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Application Overview
• Dose optimization
– General population
– Subgroups
– Post-approval (PMR/PMC)
• Efficacy
– Supportive evidence of effectiveness
– Increased patient access
• Safety
– Specific population
• Trial design
– IND
• Policy change
– QT/QTc interval prolongation and proarrhythmic risk
– Extrapolation of anti-epilepsy drugs efficacy from adult to pediatric patients
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Case 1: Paliperidone

Dose Optimization for General Population
• Indication: schizophrenia (monthly long acting injection formulation)
• Review issue: none of the studied regimens in phase 3 trials was
optimal
– All regimens were efficacious compared to placebo
– One death at the highest dose and dose-dependent safety concerns

• Approach: population pharmacokinetic (PK) model and exposureresponse model analyses
– Target exposure: extended-release tablet (approved QD regimen)

• Outcome: an optimal regimen was derived and approved

– PK simulations led to recommendations for dosing window, strategy for
handling missing dose, switching from prior treatments, dosing regimen for
special patients
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https://www.educationaldoseillustrator.com/pp1m/schizophrenia
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https://www.educationaldoseillustrator.com/pp1m/schizophrenia
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Case 2: Edoxaban

Dose Optimization for Subgroups
• Indication: stroke and systemic embolism
• Review issue: different risk/benefit ratios in different subgroups

– Post-hoc subgroup analyses showed patients with normal renal function could not
achieve favorable risk/benefit even though both dose groups met NI margin relative to
warfarin on efficacy, superior on major bleeding

• Approach: exposure-response model analyses (safety and efficacy)

– In healthy subjects with normal renal function, renal clearance accounts for 60% of the
total clearance of edoxaban
– Low drug exposure in patients with normal renal function

• Outcome: different dose regimens were approved for patients with different
renal functions
– Do not use edoxaban in patients with CrCL > 95 mL/min
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Phase 3 Results

https://wayback.archive-it.org/7993/20170405211258/https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/CardiovascularandRenalDrugsAdvisoryCommittee/UCM421612.pdf

9

Application Overview
• Dose optimization

– General population
– Subgroups
– Post-approval (PMR/PMC)

• Efficacy

– Supportive evidence of effectiveness
– Increased patient access

• Safety

– Specific population

• Trial design
– IND

• Policy change

– QT/QTc interval prolongation and proarrhythmic risk
– Extrapolation of anti-epilepsy drugs efficacy from adult to pediatric patients
10

Dose Optimization PMC/PMR
Drug
Ponatinib
Vandetanib
Cabozantinib
Adalimumab
Mozobil

Herceptin
Ado-trastuzumab
emtansine
Ipilimumab
Omacetaxine
mepesuccinate
Radium Ra 223
dichloride

Indication
Chronic myeloid
leukemia
Medullary thyroid
cancer
Medullary thyroid
cancer
Ulcerative colitis
Mobilize
hematopoietic stem
cells
GI cancer
Metastatic breast
cancer
Melanoma
Chronic myeloid
leukemia
Prostate cancer

PMC/PMR
PMR

Goal
Lower dose

PMR

Lower dose

PMR

Lower dose

PMR
PMC

PMR
PMC

Higher dose
Higher dose in low
body weight
patients
Higher dose
Higher dose

PMR
PMR

Higher dose
Higher dose

PMC

Higher dose
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Dose Optimization PMC/PMR

12
Is This the Dose for You?: The Role of Modeling, S-M Huang, A Bhattaram, N Mehrotra and Y Wang, Clinical Pharmacology & Therapeutics (2013); 93 2, 159–162
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Case 3: Everolimus

Supportive evidence of effectiveness
• Indication: prevention of rejection in liver transplantation
• Review issue: unique trial design for ethical reasons made it
impossible to calculate non-inferiority (NI) margin based on
methods recommended in the FDA NI guidance
• Approach: an innovative model-based exposure-response
method was applied to derive a conservative NI margin based
on the control arm data from the phase 3 trial
• Outcome: totality of evidence was applied to reach the final
approval decision
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Publications

15
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Story Translated to Chinese by NMPA

Office of Statistics and Clinical Pharmacology
Center for Drug Evaluation of NMPA
http://www.sohu.com/a/223806858_324204
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Case 4: Boceprevir and Telaprevir
Efficacy: Increased Patient Access

• Indication: HCV
• Review issue: given the convincing efficacy results of both drugs
in the treatment-naïve HCV patients, can the drugs be approved
in experienced patients (one subgroup not studied)?
• Approach: bridging pharmacometric analyses
– No resistance to peginterferon/ribavirin

• Outcome: regimens were approved for all patients
– Shorter regimen was approved for one subgroup
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Two Advisory Meetings

https://www.medscape.com/viewarticle/741821
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Publications and Praise from Experts

“However, neither scholars nor soothsayers alike would
have accurately predicted the final labeling
recommendations that accompanied the approval by the
U.S. Food and Drug Administration (FDA).”
“The logic and elegant analyses encompassing CDER
regulatory science and AIMS are evident in the current
articles that synthesize (or “bridge”) data from multiple
datasets provided to them by pharmaceutical sponsors
(Merck and Vertex, in this case), made several assumptions,
weighed risks and benefits, and then developed modified
treatment algorithms that do not completely mirror those
regimens studied in phase III trials.6, 7 These analyses have
far‐ranging implications for patients, clinicians, and for
clinical investigators.”
20

Many More Examples
Drug
Clevidipine
Paricalcitrol
Paliperidone ER
Mirabegron
Pralidoxime
Zosyn
Trileptal
Topomax
Busulfan
Canakinumab
Raxibacumab
Boceprevir
Telaprevir
Danuravir
Epinephrine
Nexium IV
Levocetrizine
Danuravir
Sofosbuvir
Dapagliflozin
…

Indication
Acute hypertension
Hyperthyroidism associated with chronic renal failure
Adolescent Schizophrenia
over-reactive bladder
Chemical poisonings for peds
Intra-abdominal infections
seizure
seizure
chronic myelogenous leukemia
Cryopyrin-Associated Periodic Syndromes
Inhalational Anthrax
HCV
HCV
HIV
severe allergic reactions
GERD patients with a history of erosive esophagitis
allergic rhinitis
HIV
HCV
Diabetes
…
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Dose Adjustment Based on Models

Physiologically based pharmacokinetic modeling: from regulatory science to regulatory policy, Sinha V, Zhao P, Huang SM, Zineh I, Clin Pharmacol Ther. 2014 May;95(5):478-80
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Case 5: Obeticholic Acid (OCA)
Safety in Specific Population

• Indication: primary biliary cholangitis (PBC)
• Review issue: given the increased plasma exposure level for patients
with hepatic impairment, should the dose be reduced?
– Based on physiologically based pharmacokinetic modeling (PBPK)
predictions of liver (tissue) concentration, the applicant suggested no dose
adjustment for patients with hepatic impairment

• Approach: exposure-safety analyses
– Uncertainty of the relevance of tissue concentration for multiple safety
endpoints

• Outcome: a reduced dose was approved for this specific subgroup
24

FDA Warning Letter

https://www.fda.gov/Drugs/DrugSafety/ucm576656.htm
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Case 6: Compound X
IND Trial Design

• Proposed indication: type 2 diabetes mellitus
• Review issue: polymorphism in metabolic enzyme and large
variability in drug exposure among patients leading to different
responses (efficacy and safety)

– how to manage a genotypic influence on drug clearance in dose selection
for Phase III trial design

• Approach: dose-exposure-biomarker-surrogate models
– Data from other compounds were leveraged
– Clinical trial simulation (in silico clinical trials)

• Outcome: recommendations related to dose levels, dosing
frequency, time to select phase 3 dosing regimen and trial design
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Case 7: Evolution of Concentration-QTc Analysis
• QT/QTc prolongation risk should be thoroughly assessed for all new
molecular entities
• Guidance: E14 Clinical Evaluation of QT/QTc Interval Prolongation and
Proarrhythmic Potential for Non-Antiarrhythmic Drugs
• Analysis methods
– Intersection union test (E14 primary before December 2015)
– Concentration-QTc analysis (E14 supportive or primary after December, 2015)

• Dedicated thorough QT study (TQT) versus typical phase 1 studies

29

Evidence to Support ICH E14 Updates
• More than 10 years experience of concentration-QTc analysis
– Good concordance between concentration-QTc and central tendency analysis

• IQ-CSRC prospective study
– Successfully characterized the QTc effect based on concentration-QTc analyses for
5 ‘QT-positive’, 1 QT negative well known drugs

• Concentration-QTc analyses for data subsampled from TQT
studies
• PK/PD simulation to evaluate effects of study design, sample
size, dose range, ECG variability on concentration-QTc analyses
30
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Case 8: Extrapolation of Anti-Epilepsy Drugs (AED)
Efficacy from Adult to Pediatric Patients
• Collaboration among Pediatric Epilepsy Academic Consortium on
Extrapolation (PEACE), University of Maryland and FDA
• Efforts to make pediatric drug development more efficient
• Full extrapolation already applied for monotherapy of partial onset
seizures (POS)
• To support full extrapolation for adjunctive therapy of POS
– Analysis of existing data (7 drugs) to demonstrate similar exposure-response
relationship between adult and pediatric patients
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New Policy
• Division of Neurology Products has determined that it is acceptable to extrapolate to
pediatric patients 4 years of age and older the effectiveness of drugs approved for
the treatment of partial onset seizures (POS) in adults.
• Required information to support an indication for the treatment of POS in patients 4
years and older that relies upon extrapolation:
– Approved indication for the treatment of POS in adults.
– A pharmacokinetic analysis to determine a dosing regimen that provides similar drug exposure (at
levels demonstrated to be effective in adults) in pediatric patients 4 years of age and older and in
adult patients with POS. This analysis will require pharmacokinetic data from both the adult and
pediatric (4 years of age and older) populations.
– Long-term open-label safety study(ies) in pediatric patients 4 years of age and older.
33

New FDA Guidance
“Systematic and quantitative analyses conducted by FDA, using data from
clinical studies of drugs approved for the treatment of POS in both adults
and pediatric patients, have shown that the relationship between exposure
and response (reduction in seizure frequency) is similar in adults and
pediatric patients 4 years of age and older. These drugs have a variety of
putative mechanisms of action. These analyses and observations have
allowed FDA to conclude that the efficacy of drugs approved for the
treatment of POS can be extrapolated from adults to pediatric patients 2
years of age and older.”
“Simulations should be performed to select doses expected to achieve
exposures similar to those in adults. The sample size and sampling scheme
should be planned carefully to enable characterization of pharmacokinetics
with adequate precision4. Pharmacokinetic data from that study should be
used to determine pediatric dose and regimens that provide drug exposure
similar to that known to be effective in adult patients with POS.”
4Wang Yaning,

Jadhav PR, Lala M, and Gobburu JV, 2012, Clarification on Precision Criteria to Derive Sample

Size When Designing Pediatric Pharmacokinetic Studies, J Clin Pharmacol, 52(10):1601–1606.

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/drugs-treatment-partial-onset-seizures-full34
extrapolation-efficacy-adults-pediatric-patients-2-years

Next Disease Areas

• Schizophrenia and Bipolar I Disorder
• Historically, one or more adequate and well-controlled clinical
studies are required to demonstrate efficacy in pediatric
patients with schizophrenia (> 13 years) or bipolar I disorder (>
10 years).
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Advancing Model-Informed Drug Development
PDUFA VI

•

FDA will develop its regulatory science and review expertise and capacity in MIDD approaches. This staff
will support the highly-specialized evaluation of model-based strategies and development efforts.

•

FDA will convene a series of workshops to identify best practices for MIDD.
–
–
–
–

•

Physiologically-based pharmacokinetic modeling
Design analysis and inferences from dose-exposure-response studies
Disease progression model development, including natural history and trial simulation
Immunogenicity and correlates of protection for evaluating biological products, including vaccines and blood products

Starting in FY 2018, FDA will conduct a pilot program for MIDD approaches. These meetings will be led by
the clinical pharmacology or biostatistical review components within CDER or CBER.
– FDA will select 2-4 proposals (e.g., 1-2 per Center) quarterly each year
– Evaluate dosing, duration, and patient selection in a way that can inform regulatory decision-making

•

By end of FY 2019, FDA will publish draft guidance, or revise relevant existing guidance, on model-informed
drug development. By end of FY 2021, FDA will develop or revise, as appropriate, relevant MAPPs or SOPPs,
and/or review templates and training, to incorporate guidelines for the evaluation of MIDD approaches.
https://www.fda.gov/downloads/ForIndustry/UserFees/PrescriptionDrugUserFee/UCM511438.pdf
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MIDD Pilot Meeting Process

Madabushi R et al., The US Food and Drug Administration's Model-Informed Drug Development Paired Meeting Pilot
Program: Early Experience and Impact. Clin Pharmacol Ther. 2019 May 13
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MIDD Submissions to FDA 1st PDUFA VI Year

This table provides a summary of the US Food and Drug Administration’s (FDA’s) model-informed drug development (MIDD) Paired Meeting Pilot Program experience for
each quarter since its launch. The information is summarized by drug development phase, therapeutic area, specific MIDD application, methods applied, meeting numbers,
and regulatory impact. D-R, dose–response; E-R, exposure–response; PK/PD, pharmacokinetics/pharmacodynamics; POPPK, population pharmacokinetics; POPPK/PD,
population pharmacokinetics/pharmacodynamics; QSP, quantitative systems pharmacology. a:Includes meetings that were conducted, scheduled, or to be scheduled. b:
Upon sponsor request, two follow-up meetings with the FDA were cancelled, as the objectives of the meetings were deemed to be fulfilled by previous interactions;
additionally, two sponsors requested delaying the follow-up meeting (see text for details).
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Madabushi R et al., The US Food and Drug Administration's Model-Informed Drug Development Paired Meeting Pilot Program: Early Experience and Impact. Clin Pharmacol Ther. 2019 May 13

Quarterly Meeting Requests

Total: 37
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Therapeutic Areas

Total: 37
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Drug Development Phase
Clinical Phase

Count

Preclinical/FIH, Phase I

4

Phase 1, Phase 2

1

Phase 2

7

Phase 2, Phase 3

9

Phase 3

6

Phase 3, Post-approval

3

Post-approval

7
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MIDD Applications
MIDD Application
Clinical trial simulation/clinical trial design
Clinical trial simulation/clinical trial design, Supportive evidence of efficacy
Dose selection/optimization
Dose selection/optimization, Clinical trial simulation/clinical trial design
Dose selection/optimization, Clinical trial simulation/clinical trial design, Supportive evidence of efficacy
Dose selection/optimization, Predictive or mechanistic safety
Dose selection/optimization, Predictive or mechanistic safety, Clinical trial simulation/clinical trial design
Dose selection/optimization, Supportive evidence of efficacy
Predictive or mechanistic safety, Dose selection/optimization, Clinical trial simulation/clinical trial design,
Supportive evidence of efficacy

Count
2
1
9
20
1
1
1
1
1
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Quantitative Methods
Method
Drug-disease-trial, Population Pharmacokinetic, Semi-mechanistic PK/PD
Drug-disease-trial, Semi-mechanistic PK/PD, Population Pharmacokinetic
Exposure-Response
Exposure-Response, Dose-response
Exposure-Response, Dose-response, Population Pharmacokinetic
Exposure-Response, Population Pharmacokinetic
Exposure-Response, Population Pharmacokinetic, Drug-disease-trial, Semi-mechanistic PK/PD
Exposure-Response, Semi-mechanistic PK/PD
Model-based-meta-analyses
Physiologically Based Pharmacokinetic
Population Pharmacokinetic
Quantitative Systems Pharmacology
Quantitative Systems Pharmacology, Drug-disease-trial
Semi-mechanistic PK/PD
Semi-mechanistic PK/PD, Drug-disease-trial

Count
1
1
3
1
1
12
1
1
1
1
3
2
3
5
1
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Regulatory Impact
Aligned on a regulatory pathway without further clinical studies
Agreed on endpoints for use in trials
Aligned on labeling language
Aligned on MIDD approach/strategy
Aligned on trial dose selection and design
Alleviated the need for additional studies (i.e., fewer studies
needed)
• Smaller study needed (i.e., fewer treatment arms or fewer
patients)
•
•
•
•
•
•
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Two Completed Cases
• Sotalol and Ramucirumab
– MIDD meetings: discuss the model-based strategy to add a new
dosing regimen to the product label
– sNDA/sBLA: detailed in silico trials were submitted for review
– Outcome: a new dosing regimen (shorter hospital stay for sotalol
and shorter infusion time for ramucirumab) was added to the label
based on the evidence from the in silico trials
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/022306s005lblrpl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125477s036lbl.pdf
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In Silico Clinical Trials
July 16, 2015

• “In Silico clinical trials use computer models and simulations to develop and assess
devices and drugs, including their potential risk to the public, before being tested in
live clinical trials.”
• “In Silico trials may potentially protect public health, advance personalized treatment,
and be executed quickly and for a fraction of the cost of a full scale live trial.”
• “The FDA has advocated the use of such systems as an additional innovative research
tool.”
• “Therefore, the Committee urges FDA to engage with device and drug sponsors to
explore greater use, where appropriate, of In Silico trials for advancing new devices
and drug therapy applications.
https://www.govinfo.gov/content/pkg/CRPT-114srpt82/pdf/CRPT-114srpt82.pdf
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FDA-Wide Initiatives

Recordings: https://collaboration.fda.gov/p81lvh7qzth/; https://collaboration.fda.gov/p8nxta18f86/; https://collaboration.fda.gov/p3pn29t4jjp/
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2021 New Alternative Methodologies

•

I am proud to highlight in this report some
of the activities in which FDA is engaged
that are moving us closer to the goal of
replacing, reducing, and refining the use
of animals in medical product
development while continuing to advance
disease modeling, toxicology, and
pharmacology in support of FDA’s mission.

https://www.fda.gov/media/144891/download
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2021 New Alternative Methodologies
• Center for Tobacco Products

– FDA’s Center for Tobacco Products (CTP) has pursued several applied research projects using in vitro and
in silico techniques to broaden our understanding of toxicities from tobacco products.
– CTP encourages the use of alternative methods for testing toxicity when it is appropriate and has sought
to use in vitro and in silico methods synergistically…

• Center for Devices and Radiological Health

– In 2019, the Center for Devices and Radiological Health (CDRH) continued to successfully deliver several
in vitro and in silico methods to predict and assess health risks from exposure to medical device
extractables and leachables.

• Center for Veterinary Medicine

– Currently, through an understanding of drug physicochemical properties, formulation-critical quality
attributes, and, in some cases, the use of physiologically based pharmacokinetic (in silico) models, the
Center for Veterinary Medicine (CVM) is developing roadmaps for alternative approaches for the BE
evaluation of these various types of products.

• The Alternative Methods Working Group (formed in 2019)

– The Working Group seeks opportunities to advance innovative technologies and tools as well as new and
potential applications of alternative systems (in vitro, in vivo, in silico, and systems toxicology modeling)
that offer alternative methods to traditional toxicity and efficacy testing across FDA’s product areas.

https://www.fda.gov/media/144891/download
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Global Regulatory Harmonization
•
•
•
•
•

US FDA: Divisions/working groups across all centers
Europe: EMA modeling and simulation group
Japan: PMDA modeling and simulation group
Canada: HC modeling and simulation working group
China: NMPA office of statistics and clinical pharmacology
– NMPA already published its MIDD guidance in 2020

• Ongoing ICH discussion to create ICH MIDD guideline
• Quarterly international cluster meeting for pharmacometrics
(FDA, EMA, PMDA, HC, TGA)
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MIDD: Current and Future

Future:
• MIDD pilot
• Mechanistic models
• Machine-learning models
• Real-world data/real-world
evidence
51

Summary
• Models with different levels of complexities have been applied to make
decisions in drug development and regulatory review.
• Model Informed Drug Development (MIDD) activities under PDUFA VI
and multiple initiatives provide additional momentum to apply in silico
methods in more areas.
• Global acceptance is expected with a harmonized guideline.
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