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• The Ongoing Development of USP Chapters <665> and 
<1665> Dealing with Materials and Components Used in 
Pharmaceutical Manufacturing Systems

• Issues Frequently Observed in Analytical Evaluation of 
Leachables in Drug Products (An FDA Review Experience)

• Toxicological Risk assessment of Medical Device 
Constituents—The New Working Draft of ISO 10993-17

• Understanding the Major Revisions to ISO 10993 and the New 
European Medical Device Regulations

• ISO 10993-18: Chemical Characterization of Medical Devices
• Application of ISO 109993-12 Exhaustive Extraction to Support 

Biocompatibility of Implantable Devices
• Exploring Biocompatibility vs. Chemical Assessment in E&L 

Study Design

•	 Revisiting	the	PQRI/USP	Identification	Categories	for	
Leachables and Extractables

• The Use of Simulation Extractions to Address Leachables for 
Single Use Systems Extractable and Leachable Evaluation for 
Complex Pharmaceutical Formulations

• The Proper Use of Extractables Data – Aspects Beyond 
Extractables Measurement

•	 Advanced	Identification	Methods	for	E/L	from	Packaging	&	
Manufacturing Components

• Understanding Leaching Associated with Lyophilized Drug 
Products Stored in Vial/Stopper Packaging Systems 

• And Much More!
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 10:00 USP Chapters <665> and <1665>:  
Materials and Components Used in 
Pharmaceutical Manufacturing Systems 
Dennis Jenke, President,  
Triad Scientific Solutions

Polymeric components of drug product manufacturing sys-
tems will contact the manufacturing process stream, includ-
ing process solutions, production intermediates, or the API, 
DS, or DP themselves, during manufacturing. During con-
tact, process equipment-related leachables (PERLs) could 
leach from the component and accumulate in the process 
stream, potentially impacting a quality attribute of the pro-
cess	stream	and	affecting	manufacturing	process	efficien-
cy. If the PERLs persist through manufacturing, they could 
accumulate in the pharmaceutical product, potentially af-
fecting product quality attributes such as stability and pa-
tient safety. USP Chapter <665>, Polymeric Components and 
Systems Used in the Manufacturing of Pharmaceutical and 
Biopharmaceutical Drug Products addresses this situation 
via a risk-based approach for chemically characterizing 
polymeric materials and components used to manufacture 
pharmaceuticals/biopharmaceuticals. USP chapter <1665>, 
Characterization of Polymeric Components and Systems 
used to Manufacture Pharmaceutical and Biopharmaceuti-
cal Drug Products communicates the key concepts behind 
<665> and addresses the applicability and the application 
of <665>. This presentation discusses the recent published 
versions of <665> and <1665> and provides preliminary in-
sights into the most recently received public comments.

 11:00 Revisiting	the	PQRI/USP	Identification	 
Categories for Leachables and Extractables
Daniel Norwood, Independent  
Senior Consultant, Smithers Rapra

In	2006,	PQRI	published	the	first	comprehensive	best	practice	
recommendations for assessing extractables and leachables 
in drug products and their packaging systems. The essence 
of these recommendations was later incorporated into USP 
General Chapters <1663>, <1664> and <1664.1>. Included in 
these	best	practices	is	an	identification	process	for	individ-
ual organic extractables/leachables, which includes mass 
spectrometry-based	 identification	data	elements	and	cate-
gories	 (e.g.,	 tentative,	 confident,	 confirmed	 and	 unknown).	
This presentation will discuss the process used to develop 
the	identification	categories	and	examples	available	to	PQRI	
prior to 2006. Additional examples developed since 2006 will 
be	presented	which	challenge	these	categories.	Modifica-
tions	 to	 the	 original	 identification	 categories	will	 be	 pre-
sented	 for	 discussion.	 These	 modifications	 will	 likely	 be	
considered for incorporation into a revision of USP <1663>. 
This presentation, then, will highlight the following points:

•	 Discussing	the	process	of	developing	identification	
categories

• Experience with implementing the original PQRI 
identification	criteria	and	categories	since	2006

•	 Examples	which	challenge	the	original	identification	
categories

• What is the way forward?

Wednesday, April 10

 7:45 Registration & Complimentary Breakfast  
& Chairperson’s Welcome

Regulatory Spotlight — E&L Expectations 
for Medical Devices & Drug Products 

 8:15 Issues Frequently Observed in Analytical 
Evaluation of Leachables in Drug Products 
(A Review	Experience)	
Andrey Sarafanov, Ph.D., Chemist, Principal 
Investigator, Center for Biologics Evaluation 
& Research (CBER), FDA

This presentation provides overview of regulatory guid-
ances and FDA requirements for assessment of leach-
ables in new drug products and supplements to the 
approved licenses. Several cases representative for 
common deficiencies in study designs from the submis-
sions are overviewed, and respective approaches to 
avoid such deficiencies are discussed.

 8:55 Exploring Biocompatibility vs. Chemical 
Assessment in E&L Study Design
Ron Brown, US FDA (retired), Risk Science 
Consortium, LLC

The biological safety evaluation of medical devices has 
typically involved the use of biocompatibility testing of 
an extract of the device or the device itself; however, an 
approach involving chemical characterization and risk 
assessment of compounds that are extracted or leached 
from the device is being increasingly accepted as a 
means to assess the safety of the device.  Nevertheless, 
this approach can only be used with confidence to eval-
uate certain biological endpoints (e.g., systemic toxicity, 
carcinogenicity) and there is growing uncertainty about 
the use of the chemical characterization/risk assessment 
approach of E&L compounds as a standalone method 
for the biological evaluation of a device. This talk will 
outline the circumstances under which the US FDA will 
accept a chemical characterization/risk assessment ap-
proach as an alternative to biocompatibility testing of a 
medical device, will identify the situations in which the 
FDA may ask for characterization of E&L compounds to 
be done even if biocompatibility testing has been per-
formed, and will explore the ways that the results of a 
chemical characterization/risk assessment of E&L com-
pounds can be used in a biological risk management 
framework to evaluate the safety of a device.

Regulatory Spotlight II —  
The Implications of Recent Revisions  
to USP Chapters <665>, <1665>,  
& <1663-64> for E&L Study Design

 9:35 Coffee & Networking Break 



Register Now to Guarantee Your Space! Online: www.pharmaedresources.com • Phone: 217.721.5774

Extractables & Leachables Boston 2019

2)  Another aspect is the extrapolation of extractables 
data toward potential leachables by avoiding the 
physically questionable approach to cumulate and 
scale and extrapolate extractables data just by sur-
face area. 

We will discuss methods to overcome these, so far un-
solved problems, which are based on physical chemistry 
principles rather than worst-case assumptions. Exam-
ples will be given on how extractables data can be used 
heuristically in scaling and combination exercises. Con-
ventional scaling methods are compared with equilibri-
um and/or diffusion calculations and with respect to the 
prediction of potential process related leachables. 

 3:05  Coffee & Networking Break

Research Spotlight — E&L Case  
Studies on Drug Packaging and 
Transdermal Patches

 3:30 Understanding Leaching Associated  
with Lyophilized Drug Products Stored  
in Vial/Stopper Packaging Systems
Steven Zdravkovic, Senior  
Research Scientist, PPD

Drug products stored as a solid lyophilized cake or 
powder are becoming common in the pharmaceutical 
industry due to the increased development of biologic 
products, which are often unstable in solution. As with 
any drug product, the quality of a lyophilized product 
may be negatively impacted by substances leached from 
its primary packaging system; typically a glass vial and 
butyl rubber stopper. However, contrary to expectations, 
it has been observed that lyophilized formulations have 
an increased propensity to leach substances from their 
primary packaging system as compared to a liquid for-
mulation when all other factors are equal. The goal of 
this presentation is to provide insight into the leachable 
profiles associated with lyophilized products, estimate 
the extraction power of a lyophilized product relative to 
other solid and liquid media, and determine the extent 
of patient exposure to these leachables after reconstitu-
tion, storage, and administration of the lyophilized drug 
product via polymeric storage/delivery systems. 

 4:05 Extractables and Leachables Assessments  
for Transdermal Patches
Michael A. Ruberto, Material  
Needs Consulting, LLC

Transdermal patches can be complex systems consist-
ing of films constructed from various types of polymers 
that are bound together with tie layers or adhesives. 
The pouches that are used to package and protect these 
patches often have a similar multilaminate construction. 
Evaluating the leachables risk for transdermal patches 
can, therefore, be a difficult task given all of the potential 
sources of leachables. Ensuring that the multilaminate 

Q&A: Ask the Experts

 11:45 E&L Regulatory Panel Discussion

Panel:

Dennis	Jenke,	Triad	Scientific	Solutions

Daniel Norwood, Senior Consultant, Smithers Rapra

Ronald Brown, Toxicologist, FDA (retired)

Andrey Sarafanov, Chemist, Principal Investigator, Center 
for Biologics Evaluation & Research, FDA

Discussants: The Audience 

 12:30 Complimentary Networking Lunch

 1:45 The Use of Simulation Extractions to Address 
Leachables for Single Use Systems
Ray Colton, President, VR Analytical

The potential for product contact materials to leach im-
purities into drug formulations should be assessed with 
a risk-based approach. Higher risk applications may re-
quire specific testing to determine probably leachables. 
With final container closures, leachables evaluation 
usually targets specific known extractables using vali-
dated analytical methods with the actual drug product. 
When validating a method in the drug product it is of-
ten necessary to use sample prep techniques to remove 
analytical interferences. Therefore, it is not possible to 
know if other leachables have been removed by the sam-
ple preparation techniques which could lead to a false 
negative. USP <1664> allows for a simulation solution 
to be used in place of the drug formulation. This can be 
done to achieve analytical transparency so the potential 
leachables can be detected and identified. It can also al-
low the use of screening analytical methods as long as a 
subsequent toxicology evaluation does not show a safety 
risk. This can be the end-point for leachable evaluation 
for most product contact materials upstream of the final 
container/closure.

 2:30 The Proper Use of Extractables Data —  
Aspects Beyond Extractables Measurement
Dr. Armin Hauk, Sartorius-Stedim-Biotech GmbH

Extractables methods for single use devices have been 
intensively discussed and several proposals for stan-
dardized methods are available today; but two major 
questions persist and cannot be solved by means of an-
alytics alone: 

1)  How can extractables data be obtained for devices 
of different sizes and for device combinations? This 
aspect is critical, as devices in different sizes and as-
semblies  — even such from various suppliers — are 
requested by the industry. It is conceivable that it is 
impossible to conduct extractables studies for each 
possible device. 
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Thursday, April 11

 8:00 Complimentary Breakfast

Critical Issues—Exploring the Major 
Revisions to ISO 10993-1, -17, & -18: 
Methodological & Toxicological 
Considerations

 8:45 ISO 10993-1 and Chemical Characterization:  
What Does This Mean?
Stephen Doherty, Ph.D., Assoc. Director, 
Analytical Chemistry, Toxikon

The update of ISO 10993-1 was released in August 2018. 
This update included several new concepts as well as 
some reinforcement of previous guidance. Notably is 
the revision of the Biocompatibility Evaluation Endpoint 
charts with the additional of physical/chemical character-
ization.	This	change	signifies	the	importance	of	the	chem-
ical characterization of the device as part of the overall 
assessment. Perhaps more important is the need to utilize 
a risk-based strategy for planning and conducting testing 
for support of regulatory submission. In this presentation, 
we will review some of the changes in the document and 
the	role	chemical	characterization	can	play	in	fulfilling	the	
requirements of 10993 both in initial submission support 
and throughout the life cycle of a medical device.

 9:25 ISO 10993-18: Chemical Characterization  
of Medical Devices
Ted Heise, Vice President, Regulatory  
& Clinical Services, MED Institute

The presentation will provide an overview of the ap-
proach to chemical characterization, describe chang-
es in expectations that are developing with revision to 
the standard currently underway, and illustrate lessons 
learned from a brief case study.

 10:05 Networking Coffee Break & Exhibit Viewing

 10:30 Toxicological Risk Assessment  
of Medical Device Constituents:  
The New Working Draft of ISO 10993-17
Sherry Parker, Toxicology Director,  
Fresenius Medical Care

ISO 10993-17, which was last revised is 2002, has under-
gone	a	significant	revision	and	is	now	in	the	Working	Draft	
Stage. The proposed title is “Toxicological Risk Assess-
ment of Medical Device Constituents,” and revised stan-
dard will expand from current guidance on establishing 
allowable limits of leachable substances, to conducting a 
toxicological risk assessment of medical device constitu-
ents.	Topics	to	be	addressed	will	include	hazard	identifi-
cation, exposure assessment, dose-response assessment, 
and risk characterization. There will be emphasis on the 
use of expert judgement to determine whether the tox-
icological risks of exposure to extractable or leachable 
chemicals in medical devices are acceptable, and what 
additional steps may be taken to mitigate risk.

pouches are compliant with USP <661.1> and <661.2> can 
also be an issue. The use of a transdermal patch is unique 
compared to many other types of drug products and/or 
their delivery systems, since the transdermal patches are 
typically worn on the body for several hours or even days. 
They can see various temperatures conditions and even 
be worn during exercising where they can be extract-
ed by sweat under elevated temperatures. Designing a 
leachables testing study plan that takes this type of an 
application into account is essential to meet FDA expec-
tations. In general, the FDA expectations for an appro-
priate extractables and leachables risk assessment for 
transdermal patches can be quite varied depending on 
the type of patch, its materials of construction, typical 
use, and packaging. They are considered to be higher 
risk drug products, but best practices for their testing 
have not yet been developed by the Product Quality Re-
search Institute (PQRI). This presentation will focus on 
actual strategies that have proven to be successful in 
meeting the challenges described above for transdermal 
patches and their packaging systems.

 4:40 Characterization of Propylene Microplates  
for Extractables & Leachables
Eric J. Hill, Boston Analytical (co-authors:  
Steven J. Martin, Christopher M. Weikert,  
SiO2 Medical Products)

Microplates are a common tool in the biopharmaceuti-
cal laboratory and are typically manufactured from ole-
fin	 plastic	materials,	 such	 as	 polypropylene.	 The	 use	 of	
microplates for bioassays, immunoassays and general re-
search that are manufactured from plastic materials has 
proved problematic due to issues with accuracy, repeat-
ability	and	specificity	of	the	results	generated.	The	cause	
of	these	issues	has	been	identified	as	leachables	present	
in the plastic materials that migrate into the matrix in the 
wells of the plate. The results of an extractables study 
performed with available microplates manufactured with 
plastic will be presented. Common microplates from 5 dif-
ferent vendors were obtained, including plates from SiO2 
Medical Products (SIO) containing a plasma-treatment 
designed to produce an ultra-low protein binding surface. 
The microplates were solvent extracted, and the resulting 
extracts were analyzed for organic extractables. The ex-
tractables	profiles	were	compared	amongst	the	5	different	
plate	 types,	 and	 detected	 extractables	 were	 identified.	
The results will be correlated with protein assay recovery 
data to determine if the migration of leachables from the 
plate	materials	negatively	affects	protein	binding.

 5:20 Complimentary Happy Hour, Sponsored by
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which detectors are most universal and for which compound 
classes. A comparison of the stability of the response factors 
on multiple LCMS-UV-CAD systems was also performed to 
determine if response factor databases created on one in-
strument platform can be migrated to other platforms with-
out	creating	additional	error.	The	overall	effect	of	response	
factor variation on quantitative accuracy will be highlighted 
and recommendations will be given for the optimum detec-
tor	configurations	to	minimize	quantitative	error.

 2:30 Extractable and Leachable Evaluation for 
Complex Pharmaceutical Formulations (Organic 
Emulsions, And Polymer-Based Formulations)—
Testing of Manufacturing Surfaces Through 
Packaging: How to Deal Outside the “Normal 
Range” of the USP Standard
Gyorgy Vas, Scientific Liaison, Intertek 
Pharmaceutical Services

Evaluation of manufacturing systems and the product re-
lated packaging is a complex analytical task. To execute 
the testing, USP standards must be followed when they 
are available, however even when standards are avail-
able they may not be appropriate to follow, since the 
formulation complexity is not addressed in the standard. 
The intention behind any standard is to cover 85–90% of 
the applications, and therefore a small percentage of the 
applications can fall outside the “normal range.”

USP <665> provides an excellent framework for evalua-
tion of polymer-based manufacturing systems, for the ma-
jority of the systems, however it has some gaps for highly 
complex organic based formulations. This presentation 
will focus on presenting a case study related to a highly 
organic (80% organics) based process flow evaluation 
for extractables and leachables. A step by step approach 
will be presented for the evaluation, including various 
extraction and detection techniques. For proper evalua-
tion state of the art sample preparation and HRAM based 
GC-MS and LC-MS detection systems were used.

 3:05 Coffee & Networking Break

 3:20  A Case Study to Investigate Fragmentation 
Mechanism of a Leachable from Secondary 
Packaging 
Dujuan Lu, Ph.D. Manager/Global Lead-E&L, 
SGS(Co-authors: Chongming Liu, Danny Hower, 
Xiaoteng Gong)

Primary packaging components are those that are either 
in direct contact with the drug product or have the poten-
tial to be in direct contact. The common primary packaging 
includes vial, bottle, tube, syringe, and bag. These compo-
nents may also include container liners and closures such 
as caps, stoppers and metering valves. Secondary packag-
ing	components	are	integral	to	the	final	marketed	package	
but are not in direct contact with the drug product, such as 
pouches, labels, and cartons. Although this indirect contact 
decreases the possibility of migration, there is still a risk for 

Q&A: Ask the Experts

 11:10 ISO 10993 Panel Discussion

Panel:

Albrecht Poth, Knoell

Ted Heise, MED Institute

Stephen Doherty, Toxikon

Sherry Parker, Fresenius Medical Care

Discussants: The Audience

 11:50  Complimentary Networking Lunch

 1:15 Case Study: Application of ISO 109993-
12 Exhaustive Extraction to Support 
Biocompatibility of Implantable Devices
Bobbijo Redler, Principal Scientist, Merck 

Abstract Coming Soon

 1:55 A Systematic Study of Response Factor  
Variation for Extractables and Leachables  
and	its	Effect	of	Quantitative	Accuracy	using	
Liquid Chromatography Mass Spectroscopy 
(LCMS), Ultraviolet (UV) and Charged  
Aerosol (CAD) Detection 
Mark Jordi, President, Jordi Labs

Chemical analysis for leachables is one of the the primary 
methods used to assess the risk to patients and consumers 
from substances which leach from pharmaceutical pack-
aging,	 medical	 devices	 and	 food	 packaging.	 A  number	 of	
high-profile	 incidents	 have	 demonstrated	 that	 leachables	
can	have	significant	adverse	effects	on	product	safety	and	
can also result in product recalls. The most widely publi-
cized example of this is the migration of bisphenol A from 
baby bottles but examples related to food contact applica-
tions (cereal packaging) and children’s medication have 
also been reported. The foundation of the chemical anal-
ysis and risk assessment process for Extractables and 
Leachables	 (E&L)	 is	 the	 accurate	 identification	 and	 quan-
tification	 of	 species	 in	 the	 leachables	 solutions.	Accurate	
identification	and	quantification	of	 leachables	 is	crucial	 if	
an appropriate toxicological evaluation is to be performed. 
Identification	and	quantification	are	both	challenging	areas	
of analytical science due to the wide variety of extractables 
and potential leachables, the complexity of many leach-
ables solutions and the lack of suitable reference standards. 
The industry has approached this last problem, lack of ref-
erence standards, by using relative quantitation with surro-
gate standards. This can result in errors in quantitation due 
to	response	factor	variation,	i.e.	different	detector	responses	
for compounds present at the same concentration. In this 
presentation, we will report the results of a systematic study 
of the response factors for nearly 1000 E&L compounds. Re-
sponse	 factor	 variation	 was	 studied	 using	 three	 different	
detector systems (LCMS, UV, CAD) and the deviation in re-
sponse factors by each detector was compared to determine 
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leachables. Leachables derived from secondary packaging 
components are typically more volatile than those arising 
from primary packaging. 

This presentation will focus on a case study on fragmen-
tation mechanism of a cyclic ester, which was found as 
a leachable from secondary packaging. During the GC-
HRMS/FID analysis for volatile and semi-volatile organic 
compounds, the compound was originally shown as an 
unknown. By using the High Resolution Accurate Mass 
(HRAM) in both Electron Ionization (EI) and Chemical Ioniza-
tion (CI) Modes, we were able to obtain the molecular ion 
information and chemical composition of this compound. 
Tandem mass spectrometric experiments by GC-MS/MS 
were also performed to obtain fragmentation information 
at	 different	 collision	 energies.	We	were	able	 to	 success-
fully identify the unknown compound and have demonstrat-
ed that the current literature shows incorrect information 
on one of the major fragment ions. This presentation will 
show the importance of extractable studies on secondary 
packaging and that High Resolution Accurate Mass (HRAM) 
data	 can	 facilitate	 confident	 compound	 identification	 and	
unknown compound structure elucidation.

 3:50 Close of Program

Pharma Ed’s Extractables & Leachables  
Boston 2019 is Sponsored by:
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