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resented the pharmaceutical
industry with new challenges.

These challenges include the

complexity of introducing new
analytical technology—specifically
nductively coupled plasma (ICP)-
ased techniques replacing the
wet chemical ‘heavy metals’ limit

‘;testua!ong with new and specific

mits for individual elements.
Perhaps the most significant
challenges, however, are related
to the practical implementation of
the guideline.
1CH Q3D advocates the use
of a risk-based approach to
assessing the potential presence
of elemental impurities in drug
products. While stich assessments
’ mon within other aspects
naceutical development,
) elemental impurity

risk assessment a

significant questions. This a

seeks to review these questions by
looking at the various risk factors
and, where possible, weighting the
risk factors based on appropriate
and relevant considerations to
establish an effective framework
for the systematic assessment of
risk and final control strategy.

Introduction of ICH Q3b
The introduction of ICH Q3D

(1) is one of the most complex
changes in regulations pertaining
to impurities seen by the
pharmaceutical industry. while the
guideline is ultimately intended to
focus on final drug product quality,
the actual risk assessment will
touch all facets of the manufacture
of a drug product. The guideline
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Elemental Impurities

Drug .
substance Excipients
& & Elemental
ﬁ impurities in
drug product
Manufacturing Utilities Container
equipment {e.g., water) closure system

introduces toxicologically relevant
permitted daily exposure (PDE) limits
to individual elements replacing non-
specific 19th century wet chemical
‘heavy metal’ limit tests. ICH Q3D
advocates the use of a risk-based
approach to assessing the potential
for presence of elemental impurities
in drug products. The process of
executing and documenting the risk
assessment is a major challenge,
primarily as a result of a limited global
understanding about how to assess
or quantify the risk associated with
factors such as water, container-
closure systems, and excipients.
Defining where in the assessment
process data may be required and
identifying where risks can be
determined to be negligible through

a thorough scientific theoretical risk
assessment also present a significant
challenge. Where the risk assessment
identifies the need for testing, the
level of the PDEs for the element(s) of
concern may also require the broader
introduction of new, more sensitive,
and specific analytical technology,
adding further to the complexity.

This article specifically seeks to
examine relevant risk factors and,
where possible, the weighting of
these risks based on appropriate
and relevant considerations. It also
seeks to specifically define where in
the assessment process data may be
required as well as seeking to identify
where risks can be determined to be
negligible simply through a thorough
scientific theoretical risk assessment.

L

The general principles outlined in
this article are believed to address
most scenarios or product types;
however, ultimately any drug-product
manufacturer needs to consider
potential sources of elemental
impurities appropriate for their
specific product.

Risk assessment

The evaluation of the potential risk
posed by elemental impurities within
a formulated drug product requires a
holistic approach taking into account
all potential sources of elemental
impurities. Figure 1 illustrates
potential sources that should be
considered in such an evaluation.

Drug substance
As presented in Figure 1, the drug
substance is a key component that
can contribute elemental impurities to
the finished drug product. The risk of
inclusion of elemental impurities from
a drug substance, therefore, needs
to be considered when conducting a
drug product risk assessment. Control
of the elemental impurity content
of a drug substance can be assured
through a thorough understanding
of the manufacturing process
including equipment selection,
equipment gualification, GMP
processes, packaging components,
and the selection and application of
appropriate control strategies.

A principal responsibility for any
drug-substance manufacturer is
to develop a strategy to ensure
effective control of the levels of
elemental impurities in the finished
drug substance. An approach
based on assessing and controlling
potential sources of elemental
impurities, coupled with focused,
limited testing, is preferable to
exhaustive testing on the finished
drug substance. A scientific, risk-
based approach combined with
knowledge and control of the key
sources of elemental impurities in
the drug-substance manufacturing
process such as catalysts, provides
an efficient and comprehensive
elemental impurity control strategy
for finished drug substances.

Figure 2 shows potential sources
of elemental impurities in the drug
substance manufacturing process.
Of the sources highlighted, the

Altfpures are courtesy of the authors,
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greatest risk comes from intentionally
added metals (e.g., metal catalysts
used in the process). Manufacturing
equipment, processing aids, inorganic
reagents, water, solvents, and other
organic matetials are less likely

to serve as major contributors of
elemental impurities in the finished
drug substance, but do require
consideration.

steps that occur after the formation
of the final intermediate. Washes,
crystallizations, phase separations,
chromatography, distillations, and
processing aids/scavengers aid in
purging of elemental impurities and,
therefore, reduce the risk of carryover
into the finished drug substance from

stages eatfier in the upstream process.

Areas for further consideration include

One of the greatest challenges to performing an
elemental impurity risk assessment for a drug
product is to understand the potential contribution of
elemental impurities from excipients.

Metal catalysts. Metal catalysts,
such as palladium and platinum, are
often used in the drug-substance
manufacturing process and can
therefore be present at fow levels
in the finished drug substance. The
synthetic route should be reviewed
for intentionally added metals, and
data from purging studies, including
any supportive testing of appropriate
isolated intermediates, should be
used in the design of an appropriate
control strategy.

The ability to remove the catalyst
(purge capacity) will be influenced
by catalyst loading and the nature of
the catalyst used in the process (i.e.,
homogeneous vs. heterogeneous
catalysts). Heterogeneous catalysts,
such as palladium on carbon, are often
easily removed from reaction mixtures
by filtration, and therefore, the risk of
carryover of elemental impurities into
the drug substance is typically low.
Even in cases where metal catalysts
are used in the final stages of the
process, good historical data and/
or understanding of carry-over may
permit reduced testing schemes.

Biotech products do not normally
rely on the use of catalysts. As ICH
Q3D points out, typical purification
schemes in biotech drug substance
manufacturing are well capable of
clearing any elements introduced
either intentionally or inadvertently
"“to negligible levels.” The principles
outlined previously may nonetheless
be relevant in some specific cases
(e.g., chemically modified biotech
drug substances).

When considering the other
potential sources highlighted in
Figure 2, it is recommended to
focus primarily on the manufacturing

manufacturing equipment, processing
aids/inorganic reagents, solvents,
water, and packaging.

Manufacturing equipment. in
general, GMPs, including equipment
compatibility assessment and
qualification, are sufficient to ensure
that significant levels of elemental
impurities are not leached from
manufacturing equipment into
the drug substance. Hastelloy,
stainless steel, and glass are the
most commonly used materials of
construction for drug substance
manufacturing equipment, due to their
superior chemical resistance. Nickel,
cobalt, vanadium, molybdenum,
chromium, and copper are key
elements in some Hastelloy and
stainless-steel alloys. Under extreme/
corrosive reaction conditions, such
as high temperature and low/high
pH, these elements could have the
potential to leach from manufacturing
equipment. In such cases, it may be
necessary to supplement standard
GMP equipment compatibility
assessments with specific
studies to assess the elemental
impurity-leaching propensity from
manufacturing equipment due to
corrosive reaction conditions.

Other potential sources include
high-energy processes such as
milling/micronization equipment.
These are also generally considered
to be low risk, but should be
addressed via appropriate GMP
inciuding cleaning records and visual
inspection. Particle size reduction
is discussed in the Drug Product
Manufacture section.

Processing aids/inorganic
reagents. Processing aids such as
charcoal, silica, celite, and darco, and

inorganic reagents such as sodium
chloride, magnesium sulfate, and
sodium sulfate, are often used in drug-
substance manufacturing processes
and may be used in significant
quantities. Depending on their specific
composition, inorganic reagents
should be considered within the risk
assessment, especially when iCH Q3D
elements are integral to the formula.
The levels used should also be
considered as some reagents may be
employed in higher relative amounts
(i.e., in stoichometric amounts). In
such instances not only the elements
(intentionally) present in the reagents,
but also reagent purity (or lack thereof)
need to be taken into account.

In general, the use of such reagents
presents a low risk. In studies
conducted within the organizations
associated with this article, there
is little evidence to support such
materials being a significant risk.
Therefore, the risk assessment should
primarily focus on processing aids
and inorganic reagents used late in
the drug substance manufacturing
process, and/or where aggressive
reaction conditions exist (e.g.,
extreme pH/high temperatures for
prolonged times).

Solvents. Most solvents used in
the manufacture of drug substances,
particularly those listed in ICH Q3C,
Impurities: Guideline for Residual
Solvents (2) Class 3, are unlikely to
contribute elemental impurities to the
finished drug substance. The majority
of solvents are purified by distillation
and few involve the direct use of
metal catalysts in their manufacture;
hence, they are considered a low risk
source of elemental impurities. In the
event that solvents have not been
purified by distiflation, especially if a
catalyst in used in their manufacture,
further evaluation in the risk
assessment should be considered.

Water. Refer to the environmental
factors discussion is the Drug Product
Manufacture section.

Packaging. Packaging is discussed
in the section Container-Closure
Systems (CSS) as a Potential Source
of Elemental Impurities in Finished
Drug Product.

Evaluation option limits. it
must be recognized that, from a
compliance perspective, the limits
for elemental impurities in ICH Q3D
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the specification value in parts per
million. When considering the risk of
elemental impurities potentially being
introduced into the drug product via
excipients at levels greater than the
PDE, the following points should be
. inceasing | considered:
otential riskof | o Soyrce of the excipient (mined,
o “tmgfi plant, animal, synthetic, etc.)
» Excipient level in the formulation
(wt. %) (4)
s Drug-product daily dose.
Source of the excipient. The origin
of an excipient can have a significant
impact on the degree of risk

apply only to the drug product. To impurity levels well below ICH Q3D associated with elemental impurities.
ensure effective control of the level option 1/option 2 concentration Figure 3 provides a useful guide.
of elemental impurities in the drug limits. This overall low risk status Mined excipients may exhibit a
substance a number of options are is supported by the emerging natural variation depending on the
available: dataset from ICP~optical emission location of the mine and the natural
» The ICH Q3D option 1 concentration spectrometry (OES) and ICP-mass geology. The potential levels of
limits assume a maximum daily spectrometry (MS) screening of a elemental impurities from mined
drug product intake of 10 g/day. wide range of drug substances plus excipients may be more variable and
Drug substances that meetoption  the significant body of historical therefore pose a higher risk than
1 concentration limits can be used  heavy-metals test data. synthetic excipients manufactured
at any dose in the drug product. using metal reagents and/or catalyst
= ICH Q3D option 2 concentration Excipients where the levels are less variable as a
limits are calculated specifically One of the greatest challenges to result of well-defined manufacturing
based on the actual daily drug performing an elemental impurity processes and controls.
product intake (and composition) risk assessment for a drug product Excipients harvested from plants
and may provide higher is to understand the potential also pose a potential risk as a resuit
concentration fimits than option contribution of elemental impurities of their uptake of metals from their
1 (if the maximum daily intake of from excipients. Elemental impurities  environment. Synthetic excipients
drug product is < 10g). of concern for excipients would that are manufactured without
The acceptable level of elemental typically be: the use of metal catalysts and/or
impurities in a drug substance maybe o Class 1 and Class 2a elements reagents present the lowest risk of
defined and agreed upon in a suitable potentially present at trace introducing elemental impurities to
quality agreement between the drug levels in the excipient based on the drug product.
substance manufacturer and the drug environmental factors Proportion of formulation. An
product manufacturer. e Intentionally added catalysts or essential consideration in determining
reagents for synthetic excipients the risk contribution for elemental
Conclusion for ¢ Class 3 elements from excipients impurities from an excipient is the
drug substances that are targeted for a specific route  proportion of the excipient used in
While drug substance manufacturing of administration (e.g., inhaled). the formulation. The risk contribution
often involves a complex series of Unlike drug substances, there may  from a mined excipient used as a filler
processes, some simple scientific be less information available from or diluent (typically >20 wt. % of the
principles can be applied to ensure excipient vendors with respect to blend), for example, will be greater
that elemental impurity levels in the the manufacturing equipment and than the risk contribution of a mined
final drug substance are controlied processes used (e.g., any high energy  excipient used in a tablet film coat
to appropriate levels. The application  steps, corrosive reagents, or added (typically <5 wt. %).
of a risk-based control strategy, catalysts), which may potentially Generally, low-weight percentage
involving an understanding of the introduce elemental impurities. components that are not mined
manufacturing process and key While many vendors will supply, on are regarded as low risk; however,
sources of elemental impurities, request, a compliance statement the daily product dosing and route
appropriate equipment selection/ with the European Medicines Agency  of administration also need to be
qualification, adoption of suitable (EMA) metal catalyst guideline (3), the  considered.
GMP processes/procedures, and elemental impurity testing reported Dose/route of administration.
the selection and application of on the certificate of analysis is Dose and dosing regimens should
appropriate control options will typically based on a non-specific, wet  also be considered. A low, orally
typically result in the manufacture chemistry heavy-metals limit test administered, daily dose clearly
of drug substances with elemental with the result reported as less than  presents a lower risk than an inhaled
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product as shown by the lower PDE
limits for inhalation vs. oral found in
Table A.2.1 of the ICH Q3D guideline (1).

Conclusion for excipients

The above principles can be used as
part of an excipient risk assessment
and are a useful guide in the absence
of data. In addition, manufacturers
should consider the principles for
controlling elemental impurity
generation from manufacturing
equipment, as described in the
Manufacturing Equipment section for
drug substances.

With the pending removal of United
States Pharmacopeia (USP) <231>
from the United States Pharmacopeial
Convention, however, uncertainty
exists as to whether excipient
manufacturers and vendors will test
for elemental impurity concentrations
and, if so, for what elements, to what
levels, and using what procedures/
equipment.

it must be recognized that, from a
compliance perspective, the limits for
elemental impurities in ICH Q3D only
apply to the drug product. Excipient
manufacturers may, however, be
requested to assist in assuring
compliance through awareness of the
level of elemental impurities within
the excipient itself. In addition, the
same general principles of evaluation
options for drug substances
described previously apply to
excipients.

In some instances, it may be
appropriate to define and agree on
the acceptable level of elemental
impurities in an excipient through a
suitable quality agreement between
the excipient manufacturer and the
drug product manufacturer.

Ultimately, it is the responsibility
of pharmaceutical manufacturers to
demonstrate, via risk assessment
and/or data, that the drug product
is compliant with ICH Q3D. To this
end, the development of a common
database for excipient elemental
impurity profiles will be a useful
activity to support risk assessments.
The international Pharmaceutical
Excipients Council of the Americas
(IPEC-Americas) and FDA have
performed an exercise examining
elemental impurity levels from
multiple excipients, which is planned
for publication. This information

Elemental Impurities

Manufacturing for solid products
encompasses a large variety of
processes, such as solid mixing
{blending), granulation, tableting
(compression), coating, and
particle size reduction. For liquid
product manufacture, dissolution
or suspension of solid excipients
and drug substance is often carried
out in metallic equipment. In
contemporary cGMP facilities, the
likelihood of additional contribution

indicates that the vast majority of
excipients (analyzed by ICP-MS)
caontain elemental impurities at levels
unlikely to cause concerns at typical
usage levels in oral solid dosage forms.

Drug product manufacture
The drug-product risk assessment
needs {o consider the potential
elemental impurity contribution
from the drug product
manufacturing equipment/process.

The right prescription for
your success!

www.diosna.com




Elemental impurities

.., Low equipment rotation/translation
speed
Mixing? Although the likelihood of a potential
1Xing, Lo . ; elemental impurity contribution s increased
granulation | Periodic visal inspection of | moving from low shear mixing to high
High (Shear) | Wet = yes the equip neqt for abrasion shear mixing, the overall risk of a significant
and/or corrosion. elemental impurity
contribution remains low.
o . . Normal wear on dyes/punches is unlikely to
Tableting High NA ggggg'c visualinspection, a5 | o ase any appreciable amount of elemental
. impurities into the product.
Encapsulation | High NA Penqdl‘c visual inspection as
~ above. ;
For aggressive, e.g high pH Effect of actual corrosion, as with tablet punch
(Liquid) filling, Low | Produict conditions, regular visual erosion, unlikely to result in
lyophilization specific inspection of the equipment substantive release of elemental impurities at
~ for corrosion. levels of concern into the product.
: ‘ ; Covered by routine cGMPs, |
Coating LQW‘ Low e.g., for maintenance, cleaning.
‘ Although the possibility of metal transfer
during this process is high due to abrasion
the risk of levels approaching the limits defined .
. . o in ICH Q3D is extremely low. Stich a risk may be
ggfgﬁeggégitgih gn?;gy;::t;z} o | evaluated through a mathematica ~
b ep:'lu Et e o spv;ill load | ESsessment, evaluating the theoretical
to " one ed*forpr olitine drii g maximum level of metal possibly transferred
. . 1 - . . during the process, comparing this to the
f:gg?oﬁze High Very high fgfgf;ﬁéﬁgi‘}g egrl;g:;nents permitted limits. Practical evaluation through
o associated with ’?h o materials comparison of the elemental impurity profile
of construction of the mill. In of the ingoing material to that of the outgoing
the vast mai6rity of cases. material may also be performed. Suchan
routin e CGM‘P W%l be sufﬁlci ont assessment may also take into consideration
" | historical knowledge of similar processes and
substances. Such approaches may be used to
determine if further controls other than cGMP
are required. . ‘
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of elemental impurities is negligible.
However, there is a theoretical risk
associated with Class 2A metals such
as vanadium, nickel, etc., because
these elements are commoniy
found in manufacturing equipment;
for example, 316L stainless steel
contains approximately 10% w/w
nickel. Therefore, understanding the
drug product equipment in terms
of materials of construction will be
a key factor in completing the risk
assessment. The risk assessment
should focus on any steps involving
high kinetic energy (solids) or
corrosive liquids that may facilitate
the transfer of elements from the
equipment into the product.

A consideration of typical drug
product manufacturing steps and
conditions is provided in Table 1.

Manufacture of liquid dosage
forms. Processing a liquid product
containing a drug substance,
excipients, and solvent (typically
water-based buffer) in metallic
vessels can potentially facilitate the
transfer of elements into the liquid
drug product, particularly at high/low
pH. An assessment of material
compatibility should be completed,
taking into account factors such as
ionic content, pH, temperature,
hyrdophilicity/hydrophobicity,
terminal sterilization conditions, and
contact time. Testing should only be
required if this assessment identifies
a substantive risk.

Conclusion for
drug product manufacture
In general, the risk for elemental

impurity contribution due to processing
of solid drug product components

in cGMP facilities is low, as stated
explicitly in ICH Q3D. Although much
equipment used to process drug
product is metallic (e.g., stainless steel
vessel), the majority of the processes
used in drug product manufacture

can be discounted as a source of risk.
Even areas highlighted as needing
consideration (Table 1) are expected to
only result in controls outside routine
CGMP in extreme cases.

Environmental factors

As part of the holistic risk assessment
of elemental impurities described in
ICH Q3D, there is a need to consider
the potential contribution resulting
from environmental factors such as
water and air.



Water. Water used in the manufacture of both drug
substances and formulated drug products is a potential
source of elemental impurities. The level of risk, however,
may be strongly related to the quality of water. This risk
was examined in detail in a USP stimuli article on water
for pharmaceutical use (5). The following position was
articulated:

» The source water used in drug product manufacturing
must meet the World Health Organization (WHO)
standard for drinking water. When this source water
is further purified in a contemporary plant to generate
purified water (PW) and/or water-for-injection (WF1), the
elemental impurity levels should be below acceptable
concentrations allowed for drug roducts using option 1
control strategy defined in ICH Q3D.

= As part of standard GMP, water quality should be routinely
monitored and the purification system and storage of the
water should not re-introduce elemental impurities.
Based on this position, the risk of elevated elemental

impurity levels within aqueous-based formulations—even

large-volume parenterals—is considered negligible. The
risk associated with the use of water in the manufacture
of the drug substance can also be effectively eliminated
through the appropriate use of WHO-standard potable
water combined with the use of USP purified water for
the final stage in the manufacture of the drug substance,
including its isolation.

Air. Air is not likely to present a substantive risk;
furthermore, air quality can also be managed through
proper GMPs via use of HEPA filtered air, etc. No specific
assessment is therefore generally required.

Container-closure systems

as a potential source of elemental impurities
in finished drug product

One of the potential sources of elemental impurities is
product packaging, often referred to as container-closure
system (CCS). in determining the risk posed by the CCS,
there are a number of factors that need to be taken into
consideration including:

= Nature of formulation—mechanism for contamination
* Level of metals present in the CCS

¢ Nature of risk: safety vs. quality risk

* Duration of storage {liquids).

In terms of the type of formulation, it is inconceivable that
substantive or even trace-level contamination would occur
where physical contact is limited to solid-to-solid contact.
This is entirely consistent with the FDA Guidanice for
industry, Container Closure Systems for Packaging Human
Drugs & Biologics (6), which in relation to extractables and
leachables considers solid-to-solid contact of low risk. it
is, therefore, reasonable to conclude that any assessment
of risk associated with CCSs should be limited to those
associated with ejther liquid or semi-solid formulations.

The second aspect of any risk assessment of the CCS
involves an understanding of the potential levels of metals
present within the matetial concerned. A major review
of materials in manufacturing and packaging systems as
sources of elemental impurities in packaged drug products
was published in 2013 (7). The publication summarized
literature data for a number of common packaging

Elemental Impurities

>

Metal content in packaging

Metal solubility in product >

materials, including levels of elemental impurities within
the component material (determined by digestion), as well
as elemental impurities extracted from the component
materials. The data, while fragmentary, are nevertheless
comprehensive, and several key conclusions were drawn.
While certain materials were found to contain elemental
impurities, the presence of the elemental impurity was
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predominantly associated with
deliberate use of metal catalysts,

for example the use of antimony in
the manufacture of polyethylene
terephthalate (PET). In the case of PET,
levels of antimony of approximately
50 ppm are typical (full digestion).
Focusing particularly on those
elements of high concern (Class 1 and
Class 2), only fragmentary data exist
to suggest even trace levels present
within the component material, for
example cadmium and lead levels up
to 100 ppm were reported in polyvinyl
chloride. Even when low levels of
elemental impurities are present in the
material itself, the effective ‘availability’
of the elemental impurity needs to be
considered. What is consistently clear
from the extraction data presented

is that extracted elemental impurity
levels (under relevant conditions)

are a minute fraction of the total
elemental impurity levels present in
the component materials, typically
<0.1% of that observed following
digestion. Therefore, even when trace
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levels of certain elements are found in
the component material, the available
elemental impurity concentration may
represent an extremely low safety risk
(Figure 4).

There may, however, be potential
quality-related risks. Such risk
may result from potential metal-
catalyzed degradation of the product
in question. While the interaction
between packaging material and solid
dosage forms is negligible (ICH Q3D),
this may not always be the case for
non-solid drug products. Reported
examples include iron (8), nickel (9),
and tungsten oxide. In the case of
tungsten, this related to leaching from
the syringe barrel, causing protein
aggregation (10). As a consequence,
many biopharmaceuticals include
ethylenediaminetetraacetic acid to
“mop up” metals. Assessments of
such risks should be addressed on a
case-by-case basis.

Evaluations should thus focus on
liquid and semi-solid formulations.
Detailed leachable studies should only

be required where there is a lack of
elemental impurity extractives data for
the packaging components in question.

Analytical testing

Analytical testing for elemental
impurities is clearly an important
aspect of the assessment of elemental
impurities. it is not, however, within
the scope of ICH Q3D. The guideline
states that “Pharmacopoeial
procedures or suitable validated
alternative procedures for determining
levels of elemental impurities should
be used, where feasible.”

USP has developed General
Chapter <233> “Elemental
Impurities—Procedures” (11), and
the European Pharmacopoeia (Ph.
Eur.) has recently published general
chapter 2.4.20 "Determination of
Metal Catalyst or Metal Reagent
Residues” covering analytical testing
(12). USP <233> describes two
specific procedures for the evaluation
of the levels of metal impurities.
importantly, it also describes criteria



for the use of alternative procedures. Thus,
a flexible approach may be adopted in
terms of the analytical procedure, provided
the method concerned meets the required
acceptance criteria.

Control strategy

A drug-product risk assessment can use
prior knowledge of the input materials to
demonstrate that the risk of significant
elemental impurity levels is low across
multiple batches. When the risk
assessment concludes that elemental
impurities are below 30% PDE, it should be
acceptable to rely on the quality system to
maintain the control of the process and the
existing use of standard cGMPs as a control
strategy of the drug product, without
requiring any additional element-specific
testing on each batch of product.

Other factors to consider could include:
s Security of external supply chain along

with a quality history (e.g., audit history,

levels of complaints, recalls, etc.) for
each vendor

* Control of vendor elemental impurity
specifications and elemental impurity
reporting on ingredient certificates of
analysis

» Security of internal supply chain.

it is anticipated that a properly executed
and documented elemental impurity
risk assessment for the majority of drug
products may justify the use of standard
CGMP as being a sufficient control strategy
to ensure levels of elemental impurities
meet the levels defined in ICH Q3D, without
the need for additional testing.

Where the drug product elemental
impurity risk assessment identifies the
need for additional elemental impurity
control, it is crucial to first understand
the potential source of the elemental
impurity(s). Once the source is known,
appropriate controls, in addition to cGMP,
can be applied. The flow chart in Figure 5
can be followed to help determine when
additional controls are required and what
those controls may look like.

Lifecycle management

Product and/or process changes have

the potential to change the elemental
impurity content of the final drug product.
Therefore, their impact on the overali risk
assessment, including established controls
should be evaluated. Such changes could
include, but are not limited to, changes in
synthetic routes, excipient suppliers, raw
materials, processes, equipment, container
clostre systems, or facilities. All changes

are subject to internal change management
process ICH Q10 Pharmaceutical Quality
System (13) and, if needed, appropriate
regional regulatory requirements.

Conclusion

The implementation of the ICH Q3D guideline
can be adequately achieved through

using an appropriate risk-based process
combined with existing GMP standards. A
risk assessment should be performed to
identify any elemental impurities that may
potentially be present at significant levels

in the drug product. Such an assessment is
then used to define an appropriate control
strategy. ICH Q3D allows the option that the
scope and extent of quality control testing
may be reduced, or even eliminated provided
there is adequate control. In many cases,
this can be successfully achieved through
the use of appropriate GMP controls both in
terms of input materials and manufacturing
processes, limiting testing to those areas
clearly identified as a substantive risk.
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