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1937:  Elixir Sulfanilamide 
contained diethylene glycol 
(antifreeze) to treat 
streptococcal infections

1938:  Federal Food, Drug and 
Cosmetic Act was passed to 
require drug safety testing

History of FDA Regulations



1962:  Thalidomide disaster 
(sedative that caused severe 
birth defects)

• Was stopped from 
entering the US (legally) 
because of the provision in 
the 1938 Food, Drug and 
Cosmetic Act

1962:  Kefauver-Harris 
Amendments require drug 
companies to prove 
effectiveness

Frances Kelsey

History of FDA Regulations



FDA Snapshot

1902:  Virus-Toxin 
Law (vaccine 
contamination)
1906:  Pure Food 
and Drugs Act

1938:  Federal Food, Drug 
and Cosmetic Act

1950's:  The Bureau of 
Field Administration

1976:  Medical Device 
Regulations

2009:  Family Smoking 
Prevention and Tobacco 
Control Act

CBER – Center of Biological Evaluation 
and Research

CFSAN – Center of Food Safety 
and Nutrition

CDER – Center of Drug Evaluation 
and Research

ORA – Office of Regulatory Affairs

CVM – Center of Veterinary Medicine

CDRH – Center of Devices and 
Radiological Health

1953:  Veterinary Medical 
Branch

CTP – Center of Tobacco Products

FDA controls about 30% of the country’s goods 
and services = $1 trillion in goods



FDA Organization Chart

Centers 
approve 
products

ORA inspects 
companies



The Code of Federal Regulations

• The CFR has 50 Titles.  Examples:

– Title 3 The President
– Title 11 Federal Elections
– Title 14 Aeronautics and Space
– Title 26 Internal Revenue
– Title 21 Food and Drugs
– Title 23 Highways
– Title 29 Labor
– Title 34 Education
– Title 39 Postal Service
– Title 42 Public Health
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21 CFR 211

211.22(a)  There shall be a quality control unit that shall 
have the responsibility and authority to approve or 
reject all components, drug product containers, closures, 
in-process materials, packaging material, labeling, and 
drug products, and the authority to review production 
records to assure that no errors have occurred…

Based on what?

Understanding

So we can 
do it

Right-
First-
Time 8



FDA Enforcement Actions – Outside US

Inspections

Issue 483 Observations

Issue Warning Letters

Product Seizures

Consent Decrees/ Enjoinment

Outside of the United States, the FDA has the following autho

Have to request permission from the country’s government, and 
therefore, announce the inspection

Can issue inspectional findings

No authority to shutdown a facility

Only product in the US, but can stop imports

No authority



FDA and Global Healthcare Leadership

• Global regulators are beginning to work together to help 
cover the vast number of life science companies around the 
world
– Heparin contamination
– Daily communications with each other on alerts and product recalls
– Rogue companies in China and India

• Mutual Recognition Agreements (MRA’s) allow each 
government agency to recognize the work of the other in 
making its decisions
– If a member country in Europe conducts an inspection in their 

country, then the FDA can review the outcome and make an 
inspectional decision from their work.

– This enables the agencies to conserve resources, and focus their 
attention on higher risk companies



International Conference on Harmonization

International 
Conference on 
Harmonization

From ICH Q9 Briefing Packet – www.ICH.org

FDA:  21st Century GMPs

EMEA:  Revised EU Directives

MHLW:  Revised JP law (rPAL)
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http://www.ich.org/


IMDRF for Medical Devices

• International Medical Device Regulators Forum (IMDRF) formed in 2011, and consists 
of regulators from the following countries (does not include industry representation 
like ICH):

Australia Brazil Canada China Europe

Japan Russia South KoreaSingapore United States

• Discuss and develop global harmonized standards
• Predecessor was the Global Harmonization Taskforce (GHTF), which did have 

industry representation



PIC/S

Pharmaceutical Inspection Co-Operation Scheme

– Mission:  to lead the international development, implementation and maintenance 
of harmonized GMP standards and quality systems of inspectorates in the field of 
medicinal products.

– 52 countries
– A non-binding, informal co-operative arrangement between Regulatory Authorities 

in the field of Good Manufacturing Practice (GMP) of medicinal products for human 
or veterinary use.

– Aims at harmonizing inspection procedures 
worldwide by developing common standards 
in the field of GMP and by providing training 
opportunities to inspectors. 

– Also aims at facilitating co-operation and 
networking between competent authorities, 
regional and international organizations, 
thus increasing mutual confidence.



FDA’s Budget

• Set by Congress, but when FDA does not meet its inspection and 
approval goals (reported by Office of Inspector General), then FDA 
has to appear before Congress.  However, FDA often does not meet 
its goals, because it does not have enough resources.  It does not 
have enough resources due to the lack of budget.

• Congress approved laws that allow 
FDA to charge companies for:
– Faster Drug Approval times:  PDUFA 

(Prescription Drug User Fee Act)
– Faster Device Approval times:  

MDUFA (Medical Device User Fee 
Act)

– Completion of Generic Company 
Inspections:  GDUFA (Generic Drug 
User Fee Act)



Sample Slides from Class

The Drug Development 
Process

Proprietary and Confidential



Process Routes for Pharmaceutical Tablets

Direct Compression Dry Granulation Wet Granulation

Mixing MixingMixing

MixingMixing Mixing

Compression

Milling

Screening

Drug
Diluent
Lubricant

Disintegrant
Glidant
Lubricant

Drug
Diluent
Glidant
Disintegrant

Lubricant

Wetting

Granulation

Drying

ScreeningDisintegrant
Glidant
Lubricant

Drug
Diluent

Binder
Solvent

Fill Die

Compress Tablet

Coating, Packaging, etc.

Tablet 
Compression

https://www.slideshare.net/ibtihalosman/pha
rmaceutical-industry-and-unit-process

https://www.slideshare.net/ibtihalosman/pharmaceutical-industry-and-unit-process


Wet versus Dry Granulation

https://www.cleanpng.com/png-granulation-tableting-
pharmaceutical-manufacturing-2778905/preview.html

https://www.cleanpng.com/png-granulation-tableting-pharmaceutical-manufacturing-2778905/preview.html


Which Formulation?

The choice of formulation depends on several factors, 
including:

– The type of formulation needed by the intended patient population 
(liquid is easier to swallow, etc.)

– The type of formulation needed for the patient condition being 
treated (IV needed for surgery, etc.)

– Compressibility or dissolvability of the Active Pharmaceutical 
Ingredient (API), which is also known as the New Chemical Entity 
(NCE)

– Physical and chemical stability of the API, including temperature, 
moisture and light sensitivity

– Particle size of the formulation ingredients (active + excipients)
– Availability of needed equipment
– Cost of the manufacturing process

https://www.pharmapproach.com/manufacture-of-pharmaceutical-tablets/

https://www.pharmapproach.com/manufacture-of-pharmaceutical-tablets/


Excipients and Their Function

Excipients are generally inert ingredients that serve a specific purpose in the 
formulation, but are not the active ingredient.

• Diluents:  act as fillers to increase weight of the tablet and improve 
content uniformity 
– Although inert, diluents can significantly affect the chemical and physical 

properties of the final tablet thus affecting the biopharmaceutical profile.
– One classic example of this are calcium salts, which can be utilized as fillers, 

which interfere with the absorption of tetracycline from the gastrointestinal 
tract. 

– This example emphasizes that excipients may not always be inert, as they 
may be perceived.

• Examples of Diluents:  Calcium Carbonate, Confectioner Sugar, Cellulose, 
Calcium Phosphate, Calcium Hydrogen Phophate Dihydrate, Lactose 
anhydrous or hydrous or monohydrate, Microcrystalline Cellulose, 
Mannitol, Magnesium Carbonate, Magnesium oxide, Starch 
Pregelatinized, Sucrose, Sodium Chloride, Talc

https://www.drugtopics.com/hospitalhealth-system-pharmacy/overview-pharmaceutical-excipients-used-tablets-and-capsules

https://www.drugtopics.com/hospitalhealth-system-pharmacy/overview-pharmaceutical-excipients-used-tablets-and-capsules


Quality by Design

• How do scientists know how much of each ingredient to add, what function of the 
tablet they need to study, and how to design the manufacturing process to achieve 
the desired outcome?
– This is achieved through “Quality by Design” (QbD), which is described in ICH Q8

• Quality by Design (QbD):  is a systematic approach to development that begins 
with predefined objectives and emphasizes product and process understanding 
and process control, based on sound science and quality risk management

Predefined Objectives • Defined Quality Target Product Profile (QTPP)
• Identify Critical Quality Attributes (CQA)

Product and Process 
Understanding

• Identify Critical Material Attributes (CMA) and Critical Process 
Parameters (CPP)

• Establish the functional relationship that links CMA/CPP to CQA
Process Control • Develop appropriate control strategy and justifications

Sound Science • Science-driven development (scientific literature, prior 
knowledge, Design of Experiments, etc.)

Quality Risk 
Management

• Risk-based development (ICH Q9)



Critical Quality Attributes (CQA)

QbD for ANDAs: An Example for IR Dosage Forms. April 2012.   
http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApp
roved/ApprovalApplications/AbbreviatedNewDrugApplicationANDAGenerics/UCM304305.pdf

http://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/HowDrugsareDevelopedandApproved/ApprovalApplications/AbbreviatedNewDrugApplicationANDAGenerics/UCM304305.pdf


Critical Process Parameter (CPP) and Critical 
Material Attribute (CMA)

• Critical Process Parameter (CPP):  A process parameter whose variability has an 
impact on a CQA and therefore should be monitored or controlled to ensure the 
process produces the desired quality. (ICH Q8) 

• Critical Material Attribute (CMA)*:  A physical, chemical, biological or 
microbiological property or characteristic of an input material that should be 
within an appropriate limit, range, or distribution (prior to being added to the 
formulation) to ensure the desired quality of output material. 
– *CMA is not defined in ICH guidance



Identifying Risk of Operation on CQAs

By identifying the risk each operation has on the critical 
quality attributes, scientists better understand what process 
controls need to be in place to protect the quality and safety 
of the product



Mitigating Risk

By understanding which processing steps impact the CQAs of the final 
product, scientists can design experiments to optimize controls of those 
process steps.
• From the previous slide, the Blend I step had a high risk impact to 

content uniformity.
• After a series of designed experiments, scientist were able to control the 

risk to content uniformity by monitoring with Near Infrared technology:



Control Strategy

• Light Green:  control strategy reduces risk through mitigation
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Medical Device and 
In Vitro Diagnostic  
Development
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Device Development “Waterfall Model”

10/10/2019 v3 27

For more 
complicated 

devices, 
development 
work needs to 
be conducted 
in parallel, not 
in sequence

Adapted from the FDA Guidance 
on Design Controls



Design Inputs – CFR 820.30(c)

• Each manufacturer shall establish and maintain procedures to 
ensure that the design requirements relating to a device are 
appropriate and address the intended use of the device, including 
the needs of the user and patient. 

• The procedures shall include a mechanism for addressing 
incomplete, ambiguous, or conflicting requirements. 

• The design input requirements shall be documented and shall be 
reviewed and approved by a designated individual(s). 

• The approval, including the date and signature of the individual(s) 
approving the requirements, shall be documented.

10/10/2019 v3 28



Design Inputs – CFR 820.30(c)

• Examples of sources and resources for Design Inputs:
– Interviews, focus groups, observational studies, regulator or standards requirements, 

customer complaints, risk management, FDA recall/Adverse events information, 
Corrective and preventive action

• What are some likely outcomes if design inputs are incomplete, ambiguous, or 
conflicting?
– The designers will not know how to determine if they meet the requirement and 

then when it comes time to verify, they will not know if the design output meets the 
design input. 

– If the inputs are ambiguous, the designers may have different opinions about what 
the requirements are and may develop a product that does not meet user needs. 
When verifying against the requirement, the designers will not know if they are 
meeting the requirement or not. 

– When design inputs are conflicting, the final design could have parts that do not fit 
together, discrepancies in the product, or nonconformance.

10/10/2019 v3 29



The Design Process

• The actual design, build, test, and refine work conducted by the design 
engineers

• Design History File (DHF):  the total compilation of records which 
describes the design history of a finished device.
– Tells the story of how the device was developed
– Changes that occurred
– Design of Experiments (successful and failed)
– Documented evidence of all aspects of the waterfall model
– Maintained through the Total Product Lifecycle (from development through 

end of device life)
– “If you didn’t document it, then you didn’t do it”

• The Device Master Record (DMR) contains all the procedures, tests and 
specifications needed to successfully manufacture the product for 
commercial use

10/10/2019 v3 30



Design Verification versus Validation –
21 CFR 820.30 (f and g)

• Verification:  confirm that the outputs meet the input requirements.

• Design Validation:  establishing by objective evidence that device 
specifications conform with user needs and intended use(s).

• Process Validation:  evidence that a process consistently produces a 
result or product meeting its predetermined specifications

10/10/2019 v3 31

Verification Design Validation
Did you design the product correctly? Did you design the correct product?
Actual design output is the same as 
expected design output, which satisfies 
the specifications of the product

Used to define that the final design is as 
per the expectations of the user need.

• Design Transfer:  to ensure that the device design is correctly translated 
into production specifications - 21 CFR 820.30(h)



How the Documentation is Used

CE mark:  a certification 
mark that indicates 
conformity with health, 
safety, and environmental 
protection standards for 
products sold within the 
European Economic Area 
(EEA)

10/10/2019 v3 32

Although the DHF is needed 
for the 510(k) submission, it 
is expected to contain the 
ongoing documentation of 
changes and post-market 
safety information 
throughout the product 
lifecycle

https://www.mddionline.com/design-history-file-vs-510k-vs-technical-file-what-do-medical-device-developers-need-know

https://www.mddionline.com/design-history-file-vs-510k-vs-technical-file-what-do-medical-device-developers-need-know


V Model:  Lifecycle Approach

10/10/2019 v3 33Common model used in the medical device industry



Post Market Process – Continual Improvement

10/10/2019 v3 34



Risk

It is critical to understand 
risk to the patient/ 
customer

• Product failure modes 
(design controls)

• Human factors (IFU:  
instructions for use)

• Need to have a feedback 
loop into design from 
on-market safety data

10/10/2019 v3
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Software as a Medical Device Criticality

Categorization:  Software as a Medical Device (SaMD) provides information that 
is used to:

• Category IV:  treat or diagnose a critical condition
• Category III:  treat or diagnose a serious situation, or drive clinical management of a 

critical condition
• Category II:  treat or diagnose non-serious condition, or drive clinical management of a 

serious condition, or is used to inform clinical management
• Category I:  provides information to drive clinical management of a non-serious or 

serious condition, or is used to inform clinical management
10/10/2019 v3 36



Risk Identification

Now score the probability, impact and detectability of each risk

10/10/2019 v3 37

Risk Probability
(0, 3, 7, 10)

Impact
(0, 3, 7, 10)

Detectability
(0, 3, 7, 10)

Risk 1

Risk 2

Risk 3

etc.

“0” is the lowest 
probability of 
occurrence

“0” is the lowest 
impact to the 

patient

“0” is the highest 
probability of 

detection

“0” = lowest 
risk to patient



FMEA – Risk Strategy
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How can an increase 
in frequency result in a 
decrease in concern?

Answer:  Complacency 
through confirmation bias.  
Lots of data points show 
little impact, so we don’t 
bother with mitigation.  
This led to the NASA 
Columbia Disaster!

Risk is tricky, because 
there is a psychological 

component and it is 
subjective (in the eye of 

the beholder)
Document all assumptions and decisions!!



Device Design ControlsDrug Development (QbD)

TARGET PRODUCT PROFILE USER NEEDS & DESIGN INPUTS

PRODUCT SPECIFICATIONS DESIGN OUTPUTS

CMC STAGE GATE REVIEWS DESIGN REVIEWS

PRODUCT CHARACTERIZATION DESIGN VERIFICATION

CLINICAL STUDIES DESIGN VALIDATION

TECHNOLOGY TRANSFER DESIGN TRANSFER

PRODUCT DOSSIER & DEV. REPORTS DESIGN HISTORY FILE

MASTER BATCH RECORD DEVICE MASTER RECORD

RISK ANALYSIS, CONTROLS & RESIDUALS RISK ANALYSIS, CONTROLS & RESIDUALS

CHANGE CONTROL DESIGN CHANGE CONTROL

GUIDANCE ON MEDICATION ERRORS HUMAN FACTORS

Drug and Device Development Similarities

PROACTIVE

RISK

MANAGEMENT

UNDERPINNING

Neadle, Susan (editors: Bills, E. and Mastrangelo, S.) (2016). “Risk Management Considerations and Strategies in Product Development” in
Lifecycle Risk Management for Healthcare Products: From Research Through Disposal. Davis Healthcare International Publishers. 39

PROJECT PLAN DESIGN & DEVELOPMENT PLAN
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Clinical Trials – Medical Devices

• Trials tend to be smaller than drug 
trials

• Some novel, many “me-too”
• Many difficult to blind, randomize, 

control
• Many depend on physician technique
• Device modifications occur during trial
• Endpoints highly diverse
• Typically, single pivotal trial follows 

feasibility stages(s)
• Designed to support a “reasonable 

assurance of safety and effectiveness” 
for the marketing application



Class II Devices

510(k) Premarket Notification

– Substantial equivalence to a predicate device
• Predicate device:  a device already approved and on the market in 

which the new device is substantially equivalent.  Provides precedent 
for safety and performance as intended

– 10-15% require clinical data

– Performance testing is usually confirmatory

– Type of study dictated by:
• Ability of bench and animal testing to answer questions
• Amount of difference between subject device and predicate



Class III Medical Devices

Premarket Approval (PMA) Application
• Establish reasonable assurance of safety and effectiveness
• Bench – Animal – Human trials
• Clinical studies

– Feasibility and Pivotal

Pre-Submission 
Meeting with FDA

• Discuss:  
Device design, 
bench testing, 
animal testing, 
clinical trial

Investigational 
Device Evaluation

• Request 
approval for 
clinical trial

PreMarket
Approval

• Request 
market 
approval



Types of Investigational Device Evaluation

Pivotal Study
• Generally intended as the primary 

clinical support for a marketing 
application 

• Designed to demonstrate a 
“reasonable assurance of safety and 
effectiveness” 

• Endpoints and sample size 
statistically driven 

• Designed to assess both safety and 
effectiveness 

• FDA review is much more complex



History Of Clinical Trials

• 1947 with the Nuremberg Code, developed for the 
Nuremberg Military Tribunal as standards by which to 
judge the human experimentation conducted by the 
Nazis. 

• 1964 - Similar 
recommendations were 
made by the World 
Medical Association in its 
Declaration of Helsinki –
still in effect today.



History Of Clinical Trials

• HHS revised and expanded its regulations for the 
protection of human subjects in the late 1970s and early 
1980s. The HHS regulations are codified at 45 CFR part 
46.

• In 1991, 14 other Federal departments and agencies 
joined HHS in adopting a uniform set of rules for the 
protection of human subjects. This uniform set of 
regulations is the Federal Policy for the Protection of 
Human Subjects, informally known as the “Common 
Rule.”



History Of Clinical Trials

• The Common Rule was revised and went into effect in 
January of 2019.  First change in 20 years.

– Increase protections for study participants and lighten 
administrative workloads for researchers

• Healthcare companies, particularly device companies 
have been criticized for conducting clinical trials but then 
hiding their existence when the data was not favorable.

– Trials carried out in the USA must be registered on 
clinicaltrials.gov  - or face a penalty
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