Defining a CMC Strategy- How and Where to
Begin
Edwin Moore PhD
Richard Johnson PhD
BioPhia Consulting
1

Begin with the End in Mind

Defining a CMC Strategy
• As stated in 21 CFR part 312:
The CMC section of an IND application contains information
“describing the composition, manufacture, and control of the
drug substance and drug product…. to assure the proper
identification, quality, purity and strength of the investigational
drug…”
Since modifications to the methods of preparation and dosage
forms can occur “ Phase 1 submissions should generally be
placed on the identification and control of raw materials and the
new drug substance.”
“Final specifications for the drug substance and drug product are
not expected until the end of the investigational process”
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Begin with the End in Mind

Defining a CMC Strategy
The CMC section should include:
1. Introduction where “sponsor states whether it believes: 1)
the chemistry of the drug substance of drug product, or 2)
the manufacturing of either the drug substance of drug
product presents any signals of potential human risk.”
Discuss steps to monitor or dismissal of potential risks.
Also identify any chemical or manufacturing differences
between drug product proposed for clinical studies and drug
product used in animal toxicology studies. If no differences
exist, that should be stated.
2. Description of drug substance:
a.

Physical, chemical and biological characteristics

3. Name and address of drug substance manufacturer
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Begin with the End in Mind

Defining a CMC Strategy
The CMC section should include:
3. General methods of drug substance preparation:
a.
b.
c.

Brief description of manufacturing process
Include lists of reagents, solvents, catalysts
Flow diagrams are encouraged

4. Acceptance limits and analytical methods used to assure the
identity, strength, quality and purity of the drug substance:
a.
b.
c.
d.

Brief description of test methods
Proposed acceptance limits
Certificates of analysis are suggested
Validation data not required during initial stage of development, but will
be need as clinical development proceeds

6. Stability data for the drug substance:
a.

Provide information on the drug substance used for animal toxicology
studies and proposed clinical studies
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Begin with the End in Mind

Defining a CMC Strategy
The CMC section should include:
6. Description of the drug product:
a.

A list of all components including excipients, and components that
may not appear in the final product but are used in manufacturing

7. Name and address of drug product manufacturer
8. Brief description of manufacturing methods and packaging
procedures for the drug product:
a.
b.

Flow chart suggested
Include sterilization process

9. Acceptance limits and analytical methods to assure identity,
strength, quality and purity of drug product:
6.
7.

Description of the test methods and acceptance limits
Certificates of analysis suggested
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Begin with the End in Mind

Defining a CMC Strategy
The CMC section should include:
10. Information to support the stability of the drug product:
a.

Include data on the stability study and test methods for the drug
product packaged in the contain/closure system and storage
conditions used in the animal toxicology studies and proposed for the
human clinical studies

11. General description of the composition, manufacture and
control of any placebo to be used in the clinical trials
12. Copy of all labels and labeling to be provided to each
investigator in the clinical trials:
a.

Should include a caution statement: “Caution: New Drug- Limited by
Federal (US) law to investigational use”

13. Claim for exclusion from environmental assessment
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Begin with the End in Mind

Defining a CMC Strategy
• The amount of information needed depends on:
•
•
•
•
•
•
•

Phase of the investigation
Novelty of the drug
Previous studies
Dosage form/Route of administration
Duration of the Study
Patient population
Known or suspected risks
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Drug Substance Description: Pre-Formulation
• Physical chemical properties of the drug substance.
– Information used in the development of the CMC is
derived from early characterization of the drug substance
– In order to develop the drug product from the drug
substance preliminary efforts focus on:
• Prediction of the formulation choices for the drug:
– Drug form- solid, lyophilized, solution
– Excipients that could be used with the drug
– pH

• Prediction of the degradation (stability) of the drug
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Drug Substance Description: Pre-Formulation
• Physical chemical properties of the drug substance.
• Synthetic molecules
• Particle characterization – Type (crystal, powder), size,
shape, texture, dissolution
• Purity – melting point, polymorphism, racemic
• Solubility – aqueous (acid, neutral, base), solvent
• pKa dissociation constants
• Membrane permeability (eg. viscosity)
• Partition coefficient in octanol:water (lipophilicity)
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Drug Substance Description: Pre-Formulation
• Physical chemical properties of drug substance.
• Proteins
•
•
•
•

Isoelectric point
Thermal stability to unfolding (Tm, ΔH)
Primary, secondary and tertiary structure
Post-translational modifications
– Glycosylation, phosphorylation, hydroxylation, GPI groups

• Protein impurities / degradation products
• Protein solubility
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Drug Product Description: Drug Delivery Formats
External Delivery
• Oral delivery
– Tablets, capsules
– Emulsions, suspensions
– Syrup

• Topical Delivery
–
–
–
–

Creams
Ointments
Transdermal patch
Gel

• Suppository
• Inhalation

Internal Delivery
• Intravenous
–
–
–
–

Vial concentrate
Lyophilized powder
Ready-to-use flexible container
Pre-filled syringe

• Subcutaneous
–
–
–
–

Pre-filled syringe
Cartridge
Pen
Pump

• Intramuscular
– Pre-filled syringe
– Vial concentrate

• Implant
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Analytical Methods: Design Strategies
Federal Law – CFR 21

Analytical Method Perspective

• Strength

• Measure of the concentration and
potency of the drug substance and
drug product

• Identity

• Methods that uniquely identify the
chemical compound as the drug.

• Purity

• Quantitatively measure the drug
purity, and quantitatively measure
the levels of impurities

• Quality

• General measures of the safety of the
drug product
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Analytical Methods: Product Release
Release Parameter

Purpose

Potency

• Biological activity of the drug – bioassay, binding assay
• Concentration

Identity

• Method to specifically and uniquely identify the therapeutic drug

Purity

• Therapeutic drug purity as a percent of total drug

Impurities

• Drug degradants
• Manufacturing process or purification process residual compounds
• Proteins:
•
•

DNA impurities
Host cell proteins

Solution Properties

• pH
• Osmolalities, viscosity
• Excipient concentration

Sterility

• Endotoxin (bacterial lipopolysaccharides)
• Absence of bacterial contamination (bioburden)
• Other pyrogenic response
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Analytical Methods: Product Release
Release Parameter

Examples of Analytical Methods

Concentration

• UV / visible absorption
• High Pressure Liquid Chromatography (HPLC)

Identity

• Infrared spectroscopy
• HPLC
• Thin Layer Chromatography (TLC)

Purity

• Thin Layer Chromatography
• Electrophoresis

Impurities

• HPLC, Liquid Chromatography with Mass Spectrometry detection (LC/MS)
• Gas Chromatography (GC), GC/MS
• Recombinant Proteins:
•
•

DNA impurities – extraction and UV absorption, Polymerase Chain Reaction (PCR)
Host cell proteins – Enzyme Linked Immunoassy (ELISA) for process proteins

Solution Properties

•
•
•
•

Sterility

• Endotoxin – limulus lysate gel clot
• Bio-burden – bacterial counts
• Rabbit pyrogen

pH
Osmolalities, viscosity
HPLC
Ion chromatography
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Analytical Methods:
Potency of Biopharmaceutical
 Binding Assay – measure binding of
 therapeutic protein to natural receptor,
 monoclonal antibody binding to native target molecule
 therapeutic protein to natural ligand, e.g. hemoglobin binding oxygen

 Enzymatic Assay – if therapeutic protein is an enzyme, measure enzymatic
activity.

 Bioassay – using whole animal, organ, tissue, or cell culture measure a specific
effect of therapeutic protein.

 Immunoassay – with antibody specific for therapeutic protein, use ELISA or
other immunoassay detection to quantitate the amount of protein. This method is
especially useful in determining potency during purification process.
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Analytical Methods: Biopharmaceutical
Manufacturing
Process Step

Process
Description

Analytical Method

Cell Culture Protein
Expression

Cell Culture Expansion
Cell Culture Growth
Media Harvest

Mycoplasm
Bacterial contamination
Endotoxin (LAL)
Nutrient and metabolites
Total protein
Recombinant protein concentration
Glycosylation profile

Protein Purification

Combination of column
chromatography, diafiltration,
heat denaturation steps to purify
recombinant protein to
homogeneity.

Total protein
Recombinant protein concentration
Endotoxin (LAL)
Process impurities (e.g. buffer
components)
SDS-PAGE

Concentration and
Sterile Filtration

Diafiltration to dialyze protein
into final matrix and concentrate
to desired concentration. Sterile
filtration with 0.2 filter.

Recombinant protein concentration
Endotoxin (LAL)
Release Testing

Bacteria, Mammalian
(CHO, BHK), Insect
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Analytical Method:
Container/Closure Components
 Extractable / Leachables:
 Organic and inorganic contaminants from the container/closure. These
may include plasticizers, vulcanizing agents, lubricants, trace metals.
 Solvent-based studies in water and in organic solvents with stress
conditions are used to determine extractables.
 Leachables are extractable chemicals that are found in product during
stability studies. Extractables are generally measured using HPLC, GC for
organinc chemicals and ICP or Graphite Furnace Atomic Absorption for
inorganic chemicals.

 Container interaction:
 Adsorption (e.g. drug loss due to adsorption to the container surface or in
the container plastic) or other alterations in the product (e.g. aggregation
of protein) due to container/closure.
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Stability Testing: Formulation
• Determines product expiry.
• Degradation of the drug determines formulation
stability – usually less than 5% drug loss is acceptable
as long a degradants are not toxic.
• Degradation mechanisms
•
•
•
•
•

Oxidation
Deamidation
Hydrolysis
Photolysis
Particulation / aggregation
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Product Stability Testing
• Regulatory guidance requires real time stability
under temperature and humidity conditions
appropriate for product use (transportation and
storage) to determine expiry and test stability.
• Stress studies are used to evaluate formulation
development and changes:
• Temperature, humidity
• Light
• Oxidation

• Stress studies can be used to predict small molecule
expiry. Protein stress studies are not predictive of
expiry and only used for comparison.
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Drug Product Stability Description
• Product attributes
• Tablets – dissolution, fragility
• Lyophilized products – reconstitution, recovery
• Pre-filled syringe – ease of use

• Product stability / expiry
• Tablets – typically 3 years
• Solutions – 1-2 years
• Proteins – 6 months-2 years
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Drug Product Manufacturing
• Manufacturing Information :
• Information pertaining to the composition, manufacturer,
stability, and controls used for manufacturing the drug
substance and the drug product.
• This information is assessed to ensure that the company
can adequately produce and supply consistent batches of
the drug from toxicology safety studies through clinical
trials and into the market.
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cGMP Regulatory Guidances
• ICH – International Council on Harmonization
(http://www.ich.org/)

• FDA – US regulatory authority
(http://www.fda.gov/Drugs/default.htm)

• EMA – European Medicines Agency
(http://www.ema.europa.eu/ema/)

• USP – US Pharmacopoeia (http://www.usp.org/)
• EP – European Pharmacopoeia
(http://online.pheur.org/EN/entry.htm)

• JP – Japanese Pharmacopoeia
(http://www.pmda.go.jp/english/pharmacopoeia/)
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Process Development Progression

Discovery
Scale

Lab
Scale

Pilot
Scale

Launch
Scale

g

mg - g

10’s g - Kg

10 – 100 Kg

• Lead identification
• Lead optimization
• Preliminary
characterization

• Pre-formulation
• Formulation
• Analytical
method
development
• Early animal
model studies

• Initial stability
studies
• Pre-clinical animal
testing
• Safety studies
• Phase I clinical
trials

• Phase I –III clinical
trials
• Pivotal stability
studies to establish
expiry

Commercial
Scale
100 Kg to metric
ton
• Product expansion
• Globalization
• Expansion of clinical
claims
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Small Molecule Manufacturing Process
Synthetic organic molecules, including peptides.
Raw
Materials
Bulk Drug Production Process

Synthetic organic processes in
reaction vessels

Bulk Drug Purification Process

Resin columns, distillation,
crystallization

Drug
Substance
Excipients,
Container

Organic precursors, solvents

Formulate, Fill – Finish Process

Sterilization
Drug
Product

Tableting, emulsions,
lyophilization, prefilled
syringes, concentrates in vials,
IV injectable solutions
None for oral formulations,
steam sterilization for
injectable products
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Small Molecule Manufacturing Process
• Scale up issues:
• Finding environmentally friendly solvents
• Controlling the impurity profile of the drug substance
• Consistent yield, drug substance and drug product quality
at large scale
• Equipment availability for synthesis
• Equipment availability for fill – finish
• Transferability to other manufacturing sites
• Cost
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Biopharmaceutical Manufacturing Process
Recombinant proteins, monoclonal antibodies, some larger peptides
Raw
Materials
Bulk Drug Production Process

Fermentation

Bulk Drug Purification Process

Ion exchange / size exclusion
columns, dialysis and
concentration

Drug
Substance
Excipients,
Container

CHO / E coli / yeast cells from
working cell bank, Amino
acids, fermentation media

Formulate, Fill – Finish Process

Sterilization
Drug
Product

Lyophilization, concentrate in
vial, prefilled syringes and
cartridges, ready-to-use IV
injectable containers
Aseptic fill
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Recombinant Protein Process Development
Master Cell Bank

Working
Cell
Bank

T Lai, Y Yang, SK Ng “Advances in Mammalian Cell Line Development Technologies
for Recombinant Protein Production” (2013) Pharmaceuticals 6:579-603.

Working
Cell
Bank

Working
Cell
Bank

Characterize cell banks for:
• Identity
• Purity
• Stability
• Karyology and
tumorogenicity
ICH Q5D “Derivation and Characterisation
of Cell Substrates Used for Production of
Biotechnological/Biological Products”
(1997)
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Recombinant Protein Manufacturing Process
• Manufacturing Issues:
•
•
•
•

Serum free medium
Control of nutrients, oxygen, CO2 levels
Consistent protein throughout production cycle
Consistent glycosylation and other post-translational
modifications throughout production cycle
• Control contamination of virus, mycoplasma, bacteria,
fungi
• In-process analytical methods and controls to ensure
consistency, quality, and purity
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Changes for Small Molecule vs Biologic Molecule
Manufacturing
Process

Follow-on Products
Generic – analytical

Synthetic small
molecule

Biopharmaceutical
or plasma derived
product

method testing for
equivalency. Approval
Demonstrate Equivalency through ANDA.
with analytical method
Enhanced Generic – may
characterization
require some clinical trials
in addition to analytical
method testing. Approval
through 505b(3).

Demonstrate

Biosimilar – analytical

Comparability through a

method characterization
and some clinical trials.
Approval through BLA
(same as innovator
product).

protocol approved by FDA.
Complexity of the protocol
depends on the extent of
the change. ICH Q5E
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Synthesized molecule vs biopharmaceutical
Differences

Synthesized Molecule

Biopharmaceutical

Drug substance

Synthesized, or
Semi-synthetic (fermentation +
synthesis)

Fermentation

Drug-related Impurities

ICH Q3A, Q3B, Q6A

ICH Q5E, 6B

Sterilization

Default - terminal sterilization

Aseptic fill

Drug substance stability

Retest date

Expire dated

Stability Expiry Dating

Accelerated studies supportive
for expiry dating

Accelerated studies not
accepted for expiry dating

Potency

Concentration of active

Biological assay

Process validation

Completed prior to launch,
process evaluation may be
included in the NDA

Included in the BLA filing
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Analytical Methods: Specifications
• Drug Substance:
• Specifications, including tests, type of analytical
procedures, and acceptance criteria (phase II/III)
• Batch analysis: description of batches to be used in the
trial (batch no., batch size, date and site of production),
and summary of results

• Drug Product:
• Specifications for excipients:
• Non-compendial excipients or novel tests for compendial
excipients
• Excipients of human or animal origin
• Novel excipients
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Analytical Methods: Setting Specifications
• A specification is defined as a list of tests, references to analytical
procedures, and appropriate acceptance criteria, which are numerical
limits, ranges, or other criteria for the tests described. It establishes the
set of criteria to which a drug substance or drug product should conform
to be considered acceptable for its intended use.
• Specifications are one part of a total control strategy for the drug
substance and drug product designed to ensure product quality and
consistency.

• Specifications are chosen to confirm the quality of the drug substance and
drug product rather than to establish full characterization, and should
focus on those characteristics found to be useful in ensuring the safety
and efficacy of the drug substance and drug product.
Relevant Document- ICH Q6A (small molecules), ICH Q6B (biotech/biologics)
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Analytical Methods:
Setting Specification Limits
• Choosing Specification Limits:
• Limits are achievable by analytical methods.
• Limits are achievable consistently in the manufacturing
processes
• Limits are representative of the drug substance and drug
product used in clinical trials.
• Limits are clinically relevant to meet patient safety and
efficacy.
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Analytical Methods: Pharmacopeia
• USP and EP are excellent sources of specifications, test
methods, and criteria for many small molecule drugs.
• See example at:
https://mc.usp.org/monographs/acyclovir-20?destination=node/2277
• Biopharmaceuticals have been less well represented in
the USP, but protein drug substances are listed in the
EP.
• USP in written into CFR 21 law, but the USP is an
independent, not-for-profit corporation.
• EP is part of the European regulatory authority (EMA).
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Analytical Methods: Validation
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Analytical Methods:
Validation for Intended Use
Type of analytical procedure

Data Element
Accuracy
Precision
Repeatability
Intermediate Prec
Specificity
LOD
LOQ
Linearity
Range

Identification Testing for Impurities Assay
Content
Quantitative Limit
Potency

-

+

-

+

+
-

+
+
+
?
+
+
+

+
+
-

+
+
+
+
+
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Analytical Methods: Validations
• Phase appropriate validation:
• Validation of analytical methods does not need to
be complete by IND stage.
• But should be complete for NDA / BLA.
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Analytical Methods: Impurities
• Two kinds of impurities are distinguished in the ICH
Guidelines:
• Drug substance impurities that do not change in the drug
product
• Drug degradation products that can increase over time in
both drug substance and drug product

• Non/Pre-clinical safety testing is performed prior to
IND submission and to characterize the product after
major changes to the process.
• Testing of impurities is performed from lot-to-lot of
product to routinely control safety.
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Types of Pharmaceutical Impurities
Source

Description

Drug substance
manufacturing process

Residual synthetic intermediates, host cell proteins
and DNA, process purification residuals

Drug degradants
Excipient impurities

Drug breakdown products found during storage.

Residual solvents

Solvents used in drug synthesis or used as process
aids in finished product manufacturing that were
not completely removed in purification.

Elemental impurities

Trace metal impurities (e.g. Hg, Pb, Sn) are found in
raw materials for the drug substance production,
excipients, container materials, water.

Extractables /
Leachables

Chemicals that are used as additives or slip agents,
or that are precursors of polymers can migrate out
of a container construct into solution.

Most excipients are sourced from natural products
and from mining, e.g. NaCl, sugars. Purification
does not remove all contaminating chemicals.
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Drug Related Impurities for Synthetic Drugs
• ICH Q3A and Q3B (drug substance and drug product,
respectively) describe the acceptable levels of impurities and
the consequences to establish safety.
• Guidance establish levels for reporting, identification, and
qualification.
• Reporting means that the analytical methods used need to be able to
reliably quantitate concentrations of the impurity.
• Identification means that the chemical identity of the impurity must
be determined.
• Qualification means that the impurity needs to be shown to be safe in
biological assays or in animal models.

• Drug process related impurities are controlled in the drug
substance.
• ICH M7 establishes basis for addressing mutagenic impurities
for known or potential genotoxins or carcinogens.
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ICH M7 – Mutagenic Impurities
• Mutagenic impurities are chemicals that are known to be DNA
reactive or potentially DNA reactive.
• Threshold of Toxicological Concern (TTC) limit of 1.5 g/day
are based on 1 to 100,000 cancer risk value (human lifetime
risk of developing cancer).
• Known mutagenic or carcinogenic structural groups identified
with a high potential mutagenic chemicals will be controlled
at or below the acceptable limit. Examples of mutagenic
structural groups include aflatoxin-like, N-nitroso-, and azoxy
compounds.
• Altered structure, unrelated to the drug substance, and no
mutagenicity data can be tested by bacterial mutagenicity
assay or controlled at the TTC.
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Drug Related Impurities: Biopharmaceuticals
• No ICH, FDA, or EMA guidance for levels of acceptable
biopharmaceutical impurities. Generally accepted levels are
<0.1%. Acceptable levels of impurities for a specific protein
product are justified through preclinical safety studies and
clinical trials.
• Impurities can occur due to oxidation, hydrolysis, or
deamidation of amino acid side chains. Generally, these
changes do not effect toxicity directly, but alter efficacy.
These modification can cause protein aggregation and
immunogenicity.
• Protein aggregation can cause immunogenicity and
particulate formation.
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Residual Solvents Impurities
• ICH Q3C – Guidelines for Residual Solvents
• Include control measures for all solvents used in the final
purification of drug substance or potentially appear in the final
product.
• Solvents are divided into 3 classes depending on toxicity
• Class 1 – unacceptable toxicity to be avoided (benzene, CCl4,
dichloroethane, trichloroethane) with concentration limits.
• Class 2 – solvents to be limited (27 solvents listed) with Personal Daily
Exposure (PDE) and concentration limits.
• Class 3 – solvents with low toxic potential (26 solvents listed) 50
mg/day acceptable maximum level.
• Other solvents – need to be justified based on available literature or
supporting pre-clinical assessment.

• USP <467> provides analytical method (GC headspace) and
reference standards.
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Elemental Impurities
• Heavy metal test will be replaced by measurement of specific
elemental impurities (ICH Q3D, USP <232> and <233>)
• USP implementation deferred until ICH Q3D is finalized.
• ICH Q3D reached step 2 on July 26, 2013, with 6 month public
commentary.
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Agency-Sponsor Meetings
• Small business assistance

(https://www.fda.gov/Drugs/DevelopmentApprovalProcess/SmallBusinessAssi
stance/ucm345107.htm)

• Regulatory Education for Industry (REdI) Conferences
• Pre-IND Meetings:
• Generally to focus on safety issues related to the identification,
strength, quality, purity of the investigational drug and to identify
any potential clinical hold issues

• End of Phase 2 Meetings:
• Generally to focus on CMC specific issues for the planned phase 3
studies

• Pre-NDA Meetings:
• Generally to focus on filing and format issues

• Follow-up teleconferences and other meetings, as
warranted
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BioPhia Consulting
Subject Matter Experts:
• Drug, Biopharmaceutical, Medical
Device Development
• Business, Technical, Quality and
Regulatory Support
• Product remediation and life-cycle
management
• www.biophia.com

Pharmaceuticals
(antibiotics,
cardiovascular, renal)

Biopharmaceuticals
(proteins, peptides)
egmbiochem@gmail.com
richjohnson442@comcast.net

Medical Devices
(extracorporeal, peritoneal
dialysis, diagnostics)

Cell Therapies
(CD34+ stem cells,
immunotherapy)
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Defining a CMC Strategy-

Backup Slides
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CMC- Phase-Appropriate Data
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Residual Solvents Impurities
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Residual Solvents Impurities
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Setting Specifications
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cGMP Regulatory Guidances

52

ICH Q3A and Q3B Impurity Levels for Synthetic Drugs
• Dose dependent determination of acceptable levels
• ICH Q3A – Drug Substance

• ICH Q3B – Drug Product
Maximum Daily Dose
 1g
 1g

Reporting Threshold
0.1%
0.05%

 1 mg
1 mg – 10 mg
 10 mg – 2 g
2g

Identification Threshold

1.0% or 5 g TDI *
0.5% or 20 g TDI *
0.2% or 2 mg TDI *
0.10%

 10 mg
10 mg – 100 mg
 100 mg – 2 g
2g
 % or TDI, whichever is lower

Qualification Threshold

1.0% or 50 g TDI *
0.5% or 200 g TDI *
0.2% or 3 mg TDI *
0.15%
TDI: Total Daily Intake
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Determining Acceptance Levels
𝑁𝑂𝐸𝐿 𝑥 𝑊𝑒𝑖𝑔ℎ𝑡 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡
𝑃𝐷𝐸 =
𝐹1 𝑥 𝐹2 𝑥 𝐹3 𝑥 𝐹4 𝑥 𝐹5
F1 = A factor that accounts for comparative surface area to body weight ratios

F2 = 10 to account for variability between
individuals.

F3 = A variable factor to account for toxicity studies of short-term exposure

F4 = A factor that may be applied in cases of severe toxicity, e.g. non-genotoxic

F5 = A variable that may be applied if the no-

carcinogenicity, neurotoxicity or teratogenicity. Reproductive toxicity uses the
following factors:

effect level was not established.

DW Gaylor and RL Kodell “Linear Interpolation Algorithm for Low Dose Assessment of Toxic Substance” (1980) Journal of Environmental Pathology and Toxicology 4:305-312
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Determining Acceptance Levels

ICH Q3C (R5) “Impurities: Guidelines for Residual Solvents” (2011), page 16.
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