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research with special focus on Asia Pacific and Latin 
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to align local efforts with U.S. activities. Her additional professional experiences include 
community pharmacy practice in various settings and clinical pharmacy practice at the Hospital of 
the Good Samaritan in Los Angeles. Her current focus is on developing the next generation of 
regulatory scientists and pharmacy professionals with the knowledge, tools, and skills to expedite 
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for Professionals in Regulatory Affairs (TOPRA).piresmer@usc.edu. With over 30 years of 
experience, Dr. Smerkanich has participated in all regulatory aspects of drug development, 
having served as Regulatory Liaison, US Agent, and Global Regulatory Lead across all 
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Regulatory Science Symposium
“Quality by Design in Clinical Trials” 

Introduction
Eunjoo Pacifici, PharmD, PhD

Symposium Log-In
Regulatory Science Symposium:

Quality by Design in Clinical Trials
Friday March 13, 2020, 9am – 3pm  

To meet the university’s public health requirements, the Department of Regulatory and 
Quality Science has moved this onsite event to a DIGITIAL PLATFORM.  The Zoom
platform allows for live-streaming of presentations, audience interaction, and polling. Prior 
to the presentation, please take a few minutes to download Zoom by clicking the link below: 

We will start presentations promptly at 9am.  

Live Stream Link
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SC CTSI Clinical Research Support (CRS)
A single stop for accessing all services an Investigator and research 
team needs to develop, activate, conduct, and report results for human 
subject research studies

Initial focus on investigator-initiated trials (non-cancer)

o Services:
• Clinical research coordinators for hire
• Research navigation
• Recruitment support
• Budget preparation support

o Clinical Trials Unit (CTU):
• Skilled research and nursing staff
• Services to support highly-complexed human subjects research 

studies
• Specimen processing lab 

o Voucher program:
• Awards up to $3,000 to generate new data for development of 

clinical and/or community research projects

https://sc-ctsi.org/about/groups/clinical-research-support

Nicki Karimipour, PhD
• Interim Associate 

Director
• crs@sc-ctsi.org

http://regulatory.usc.edu
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o 2015 - Clinical Trial Hurdles
o Spring 2016 - Clinical Trial Startup
o Fall 2016 - Monitoring and Auditing
o Spring 2017 - Clinical Trials in Special Populations 
o Fall 2017 - Clinical Trials in Era of Emerging Technologies and Treatments
o Spring 2018 - Regulatory Aspects of Clinical Trial Design 
o Fall 2018 - Pharmacovigilance and Safety Reporting
o Spring 2019 - Patient-Centered Drug Development and Real World 

Evidence/Data
o Summer 2019 - Clinical Trials with Medical Devices
o Fall 2019 - Legal Aspects of Conducting Clinical Trials
o Spring 2020 - Quality by Design in Clinical Trials
o Fall 2020 - To Be Determined
Symposium lectures are packaged and available at SC-CTSI website: https://sc-ctsi.org/training-
education/courses?audience=researchProfessionals&competency=
regulatory-science&q=

Symposiums  
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Regulatory Science
Symposium Series

“Quality by Design in Clinical Trials”

Today’s Agenda
09:00 am Introduction | Eunjoo Pacifici, PharmD, PhD 

USC, SC-CTSI, School of Pharmacy I Chair & Associate Professor, Dept. of Reg. & Quality
Sciences; Associate Director, D. K. Kim lnternational Center for Regulatory Science

09:30 am What do we mean by Quality by Design?  I Nancy Pire-Smerkanich, DRSc
USC, SC-CTSI, School of Pharmacy  I Assistant Professor, Dept. of Reg. & Quality Sciences

10:30 am Break

10:45 am CTTI’s Approach to QbD I Eunjoo Pacifici, PharmD, PhD
USC, SC-CTSI, School of Pharmacy I Chair & Associate Professor, Dept. of Reg. & Quality
Sciences; Associate Director, D. K. Kim lnternational Center for Regulatory Science

11:45 am Lunch Break

12:15 pm Adoption and Implementation of QbD at Academic Health Centers I 
Hamid Moradi, MD, FACP, FASN
UC Irvine I Associate Clinical Professor, Division of Nephrology, School of Medicine, Associate Director, Nephrology 
Fellowship Program, School of Medicine

1:15 pm Integrating QbD into Team Science and Project Management for Research Success  I 
Allison Orechwa, PhD I USC, SC-CTSI, Director, Programmatic Development

02:00 pm Break

02:15 pm Applying for Six Sigma I Nick Vyas Ed.D.
USC, SC-CTSI, School of Pharmacy I Chair & Associate Professor, Dept. of Reg. & Quality Sciences;
Associate Director, D. K. Kim lnternational Center for Regulatory Science

03:00 pm Wrap-Up  I Eunjoo Pacifici, PharmD, PhD
USC, SC-CTSI, School of Pharmacy I Chair & Associate Professor, Dept. of Reg. & Quality
Sciences; Associate Director, D. K. Kim lnternational Center for Regulatory Science
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Before the end of todays Symposium you will receive 
an electronic copy of the program evaluation.

Please email the completed program evaluation to 
Apurva Uniyal (uniyal@usc.edu) to receive a 

certificate of completion by Friday, March 20, 2020.

Quiz Time!
SC CTSI | www.sc-ctsi.org

Phone: (323) 442-4032

Email: info@sc-ctsi.org

Twitter: @SoCalCTSI

USC Regulatory Science | regulatory.usc.edu

Phone: (323) 442-3521

Email: regsci@usc.edu

Facebook: @RegSci
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What do we mean by 
Quality by Design?

Nancy Pire-Smerkanich, DRSc, MS

What is Quality by Design (QbD)?
What QbD is:

• A Quality System for managing a product’s 
lifecycle

• A regulatory expectation
• Intended to increase process and product

understanding and thereby decrease patient risk
• A multifunctional exercise

What QbD is NOT:
• New
• Originally used for manufacturing
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History of QbD
1979
Quality is Free (P. Crosby)

1982
Quality, Productivity and Competitive Positions (WE 
Deming) – Cease dependence on inspection to 
achieve quality – build into the “product” in the first 
place!

1987
FDA first Guideline on Process Validation

1991
Quality by Design (J Juran)

ICH QbD related drafts issued (ICH Q8-11)

2005

Quality by Design – The Juran Trilogy

Quality
Planning

• Establishing quality goals
• Developing products/processes required to meet those goals

Quality 
Control

• Evaluating actual performance against quality goals and
• Taking corrective action where necessary.

Quality 
Improvement

• Raising quality performance to unprecedented levels
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QbD Implementation: Plan, Do, Check, Act

PLAN

DO

CHECK

ACT

Build/plan quality into clinical trials from the 
beginning, focusing on what matters most

Implement study risk 
management strategies

Monitor leading indicators of quality in 
the study

Systematically drive 
remediation and 

learning

ICH Guidelines - Manufacturing
o ICH Q9, Quality Risk Management
o ICH Q10, Pharmaceutical Quality System
o FDA Guidance for Industry: Quality Systems Approach to 

Pharmaceutical Current Good Manufacturing Practice 
Regulations

“Quality should be built into the product, and testing alone

cannot be relied on to ensure product quality.”
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ICH Guidelines - GCP
The clinical corollary…
o Quality should be built into the clinical trial,
o Critical quality attributes/metrics for study data is built 

upon Good Clinical Practices (GCPs) 
o Audit/inspection (or post hoc rework) cannot be relied on 

to ensure trial quality

Quality by Design: QbD Defined

Prospectively examining the 
objectives of a trial and defining 
factors critical to meeting these 
objectives

Understanding what data 
and processes underpin a 
successful trial is essential 
to subsequently identifying 
and managing important 

and likely risks to improve 
quality and outcomes for 

clinical trials

… taking action to prevent 
important risks to these 
critical factors from 
negatively impacting 
outcomes

… focusing effort on those 
“errors that matter” for the 
success of the clinical trial

“Quality” in clinical trials is defined as 
the absence of errors that matter
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How QbD Improves Clinical Trials

Protect patients during the trial

Obtain reliable results and meaningful 
information from the trial

QbD helps 
organizations 

become 
prospectively and fully 
aware throughout the 

trial lifecycle
of the important errors 
that could jeopardize

the ability to …

QbD Step 1
Identify “critical to quality” factors (CTQs) for your specific trial  
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QbD Step 2
Discuss potential risks related to 

each CTQ identified that impact study quality (i.e., 
participant safety or credibility of results)

QbD Step 3
Mitigate those risks that will likely lead to errors that 

matter and determine how to rapidly identify and 
react when there is an issue
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Bringing QbD Into an Organization
Focus on what matters o “Quality” is defined as the absence of errors that matter

o Determine what matters for the specific trial

Develop a quality
management plan

o Initiate plan in parallel with protocol development
o Focus on areas of highest risk for generating errors that matter

Assess performance in
important parameters

o Prospectively measure error rates of important parameters
o Tailor the monitoring approach (e.g., site visits, central, statistical) to 

the trial design and key quality objectives

Improve training and procedures o Base on measured parameters

Report findings of quality 
management approach

o Include issues found, actions taken, impact on analysis, and 
interpretation of results

o Incorporate into regulatory submissions and publications

FDA Point of View (per J Mulinde)
o FDA supports and encourages development of 

systematic approaches that aim to improve 
clinical trial quality and efficiency 

o FDA recommends a Quality Risk Management 
approach to clinical trials
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FDA Point of View (per J Mulinde)
o Protocol be considered blueprint for quality

o Conduct of a risk assessment to identify and 
evaluate risks to critical study data and 
processes

o Monitoring is one aspect of the processes 
and procedures needed
• Monitoring plan be designed to address 

important and likely risks identified during risk 
assessment and discourages “One Size Fits 
All” approach to monitoring

Cause of Errors
Sponsor vs. CRO
o Pervasiveness of errors uncertain at filing for both parties
o Lack of clarity on responsibilities for data management 

• Creation / maintenance of data management plan
• Routine data management QC during study conduct
• Pre-filing data quality assessment
• Reliance on eCRFs to prevent errors
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Examples of Errors
Paper CRFs scanning resulted in errors
o Filing review revealed easily detected errors in data related to safety 

parameters

Site Entry:  002

Line listing: 092

Examples of Errors
eCRF design flaws  resulted in erroneous data collection

Consider “Signs/symptoms” for secondary endpoint
o Screen design confused sites – these were the choices:

(5) Resolved
(4) Worse
(3) Improved
(2) Same
(1) New

o Widespread discrepancies in data entry
o Audit trails incomplete

Wording? Order?
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Global Attention on Quality
ICH E6(R2) Addendum to Good Clinical Practices – Goals
o Better facilitate broad and consistent international 

implementation of new methodologies
o Innovative approaches that emphasize upfront 

assessment of risks specific to a study design and 
protocol

• Quality risk management
• Quality-by-design processes

Quality Focused Guidance and Activities

o Sensible Guidelines for the Conduct of Clinical Trials meetings, 2007-2012
o European Medicines Agency (EMA), Reflection Paper on Risk Based 

Quality Management in Clinical Trials, 2013
o Japanese Ministry of Health, Labour and Welfare (MHLW), Fundamental 

Notion on Risk Based Monitoring in Clinical Trials, 2013
o TransCelerate BioPharma, Inc. Risk-Based Monitoring, Quality 

Management Systems
o Clinical Trials Transformation Initiatives (CTTI) on Quality by Design
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International Standards 
Organization- ISO 8402

o Defines quality as “The totality of features and 
characteristics of a product or service that bear on its 
ability to satisfy stated or implied needs”

o What is the stated need for clinical research???

o Finding new treatments for patients!!!

QbD Recommendations

o Create a culture that values and rewards critical thinking 
and open dialogue about quality, and that goes beyond 
sole reliance on tools and checklists
• Consistent with advice in FDA Guidance on Monitoring, which 

encourages a quality risk management approach to clinical trial 
design and operation, and discourages a one size fits all 
mentality

• Applicable also to regulatory environments
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QbD Recommendations
o Focus effort on activities that are essential to the 

credibility of the study outcomes
General:
• Data produced are sufficiently accurate and reliable (fit for 

purpose) so they can be used for decision making
• Insure the rights, safety and welfare of trial participants have 

been adequately protected

QbD Recommendations
o Focus effort on activities that are essential to the 

credibility of the study outcomes
Regulatory Perspective:  
• Scientific Question is important
• Produce high quality evidence to inform decision making on the 

use of a preventative, diagnostic or therapeutic intervention
• Insure Trial design is adequate to answer the scientific question
• Conduct the study well so the results will be credible
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QbD Recommendations
o Involve the broad range of stakeholders in protocol 

development and discussions around study quality
o Prospectively identify and periodically review the critical 

to quality factors.

Some Reasons for Poor Quality
o Inadequate staff training on GCPs and the protocol, 

mostly due to sudden increase or decrease in resources
o Poor (or lack of) supervision or quality control of task 

completion during the study
o Lack of protocol clarity leading to poor understanding of 

what is required
o Lack of quality control over collection and recording of 

study data
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Some Ways to Achieve High Quality in CTs

o Each person is accountable for the quality of a study.
o Create a systematic process to build in quality that makes the tasks 

more achievable.
o Learn from others, especially best practices.
o Conduct risk analysis early on and throughout the project increases 

quality.
o Communicate clearly and often

Remember - ignoring quality costs much more than addressing it 

continuously.

Pfizer QbD Pilot
o Applied QbD tools and methodologies to a clinical trial 

for a novel potential therapeutic for the treatment of a 
neurological disease scheduled to start pivotal trials

o Worked with FDA/CDER/Division of Neurology Products 
(DNP) and Office of Scientific Investigations (OSI) to test 
a model for QbD in Clinical Trials

[Ref:  Sprenger et al TIRS 2012]
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Pfizer QbD Pilot
o Used an Integrated Quality Management Plan (IQMP) 

based on three main principles:
1. Quality is built in at the time of protocol development and 

systematically managed during study conduct through a process 
of continuous improvement.

2. Quality goals and relevant quality metrics are prospectively 
identified and measured throughout the duration of the study.

3. Risks to quality are prospectively identified, prioritized, and 
mitigated.

Pfizer QbD Pilot:  PDCA Methodology

Quality Objectives:
o patient safety and rights,
o data quality and trial integrity,
o compliance with the investigational plan
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Pfizer QbD Pilot:  PDCA Methodology
o Identified Critical to Quality (CTQ) Requirements

• For each CTQ one or more metrics were identified to 
facilitate the measurement and monitoring of quality 
performance during the conduct of the clinical trials
 For each metric, target (nominal) values and upper or 

lower specification limits (action thresholds) were 
determined. 

 A metric crossing the action threshold would require 
Pfizer to conduct an investigation, which might include 
a root cause analysis to address the issue

Pfizer QbD Pilot: Sample Metrics
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Pfizer QbD Pilot:  Risk Assessment 
Framework – Site Focused

Pfizer QbD Pilot:  Risk Assessment
o Identified protocol specific risks associated with each 

operational process area OR related to critical aspects of 
the CT design

o Prioritized those risks based on severity, frequency of 
occurrence, and the ability to detect occurrence –
applied a score (see next slide)

o Developed a risk management plan to reduce the 
occurrence of the potential cause and/or improve 
detection if the risk were to occur
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Pfizer QbD Pilot:  Risk Assessment

Some Myths about Quality
#1: Auditors are the only ones qualified to implement quality systems 

and processes.

#2:  Maintaining a quality system is impossible with so many variables 
in clinical research.

#3:  The cost of establishing, maintaining, and re-evaluating quality is 
usually very high.

#4:   Quality is a department, a function, a specific role, or someone 
else’s job.
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Final Thought

Thank You
SC CTSI | www.sc-ctsi.org Phone: (323) 442-4032 Email: info@sc-ctsi.org Twitter: @SoCalCTSI
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Clinical Trials Transformation Initiative
Approach to Quality by Design

Eunjoo Pacifici, PharmD, PhD

Agenda
o Clinical Trials Transformation Initiative (CTTI)
o CTTI Quality by Design Project Background
o CTTI’s Approach to DbQ
o The Principles Document

– Critical to Quality (CTQ) Factors
– Real Word Example
– Reflection:  The Path Forward for CTTI and QbD
– Additional Resources
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CTTI
o Clinical Trials Transformation Initiative (CTTI) is a public-private 

partnership co-founded by Duke University and the FDA in 2007
– To increase quality and efficiency of clinical trials (CTs)
– 80 member-organizations
– Established due to concerns in CT conduct:

• Paper-based, slow, and costly (quality and efficiency)
• Limits number of questions that can be answered 
• Delays in access to innovations
• Increasingly CTs are conducted outside of the U.S. and 

reason behind this shift needs to be understood

Origins of QbD Project

o What do we really need to get 
right to ensure reliability of 
results and patient protection?
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Origins of CTTI’s Work on QbD

• DiMasi JA. Cost of developing a new drug, http:// csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_ RD_cost_study_ Nov_18,_2014.pdf.
• Getz KA, Stergiopoulos S, Marlborough M, et al. Quan- tifying the magnitude and cost of collecting extraneous protocol data. Am J Ther 2015; 22: 117–124.
• http://csdd.tufts.edu/files/uploads/Summary-JanFebIR2016_.pdf

https://www.cafepress.com

o Current approach to trial monitoring is not effective 
o 10% INDs fail to recruit a patient population 

appropriate to the intended use
o 3% of NDAs not approved due to missing critical data
o 25% of study procedures in phase 3 trials are not 

relevant to the assessment of primary endpoints
o Completed protocols across all phases average 2-3 

amendments, 1/3 avoidable, all expensive 

CTTI’s Approach
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Quality Patient Engagement Investigators & Sites

o Quality by Design
o Informing ICH E6 Renovation
o Diversity
o Analysis of ClinicalTrials.gov
o Recruitment
o Planning for Pregnancy Testing 
o State of Clinical Trials Report
o Monitoring 

o Patient Groups & Clinical Trials 
o Patient Engagement Collaborative

o Investigator Community
o Investigator Qualification
o Site Metrics

Mobile Clinical Trials Novel Clinical Trial Designs Ethics & Human 
Research Protection

o Novel Endpoints
o Mobile Technologies
o Decentralized Clinical Trials
o Engaging Patients and Sites

o Pragmatic Trials
o Real-World Data
o Registry Trials
o Master Protocols
o Antibacterial Drug Development
o Large Simple Trials
o Using FDA Sentinel for Trials

o Single IRB
o Data Monitoring Committees
o Informed Consent
o Safety Reporting

CTTI Activities

Re-framing Quality
“Quality” in clinical trials is defined 

as the absence of errors that matter 

to decision making—that is, errors 

which have a meaningful impact on 

the safety of trial participants or 

credibility of the results (and 

thereby the care of future patients). 
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CTTI QbD Recommendations
o Create a culture that:

• Values and rewards critical thinking and open dialogue about 
quality

• Goes beyond sole reliance on tools and checklists.
 Dialogue about critical to quality
 Discourage “One size fits all” approach
 Verify quality and performance measures align with incentives
 Culture rewards critical thinking

– Example

CTTI QbD Recommendations
o Focus effort on activities that are essential to the credibility of the 

study outcomes
• Evaluate study design verifying activities and data collection are 

essential
• Streamline trial design
• Identify, prevent or control errors

 Determine essential activities to ensure trial participant safety 
and study result credibility

 Eliminate nonessential activities
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CTTI QbD Recommendations
o Involve broad range of stakeholders in protocol development 

and discussions around study quality
• Engage all stakeholders with study development
• Clinical investigators, study coordinators, site staff and patients can 

provide valuable insights
 Feasibility of enrolling subjects meeting eligibility criteria
 Study visits and procedures overly burdensome leading to early 

dropouts
 General relevance of study endpoints to target patient population

CTTI QbD Recommendations
o Prospectively identify and periodically review the critical to quality 

factors
• CTTI QbD “Principles Document” and “Toolkit”
• Develop strategies to support quality in critical areas

• Example:
 Trial with major cardiovascular morbidity outcomes, strategies to ensure 

survival status of all participants is captured would be critical
 But source verifying participants’ temperature readings obtained as a 

part of vital sign assessments at routine study visits is unlikely to be 
considered critical to the successful outcome of the study

 In addition, because new or unanticipated issues may arise once the 
study has begun, it is important to periodically review critical to quality 
factors to determine whether adjustments to risk control mechanisms are 
needed
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Principles Document: Key Concepts
o Quality in clinical trials = the Absence of Errors that Matter
o Errors that have a meaningful impact on:

• Patient safety or 
• Credibility of study results
• Critical to quality

 Factors that are generally relevant to the integrity and 
reliability of conclusions based on study data and to subject 
safety

Protocol Design Feasibility Patient Safety
o Eligibility Criteria
o Randomization
o Eligibility Criteria
o Masking
o Types of Controls
o Data Quantity
o Endpoints
o Procedures Supporting Study

Endpoints & Data Integrity
o Investigational Product Handling & 

Administration

o Study and Site Feasibility
o Accrual

o Informed Consent
o Withdrawal Criteria and Trial 

Participant Retention
o Signal Detection and Safety 

Reporting
o Data Monitoring 

Committee/Stopping Rules

Study Conduct Study Reporting Third Party Engagement
o Training
o Data Recording and Reporting
o Data Monitoring and Management
o Statistical Analysis

o Dissemination of Study Results o Delegation of Sponsor 
Responsibilities

o Collaborations

CTTI QbD: Critical Quality Factors
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Example: Eligibility Criteria
Relative Importance
o Describe the specific population needed for 

the trial to evaluate the intended question.  If 
this specific population is not enrolled, what’s 
the impact?

o Evaluate the impact of “getting it wrong” with 
regard to eligibility? Would the subject be 
removed?  Replaced? Counted as a treatment 
failure?

o Is the trial intended to evaluate effectiveness 
and safety of the investigational product (IP) 
in a real-world population? 

Potential Risks
o Are all criteria relevant to ensuring the 

specific subject population needed for 
the trial?

o Are there clear and measureable 
criteria to define the population?

o Is there a particular criterion critical to 
subject evaluability (e.g. for an 
enrichment design) or to subject safety? 

Example: Blinding
Relative Importance
o Is this a blinded study, and if so, 

what is the impact of unblinding 
on interpretation of outcomes?

o Who does the study require to 
be blinded vs. unblinded, and 
what are the processes and 
responsibilities for maintaining 
the blind?

Potential Risks
o Opportunities for blind break –

critical failure points
o Complexities of processes to 

maintain the blind
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Example: Withdrawal Criteria /Subject Retention
Relative Importance
o Describe the situations in which subjects 

should or may be withdrawn from study 
treatment.

o For participants who stop the assigned 
treatment, what data are critical for study 
analysis and reporting?

o For this study, what steps are required 
prior to deeming a subject “lost to follow-
up?” 

o How will subjects with permanent device 
implants be followed upon withdrawal?

Potential Risks
o Do the withdrawal criteria capture all 

important and likely scenarios in which a 
subject should be removed?

o Are the withdrawal criteria described 
consistently throughout the study 
documents?

o How will the team ensure that withdrawal 
criteria are applied appropriately and 
consistently? 

o Do subjects have personal issues that 
can be mitigated to aid retention?

Example: Data Monitoring & Management

Relative Importance
o Define critical data elements for data 

management during protocol 
development. 
 (Are there data not critical for study 

analyses?  Why collected?)

o Identify departures from study conduct 
that may generate “errors that matter”

o Evaluate what type of issues the 
monitoring plan is designed to detect

o Evaluate use of centralized statistical 
monitoring in combination with other 
monitoring activities where relevant

Potential Risks
o Does the investigational plan clearly 

define which departures are “errors that 
matter?”

o Are planned data edit checks focused 
on critical data and processes?

o Have realistic tolerance limits for 
“errors” been defined?’

o What types of discrepancies are 
permitted to remain through study 
closure?



10

Real World Example
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Study Overview
o A 6-Week, multi-center, double-blind, double-dummy, active-controlled randomized study to 

evaluate the efficacy and safety of Drug X compared to Drug Y in the treatment of patients with 
acute episode of schizophrenia

o Phase III trial with 10 sites (US, UK, Germany, Spain)
o 250 patients, 1-year enrollment 
o Primary outcome: Change from baseline of the Positive and Negative Syndrome Scale (PANSS) 

total score at the end of treatment at Day 42
o Drug X, administered daily, Drug Y administered twice daily, including 1-week titration period 

followed by a 5-week flexible dose period
o Subjects must be hospitalized for an acute episode of schizophrenia
o After the enrollment visit and screening period of up to 7 days, the patient will be randomized on 

Day 1 to one of two treatments groups
o Subjects must remain inpatients for at least 14 days immediately after randomization

o Differences in hospitalization patterns across trial sites impacting recruitment 
and leading to early withdrawals post-randomization

o Not as likely to be hospitalized for acute episode in certain countries; 
challenge for recruitment

o In Spain, those aged 26–45 years had a shorter stay (17.6 days) than younger 
(29.9 days) or older (24.6 days) groups, potentially resulting in differential 
exclusion in sites in Spain 

What are potential critical to quality 
aspects of this trial?
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Potential mitigation strategies
o Quality Risk Management (QRM)
o Modify eligibility criteria related hospitalization and/or hospital length of stay
o Plan ahead for recruitment challenges; consider modifying the involved countries if the protocol is 

not amendable

Are we there yet?
o Despite resources devoted by sponsors to 

overseeing their trials, we still see cases in which 
trial conduct by investigators so deficient that data 
generated are not reliable and cases in which 
systemic error, whether occurring at site or in 
sponsor/CRO processes bring the integrity of an 
entire trial into question.   

o Moreover, the types of regulatory violations 
observed in the clinical trial arena have remained 
static over time

“The Far Side” by Gary Larson
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One Key Challenge
Organizations believe in QbD/QRM but are struggling to 
implement.
o Participants regularly stated that they and their organizations 

believed in QbD/QRM. They were convinced that it was a better way 
to manage clinical trials. 

o However, moving from understanding QbD/QRM to doing QbD/QRM 
was a key challenge. 

o Many participants wanted more examples of how others had 
implemented QbD/QRM.

Reported Barriers to Implementation
o Most participants did not report any regulatory or financial barriers

• A small number alluded to a possible disconnect between the support that 
FDA leadership espoused for QbD/QRM principles and the actions of FDA 
auditors on the ground. 

o Nearly all participants reported cultural barriers, especially:
• Fear of change
• Difficulty overcoming organizational inertia
• Lack of understanding for the value of QbD/QRM
• Concern it would take more time and create more work
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It is a huge cultural change for 
the monitors to limit themselves 
to the sections that have been 

agreed to be the monitored 
ones... and to limit 

themselves.”

The biggest barrier is time and the 
perception that this takes extra time. 
Getting people to step back and think 
about ‘going slow to go fast’ or taking 

time now to benefit in the end. On these 
studies, people feel a real sense of 

urgency, (they've) got to get it done.”

Barriers to implementation
The biggest barrier is ‘bad 

habits’ of people who are used 
to doing things a certain way, 
who have to be retrained. It 

was 100% cultural.”

Presentation by Theresa Mullin ICH-DIA Forum
November 12, 2016

Rules-
based 

Risk-
based

Principles-
based

Ongoing “GCP Renovation” Incorporates QbD 
Concepts into ICH E8

Clinical Studies / Data Sources:
1. Randomized Controlled Trial (current 

focus)
2. Adaptive Design Trials
3. Pragmatic clinical trials
4. Patient Registries
5. Virtual or Decentralized Trials
6. Randomized Controlled Trial with Real 

World Evidence Arm
7. Real World Evidence only (analyses of 

health care claim administrative data / 
electronic medical records)
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CTTI QbD Toolkit

http://www.ctti-clinicaltrials.org/toolkit/QbD

Learn About QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD
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Introduce QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD

Introduce QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD
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Adopting QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD

Resources on the Web
o CTTI website  What We Do  QbD

• Project overview
• Recommendations
• Webinars
• Publications
• Presentations
• Principles Document

o QbD Toolkit

o Stay tuned for new materials!
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Thank You
SC CTSI | www.sc-ctsi.org Phone: (323) 442-4032 Email: info@sc-ctsi.org Twitter: @SoCalCTSI



1

Clinical Trials Transformation Initiative
Approach to Quality by Design

Eunjoo Pacifici, PharmD, PhD

Agenda
o Clinical Trials Transformation Initiative (CTTI)
o CTTI Quality by Design Project Background
o CTTI’s Approach to DbQ
o The Principles Document

– Critical to Quality (CTQ) Factors
– Real Word Example
– Reflection:  The Path Forward for CTTI and QbD
– Additional Resources
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CTTI
o Clinical Trials Transformation Initiative (CTTI) is a public-private 

partnership co-founded by Duke University and the FDA in 2007
– To increase quality and efficiency of clinical trials (CTs)
– 80 member organizations
– Established due to concerns in CT conduct:

• Paper-based, slow, and costly – quality and efficiency
• Limits number of questions that can be answered 
• Delays in access to innovations
• Increasingly CTs are conducted outside of the U.S. and 

reason behind this shift needs to be understood

Quality Patient Engagement Investigators & Sites

o Quality by Design
o Informing ICH E6 Renovation
o Diversity
o Analysis of ClinicalTrials.gov
o Recruitment
o Planning for Pregnancy Testing 
o State of Clinical Trials Report
o Monitoring 

o Patient Groups & Clinical Trials 
o Patient Engagement Collaborative

o Investigator Community
o Investigator Qualification
o Site Metrics

Mobile Clinical Trials Novel Clinical Trial Designs Ethics & Human 
Research Protection

o Novel Endpoints
o Mobile Technologies
o Decentralized Clinical Trials
o Engaging Patients and Sites

o Pragmatic Trials
o Real-World Data
o Registry Trials
o Master Protocols
o Antibacterial Drug Development
o Large Simple Trials
o Using FDA Sentinel for Trials

o Single IRB
o Data Monitoring Committees
o Informed Consent
o Safety Reporting

CTTI Activities
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Origins of QbD Project

o General principles about what 
really matters in clinical trials 
can and should be developed –
i.e., what do we really need to 
get right to ensure reliability of 
results and patient protection?

Origins of CTTI’s Work on QbD

• DiMasi JA. Cost of developing a new drug, http:// csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_ RD_cost_study_ Nov_18,_2014.pdf.
• Getz KA, Stergiopoulos S, Marlborough M, et al. Quan- tifying the magnitude and cost of collecting extraneous protocol data. Am J Ther 2015; 22: 117–124.
• http://csdd.tufts.edu/files/uploads/Summary-JanFebIR2016_.pdf

https://www.cafepress.com

o Current approach to trial monitoring is not effective 
o 10% INDs fail to recruit a patient population 

appropriate to the intended use
o 3% of NDAs not approved due to missing critical data
o 25% of study procedures in phase 3 trials are not 

relevant to the assessment of primary endpoints
o Completed protocols across all phases average 2-3 

amendments, 1/3 avoidable, all expensive 
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CTTI’s Approach

CTTI’s Approach
o Conduct projects to better understand the range of 

current practices, assess alternative approaches, 
understand barriers to change, and propose 
recommendations for improvement. 

o Approach to transforming CT enterprise involves:
• Engaging multiple stakeholders
• Developing evidence-based, actionable 

recommendations
• Improving clinical trials through implementation 

of CTTI recommendations and tools
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Re-framing Quality
“Quality” in clinical trials is defined 

as the absence of errors that matter 

to decision making—that is, errors 

which have a meaningful impact on 

the safety of trial participants or 

credibility of the results (and 

thereby the care of future patients). 

CTTI QbD Recommendations
o Create a culture that:

• Values and rewards critical thinking and open dialogue about 
quality

• Goes beyond sole reliance on tools and checklists.
 Dialogue about critical to quality
 Discourage “One size fits all” approach
 Verify quality and performance measures align with incentives
 Culture rewards critical thinking

– Example
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CTTI QbD Recommendations
o Focus effort on activities that are essential to the credibility of the 

study outcomes
• Evaluate study design verifying activities and data collection are 

essential
• Streamline trial design
• Identify, prevent or control errors

 Determine essential activities to ensure trial participant safety 
and study result credibility

 Eliminate nonessential activities

CTTI QbD Recommendations
o Involve broad range of stakeholders in protocol development 

and discussions around study quality
• Engage all stakeholders with study development
• Clinical investigators, study coordinators, site staff and patients can 

provide valuable insights
 Feasibility of enrolling subjects meeting eligibility criteria
 Study visits and procedures overly burdensome leading to early 

dropouts
 General relevance of study endpoints to target patient population
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CTTI QbD Recommendations
o Prospectively identify and periodically review the critical to quality 

factors
• CTTI QbD “Principles Document” and “Toolkit”
• Develop strategies to support quality in critical areas
• Example:

 Trial with major cardiovascular morbidity outcomes, strategies to ensure 
survival status of all participants is captured would be critical

 But source verifying participants’ temperature readings obtained as a 
part of vital sign assessments at routine study visits is unlikely to be 
considered critical to the successful outcome of the study

 In addition, because new or unanticipated issues may arise once the 
study has begun, it is important to periodically review critical to quality 
factors to determine whether adjustments to risk control mechanisms 
are needed

Underlying Assumption
The likelihood of a successful, 
quality trial can be 
dramatically improved 
through prospective attention 
to preventing important errors 
that could undermine the 
ability to obtain meaningful 
information from a trial.
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Principles Document: Key Concepts
o Quality in clinical trials = the Absence of Errors that Matter
o Errors that have a meaningful impact on:

• Patient safety or 
• Credibility of study results
• Critical to quality

 Factors that are generally relevant to the integrity and 
reliability of conclusions based on study data and to subject 
safety

Protocol Design Feasibility Patient Safety
o Eligibility Criteria
o Randomization
o Eligibility Criteria
o Masking
o Types of Controls
o Data Quantity
o Endpoints
o Procedures Supporting Study

Endpoints & Data Integrity
o Investigational Product Handling & 

Administration

o Study and Site Feasibility
o Accrual

o Informed Consent
o Withdrawal Criteria and Trial 

Participant Retention
o Signal Detection and Safety 

Reporting
o Data Monitoring 

Committee/Stopping Rules

Study Conduct Study Reporting Third Party Engagement
o Training
o Data Recording and Reporting
o Data Monitoring and Management
o Statistical Analysis

o Dissemination of Study Results o Delegation of Sponsor 
Responsibilities

o Collaborations

CTTI QbD: Critical Quality Factors
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Exploring Critical to Quality Factors

http://www.ctti-clinicaltrials.org/toolkit/QbD

Example: Eligibility Criteria
Relative Importance
o Describe the specific population needed for 

the trial to evaluate the intended question.  If 
this specific population is not enrolled, what’s 
the impact?

o Evaluate the impact of “getting it wrong” with 
regard to eligibility? Would the subject be 
removed?  Replaced? Counted as a treatment 
failure?

o Is the trial intended to evaluate effectiveness 
and safety of the investigational product (IP) 
in a real-world population? 

Potential Risks
o Are all criteria relevant to ensuring the 

specific subject population needed for 
the trial?

o Are there clear and measureable 
criteria to define the population?

o Is there a particular criterion critical to 
subject evaluability (e.g. for an 
enrichment design) or to subject safety? 
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Example: Blinding
Relative Importance
o Is this a blinded study, and if so, 

what is the impact of unblinding 
on interpretation of outcomes?

o Who does the study require to 
be blinded vs. unblinded, and 
what are the processes and 
responsibilities for maintaining 
the blind?

Potential Risks
o Opportunities for blind break –

critical failure points
o Complexities of processes to 

maintain the blind

Example: Withdrawal Criteria /Subject Retention
Relative Importance
o Describe the situations in which subjects 

should or may be withdrawn from study 
treatment.

o For participants who stop the assigned 
treatment, what data are critical for study 
analysis and reporting?

o For this study, what steps are required 
prior to deeming a subject “lost to follow-
up?” 

o How will subjects with permanent device 
implants be followed upon withdrawal?

Potential Risks
o Do the withdrawal criteria capture all 

important and likely scenarios in which a 
subject should be removed?

o Are the withdrawal criteria described 
consistently throughout the study 
documents?

o How will the team ensure that withdrawal 
criteria are applied appropriately and 
consistently? 

o Do subjects have personal issues that 
can be mitigated to aid retention?
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Example: Data Monitoring & Management

Relative Importance
o Define critical data elements for data 

management during protocol 
development. 
 (Are there data not critical for study 

analyses?  Why collected?)

o Identify departures from study conduct 
that may generate “errors that matter”

o Evaluate what type of issues the 
monitoring plan is designed to detect

o Evaluate use of centralized statistical 
monitoring in combination with other 
monitoring activities where relevant

Potential Risks
o Does the investigational plan clearly 

define which departures are “errors that 
matter?”

o Are planned data edit checks focused 
on critical data and processes?

o Have realistic tolerance limits for 
“errors” been defined?’

o What types of discrepancies are 
permitted to remain through study 
closure?



12

Real World Example

Study Overview
o A 6-Week, multi-center, double-blind, double-dummy, active-controlled randomized study to 

evaluate the efficacy and safety of Drug X compared to Drug Y in the treatment of patients with 
acute episode of schizophrenia

o Phase III trial with 10 sites (US, UK, Germany, Spain)
o 250 patients, 1-year enrollment 
o Primary outcome: Change from baseline of the Positive and Negative Syndrome Scale (PANSS) 

total score at the end of treatment at Day 42
o Drug X, administered daily, Drug Y administered twice daily, including 1-week titration period 

followed by a 5-week flexible dose period
o Subjects must be hospitalized for an acute episode of schizophrenia
o After the enrollment visit and screening period of up to 7 days, the patient will be randomized on 

Day 1 to one of two treatments groups
o Subjects must remain inpatients for at least 14 days immediately after randomization
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o Differences in hospitalization patterns across trial sites impacting recruitment 
and leading to early withdrawals post-randomization

o Not as likely to be hospitalized for acute episode in certain countries; 
challenge for recruitment

o In Spain, those aged 26–45 years had a shorter stay (17.6 days) than younger 
(29.9 days) or older (24.6 days) groups, potentially resulting in differential 
exclusion in sites in Spain 

What are potential critical to quality 
aspects of this trial?

Potential mitigation strategies
o Quality Risk Management (QRM)
o Modify eligibility criteria related hospitalization and/or hospital length of stay
o Plan ahead for recruitment challenges; consider modifying the involved countries if the protocol is 

not amendable
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Are we there yet?
o Despite resources devoted by sponsors to 

overseeing their trials, we still see cases in which 
trial conduct by investigators so deficient that data 
generated are not reliable and cases in which 
systemic error, whether occurring at site or in 
sponsor/CRO processes bring the integrity of an 
entire trial into question.   

o Moreover, the types of regulatory violations 
observed in the clinical trial arena have remained 
static over time

“The Far Side” by Gary Larson

One Key Challenge
Organizations believe in QbD/QRM but are struggling to 
implement.
o Participants regularly stated that they and their organizations 

believed in QbD/QRM. They were convinced that it was a better way 
to manage clinical trials. 

o However, moving from understanding QbD/QRM to doing QbD/QRM 
was a key challenge. 

o Many participants wanted more examples of how others had 
implemented QbD/QRM.
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Reported Barriers to Implementation
o Most participants did not report any regulatory or financial barriers

• A small number alluded to a possible disconnect between the support that 
FDA leadership espoused for QbD/QRM principles and the actions of FDA 
auditors on the ground. 

o Nearly all participants reported cultural barriers, especially:
• Fear of change
• Difficulty overcoming organizational inertia
• Lack of understanding for the value of QbD/QRM
• Concern it would take more time and create more work

It is a huge cultural change for 
the monitors to limit themselves 
to the sections that have been 

agreed to be the monitored 
ones... and to limit 

themselves.”

The biggest barrier is time and the 
perception that this takes extra time. 
Getting people to step back and think 
about ‘going slow to go fast’ or taking 

time now to benefit in the end. On these 
studies, people feel a real sense of 

urgency, (they've) got to get it done.”

Barriers to implementation
The biggest barrier is ‘bad 

habits’ of people who are used 
to doing things a certain way, 
who have to be retrained. It 

was 100% cultural.”
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Presentation by Theresa Mullin ICH-DIA Forum
November 12, 2016

Rules-
based 

Risk-
based

Principles-
based

Ongoing “GCP Renovation” Incorporates QbD 
Concepts into ICH E8

Clinical Studies / Data Sources:
1. Randomized Controlled Trial (current 

focus)
2. Adaptive Design Trials
3. Pragmatic clinical trials
4. Patient Registries
5. Virtual or Decentralized Trials
6. Randomized Controlled Trial with Real 

World Evidence Arm
7. Real World Evidence only (analyses of 

health care claim administrative data / 
electronic medical records)

CTTI QbD Toolkit

http://www.ctti-clinicaltrials.org/toolkit/QbD
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Learn About QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD

Introduce QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD
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Introduce QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD

Adopting QbD

http://www.ctti-clinicaltrials.org/toolkit/QbD
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Resources on the Web
o CTTI website  What We Do  QbD

• Project overview
• Recommendations
• Webinars
• Publications
• Presentations
• Principles Document

o QbD Toolkit

o Stay tuned for new materials!

Thank You
SC CTSI | www.sc-ctsi.org Phone: (323) 442-4032 Email: info@sc-ctsi.org Twitter: @SoCalCTSI
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Implementation of Quality by Design 
(QbD) at Academic Health Centers

Hamid Moradi MD 
Dan Cooper MD
Institute for Clinical and Translational Science
University of California Irvine
hmoradi@uci.edu
dcooper@uci.edu

Background
o A key part of the CTSA mission is embedding quality 

into clinical research at funded hubs and the global 
clinical research enterprise. 

o What are the challenges facing the clinical trial 
enterprise?

o What are the available tools and mechanisms to 
leverage for this purpose?



2

Challenge: Crisis of trust in clinical research
o The promise of translational research is to bridge 

the divide between preclinical discoveries and 
clinically relevant new therapies.

o Meaningful translation can only occur with clinical 
trials that are of “quality” i.e. address salient health 
challenges, efficiently generate accurate evidence, 
minimize participant risk, and engage all 
stakeholders.

o Unfortunately, the clinical trial enterprise has fallen 
short in achieving these goals leading to a crisis of 
public trust in biomedical research as well as 
inadequate translation of discoveries into effective 
therapies.

So lutio n: Quality by De sign (QbD)

Background:

o Pioneering engineers, scientists, and statisticians in 
the mid 1900s  [e.g., Joseph Juran and W. Edwards 
Deming] created systematic approaches to quality 
improvement. 

o Rather than judging quality solely by examination of 
the end product, focus on key elements across the 
whole manufacturing process from start to finish. 

o Three key principles of quality science include 
identification of critical to quality factors (CTQs) early 
in the design process, addressing human factors 
(training) and continuous improvement. 

o Their “science of quality” was globally transformative. Three key principles of quality science best practices 
as envisioned by Juran and Deming

Critical to 
quality factors

• Identify the “20%” responsible for  “80%” of 
the problems

Human 
factors

• Enlightened management
• Data driven, continuous learning and 

engagement of all stakeholders 

Continuous 
improvement

• Emphasis on early-design stage
• Ongoing quality assessment (data driven)
• Proactive refinement
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Solution: Quality by Design (QbD)
Embedding QbD into manufacturing

o The implementation of formalized quality 
science best practices is manifest today 
across many industries.

o More recently, QbD has been formally 
introduced to the pharma industry both 
in the US and globally. 

Solution: Quality by Design (QbD)
Theory to practice: embedding QbD and 
CTQ best practices into clinical research 
and trials

o Clinical Trials Transformation Initiative (CTTI),  
a public-private partnership co-founded by 
Duke University and the U.S. Food and Drug 
Administration (FDA), have pioneered efforts 
to develop and drive adoption of QbD into the 
clinical trial enterprise.

o Through a series of extensive multidisciplinary 
workshops, literature review, and critical 
evaluation, CTTI developed the concepts in 
QbD that can be applied to clinical research.
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Solution: Quality by Design (QbD)
Theory to practice: embedding QbD and 
CTQ best practices into clinical research 
and trials

o Quality defined as “lack of errors that matter”

o Errors that can compromise integrity of trial 
(i.e. error in data collection or trial conduct) or 
compromise patient/participant safety

o This is done by focusing on critical to quality 
(CTQ) factors

Solution: Quality by Design (QbD)
Critical to quality factors (CTQs) in clinical trials

o Understanding what is critical to quality allows for 
tailoring the protocol design to eliminate 
unnecessary complexity, avoid predictable errors in 
conduct as well as devising a focused and 
streamlined monitoring and auditing plan.

o To achieve this goal, CTTI developed a set of CTQs, 
documented in the CTQ Factors Principles 
Document (*).  

o In the QbD approach, these crucial concepts are 
realized by prioritizing risk during study planning 
(plan), implementation of a risk-based approach to 
study conduct (do), review the study for errors that 
matter (check), and mitigating risk and incorporating 
learning in future studies (act). 

QbD approach to planning, conduct 
and monitoring of clinical trials. 

* https://www.ctti-clinicaltrials.org/files/principles_document_finaldraft_19may15_1.pdf



5

Solution: Quality by Design (QbD)
Categories of CTQ factors* in clinical trials (developed by CTTI)

o Developed collaboratively by industry, regulators, and academia and were 
refined during a series of hands-on workshops involving over 200 
attendees with a range of perspectives (including patient advocates, 
institutional review boards, academic trialists, clinical investigators, clinical 
research organizations, pharmaceutical and medical device companies, 
regulatory reviewers, and inspectors).

o Resources to support researchers in applying this approach to clinical 
trials, including formal Recommendations, an on-line QbD Toolkit, and 
Critical to Quality Factors Principles Document, among others. 

o Additional resources to support adoption (e.g., metrics framework, 
maturity matrix, library of case studies) are currently in development by 
CTTI. 

CTQ: Categories
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QbD an imperative

What’s missing?

o The QbD approach has been well-
described and detailed in publications, 
toolkits and workshops.

o A robust and validated implementation 
plan remains to be established. 

o We contend that academic health 
centers (AHCs) would be the ideal 
setting for evaluating the adoption of 
QbD in clinical research. 

QbD Adoption: Academic Health Centers
Why AHCs and CTSAs?

o Association of American Medical colleges ”Medical 
schools and teaching hospitals educate the next 
generation of physicians, conduct cutting-edge 
research that saves lives, and care for the sickest 
and most complex patients.” 

o The NIH has recognized the critical role played by 
AHCs in clinical research throughout all of its 
centers and institutes. 

o In particular, the creation of the CTSAs followed by 
the inauguration of the National Center for 
Advancing Translational Sciences has catalyzed 
AHCs to lead the nation in rigorous, data-driven 
efforts to dramatically improve clinical research and 
the quality of clinical trials. 
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QbD at the local level: UC Irvine QbD Workshop
Workshop at UC Irvine 
“Implementing QbD at an Academic Health Center”
CTTI’s Annemarie Forrest, Ann Meeker-O’Connell, 
and Zach Hallinan open the event

Attendees included the Dean of School of 
Medicine, Associate Vice Chancellors for 
Research Administration and Research 
Engagement other leadership and key 
stakeholders involved in clinical research

UC Irvine QbD Workshop

1Combination of strongly disagree and somewhat disagree
2Combination of strongly agree and somewhat agree

Evaluation of the Workshop

QbD approach and workshop was very well-received.
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QbD at local level: Implementation of QbD
at UC Irvine
o Creation of QbD working group (QbD-WG)
o Mission of the working group-

• Support investigators toward the goal of 
enhancing the quality of clinical trials at UC 
Irvine by implementing QbD concepts. To that 
end, the working group will 
 be a resource to investigators for design 

and conduct of clinical trials.
 will provide guidance regarding the 

pragmatic aspects of clinical trial 
implementation using the QbD approach 
including application of critical to quality 
(CTQ) principles to clinical trial design and 
management. 

o QbD-Working Group composition-
• Core members: Expert in informatics, 

Expert in statistical design, Recruitment 
expert, Regulatory expert, Senior study 
coordinator/Research nurse, Experienced 
clinical trial investigators. 

• Ad-Hoc members:  Individualized based 
on each study.

o A 2-year pilot project, 
• The goal will be to apply QbD principles 

over a 2-year period to selected clinical 
trials. 

• QbD team will meet with the PI and 
provide feedback/suggestions.

• One study evaluated every 3 months.

QbD at local level: Implementation of QbD 
at UC Irvine
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o Three studies reviewed so far-
• Neurosurgical implantation of therapy with a 

sham group
• Dietary intervention in hematologic disorder
• Prospective microbiome study

o Learning Health System:  
• Evaluation of each session used to improve 

future meetings. 
• KL2 and TL awardees invited to the working 

group meetings to increase familiarity with 
QbD approach and enhance its adoption.  

QbD at local level: Implementation of QbD 
at UC Irvine

QbD at national level: Bigger picture for 
QbD implementation
CTSA Collaborative Innovation Award 

o A multicenter, multi-stakeholder project to 
• A) Create a formalized pathway for adoption of 

QbD
• B) Come up with initial metrics to evaluate the 

potential impact of QbD on clinical research 
quality

• C) Establish a sustainability and dissemination 
plan 

o As such, this project brings together a diverse group 
of institutions with the experience and expertise 
needed to evaluate novel ways of embedding the 
concept of “Quality-by-Design (QbD)” in clinical 
research conducted at AHCs.

o Participating institutions UC Irvine, Kansas 
University, Dartmouth & Georgetown/Howard CTSA 
hubs, Brown University (IDeA), CTTI with 
consultation from TIN. 
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CTSA Collaborative Innovation Award 
o The goal of this project is to synergize two 

distinct interventions: 
• 1) training of clinical trial personnel in the concept 

model of QbD (as created at Kansas University) 
• 2) workshops focused on individual clinical trials in 

which QbD is built into studies at the earliest phases 
of clinical trial development (as established at UC 
Irvine). 

o In both interventions, the key QbD process is 
finding and prioritizing the “critical to quality” 
factors or elements (CTQs), defined as “aspects 
of a trial essential to generating reliable data and 
providing appropriate protection of research 
participants.” 

QbD at national level: Bigger picture for 
QbD implementation

Bigger picture for QbD implementation
CTSA Collaborative Innovation Award

o We propose a multipronged, multisite intervention with a 
robust implementation plan and well-defined metrics. 
Specific Aims:

o 1. Embed QbD-training into institutional support for 
research. This aim will be accomplished by creating a formal 
training program (learning module [LM]) at each hub for 
clinical trial principal investigators and key staff with an 
emphasis on the concept of critical-to-quality factors (CTQ-
LM). The training approach emphasizes overall concepts used 
to define, identify, and prioritize CTQs.

o Hypothesis: A CTQ-LM directed at key study personnel will 
result in increased identification and prioritization of CTQ 
factors. 

o Preliminary data - Kansas University
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Bigger picture for QbD implementation
CTSA Collaborative Innovation Award
Specific Aims:

o 2. Introduce CTQ Working Group (CTQ-WG) for individual 
clinical trials at early stages of study development.
Building on aim 1, this aim will be accomplished by formation 
of CTQ-WG at each hub that work with individual clinical trial 
teams to define, identify, and prioritize CTQs. 

o Hypothesis: A CTQ directed design studio (CTQ-WG) 
targeting individual clinical trial teams will alter and improve 
the team’s subsequent study design and development. 

o Preliminary data from UC Irvine

Bigger picture for QbD implementation
CTSA Collaborative Innovation Award
Specific Aims:

o 3. Measure the impact of QbD adoption via CTQ-LM and 
CTQ-DS on clinical trials recruitment and retention and 
participant experience/satisfaction. This aim will be 
accomplished by randomizing pilot projects at each hub to 
either the QbD adoption program or conventional hub 
practices. Subsequently, metrics related to trial efficiency 
(recruitment and retention) and participant satisfaction will be 
evaluated. 

o Hypothesis: A CTQ-focused implementation program will 
result in improved clinical trial efficiency and enhanced 
participant and investigator satisfaction. 
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Articles

CTSA Collaborative Innovation Award 
Expected Outcomes/Impact

o The proposed study will 
o 1) establish a new collaboration between three CTSAs 

and one CTR to help address a translational science 
problem that no one hub can solve alone 

o 2) establish a system to allow solutions that have been 
developed at each hub to be adopted and implemented 
across other organizations, thereby testing their 
robustness to different hub environments and adapting 
them for further dissemination within and outside the 
CTSA program consortium 

o 3) provide a platform for evaluating the role of the QbD
approach in addressing the issue of quality in clinical trials.

Bigger picture for QbD implementation
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CTSA Collaborative Innovation Award

o 4) these efforts will help develop and examine 
metrics which can be measured and are highly 
relevant to the concept of quality in clinical trials.

o 5) the pathways, infrastructures and solutions 
developed as part of this proposal can then be used 
as a platform to disseminate QbD at other institutions. 

Bigger picture for QbD implementation

Thank You
SC CTSI | www.sc-ctsi.org Phone: (323) 442-4032 Email: info@sc-ctsi.org Twitter: @SoCalCTSI

USC RegSci | https://regulatory.usc.edu/ Phone: (323) 442-3521 Email: regsci@gmail.com Insta: @RegSci
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Integrating Quality by Design, Team 
Science, and Project Management for 

Research Success
Allison Orechwa, PhD

Director of Programmatic Development
Southern California Clinical and Translational Science Institute (SC CTSI)

The Need
o 10% INDs fail to recruit a patient population appropriate to the intended use

o 3% of NDAs not approved due to missing critical data

o 25% of study procedures in phase 3 trials are not relevant to the assessment of 
primary endpoints

o Completed protocols across all phases average 2-3 amendments, 1/3 avoidable, 
all expensive 

o USC and CHLA: Only 45% of trials reach their enrollment targets

DiMasi JA. Cost of developing a new drug, http:// csdd.tufts.edu/files/uploads/Tufts_CSDD_briefing_on_ 
RD_cost_study_ Nov_18,_2014.pdf.

Getz KA, Stergiopoulos S, Marlborough M, et al. Quan- tifying the magnitude and cost of collecting 
extraneous protocol data. Am J Ther 2015; 22: 117–124.

http://csdd.tufts.edu/files/uploads/Summary-JanFebIR2016_.pdf
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The USC Solution

Team 
Science

Project 
Management

QbD

QbD: A brief history

Cars
Toyota

Drugs
FDA, 
Pharma

Clinical 
Trials 
CTTI,     
UC Irvine 

Other Research 
USC!
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QbD at USC

Project 
PlanProtocol

Do 
endpoints 

match 
objectives?

Is 
recruitment 
feasible?
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QbD Resources
o Training

o Adapted Principles Documents

o Templates: Launch Meeting Checklist, Project 
Management Plan

o Consultations

Exercise
1. Imagine one of your own studies.

2. Select the highest priority Critical to Quality Factor.

3. Consider the following:

o What are the risks related to this factor?

o What proactive steps can be taken to avoid problems?

o What ongoing checks can be performed to detect problems?

o What type of error will trigger corrective actions?

o How will lessons learned be captured and communicated? 

Different factors will stand out as 
critical for different types of trials.
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The USC Solution

Team 
Science

Project 
Management

QbD

Team Science
“Collaborations among researchers and 

across disciplinary, organizational, and 

cultural boundaries are vital to address 

increasingly complex challenges and 

opportunities in science and society."

Hall KL, Vogel Amanda L, Huang GC, Serrano KJ, Rice EL, Tsakraklides
SP, Fiore SM. The science of team science: A review of the empirical 

evidence and research gaps on collaboration in science. American 
Psychologist, Vol 73(4), May-Jun 2018, 532-548

Boundary-spanning teams have greater 

productivity and scientific impact.

“My research now includes a focus 

on the perception and behaviors of 

the Latino community with MS to 

better understand how they live with 

disabilities that come with the 

disease.”

CTSA Program Community Mentorship Helps Advance 
Multiple Sclerosis Research in Latinos. 
https://ncats.nih.gov/pubs/features/usc-ms
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Team Science

Collaboration and Team Science Field Guide By Bennett, Gadlin, and 
Marchand National Institutes of Health. 2018

Team Science
1. Develop a shared vision

– Agree on how to achieve the vision
– Set clear and tangible short- and long-term goals together
– Establish responsibilities in writing (MOU)

2. Communicate
– Decide how you will communicate (frequency, platform)
– Set ground rules
– Support contribution by all team members
– Listen
– Accept that conflict and disagreement are normal

3. Agree on deliverables
– Determine output of the team
– Decide on milestones and timeline
– Develop an expectation that data and results will be shared with all members

SC CTSI Research Development “Before You Start” Guide. 
https://sc-ctsi.org/training-education/building-effective-collaborations

Tip: SC CTSI Team 

Building Grant provides 

rapid funding for activities 

that promote the assembly 

of new multidisciplinary or 

transdisciplinary teams.
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The USC Solution

Team 
Science

Project 
Management

QbD

Project Management Essentials

“Goals are dreams with deadlines.” 

~Diana Scharf

Budget

Scope

Time
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Project Management Essentials
Foundation

People + Process = Success

Initiate
Clarify a shared and measurable set 
of expectations

Plan
Create a clear road map for smart 
decision making

Execute
Engage people through consistent 
and shared accountability

Monitor & Control
Drive progress through transparent 
communication

Close
Measure success and get better

Project Planning: Accrual Projections

Stage Worst Case Best Case Actual

Pre-Screening 80 120 90

Screening 50 100 60

Randomization 25 60 40

Follow-Up 10 45 10

What is the issue? Was it avoidable?
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Thank You
SC CTSI | www.sc-ctsi.org

Phone: (323) 442-4032

Email: info@sc-ctsi.org

Twitter: @SoCalCTSI

USC Regulatory Science | regulatory.usc.edu

Phone: (323) 442-3521

Email: regsci@usc.edu

Facebook: @RegSci

Appendix
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CTQ Example
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De sig n for Six Sig ma  (DFSS)
Applying  De sig n for Six Sig ma

Nick Vyas Ed.D.
Data Sciences and Operations

USC, Marshall School of Business

USC  MARSHALL  SCHOOL  OF  BUSINESS

CENTER  FOR  GLOBAL  SUPPLY  CHAIN  MANAGEMENT

DESIGN FOR SIX SIGMA (DFSS)
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The  Improve me nt Journe y

Define
� Define Problem Statement 

Measure
� Brainstorm the resource we have collected

Analyze
� Identify the critical points

Improve
� Discuss the points where improvement is required

Control
� Lock the improvement 

Improve  Pha se  Obje c tive s

o Let’s abandon assumptions and consider all possible solutions
o Think outside of the box but stay with the project scope box
o Look to integrate future state that strikes the balances 

cost/service/speed/quality and control
o Understand best practice for process workflow
o Develop pilot and define implementation strategies 
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Improve  Roa dma p

USC  MARSHALL  SCHOOL  OF  BUSINESS

CENTER  FOR  GLOBAL  SUPPLY  CHAIN  MANAGEMENT

EVALUATING POTENTIAL 
SOLUTIONS 
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Re a sons for Expe rime nts

o The Analyze Phase narrows down inputs to the critical few. 
o It is necessary to determine the proper settings for vital inputs because:

• potential interactions 
• have preferred ranges to achieve optimal results 
• Confirm cause and effect relationships among known factors

Re a sons for Expe rime nts

o Understanding the purpose of an experiment leads to ease in focusing 
the efforts of an experiment and determining design.

Reasons for experimenting are:
• Problem Solving: Improving a process response
• Optimizing: Highest yield or lowest customer complaints
• Robustness: Constant response time
• Screening: Further screening of the critical few to the vital few X’s
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De sire d Re sults of Expe rime nts 

Problem Solving
o Eliminate defective products or services 
o Reduce cycle time of handling transactional processes 

Optimizing
o Mathematical model is desired to move the process response
o Opportunity to meet differing customer requirements (Specifications 

or VOC)  

De sire d Re sults of Expe rime nts 

Robust Design
o Provide consistent process or product performance 
o Desensitize the output response(s) to input variable changes 

including NOISE variables 
o Design processes knowing within input variables are difficult to 

maintain 

Screening
o Past process data is limited or statistical conclusions prevented 

good narrowing of critical factors in the Analyze Phase 
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USC  MARSHALL  SCHOOL  OF  BUSINESS

CENTER  FOR  GLOBAL  SUPPLY  CHAIN  MANAGEMENT

DESIGN OF EXPERIMENTS

De finition: De sig n of Expe rime nts

Design of Experiments (DOE)
o A scientific method of planning and conducting an experiment that will 

yield the true cause-and-effect relationship between the X/Y variables of 
interest 
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De finition: De sig n of Expe rime nts

DOE allows the experimenter to study … 
o the effect of input variables that may influence the product or process 

simultaneously, as well as possible interaction effects. 

De finition: De sig n of Expe rime nts

Goal of DOE 
o to find a design that will produce the information required at a minimum 

cost. 
o Properly designed DOE’s are more efficient experiments. 

The end result of experiments describes results as a mathematical function

Y = f(x)
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De sig n of Expe rime nts (DOE) 

Post-Pilot Priorities 
o Assess and verify results 
o Refine solution, adjust procedures as needed
o Review readiness for “full-scale” roll out
o Consider second pilot or other tests
o Revise/expand implementation plan 
o Refine measures and monitoring – with an eye toward “Control”
o Prepare communication plan 

Ve rifying  Re sults 

Evaluate change in performance vs. “baseline”
o Has goal (Project Y) been met, or is it trending to target? 
o Is observed improvement clearly correlated to solution? 
o Was efficiency sustainable?
o Were/are risks manageable? 

Confirm/assess impact at “business” level
o Do “high level” measures & finances reflect results?
o Are gains offset by other costs? 
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How Proc e ss Ca pa bility Impa c ts Cyc le  Time  
a nd Re sourc e  Alloc a tion 

o Every Time a Defect is Created During a Process (Step), it Takes 
Additional Cycle Time to Test, Analyze, and Fix. 

o These Non-Value Added Activities Typically Require Additional Floor 
Space, Capital Equipment, Material, and People 

Wha t Ha ve  We  Le a rne d From Six Sig ma ?  
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DFSS – Wha t is it?

Design for Six Sigma is:
o A methodology for designing new products and/or 

processes. 
o A methodology for redesigning existing products 

and/or processes. 
o A way to implement the Six Sigma methodology as 

early in the product or service life cycle as possible. 
o A way to exceed customer expectations 
o A strategy towards extraordinary ROI 

Why DFSS

o “Design in” quality when costs are lowest
o Show customers “Six Sigma” products right from the start
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The  Big  Pic ture  

The  Be ne fits of DFSS

o Goal: Create new game-changing products and services which:
• Wow customers with 6s performance on their CTCs
• Have 6s reliability 
• Have 6s manufacturability 
• Have high performance/cost ratios 

o Payoffs: 
• Quality designed in from the start
• Revenue growth: customer delight, market share, volume, price
• Warranty cost reductions 
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DFSS Tools

USC  MARSHALL  SCHOOL  OF  BUSINESS

CENTER  FOR  GLOBAL  SUPPLY  CHAIN  MANAGEMENT

TAGUCHI LOSS FUNCTION 
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Ta g uc hi Me thods

o Dr. Genichi Taguchi is a Japanese statistician and Deming 
prize winner who pioneered techniques to improve quality 
through Robust Design of products and production processes.

o Dr. Taguchi developed fractional factorial experimental 
designs that use a very limited number of experimental runs. 

Ta g uc hi Me thods

o The specifics of Taguchi experimental design is useful to 
understand Taguchi's Loss Function, which is the foundation 
of his quality improvement philosophy. 

o Traditional thinking is that any part or product within 
specification is equally fit for use. In that case, loss (cost) from 
poor quality occurs only outside the specification 
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Ta g uc hi Me thods

o However, Taguchi makes the point that a part marginally 
within the specification is really little better than a part 
marginally outside the specification.

o As such, Taguchi describes a continuous Loss Function that 
increases as a part deviates from the target, or nominal value 

Ta g uc hi Me thods

o The Loss Function stipulates that society's loss due to poorly 
performing products is proportional to the square of the 
deviation of the performance characteristic from its target 
value. 
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Ta g uc hi Me thods – Loss Func tion 

USC  MARSHALL  SCHOOL  OF  BUSINESS

CENTER  FOR  GLOBAL  SUPPLY  CHAIN  MANAGEMENT

TOYOTA PRODUCTION 
SYSTEM (TPS) 
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Toyota  Produc tion Syste m 

o https://www.youtube.com/watch?v=T5zcCk-uF3g
– (longer video) 

o https://www.youtube.com/watch?v=nFu4FFgbMY4
o https://www.youtube.com/watch?v=qcWEr2gh0Sg

Toyota  Produc tion Syste m 

o Production System developed by the Toyota Motor 
Corporation by Taiichi Ohno in the 1950s and 1960s in Japan 

o Premise is to provide best quality, lowest cost, and shortest 
lead time through the elimination of waste within the process

o Pillars:
• Just-In-Time Production 
• Jidoka
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TPS Time  Line

o 1930s: Concept of Just-In-Time (JIT) developed by 
Kiichiro Toyoda 

o 1950s – 1960s: Development of TPS by Taiichi Ohno
o 1960s – 1970s: TPS dissemination to the supply base 
o 1984: Dissemination of TPS outside of Japan with the 

creation of the Toyota-General Motors joint venture –
NUMMI – in California 

o 1990: Widespread recognition of TPS as a model 
projection system grew with the publication of “The 
Machine That Changed the World” 

Just- In- Time

o “Only what is needed, when it is needed, and in the amount 
needed” 

o Elimination of waste, inconsistencies, and unreasonable 
requirements results in improved productivity 
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Ka nba n Syste m 

o The “Supermarket System”

o Using product control cards for product-related 
information to communicate which parts have been used

o Applied in JIT, by having the next customer in the 
process for to the preceding process to retrieve 
necessary parts they needed, when they needed them, 
in the amount the needed them. 

Ka nba n Syste m

http://www.toyota-global.com/company/vision_philosophy/toyota_production_system/just-in-time.html
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Jidoka

o “Automation with a human touch”

o Equipment stops when a problem arises 

o A single operator can visually monitory and control many 
machines efficiently 

o A single operator can be in charge of multiple machines thus 
improving productivity 

Jidoka

http://www.toyota-global.com/company/vision_philosophy/toyota_production_system/jidoka.html
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Andon

o Jidoka and Visual Control 

o Problem visualization 

o An Andon is a display board system that allows operators to 
identify problems in the production line at a glance 

Toyota  Produc tion Syste m - House

http://www.lean.org/lexicon/toyota-production-system
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Toyota  Produc tion Syste m 

o Just-in-Time production, Jidoka and TPS House are 
maintained and improved through standardized work, kaizen, 
and by following the PDCA cycle (plan-do-check-act) 

Thoug ht of the  we e k…  
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Thoug ht of the  we e k…  

Tha nk You
GSCM       https://uscsupplychain.com Email: Center.GSCM@marshall.usc.edu Twitter: @USC_GSCM
Nick Vyas https://www.linkedin.com/in/thevyas007/  Email: nikhilvy@marshall.usc.edu Twitter: @TheNickVyas
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Wrap-Up!

Eunjoo Pacifici, PharmD, PhD

Monitoring 
Module & 
Clinical 

Research 
Professional 

Training
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Quality by 
Design

Quality by 
Design
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The program evaluation has been sent to your email 
address.

Please email the completed program evaluation to 
Apurva Uniyal (uniyal@usc.edu) to receive a 

certificate of completion by Friday, March 20, 2020.
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Thank You
SC CTSI | www.sc-ctsi.org

Phone: (323) 442-4032

Email: info@sc-ctsi.org

Twitter: @SoCalCTSI

USC Regulatory Science | regulatory.usc.edu

Phone: (323) 442-3521

Email: regsci@usc.edu

Facebook: @RegSci



CTTI recommends that quality be built into the scientific and operational design and conduct of clinical trials as 

follows: 

1. Create a culture that values and rewards critical thinking and open dialogue about quality, and that goes 

beyond sole reliance on tools and checklists. Encourage proactive dialogue about what is critical to quality. 

2. Focus effort on activities that are essential to the credibility of the study outcomes. Streamline study 

design wherever feasible. Consider whether nonessential activities may be eliminated from the study to 

simplify conduct. 

3. Involve the broad range of stakeholders in protocol development and discussions around study quality, 

including staff and patients. Early engagement with regulators should be considered when a study has novel 

features. 

4. Prospectively identify and periodically review the critical to quality factors. Use the Principles Document 

(summarized below) to identify those aspects in each study that are critical to generating reliable data and 

providing appropriate protections for research participants, and to develop strategies and actions to 

effectively and efficiently support quality in these critical areas. 

QUALITY BY DESIGN 

QbD Implementation: Plan, Do, Check, Act 

PLAN 

DO ACT 

Build/plan quality into clinical trials from the 

beginning, focusing on what matters most 

Implement study 

risk management 

strategies 

Monitor leading indicators of 

quality in the study 

Systematically 

drive remediation 

and learning 

CHECK 

https://www.ctti-clinicaltrials.org/projects/quality-design
https://www.ctti-clinicaltrials.org/files/principles_document_finaldraft_19may15_1.pdf


Critical to Quality Factors Examples of Issues to Consider 

Protocol Design 

• Eligibility Criteria 

• Randomization 

• Masking 

• Types of Controls 

• Data Quantity 

• Endpoints 

• Procedures Supporting Study 

Endpoints and Data Integrity 

• Investigational Product Handling 

and Administration 

 

Are all criteria relevant to ensuring the specific trial participant 

population needed? 

Is there potential for bias? 

What actions are to be taken if unmasking is discovered? 

Are there explicit plans for minimizing risk to the study population 

on the control arm? 

What is the tolerance for error in collection of data points? 

Does the primary endpoint address the study aims? 

How will device malfunctions be recorded and reported? 

Are there specific storage considerations for the product? 

Feasibility 

• Study and Site Feasibility 

• Accrual 

 

Do any of the sites pose concerns related to data privacy laws? 

Are there external factors (e.g., competing trials or seasonal 

variations) that might affect accrual rates? 

Patient Safety 

• Informed Consent 

• Withdrawal Criteria and Trial 

Participant Retention 

• Signal Detection and Safety 

Reporting 

• Data Monitoring 

Committee/Stopping Rules 

 

Will participants understand the risk? 

Are the withdrawal criteria described consistently throughout the 

protocol? 

How will adverse event information be elicited? 

Is the study governance structure clear—i.e., who is ultimately 

accountable for the decision to stop the study? 

Study Conduct 

• Training 

• Data Recording and Reporting 

• Data Monitoring and Management 

• Statistical Analysis 

 

Who will be trained and how will training be provided and 

documented? 

Will self-evident corrections be permitted? 

Are there clearly defined plans for handling missing data in the 

study protocol? 

Study Reporting 

• Dissemination of Study Results 

 

Are there specific report content/format requirements that should 

be considered when designing data collection tools? 

Third-Party Engagement 

• Delegation of Sponsor 

Responsibilities 

• Collaborations 

 

Is performance by one third party dependent upon inputs from 

another? 

Who will have responsibility for safety reporting? 

QUALITY BY DESIGN 

https://www.ctti-clinicaltrials.org/projects/quality-design
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Regulatory Science Symposium Survey 
 

 
 

1) Have you attended a previous symposium? 
a) Yes 
b) No, this is my first symposium. 

 
1A. If yes, did you find the content of the program relevant to your daily work activities? 

a) Yes 
b) No 

 

1B. How useful was the content for your daily work activities? 
a) Extremely useful 
b) Somewhat useful 
c) Not useful 

 

2) How would you rate the level of content of today’s program? 
a) Too hard 
b) Too easy 
c) Just right 

 

3) How would you rate the delivery of content of today’s program? 

a) Very good 
b) Good 
c) Average 
d) Poor 
e) Very poor 

 

4) Did you make new connections with other research professionals through the networking activity? 
a) Yes 
b) No, please explain:   

  

  
 

5) How would you rate the length of today’s program? 

a) Too long 
b) Too short 
c) Just right 

 

6) How would you rate the quality of today’s venue? 

a) Very good 
b) Good 
c) Average 
d) Poor 
e) Very poor 

 

7) How would you rate the organization of today’s event? 

a) Very good 
b) Good 
c) Average 
d) Poor 
e) Very poor 

  

Please email the completed survey to Apurva Uniyal (uniyal@usc.edu) to receive a certificate 
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8) Would you attend these offerings in the future? 

a) Yes 
b) No 

 

9) Overall, how would you rate today’s program? 

a) Very good 
b) Good 
c) Average 
d) Poor 
e) Very poor 

 

10) Are there any unusual/challenging ethical issues you have encountered or would like to learn about? 

  

  

  

  

 

11) Do you have any suggestions for topics for a future program(s). 
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