
and ensuring the safe and effective use of
medications in children should remain a
shared a priority for all.
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innovative therapies for patients through 1) rational dose selec-
tion for pivotal trials; 2) reduced trial-burden for vulnerable popu-
lations; or 3) simplified posology. Critical success factors were
proactive stakeholder engagement, alignment on the value of
model-informed approaches, and utilizing foundational clinical
pharmacology understanding of the therapy.

Quantitative pharmacology (QP) discovers
and confirms the key drug characteristics
to provide clear, reproducible, and predic-
tive evidence for optimizing drug develop-
ment plans, enabling critical decision-
making, and eventually bringing safe and
effective medicines to patients.1 These
modeling approaches include empirical,
semimechanistic, or quantitative systems
pharmacology modeling techniques with
the aim to integrate current knowledge
regarding the drug, disease, and mecha-
nism, and then to predict (interpolate or
extrapolate) outcomes under new condi-
tions such as untested doses and regimens,
populations, or diseases.2 As part of the
model-informed drug discovery and devel-
opment paradigm, QP methods can be
employed in all phases of the drug develop-
ment process from biomarker selection in
translational medicine to dose/regimen
selection, evidence generation for regula-
tory approval, and for extrapolation or
pharmacoeconomic assessment during
therapeutic use.2

Application of QP has been advocated
to play an important role in delivering new
therapies to patients faster by increasing
confidence in decision-making during drug
development and by increasing efficiency
through eliminating costs or reducing cycle
times. However, most reports to date have
summarized the return on investment of
using QP approaches primarily in the
domain of cost savings and efficiency
gains.2–4 Here, we describe the potential of
QP approaches to accelerate patient access
to innovative therapies.
Although QP approaches are ardently

supported by QP practitioners and their
department heads, widespread and consis-
tent appreciation of the value of QP in
bringing novel therapies quicker to patients
at the right dose is still lacking in the wider
community of the pharmaceutical industry
and healthcare providers. We think that
this gap in appreciation and adoption by the

wider community of stakeholders and
decision-makers can be bridged through bet-
ter communication designed to convey the
value of such QP approaches from a patient
access and healthcare perspective,2 coupled
with wider adoption of good practices
among the communities of practitioners.5

IMPACT AND INFLUENCE INITIATIVE
With this goal in mind, the Impact and
Influence Initiative of the QP Network of
the American Society for Clinical Pharma-
cology and Therapeutics (ASCPT) crowd-
sourced a compendium of case-examples
demonstrating the innovative applications
of QP throughout the drug development
process. Thirty-seven case-examples were
received and grouped into five application
areas: Translational Medicine, Drug Devel-
opment Decision-making, Regulatory
Decision-making, Therapeutic Use, and
Cost-effectiveness & Differentiation, illus-
trating the positive impact and tangible
value of applied QP in an easily understood
and educational format (details are pro-
vided in Supplementary Material). From
this compendium, eight examples were
identified in which QP enabled faster
access to innovative medicines for patients
through rational dose regimen selection for
pivotal registration trials, reducing trial
burden for vulnerable populations, or sim-
plification of dosing (posology) for patients
and healthcare providers during therapeu-
tic use expansion of the novel therapy (see
Table T11 for details on case studies, and
Figure 1 as a graphical illustration).

RATIONAL DOSE SELECTION FOR
PIVOTAL REGISTRATION TRIALS
QP played a critical role in accelerating
access to novel medicines by incorporating
information from all available trials, allow-
ing to select optimal doses and dosing regi-
mens for pivotal confirmatory trials based
on exposure-related benefit/risk analysis. In
addition, QP approaches were utilized to

seek regulatory approval for a dose that
had not been tested in a pivotal trial.
Consider the case of the interleukin-17A

antagonist secukinumab for the treatment
of psoriasis, where mathematical modeling
of integrated data from all phase I and II
studies gave the team the confidence to
select dosing regimens for the phase III tri-
als that had not been tested previously.
Phase III confirmed the positive benefit–
risk for the QP-informed dosing regimens,
which were subsequently approved. A key
learning from this successful application of
QP was that both long-term planning, as
well as involvement and commitment from
colleagues with a range of skill-sets (clini-
cians, statisticians, biologists, modelers,
etc.) was required for building and applying
the model, in combination with building
trust with the stakeholders and decision
makers about the predictive capabilities of
the model.
Similarly, for naloxegol, a selective opioid

receptor antagonist for treatment of
opioid-induced constipation, an untested
lower dose than what had previously been
tested was brought into phase III based on
a QP approach that predicted an improved
benefit–risk for the lower dose. The model-
ing approach here reduced the number of
doses tested and increased the probability
of success of the pivotal trial.
In an even more impactful example,

pembrolizumab, a potent antibody against
PD-1 receptor, was approved in the early
days for ipilimumab-na€ıve metastatic mela-
noma patients at a 2mg/kg Q3W dose.
This dose, however, was not studied in the
pivotal trial, but justified through inte-
grated analysis of the totality of the data
from available trials at the time. Since then,
the label has been updated with respect to
a fixed dose posology of 200mg and addi-
tional indications.
In each of these three case examples,

application of a model-informed approach
for dose selection and justification enabled
patients to have access to the medicine ear-
lier (�0.5–1 year, estimated by case-study
owners) than using a solely data-driven
approach.

REDUCING TRIAL BURDEN FOR
VULNERABLE POPULATIONS
Special populations such as pediatrics have
immensely benefited from QP with model-
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informed selection of starting doses and
trial designs leading to reduced burden on
pediatric patients by optimizing the infor-
mation gained in small sample sizes. These
benefits are clearly demonstrable for drugs
like raltegravir (for neonates), ivabradine
(in pediatrics), and eslicarbazepine acetate
(ESL, for children 4–17 years).
Consider the case of raltegravir, an anti-

retroviral to treat HIV infections, which is
in development for the neonatal popula-
tion. Neonates undergo dramatic changes
in metabolic enzyme maturation in their
first weeks of life. In an adaptive design,
with very limited pharmacokinetic (PK)
data in a small number of neonates, the
PK profiles of neonates after dosing were
modeled to quantify and understand the
impact of a dramatic age-related change in
clearance of raltegravir. With this under-
standing, the team proposed two changes
in dose regimen to achieve the desired
exposure in newborns. This approach abro-
gated the need for sequential dose-ranging
and confirmatory studies which typically
take 3–4 years to complete. Thus, an inte-
grative model-informed approach acceler-
ated the availability of treatment for a

vulnerable population that is extremely dif-
ficult to study using traditional clinical trial
designs.
A similar example with ivabradine shows

that modeling defined a lower weight-
normalized starting dose in younger chil-
dren suffering from chronic heart failure
based on drug exposure, avoiding the risk of
bradycardia related to supratherapeutic
exposure. In older children, a higher weight-
normalized dose with quicker titration was
selected that avoided a lengthier study with
unnecessary periods of ineffective subthera-
peutic exposure.
For eslicarbazepine acetate, a modeling

and simulation approach was made to gain
approval for use in the pediatric population
ranging from 4–17 years through extrapola-
tion of drug exposures. After determining
the pharmacokinetics in children, the team
predicted the dosing regimen that provides
similar drug exposure in pediatric patients 4
years of age and older and in adult patients
with Partial Onset Seizures (POS). In such
a way, this modeling replaced an indepen-
dent pediatrics efficacy study, and thereby
allowed earlier access for pediatric patients
with POS.

In an era where serving the pediatric
population is of utmost importance, these
examples demonstrate how quantitative
pharmacology can help us fulfill that goal
more rapidly, while reducing the risk of
either over- or underdosing these vulnera-
ble patients in the context of the study.

SIMPLIFIED DOSING FOR PATIENTS
AND HEALTHCARE PROVIDERS
QP has been instrumental in simplifying
dosing for both patients and healthcare
providers. For example, the flat dosing
regimen for nivolumab, a fully-human
anti-PD1 monoclonal antibody for the
treatment of a variety of cancers, shortens
drug preparation time and improves ease of
administration. Integrated modeling and
simulation of phase I–III data played a crit-
ical role in demonstrating that the antitu-
mor activity plateaued at 3mg/kg, and that
the initially approved 3mg/kg Q2W body
weight-based dosing could be safely
replaced with a 240mg nivolumab flat
dose without generating new clinical data.
The approval of the flat dose resulted in
self-estimated savings of �2 years in bring-
ing simplified prescribing, shortened

Figure 1 Quantitative pharmacology (QP) is an enabler for faster access to innovative medicines as described through case studies. For the first registra-
tion of a novel therapy, QP can accelerate patients’ access through rational dose regimen selection for the pivotal registration trials by a self-estimated
�0.5–1 year. Moreover, QP can facilitate reducing trial burden for vulnerable populations through effective translation of efficacious concentrations
between adult and children and bringing the treatment options �1–4 years earlier to children. Finally, QP can enable simplification of dosing (posology)
during therapeutic use expansion of a novel therapy. Solid understanding of the clinical pharmacology of the novel therapy, integrated into model-
informed knowledge, effective communication of QP learnings and results to project teams and stakeholders, and alignment on the value of model-
informed learnings by decision makers are all critical factors for QP to impact and influence the drug development process and ultimately bringing novel
therapies faster to patients at the right dose.
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manufacturing time, and, most important,
ease of administration to patients and
healthcare providers for several cancer indi-
cations. As with other examples, this work
required proactive planning and a clear
understanding of the PK properties of the
drug, together with the relationship of
exposure to both efficacy and tolerability.
Similarly, modeling of early clinical data

for ixazomib, an oral agent for the treat-
ment of multiple myeloma, showed that
there was no relationship between clear-
ance and body surface area (BSA), sugges-
ting that a fixed dose could be more
appropriate. Based on these findings, phase
III studies were conducted with a fixed
dose, ultimately reflected in global labeling.
Thus, QP has played a key role in simpli-

fied dosing for multiple drugs across a vari-
ety of indications, leading to reduced pill
burden for patients (for oral therapies) and
potentially lower dosing errors through sim-
plification of infusion preparation for
healthcare providers. Moreover, both exam-
ples also helped challenge the established
belief of BSA or a body weight-based dose
being the norm in oncology—a paradigm
shift that may further accelerate simplified
treatment options for cancer patients.

COMMON ENABLERS OF SUCCESS
As with most success stories in drug devel-
opment, these examples all took substantial
time, expertise, planning, and collabora-
tion. Several common characteristics could
be identified that helped the modeling
teams to impact decisions by the broader
project team, as illustrated in Figure 1. For
all case studies, it was crucial for modeling
teams to build confidence in the techni-
ques internally, through proactive discus-
sions during strategic planning, clear
communication of the value proposition,
alignment on the approach, and

exploratory analysis to demonstrate poten-
tial benefits. Also, early advisory interac-
tions with regulators were found to be
critical to achieve alignment on the
approach. Furthermore, robust characteri-
zation of intrinsic and extrinsic factors
impacting relationships between drug levels
and efficacy/safety were crucial for develop-
ing quantitative frameworks to maximize
the value of information and enable extrap-
olation of benefit/risk across settings of
clinical use. Finally, regular, open, and hon-
est communications with team members
regarding the strengths and weaknesses of a
model-informed approach were found to
be a critical ingredient to the successful
outcome demonstrated in these examples.
Here it is equally important for modelers
to be able to explain their work and its
impact in clear, concise language, as it is for
decision makers to request project teams to
bring forward these approaches to ensure
the most cost-effective and ethical way to
bring novel therapies to patients.
The value proposition for QP as a core

enabler for patient-centric therapeutic
development is clearer than ever in the
context of value-based healthcare. An orga-
nizational culture of commitment to a QP
paradigm as an integral component of asset
strategy and decision-making is founda-
tional to accelerating the availability of
innovative therapeutics with rational and
simplified dosing and optimized benefit/
risk across patient subsets and clinical con-
texts of use

Additional supporting information can be
found in the online version of this article.

ACKNOWLEDGMENTS
The authors thank each of the many contribu-
tors to the individual case studies mentioned
in this article. Also, the ASCPT QP network

leads, Anne C. Heatherington, Karthik Venka-
takrishnan, and Sriram Krishnaswami are
gratefully acknowledged for sponsoring the ini-
tiative and for their inspiring discussions dur-
ing this work.

CONFLICT OF INTEREST
All authors are employees of the stated compa-
nies, and have nothing to disclose beyond their
affiliation. Details of the work described in case
studies are referenced in the Supplemental
Material.

AUTHOR CONTRIBUTIONS
S.N. and S.V. wrote the article. O.S., N.A.-H.,
D.A., A.C., M.C., S.S., S.A., and N.G. were con-
tributors to case study details. All authors care-
fully reviewed and approved the final article.

VC 2018, The Authors Clinical Pharmacology &
Therapeutics published by Wiley Periodicals, Inc.
on behalf of American Society for Clinical Phar-
macology and Therapeutics

This is an open access article under the terms
of the Creative Commons Attribution-NonCom-
mercial-NoDerivs License, which permits use and
distribution in any medium, provided the original
work is properly cited, the use is non-commercial
and no modifications or adaptations are made.

1. Zhang, L. et al. Model-based drug
development: the road to quantitative
pharmacology. J. Pharmacokinet.
Pharmacodyn. 33, 369–393 (2006).

2. Marshall, S. et al. Good practices in model-
informed drug discovery and development
(MID3): practice, application and
documentation. EFPIA MID3 workgroup. CPT
Pharmacodynamics Syst. Pharmacol. 5, 93–
122 (2016).

3. Milligan, P.A., Brown, M.J., Marchant, B.,
Martin, S.W., van der Graaf, P.H. & Benson,
N. Model-based drug development: a
rational approach to efficiently accelerate
drug development. Clin. Pharmacol. Ther.
93, 502–514 (2013).

4. Allerheiligen, S.R. Impact of modeling and
simulation: myth or fact? Clin. Pharmacol.
Ther. 96, 413–415 (2014).

5. Visser, S.A., Norton, J., Marshall, S.
& O’Kelly, M. Common best practice
in modeling & simulation across
quantitative disciplines: a comparison
of independently emerging proposals.
Stat. Biopharm. Res. doi: 10.1080/
19466315.2017.1385520 (2017) [Epub
ahead of print].

PERSPECTIVES

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 103 NUMBER 3 | MARCH 2018 383

 15326535, 2018, 3, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1002/cpt.978, W

iley O
nline L

ibrary on [27/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

info:doi/10.1080/19466315.2017.1385520
info:doi/10.1080/19466315.2017.1385520

	l



