COMPATIBILITY OF
PHARMACEUTICAL
PRODUCTS AND
CONTACT MATERIALS

COMPATIBILITY OF
PHARMACEUTICAL
PRODUCTS AND
CONTACT MATERIALS
Safety Considerations Associated
with Extractables and Leachables

DENNIS JENKE

A JOHN WILEY & SONS, INC., PUBLICATION

Copyright © 2009 by John Wiley & Sons, Inc. All rights reserved.
Published by John Wiley & Sons, Inc., Hoboken, New Jersey.
Published simultaneously in Canada.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording, scanning, or
otherwise, except as permitted under Section 107 or 108 of the 1976 United States Copyright
Act, without either the prior written permission of the Publisher, or authorization through
payment of the appropriate per-copy fee to the Copyright Clearance Center, Inc.,
222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 750-4470, or on the
web at www.copyright.com. Requests to the Publisher for permission should be addressed
to the Permissions Department, John Wiley & Sons, Inc., 111 River Street, Hoboken,
NJ 07030, (201) 748-6011, fax (201) 748-6008, or online at http://www.wiley.com/go/permission.
Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best
efforts in preparing this book, they make no representations or warranties with respect to the
accuracy or completeness of the contents of this book and specifically disclaim any implied
warranties of merchantability or fitness for a particular purpose. No warranty may be created
or extended by sales representatives or written sales materials. The advice and strategies
contained herein may not be suitable for your situation. You should consult with a professional
where appropriate. Neither the publisher nor author shall be liable for any loss of profit or any
other commercial damages, including but not limited to special, incidental, consequential, or
other damages.
For general information on our other products and services or for technical support, please
contact our Customer Care Department within the United States at (800) 762-2974, outside the
United States at (317) 572-3993 or fax (317) 572-4002.
Wiley also publishes its books in a variety of electronic formats. Some content that appears in
print may not be available in electronic formats. For more information about Wiley products,
visit our web site at www.wiley.com.
Library of Congress Cataloging-in-Publication Data:
Jenke, Dennis.
Compatibility of pharmaceutical products and contact materials : safety considerations
associated with extractables and leachables / Dennis Jenke.
p. ; cm.
Includes bibliographical references and index.
ISBN 978-0-470-28176-5 (cloth)
1. Drugs–Containers–Safety measures. 2. Drug delivery devices–Safety
measures. 3. Leachate. 4. Extracts. I. Title.
[DNLM: 1. Drug Delivery Systems–standards. 2. Consumer Product Safety.
3. Drug Contamination–prevention & control. 4. Drug Packaging–standards.
5. Drug Stability. QV 785 J52C 2009]
RS159.5.J458 2009
615′.190289—dc22
2008045583
Printed in the United States of America.
10 9 8 7 6 5 4 3 2 1

To My Family,
In case you were wondering, this is where all that time went.
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PREFACE

I think it was at the 2005 Extractables and Leachables Forum, sponsored by the PDA, where someone said those fateful words, “Someone
ought to write a book about this stuff”. Having never understood the
thin line that separates wisdom from folly, pragmatism from naïveté,
and diversion from torment, I thought the idea had sufficient merit that
I would give it a shot. In retrospect, I am not sure whether this kind of
thinking is a strong recommendation for this book or not.
There is an old and respected saying that goes “but first do no harm”.
This statement is the essence of how leachables and extractables relate
to therapeutic products. In order for a therapeutic product to be effectively utilized to achieve the desirable goal of improving the human
condition, it must be manufactured, packaged, stored, and administered. Systems that perform these functions are thus a necessary,
important, and beneficial contributor to therapeutic practice. An ideal
system would perform its required function (the positive benefit)
without interacting with the therapeutic product (the potentially negative harm). Alas, the development of systems that are truly inert remains
a goal, as opposed to an accomplishment, of modern material science.
Interactions between systems and products are well known and documented. It is incumbent on the producers and users of such systems to
demonstrate that any interaction occurring between a system and a
therapeutic product has no meaningful effect on the composition of
that product.
xv
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While regulations and standard practices have been developed to
accomplish the task of demonstrating “no impact”, such regulations
and practices are either general, high level, or strategic in nature and/or
are part of a fragmented general literature on the topic of system–
product compatibility. Members of the regulatory and industrial communities who find it necessary to assess system–product interactions
struggle mightily to develop, implement, and report effective, efficient,
standardized, and scientifically sound strategies and tactics for performing such compatibility assessments.
This juxtaposition establishes the driving force behind this book.
This book attempted to answer two major questions; What do we have
to do? and When do we have to do it? It looks at the multiple aspects
of both safety assessment and therapeutic product development and
notes that if safety assessment and product development were to start
at the same time, there are logical time connections between the two.
That is, both safety assessment and product development activities are
facilitated if these two processes are performed in an orderly manner
and furthermore are linked in terms of timing. Thus, for example, the
right time to evaluate, screen, and identify materials to be used for
systems to manufacture, store, or deliver therapeutic products is in the
early stages of the development of the therapeutic product. Similarly,
the right time to validate an analytical method for the purpose of monitoring leachables over shelf-life is when the therapeutic product is well
into its development.
A few words about the construction of this book are relevant. The
book is loosely constructed around a timeline that delineates the major
activities associated with the safety assessment of extractables and
leachables. The reader is introduced to general concepts in Chapters 1
and 2. Chapter 1 serves to introduce the topic of the safety assessment
of extractables and leachables and provides an overview of pertinent
regulations. Chapter 2 defines the nomenclature that is used in the
book and hopefully facilitates understanding and order in the general
scientific community. As is the case with many endeavors that involve
complex generalities and subtle nuances, being able to fall back on a
clear and common language is a key to moving forward. Chapter 3
defines the product life cycle and establishes the link between activities
that occur during a product’s life cycle and the major activities associated with safety assessments of extractables and leachables. As such,
Chapter 3 provides the structure upon which the remainder of the book
is based. Chapter 3 answers the questions noted previously (what to do
and when to do it) in a general sense while the following chapters
address individual activities in much greater detail.
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Before one has a system or construct that contacts a therapeutic
product, there is a set of materials that the construct is made of. It is
reasonable to assume that these materials were chosen for use in the
construct based on sound reasoning, which presumably includes a consideration of their extractables characteristics. Chapter 4 considers the
processes of material characterization and the utilization of characterization information in the material screening process. The utility of
compendial testing is considered, a framework for constructive interactions between vendors and users of materials in terms of extractables
information is defined and specific tactics for material characterization
studies are discussed and illustrated with case studies.
A construct that is made up of appropriate materials and is made by
an appropriate manufacturing process undergoes significant testing
from the time it is first proposed as a prototype, through its development and optimization, and finally to the time it is launched as a part
of an approved final product. At some time in this process, the construct, and its associated therapeutic product, must undergo a leachables assessment to support the product’s registration. It is reasonable
to anticipate that one of the product requirements would be that the
construct “contributes safe levels of leachables to the therapeutic
product”. Such a leachables assessment should (must) be performed
on the final construct, manufactured by the final production process,
and contacted by the finalized therapeutic product. If there are no
extractables and leachables activities that occur between material selection and final product testing, then one has not practiced effective risk
management because one has essentially “bet the farm” on obtaining
a “clean bill of health” as a result of the leachables testing. Additionally,
there are certain things that need to be in place (e.g., a list of target
leachables and validated test methods) in order to perform the leachables assessment. Thus the next section of the text deals with Construct
Qualification, which includes performing a preliminary, product simulating extraction study and toxicological assessment (Chapter 5) and
doing the assay work required to “gear up” for a leachables study
(Chapter 6). The points made in both Chapters 5 and 6 are illustrated
via several case studies.
In qualifying a construct, one has either established that the probable safety risk associated with utilization of the construct with a therapeutic product is low, in which case the product development activity
continues toward completion (i.e., marketing of the product), or that
the probable safety risk is high, in which case product development is
“sidetracked” as a strategy is developed to mitigate, reduce, or eliminate the risk. However, it is clear that qualifying and validating a
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construct are two completely different situations. Construct validation
is thus the next segment of a product’s life cycle that is considered in
the book. The term validation can be generally defined as the process
by which a system is demonstrated to meets its performance requirements. In the context of safety assessment, construct validation is
accomplished in that study that definitely establishes the levels of construct-related leachables present in the therapeutic product. In the
language of the European Guidelines for Plastic Immediate Packaging
Materials, this study is termed a migration study. Chapter 7 deals with
the details associated with the migration study and the toxicological
interpretation of the generated data. This chapter also considers in
detail how one might handle “disasters” that can occur in a migration
study, for example, the sudden appearance of a “new” leachable or
unanticipated trends in leachables data.
Clearly, the whole process of safety assessment is directed toward
submitting the information to a regulatory agency for the purpose of
securing approval to market. Chapter 8 considers the content and construction of the extractables–leachables portion of a product registration dossier, specifically with respect to the Common Technical
Document. Chapter 9 provides some practical insights on how one
might handle the dossier-related questions that might be received from
the product’s regulatory reviewer.
Once the product has been approved and is “in the field”, it must be
supported and maintained during its (hopefully) long, impactful, and
profitable market lifetime. Chapter 10 considers critical aspects of
Product Maintenance (from an extractables and leachables perspective), including ongoing quality control, change control, and disaster
management.
Eventually, the product has “had its run” and is withdrawn (retired)
from the field. Chapter 11 briefly considers the utilization and disposition of the E&L information that has been accumulated over the product’s useful lifetime.
Chapter 12 provides an opportunity to address specific issues related
to extractables and leachables. It starts with a discussion of the efforts
to develop and standardize methods and methodologies to address
extractables and process related impurities from plastic-based manufacturing systems (i.e., the so-called single-use, or disposable, manufacturing systems). It continues with a discussion of the Best Demonstrated
Practices that were established by a PQRI Working Group for performing extractables and leachables assessment for container closure
systems encountered in inhalation drug products. It contains a brief
synopsis of suitability for use consideration for container closures other
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than safety. It summarizes the practical considerations that are relevant
in terms of deciding what resources are required in performing E&L
assessments and where those resources might exist. Finally, it provides
this author with the opportunity to look forward into the near future
and speculate on what developments in E&L assessments are out there
just over the horizon.
Lastly, an Appendix provides information such as name, CAS registry number, chemical formula and molecular weight for extractables
and/or leachables that have been reported in the literature.
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PART A
GENERAL CONCEPTS

1
INTRODUCTION

GENERAL DISCUSSION
Materials such as plastics, glasses, and metals, are widely used in
medical constructs, for example, containers, packaging systems, sets,
transfer and transport systems, manufacturing systems–facilities, and
devices. The physiochemical nature of these materials provides medical
products with their necessary and desirable performance characteristics. A number of medical products involve constructs (objects constructed in whole or in part from materials) whose primary purpose is
the generation, production, transport, storage, and/or delivery of therapeutic products that are used either directly or indirectly by patients to
produce a desirable therapeutic outcome. Additionally, such constructs
may be used for the same purposes with precursors of the therapeutic
product. Less frequently, such constructs themselves may provide the
therapeutic benefit.
While an important performance characteristic of materials (or
systems) used in medical applications is chemical inertness, interactions
between a material (or system) and the pharmaceutical product it contacts are well documented. Such interactions may include sorption
(binding), the uptake of product components by the material, or
Compatibility of Pharmaceutical Products and Contact Materials: Safety
Considerations Associated with Extractables and Leachables, by Dennis Jenke
Copyright © 2009 John Wiley & Sons, Inc.
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Material Phase

Product Phase

Leaching

Equilibrium
Distribution?

Binding

Contact Interface

Fig. 1.1. Interactions between a therapeutic product and a material (plastic) phase.
Such interactions include leaching, the migration of material-related components into
the product, and binding the sorption of product ingredients by the material. Both
processes impact the drug product’s final composition at its time of use and thus its
safety and/or efficacy. Note: the arrows denote the direction of solute movement. The
oval represents a solute molecule, which can end up in either phase at equilibrium.

leaching the release of material-related components to the product
(Fig. 1.1). Instances in which such an interaction can impact the therapeutic product, from either an efficacy and/or safety perspective, also
have been reported. As a recent example, the leaching of a vulcanizing
agent from uncoated stoppers used in prefilled syringes has been proposed as a mechanism contributing to adverse clinical events associated
with EPREX®.1 Other recent examples of leachables exerting an undesirable influence on therapeutic products have also been documented.2,3
These recent examples augment a long history of instances where the
safety or efficacy of a therapeutic product has been compromised by
its interaction with a construct.
As outlined in relevant regulatory policies, procedures, and guidelines, any contact between a construct and therapeutic substance, which
may or may not be a finished drug product, is an opportunity for that
substance to be changed as a result of that contact. The purpose of a
construct’s compatibility evaluation is to assess the magnitude, if any,
of such a change. By convention, if little or no change occurs, then it
is concluded that the construct and the therapeutic substance are compatible. A complete compatibility assessment considers numerous
potential outcomes of the construct–substance interaction, as illustrated

