture status (a
common Phase 2 endpoint) can predict long-term relapse
(a common Phase 3 endpoint).1 This means that regimens
with higher rates of positive cultures after two months
of treatment also have higher rates of long-term relapse.
Unfortunately, the findings from these studies were not able
to be extended to informing the likelihood of success of
new shorter regimens in Phase 3 trials.

Informing the design of studies of new
TB regimens
In 2013, a study was published that used meta-regression
analysis to identify 2 month culture status and treatment
duration as independent predictors of TB relapse.2
Unsurprisingly, all things being equal, longer tuberculosis
treatment regimens have lower relapse rates than shorter
treatment regimens. The study used data from more than
7000 patients treated with more than 50 drug regimens of
various durations. These data were published from the early
1970s to the late 90s. Since this meta-regression analysis
used data from trials conducted decades ago, it was unclear
whether this model would be able to predict the relapse rates
of modern clinical trials enabling the translation from the
Phase 2 endpoint to the Phase 3 endpoint.
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To address this concern, we refined the 2013 model by
incorporating data from three recent Phase 3 trials that
evaluated treatment regimens with an abbreviated 4 month
duration. We then tested the model’s ability to predict the
proportion of patients that relapsed in recently completed
trials as well as a 2009 treatment shortening study. The test
of the model showed that the predicted relapse rates were
consistent with the observed relapse rates from historic data.
The use of pharmacometrics approaches—including
techniques such as meta-regression modeling — during drug
development has expanded greatly in recent years. I hope
that studies like ours will help inform trial design and decision
making to increase the likelihood of success for future TB
drug trials. By leveraging the power of model-based drug
development, we are taking an important step towards
eradicating the scourge of TB.
For more information, please read our recently published
PLOS ONE article, “Month 2 Culture Status and Treatment
Duration as Predictors of Recurrence in Pulmonary
Tuberculosis: Model Validation and Update.”3
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Using Biosimulation to Quantify the
PK of an anti-HIV Drug for Babies
By: Martin Beliveau

A

s a scientist at Certara and proud Dad to my three kids,
pediatric drug development is a topic that is near to my
heart. Clearly, children are not just “small adults.” They
require special consideration for their distinct physiology
during drug development. Likewise, for ethical reasons, it is
important to minimize children’s exposure to experimental
therapeutics. Biosimulation is an important tool that helps
maximize knowledge of drug safety and efficacy in pediatric
indications. In this blog post, I’ll discuss how we worked with
a sponsor to characterize the pharmacokinetics of a novel
long-lasting antiretroviral to help prevent mother-to-child
transmission (MTCT) of HIV.

Mother-to-child transmission of HIV remains
a global health problem
MTCT of HIV can occur during pregnancy, birth, or lactation.
According to the World Health Organization (WHO), without
intervention, the rate of MTCT ranges from 15-45%.1 MTCT is
the most common cause of HIV infection in children.2
Antiretroviral prophylaxis can drastically reduce MTCT to
less than 5%.3 The most widely used protocol calls for giving
the mother a single-dose of the nonnucleoside reverse
transcriptase inhibitor, nevirapine (NVP), at the onset of labor
and then, giving the infant a single dose shortly after birth.

Breast is best, but what if mom is HIV+?
While this protocol reduces MTCT by almost half,4 there
is still a significant risk of MTCT in breastfeeding infants
during the first six weeks of life.5 Thus, the U.S. Centers
for Disease Control and Prevention (CDC) recommends
that HIV+ mothers do not breastfeed their babies, and use
formula instead. Formula feeding is not feasible for most
HIV+ mothers in developing countries due to both the cost
of formula and a lack of safe drinking water with which to
prepare formula. The WHO recommends that babies born to
HIV+ mothers, who lack safe alternatives, receive daily oral
NVP until four to six weeks of age to prevent MTCT from
breastfeeding.6
Unfortunately, the success of this recommendation is
highly dependent on close adherence to the daily dosing
protocol. Previous research shows that it is very difficult
for patients to maintain compliance with frequent dosing
for long durations.7 To address these challenges, a sponsor
sought to develop the first injectable, sustained-release NVP
formulation that would provide, for six weeks or longer,
protective plasma drug levels from a single administration to
babies at birth.

A new formulation for long-acting NVP from
a single dose
Long-acting NVP consists of large, monodisperse NVP
particles coated with biocompatible polymers that control
drug release kinetics. In vitro assays suggested that these

formulations could exhibit burst-free, sustained release of
NVP for up to 75 days. Studies in rats showed no toxicity
related to the NVP formulation. I used Phoenix NLME to
characterize the pharmacokinetics of sustained-release
NVP in rats. Then, I used this data to simulate infant NVP
exposure from a single injected dose of the long-acting NVP
formulation. These data demonstrate preliminary feasibility
for this technique to maintain safe, effective NVP plasma
levels for six weeks or longer.

Implications for preventing HIV MTCT in
breastfeeding infants
Based on these results, the sponsor applied for and received
orphan drug designation from the FDA for NVP in preventing
pediatric HIV infection. I am excited about the potential of this
treatment to save the lives of some of the littlest patients in
regions of the world most affected by the HIV epidemic.
This work was recently published in the journal, Antimicrobial
Agents and Chemotherapy, as “Pharmacokinetics of Injectable,
Long-Acting Nevirapine for HIV Prophylaxis in Breastfeeding
Infants.”8
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Using Regulatory Writing to Tell Your
Drug’s Story
The drug submission and approval process involves 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, Certara’s regulatory writing consultancy, provides
strategic global regulatory writing support from pre-clinical through
life-cycle management.
Regulatory writing is a specialty that requires 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.
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Strategic Regulatory Writing for
Drug Development Success
By: Kelley Kendle

A

s the CEO for Synchrogenix, Certara’s regulatory
writing consultancy, I’ve been thinking a lot lately
about how changes in the regulatory writing landscape
will shape the drug development process in 2016. It’s
becoming more and more apparent that a well-thought
out approach to developing high quality submission
documents is essential to the successful development and
approval of new therapies. In this blog post, I’ll discuss
what regulatory writing encompasses as well as how to
turn it into a strategic asset.

Regulatory agencies expect high-quality
documentation throughout the drug
development process
As an investigational drug proceeds from pre-clinical
to clinical studies to approval, there is associated
regulatory documentation at each step. During preclinical development, there is often a need for reports
summarizing the results of pharmacological, toxicological,
and ADME studies. Presenting a pre-clinical program to
global regulatory authorities often requires developing:
• Pre-IND/Pre-CTA briefing documents and meeting
materials
• eCTD-compliant written and tabulated summaries
for Section 2.6 First Time in Man packages: Initial
Investigator’s brochures and FTIM protocols
• Strategic writing of Modules 1 through 5 of the IND
eCTD for reusability IMPD submission

Moving a candidate into clinical trials means
complex documentation and disclosure
requirements
Most people are familiar with the different types of clinical
regulatory documents including:
• NDA/MAA/BLA/ANDA
• Clinical study reports (CSRs)
• Narratives
• Protocols
Our experience and areas of expertise encompass Common
Technical Document (CTD) Modules 1-5 and global dossiers,
including development plans, investigator’s brochures,
protocols and CSRs, summary documents, briefing packages,
and documentation to meet ever growing transparency and
disclosure requirements.

There is often less familiarity with clinical trial transparency
initiatives. Over the past several years, regulatory agencies
have pushed the pharmaceutical industry to disclose more
and more information in the public domain. Therefore,
clinical trial registration and disclosure requirements detailed
in FDAAA and FDAMA have created an enormous volume of
work that many organizations are not equipped to handle.
As a result of seeing companies struggle to integrate these
requirements into their processes, we developed not only
the skill set, but also the process to integrate clinical trial
registration and disclosure into our clinical writing services.

What turns regulatory writing from a
commodity to a strategic asset?
Working with a great team is a pre-requisite to success in
any venture. At Synchrogenix, I’m proud to work with highly
skilled regulatory writers and editors. Our writers have an
average of 14 years of experience. This depth of experience
means that our team members know how to ask the right
questions to provide solutions in accordance with CTD
requirements and regulatory guidance.
Unlike many of our competitors, we are not a virtual
company. Our employees work in our offices in North
America, Europe, and Asia, facilitating our team-based
methodology and ensuring that our clients have access to
24/7 support.

Joining forces with ClinGenuity to better
serve our clients
One of the changes that I’m the most excited for is our
acquisition of ClinGenuity, the only artificial intelligenceassisted medical writing service in the pharmaceutical
industry. Our combined team will now include more
than 200 regulatory and medical writers with expertise
in document development for the U.S. Food and Drug
Administration (FDA), European Medicines Agency (EMA),
and other global regulatory organizations. Synchrogenix
has historically focused on regulatory writing services.
With this acquisition, we will broaden our capabilities to
develop clinical information for other audiences, including
health care providers, patients and the community. When
great leaders and companies combine to complement
and enhance each other, better services and unique ideas
emerge. I am confident that the combination of cutting-edge
technology, along with a dedicated team of highly skilled
and experienced writers, will help increase new drug and
medical device development efficiency, and thereby reduce
development cycle times.

Moreover, Synchrogenix has the experience and know-how to
take on large and complex projects, to develop and manage
the critical path, and to drive the team— including the sponsor,
other vendors and our writers and consultants— to delivery.
We are unmatched in this ability.
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Clinical Data Transparency Mandates
Are Reshaping Regulatory Writing
By: Keith Kleeman

E

uropean and U.S. clinical trial data transparency
initiatives — such as EMA Policy 70, — are creating additional
disclosure compliance requirements for pharma and biotech
companies. In this blog post, I’ll discuss the implications
of these data transparency initiatives and present how
Synchrogenix, a Certara® company, is addressing this
emerging business challenge.

What do clinical trial transparency
initiatives require?
These transparency initiatives have, at their core, the
distribution of clinical trial data for public consumption.
Clinical trial data typically are contained within regulatory
documents such as Clinical Study Reports (CSRs), Marketing
Application Submission Documents (NDAs, MAAs,
BLAs, etc.) and others. To achieve compliance with these
mandates, pharma and biotech companies will need
to redact and de-identify data sets in their clinical study
reports and submission documents, produce research
summaries suitable for a lay audience, and publish their
clinical study information publicly.

What type of sensitive information
requires redaction?
Sensitive information typically falls into one of three
categories:
• Personally Identifiable Information (PII) [such as names,
phone numbers, email addresses]
• Patient Protected Data (PPD) [subject or patient ID
numbers, event profiles, etc.]
• Company Confidential Information (CCI) [trade secrets
and protected IP not intended for public consumption].
These three critical categories of sensitive information must
be identified and then either redacted or removed PRIOR to
releasing the documents to the public.

Manual redaction: a slow, error-prone process
Currently, there are three options for transparency
compliance:
1. Fully manual process
2. Manual process aided by minimal technology
3. Artificial Intelligence based automated redaction
The manual process involves humans reading through
regulatory documents and manually redacting sensitive
information either with black marker, or using Adobe® Pro
redaction tools. This is the least effective option because
of its high potential for accidental disclosure. CSRs, and
other submission documents, can be up to 50,000 pages
in length. On average, there are 600 words
per page, or approximately 30 million words per CSR.
Even a standard, small prospective transparency initiative
would include roughly twenty five documents per year.
A human, in order to do this effectively, must review all
30 million words in each document to try and identify,
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on a case by case basis, sensitive information as defined
previously. On an annual basis, that would mean 750
million words accurately reviewed by humans. This is
simply not an option you should consider, and has proven
to be fraught with errors.

Manual redaction aided by minimal technology
is also plagued with problems.
Several companies have attempted to approach this problem
by assisting the manual process with rudimentary technology
“tools”. These tools almost always consist of Adobe Pro
Redaction tools with minor modifications. At best, they
incorporate a pattern matching regular expression tool. They
also tend to promote the ability to search and redact.
Even with these “tools,” the approach is still the same as the fully
manual process. Pattern matching and/or search functionality
WITHOUT artificial intelligence essentially reduces the tool to
a manual process. For pattern matching and search functions
to work effectively, the human driving the process would
need to pre-emptively know every possible name, phone
number, email address, subject ID, event term, etc. to enable
pattern matching or search functions to accurately locate and
redact this information. For example, with a search and redact
mechanism, an individual user begins by entering the term for
the tool to search for and then redact consistently throughout
the document. This is a useful tool only if the human knows
every possible name in the history of the world to search for. Or
every possible phone number or email address. Obviously, this
is not possible. Therefore, even manual redaction assisted with
rudimentary tools is still essentially a fully manual process that is
prone to the same pitfalls.

How Artiﬁcial Intelligence technology can help
meet transparency and disclosure demands
Artificial Intelligence (AI) engines are built on natural
language recognition. Thus, AI engines can identify
individual words, parts of speech, word combinations, and
phrasing combinations automatically to determine context.
ClinGenuity® AI engines are configured to automatically
identify PII, PPD and CCI the same way a human would
be trained on these definitions. The process of identifying
and redacting sensitive information, therefore, becomes
automated and significantly more accurate. AI-powered
redaction technology can also handle significantly more
volume than human options, and can also be deployed as a
durable long-term solution without the need for significant
oversight by the client.
Moreover, the automated redaction management capabilities
that power Synchrogenix® complement our existing
transparency services, which include registration, disclosure
documentation, and clinical lay summary development. The
combination of cutting-edge AI technology and an expert
team of medical writers results in a true end-to-end solution.
Our unique approach to regulatory writing helps our clients
meet global transparency requirements efficiently.

Improve Your Approach to Sharing
Clinical Trial Data
By: Kim Green

T

ransparency and disclosure of clinical trial data has been
a hot topic, growing in prominence and strategic discussions
over the past few years. Disclosing clinical trial information
and creating transparency around clinical trial results are
key steps toward increasing trust between the public and
the industry. Increased transparency regarding data about
ongoing research could spur new products or therapeutic
approaches and potentially avoid unnecessary trials.
From ClinicalTrials.gov to EudraCT, and from redacted
clinical trial reports to lay summaries, there are a number
of platforms and opportunities from which to share data
with the public. Pharmaceutical, biotech, and academic
researchers need to be conscious of the regulations, stay
ahead of the game, and put the most efficient practices in
place to keep up with the evolving disclosure landscape. In
this blog post, I’ll discuss why the best practices for meeting
these regulations involves leveraging the unique skill set and
knowledge of regulatory writing groups.

A 10,000 foot view of the regulatory landscape
The clinical study report (CSR) is a foundational document
in the drug development process. It presents the methods
and results of a clinical trial. A CSR also addresses the efficacy
and safety aspects of a drug and has a structure similar to a
peer-reviewed academic paper. Transparency and disclosure
regulations mandate sharing clinical trial data in documents
like CSRs with the public and scientific community. At
Synchrogenix®, part of Certara®, we focus on these areas:
• ClinicalTrials.gov: Section 801 of the Food and Drug
Administration Amendments Act (FDAAA) requires
sponsors to register studies and report study results
at this online database. The EMA has similar legislation
regarding posting clinical trial results summaries to
EudraCT- the European Clinical Trials Database.
• EudraCT and Redaction: European Medicines Agency
(EMA) Policy 70, Publication of Clinical Data for
Medicinal Products for Human Use, requires all CSRs
that support an approved marketing authorization are
made publicly available. To achieve compliance with
these mandates, academic institutions, pharmaceutical
and biotech companies will need to post results to
EudraCT and/or redact and de-identify data sets in their
clinical study reports and submission documents and
publish their clinical study information publicly.
• Lay Summaries: Clinical trial results summaries are
written in highly technical language that is not accessible
to the general public, including clinical trial volunteers.
Thus, lay summaries— brief, plain-language accounts
of a clinical trial’s design, objectives, and findings—
are critical to helping inform and educate clinical
trial volunteers. The Pharmaceutical Research and
Manufacturers Association (PhRMA) and European
Federation of Pharmaceutical Industries Association

(EFPIA) have made commitments to transparency
initiatives for layperson summaries. Likewise, there are
similar pending European Union requirements. With
increasing and impending regulation, sponsors are feeling
the pressure to proactively address the demands of
disclosure to the community.

Best practices for sharing clinical trial data
Over the years, I have seen clients assign the work of
meeting transparency and disclosure requirements to various
internal groups, usually the regulatory affairs or clinical
operations group. At first glance, this may seem to be a
logical, cost-saving choice. In reality, I can assure you that
it almost always ends up being more time consuming and
expensive than entrusting this work to regulatory writing
experts. Why is this?
By crafting all the documents required by the health
authorities, regulatory writers have the greatest command
of the clinical trial data which is subject to disclosure
requirements. Moreover, regulatory writing groups have a
deep understanding of all the nuances of the various laws
that clinical operations and regulatory affairs staff simply lack.
By entrusting this work to the experts, sponsors are able to
satisfy these requirements more quickly and with greater
peace of mind.
For instance, my team might work with a client that is
looking to meet regulatory requirements in both the US and
Europe. In this case, we can develop strategies that support
protocol registration and results disclosure to ClinicalTrials.gov
and EudraCT simultaneously and/or produce redacted clinical
documents and lay summaries, according to policy and
business rules. Writers familiar with the disclosure landscape
can quickly identify additional data that must be generated
for registration purposes (data outside of what is usually
produced for a CSR) while programming and biostatistics are
already supporting the project. And in addition, while time
lines and review teams are assembled, the disclosure activities
are already being taken into account. They are pre-planned,
rather than an after-thought or hand off to another group.
This integrated, streamlined approach helps our clients satisfy
compliance and consistency requirements to reduce risk and,
ultimately, save time and money in the long run.

Mastering the art of scientiﬁc communication
The challenges of communicating complicated science
to non-scientists was succinctly summarized by a quote
attributed to Albert Einstein:
“If you can’t explain it simply, you don’t understand it well
enough.”
Regulatory writers are experts in the art of scientific
communication. Our passion for educating clinical trials
volunteers dovetails perfectly with our partnership with the
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Center for Information and Study of Clinical Research
Participation (CISCRP)—an organization dedicated to
educating and informing the public and patients about
pharmaceutical research. This exclusive partnership was
forged to provide lay language clinical trial results to clinical
trial volunteers. Through this collaboration, Synchrogenix
significantly increases global medical writing capabilities
supporting an initiative that CISCRP pioneered four years
ago. This new partnership combines Synchrogenix’s
technology-enabled operational expertise and clinical writing
talents with CISCRP’s unbiased governance and dedication
to engaging patients and the public in the spirit originally
intended of the clinical research process. Indeed, more than
two dozen industry sponsors have begun implementing laylanguage communication programs with CISCRP. Partnering
with us enables CISCRP to dramatically expand their ability
to meet sponsor requests while ensuring non-promotional
and scientifically accurate communication through CISCRP’s
proven process and independent, neutral nonprofit status.

How will you comply with T&D mandates?
If you are struggling to integrate transparency and disclosure
initiatives into your organization’s processes, I hope that
you’ll consider the many benefits of working with a partner
with expertise in this area.
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Do the Right Thing: Ethical Mandates for
Clinical Trial Transparency

The Ethical Mandate
for Clinical Trial
Transparency

By: Kelley Kendle

T

he history of biomedical research in the United States has
long been plagued with ethical problems. Writer Rebecca
Skloot details a famous example of this history in her book,
“The Immortal Life of Henrietta Lacks.” The non-fiction work
recounts the origin of the HeLa cells— derived from the tumor
of a Baltimore woman named Henrietta Lacks. A poor, African
American woman, Lacks was suffering from cervical cancer
when she received treatment, including a tissue biopsy, at
Johns Hopkins University. Violating the principle of informed
consent, university researchers cultured the cells from Lacks’
tissue without her knowledge or permission. She succumbed to
her disease in 1951, at the age of 30.
The breach of trust in creating the eponymous HeLa cell line
caused lasting trauma to the Lacks family. Part of their distress
may have also been rooted in the failure of the research
community to share with them the incredible positive impact
that their mother’s cells had on biomedical research and health
outcomes. One of the things that may have brought them
a sense of closure was visiting the lab of a Johns Hopkins
University researcher to learn about his use of HeLa cells. Skloot
described the scene wherein Henrietta’s daughter, Deborah,
first saw a cryovial of HeLa cells:
“...she raised the vial and touched it to her lips. “You’re famous,”
she whispered. “Just nobody knows it.”
While ethical conduct of clinical research has improved
tremendously over the past sixty years, we can still do better.
When volunteers participate in clinical trials, they entrust
pharmaceutical researchers with their bodies. In return, we have
an ethical obligation to share with them the results of clinical trials.
Studies consistently show that 90% of clinical trial volunteers
expect to be told the overall results of their trial. Unfortunately,
most never hear anything back from the sponsor or research
center after the last study visit, leaving many volunteers
wondering if their participation mattered or was appreciated.
In this blog post, I’ll discuss our recent partnership with
the nonprofit Center for Information and Study of Clinical
Research Participation (CISCRP) to help pharmaceutical
companies “Do the Right Thing” by developing lay summaries
of clinical trial results to inform the general public.

Industries Association (EFPIA) have made commitments to
transparency initiatives for layperson summaries. Likewise,
there are similar pending European Union requirements.
With increasing and impending regulation, sponsors are
feeling the pressure to proactively address the demands of
disclosure to the community.

Supporting clinical data transparency initiatives
Synchrogenix® & CISCRP—an organization dedicated to
educating and informing the public and patients about
clinical research— have entered into an exclusive partnership
to provide lay language clinical trial results to clinical trial
volunteers. Through this collaboration, Synchrogenix,
Certara’s regulatory writing consultancy, significantly
increases global medical writing capabilities supporting an
initiative that CISCRP pioneered four years ago. This new
partnership combines Synchrogenix’s technology-enabled
operational expertise and clinical writing talents with
CISCRP’s unbiased governance and dedication to engaging
patients and the public in the spirit originally intended of
the clinical research process. Indeed, more than two dozen
industry sponsors have begun implementing lay-language
communication programs with CISCRP. Partnering with us
enables CISCRP to dramatically expand their ability to meet
sponsor requests while ensuring non-promotional and
scientifically accurate communication through CISCRP’s
proven process and independent, neutral nonprofit status.

Educating volunteers on clinical trial results,
increasing public trust and support

The ethical imperative to inform and educate
clinical trial volunteers

Over the past five years, CISCRP has developed and tested
a program to help sponsors address this unmet need.
Working through an editorial panel of medical and health
communications experts as well as patient advocates, CISCRP
“translates” the technical results of clinical trials into scientifically
accurate, non-promotional lay summaries written at a validated
6th-8th grade reading level. User- and field-testing in the
context of global trials shows that volunteers’ comprehension
of the trial results improves dramatically after independent
review of a lay-language summary, and over 90% of volunteers
indicate satisfaction with their level of understanding. The program
was recognized in 2013 with a Human Research Protection Best
Practice award by the Health Improvement Institute.

While clinical research volunteers want to know that their
participation mattered, it’s not easy for them to find out the
results of clinical trials. Section 801 of the Food and Drug
Administration Amendments Act (FDAAA) requires sponsors
to register and report results at ClinicalTrials.gov. However,
these trial results summaries are written in highly technical
language that is not accessible to the general public. There
is a need for an infrastructure that supports the creation
and distribution of lay summaries— brief, plain-language
accounts of a clinical trial’s design, objectives, and findings.

Synchrogenix’s medical writers will develop the text and images
for each lay summary, leveraging our artificial intelligence
technology platform, and implementing our quality control
processes to ensure data and message accuracy. CISCRP
will deliver a critical, unbiased review of the report, engage
and interact with investigative sites and manage production,
dissemination and communications of the report. Working
together, we have developed a consistent, sustainable delivery
model that will help to ensure that all the stakeholders in a
clinical trial are fully informed.

The growing call for public disclosure of
research results

Disclosing clinical trial information and creating transparency
around the data are key steps toward increasing trust between
the public and the industry.

The Pharmaceutical Research and Manufacturers Association
(PhRMA) and European Federation of Pharmaceutical
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Regulatory Writing Experts Can
Make You a Lean, Mean Pharma Machine
By: Kelley Hill

G

etting your body into shape has a lot in common with
helping implement regulatory medical writing best practices
at a biopharmaceutical organization. Specifically, there are a
number of similarities between engaging a regulatory writing
consultancy and hiring a physical trainer. Unlike “Hans and
Franz” of Saturday Night Live fame, who just want to “Pump
YOU up!”, a good physical trainer listens to your goals and
then develops a plan to help you achieve them. Likewise,
experienced regulatory and medical writers possess the
unique blend of talent— scientific acumen, oral and writing
communication skills, project management expertise, and
deep knowledge of the regulatory landscape— that can help
you develop a strategic roadmap for your drug.

Getting your drug to market is a marathon,
not a sprint
Do you ever feel daunted by the many documents required
by regulatory agencies during the course of a drug’s
development? Let’s walk through some of the major
steps in the process to see where sponsors frequently get
tripped up by inadequate planning. The need for clinical
documentation starts with the Investigational New Drug
(IND)/Clinical Trial Application (CTA) package. At this point,
the goal of your group preparing the clinical package is to
get your compound into the clinic for First In Man trials.
When considering later milestones— end of Phase 2, the
New Drug Application (NDA), post marketing requirements,
it’s easy to adopt the mindset of “we are so busy right
NOW, we will deal with all that later.” Big mistake.

The beneﬁts of early planning
Pharma companies, especially small biotechs, often wait to start
planning their regulatory writing strategy until their product is
already in the clinic. This understandable, but ultimately, short
sighted view, can end up costing lots of time and money in
the long run for a single, often overlooked reason. The clinical
information created in these early documents will follow you
through the entire lifecycle of your product. You can re-use
this information in different documents and/or media down the
road to save yourself valuable time.
Just how many places could the information contained in
the IND/CTA package reappear? The clinical study report
(CSR) is an obvious one, but there are lots more. Your group
may be required to provide annual reports. Likewise, as your
drug is being evaluated in Phase I studies, you may need to
present an annual comprehensive review and evaluation
of safety information— the Development Safety Update
Report (DSUR). You may want to publish the hard earned
findings of your clinical research as publications in peerreviewed academic journals. In addition, you have to address
transparency and disclosure mandates such as Section 801
of the Food and Drug Administration Amendments
Act (FDAAA), which requires registering studies and reporting
trial results. The European Medicine Agency (EMA) has similar
legislation regarding posting clinical trial results summaries to
EudraCT- the European Clinical Trials Database. Finally, this
information has to go into briefing packages and your final
submissions.
Why in the world would you want to recreate all this
information from scratch for each and every one of these
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documents? It seems hard to fathom, yet I have seen
sponsors fall into this trap time and time again.

Common reasons sponsors get oﬀ track
I’ve noticed that there are a couple reasons why sponsors
often miss the opportunity for developing a comprehensive
regulatory documentation plan:
1. Failure to think through a regulatory strategy when
creating the first clinical trial protocol
2. Not having the right people involved in the initial development of clinical documentation- like medical writers
3. A lack of forethought for how the information you
are creating today will set the foundation for future
documentation and how regulatory agencies may view
your drug
There are many different stakeholders that you need to gain
buy in from to support a drug’s approval. Regulatory agencies
are an obvious one, but there are many others. Potential
collaborators. Health care professionals. Key opinion
leaders. Potential investigators. And most importantly,
the patients who will benefit from your drug. Will your
clinical documentation satisfy all their different concerns
and priorities? If you are not creating consistency in your
messaging, somebody will be paying attention!

Formulating a game plan
Here are a couple of ideas that I’ve found helpful in developing
and executing an efficient and effective plan for managing the
flow of clinical information throughout the drug development
lifecycle.
• Create a map that shows where information can be reused
or adapted for other required documents
• Develop templates that can help facilitate reuse of
information. This has the added benefit of helping to
ensure consistency in messaging, no matter who is
creating the actual documents.
• Make sure that you have the right people working on
the project from the very beginning who have the vision
of the desired end result. As the adoption of biosimulation
for drug development expands, so too does the need
to integrate it into the documentation submitted to
regulatory agencies. Biosimulation— also known as
model based drug development— includes
physiologically-based pharmacokinetic (PBPK) and
pharmacokinetic-pharmacodynamic (PK/PD) modeling.
This methodology is emerging as not just an internal
decision making aid to reduce expenses and time, but also
as an ethical imperative to optimize the number of
subjects exposed to newly tested therapies. Does your
writing team have the experience and knowledgebase
needed to clearly justify a biosimulation approach to the
agency?

Using biosimulation and strategic medical
writing to get your drug across the ﬁnish line
Certara’s medical writing consultancy, Synchrogenix,
has successfully helped dozens of clients obtain drug
approvals using this approach. Having technology-enabled
pharmacometricians and strategic medical writers as part of
a sponsor’s team will improve their chances of success.

Is Your Approach to Regulatory
Writing the Elephant in the Room?
By: Steve Sibley

I

’ve helped many clients navigate the world of regulatory
writing to gain drug approvals. Our clients’ challenges remind
me of the parable of the elephant and the blind men. If
you’re not familiar with the story, it goes like this:
A group of blind men hear that an elephant has arrived in
their village. Being blind, they have no idea what an elephant
is. So, they decide to go and touch it. The blind men describe
what they feel as the following:
Hey, the elephant is a pillar,” said the first man who
touched his leg.
“Oh, no! It is like a rope,” said the second man who
touched the tail.
“Oh, no! It is like a thick branch of a tree,” said the third
man who touched the trunk of the elephant.
“It is like a big hand fan” said the fourth man who touched
the ear of the elephant.
“It is like a huge wall,” said the fifth man who touched the
belly of the elephant.
“It is like a solid pipe,” Said the sixth man who touched the
tusk of the elephant.
They began to argue about the elephant, and every one of
them insisted that he was right. A wise man was passing by
and he saw this. He stopped and asked them, “What is the
matter?” They said, “We cannot agree to what the elephant
is like.” Each one of them told what he thought the elephant
was like. The wise man explained to them, “You are all
correct. Every one of you is telling it differently because you
each touched a different part of the elephant. So, actually,
the elephant has all those features that you all said.”
My clients are bright, talented individuals. They are
committed to bringing innovative new therapies to
patients. But, working in silos means that they do not have
perspective on the entire process. A full service regulatory
writing team can help them increase their efficiency and
profitability.

Telling your drug’s story
You put blood, sweat, and tears into developing a new
treatment for patients. But, regulatory agencies don’t see
all your years of hard work. They only see the documents
that you submit. These documents must guide the reviewer
through the research demonstrating the drug’s safety/efficacy
profile.
Companies often assemble teams lacking experience bringing
a drug to market. Engaging a partner experienced with the
entire regulatory process can reduce time lines and expenses.
This partner can help drive your team to success by:

Meeting your partner’s team
Who are the players on your partner’s team? How do they
work together to support drug approvals?
• Project leads: They assess the requirements of each
project. They work with consultants to develop detailed
plans to address your deliverables and deadlines. Then,
they hand pick the team that matches the skills necessary
for each particular job.
• Regulatory writers: They form the foundation of the team.
Regulatory writers complete all documents to time,
budget, and quality. Superior writers have strong writing
and editing skills. They often have advanced scientific
degrees and know the requirements of regulatory
documents. Regulatory writers vary widely in their
experience and skills. They are chosen to support
particular documents based on their skill set.
• Submission leads: This team member knows best
practices for crafting regulatory documents. He designs
the story board and works with the team to transition
the target product profile (TPP) to the proposed product
label. He sets strategic messaging and ensures consistency
across the program. He also leads and facilitates
discussions between the sponsor and writing team. In
addition, the submission lead suggests the best ways to
present data and guides document reviews. He might even
suggest an innovative analysis strategy.
• Subject matter experts: Some writers have extensive
experience in a specialized aspect of drug development.
These writers might know a lot about documents for
pediatrics or rare diseases. Others specialize in a certain
therapeutic areas such as oncology or infectious disease.
A subject matter expert can provide advice on the same
challenges your drug may be facing.
• Document quality associates: This team member
conducts a rigorous in-house quality-control check.QA/
QC ensures that writers perform work right the first time.
We maintain an internal database of styles, templates, and
guidelines. It includes best practices required by regulatory
bodies and by specific clients. This database gives us an
unrivaled advantage in:
o Managing client requirements
o Ensuring adherence to guidelines
o Keeping writers and editors current on industry best
practices.
Partner with a regulatory writing services team early in your
planning to reap all of these benefits.

• Planning the approach early in development
• Organizing the team’s collective knowledge into briefing
documents and submissions
• Managing questions from health authorities
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