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The most common quality
assurance test during
product development
and process changes
is dissolution, but the
correlation of dissolution
testing with in vivo
performance varies from
product to product.
The large amount of
available dissolution test
and pharmacokinetic
data could be used to
develop and test models
capable of predicting
the relationships
between dissolution
and bioavailability/
bioequivalence.

As a generic drug manufacturer, the goal of your product development program is to demonstrate
bioequivalence of your product to the branded product. Often a straight-forward trial and error
process based on the experience of the formulation team has been successful. As innovators plan
ahead to protect their product lines, however, they have made this task more difficult. Whether by
utilizing unique and patented delivery technology, or by modifying the dissolution and absorption
characteristics of the active ingredient through novel formulation, the innovator may confound the
efforts of generic formulators.
These challenges may be overcome by a model-based drug development approach. The Food
and Drug Administrations (FDA) Center for Drug Evaluation and Research (CDER) has identified in
vitro-in vivo correlation (IVIVC) as an opportunity in its Critical Path Initiative for Generic Drugs,
where it states:
The development of an IVIVC model for use in steering formulation development decisions
and selecting candidate formulations for bioequivalence trials is within the reach of most
generics companies. The approach and technical details involved, however, may be unfamiliar
to those outside of pharmaceutical development circles. But addressing the knowledge gap
and providing appropriate tools would go a long way to speeding generic development and
increasing success rates in bioequivalence trials.
An IVIVC is a mathematical relationship between an in vitro measure of systemic availability and one
or more biomarkers. For orally administered drugs with systemic bioavailability the IVIVC is usually
a relationship between in vitro dissolution and in vivo absorption. In vivo absorption is predictive of
biometrics for exposure (Cmax and AUC), and is therefore relevent to assessing bioequivalence. With
an established IVIVC, formulations can be evaluated in vitro and in silico to assess their chances of
success in a bioequivalence trial.
There are several approaches to developing an IVIVC that vary in their complexity and data
requirements. The so-called “level A” correlation, which is predictive of the entire time course
of exposure (eg, plasma profile) is usually obtained through a two-stage deconvolution based
approach. In this approach, the plasma profiles for the generic formulations are compared to
the plasma profiles for a “reference” formulation, which is not to be confused with the innovator
formulation, to obtain estimates of absorption or in vivo dissolution. This is the first stage, and the
process is called “deconvolution.” The second stage is the correlation of the in vivo dissolution
with the in vitro dissolution data. The completed IVIVC then allows one to predict absorption from
dissolution, and “convolution” of the absorption prediction with the “reference” generates plasma
profiles that can be assessed for bioequivalence.
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The data requirements for the two-stage IVIVC are the dissolution and plasma profiles for at least
two, different formulations and a “reference” plasma profile. The dissolution profiles should be
from a biorelevant dissolution protocol so that the differences in dissolution are manifested in
the in vivo data. Failure to obtain an IVIVC can sometimes indicate that the dissolution protocol
is not properly discriminating. The reference profile can come from an immediate-release or IV
dose given in parallel or crossover during the biostudies, or in many cases can be estimated from
information available in literature. A product development program should be able to meet these
data requirements after a single prospective biostudy, or two failed bioequivalence trials.
Integrating IVIVC into the generic product development process is an investment with immediate
as well as long-term payback. The development of a valid IVIVC will enable the product
development team to:
• Assess differences between brand and generic in vivo dissolution
• Select a biorelevant dissolution protocol
• Predict the plasma profiles for new formulations and select the best candidate for a biostudy
• Learn more from failed studies and use the information to advance further research
• Set dissolution specifications based on product performance
• Apply for biowaivers due to post-marketing manufacturing changes
Most generic drug companies have the data and expertise to leverage IVIVC as part of their
development process. As innovators increase their efforts to impede the success of generics
formulators, the tools and techniques related to IVIVC provide a quantitative framework for
understanding failure and planning for successes.
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About Certara
Certara is a leading provider of decision support technology and consulting services for optimizing drug
development and improving health outcomes. Certara’s solutions, which span the drug development and
patient care lifecycle, help increase the probability of regulatory and commercial success by using the most
scientifically advanced modeling and simulation technologies and regulatory strategies. Its clients include
hundreds of global biopharmaceutical companies, leading academic institutions and key regulatory agencies.
For more information visit www.certara.com or email sales@certara.com.
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