BRIEFING
(1661) Evaluation of Plastic Packaging Systems and Their Materials
of Construction With Respect to Their User Safety Impact, USP 42
page 8272. The General Chapters—Packaging and Distribution Expert
Committee is proposing the following revisions, with the key changes being

listed below:

1. The chapter is being revised to align with the revison of Plastic
Packaging Systems and Their Materials of Construction (661), Plastic
Materials of Construction (661.1), and Plastic Packaging Systems for
Pharmaceutical Use (661.2), also appearing in this issue ofPF.

2. Describe all of the plastic materials that are included in (661.1), and
the process of materials assessment, along with the applicability and
application of (661.1).

3. Add four new polymer descriptions to the chapter [polyamide 6;
polycarbonates; poly(ethylene-vinyl acetate); and polyvinyl chloride],
which correspond to the addition of these materials to (661.1), and
expand the scope of the current chapter.

4. Discuss the importance of packaging system assessment and

qualification and how (661.2) facilitates this assessment.

Additionally, minor editorial changes have been made to update the
chapter to current USP style.

(GCPD: D. Hunt.)

Correspondence Number—C206871
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Change to read:

(1661) EVALUATION OF PLASTIC PACKAGING SYSTEMS
“FOR PHARMACEUTICAL USE, s 1-au5-202000 AND THEIR
MATERIALS OF CONSTRUCTION WHTHHRESPECTTO

FHEIR-USER SAFEFY-IMPAET" | sk 1-ug-2020)

Add the following:

1. INTRODUCTION

2. SCOPE

3. GENERAL PRINCIPLES—THE OVERALL ASSESSMENT PROCESS

4. MATERIALS ASSESSMENT: CHARACTERIZATION, SCREENING, AND
SELECTION, USP (661.1)

5. PACKAGING SYSTEM ASSESSMENT AND QUALIFICATION, USP (661.2)

5.1 Extractables and Leachables

6. APPLICABILITY AND APPLICATION OF (661.1)

6.1 Applicability

6.2 Application

6.3 Description of Plastics Contained in (661.1)
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7. APPLICABILITY AND APPLICATION OF (661.2)

7.1 Applicability

7.2 Application. (se 1-aug-2020)

Change to read:

s A (USP 1-AUG-2020) INTRODUCTION

Drug products can chemically interact with their associated packaging
systems and/or the system's plastic materials ard-cemperents ., usr 1-aug-2020)
of construction while the drug product is being manufactured, shipped,
stored, and administered. The magnitude of these interactions should not
be-such-that-the-interactions* . us 1-au02020) @dversely affect the suitability fer

"S54, usp 1-aug2020) OF the *packaged. usp1au20200 drug product,erthepackaging

addressed-in-this-chapteris-patient-safety*which includes both quality

aspects and performance aspects such as efficacy, stability, purity, and

compendial compliance.. wsp 1-aug-2020)

Fhepotential-patientsafety*Suitability for use, as determined by the. wsp1-auw-

20200 IMpact of the interaction between a drug product and its packaging
4system, . wsr 1-aug2020) IS @Ssessed and established via the appropriate testing
of the *materials of construction, components, and. wsp 1-aug-20200 Packaging
systems. and-theirmaterialsand-components-ofconstruction® s usr 1w
.oo0Plastic Packaging Systems and Their Materials of Construction (661)

establishes the tests and-speeifications*and acceptance criteria. wuse 1-aug-2020)
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that are necessary and appropriate for ensuring that such systems are
suitable. feruse;—specificallysafe foruse—Chapter-(661)-<censistsoftwe
sub-chapters;,Plastic Materials-ef-Construction-(661-1)and-Plastic
Packaging-Systemsfor-Pharmaceutical-Use-(6612)* 1 usp 1-aug-2020)

Change to read:

21 A (USP 1-AUG-2020) SCOPE

The purpose of this chapter is to communicate the key concepts behind

(661) and its related sub-chapters, Plastic Materials of Construction (661.1)
and Plastic Packaging Systems for Pharmaceutical Use (661.2), and to
provide additional information and guidance regarding the application and
applicability of these chapters. Giverthelargeand-diversenature-of-the

harmaceutical-marketplace —the properuse-and-application-of-the-(661)

e of el be intuit] keholders—Fherefore.

hic el - od . . I " btz I
(661)seriesofchapters*. usr 1-au-2020)

Change to read:

3.4 wseravc200 GENERAL PRINCIPLES—THE OVERALL ASSESSMENT PROCESS

The objective of USP *plastiC. wsp 1-aug-20200 PACKaAging systems*. use 1-aug-2020)

standards is to establish the tests and speeifications—that*acceptance

criteria to. wsp 1-aus-2020) €NSUre packaging systems do not materially impact

the safety-or*. usr1-aug2020) €ffectiveness of pharmaceutical*the drug. wse1-auw-

-0200 Product. Given the complex nature of packaging systems and their

manufactaringand* . use 1.au-20200 development *and manufacturing. wse 1-aug-2020)
processes, multiple testing procedures are needed to establish their
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suitability feruse*, usri-aus20200 With @ specific pharmaceutical*drug. wse 1-au-
.0200 Product. The logical development and manufacturing process
progression* . us 1.aug2020) FOr packaged drug products, starts with the
packaging system's materials of construction, continues with the
packaging system itself, and ends with the packaged drug product. *This
progression. use 1-aug-20200 fOrms the basis of a three-stage approach to

packaging systems qualification, as illustrated in Figure 1.
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Characterize materials of construetion, and determine that they are
appropriate for their application. USP <66].1>

Packaging Svsiem Assessment and Qualification

Test packaging system for extractables and assess the
potential impact of the extractables profile; USP
<661.2> with reference to <1663>=

Product Assessment and
Test the packaged product for
leachables, and assess the
potential immpact of the
leachables profile;

USP <661.2> with
reference o <1664>

Click image to enlarge

haracterization, Screening and Selection

Figure 1. The three-stage process for the characterization and safety*. s

aug-2020) qUalification of packaging systems and their materials of

construction.



77  The process for establishing a packaging system's suitability feruse*. use 1-au-

78 -020) INCludes: characterization of its materials of construction (ingredients);
79 testing and assessment of the system itself (extractables); and testing and
80 assessment of the packaged pharmaceutical*drug. wusp 1-aus-2020) Product

81 (leachables). The initial step of this process involves chemically

82 characterizing candidate materials of construction te-the-extentthatthe
83 choiee*so the selection. yse 1-aus-2020) Of Materials to-use-inthe-construction-of

84 apackaging-system™* . usr 1.au020200 CAN be rationally made and scientifically

85 justified. The intermediate step of system assessment is useful and

86 necessary because it bridges the risk assessment gap between testing

87 starting materials and testing the finished *drug. wsp 1-au0-2020) Product, while
88 providing a means for optimizing pharmaceuticat* drug. usp 1-aug-2020) Product
89 testing. This intermediate test is necessary because materials of

90 construction undergo considerable stress, such as exposure to high

91 temperatures, as they are being converted into either components of the
92 packaging system or the packaging system itself. Processing aids and

93 additional additives may be introduced during the manufacturing process

94 for a packaging system, so the extractables profile efa—system*. usr 1-aug-2020)
95 is likely to be different from, and potentially more complex than, the-sum

96 of* L usr 1-aug-2020) the extractables profiles of its materials of construction.

97 Therefore, the initial assessment-ofrisk-made-in-*hazard identification

98 performed during. wusr 1-au0-20200 Material selection is appropriately revisited by
99 testing and qualification of the overall packaging system. itseH*, (usp 1-aug-2020)
100  Ultimately, the effect the packaging *system. wusp 1-aug-20200 May have on the

101 drug product *end-. s 1-aus20200US€er is mediated by packaging “system. ses-
102 aug-2020-derived substances that are present in the drug product. The third

103 stage of the process is*includes. yse 1-aug-20200 Product assessment, specifically
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leachables testing of the packaged product and impact assessment, which

considers the user's exposure to the leachables.

Change to read:

*4., wsr1avc200 MATERIALS ASSESSMENT: CHARACTERIZATION, SCREENING, AND SELECTION, USP (661.1)

- I caci is suited for its intendeduse, it

. | iale of . hicl tod £ .
packaging-systems=*.1 us 1-aug2020) 1€StiNG and characterizing materials of

construction for attributes relevant to their suitability provides a rational

basis for material selection in designing a packaging system Fhe

materialswill-besafe*and minimizes the risk that a system made from

those materials will be unsuitable.. ysp1-au0-2020) Therefore, the

characterization of materials of construction is the first step in the process
of developing and qualifying safe*suitable. s 1-au020200 Packaging materials.
Additionally, chemical characterization data may also provide the basis for

effective and appropriate change control.

The intent of (661.1) is to establish with-a-degree-eof-confidenee; . usr 1-aug-2020)

whether potential material candidates could adversely affect the quality
and-safety*. usr 1-au-2020) OF Pharmaceutical*packaged drug. wse 1-aug-2020)
products. The basic tenet of materials assessment,—as—+reflected-in
(661-1)724 s 1-aug2020) 1S that knowing the general composition and certain

general characteristics of a material of construction allows one to:
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«Rationally assess the potential safety-impaet-*suitability. ysp 1-aug-2020) Of
materials with a degree of certainty that is appropriate for early
product development and/or manufacturing.

«Forecast with some degree of accuracy the identity of extractables
from that material of construction and from systems that use that
material of construction.

«Use the assessment and forecast to establish and justify the use (or
Aen—gsetrejection. s 1aug2020)) Of @ particular material in a particular

packaging system.

To this end, (661.1) defines a well-characterized “plastiC. (use 1-aug-2020) Material

of construction as one whose:

«Identity has been definitively established.

«Biocompatibility (biological reactivity) has been established.
«General physicochemical properties have been established.
« *Extractable elements (when necessary).. (wse 1-aug-2020)

«Additives and-extractable-metals*, usr 1-au020200 hAVe been quantified.

Chapter (661.1) testing is not a guarantee that ptastie*packaging. (use 1-aug-2020)

systems constructed from “plastiC. wse 1-aus-20200 Materials meeting

(661.1)thesespecificatioens*requirements. use 1-aug-2020) Will be suitable for
their intended use. because-itisnotalwaysthe-case-thattestingofa

tar! terialeof tructi rect] I letel Lot "
subsequent-testing-of- the-plastie system* . s 1au020200 Characterization of a
material using (661.1) establishes the composition or characteristics of the
material,ard*which can be used to determine. wsp 1-aus-2020) If the material is
an appropriate candidate for use in a packaging system. Nevertheless,

(661.1) testing leverages the logical connection between material
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additives, material extractables, and system extractables, and thus
provides a useful indication of the probable suitability-fer—ase*. usr 1-au-2020)
issues for materials and systems. The actual qualification of the material
occurs when the entire system is qualified for use in a particular

application via (661.2) testing.

Change to read:

5.4 wspavc200 PACKAGING SYSTEM ASSESSMENT AND QUALIFICATION, USP (661.2)

The impact of packaging systems on the chemical composition of packaged

drug product can be established in two ways: 1) the packaging system
itself can be characterized with respect to substances that can extract
from it (extractables);*or. wsr1-aus20200 2) the packaged drug product can be
tested for packaging-derived substances that have leached into the drug
product (leachables). In the case of extractables assessment, the impact is
predicted based on a relationship that is established (or inferred) between
extractables and leachables. In the case of leachables assessment, the
impact is specifically measurable, assuming that all the relevant leachables
can be discovered, identified, and quantified in the packaged *drug. wsp 1-aus-
.020) Product. In either case, (661.2) establishes the tests and
specifications*acceptance criteria. wsr 1-au-2020) fOr the packaging system,
while referring users to relevant informational chapters (e.g., Assessment
of Extractables Associated with Pharmaceutical Packaging/Delivery
Systems (1663) for extractables and Assessment of Drug Product
Leachables Associated with Pharmaceutical Packaging/Delivery Systems
(1664) for leachables) for insights on how to design and execute relevant

studies.

Considering the packaging system as the test article, the intent of (661.2) is

to define and delineate the testing needed to produce the data required for
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establishing the packaging system's safety*suitability.. wspi-aug-2020) Chapter
(661.2) refers to this process of establishing the safety*suitability. wsp 1-auw-
20200 Of packaging systems as chemical “suitability for use. wusp 1-aug-2020)

assessment and notes that a packaging system is ehermicaly*. use 1-aug-2020)

suited for its intended use if:

«The packaging system is constructed from well-characterized
materials, as established by testing according to (661.1).

«The packaging system's general physicochemical properties have been
established.

«The packaging system's biocompatibility (biological reactivity) has
been established.

«The packaging system has been established to be safe*suitable. ysp 1-aus-
.0200 DY means of the appropriate chemical testinrgand-toxicological
assessment-*suitability for use assessment.. yse 1-au5-2020)

«The packaging system is chemically compatible with the packaged
product, as established by appropriate compatibility assessments

(e.g., stability studies).

5.1 Extractables and Leachables, s 11200

In*For high risk dosage forms, in. wse i-aus-20200 @ddition to being the basis for
toxicological safeby . use 1-aus2020) @aSSESSMeENts, information about a
packaging system's extractables can be used in several ways to optimize

finished product testing for leachables. The potential quality andfer


dm
Highlight

dm
Highlight

dm
Highlight

dm
Highlight

dm
Highlight

dm
Highlight

dm
Highlight


208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234

safety* . s 1-aug2020) OF iMmpact of extractables may facilitate identification of
leachables that might adversely affect product quality. Such leachables of
potential concern would necessarily be among the targeted analytes in

testing of a final pharmaceutical*drug. wsr 1-aug-2020) Product within its
packaging system. The targeting of specific leachables, as opposed to the

screening of pharmaceutical-*drug. wsr 1-aus-2020) Products for unspecified
leachables, has significant analytical benefits, including the ability to
develop, validate, and utilize test procedures that are appropriately
sensitive, specific, and accurate. Extractables (and their accumulation
levels in extracts) can be used to forecast the levels of leachables in the
finished product, depending on how well the extraction conditions mimic
the pharmaeeutieat*drug . s 1-au02020) Product's composition and actual
conditions of clinical use. If the extraction conditions are such that they
accelerate and modestly exaggerate the product's clinical use conditions,
then the extractables and their levels in the extracts can be extrapolated
to estimate the maximum levels of leachables in the finished product. If
such extractables are assessed for their safety—of*. usp 1-aug-2020) qUality

impact, the results of that assessment can also be extrapolated to, and

deemed*considered. usp1-au-20200 10 be relevant for, the

pharmaceutical*drug. wsr 1-aus2020) Product. Finally, if no adverse impact is

found based on the extractables data, then no adverse impact can be

inferred for the leachables in the packaged pharmaceutical*drug. wsp 1-aug-2020)
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be-considered-to-be-to-beunnecessary,ajustification-should-be
provided:*
+ A (USP 1-Aug-2020)

Change to read:

1.

46..4 wse 1avc2000 APPLICABILITY AND APPLICATION OF (661.1)

6.1, (USP 1-Aug-2020) Applicability

The holder of the drug product application and drug product
manufacturer [in the case of many over-the-counter products (OTCs),
where there is no application] bear primary responsibility and
accountability for ensuring that the requirements of the chapters are
met. The means by which the holder of the drug product application
and drug product manufacturer obtain information to meet the
requirement is at the discretion of the holder.
The testing required and spee€ifications*acceptance criteria. wusp 1-aug-2020)
for materials of construction contained within (661.1) are relevant to
and applicable for all €rtg* . use 1-aus-2020) dOSage forms, because it is the
universal expectation that packaging materials be constructed from
well-characterized materials, regardless of the potential interaction
between a dosage form. Fhe-use-ofrisk-rranagementprinciptesand
" I o I ‘ el . it
leachables{and oy aHeachables)
¢ elobal | Lind binki b e Tnd o

seientistsandregulatersagree*It has been established. ysp 1-aug-2020) that
the concepts and principles of risk management havea-definite*has a.

wsp 1-aug-2020) Strategic role in designing, implementing, and interpreting
effective and efficient *material suitability testing and. wse 1-aug-2020)
assessments. ef-extractablesandforleachables*, s 1au2020) It IS well-
established that risk-management tools and principles can be used to
define the nature and magnitude of assessment (including testing),
where low-risk situations require reduced or alternate assessment
(testing) versus high-risk situations noted in Plastic Materials of
Construction (661.1), Table 1, arndTFable2*. usr 1-aug-2020) Which
establishes biological reactivity and chemical tests that differ
semewhat* . s 1-au-2020) TOF lOoW-risk dosage forms (such as oral and
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topical) versus high-risk dosage forms (such as inhalation and
injections).Mereever,an-essential-principle reflected-in-(661:2)-isthat
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(1663)-forextractablestesting;(6612) providesthe-meansby-which
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A
v A (USP

1-Aug-2020)

Application of (661.1)ana-(661-2)*, usr 1-au0-2020) LO Materials of

construction ersystems*used for systems. use 1-aus-2020) Other than
packaging systems for finished drug product is beyond the scope of
this chapter *at the present time,. wsr 1-aus-2020) DUt the concepts and
principles of the chapter may be applicable and relevant to other
systems and their materials for construction such-as—medical-deviees

for-drug-productadministration—manufacturing systemsfer

these-otherpharmaceutically-important-systems-*(e.g., manufacturing
systems for pharmaceutical products, and packaging/storage systems
for drug substances).. wse 1-aug-2020)

. The scope of (661.1) is materials of construction *for packaging

systems for finished drug products. se1-aug-20200 @Nd (661.2) is packaging

metheods,and-meetthe specifications;,containredin-(6612)—*for
finished drug products. A third type of test article is components and if
component testing is considered to be necessary, the relevant testing
and acceptance criteria for the component are contained within

(66 1. 2) * A (USP 1-Aug-2020)

7. Festing-ofmaterials-efconstruction—via-(6611)ispredicated-onthe

eireumstance-that the-materialwillmostlikely-interactwith-the
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must-be-testedper(661-1)Hthe barrieriscompletethenthecomponent

\ H H ”

need-not-betestedper(661-1)-*1 s 1-au0-2020)

1.

46.2, use 1-Aug-2020) Application

There are two means of demonstrating that a *plastic. (sp 1-aug-2020)
material of construction has met the requirements of (661.1). The first
is to perform the testing contained within (661.1) and meet the
specificatiensi-(661-1)*acceptance criteria.. wsp 1-au52020) The second
it ‘ teriabint Kaai : ‘ "
| finiched d uet—Specificatiy—(661-1) Sindividual
lacti terials of tructi I ot e terized
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for-usein-that-packaging-systemmust-be-established-—*is the use of

the material in a packaging system that meets the requirements of
(661 . 2)- A (USP 1-Aug-2020)

. The outcome of (661.1) testing is that the tested material of

construction has been well-characterized. Characterization data
generated during (661.1) testing can be used to support decisions on
the proper use of the tested material. The characterization data do not
specifically or universally qualify the material for use in packaging
systems because the material's use can vary depending on the
packaging applications. Alternately;the-outcome-oftestingplastic
ﬁaekagmg—sys%emwra—@é{—z)—s—an—assessmeﬁ%eﬁthembaﬂe—safe%y

targetedanalyte-It is the responsibility of the user of the tested
material to decide if the material is appropriate for their intended
application. It is the user's expert review of (661.1) test results,
coupled with additional information as necessary and appropriate, that
establishes whether a well-characterized material is suitable for a
specific application.


dm
Highlight

dm
Highlight


435
436

437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461

6.2.1 IDENTIFICATION TESTS , wsp 1-avc-2020)

The identification tests required in (661.1) serve the purpose of categorizing

a material so that it is properly tested and evaluated against the
appropriate speecificatiens*acceptance criteria.. wsp 1-aug-2020) ThE
specifications*acceptance criteria. wsr 1-au0-2020) fOr identification are based on
a comparison of the test result obtained for the test material versus the
relevant Reference Standard. This comparison is based on the concept of

substantial equivalence as opposed to an exact quantitative

specifications*acceptance criteria.. wse 1-aug-2020)

Establishing substantial equivalence requires that the test results and test

material versus Reference Standard be considered to be equivalent.

i-(661-1) i cludeint ton that s rel  to-cstablishi
I ! cauival this inf _ o ol dored

to-beaspeeification=*.1 usr 1-au020200 FOr €xample, although the infrared (IR)
identification speeifications*acceptance criteria. wysp 1-aug-20200 May include
wavenumber targets, these targets are not specifications*acceptance
criteria. wse 1-aug-2020) DUt rather serve the purpose of establishing the
expected general characteristics of the IR spectra. An identification test is
considered successfully completed if the analytical results obtained for the
test article and the appropriate Reference Standard are substantially
equivalent, and where all differences between the test results for the

article and the Standard are explained by the nature, processing, and/or

composition of the test article.
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4 62 46.2.2 CHEMICAL TESTING, (USP 1-AuG-2020)

463 The chemical testing prescribed in (661.1) is orthogonal: physicochemical

464 tests provide a general overview of extracted substances;—extractable
465 tals test " tential ol tat ities:

466 whie*whereas. usr 1-au0-2020) pPlastic additives tests address potential organic
467 extractables. It is also the case that chemical testing alone may not

468 demonstrate all potential safety—*. s 1-au0-2020) IMpacting attributes. Thus,
469 chemical testing is augmented by the orthogonal approach of establishing
470 biological reactivity.
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46.2.3 EXTRACTABLE ELEMENTS

Knowledge of the potential extractable elements present in the materials of

construction for plastic packaging components is important in establishing

that the material is well-characterized. Knowledge of the elements that are
likely to be present and the concentrations at which they may be observed
provides information to determine potential drug product quality risk.

Materials of construction can vary widely in terms of their intentionally and

unintentionally added elements and their potential use. Because of this, it

is challenging to provide universally effective and efficient tests

methodologies, lists of target elements, and reporting requirements. It is

the material user’s responsibility to evaluate the need for extractable

elements testing and, if such testing is necessary, to establish and justify

the means by which testing is accomplished, taking into account target

elements, extraction conditions, extract analysis, and reporting

requirements. Example of an extractable elements testing strategy

(extraction conditions, target elements and reporting threshold) is

provided below.

Target elements:

Relevant elements that should be tested for extractable elements reflects
those elements that have been intentionally added (e.g., catalyst and
processing aids) and elements of toxicological concern. Relevant elements
for the various plastics are listed in Table 1.

Table 1. Extractable Elements for Plastics

Polyethylene

Terephthalate

Cyclic Olefin, and
Polyethylene, Polyethylene
Extracting and Polyamide Terephthalate||Poly(ethylene-||Polyvinyl
Extraction|| Solution |[Polypropylene 6 Polycarbonate G vinyl acetate) ||Chloride

Polyvinyl
Chloride,

Plasticized
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Polyethylene

Terephthalate

Cyclic Olefin, and
Polyethylene, Polyethylene Polyvinyl
Extracting and Polyamide Terephthalate|Poly(ethylene-|Polyvinyl|| Chloride,
Extraction|| Solution |Polypropylene 6 Polycarbonate G vinyl acetate) ||Chloride |[Plasticized
Al, As, Ba, Al, As,

Al, As, Cd, Co, |[Cd, Co, Hg, Al, As, Ba, Cd, Ba,c Cd, |lAs, Ba, Ca,

Cr,2 Hg, Ni, Pb, [Mn, Ni, Pb, ||As, Ba, Ca, Cd, ||Co, Hg, Mn, Ni, ||Al, As, Cd, Co, |/Co, Hg, Cd, Co, Hg,
ISolution ITi, V, Zn, and |[Ti, V, and ||Co, Hg, Ni, Pb, (Pb, Ti, V, and (Hg, Ni, Pb, V, Ni, Pb, Ti, [[Ni, Pb, Sn,
EE1 Acid Zr2 Zn Sn, V, and Zn ||Zn and Zn V, and Zn ||V, and Zn
ISolution
EE2 Alkali N/A N/A N/A Sb and Ge N/A N/A N/A

For polyethylene only.

Not applicable for cyclic olefins and polypropylene.

For material used for containers for non-injectable aqueous solutions.

Relevant extractable elements can be established by analysis of the

materials of construction using the method described inProcedure for

extraction.

Procedure for extraction:

Plastic materials used in packaging systems for medical articles do not
dissolve under the conditions of use. Rather, substances derived from
packaging systems accumulate in the packaged articles by the process of

leaching (extraction). Thus, the appropriate and relevant sample-preparation
process for assessing elements in a packaging system's materials of
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556

construction is extraction, as opposed to complete digestion, of the plastic
material. Solution EE1 (acidic extraction) and Solution EE2 (alkaline
extraction) are examples of extraction solutions for plastics listed in Table 1.

557 Acid extraction, Solution EE1

558POLYETHYLENE, CYCLIC OLEFINS, POLYPROPYLENE, POLY(ETHYLENE-VINYL ACETATE), POLYCARBONATE, AND POLYAMIDE 6:

559
560
561
562
563

Place 100 g of the test material into a suitable plastic container. Add 250 mL
of 0.1 N hydrochloric acid and boil under a reflux condenser for 1 h with
constant stirring. Allow to cool, decant the solution into a 250-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume; the diluted solution
is designated Solution EE1.

564POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G:

565
566
567
568
569

Place 20 g of the test material into a suitable plastic container. Add 50 mL of
0.1 N hydrochloric acid and heat at 50° for 5 h. Allow to cool, decant the
solution into a 50-mL volumetric flask, and dilute with 0.1 N hydrochloric
acid to volume; the diluted solution is designated Solution EE1. Use Solution
EE1 within 4 h of preparation.

570PoLyvINYL CHLORIDE, AND POLYVINYL CHLORIDE, PLASTICIZED:

571
572
573
574
575

Place 5 g into a suitable plastic container. Add 100 mL of 0.1 N hydrochloric
acid, and boil under a reflux condenser for 1 h with constant stirring. Allow
to cool and the solids to settle, decant the solution into a 100-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume; the diluted solution
is designated Solution EE1.

576 Alkali extraction, Solution EE2

577 POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G:
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592
593
594
595

596
597
598
599

600
601
602

Place 20 g of test material into a suitable plastic container Add 50 mL of
0.01 N sodium hydroxide and heat at 50° for 5 h. Allow to cool and the
solids to settle, decant the solution into a 50-mL volumetric flask, and dilute
with 0.01 N sodium hydroxide to volume; the diluted solution is designated
Solution EE2. Use Solution EE2 within 4 h of preparation.

Procedure for extract analysis and reporting threshold:

Instrumentation and methods are those specified in Elemental Impurities—
Procedures (233) and include an inductively coupled plasma-atomic emission
spectrometer and an inductively coupled plasma-mass spectrometer (see
Plasma Spectrochemistry (730) as directed.) The reporting threshold is for
values above 0.01 mg/L (ppm), corresponding to 0.025 pg/g.

6.2.4 PLASTIC ADDITIVES , wsp 1-avc-2020)

oy ot it . I bed-in-(661-1) rod f "
iale of . ¥ Kaai ’ " .

hatt I o iFied-in-(6611)—F I . ole

are-not-speeified-in- (6611 )must-be-establishedand-should-beconsistent

'i'H_(é'éH)TAA (USP 1-Aug-2020)

The sole purpose of the tests for plastic additives is to establish which
additives are present and to ensure that the levels of these additives are

known. This information is relevant because additives are typically a

source of extractables and leachables.
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623
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'm'a'Ee'F"a'Iﬁh’a’P%s‘Be’ei‘F"ed%(é’éH)TA A (USP 1-Aug-2020)

In (661.1), the chapter requires that materials be tested for all relevant

analytes. Clearly, an analyte will be present in a material if it is
intentionally or knowingly added to the material during its production or if
testing of the material has revealed the presence of the analyte. Although
test methods included in (661.1) may be of sufficiently broad scope to
detect all relevant additives, this is not always the case and one cannot
rely on these methods to reveal all relevant analytes. It may be the case
that the material's vendor has knowledge that may be unavailable to the
material's user, which is germane to establishing relevant analytes. It is
reasonable to expect that material vendors and users work together to
produce a complete and robust list of relevant analytes. Hispartictlarhy
elearto-the-vendorthat theuser-hasmissedarelevantanalyte-inthe
users-testintg=". usp 1-aug-2020)

It is reasonable to anticipate that there may be some information that the

vendor is not in a position to share with a material’s user. Nevertheless, it
is in the interest of both the vendor and the user that a material be well
characterized and that the characterization include all relevant analytes.
Thus, it is strongly recommended that the vendor and the user find a

means of establishing all relevant analytes.



628 46.2.5 UNADDRESSED MATERIALS  (usp 1-Ave-2020)

629 For the materials that are not currently listed in (661.1)*(unaddressed

630 plastics), . wsr 1-aug-2020 it IS the responsibility of the user to: 1) develop

631 these*. usr1-au2020) t€SES Methods (physiochemical, biological reactivity, and
632 plastic additives) and specifications-thatarerequired-perthepointsnoted
633 previeushy;—*acceptance criteria; . wse1-aug-2020) 2) justify those test methods
634 and speeifications*acceptance criteria, . wse1-au-2020) SPeCifically considering
635 their consistency with test methods and specifications*acceptance criteria.
636 (wsp 1-aug-2020) that exist for materials that are eurrerthy* s use 1-aug-2020) listed in
637 (661.1); and 3) possess the test results obtained when the material is

638

639
640
641
642
643
644
645
646
647
648
649
650
651
652

653
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654
655
656
657
658
659

660

661
662
663
664
665
666
667
668

669
670

671
672
673
674

675
676
677
678

46.2.6 CONCEPT OF NON-INTERACTION OF MATERIALS, (usp 1-Avc.2020)

Testing of materials of construction via (661.1) is predicated on the

circumstance that the material will most likely interact with the packaged
drug product when the material is used in a packaging system. It is not
necessary for a material used in a packaging system to be well-
characterized if there is little or no chance of the material and the
packaged drug product interacting. Under these conditions the materials of

construction would be considered non-interacting and would be exempt

from (661.1) testing.Fhe-desighation-ofa-material-of-constructionas—hon-

”

dby-theapprop 3 gthatery—authoerity=*.1 us

1-Aug-2020)

It is relevant to differentiate between “no direct contact” and “non-

interacting”, where the term “no direct contact” means that the material
and the packaged drug product do not come into direct physical contact

under the clinical conditions of use.

In certain applications a “no direct contact” material of construction is also a

“non-interacting” material of construction, itmayalse-betheecasethat—nre
direetcontact™this. use 1-au5-20200 dOES NOt ASHFre—ROA-iAteracting~*ensure no

interaction, . wse1-aug-2020) €SPeECially when the conditions of contact include
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697
698
699
700
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702
703
704

long durations and/or substantially elevated temperatures. To explain the
concepts of “no direct contact” and “non-interacting”, consider the
following example. An aqueous drug product is packaged in a flexible
plastic container—Fhe-flexiblecontairer*Which. usp 1-aug-2020) 1S FHFEREF L (Usp 100
.020) Placed in a foil overpouch Fhe-everpeuchedpreducttand the

combination. wse 1-aue-2020) IS terminally sterilized. An adhesive label is *then,

wsp 1-aug-2020) applied to the outside of the foil overpouch. afterthe-preduct
uhithas-been-—cooledafterterminal-sterilization* L use 1-aug2020)

Here, both the foil overpouch and the label are *examples of. usp 1-aug-2020) * NO

direct contact”, because there is at least one physical barrier (the primary
container) between the packaged drug product and these two items.
However, if the flexible plastic primary container is permeable, the foil
overpouch can be considered a “potentially interacting” component, as
substances from the overpouch could migrate through the primary
packaging, especially under the high-temperature conditions of terminal
sterilization. The label is a “non-interacting” component because 1) the foil
overpouch is impermeable and 2) the label is applied after the thermal

stress associated with terminal sterilization.

The difference between a “potentially interacting” and “non-interacting” “no

direct contact” component is the permeability of the barrier that separates
the “no direct contact” components from the drug product. If the barrier is
incomplete, then the component (and its materials of construction) is
“potentially interacting” and the materials should be tested per (661.1). If
the barrier is complete, then the component (and its materials of
construction) is “non-interacting” and the materials need not be tested per

(661.1).
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1 A
i‘rﬂe&h&u-ld—be—a—ta%ge’eed—v&naﬁ‘tef A (USP 1-Aug-2020)



731 £6.3.4 usp 1-aua00) Description of Pelymers*Plastics, se i 00 Contained in (661.1)

732 46.3.1 4 wsr a0z CYCLIC OLEFINS

733 Cyclic olefin copolymers are manufactured by the copolymerization of cyclic

734

735

736

737 Ziegler-Natta—catalystsCyelic-olefinpolymerresins*monomers, such as
738 tetracyclododecene or norbornene, with an olefin such as ethylene or

739 propylene; or by ring-opening metathesis polymerization (ROMP) of cyclic

740 monomers, followed by hydrogenation facilitated by Ziegler-Natta catalysts
741 to produce cyclic olefin polymers. Cyclic olefins. wsp 1-aug-20200 @re commonly
742 supplied in pellet form and are suited for standard polymer processing

743 techniques such as extrusion, injection molding, injection blow molding,
744 compression molding, thermoforming, and others. As they are amorphous,
745 and given their high purity, moisture barrier, clarity, and sterilization

746 compatibility, cyclic olefins are an excellent alternative to glass in a wide
747 range of medical products, including packaging. Cyclic olefins exhibit good
748 chemical resistance and are generally considered to be of high purity with

749 low levels of extractables. Nevertheless, cyclic elefincepelymers*olefins,

750 (wsp 1-aug-2020) MAY contain residual processing aids, colorants, and
751 antioxidants.
752 46.3.2 POLYAMIDE 6

753  Polyamide 6 is synthesized by ring-opening polymerization of caprolactam.
754 Hydrolytic or catalytic ring-opening polymerization of caprolactam

755 produces epsilon-aminocaproic acid, which readily condenses to polyamide
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6 at high temperatures and under a vacuum. The high strength, flexibility,
and chemical resistance of crystalline polyamide 6 make it well suited for
pharmaceutical applications ranging from soft and flexible tubing to
catheters and containers to stiff components for surgical and dental
instruments. Entities present in commercial polyamide 6 include residual
monomers, residual reaction intermediates, residual catalysts (copper and
chromium oxides) and activators (acetyl lactams, oxazolines,
ethylenebisamides, and isocyanates) and certain additives including
stabilizers (mixtures of metal and alkali metal halides), processing aids
(nucleating agents and lubricants), and modifiers (chain extenders,

plasticizers, and impact modifiers).

6.3.3 POLYCARBONATES

Polycarbonates are a group of thermoplastic polymers containing carbonate

groups in their chemical structures. In interfacial polymerization, the
polycarbonate material is produced by the reaction of bisphenol A (BPA)
and phosgene. This process is being replaced by an alternative, termed
“melt polymerization”, which entails transesterification from BPA and
diphenyl carbonate, thus avoiding the use of phosgene. Entities present in
commercial polycarbonates include residual monomers, solvents or
catalysts (triethylamine or lithium halides, and hydroxides or aluminum
hydrides), processing aids (e.g., mold release agents), UV stabilizers,
impact modifiers, flame retardants, colorants, and sterilization stabilizers
(free radical scavengers including propylene glycol, aromatic bromate, or

disulfide compounds).
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6.3.4 4 Usp 1-ave2020) POLYETHYLENES

High- and low-density polyethylenes are long-chain ethylene-based polymers

synthesized under controlled conditions of heat and pressure with the aid
of catalysts from NLT 85.0% ethylene and NLT 95.0% total olefins. Other
olefin ingredients that are most frequently used are butene, hexene, and
propylene. Low-density polyethylene (LDPE) contains many long-chain
branches along the polymer backbone, preventing the alignment and
packing of the chains, thus forming a low-density material. Linear low-
density polyethylene (LLDPE) contains several short chains along the
polymer backbone that prevent the alignment and packing of the polymer
chains, thus creating a poor crystalline material. High-density polyethylene
(HDPE) contains relatively few side chains, allowing the polymer backbone
to align and pack together, thus forming a crystalline, high-density plastic.
High-, low-, and linear low-density polyethylene all have an IR absorption
spectrum that is distinctive for polyethylene, and each possesses
characteristic thermal properties. High-density polyethylene has a density
between 0.941 and 0.965 g/cm?>. Low-density polyethylene has a density
between 0.850 and 0.940 g/cm?. Additives are added to the polymer in
order to optimize its chemical, physical, and mechanical properties,
thereby rendering it suitable for its intended use. These additives may
include nucleating agents, clarifying agents, antioxidants, colorants,
lubricants, antiblocking agents, and others. These additives typically are
present individually in the polyethylene at levels of 0.01-0.3 weight %,
and the total levels of the antioxidants typically are < 0.3%. Other
additives, specifically amides and stearates, typically are present in

polyethylenes individually at levels of NMT 0.5 weight %. ertess*, s 1-au-
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.020) POlyethylene materials that provide light protection can contain as

much as 4% by weight titanium oxide.

26.3.5. wsp1-a06200)POLYETHYLENE TEREPHTHALATE AND POLYETHYLENE TEREPHTHALATE G

Polyethylene terephthalate (PET) polymers are long-chain crystalline *[e.g.,

polyethylene terephthalate glycol-modified (PETG)]4 (use 1-aug-20200 POlymers
prepared by the condensation of ethylene glycol with dimethyl
terephthalate or terephthalic acid. PET copolymer resins are prepared in a
similar way except that they may also contain a small amount of either
isophthalic acid (NMT 3 mole %) or 1,4-cyclohexanedimethanol (NMT 5
mole %). Polymerization is conducted with the aid of catalysts and
stabilizers. PET polymers may contain silica or silicates (NMT 0.5% by

weight) and may contain colorants.

46.3.6 POLY(ETHYLENE-VINYL ACETATE)

Poly(ethylene-vinyl acetate) polymers are typically obtained by

copolymerization of mixtures of ethylene and vinyl acetate. Poly(ethylene-
vinyl acetate) used in containers has a defined quantity of vinyl acetate of
NMT 25%. Poly(ethylene-vinyl acetate) used in tubing has a defined
quantity of vinyl acetate of NMT 30%. A certain number of additives are
present in the polymer to optimize its chemical, physical, and mechanical
properties, thereby rendering it suitable for its intended use. These
additives may include antioxidants, amides, stearic acid salts, a source of
base (calcium carbonate or potassium hydroxide), and inorganic fillers.
Poly(ethylene-vinyl acetate) can contain NMT 3 antioxidants with individual
levels of NMT 0.2 weight %. This material may also contain: 1) oleamide

and/or erucamide at individual levels of 0.5 weight %; 2) calcium stearate,
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zinc stearate, or both at levels NMT 0.5 weight %; 3) sources of base at

levels NMT 0.5 weight %; and 4) colloidal silica at 0.2 weight %.

6.3.7 4 (wsp 1-Ave2020) POLYPROPYLENE

Propylene polymers are long-chain polymers synthesized from propylene or

other olefins, for example, ethylene or butene, under controlled conditions
of heat and pressure with the aid of catalysts. A certain humber of
additives are added to the polymer in order to optimize its chemical,
physical, and mechanical properties, thereby rendering it suitable for its
intended use. These additives may include nucleating agents, clarifying
agents, antioxidants, colorants, lubricants, antiblocking agents, and
others. These additives typically are present individually in the
polypropylene at levels of 0.01-0.3 weight %, and the total levels of the
antioxidants typically are less than 0.3%. Polypropylene that provides light

protection can contain as much as 4% by weight titanium dioxide.

46.3.8 POLYVINYL CHLORIDE

Polyvinyl chloride (PVC) is produced by polymerization of the vinyl chloride

monomer in a process that uses initiators that break down to start the
radical chain reaction. The polymerization reactions used to produce PVC
are designed to produce levels of residual vinyl chloride monomer of <1
ppm on a weight basis. Polvvinyl chloride may contain NMT 15% by weight
of: 1) copolymers based on acrylic and/or methacrylic acids and/or their
esters, 2) styrene, and/or 3) butadiene. To obtain the required mechanical
and stability characteristics, materials based on PVC may contain: 1)
epoxidized oils at levels up to 8 weight %; 2) calcium and/or zinc salts of

long chain fatty acids at levels NMT 1.5 weight %; 3) liquid paraffin,
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waxes, and/or hydrogenated oils at individual levels NMT 2 weight %; 4)
nonylphenyl phosphite-type compounds at levels NMT 1 weight %; 5)
sorbitol and macrogel esters, NMT 1.5 weight % each; 6) stabilizers at
levels of either 0.25 weight % (for tin-based stabilizers) or 1 weight % (for
other stabilizers); and 7) colorants, pigments, or opacifiers. The additives
used and their allowed levels are dictated by the application of the

polyvinyl chloride.

6.3.9.4 (wse 1-ave-200) POLYVINYL CHLORIDE, PLASTICIZED

PVC polymers are long-chain vinyl chloride polymers synthesized from vinyl

chloride monomers via free radical polymerization. Various additives are
compounded into PVC to provide the materials with properties that render
it suitable for its intended use. These additives may include heat
stabilizers, primary and secondary plasticizers, stabilizers, impact
modifiers, lubricants, pigments, and others. These additives typically are
present individually in the PVC at levels ranging from 0.1 to 45 weight %.
*The additives used and their allowed levels are dictated by the application

of the plasticized PVC.. wsp 1-aug-2020)

Change to read:

474 wse 1avc200) APPLICABILITY AND APPLICATION OF (661.2)

g 711 8 (USP 1-Aug-2020) AppllCabillty

1. The holder of the drug product application and drug product
manufacturer [in the case of many OTCs, where there is no
application] bear primary responsibility and accountability for

ensuring the requirements of the chapter are met. The means by
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which the holder of the drug product application and drug product
manufacturer obtain information to meet the requirement are at the

discretion of the holder.

2. *The scope of (661.2) is packaging systems for finished drug

products. If component testing is considered to be necessary, the
relevant testing and acceptance criteria for components are

contained within (661.2).. wsp 1-aug-2020)

(6612)*Application of (661.2) to systems other than packaging

systems for finished drug products is beyond the scope of these
chapters at the present time, but the concepts and principles of

these chapters may be applicable and relevant to other systems.

7.2, (USP 1-Aug-2020) Application

betweenpackagingsystemsand-their-contents:*, usr 1-.au.20200 Chapter
(661.2) requires that all packaging systems be demonstrated to be
safe*suitable. wse1-au20200 DY performing a chemical “suitability for use.
(wsp 1-aug-2020) @SS€SsMent but does not specify the details of the chemical
4suitability for use. wsp 1-au-20200 @a5S€SSMenNt process —eitherinr-terms—of
thetest-methodsorthe specifications*acceptance criteria.. wusp 1-au-2020)
Rather, *for the chemical suitability for use assessment, (661.2)
discusses the use of a risk-based approach in determining the level of
testing that is deemed necessary for a packaging system. It is
currently a regulatory expectation that extractables and leachables
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testing be performed for high risk dosage forms. Thus, (661.2). wuse 1-aus-
.020) Feferences chapters (1663) for extractables and (1664) for
leachables, thereby providing users ef(661-2)*. (s 1-aug-2020) With @
means for designing and implementing an effective, efficient, risk-
based, and more or less customized extractables or leachables
assessments that comply with regulatory requirements.

. Chapter (661.2) provides holders of packaging system or drug product

applications and/or packaged drug products manufacturers with the
flexibility to operate within the context of their own specific situation
and their own specific risk-management philosophy. The trade-off for
having such flexibility is that it is the responsibility of the holders and
manufacturers to justify their test methods and
specifications*acceptance criteria.. wse 1-au-2020) It is proper and
appropriate that the justification exists and that it be judged (and
approved) on the basis of its individual scientific and risk-management
merits.
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