
Evolution of Dissolution Testing: Toward 
Prediction of In Vivo Performance

Lawrence Yu, PhD

Director, Office of Product Quality Assessment II | US FDA

M-CERSI Workshop: The Evolution of Biopharmaceutics: Risk 
Assessment and Clinical Relevance – April 30 – May 1, 2026



2

In Vitro Dissolution Testing: Objectives

• Assure batch to batch consistency

• Provide “process control” and quality assurance

• Guide development of new formulations

• Ascertain the need for bioequivalence studies 

– BCS-based Biowaiver

– Generic Drugs

– Different strengths

– Post-approval changes 
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In Vitro Dissolution Testing Serves Dual 
Roles

• Assure batch to batch consistency

• Provide “process control” and quality assurance

• Guide development of new formulations

• Ascertain the need for bioequivalence studies 

– BCS-based Biowaiver

– Generic Drugs

– Different strengths, scale-up or site transfers

– Post-approval changes 

Process Control 

Dissolution 

Biodiscriminating 

Dissolution 
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Biodiscriminating Dissolution

• Biodiscriminating Dissolution

– A dissolution test is biodiscriminating when it distinguishes drug 
product variants that are bioequivalent from those that are not. 

– Biodiscriminating methods typically require an external anchor, 
defined as evidence that in vitro differences translate to 
meaningful in vivo outcomes (e.g., plasma exposure, onset of 
action, or pharmacodynamic response); however, this requirement 
may not be necessary in all cases.
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Conceptual Shift: From Process Control 
to Biodiscriminating

• Process control dissolution ensures process 
consistency, which refers to how reproducibly the 
manufacturing process operates—batch after 
batch.

• Biodiscriminating dissolution ensures product 
quality, which refers to what the product is and 
whether it is fit for its intended use in patients.
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A highly consistent process can still produce poor-quality 

product if it is centered on the wrong target or built on 

incorrect assumptions. The withdrawal of Budeprion illustrates 

the importance of selecting tests that are predictive of in vivo 

performance. Otherwise, the consequences can range from 

redevelopment of the product to patient harm

Process Control and Biodiscriminating 
Dissolutions Can Diverge
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“The in vitro test serves as a tool to 
distinguish between acceptable and 
unacceptable drug products. 
Acceptable products are 
bioequivalent, in terms of in vivo 
performance, whereas 
unacceptable products are not”

The concept of 
biodiscriminating 

dissolution testing is 
not new
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• ICH Q8(R1): 2006
– “quality cannot be tested into 

products, i.e., quality should be built 
in by design.”

• ICH Q8(R2): 2009
– Quality by Design (QbD): : 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

– QTPP  and CQA

Quality by Design (QbD)
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Overview of QbD 

DEFINE Quality

Target  Product Profile

Process Design and

Understanding

Product Design and

Understanding

Control

Strategy

TARGET 

(CQAs: Dissolution)

DESIGN and 

UNDERSTANDING

(CMAs and CPPs)

IMPLEMENTATION

Continual 

Improvement

Labeled Use 

Safety and Efficacy
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Pharmaceutical 

Unit 

OperationInput 

Materials

Output 

Materials or

Product

CPPs

CMAs
CQAs

(Dissolution)

QbD Product and Process 
Understanding: Linking 
CMAs and CPPs to CQAs
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Biodiscriminating Dissolution Enhances 
Control Strategy in QbD
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Focusing Dissolution’s Role Solely on Assuring BA/BE

Raw Materials Manufacturing Product Testing
BA/BE

Product

CMAs CPPs
Specification 

including Dissolution



“For immediate-release 

solid oral drug products 

containing a high 

solubility drug substance 

(as defined herein), the 

dissolution criterion is 

Q=80% in 30 minutes”
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Gastric emptying…most likely governs 

drug dissolution and absorption of 

NSAIDs. For BCS Class 2a IR solid oral 

drug products, large variability of gastric 

emptying and MMC as well as the strong 

driving force of intestinal absorption 

probably outweigh the impact of solubility 

on drug in vivo dissolution.
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Future State of Dissolution Testing

• An in vitro dissolution test that provides predictive insight 
to in vivo performance. This ensures high quality drug 
products that maintain safety and efficacy throughout the 
product lifecycle. With an in vivo predictive dissolution, 
the impact of critical material attributes and critical 
process parameters on in vivo performance can be 
quantitatively assessed by in vitro dissolution. This 
provides scientific and risk-based knowledge to support 
patient-centric quality standards.
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