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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. Internatio

nal

organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed-for
different {ypes of ISO document should be noted. This document was drafted in accordance lwith
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO drawg attention to the possibility that the implementation of this document mdyyinvolve the

hre
the
Lhe

INS

of (a) patgnt(s). ISO takes no position concerning the evidence, validity or applicability of any claimed

patent rights in respect thereof. As of the date of publication of this document,"ISO had not receiy
notice of (p) patent(s) which may be required to implement this document. However, implementers
cautioned|that this may not represent the latest information, which may,be-ebtained from the pat
database gvailable at www.iso.org/patents. ISO shall not be held respongible for identifying any orj
such patent rights.

Any trade|name used in this document is information given for th€ convenience of users and does
constitutq an endorsement.

For an eyplanation of the voluntary nature of standards,“the meaning of ISO specific terms 3
expressiofs related to conformity assessment, as well“as information about ISO's adherence
Trade Organization (WTO) principles .itv;the Technical Barriers to Trade (TBT),

www.iso.¢rg/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 194, Biological and clinical evaluatiof

red
hre
bnt
all

not

nd
to
bee

of

medical dgvices, in collaboration with the European Committee for Standardization (CEN) Technical

Committep CEN/TC 206, Biocompatibility~of medical and dental materials and devices, in accorda
with the Agreement on technical coopération between ISO and CEN (Vienna Agreement).

This secopd edition cancels and" replaces the first edition (ISO 10993-17:2002), which has bq
technically revised.

The main changes are as follows:
— the tifle has been ¢hanged;

— the scppe has\been revised and a new statement on its applicability has been added;

1ce

19301

— the fdllowihg terms have been removed: allowable limit, benefit factor, concomitant expos

re

factor} h€alth benefit, health hazard, health risk, health risk analysis, leachable substance, multiple

exposure, physiologically based pharmacokinetic modelling, proportional exposure factor, repeated
use, simultaneous use, TCL modifying factor, tolerable exposure, and tolerable risk, utilization

factor;

— the following terms have been added: analogue (3.1), benchmark dose low (3.2), carcinogen (3.3),

constituent (3.4), dose-response (3.6), exposure dose (3.7), harmful dose (3.9), human carcinogen
(3.10), identified constituent (3.11), irritation (3.12), margin of safety (3.14), point of departure (3.19),
release kinetics (3.20), slope factor (3.21), suspected human carcinogen (3.22), systemic toxicity (3.23),
threshold of toxicological concern (3.24), total quantity (3.27), toxicological risk, (3.28), toxicological
risk assessment (3.29), toxicological screening limit (3.30) and worst-case estimated exposure dose

(3.32);
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— the following clauses have been removed: former Clause 4 on the general principles for establishing
allowable limits, former Clause 5 on the establishment of tolerable intake for specific leachable
substances, former Clause 6 on the calculation of tolerable exposure, former Clause 7 on the
feasibility evaluation, former Clause 8 on benefit evaluation, and former Clause 9 on allowable
limits;

— the following clauses have been added: Clause 4 on abbreviated terms and symbols, Clause 5 on
toxicological risk assessment within the biological evaluation process, Clause 6 on constituent
toxicological information, Clause 7 on the tolerable contact level, tolerable intake and the threshold
of toxicological concern, Clause 8 on the exposure dose estimation, and Clause 9 on margin of safety;

— | former Annex A has been moved to Annex D;
— | Annex B and Annex C have been deleted;

— | the following annexes have added: Annex A on evaluating toxicological data quality when selecting
a POD, Annex B on derivation of toxicological screening limits, Annex C omydériving consgtituent TI
or TCL for select endpoints, Annex E on estimating an exposure dose,ahd Annex F on|reporting
toxicological risk assessment information.

Aljst of all parts in the ISO 10993 series can be found on the ISO website:

An;ﬁ; feedback or questions on this document should be directed to(the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org fmembers.html.

© IS0 2023 - All rights reserved v
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Introduction

A medical device or material that has direct or indirect contact with the patient's body or the user’s
body is expected to perform its intended use while being free from unacceptable risks, including
biological and toxicological risks. For this reason, medical devices are typically subject to a biological
evaluation within a risk management process to assess their safety. The ISO 10993 series specifies a
process through which the manufacturer of a medical device can identify biological hazards associated
with the medical device, estimate and evaluate the risks associated with these hazards, control these
risks, and monitor the effectiveness of the controls throughout the life cycle of the medical device.

ISO 109931, in line with ISO 14971, facilitates a common understanding of biological evaluation within
a risk management process. ISO 10993-18 includes methods for identifying and quantifying hazardpus
medical d¢vice constituents so that their toxicological risk can be evaluated. Furthermore, ISO 1099318
specifies when to consider conducting a toxicological risk assessment per this document.

This document specifies requirements for a toxicological risk assessment process fofspecific medijcal
device cofstituents that is used within the biological evaluation process specified-by [SO 10993-1 gnd
Clause 1. For example, the biological risk analysis of a medical device includes ‘0btaining constitupnt
informati¢n as described in ISO 10993-1:2018, 6.2 and ISO 10993-18. The extent to which constitupnt
informati¢n is needed depends on what is known about the material, fermulation, manufacturfng
process (i.e. processing aid chemicals, process steps, etc.), what noncliftical or clinical informatjon
exist, and|on the nature and duration of body contact with the medi¢al device. This toxicological njisk
assessmeit process is based on the principle that the biological evaliation and risk assessment procgss
is most efficient and effective when the minimum information necessary is used to assess if exposfyire
to a harmful dose of any medical device constituent can occur The process, requirements, criteria gnd
methods gpecified in this document are intended to yield the following information, which is usefu] in
the overall biological risk assessment of the final product:

— whetljer constituents present in, on or extracted.from the medical device are at a quantity that ¢an
be a plotential source of harm to health;

— derivdtion of a tolerable intake or tolerable contact level, for a constituent over a specified time
periodl, on the basis of body mass or surface area, that is considered to be without appreciable harm
to hedlth;

— a woqst-case estimated exposure dose for each constituent and subsequent toxicological 1isk
estimption;

— a toxifological risk estimate based on the tolerable intake or tolerable contact level, and on the
worsttcase estimated €xposure dose for each constituent.

This doc@iment is iftéended for use by toxicologists or other knowledgeable and experien¢ed
professionals, approptiately qualified by training and experience, capable of making informed decisipns
based upan scientific data and a knowledge of medical devices.

Lastly, thils datest revision of this document is more extensive that the previous edition as it clarifies
when a téxd i i } 6 ded; ula 3 3
exposure dose of a constituent and when the probability of occurrence of harm to health should be
addressed by other means (e.g. frequency based dose-response (if available), probabilistic dose-
response, or biological testing).

oltogicd A5SeSSHen ecommended how—te—€a e—the—wo e—estimated
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Biological evaluation of medical devices —

Part 17:
Toxicological risk assessment of medical device
constituents
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s document specifies the process and requirements for the toxicological risk assessment
ice constituents. The methods and criteria used to assess whether exposure to a c
vithout appreciable harm are also specified. The toxicological risk assessment can be
logical evaluation of the final product, as described in ISO 10993-1.

e process described in this document applies to chemical charactérjzation information o
b with ISO 10993-18. When a toxicological risk assessment of eitherthe compositional info

toxicological risks related to the constituents are negligibte or tolerable.

b process described in this document is not intended to apply to circumstances ¥
icological risk has been estimated by other means, sueh as:

constituents, excluding cohort of concern or excluded chemicals, thatare presentin or extrg
a medical device at an amount representative‘of patient exposure below a relevant, toxic
based reporting threshold (see applicablé requirements in ISO 10993-18:2020, Anr
ISO/TS 21726);

a new or changed medical device fot*which chemical or biological equivalence has been e
with an existing biocompatible©r ¢linically established medical device (see applicable req|
in ISO 10993-18:2020, Annex C).

e process described in this document is also not applicable to:
medical device constituents that do not contact the body (e.g. in vitro diagnostics);

biological risks-associated with physical interactions of the medical device with the
application, df mechanical forces, energy or surface morphology, etc.), provided that th¢
exposuregdsnot changed;

active-piarmaceutical ingredients of device-drug combination products or biologic com
device-biologic combination products as additional regulatory considerations can apply;
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water or air.

Normative references

¢h as food,

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

IS0 10993-1:2018, Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process

© IS0 2023 - All rights reserved
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ISO 10993-18:2020, Biological evaluation of medical devices — Part 18: Chemical characterization of
medical device materials within a risk management process

ISO/TS 21726:2019, Biological evaluation of medical devices — Application of the threshold of toxicological
concern (TTC) for assessing biocompatibility of medical device constituents

ISO 14971:2019, Medical devices — Application of risk management to medical devices

3 Terms and definitions

For the pyrposes of this document, the terms and definitions given in ISO T0993-T and the follow]ng
apply.

[SO and IHC maintain terminology databases for use in standardization at the following addresSes:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31
analogue
substance{with similar molecular, physical, chemical or toxicological properties

3.2
benchmark dose low
BMD,
lower onetsided confidence limit of a dose derived from dose-response (3.6) modelling that is associafed
with a spdcified change (e.g. 5 % or 10 %) in the dose-respense relationship

Note 1 to ¢ntry: A specified change of 5 % is applied whein*a reported harm applies to individual animalg. A
specified change of 10 % is applied when a reported harmiapplies to a fraction of animals in a population.

[SOURCE: [EPA 2012[2]]

3.3
carcinogen
constituent (3.4) that causes cancersin humans or experimental animals as determined by vdlid
experimental or observational evidence

Note 1 to [entry: Carcinogens ake/either genotoxic carcinogens or non-genotoxic carcinogens. A genotgxic
carcinogen|is a constituent capable of causing cancer by a mechanism that involves direct alteration of the gengtic
material of target cells, as,a.Xey event at an early stage in tumour development. A non-genotoxic carcinogeh is
a constitugnt capable of/preducing cancer by a mechanism where direct gene damage is not the key evenf in
tumour deyelopment (€:3:1).

[SOURCE: [[nternational Agency for Research on Cancerl3]]

3.4
constituent
chemical that is present in or on the finished medical device or its materials of construction

Note 1 to entry: Constituents can be intentionally or unintentionally added chemicals or compounds, such as:
additives (e.g. plasticizers, lubricants, stabilizers, anti-oxidants, colouring agents, fillers), manufacturing process
residues (e.g. monomers, catalysts, solvents, sterilant and cleaning agents), degradation products or impurities
(e.g. byproducts or side products) or contaminants(l,

[SOURCE: ISO 10993-18:2020, 3.10, modified — "or on" has been added to the definition and Note 1 to
entry has been replaced.]

2 © IS0 2023 - All rights reserved
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3.5

default value

value or factor used in the derivation of a worst-case exposure dose (3.32), tolerable contact level (3.25)
or tolerable intake (3.26), in the absence of specific data [e.g. an uncertainty factor (3.31)]

3.6
dose-response
relationship of dosage to observable harm

Note 1 to entry: In general there are two types of dose -response relatlonshlps The first type is the change in
a i nse among

ividuals to a range of doses

exposure dose
quantity of a constituent (3.4) that does or can contact the body by an exposure route over 3 specified
tinje period

Note 1 to entry: The exposure dose is expressed in microgram per kilogram of body-mass per day (ng kg/d) or in
mi¢rogram per centimetre squared (pg/cm?2).

Note 2 to entry: The exposure dose is different from the absorbed dose. The'dbsorbed dose is the quantity of the
corjstituent that traverses the portal of entry, which is dependent on the(absorption rate of the constifuent.

3.4
harm to health
adyerse reaction, such as altered morphology, physiclogy, growth, development, reproduction or
lifgspan that

a) | impairs function of an organ or system, organisin, or (sub)population,
b) | reduces capacity to tolerate an impaired-fiinction, or
c) | increases susceptibility to other influehces that impair function

Note 1 to entry: Examples of (sub)population include, but are not limited to, male, female, preterm neonates,
adylts.

3.9
harmful dose
dose capable of eliciting.appreciable harm to health (3.8)

3.10

human carcinegen
caffcinogen (313} for which human data demonstrates a causal association between exposjire to the
constituent (3'4) and occurrence of cancer

EXAMELE Human carcinogens include, but are not limited to, International Agency for Research on Cancer
(IARG))Group I carcinogens or US National Toxicology Program (NTP) "known to be a human carcinogen".[6][7]

3.11
identified constituent
constituent (3.4) for which molecular structure information is complete

Note 1 to entry: The identity of a constituent can be obtained by information gathering or non-targeted or
targeted analytical approaches as described in ISO 10993-18.

©1S0 2023 - All rights reserved 3
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EXAMPLE Examples of molecular structure information include molecular structure illustration or
simplified molecular input line entry system (SMILES) code, molecular formula, and Chemical Abstract Service
Registry Number (CAS RN®1). Molecular structure information includes its atomic elements (type, number,
arrangement) and bond information.

3.12

irritation

localized non-specific inflammatory response to single, repeated or continuous application of a
substance/material

Note 1 to entry: Skin irritation is a reversible reaction and is mainly characterized by local erythema (redness)
and swellifjg (oedema) of the skin.

[SOURCE:[ISO 10993-23:2021, 3.7]

3.13
lowest observed adverse effect level
LOAEL
lowest concentration or amount of an identified constituent (3.11) found by experimeént or observatjon
which cayses detectable harm to health (3.8) to the target organism under, defined conditiong of
exposure

Note 1 to eptry: The lowest observed adverse effect level is expressed in microgyam per kilogram of body mfass
per day (ug/kg/d).

3.14
margin of safety
MoS
ratio of thie constituent’s tolerable contact level (3.25) (numerator), tolerable intake (3.26) (numerator)
and its exl:li)sure dose (3.7) (denominator)

Note 1 to eptry: Margin of safety addresses irritation (3.12), genotoxicity, systemic toxicity (3.23), carcinogenigity
or reproduftive or developmental endpoints.

3.15
minimally irritating level
MIL
lowest amount per surface area of anvidentified constituent (3.4) that is irritating to the tissue at the
contact site as determined by valid ¢xperimental or observational evidence

Note 1 to eptry: The minimally itritating level is expressed in microgram per centimetre squared (pg/cm?2).

3.16
modifying factor
MF
mathematical prodixct of uncertainty factors (3.31)

3.17
non-irritating level
NIL

greatest amount per surface area of an identified constituent (3.4) that does not elicit irritation to the
tissue at the contact site as determined by valid experimental or observational evidence

Note 1 to entry: The non-irritating level is expressed in microgram per centimetre squared (ug/cm2).

1) Chemical Abstracts Service (CAS) Registry Number® is a trademark of the American Chemical Society (ACS).
This information is given for the convenience of users of this document and does not constitute an endorsement by
ISO of the product named. Equivalent products may be used if they can be shown to lead to the same results.

4 © IS0 2023 - All rights reserved
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3.18

no observed adverse effect level

NOAEL

greatest concentration or amount of an identified constituent (3.11) found by experiment or observation
which causes no detectable harm to health (3.8) to the target organism under defined conditions of
exposure

Note 1 to entry: The no observed adverse effect level is expressed in microgram per kilogram of body mass per

day (ng/kg/d).
3.19

p(()Jnt of departure
POD

lov
thd
mi
No
[Sq

3.2

 point on a toxicological dose-response curve established from experimental or observat
t corresponds to the benchmark dose low (3.2), or a lowest observed adverse effect level (|
himally irritating level (3.15), or a non-irritating level (3.17), or a no observed adyerse effect |

e 1 to entry: The POD is used to derive a tolerable contact level (3.25) or a tolerable)intake (3.26).
URCE: EPA Integrated Risk Information System (IRIS)[€]
0

release Kkinetics

qu

No
or

qud
rel

No
to,

phy
ext
at 4

3.2

hntity of a constituent (3.4) that is released from a medicaldévice as a function of time

e 1 to entry: Release kinetics data can be obtained experimentally (e.g. simulated use study, leach
pther type of extractables study). Alternatively, if supporting chemical and material data are
lified or validated release model can be used. Examples of experimental release kinetics test m
pase models have been published in scientific literature'for phthalates and colour additives[21[10],

physicochemical properties of the constituent (e.g. molecular size, solubility and thermal
rsicochemical properties of the extractingssolvent (e.g. solubility and thermal stability) and the in

levated temperature).

1

sl

upper-bound estimate of the lifetime cancer risk per increment of dose that can be used to est

No

}pe factor
probabilities for different.eXposure levels

e 1 to entry: Theslope factor is expressed in a pre-determined frequency of occurrence (i.e. the

individuals in whi¢hithe response is expected to occur) per unit exposure dose (3.7). For example, a s

for
for

3.2
su

cancer risk thatrepresents a frequency of occurrence in a specified population is expressed as x
every 1 pg/kg/d increase in exposure to the constituent.

2
spected human carcinogen

ional data
B.13), or a
pvel (3.18)

hbles study
hvailable, a
bthods and

e 2 to entry: Factors that impact release :(é/g. linear versus non-linear) include, but are pot limited

stability),
pact of the

raction temperature on the device material in the test sample (e.g. increased free volume of a polymer system

imate risk

number of
lope factor
in 100 000

can

cinogen (3.3) for which non-human experimental evidence indicates a probable associatio

h between

exposure to the constituent (3.4) and cancer in humans

Note 1 to entry: Suspected human carcinogen applies when human data are inadequate to establish an association
between exposure to the constituent and cancer. Suspected human carcinogens can be established by non-human
in vivo or in vitro evidence based on a weight of evidence assessment (see C.3.1).

Note 2 to entry: Suspected human carcinogens include, but are not limited to, IARC Group 2A or 2B carcinogens
or NTP “reasonably anticipated to be human carcinogen”.[6][Z]
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3.23

systemic toxicity

harm that

occurs in an organ or system other than at the contact site

Note 1 to entry: Systemic toxicity can occur after a one-time exposure (i.e. acutely) or after repeated or ongoing
exposure (e.g. subacute or subchronic or chronic) to a harmful dose (3.9) of a constituent released from a single
medical device or from use of multiple medical devices.

Note 2 to entry: The contact site is the specific location at which the medical device interfaces or interacts with

the tissue.

3.24
threshold
TTC
level of ex

[SOURCE:

3.25
tolerable
TCL
estimate (
irritation

Noteltoe
at the cont

3.26
tolerable
TI
estimate (
subacute,
harm to h{

Note 1toe

of toxicological concern

posure for constituents, below which there would be no appreciable risk to human‘héalth

[SO/TS 21726:2019, 3.5]

contact level

3.12)

htry: The tolerable contact level is expressed in microgram pergcentimetre squared (pg/cm?) of tis
it site.

intake

f the daily exposure of an identified constituent (3.11) over a specified time period (e.g. ac
subchronic or chronic), on the basis of body*mass, that is considered to be without appreci
alth (3.8)

htry: The tolerable intake is expressédiin microgram per kilogram of body mass per day (pg/kg/d

is derived fo establish a toxicological exposureldimit for a medical device constituent (3.4).

3.27
total qua

TQ

amount off

Note1toe

ntity
a constituent (3.4)@resent in, or that can be extracted from, the medical device

htry: The total quatitity is expressed in microgram (pg).

f the surface-contact exposure to an identified constituent (3.11) that is without appreciaple

ue

12}

te,
le

At

Note 2 to eptry: The constituent’s total quantity and its release rate (or kinetics) influence the maximum duration

that an ind

3.28

vidual canbe exposed to the constituent (3.4)111,

toxicolog

calrisk

probability of a specified degree of an adverse reaction occurring in response to a specified level of

exposure
[SOURCE:
3.29

ISO 10993-1:2018, 3.24]

toxicological risk assessment
determination of whether an exposure dose (3.7) to a constituent (3.4) can or cannot elicit appreciable
harm to health (3.8)

© IS0 2023 - All rights reserved
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3.30
toxicological screening limit
TSL
cumulative exposure dose (3.7) to an identified constituent (3.11) over a specified time period that is
without appreciable harm to health (3.8)

Note 1 to entry: TSL is expressed in microgram per individual exposed.

3.31
uncertainty factor

UF

nu
ind
EX
C.2

3.3
wd
EE
exf

No
clin
inf

merical value that accounts for uncertainties when extrapolating a point of departtirg
ividuals that can be exposed to a constituent (3.4) of toxicological concern

AMPLE Extrapolation types include, but are not limited to: intraspecies (see C.2.2.2); inters
12.3), dose route (see C.2.2.4) and study duration (see C.2.2.4).

2
rst-case estimated exposure dose

D
max
osure dose (3.7) that is a maximum value for a specified intended. linical-use scenario

e 1 to entry: EED,,,, is based on the selection of the full range ofintended clinical use scenari
ical use condition or assumption related to the intended clinical scenario (see Annex E for
rmation).

(3.19) to

pecies (see

ps, specific
additional

d exposure
k results in

Note 2 to entry: Specific clinical use conditions or assumptigns,used to establish worst-case estimate|
dode do not include deliberate misuse of a medical device,that is not reasonably foreseeable or thal
different harm to health (3.8).

4 | Abbreviated terms and symbols

The following abbreviated terms and symmbols apply in this document.

AE[T Analytical evaluation threshold

BMD;, Benchmark dose low

BW,, Body mass (low)

Cof Cohort of’eoncern

Cinhx Highest concentration

CRLL Cancer risk level

CRSD Cancer risk specific dose

CRSDE  Cancer risk specific dose estimate

EED,,, Estimated exposure dose (maximum)

HQ Highest quantity

HQ;, Highest quantity (irritant)

HQ, Highest quantity (release kinetics)

LOAEL Lowest observed adverse effect level

LO

D Limit of detection
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MD
MD
MDy .
MD; k.
MF
MFrcy,
MIL
MoS
com
MoS
NIL
NOAEL
POD

Shext
SIF
SvoC
SF
SF
SFrk.
TCL
TDs
TI
TQ
TQa.r.
TQext

TQmax

TRA
TSL
TSL 304

TSL.304

Medical device

Medical device (extraction (i.e. assumed release) study)
Medical device (body contact)

Medical device (release kinetic study)

Modifying factor

Mndifying factor (fn]pr:\h]p contact ]pvp])

Minimally irritating level

Margin of safety

Margin of safety (combined)

Margin of safety (individual or each)
Non-irritating level

No observed adverse effect level
Point of departure

Release duration

Surface area (extraction)

Slope factor

Semi volatile organic compound
Scaling factor

Scaling factor (assumed release)
Scaling factor (release Kinetics)
Tolerable contact level

Toxic dose (50 %)

Tolerable-intake

Totalquantity (i.e. present or extracted)

Total quantity (assumed release)

Total quantity (extracted)

Total quantity (maximum)

Toxicological risk assessment

Toxicological screening limit

Toxicological screening limit (less or equal to 30 days)

Toxicological screening limit (greater than 30 days)
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Threshold of toxicological concern
Uncertainty factor

Volatile organic compound

Toxicological risk assessment within the biological evaluation process

5.1 General

5.1

Th
thd

.1 Risk assessment principles

s document describes an approach for identifying, estimating and evaluating toxicolo
t can arise from exposure to medical device constituents. According to ISO 14971, risk a

pical risks
ssessment

comprises risk analysis and risk evaluation. Risk analysis is the systematic usé_ pf-available information

to
ass
thd
I1SQ

actjual availability of toxic components and the known dose response in relevant tissue.

NO
3.2
ISO

Th

Th

To3
tox

exposure dose eStimation.

NO
ma

lhufacturing or clinical use or design, material science, analytical chemistry and toxicology.

dentify hazards (potential sources of harm) and to estimate the risk. The\process of risk ¢
igns values to the probability of occurrence of harm and the severity of that harm. Risk ev
process of comparing risk estimates to acceptability criteria to determine the acceptabil
10993-1 states that the likelihood that harm will occur can be estimated from the knowle

TE1 For information on relevant risk management concepts$ and requirements, see ISO 14971
D, 4.4, 5.4, 5.5 and Clause 6. For information on application“¢f these concepts to biological eval
10993-1:2018, B.3.1.

s document describes a systematic approach to teXicological risk assessment based on:

toxicological information on constituents that describes potential harms and the circum
which harm can occur (see Clause 6);

the derivation of a tolerable contact\level or tolerable intake, or the selection of a th
toxicological concern (see Clause 7);

exposure dose estimation (see Clause 8);
the derivation of a MoS, where appropriate (see Clause 9).
s process is illustrated in Figure 1.

kicological risk cassessment shall be conducted by experienced individuals, knowled
icology, medic¢a) devices (i.e. clinical use conditions, materials, manufacturing process

TE 2 Assessment of toxicological risk typically involves close collaboration of experts in med

Th

sdocument shall not be used for commercially marketed medical devices to mandate area

stimation
hluation is
ity of risk.
dge of the

2019, 3.19,
uation, see

stances in

reshold of

geable in
etc.) and

ical device

sessment

of historical ISO 10993-18 chemical constituent data assessed previously using the appropriate edition
of this document at the time of the assessment. Compliance with this document (i.e. ISO 10993-17:2023)
may be shown by providing a justification for the adequacy of the historical toxicological risk
assessment. This includes confirmation that none of the issues identified in ISO 10993-1:2018, 4.9 have
occurred; otherwise, a new toxicological risk assessment is needed for any of the relevant endpoints in
6.1 of this document.

5.1.2 Hazard identification

A hazard is identified when a medical device constituent that is capable of causing a harm that is
relevant to the circumstances of exposure to the medical device is found to be present in or on, or
released from a medical device.
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The relevance of the harm shall be determined from information on the intended use of the medical
device, based on its categorization in accordance with ISO 10993-1:2018, Clause 5 and 6.2, taking
into account its exposure scenario (see 6.2.1) and reasonably foreseeable sequences or combinations
of events related to medical device use that can result in harm to health (refer to the applicable
requirements in ISO 14971).

EXAMPLE Types of exposure or contact include, but are not limited to, topical, dermal, oral, gastrointestinal,
inhalation, respiratory, subcutaneous, intramuscular, bone, intravenous or blood, neural tissues.

NOTE Reasonably foreseeable means sequences or combinations of events related to medical device use that
can result in harm to health (when TTC is applied).

If the harth is not relevant to the intended use of the medical device, the toxicological risk is negligible,
and can b¢ evaluated as acceptable.

5.1.3 Risk estimation

The toxicqlogical risk shall be estimated when exposure to a constituent can exceed’a pre-determined
level that can result in a relevant harm under the anticipated worst-case conditiens of medical devlice
use.

The toxic¢logical risk is negligible when the total quantity of a constituent that is present in, on| or
extracted[from the medical device is at or below the toxicological screening limit (see 6.2.2), or wofst-
case estinjated exposure dose is below the applicable TTC value (se€7:2), or the worst-case estimated
exposure flose is below the tolerable contact level or tolerable intake (see Clauses 8, 9 and 10).

Toxicological risk estimation includes the following activities:

— a congtituent-specific TCL or TI is derived based ofhi conservative assumptions (see 7.1) or, |If a
constjtuent-specific POD is not available, a TTC (if applicable) is applied (see 7.2);

— the cdlculation of the worst-case estimated exposure dose for the constituent (see Clause 8);
— the cdlculation of the MoS, where appropriate (see Clause 9).

NOTE Risk estimation is a process used te/assign values to the probability of occurrence of harm and fthe
severity of|/that harm (see ISO 14971:2019, 3.22 and A.2.5.5). For medical devices for which any harm dug to

toxicity is donsidered unacceptable, assigning a value for severity is not necessary.

Risk acceptability shall be based~on pre-determined risk acceptability criteria in accordance with
1SO 14971}2019, 4.4 d) and 1SO-10993-1:2018, 7 b).

The MoS fan be used to evaluate whether the toxicological risk acceptability criteria are met (fee
Clause 9 and Clause 10).

When exposure to.aconstituent does not meet the acceptability criteria, the toxicological risk shalllbe
further addressed (see 10.2).
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Biological evaluation process (according to ISO 10993-1 based on ISO 14971)

Establish medical
device intended use
(IS0 10993-1)

Y

Establish biological
evaluation plan
(IS0 10993-1)

1

Obtain constituent
information
(ISO 10993-18)

dentity/quanti
adequate a?
1SO 10993-18

Noc Further analyze, evaluate or control risk
(ISO 10993-1, ISO 14971) -

ISO 10993-17 (toxicological risk assessment of constituents)

TRA !_Obtain constituent _|
needed? toxicological
(ISO 10993-1) b information
(Clause 6)
Derive Derive

Document TCL/.TI or gpply . of Mos if

justification elevan TTC (if applicable) applicable

(IS0 10993-1) harms and (Clause 7) (Clause 9)

A
Estimate of
exposure dose
(Clause 8)

|
| |
| |
| |
| |
| |
| ' |
| aceemnce |
| |
| |
| |
| |
| |
| |
| |

criteria
(Clause 10)

isk acceptanc
criteria met?

Document Yesd
- justification | |
(Clause 10)

Key
Tox. toxicological

NOTE TSL or TTC are not applicable to cohort of concern, excluded compounds, irritation or other endpoints (see
ISO/TS 21726).

a2  Adequacy of constituent identity for toxicological risk assessment is informed by the experts involved in the
toxicological risk assessment.

b Harms specified in this document may be addressed by other approaches described in ISO 10993-1 and other
applicable parts of the ISO 10993 series.
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¢ When the identity of a reportable constituent cannot be adequately elucidated and its worst-case exposure

dose canno

t be estimated, biological testing may be necessary to address the applicable biological risk(s).

d  The determination that toxicological risk assessment criteria are met is specific to the constituent and
endpoint(s) addressed per this document and does not infer that all biological risks associated with a medical device
are acceptable.

Figure 1 — Toxicological risk assessment within the biological evaluation process

5.2 Toxi

Figure 2 s
toxicologi

The toxicd

a) The following information shall be provided (see Clause 6), in accordance withy\ISO 10993-1 3

ISO1

— a

— a
f

— th
ol

b) Thet
reviey

— th

— ]
0

c) Thet

— d
u

— d
h

— d
ré

construction that contact the body);

clinical use conditions, route of exposure, patient population, duration and frequency of u

hows in detail the toxicological risk assessment process that is shown in Figure 1..Crit
Cal risk assessment activities described in this document are illustrated in Figure 2

logical risk assessment process requires that[12]1[13][14];

993-18:

description of the device (e.g. an illustration of the device and identifieation of its material

description of the intended use of the medical device (e.g indications, contraindicatig

om which the worst-case intended clinical use scenario.shall be determined;

e identity and quantity of each reportable constituent (e.g. molecular structure or CAS R
ptained in accordance with ISO 10993-18.

bxicity of each constituent shall be characterized (see 6.1 and 6.2), based on a systemg
v of available toxicological information that takes into account:

e nature of the harm(s) to health;

e relationship between exposure and harm (i.e. dose-response relationship and the influe
the route and duration of exposure).

xicological risk shall be-assessed for each constituent by either:

btermining that the-censtituent is not capable of eliciting harm that is relevant to the inteng
be of the medical.device (see 6.2), or

ptermining that'the total quantity of a constituent is too low to elicit appreciable harm
palth (see 6.2:1 or 6.2.2), or

btermining that the worst-case estimated exposure dose for each constituent present in, on
leased from the medical device is below its TCL or TI (see Clauses 7, 8 and 9), or

cal

nd

5 of

ns,
e),

N)

tic

1Ce

led

to

or

— defermining that the quantity of a constituent released 1s below the relevant TTC value (if
applicable; see 7.2).

12
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Further analyze, evaluate or control rishA
(IS0 10993-1, IS0 14971) J‘

ISO 10993-17 (toxicological risk assessment)
!_ Obtain constituent —‘
| toxicological ‘
information
| (Clause 6) ‘
| ' Ne |
| Retevant ‘
harms or 1s NIL/MILX_ Yes Derive TCL

available? > ‘

| TQ > TSL?* 71) (7.1, Annex C.4)
| (6.2.1) ' ‘

Yes
| Y |
| Is |
| TSLused?’ >0 |
(6.2.2)

| Yes" ‘
Derive TI ] I
| Quantity OAEL, (7.1) _ |
(i.e. TQua) \No LOAEL, BMD, Derive :
| <TSL? available? 0; 1;’125 |
i (6:2:2) (7.1) Estimate of (921) i

I exposure dose
i Yes No (Clause 8) ‘

\
| Apply |
of TTE Tox.
| (72) risk acceptancs > No ‘
criteria met?
| (10.1) |
| Yes ‘
Worst-case No
| exposure dose < TTC? i ‘
| (7.2) ‘
\i
| Document ‘
- justification
| (Clause 11) ‘
a Harm relevant to a toxicological risk assessment of a constituent in, on or released from a medical

device of a given categorization are determined in ISO 10993-1.

b TSL or TTC are not applicable to the cohorts of concern, excluded compounds, irritation or other
excluded endpoints as described in ISO/TS 21726:2019, 5.3.

Figure 2 — Critical toxicological risk assessment activities
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6 Constituent specific toxicological information

6.1 General

After constituents have been identified, the next step in the toxicological risk assessment is
understanding the inherent property of a constituent to elicit or induce harm in humans, as well as the
conditions (e.g. route, duration, frequency, gender, age) necessary for the constituent to elicit the harm.
Knowledge of the conditions that pertain to the clinical use of the device is recommended to determine
whether the harm is clinically relevant.

NOTE 1 oxicity Is an inherent property of a constituent’s molecular structure and physicochemjcal
characterigtics that occurs under specified conditions (e.g. treatment dose, route, duration, frequency, sex) agg).

EXAMPLE Clinical conditions include, but are not limited to, the number of medical devices per patient
procedure,|nature and duration of body contact, and sensitivity of individuals.

The naturk or types of harm to health that can be addressed by application of a TCL,(I;"TSL or TT( (if
applicablé) include the following:

— irritation (TCL);

— systennic toxicity (i.e. acute, subacute, subchronic or chronic) (TSL, Tl‘%r TTC);
— genotpxicity (TSL, Tl or TTC);

— carcinjogenicity (TSL, TI or TTC);

— reprofluctive toxicity (TSL, TI or TTC);

— develppmental toxicity (TSL, TI or TTC);

— other[toxicity endpoints if relevant based on available toxicological data (i.e. TSL, TI or TTC do hot
apply}.

When tox]cological information for a constitiuent is obtained from the literature or other sources, the
informati¢n shall be evaluated in accordance with 6.2.1, Clause 7, Clause 8, Clause 9, Clause 10 4nd
Clause 11,

When toxicological information isnet'available or is inadequate to derive a TI for a constituent, the TTC
concept cgn be used according te 6-2.2 or 7.2.

Toxicological risk assessment of other harms (e.g. skin sensitization) shall be justified, based|on
adequacy pf available comstituent and harm specific toxicological data, and documented.

NOTE 2  [Skin sensitization is a delayed-type hypersensitivity reaction that comprises induction and elicitatjon.
For constiffuents that elicit an allergic response in hypersensitive individuals at very low concentrations, [the
risk of elicitation-of.an allergic response in these individuals is typically controlled by avoiding exposure to that
specific copstituentLo][16][17],

6.2 Identification of hazardous constituents

6.2.1 General

Identification of hazardous constituents involves obtaining and evaluating toxicological information
for each constituent. Constituent specific toxicological information such as in vitro or in vivo toxicity
studies, as well as human epidemiological studies, clinical trials or case reports, can be obtained from
primary health effect data, supporting health effect data or secondary health effect sources (published
review articles, authoritative reports, databases, etc.).

Toxicological information shall be obtained from a systematic search in multiple information sources
or databases in accordance with ISO 10993-1:2018, C.2.3.
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The selection of information sources and search criteria shall be documented and justified.

NOTE1 Toxicological data are typically obtained experimentally or predicted based on a qualified or validated
model, and are used to identify hazardous constituents. Examples of toxicological data include, but are notlimited
to, benchmark dose low, dose-response data, nature of the harm to health, harmful dose, primary health effect
data, lowest observed adverse effect level, minimally irritating level, non-irritating level, no observed adverse
effect level, slope factor, supporting health effect data and systemic toxicity data.

NOTE 2  Primary health effect data are original reports of direct evidence, in vitro or in vivo, of the potential
toxic effect that a constituent does or does not elicit at a specified dose and route and duration of treatment.
Examples of primary health effect data include original reports of irritation, systemic toxicity (acute, subacute,

NO[TE 3  Supporting health effect data are indirect evidence, in vitro, in silico, in chemico, imvivq or clinical
datfa that a constituent does or does not have the potential to elicit harm to health at a, specified dose, and
royte and duration of the treatment. Examples of supporting evidence include, but are not limiited to} chemical/
physical properties, toxicological structural alerts, toxicokinetics (i.e. absorption, distribution, metabolism, and
exdretion), mechanism or mode of toxic action, animal studies, human epidemiological studies, clini¢al trials or

NO[TE4 A secondary health effect source is a document other than the original report (e.g. a reiew article
lished in a scientific journal or a database that summarizes the toxicological findings in one or mgre original
regorts) that includes a description of constituent specific toxicologicaltdata (i.e. primary health effect or
sufjporting health effect data).

The adequacy and relevance of the obtained toxicological information shall be justified and ddcumented
in the context of the intended use conditions of the medical device.

The reliability and quality of the information shall he, evaluated and documented in accordance with
Anhex A.

When systematic review of constituent toxicity by an expert group addresses the availgbility and
quality of toxicological data, the systematic review can be used as a secondary health effect spurce. The
applicability, relevance and quality of such'systematic reviews shall be justified and documented.

NO[TES5  Applicability of a systematicireview means the reported toxicological information is current and
sp4cific to the constituent.

When toxicological information for a constituent indicates that exposure does not result in harm
relpvant to the intended use ofthe medical device, further toxicological risk assessment is notjnecessary
(i.g- negligible toxicological Tisk).

EXAMPLE1 An example of negligible toxicological risk includes, but is not limited to, when physicochemical
chdracteristics of a'sonstituent indicates it will not absorb into, or interact with, the body (e.g. mol¢cules with
mojecular weight 6£5500 Da having direct contact with intact skin)[1&l,

For constifuents where toxicological information is available, the following informatiop shall be
dogumented (if available):

— | ‘animal model (species, breed/strain, age, male or female, and number);

— the route of administration;

— the dose range, administration frequency and duration;

— the nature of harm associated with a specified dose;

— the cell(s), tissue(s), organ(s) or systems that are evaluated and whether any harm is observed.
NOTE 6  The relationship between a constituent and its harm is established by demonstrating whether the

biological response is dose- and time-dependent, or that sufficient mechanistic information is available to
establish a cause-effect relationship.
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NOTE7 In silico analysis can be used to predict the nature of harm when a chemical specific POD is not
available.

When nature of harm is not understood, a computer-based model (also known as in silico analysis) can
be used to predict the nature of the harm to health for the identified constituent. The validation of the
selected in silico model shall be justified and documented.

If a quantitative mathematical model is used to predict the nature of the harm to health (e.g. quantitative
structure activity relationship), the model should be validated[18]to[21],

NOTE 8 Insilico quantitative mathematical models establish a relationship between one or more quantitative
parameter§ derived from constituent identity information to a measurable property or activity that relate$ to
the harm t¢ health.

Relevance of specific exposure scenarios that are applicable to the constituent and its harm to heglth
shall be eqtablished[22],

When constituent harm to health is dependent on a specific exposure scenarid,/the constitupnt
exposure [specific information and the relevance of the information to medical device intended fise
shall be dgcumented.

EXAMPLE P Factors that define exposure specific scenarios include: duration (e:g-acute, subacute, subchrohic,
chronic), rqute (e.g. dermal, oral, inhalation, intravenous), tissue, organ or systeme.g. digestive, nervous, hepdtic,
renal, cardjovascular, or respiratory), sex (i.e. male or female), age of the individuals (e.g. paediatric or geriattic),
or species (i.e. human or non-human).

6.2.2 Application of the toxicological screening limit

The toxicqlogical screening limit can be used to establish:wirether the TQ of an identified constitugnt,
which is present or extracted, is too low to elicit genotoXicity, cancer, systemic toxicity (e.g. acyte,
subacute, [subchronic, chronic), or reproductive or developmental toxicological risk (see Annex B [for
additional information). When the total quantity of a‘constituent to which an individual can be exposed
for a specffied time period (i.e. a cumulative exposure dose) is below the specified TSL, the quantity
can be jufiged to be of negligible toxicologicalrisk and no further risk evaluation is recommended
for these $ystemic harms; this is subject to'the exclusions specified in Clause B.1, and conditions gnd
requiremgnts specified in this subclause:

When the toxicological screening limitapproach is used for a constituent, the applicable TSL value shall

be compared to the TQ,,,, to whi¢h an individual can be exposed.

The TQ,,,k shall account for‘the duration that the medical device contacts the body, the number| or
quantity df devices extracted; and the number or quantity of medical devices that is in contact with the
body in adcordance with*Clause B.3.

Comparis¢ns between TSL values and TQ,,,, for each constituent shall be documented.

When the| TQ; \;-of an identified constituent exceeds the applicable TSL, an exposure dose for the
constituetrt shall be estimated and evaluated as described in Clause 7, Clause 8, Clause 9 and Clause [L0.

NOTE1 ISO 10993-18 describes methods to obtain the total quantity of a constituent present in or on, or that
can be extracted from the medical device (e.g. information gathering or generating chemical data by extracting a
medical device using exaggerated or exhaustive methods).

NOTE 2  Suitability of the TQ of a constituent that can be extracted from a medical device for comparision to a
TSL is dependent on extraction and analytical parameters, such as the number of medical devices used as the test
article, the method used in the preparation of the test article, the solvent type(s) and volume, the temperature,
the duration of extraction, the number of extraction cycles (i.e. one or more), and the reference standard used for
quantification[23],

When the TQ of a constituent that can be extracted is obtained by extraction and quantification
methods that are conservative relative to the medical device intended use, the TQ of each reportable
constituent may be assumed to represent a cumulative exposure dose suitable for comparing to a TSL.
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When the TQ of areportable constituent that can be extracted does not represent a cumulative exposure
dose based on the extraction and quantification methods used, the toxicological risk of a constituent
should be addressed according to 6.2.3, 6.2.4, Clause 7, Clause 8, Clause 9, Clause 10 and Clause 11.

When the TQ cannot be obtained, such as when the constituent cannot be identified or when the
amount of the constituent cannot be measured, the TSL approach shall not be applied and toxicological
risk assessment shall be conducted in accordance with the requirements of this document; otherwise,
further biological evaluation is needed in accordance with ISO 10993-1.

6.2.3 Identification of human carcinogens or suspected human carcinogens

A Numan carcinogen or suspected human carcinogen is identified when human or non-humar weight of

evidence data that indicates the constituent is a human carcinogen or a suspected humaf'cdrdinogen!(24]
to[29],

Cancer risk of a carcinogen shall be estimated, in accordance with Clause C.3, oregntrolled of managed
in §ccordance with 10.2.

6.1.4 Selection of the point of departure

When the constituent harm to health is relevant to the medical device’s intended use and a cpnstituent
spécific POD is available, the selected POD and source (i.e. primaty health effect data, suppdrting data
or fecondary health effect source) shall be documented.

Baged on the obtained toxicological information, the mast critical (e.g. the lowest) clinically relevant
POD shall be selected.

NO[FE1 Guidance on selection of a POD is given insZ:l: Guidance on evaluating toxicological daty quality is
given in Annex A.

When toxicological information is assessed te\be inadequate or absent for an identified constjtuent, the
us¢ of TTC or toxicological data from a structural analogue (also known as read-across apprdach), shall
bejjustified and documented[30]te[38],

NO[FE2  TTC selection is described mnASO/TS 21726.
The following criteria are usefiil'to identify an analogue:

— | molecular structure-(e:g. the type and arrangement, including bonding, configuration and optical
rotation of elements-in a specified order);

— | physical properties (e.g. molecular weight, boiling point, vapour pressure, density, crystallinity or
solubility);

— | chemicalproperties (e.g. reactivity, stability, acidity or alkalinity);

— | bitlogical properties (e.g. metabolism or metabolic pathways, lipophilicity or bioaccumtilation) as
applicable to the constituent and intended use of the medical device. ]l

NOTE 3  The use of a similarity score (e.g. Tanimoto coefficient, Fingerprints) can be useful in combination
with physicochemical information for the selection of structural analogues[391[40],

Selection of a structural analogue shall be justified and documented. Alternatively, TTC can be used to
address genotoxicity, carcinogenicity, systemic toxicity, or reproductive or developmental toxicity as
described in 7.2[41],
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7 Tolerable contact level, tolerable intake and threshold of toxicological concern

7.1 Derivation of TCL and TI

Prior to deriving a constituent specific TCL (i.e. for irritation) or TI (i.e. for genotoxicity, systemic
toxicity, carcinogenicity, or reproductive or developmental toxicity), availability of a specific and
relevant POD for a medical device’s intended use shall be determined.

When available, a constituent’s POD is used to derive a TCL or TI value for each constituent. The TCL
(i.e. for irritation) or TI (i.e. for genotoxicity, systemic toxicity, carcinogenicity, or reproductive or

developm

NOTE 1

same type
risk of the
one type of

When mu
exposure
toxicologi
data (see :

bntal toxicity) used shall account for the duration for which constituent exposure is assesskd.

The underlying objective in selecting the highest NOAEL when multiple NOAELs are availablg,for [the
of harm and same clinically relevant exposure scenario is to prevent over estimation oftoxitolog|cal

ronstituent. The underlying objective in selecting the lowest POD for chemicals that induce more than

harm is to prevent other clinically relevant harms that can occur at higher doses.

tiple NILs or NOAELs are available that apply to the same harm and same ¢linically relev

ral data are of mixed quality, the TCL or TI shall be based on the study.with the highest qua
ipplicable requirements in Annex A).

When dif
different

additional information), the lowest POD shall be used.

erent types of PODs (e.g. NIL versus MIL; NOAEL versus I<OAEL), or same type of POD
pes of harms, are available for the same constituent and.same study quality (see Annex A

hnt

cenario, the highest NIL or NOAEL can be used to derive the TCL or Th respectively. When

ity

for
for

NOTE 2  [Derivation of a TCL or T1I for select harms is described in Annex C and Annex D.

When a threshold for a constituent is available for use,in"other applications besides medical devlice
use (e.g. pharmaceutical product, food product, occupational, environmental), the applicability of the
threshold [for the duration and type of medical device'body contact shall be justified and documented.
In these gituations, additional uncertainty factor(s) should be applied when the approach used| to
derive the|threshold does not address all of thelsources of uncertainty that reflect the circumstance$ of
exposure ppplicable to the intended use of the'medical device (see Clause C.2).

NOTE 3 [The application of additional uncertainty factors to a TCL or TI not originally intended for medjcal
device use ppply when all of the uncertainties applicable to clinical use of the medical device are not addresged,
e.g. differefices in exposure route or gensitivity of the individual exposed.

7.2 Application of TTC

When the| result of the application of 7.1 is the determination that constituent specific toxicological
informatign is not adequate to derive a TI, the TTC approach shall be applied in accordance with }lis
clause to pddress the following endpoints: genotoxicity, carcinogenicity, systemic toxicity (i.e. acute,
subacute, subchronic and chronic), or reproductive or developmental toxicity.

TTC values Shall not be used to assess the tox1colog1cal risk of cohorts of concern, excluded Compouqu
or Other b UlUglLdl EIl(,lpUlIlLb fIraccorT (,ldIl(,E WlLIl lDU/ l .) Ll/ LO

NOTE1 Types and examples of cohort of concern and excluded compounds are described in ISO/TS 21726.

When the worst-case estimated exposure dose is conservative and below the corresponding TTC, the

release ca

NOTE 2
the probab

n be judged to be of negligible toxicological risk.

Conservative means the estimation of worst-case estimated exposure dose is deliberately higher than

le true exposure.

When negligible toxicological risk cannot be determined (e.g. underestimation or overestimation of
the quantity released), the toxicological risk shall be addressed by other means in accordance with
ISO 10993-1 and ISO 14971. Outcomes of further risk analysis or risk evaluation or risk control shall be
documented in accordance with ISO 10993-1 and I1SO 14971.
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Outcomes of the comparison shall be documented (see Clause 11).

NOTE3  ISO/TS 21726 includes TTC values applicable to constituents that leach from medical devices (except
for gas pathway devices).

NOTE4  The application of TTC for VOCs and SVOCs present or released from a gas pathway device is described
in the ISO 18562 series.

8 Exposure dose estimation

ThpEED; of aconstituent tiattontacts orenters tire body perday strattbeestinmatedTieprocess to

determine the quantity of a constituent that contacts or enters the body is described in Figuije 3.

NO[TE1 Per day exposure is time-based and occurs on a single day or on multiple days.

Obtain constituent information
(ISO 10993-18)

'

Estimate exposure dose

based on

- Assumed worst-case cqnstituent
release from medical d¢vice and

Esfimate exposure dose

based on

- Kinetics of constituent release
from medical device and

Is release
kinetic
information
available?

- Worst-case medical
device use scenario

- Worst-case medical
device use scenario

Figure 3 — Exposure dose estimation
The worst-case exposure dose shall be estimated based on worst-case conditions of the fise of the
medical device.

The following worst-case medical device use assumptions shall be applied:

— | the type of chemical exposure information relevant to the medical device intended use (see
Clause E.1);

— | thelargest possibl&number or quantity of the medical device to which an individual can He exposed
in accordance-with the medical device intended use, unless otherwise justified (see Clauges E.2 and
E.3);

— | the lowestbody mass of individuals who can be exposed to the constituent (see D.2.1 and (lauses E.2
and.E:3).

NO[FE2 =~ 1SO 10993-18:2020, Clause 5 includes chemical characterization approaches that vary in rglevance to
medicatdevice imtended use: Informmation gathering and extraction studies estabtisirtire hypotheticat worst-case
estimated exposure dose based on the total quantity of each chemical constituent released from the medical
device, see ISO 10993-18:2020, 5.4. The determination of actual exposure is described in ISO 10993-18:2020, 5.8.

When toxicological risk assessment applies to individuals with unique susceptibilities (see C.2.2.2),
additional exposure dose estimates, based on body mass specific to these individuals (see D.2.1) shall
be used in the exposure calculation as specified in Annex E, unless justified with supporting evidence.

When accounted for in the reporting of chemical characterization data per ISO 10993-18, the maximum
number and quantity of medical devices that simultaneously contact the body shall be accounted for in
the calculation of the worst-case estimated exposure dose of each constituent to which an individual
can be exposed.

©1S0 2023 - All rights reserved 19


https://standardsiso.com/api/?name=b4c7cb7cbca9604ce429d039e40c4574

IS0 10993-17:2023(E)

The specific medical device use assumptions that are used to calculate an exposure dose shall be
justified and documented.

The method used to calculate an exposure dose shall be in accordance with Annex E. The application of

additional
NOTE 3

NOTE 4

assumptions and calculations used in the calculation shall be justified and documented.
The exposure dose is expressed in the same unit as the TI (i.e. as ug/kg/d) or TCL (i.e. ug/cm2).

Exposure on a day can occur intermittently, continuously for a portion of the day or continuously

the entire day. In all these cases, the exposure dose is reported on a per day basis.

NOTE 5

VVIICII aVdlldDIE, TOXICOKIINEUICS ddtd Call DEe USelul tO eStlnate dll Interrdl dose.

9 Margin of safety

9.1 Gen
For each c

— witho

eral
pnstituent, the estimated exposure dose shall be assessed to be either

ut appreciable harm to health, or

— aharmful dose.

for

ve,

ith
cal

or

M

For this tdxicological assessment process, a MoS approach shall be used as described in 9.2.
NOTE1 [Anestimated exposure dose can be a harmful dose when the FCL or TI or EED . are not conservat
see 10.1.
NOTE 2  [MoS does not apply to biological risks associated with-physical interactions of the medical device w
the body (ile. application of mechanical forces, energy, or sutface morphology, etc.), provided that the chem
exposure i§ not changed.
9.2 C(algulating the margin of safety
9.2.1 General
The MoS shall be based on the following:
— constjtuent TI or TCL, in accordance with Clause 7;
— worsttcase estimated @xposure dose, EED .., in accordance with 3.32 and Clause 8.
The MoS i} the ratio of\the chemical specific TI or TCL and the worst-case estimated exposure dose (i
EED,,,, infug/kg/dor{ug/cm?), and calculated by Formula (1):
T
MOS 3 —~4—
EED, %
TCL
MOS =——
EED, .«
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where

is the exposure dose that is a maximum value for a specified intended clinical-use scenario,
in ug/kg/d or pg/cm?;

EED

max

TI is the estimated daily exposure of an identified constituent over a specified time period
(e.g. acute, subacute, subchronic or chronic), on the basis of body mass in nug/kg/d, that is
considered to be without appreciable harm to health.

TCL is the estimated the daily tissue surface-contact exposure to an identified constituent at the

4 et W N PR sl o I T e B 2.
CUIILALULU SILTC UVCL d prLlllCu LIITICT lJCl IOU LIIdU IS5 WILIIUULU dppl CCIaOTCITTIUAtIOTIT, T ug/Cm )

NO[TE1  Tolerable contact level applies to irritation. Tolerable intake applies to systemictoxigity (acute,
sulacute, subchronic or chronic), genotoxicity, carcinogenicity or reproductive/developmental toxicitly.

NO[FE2  MoS is unitless (i.e. units for EED ,,, are the same as those used for TCL or TI).

The toxicological risk assessment shall address the quantity as a function-6fyduration of ejposure to
thg constituent and associated risks. For example, the ratio of a worst-case.estimated exposyre dose to
a l:[fe-time Tl is generally protective for acute, subacute, subchronic and chronic systemic toxjc effects.

When release kinetics data are available, then the worst-case estimated exposure dose, as ddscribed in
Clquse E.2, shall be used in the derivation of the MoS.

When release kinetics data are not available, acute, subagute, subchronic or chronic expjpsure can
be[assumed to occur based on the fewest number of exposure days as described in Claugde E.3 [e.g.
Formula (E.3)]. MoS values that correspond to acute, siibbacute, subchronic, and chronic expdsure shall
be|calculated (see Table 1) based on a worst-case eXposure for each of these exposure pgriods (see
Table E.4) and compared to the TI or TCL value, unless the approach used is in accordance with E.3.2.

Table 1 — MoS values to consider when'constituent release kinetics data are not available

Period of assumed Calculation/of MoS value for toxicological endpoints to be addressedd
exposure to the . .
constituent Acute¢ Subacute® Subchronic¢ Chropic¢
<1da X Not applicable Not applicable Not app|icable
2 dto 30 dab X X Not applicable Not applicable
31to 365 dab X X X Not applicable
2366 dab X X X X

X ipdicates toxicological’endpoint shall be addressed unless otherwise justified (see Clause E.1).

a | This applies when Formula (E.1) is used to estimate an exposure dose.

b | This appliesiwhen Formula (E.3) is used to estimate the worst-case estimated exposure dose for assumdd exposure
periods.

¢ | Actte subacute, subchronic and chronic refer to the duration of exposure for which the TCL or TI is profective (see
9.1.¥NOTE 1).

d  See 6.1 for toxicological endpoints to be addressed.

NOTE3  When a POD is unavailable to derive a TI for limited or prolonged exposure (i.e. acute or subacute
exposure), a TI that applies to long-term exposure (i.e. subchronic and chronic exposure) can be used to address
limited or prolonged exposure duration, also see example in 9.2.1.

EXAMPLE An example of the calculation of a MoS for a medical device constituent is as follows: an assumed
worst-case estimated exposure dose is applied to constituent data obtained by exhaustively extracting the
medical device using analytically expedient solvents, see ISO 10993-18:2020, 5.4.

In this example, the medical device intended is an implant in long-term contact with tissue/bone. Worst-case
estimated exposure from Clause E.4 and Table E.5 are used in the calculation of the applicable MoS values and
two constituent specific TI values are available [i.e. 60 pg/kg/d and 10 pg/kg/d for harm that can occur from
limited or prolonged (<30 d), and long-term (>30 d) exposures].
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Table 2 — Calculation example of MoS based on assumed release for a long-term implant and

two TI values

Time period T2 EED,,.p MoS Formula (1)
d ug/ke/d ug/ke/d

<1 60 500 0,12 0,12=60 /500

2to 30 60 250 0,24 0,24 =60/ 250

31 to 365 10 16 0,625 0,625=10/16

2366 10 1,4 7,14 714=10/14

a  Tlvalu
and chronid
(90 d) systd

b EED

ma.

es of 60 ug/kg/d and 10 ug/kg/d are derived based on a NOAEL obtained from a constituent specific subac
, respectively, systemic toxicity studies. Because constituent specific POD data from acute (<1 d) and subchro
mic toxicity studies are unavailable, the TI value applicable to the longer time periods is used (i.e. subacute

for 2 d to 3¢ d and chronic TI for >366 d of assumed exposure, respectively).

values are based on the assumed worst-case estimated exposure from Annex E.

hic
TI

The MoS

alues in Table 2 are evaluated according to Clause 10.

9.2.2 Combining MoS values to address additivity of harm

MoS value

— expos
releas

— the cd
actior]

The comb

MOS

C

where

MoS

CO

MoS:;

1

When the
required §
risk asses

NOTE 1
health effe

s, MoS,, of two or more constituents shall be combined when thefollowing apply:

ure to each constituent can occur simultaneously (e.g. constituents are present in or on
ed from the same medical device);

nstituents elicit the same harm in the same target<organ or system and the same mode
applies.

ned MoS value, MoS

com’

shall be derived in ac¢ordance with Formula (2).

n

1
m:1/ZMOS,-

i=1

-, is the result from the saimmation of reciprocal MoS; (unitless) values;

is the MoS for eacli (i.e. individual) constituent that results from Formula (1).

constituent’s critical adverse health effect is not known, then combining MoS values is

or

of

(2)

not

ind the MoS valuie for each constituent is calculated and used individually for toxicological

sment.

Combining’MoS values applies to the constituent’s critical adverse health effect. The critical advs
Ct is thesharm that occurs at the lowest administered POD dose.

rse

NOTE 2

Combining MaS values addresses the harm that can occur in an additive fashion, as well as the hd

rm

that occurs by the same or different exposure routes. Formula (2) is adapted from hazard index of mixtures for
medical device constituents[42]to[30],

NOTE 3

22

In some studies, a distinct toxicological mode of action is not always evident, particularly for minor
adaptive effects such as small changes in organ mass or reversible changes in blood chemistry, and in such cases,
risks are not always additive for a target organ.
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10 Toxicological risk acceptance criteria

10

.1 General

An exposure dose of a constituent is without appreciable harm to health (i.e. tolerable toxicological
risk) when the following apply:

MoS exceeds 1;

contributing values to the MoS are demonstrated to be conservative.

NO
the

Ex

TE1 Conservative means the estimation of toxicological risk is deliberately higher (i.e. lower;
probable true risk.

hmples when the values contributing to the MoS are conservative include, but not limited 4

The method used in the calculation of EED,,, represents an overestimate of the pro
worst-case estimated exposure dose;

For each uncertainty factor used in the derivation of the TI (C.2.2 ory€.3.2) or TCL (C.4.3),
value is used.

A

addlressed in accordance with 10.2.

w
1(
10,

Mad
rel

Fo1
iS ¢

NO
ang

Ma
sha

10

To3
ISQ

en the TCL, TI or EED are not demonstrated to be conservative, the evaluation of the M

max

.e. a possible toxicological risk), the toxicological riskshall be further evaluated in accord

N

S values shall be assessed based on expert_judgement when exposure dose is based oy
base as described in Clause E.3 (i.e. release kinetics data are not available).

a toxicological risk to be judged acceptable, it shall be supported by evidence that assum|
onservative in relation to the intended use of the medical device.

TE 2  Expertjudgement can include assessment of the nature of the harm to health as described
Clause 6.

S values, including how-each was calculated, and the conclusion of each exposure dose
11 be justified and doeumiented, in accordance with Clause 11.

.2 Further riskanalysis or risk evaluation or risk control

kicological sk shall be further addressed by other means in accordance with ISO 10
14971 when any of the following apply:

the MoS is below 1 based on release kinetics in Clause E.2, and TI or TCL are used,

MoS) than

0:

bable true

he default

bS shall be

en the TCL, TI or EED,,, are demonstrated to be conservative and when the MoS does pot exceed

ance with

assumed

ed release

in Clause 5

bvaluation

D93-1 and

NO

the MoS is judged to represent possible toxicological risk.

TE1

toxicological risk.

00, or

When constituent exposure is understood, an MoS below 1 generally indicates a possible or probable

Further risk analysis, risk evaluation or risk control can consider information that addresses:

the dose of a constituent that will elicit harm (e.g. LOAEL),

— the relevance of the exposure dose to the intended use of the medical device (e.g. refinement of the

EED,,,), or

© IS0 2023 - All rights reserved
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— ifrisk control is not practical and information is available that demonstrates the expected benefit of
the medical device outweighs the toxicological risk.

For example, exposure is reduced as low as reasonably practicable and cancer risk is actively managed
using risk management procedures as described in ISO 14971.

Outcomes of further risk analysis or risk evaluation or risk control shall be documented in accordance
with ISO 10993-1 and ISO 14971.

11 Reporting requirements

Constituept specific toxicological data, justifications and methods used to apply TSL, TTC, the derivatjon
of TCL or TI values, the estimation of exposure dose, the derivation of MoS values and the evaluations of
worst-casg exposure shall be documented and reported (see examples in Annex F).

Complian¢e with the requirements in this document, which includes Clause 6 t¢6“Clause 9, gnd
Annexes H, C and E, is verified by inspection of the report.

24 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=b4c7cb7cbca9604ce429d039e40c4574

IS0 10993-17:2023(E)

Annex A
(normative)

Evaluation of toxicological data quality when selecting a point of

Ac

departure

nafure of harm, and to establish the POD value. POD values that can be used in the derivat

va

To3
ass

sel
by
suf

e include, but are not limited to, BMD;, NOAEL or LOAEL.

essment addresses the study design, conduct or data analysis and reporting that can
ection, performance, detection, attrition and reporting biases.[511to[61] Reporting bias can b

ficient information to allow a knowledgeable reader to understand:

the toxicological relevance of the study to the constituent;

dose-response data are reproducible;

the reliability and validity of the findings based on‘the data generated.

ording to 7.1 and C.2.2.4.3, it is essential that relevant toxicological data are used torey]

:

kicological data should be systematically collected and critically assessed,for qualit]

confirming that all key information is included in collected studies. Ideally, studies shoul

that the reported methodological information is adequatefor the experiment to be repeat

hluate the
on of a TI

y. Quality
introduce
b assessed
fld present

ed and the

Evaluation of reporting bias should address whether the quality of the underlying methods ysed or the
gemerated data can be adversely impacted. Reporting bias can be evaluated when toxicological data are
obtained from a secondary health effect source®Based on expertise of the source (e.g. source i$ authored
by fexperts in toxicology).

Th adequacy of available evidence to support the conclusions of the toxicological risk assessment shall
belconfirmed.

NO[TE Tools for assessing quality are categorized into:

a) | checklists of questions thatidentify sources of bias, or

b) | scoring systems thatproduce a numerical reliability rating for each study (e.g. ToxRTool, ARRIVE (uidelines).
Redlucing uncertainty-in scores can be addressed by weighing each source of biasl62lto[Zz],
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Annex B
(normative)

Derivation of toxicological screening limits

B.1 Gengerat

The total quantity (in pg) of a constituent can be used to assess whether exposure for one or miore d
can resulff in a cumulative exposure dose that is at a negligible toxicological risk level (i.e, t06 low

hy'S
to

present a foxicological risk for the applicable harms) and no additional toxicological risk’estimation is

recommended.

NOTE1 [When TSLis applied, TQ represents the cumulative exposure dose [e.g. the summation of the expos
dose (daily) over the number of exposure days of contact with the device]lZ3],

The TSLs|according to this document apply to systemic toxicity (acutejSubacute, subchronic 3
chronic), genotoxicity, carcinogenicity, reproductive or developmental texicity for oral or parente
routes, as|well as adults, paediatrics (6 months of age or older) and prégnant womenlZ4],

When the| TSL approach is used for any medical device, the 120"4g TSL _3, 4 value shall be used
each consfituent to address applicable biological endpoints that\can result from short-term (i.e. <30
exposure,|see Table B.2.

For long-term body contacting medical devices, the 600 1g TSL .5, 4 value should be used for e
constituent, in addition to the TSL _;, 4 value, to address TQ values that exceed the TSL _3, 4 value 3
applicable biological endpoints that can result fromong-term (i.e. >30 d) exposure, see Table B.2.

TSL shall| not be applied to harms that the TTC values are not protective in accordance w
ISO/TS 21[/26:2019, Clause 1.

Toxicological screening limits shall apply to the following:
— identiffied constituent, and
— total quantity of each constituent present in or on or released from the medical device.

NOTE 2 [ISO 10993-18 descrpibes information gathering or an extraction study method that results in
estimate of the total quantity of a constituent present in, on or extracted from the medical device.

Toxicological screefiing limits shall not apply to medical devices used long-term in very young infa
or neonat¢s, including preterm, or to the following types of constituents:

— the ndture‘of harm is irritation,

lire

nd
ral

for
d)

hch
nd

ith

an

nts

— the cohort of concern substances or excluded compounds, or
— substances that are not identified constituents (i.e. unknown or incomplete chemical identity).

NOTE3  TSL does not apply to preterm or very young infants (i.e. 6 months of age or younger) because th
individuals have unique susceptibilities (Clause 8 and C.2.2.2).

ese

A TSL shall not be applied to volatile compounds from gas pathway devices because inhalation specific

TTC values are established in ISO 18562-1 for these constituents.
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B.2 Calculation of the TSL

Toxicological screening limits are based on mutagenic TTC values applicable to the duration of exposure
to the constituent. The toxicological screening limit can be calculated using Formula (B.1).

TSL =TTC x D (B.1)
where

TSL is the toxicological screening limit expressed as the cumulative quantity of exposure, in pg, to
a constituent over a specified time period;

D is the duration of exposure, in d, according to ISO 10993-1:2018, 5.3.

Wlhen a toxicological screening limit is used, default TTC and D values in Table B.1"below sh3ll be used
to galculate the applicable TSL value and applied in accordance with Clause B.3:

Table B.1 — Default toxicological screening limit 77C and D for TSL calculationfs

Period of assumed exposure TTC D TSL
to the constituent g/d d ug
d
<30 120 1 120 (i.e. 120 pg/d x 1 d)
>30 20 30 600 (i.e. 20 pg/d x 30 d)

NO[FE1 For long-term contact, the duration of exposuresis rounded down to 30 d, instead of 31 d.
NO[FE2  The TTC and D values in Table B.1 are conservative (i.e. lowest values) for dose and time|dependent

hajms (e.g. genotoxicity, cancer, systemic toxicity, reproductive/developmental toxicity, see ISO/TS 21726:2019,
5.1).

B.B Application of toxicological screening limits

When the TSL approach is used for any medical device, TSL .3, 4 = 120 pg for short-term| exposure
dufation shall be used for eacli'constituent in accordance with Table B.2.

For medical devices in long-term contact with the body, TSL .3, 4 = 600 pg for long-term| exposure
dufration may be usedforeach constituent in addition to the TSL _3, 4 value, see Table B.2.

Table B.2 — Application of toxicological screening limits for TQ

. ; ) Periods of assumed exposure to the constituent
Medical device contact duration
1d <30d >3pd
Limited (<1 d) TSL .394=120 pg Not applicable Not appjlicable
Prnlnngpd ( 30 d) TSL = 120 Hg TSI = 120 ng Not apy licable
Long-term (>30 d) TSL .304=120 pg TSL .304=120 pug TSL o304 =600 pg
NOTE Toxicological screening limits are not intended to replace the analytical evaluation threshold (AET)

described in ISO 10993-18.

The toxicological screening limit can be used to evaluate the safety of extractables that exceed the AET
considering the restrictions defined in Clause B.1.

When the TSL approach is used, the total quantity of each identified chemical constituent to which an
individual can be exposed shall be compared to the relevant TSLs in accordance with Table B.2.

For single-use (disposable) medical devices that are repeatedly used and when cumulative duration
of body contact is prolonged, the TSL _;, 4 may be used to screen constituents that present negligible
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toxicological risk for short-term exposure (see EXAMPLE 6). For single-use (disposable) medical devices

that are repeatedly used and cumulative duration of body contact is long-term, toxicological risk
each constituent should be assessed in accordance with Clauses 7, 8, 9 and 10.

for

When the number or quantity of medical devices that contact the body differs from the number or
quantity of medical devices used in the extraction study, the total quantity of each identified chemical
constituent extracted shall be adjusted by application of a SF using Formula (B.2), unless justified with

supporting evidence that the reported total quantity represents a cumulative exposure dose.

TQ,ay = TQ x SF (B.2)

where

TQ,,., is the maximum total quantity, in pg, to which an individual can be exposed (i,e\cumulat]
exposure dose);

TQ is the total quantity, in ug, present in or on, or extracted from the medical device (e.g. fr
an exaggerated or exhaustive extraction study);

SF is the ratio of the quantity (e.g. cm?2, g or ml) of medical devices that’are in contact with
body divided by the quantity of medical device(s) used in the extraction study.

When the| number of medical devices applies to the intended use fe.g. a hip implant), the maxim
number of medical devices that contacts the body and the number of medical devices used in
extractior]s study shall be used to calculate the SF using Formula\(B.3), unless justified with support
evidence tlhat the reported total quantity represents the cumulative exposure dose.

When thenumber of medical devices does not apply (e.g. the largest surface area of the medical dev
that can cpntact the body is not the same as the surfacetarea of the device which is in contact with

solution during extraction), the maximum quantity (€:g. cm?, g or ml) of the medical device that i
contact with the body and the quantity of the medical device used in the extraction study shall be u
to calculate the SF using Formula (B.3).

SF= MDb.c. / MDa.r.s. (E

where

MD, .| is the maximum gtantity (e.g. cm?, g or ml) of medical devices that are simultaneously
contact with the.bedy;

L is the quantity of medical devices used in the extraction study.

EXAMPLES 1 to 6.are applications of toxicological screening limits.

ive

the

[m
the
ng

ice
the
in
ed

3)

in

EXAMPLE || Limited or prolonged contact: When 100 pg of an identified constituent is extracted fromp a

not

caldevice and a single medical device is in contact with the body for less than or equal to 30 d

D~ t a <30d © U S

TSLo304 =120 x 1= 120 pg

where

120 isthe TTC for <30 d (see Table B.1), in pg/d;

1 is the number of days for <30 d assumed exposure time period (see Table B.1).

TQpay = 100 x 1= 100 pg
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where

Short-term exposure to the constituent is a negligible toxicological risk because TQ

100 isthe reported total quantity in the extraction solvent (i.e. TQ.,,), in ug;

1 is the SF where 1 is the maximum number of medical devices that are in contac
body divided by the single medical device extracted.

max

TSL_3¢ 4-

EX
me
use

AMPLE 2 Limited or prolonged contact: When 100 ug of an identified constituent is extracted fr

t with the

is less than the

m a single

dical device and two medical devices are in contact with the body for less than or equal to 30 d (met
d), the application of Formulae (B.1), (B.2) and (B.3) results in a TSL_3, 4 of 120 ug.

TSL.304=120 x 1= 120 pg

whlere

120 isthe TTC for <30 d (see Table B.1), in pg/d;

1 is the number of days for the <30 d assumed exposure timeperiod (see Table B.1).

TQax =100 x 2 =200 pg

whlere

Sh
thd

EX
dey
use

100 is the reported total quantity in the'extraction solvent (i.e. TQ,,,), in ug;

2 is the SF where 2 is the maximum number of medical devices that are in contac
body divided by the single:medical device extracted.

brt-term exposure to the constituent can present a toxicological risk because TQ

max 1S gr

AMPLE 3  Long-term contact: When 300 pg of an identified constituent is extracted from a sin
ice and a single medicdl device is in contact with the body for long-term (i.e. greater than 30 d) (not
d), the application efformulae (B.1), (B.2) and (B.3) results in a TSL_3, 4 of 120 pgand a TSL_3 4 0

TSL 394 = 120% 1 = 120 pg

whlere

120 isthe TTC for <30 d (see Table B.1), in pg/d;

repeatedly

t with the

bater than

ble medical
repeatedly
600 pg.

1 is the number of days for the <30 d assumed exposure time period (see Table B.1).

TSL.304=20%30=600pg

where

20  isthe TTC for >30 d (see Table B.1), in pg/d;

30  isthe number of days for the >30 d assumed exposure time period (see Table B.1).
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TQpax = 300 x 1 =300 pg

where

300 isthe reported total quantity in the extraction solvent (i.e. TQ,,.), in ug;

1 is the SFwhere 1 is the maximum number of medical devices that are in contact with the body
divided by the single medical device extracted.

Short-term exposure to the constituent can present a toxicological risk because TQ,,,, is gredter'than
the TSL _3} 4; whereas, long-term exposure to the constituent is a negligible toxicological piskbecatise
TQ .. is lgss than the TSL 5 4.

EXAMPLE f Long-term contact: When 320 pg of an identified constituent is extracted from a single medjcal
device andftwo of the same medical devices are in contact with the body at the same time for more than 30 d (not

repeatedly|used), the application of Formulae (B.1), (B.2) and (B.3) results in a TSL_3, 4 0f $20 ugand a TSL_3,}; of
600 pg.

TSL.3dq=120 x 1= 120 pg

where

120 |isthe TTC for <30 d (see Table B.1), in pg/d;

1 is the number of days for the <30 d assumed exposure time period (see Table B.1)

TSL .4 4 = 20 x 30 = 600 pg

where

20 |isthe TTC for >30 d (se€ Fable B.1), in pug/d;

30 |isthe number of daysfor the >30 d assumed exposure time period (see Table B.1).

TQax|m 320 ug 02 = 640 pg

where

320 isthereported total quantity in the extraction solvent (i.e. TQ,,), in ug;

2 is the SF where 2 is the maximum number of medical devices that are in contact with the
body divided by the single medical device extracted.

Short-term and long-term exposure to the constituent can present a toxicological risk because TQ,,,, is
greater than the TSL _3, 4 and TSL .3, 4, respectively.

EXAMPLES5  Long-term contact: When 300 pg of an identified constituent is extracted from a single medical
device (50 cm?) and two of the same medical devices (200 cm? each) are in contact with the body at the same
time (i.e. the total device surface area is equal to two devices multiplied by 200 cm?/device which is 400 cm?)
for more than 30 d (not repeatedly used), the application of Formulae (B.1), (B.2) and (B.3) results ina TSL 3 4 of
120 pgand a TSL .54 4 0of 600 pg.
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TSL.304 =120 x 1= 120 g

ere

120 isthe TTC for <30 d (see Table B.1), in pg/d;

1 is the number of days for the <30 d assumed exposure time period (see Table B.1).

:2023(E)

wh

whlere

Sh
gre

EX
sin
eve
of 1

whlere

TSL. 30 4 = 20 x 30 = 600 g

ere

20  isthe TTC for >30 d (see Table B.1), in pg/d;

30 isthe number of days for the >30 d assumed exposure time period (see Table B.1).

TQ,,. = 300 x 8 = 2 400 g

300 is the reported total quantity in the extrdetion solvent (i.e. TQ,,,), in ug;

8 is the SF where 400 cm? is the maximum device surface area, in cm?, that is in co
the body divided by the 50 cm? device surface area extracted.

prt-term and long-term exposure tothe constituent can present a toxicological risk becaus
ater than the TSL _3, 4 and TSL 4,3 Tespectively.

AMPLE 6  Cumulative prolonged contact: When 300 pg of an identified constituent is extrag
ble medical device (50 cmZ)that is in contact with the body for less than one day, and a new dey

20 pg.
TSL_304q=120 %1="120 pg

12053s the TTC for <30 d (see Table B.1), in pg/d;

htact with

e TQ .« IS

ted from a
ice is used

ry day for up to 10 days (i¢€.;répeat use), the application of Formulae (B.1), (B.2) and (B.3) resultsifa TSL .30 4

1 is the number of days of contact of a single medical device.

TQppax = 300 x 10 = 3 000 pg

where

300 isthereported total quantity in the extraction solvent (i.e. TQ,,,), in ug;

10 is the SF where 50 cm? is the maximum device surface area, in cm?, that is in contact with the

body divided by the 50 cm? device surface area extracted.
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Short-term exposure to the constituent can present a toxicological risk because TQ,,,, is greater than
the TSL _3( 4
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Annex C
(normative)

:2023(E)

Derivation of constituent TI or TCL for select endpoints

C.1

The method to derive a non-cancer TI (see Clause C.2), cancer TI (see Clause C.3), or TCL{see (

is

forja constituent are available, as described in Clause 6 and 7.1.

When toxicological data of a constituent are not available to derive a TI, thenTTC shall be
acdordance with 7.2.

NO

C.2 Setting of TI for non-cancer endpoints

C.2.1 General

For each relevant anticipated route and duration of exposure, a TI is calculated from t}
AEL, BMD, or other value determined to be theXPOD (see 7.1). Each TI calculation shall account for

LO
un

Th

NO

aggncy for non-medical device use, it 'cah be adapted for medical device use by applying uncertaint)
address differences in the circumstances of exposure relevant to the medical device intended use (s
tyges of uncertainties to considersfor medical device uses).

C.2.2 Determinatiomofuncertainty factors

C.2.2.1 General

Soyrces of ungertainty shall be identified and used in the derivation of the TI. The se

un
to

po

Genreral

escribed in this annex. The methods to derive a TI or TCL shall be applied when toxicolq

certainty of the data and its extrapolation to intended human exposure.

TE Where a relevant dose-based:threshold has been determined by an expert committee or

Certainty.factors that account for sources of uncertainty encompasses many different cons
meetthe requirements in 10.1. These factors consider the uncertainties inherent in estir
ential effects of a constituent on exposed individual(s) (see Table C.1).

TE In this annex, an uncertainty factor approach is described based, on References [75] to [85].

lause C.4)
gical data

applied in

e NOAEL,

e TI shall provide protection to the most-sensitive individuals with which the medical device is in
contact.

regulatory
 factors to
be C.2.2 for

lection of
iderations
hating the

The value of each uncertainty factor shall be documented, with justification for 1ts selection. Some
considerations in the selection of the appropriate uncertainty factors include variation among humans,
species extrapolations and other uncertainties as described in C.2.2.2 to C.2.2.4[86]to[89],

C.2.2.2 Uncertainty for intraspecies variation, UF ),

Intraspecies variation among humans applies to pre-term, paediatric and adults [including elderly or
pregnant women, (i.e. including the woman or foetus)] that differ in absorption, metabolism, tissue
distribution, excretion, elimination or biological response to constituents of toxicological concern. In
the absence of human data to characterize variability among adults or paediatrics (6 months of age or

©lI
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older), a default 10-fold uncertainty factor shall be applied unless otherwise justified with supporting
evidence.

NOTE1 Preterm, neonate, very young infants (i.e. 6 months or younger) and pregnant women (including the
woman or foetus) are potentially more vulnerable to constituents of toxicological concern due to differences
in developmental (e.g. neurological, immunological, skeletal, reproductive or endocrine) or toxicokinetics (i.e.
absorption, metabolism, tissue distribution and excretion)[22]to[23],

When preterm, neonate and very young infants (i.e. 6 months or younger) are exposed to chemical
constituents whose main elimination route is hepatic metabolism or renal excretion, an additional
threefold uncertainty factor shall be applied to address the immaturity of the metabolic capacity and
renal fundtionl20/121],

For infantf older than 6 months, a justification of an additional uncertainty factor can be required.

The uncenjtainty factor that accounts for intraspecies variation shall be justified and do¢umented.|An
idiosyncrgtic response shall not serve as the basis for a TI value because justification of'an uncertaipty
factor profective for these individuals is generally not feasible.

NOTE 2 [ldiosyncratic means the response is specific to an individual and not the general populationl26].
NOTE 3 [n some cases, the uncertainty factor for intraspecies variation can be léss-than 10. For example, when

human dath indicate intraspecies variation is negligible or when the POD is based on the most sensitive human
sub-populdtion.

C.2.2.3 Uncertainty for interspecies differences, UF ),

Interspecies uncertainty accounts for extrapolation from data derived in a species other than humans.
In the abs¢nce of detailed knowledge of interspecies differénces in toxicity, a default 10-fold uncertaipty
factor shall be applied unless otherwise justified with supporting evidence.

When tox|city and toxicokinetics of the constituentiare established and similar between human gnd
the experjmental model, a smaller uncertainty factor for interspecies differences can be justified wjith
supporting evidence. The uncertainty factor that accounts for interspecies variation shall be justifjed
and docurpented![82],

C.2.2.4 Uncertainty from the quality'and relevance of the experimental data, UF (),

UF(1yyn is fised in the MF calculatien (see C.2.3) when additional uncertainties related to the followjng
apply, which include, but are potlimited to:

— use off short-term studjes for extrapolation to longer-term exposures or effects (see C.2.2.4.2);
— use off LOAEL data-instead of NOAEL data (see C.2.2.4.3);

— use oflanimalmodels of uncertain or limited relevance to the medical device user or its intended pise
(see Q.2.4413);

d o3 £ A LL i e £ L 9.9 4 1)
— UuSe oraata rronratrrerentroute orexXpostutre(see Tz-z—+1J,
— data quality (see C.2.2.4.3).

Table C.1 provides types of additional uncertainties and ranges to be considered for UFyyy,. Sources
and numerical level of uncertainty shall be justified and documented in the report.
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Table C.1 — Additional uncertainty factors for consideration in the derivation of a T1

Sources of additional . .
uncertainty Types of additional uncertainty UF(tiyn Subclause
Oral data to dermal application or inhalation to dermal 1
application

Route-to-route Inhalation to parenteral or inhalation to oral application 1to 10 2241

Qraldatato p:n'pnhnr:ll 1t0.100

) Subchronic to chronic extrapolation 2to6

Exposure duration - - ¢.2.2.4.2

Subacute to chronic extrapolation 6 to 10

Point-of-departure LOAEL to NOAEL 3t010
Data applicability | Use of an analogue, state of matter (e.g. gas to solid dose) Do 10 ¢.2.2.4.3

Data quality Reliability and relevance 1to 10

NO[T'E Accounting for multiple additional uncertainties each at the maxipaum value (i.e. 10) can fesult in an

exdessively high modifying factor, see C.2.3.
C.2.2.4.1 Route-to-route extrapolation

C.2.2.4.1.1 Oral to dermal application or inhalation data to dermal application

When extrapolating a systemic toxicity POD from oral-to-dermal or inhalation-to-dermal
roytes, a default value of 1 can be justified when absorption and systemic dose by oral or

exposure
inhalation

roytes is equivalent or greater than the dermal route. Otherwise, a higher uncertainty factgr shall be

applied unless justified with supporting eviderneel271to[99],

NO[TE For absorbable chemicals, time to(€, ., (i.e. highest concentration) in the systemic cij

tygically shorter for oral exposure compared.to dermal exposurel100]to[103],

culation is

C.2.2.4.1.2 Inhalation data to parenteral application or inhalation data to oral application

For extrapolation from inhalation to parenteral routes, a default 10-fold uncertainty factd
use¢d unless otherwise justified with supporting evidence.

Loywer or higher uncertainty factors can be applied when the extent of absorption is known. E
angl semi-volatile ofganic constituents, the rate of absorption can be higher than for non-volat
comstituents and metals. For extrapolation from inhalation to oral routes, an uncertainty fact
be japplied, sincé lower thresholds derived for inhalation compared to the oral route are due
of a first-pa§s)effect in inhalation studies[104],

C.2.24.1.3 Oral data to parenteral application

r shall be

or volatile
le organic
pr of 1 can
[o the lack

Oral bioavailability UFs adjust the quantity of constituent in the gastrointestinal tract that is

absorbed.

When extrapolating an oral POD of a constituent to parenteral exposure route (e.g. intravenous) based
on its bioavailability, the impact of pre-systemic metabolism on the systemic dose and nature of harm

(e.g. an ingested constituent that is metabolized by the liver to lesser toxic products) shall b
and documented.

e justified

When a POD from an oral toxicity study is extrapolated to parenteral exposure routes (e.g. intravenous),
the following uncertainty factors based on oral bioavailability data (if available) can be used[103I:

UF 1y = 100 if oral bioavailability is <1 %,
— UF(y), = 10 if oral bioavailability is =1 % and <50 %,
UF(ryy, = 2 if oral bioavailability is 250 % and <90 %, or
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UF (1), = 1 if oral bioavailability is 290 %.

Alternatively, an oral POD can be extrapolated by multiplying by the percent of oral bioavailability.
When a range of oral bioavailability data are reported, the lower limit shall be used.

Extrapolation of a POD from an oral toxicity study to parenteral exposure routes based on the above oral
bioavailability UF or percent oral bioavailability shall be justified with supporting oral bioavailability
data.

If oral bioavailability is not known, a default value of 10 can be used[106]to[108],

C.2.2.4.2 | Exposure duration

When short-term repeat exposure studies are used for extrapolation to longer-term exposuties, tithe-
dependent toxicities, or accumulation of the constituent in the body can occur. For extrapolation frpm
a subchropnic study to chronic exposure, a default sixfold uncertainty factor shall be,applied unless
otherwisd justified with supporting evidence.

For extrapolation from subacute studies to chronic exposure, a default 10-fold unicertainty factor shall
be applied unless otherwise justified with supporting evidence.

An uncertpinty factor of 10 should be applied when the dose-response cur¥e'is shallow or unknown

NOTE [n general, a shallow dose-response curve applies when the maghnitude of the harm is only slightly
higher at ajhigher dose compared to the same harm that occurs at a lowep dose of the same constituent. A BNMID,.
value near fthe origin of the dose-response curve indicates the dose-response curve is shallow.

Higher urfcertainty factors may be considered when toxicity increases over time and constituehts
accumulate in the body[@] [89][94][109][110][111][112][113]

C.2.2.4.3 | Point of departure, data applicability and data quality

Uncertainfy in the applicability of toxicological data from an analogue should also be considered. The
magnitud¢ of this UF should account for thé extent of structural and biological similarity betwg¢en
the analogue and the extracted compound of interest. When accounting for the quality of constitupnt
specific of analogue toxicological data used to derive the TI, for studies judged to be well desig}:ed

for their intended purposes and executed properly, a default uncertainty factor of 1 can be selected.
A default|10-fold uncertainty facter shall be applied when the selected POD is obtained from a
toxicologifal study with reduced reliability or relevancel1141[115],

Examples|of when a 10-fold default UF for data quality or relevance can be applied include:

— to acdount for the@bsence of clinically relevant toxicity data pertaining to the patient populatjon
(e.g. reproductive’or developmental toxicity for a device used in pregnant women), or

— when|the PODis obtained from an underpowered study (low numbers of animals or only in one sgx)
or lin1ited number of organs collected for evaluating potential harm.

C.2.3 Determination of the modifying factor

The modifying factor shall be calculated as the product of all uncertainty factors identified in
accordance with C.2.2.2 to C.2.2.4, as shown in Formula (C.1).

MF = UF(rpy, * UF (2 % UF (110 (&Y

where MF is the modifying factor.

The application of a large MF (e.g. >10 000 for the general population) can overestimate a toxicological
risk. In these cases, toxicological risk shall be assessed by applying TTC in accordance with 7.2, or
further analyse or control the toxicological risk, see 10.2.
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C.2.4 Derivation of the non-cancer TI value

After the POD (NOAEL, LOAEL, etc.) and the modifying factor are determined, the TI shall be calculated
in amount (mg or pg) per Kilogram body mass per day, as shown in Formula (C.2).

TI = POD | MF (€.2)

C.3 Setting of TI for cancer endpoints

C.3.1 General

When human data are inadequate, the determination that a constituent can be a suspectpd human
carfcinogen shall be based on the weight of evidence. Types of data used in weight of'evidencelinclude:

— | carcinogenicity data from long-term in vivo animal studies (e.g. pre-neoplastic lesions pr tumour
findings in animal studies);

— | mechanistic data (e.g. genotoxicity or other modes of action involving other key charactefristics).

For constituents that are not human carcinogens or suspected human carcinogens, the approach in
Clquse 7 shall be applied.

NO[TE1 Mechanistic data can be useful in a weight of evidence-assessment to establish whether cahcer can be
assjociated with a specified exposure dose (e.g. non-linear)[116][11%][118],

NO[TE 2  Key characteristics include chemical properties and biological activities that are important elements
of e constituent’s carcinogenic mode of action. ReportedKey characteristics include

a) | electrophilic or metabolically activated,

b) | genotoxic,

c) | alters DNA repair or makes the genomeunstable,
d) | induces of epigenetic changes,

e) | induces oxidative stress,

f) | induces chronic inflammation,

g) | immunosuppressive;

h) | modulates receptor-mediated effects,

i) | causes cell\immortalization, and

j) | causescellular proliferation or cell death, or impairs the supply of nutrients[119].

C.3.20 Cancer risk estimation

C.3.2.1 General

When a chemical constituent is a human carcinogen or suspected human carcinogen, cancer risk
shall assess whether an exposure to a human carcinogen or suspected human carcinogen dose is at a
tolerable cancer risk level.

When the constituent Tl is based on a cancer risk estimate, the MoS calculation shall apply a cancer risk
threshold that is protective for a lifetime of exposure (e.g. 70 years), unless otherwise justified.

Other approaches used to evaluate the cancer risk of a constituent shall be justified and documented.
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C.3.2.2 Slope-factor approach

Cancer risk can be estimated based on a constituent specific slope factor (if available). The slope factor,
which is used to calculate [see Formula (C.3])] the dose that corresponds to a default lifetime cancer
risk level of 1 in 100 000 (i.e. cancer risk specific dose), shall be used as the TI value for cancer, unless
otherwise justified with supporting evidencell120],

CRSD = CRL / SIF (€.3)

where

CRSD |is the cancer risk specific dose, in mg/kg/d;
CRL |is the cancer risk level;
SIF  |is the slope factor, in (mg/kg/d)1.

NOTE Application of a slope factor means the dose-response relationship at low dosés is linear (i.e. non-
threshold rpode of action). When a slope factor is used to estimate cancer risk, additional uncertainty factorspre
not applied to derive the cancer risk specific dose.

EXAMPLE The lifetime oral cancer risk specific dose for benzene is:
— SIF= (0,015 (mg/kg/d)-1[121];

— CRL=11in 100 000 (i.e. 1 x 10-5);

— CRSD#1x107° /0,015 =6,667 x 10~* mg/kg/d.

C.3.2.3 [IDs,approach

When a slope factor for a human carcinogen or suspected human carcinogen is not available,|[an
alternativp cancer risk approach can be based on a constituent specific TDg, value (if available)f as

shown in Formula (C.4)[74],
CRSD D5, / 50 000 d.4)

where

TDs, is the daily dose=tate, in ug/kgbody mass/d, for life, to induce tumours in half of test animals
that would have remained tumour-free at zero dose;

50 00p isan assumed value for estimating lifetime cancer risk level of 1 in 100 000.

NOTE When &FDs is used to estimate cancer risk, additional uncertainty factors are not applied to defive
the cancer frisképecific dose.

Oth adchac 1o Ato avzaliiobn ~onn o]y AF 0 S ookt ch T o ok
er app UdULIILOS UoLU U L VAIUudiU CAIILUT TION UTIN'd LUTIOLITULTIIU S1TdIT UC JuDLl

C.4 Establishment of tolerable contact levels

C.4.1 General

Areview of constituentirritation data provides the information necessary to decide whether estimation
of the irritation risk needs to be assessed according to this document. If constituent specific irritation
information is available and applicable to the intended use of the medical device, a modifying-factor

approach can be used to derive a constituent specific TCL that represents acceptable irritation risk[1]
[20][84][91][103],

NOTE TCLs are considered in addition to tolerable intakes unless justified and documented.
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This approach is not intended for the derivation of TCL values based on allergic contact dermatitis or
local effects, except for irritation in anatomically or pharmacokinetically isolated organs (e.g. brain,

eye).
C.4.2 Setting of TCL for the irritation endpoint
For each relevant contact tissue, a TCL shall be calculated from the NIL.

Each TCL calculation shall consider the degree of irritation from increasing concentrations of non-
irritating doses whenever these data are available.

A modifying-factor approach shall be used to calculate the TCL. This approach incorporatesithe use of a
mddifying factor as described in C.4.4. Formula (C.5) calculates the TCL, in pg/cm?, using-the thodifying-
fadtor approach.

TCL = NIL / MF ¢y, (C.5)
whlere
NIL is the non-irritating level from the study where the thresheld was experimentallyjidentified

and reported, in pg/cm?;
MFyc,  is the modifying factor.
NO[TE When a NIL is absent, a MIL can be used, see C.4.3.4.

Irrjtation limits should be established based upon the broadest segment of exposed individyals. When
thg TCL is intended for specific subpopulations, the<applicable data (e.g. clinical data) should he used for
thg specific individuals for which the device is intended.

C.4.3 Determination of TCL uncertainty factors

C.4.3.1 General

The methods used to determine -the biological risk of irritation are different from thode used to
determine the biological riskwef systemic toxicity. The chief difference is the degree of uncertainty.
Nofmally, when irritation(s;not observed in an appropriate test model, irritation is less prpbable for
humans. Hence, there is’ajmore limited use of multiple uncertainty factors and large margins of safety.
Nepertheless, the choiee of uncertainty factors should encompass several considerations described in
C.4.3.2,C.4.3.3 and@©4.3.4.

C.4.3.2 Uncertainty for intraspecies variation, UF ¢y );

Ungertainty among humans shall be addressed when deriving a TCL value. It is always pregferable to
haye actual data to assess human variation.

In the absence of experimental data to characterize individual variability In human response to an
irritating leachable substance, a default 10-fold uncertainty factor, UF(TCL)ll shall be applied, unless
otherwise justified with supporting evidence. For example, other uncertainty factors, UF ¢y, ranging
from 3 to 9 can be used if justified when the MIL or NIL is based on animal studies.

C.4.3.3 Uncertainty for interspecies differences, UF (1,

Uncertainty resulting from inherent differences between other species and humans shall be addressed.
It is always preferable to have data and detailed knowledge of the relationship between humans and
the test species.

In the absence of such information, a default 10-fold uncertainty factor, UF(r¢y,,, shall be used unless
otherwise justified with supporting evidence.
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C.4.3.4 Uncertainty from the quality and relevance of experimental data, UF (1,
Uncertainty resulting from the quality and relevance of the experimental data shall be addressed.

When a MIL is used, a default threefold uncertainty factor, UF 1y, shall be applied unless otherwise
justified with supporting evidence.

A UF of 9 shall be applied when conclusions are drawn based upon a poorly designed or executed study,
or when the amount of relevant constituent specific irritation data is limited.

C4.4 DILeLm.i.u.a.Liau_oJ_r.b.e_'LCLm.o_d.i.ﬁLing factor
The TCL modifying factor, MF¢;, shall be calculated as a product of the uncertainty from C.4.3 ds|giyen

in Formula (C.6).
MFref= UFreryt * UFreny2 * UFrenn (q.6)

Formula (€.5) shall serve as the basis for the TCL. In most cases, an overall modifyifgfactor of 30 or1
should be [sufficient but can be larger when non-irritating concentrations have not been established.

D
wn
wn
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Annex D
(informative)

Typical assumptions for biological parameters

:2023(E)

Thijs annex provides parameters for use in assessing risk. It specifies the lifespan, dailyinhtake of water,

daily intake of air, body mass and gestation period for the human, rat, mouse, hamstery/guinga pig, dog

angl rabbit. These are the most common species for which data are available. This‘data cah serve as

thg basis for interspecies comparisons unless other data can be shown to be mone approprigte. Actual

spécies data vary somewhat in the real world.

D.2 Assumptions

D.2.1 Human

The parameters for humans:

— | 70-year lifespan;

— | 21/d intake of drinking water;

— | 20 m3/24 h day air intake (adult); 10 m3/din'8 h workday (adult)[122];

—| 70 kg body mass for adult men; 60 kg.for adult women, which is also representative of all pdults in a
worst-case assumption;

— | 10 kg for children (>1 year to{<16 years of age); 3,5 kg for infants (<1 year); 1,5 kg fof very low
birthweight infants; or 0,5 kg for very low birthweight neonates (e.g. preterm neonate);

— | 9-month (normally 40,weeks) gestation period;

—| 51blood volume (adult).

NO[TE1 Body massJof 70 kg and 60 kg for an adult male, and adult female or unisex, respeftively, are

corfservative forrexposure dose estimation because these values are below the average for thesq sex-based

grdups (e.g. a medical device use that is intended for all adults)l123]. A body mass of 50 kg, or lower, for adults

car} be used when a more conservative approach is judged to be necessary (e.g. patients with below average body

maks, suclias: individuals of low stature or malnutrition due to an eating disorder, cancer or AIDS).

NO[TE2* When the medical devices intended use is for a wide range of general patients, the use of {nfant body

maks {3 C1 S) 3 ££3i 03 l—ly 3 s 1 lota +1 EED £ 1 £ + d +1 g 1}’ P 1 101’1 When

I 1IN IO OuUuIIrIcIcIItI CUITISCT vatltive Tt tdadituidle LIic ‘_A‘_A‘Jmax TUT TITTIAdIItS dIirtu LIIcC crerdar A% ur .

the medical device intended to use is for low birthweight neonates, the use of 0,5 kg is sufficiently conservative
to calculate the EED ., for this subpopulation.

D.2.2 Rat

The parameters for rats are:

2-year lifespan;
0,025 1/d of drinking water for males; 0,020 1/d for females;
0,29 m3/24 h day air intake;
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0,25 kg or 0,5 kg body mass for young and older adult males, respectively; 0,2 kg or 0,35 kg for

young and older adult females, respectivelyl[124];

22 d gestation period.

D.2.3 Mouse

The parameters for mice are:

2-year lifespan;

0,005
0,043
0,03 K

1/d of drinking water;
m3/24 h day air intake;

g body mass for adult males, 0,025 kg for adult females;

20 d gestation period.

D.2.4 Hamster

The paran

2-yea
0,015
0,086
0,125

neters for hamsters are:
" lifespan;

1/d of drinking water;
m3/24 h day air intake;

kg body mass for adult males; 0,110 kg for adultfemales;

15 d gestation period.

D.2.5 Guinea pig

The paran

3-yea
0,085
0,43 n
0,5 kg
68dg

D.2.6 Dg¢

neters for guinea pigs are:
" lifespan;

1/d of drinking water;
13/24 h day air intdke;
body mass;

estation period.

DE

The para
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hotdre for dao
Hecero>1o—60

11-year lifespan;

0,51/d of drinking water;

7,5 m3/24 h day air intake;

16 kg

body mass;

63 d gestation period.
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D.2.7 Rabbit

The parameters for rabbits are:

7-year lifespan;
0,33 1/d drinking water;
1,44 m3/24 h day air intake;

3 kg body mass;

IS0 10993-17:2023(E)

31 d gestation period.
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Annex E
(normative)

Estimation of an exposure dose

E.1 Gengerat

A worst-caise estimated exposure dose, EED, ., for each reportable constitutent shall be estifiiated
accordande with this annex, based on ISO 10993-18 constituent data, unless otherwise justified W
supporting evidence.

NOTE1 [Information gathering of constituents intentionally used in the manufacture of thelmedical devict
its materials of construction can be used to represent the total quantity of a constituent present in, on or car
extracted ffrom the medical device. Exaggerated, exhaustive or simulated-use extractions that are conservat
relative to the medical device intended use can be assumed to represent a total quantity that can be extract
Simulated-pise extraction or leachable studies, during which data are collected\at’ multiple time-points,
provide (when appropriately justified) release kinetics information for limited,-prolonged or long-term cont
medical deyices.

NOTE 2  [ISO 10993-18 describes approaches for obtaining constituent/eXposure information, which incly|
when to copsider conducting a simulated-use, leachable or other type dfextraction study.

NOTE 3 [Constituent information from the literature can _bé’used for exposure dose estimation w
appropriatgly justified, see ISO 10993-18:2020, 5.2.2.

NOTE 4 [The quantity of a constituent extracted from:adnedical device and suitable for calculating a wo
case estimpted exposure dose is dependent on extraction and analytical parameters, such as the numbe
medical deyices used as the test article, the method used in the preparation of the test article, the solvent(s) t
and volumg¢, the temperature, the duration of extraction, the number of extraction cycles (if applicable) and
reference standard used for quantification[23],

When calqulating a worst-case estimated-exposure dose of a medical device constituent, the follow|
criteria shall be applied.

a) When| TSL is not used, worst-case estimated exposure doses shall be estimated for the follow|
time periods and medical’device contact categories, unless otherwise justified:

— <] d for limited¢prolonged and long-term contacting medical devices,

— 2|d to 30 d forprolonged and long-term contacting medical devices,

— 31 d to:365 d for long-term contacting medical devices that contact the body for <1 year, andl

— >B66)d for long-term contacting medical devices that contact the body for >1 year.

in
ith

or

be
ive
ed.
Can
act
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len
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ng

b) When TSL is used in accordance with 6.2.1 and the total quantity of a chemical constituent that
is present or can be extracted from medical device exceeds the TSL_3, 4 value but is less than the

TSL. 3, 4 value, then a worst-case estimated exposure dose shall be estimated for the following ti
periods and applicable medical device contact categories, unless otherwise justified:

— <1d for limited, prolonged or long-term contacting medical devices, and
— 2 dto 30d for prolonged or long-term contacting medical devices.

c¢) When TSL is used in accordance with 6.2.1 and the total quantity of a chemical constituent tha

me

tis

present or can be extracted from a long-term contacting medical device is above the TSL_3, 4 value,

then the worst-case estimated exposure dose shall be estimated for all four time periods, unl
otherwise justified.
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When two or more constituents elicit the same harm at the same target organ or system and have
the same TI, the individual estimated exposure doses for each of the applicable constituents shall be
summed.

E.2 Exposure dose estimation based on release Kkinetics information

Exposure dose estimation based on release kinetics information shall be applied to identified
constituents using a reference standard suitable for accurate quantification and targeted chemical
analysis.

available for a prolonged or long-term contact medical device, the exposure dose shall bé falculated

ing Formula (E.1).
EED, ., = (HQ., x SF.,.) / BW, (E.1D)

Wrn the medical device is categorized as limited contact with the body, or release kinetigs data are

us

whlere

EED is the estimated exposure dose that represents worst-cdse exposure of a constifuent;

max

HQ.,  isthe highest measured quantity, in pg/d, released in.a day during a release kingtics study
that includes data collection for the time periods-ffom Table E.1;

SF.y. is the ratio of the number or quantity (in cm%;g or ml) of medical devices that arelin contact
with the body divided by the number or quantity of medical devices used in the pxtraction
study;

BW,, is the lowest body mass, in kg, of arttindividual in contact with the medical devige.

us¢d in the release-kinetics study, the reported HQ., does not represent the worst-case [estimated
exposure dose. To account for the difference between medical device intended use and the release
kinetics study, the reported HQ,., of each constituent assessed shall be adjusted by the applifation of a

scgling factor, SF,, , using Formula (E.2).

When the number of medicdl devices does not apply (e.g. the largest surface area of device which can
belin contact with the body/is not the same as the surface area of the device which is in coptact with
thq solution during extradtion), the maximum quantity (in cm?, g or ml) of the medical devicg that is in
comtact with the body ahd the quantity of the medical device used in the extraction study shall be used
to galculate the SFy~uising Formula (E.2).

SFr.k. = MDb.c./MDr.k.s (E-Z)

WIen the number of medical devices that contacts the body differs from the number of medicdl device(s)

whlere

MD, . 1s the maximum number or quantity (in cm4, g or mI] of medical devices that are simulta-
neously in contact with the body;

MD. . isthe number or quantity of medical devices used in the release kinetic study.

When the quantity of the medical device used varies, the worst-case (highest) SF,, to BW| ratio shall
be used, unless otherwise justified with supporting evidence.

The selection of specific time periods used for HQ,., evaluation shall be documented and justified with
the medical device category and applicable time periods in accordance with Table E.1, unless otherwise
justified with supporting evidence. Selection of specific days for analysis within a Table E.1 time period
should consider the constituent’s expected rate of release, duration of release and quantity extracted at
each time point [i.e. above or below a TCL, TI, TTC (if applicable) or analytical limit (if applicable)].
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Table E.1 — Selection of time periods for the evaluation of HQ.,

. . Time period for obtaining release kinetics data
Medical device category
<1 2dto30d 31dto365d 2366d

Limited (<1 d) X Not applicable Not applicable Not applicable

Prolonged (2 d to 30 d) X X Not applicable Not applicable

Long-term (31 d to 365 d) X X X Not applicable

Long-term (2366 d) X X X X
X indicates that release data is required, or a justification for excluding it, for this medical device category and time period.

NOTE1 [Expected rate and duration of release can be based on the constituent’s physicochem]cal
characterigtics (e.g. solubility, polarity, lipophilicity, and molecular weight), feasibility of release (e.g. diffusiyity
of an additjve embedded in the medical device versus impurity present on device surface), temperature and|TQ
when such|data are available.

The numbjer of time points within an exposure period shall be sufficient to address late)bolus releas¢ of
the constifuent(s), unless justified with supporting evidence that late bolus releasé will not occur.

NOTE 2 [Late bolus release of a chemical constituent is the release of a higher quantity after the initial or
steady-stafle release. For example, late bolus release of a chemical constituent can occir when the medical deyice
degrades (¢.g. wear/corrosion of a material of construction) over multiple days (€.g. prolonged or long-term).

When the HQ of a constituent is obtained by extraction and quantificatipn methods that are conservatfive
relative td the medical device intended use, the HQ of each constituent may be assumed to be adequpte
to calculage a worst-case estimated exposure dose, EED ...

When the|HQ of a reportable constituent does not represent'the highest measured quantity released in
a day basg¢d on the extraction and quantification methods-used, the toxicological risk of a constitupnt
should be pddressed by other means according to ISO 20993-1 and ISO 14971.

EXAMPLES 1 and 2 give exposure dose estimationbased on release kinetics information.

EXAMPLE |  Constituent release is quantified_for multiple days (i.e. same device is repeatedly extracted|for
24 h using fresh solvent). The medical device inttended use information includes the following:

— externjally communicating and prolonged contact;

— body dontact is daily for 25 d;

— asingle medical device is in-centact with the body of a patient;

— the tegt article extractedds a single final medical device of largest configuration;
— used ip adults only(BW, = 60 kg, unisex);

— SF. 91 (i.e. 1-device is used per patient and 1 device was used in the extract).

The quantifies extracted each day and calculated daily worst-case exposures, per Formula (E.1), are presente]i in
Table E.2.
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Table E.2 — Clause E.2, EXAMPLE 1 — EED . values for a constituent per Formula (E.1)

Time period | Extraction HQ.. EED .« Formula (E.1)
d day g ug/ke/d
<1 1 12 000 200 200 pg/kg/d = (12 000 x 1) / 60
2 1500 25 25 pg/kg/d=(1500x 1) /60
2to 25 3 200 3,3 3,3 ng/kg/d=(200x1) /60
4 <LOD Not applicable Not applicable
Exfraction duration is 24 h at 37 °C.
SF), =1
BW, = 60 kg
The EED,, ., values of 200 ug/kg/d and 25 pg/kg/d (i.e. highest in each timeperiod) are used to assess

max

toxicological risk of the constituent for the two time periods (i.e. <1 d and 2 d'to 25 d, respect

EXAMPLE 2

24 h using fresh solvent). Device intended use information is the following:

ively).

Constituent release is quantified for multiple days (i.e. sante-dévice is repeatedly extracted for

— | externally communicating and prolonged contact;

— | body contact is daily for 10 d (maximum);

— | used in adults only (BW}, = 60 kg, unisex);

— | up to 5 devices are in contact with the body of a patient;

— | the medical device configuration with the largést surface area is 150 cm?;

— | the test article extracted is representativé of the final device with a surface area of 100 cm?;

— | SF,y is 7,5 (i.e. 5 x 150 cm? / 100 cm&).

Th¢ quantities extracted each day and calculated daily worst-case exposures, per Formula (E.1), are p

Table E.3.

Table E.3 — Clause E:2, EXAMPLE 2 — EED, . values for a constituent per Formula|(E.1)

resented in

Time period | Extraction HQ., EED_ .« Formula (E.1)
d day HE ng/kg/d
<1 1 12 000 1500 1500 pg/kg/d = (12 000 x 7,5) /O
2 1500 187 187 ug/kg/d = (1500 x 7,5) / 6D
2to 10 3 500 62,5 62,5 ug/kg/d = (500 x 7,5) / 6(
4 200 25 25 ug/kg/d = (200 x 7,5) / 60
5 <LOD Not applicable Not applicable
Extraction duration is 24 h at 37 °C.
SF., =75
BW, =60kg
The EED values of 1 500 pg/kg/d and 187 pg/kg/d are used to assess toxicological risk for the two time

max

periods (i.e. <1 d and 2 d to 10 d, respectively).
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E.3 Worst-case exposure dose estimation based on maximum release

E.3.1 General

When the medical device contact is categorized as prolonged or long-term contact and release
kinetics data are not available, the exposure dose can be calculated using Formula (E.3). For limited
contact medical devices, calculation of the worst-case estimated exposure dose shall be performed in
accordance with Clause E.2.

EEDmax = (TQ X SFa.r.) / BWL / Rd (E.3)
where

EED_ ), 1isthe estimated exposure dose that represents worst-case exposure of a constituent;

TQ is the total quantity, in ug, present in or on, or extracted from the medicdldevice (e.g. frpm

an exaggerated or exhaustive extraction study);

SF, .. is the scaling factor applied when the assumed release is used;
BW,, is the lowest body mass, in kg, of an individual in contact with the medical device;
Ry is the assumed release duration, in d, (i.e. lowest numbetof medical device exposure days),

considering the ISO 10993-1 exposure category applieable to the medical device.

Assumed [(i.e. default) release durations, Ry shall be applied based on the shortest duration| of
constituent exposure of each period of assumed exposureas’presented in Table E.4, unless otherwlise
justified with supporting evidence.

Table E.4 — Selection-of default R; values

R, for ea¢h time period of assumed constituent exposure
Medichl device contact d
durption category
<ld 2dto30d 31dto365d 2366d
Prollonged (<30 d) 1 2 Not applicable Not applicable
Long-tgrm (31 d to 365 d) 1 2 31 Not applicable
Long-term (2366 d) 1 2 31 366
R, value indicates when it is us€dsto calculate a worst-case estimated exposure dose unless otherwise justified.

NOTE1 [Conservatively,chronic exposure for humans ranges from 365 d to a lifetime.

NOTE 2  [Selecting.the fewest number of days that the medical device contacts the body in each medical deyice
contact catpgoryiis.a conservative approach for exposure dose estimation.

When thg nidmber of medical devices that contacts the body differs from the number of medical
device(s) used in the extraction study, then the reported TQ,, will not represent the worst-case
estimated exposure dose. To account for the difference between medical device intended use and the
extraction study, the reported TQ, . of each constituent assessed shall be adjusted by application of a

scaling factor, SF, ., using Formula (E.4).

When the number of medical devices does not apply (e.g. the largest surface area of device which can
be in contact with the body is not the same as the surface area of the device which is in contact with the
solution during extraction), the maximum quantity (in cm?, g, or ml) of the medical device that contacts
the body and the quantity of the medical device used in the extraction study shall be used to calculate
the SF, .

SFa.r. = MDb.c. / MDa.r.s (E-4')
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where

MD, . isthe maximum number or quantity (in cm?, g, or ml) of medical devices that simultane-
ously contact the body;

MD is the number or quantity of medical devices used in the extraction study.

a.r.s.

When the TQ of a constituent is obtained by extraction and quantification methods that are conservative
relative to the medical device intended use, the TQ of each reportable constituent may be assumed to
represent a cumulative exposure dose and adequate for calculating a worst-case estimated exposure

dol[u, D —
When the TQ of areportable constituent that can be extracted does not represent a cumulative¢ exposure

dose based on the extraction and quantification methods used, the toxicological risk of a cpnstituent
shguld be addressed by other means according to ISO 10993-1 and 1SO 14971.

For single-use (disposable) medical devices where the cumulative exposure duration can exceed 30 d,
thg default R, value in Table E.4 that applies to the contact duration of a new;single-use medjcal device
shdll be used for each time period of assumed constituent exposure greater than 1 d, unless ptherwise
jusltified with supporting exposure information (i.e. the design of the extraction study and the worst-
cade exposure scenario), see EXAMPLES 2, 3, and 4.

NO[FTE3  The toxicological risk of a medical device constituent can¢be Underestimated when an Ry higher than
2 if used for a repeatedly used single-use (disposable) limited or pfolonged contacting medical devic¢ where the
curpulative exposure duration can exceed 30 d.

When the size or the quantity of the medical devices used varies depends on individual size, fhe worst-
cage (highest) SF, . to BW| ratio should be used.

EXJAMPLE 1 to 4 give the exposure dose estimation based on the assumed maximum release.
EXAMPLE1  Constituent TQ is obtained from formulation and manufacturing process data or by exhaustively
extiracting the medical device using analytically‘expedient solvents. The medical device intended use ipformation
includes the following:

— | implanted, tissue or bone, and long-term contact;

— | body contact is daily for morethan 10 years;

— | used in adults only (BW;*=/60 kg, unisex);

— | up to 2 medical deviCes can be implanted during a patient’s life;

— | the medical dévice configuration with the largest surface area is 150 cm?;

— | the test axticle extracted is representative of the final device with a surface area of 100 cm?;
— | SF, g~is 3 (i.e.3=2x 150/ 100);

— | FQ present or extracted is 10 000 pg.

The calculated daily worst-case estimated exposure doses, per Formula (E.3), and considering that TQ represents
the cumulative quantity released daily for all exposure periods, are presented in Table E.5.
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Table E.5 — Clause E.3, EXAMPLE 1 — EED_ ., values per Formula (E.3) for long-term tissue/
bone implant

Time period TQ Ry EED .« Formula (E.3)
d g d ng/kg/d
<1 10 000 1 500 500 pg/kg/d=(10000x3) / 60/ 1
2to 30 10 000 2 250 250 pg/kg/d = (10000 x3) /60 / 2
31to 365 10 000 31 16 16 ug/kg/d = (10 000 x 3) / 60 / 31
2366 10 000 366 1,4 1,4 pg/kg/d = (10000 x 3) /60 / 366
SF,.=3

The EED,, I, values of 500 pg/kg/d, 250 pg/kg/d, 16 pg/kg/d, and 1,4 ng/kg/d are used to assess toxicolog|cal
risk for eadh time period, respectively, of assumed constituent exposure.

EXAMPLE P Constituent TQ is obtained from formulation and manufacturing process data 6¥by exaggerafted
extraction |of five single-use (disposable) medical devices using analytically expedient selvents. The medjcal
device intehded use information includes the following:

— body dontact is in a breached or compromised surface;

— body dontact duration of a new medical device is limited (<24 h);

— cumulptive exposure duration from repeat use is more than 30 days (i.e.;long-term);
— used ip adults only (BW/, = 60 kg, unisex);

— five ngw medical devices are used each day;

— the tegt article extracted is representative of the final device;

— SF, . i§ 1 (i.e. the number of medical devices extracteds5, is equal to the number of medical devices that pre
in confact with the body, 5);

— TQ of 4 constituent present or extracted from the five medical devices is 900 pg.

The calculqted daily worst-case estimated expesure doses, per Formula (E.3), and considering that TQ represgnts
the cumulative quantity released daily forall exposure periods, are presented in Table E.6.

Table E.6 — Clause E.3, EXAMPLE 2 — EED .. values per Formula (E.3) for a single-use
(disposable) device withycumulative long-term exposure from repeat use every 24 h

Time period TQ Ry EED .« Formula (E.3)
d Heg d ng/kg/d
<1 900 1 15 15 pg/kg/d=(900x1) /60 /1
2 to|30 900 1 15 15 pug/kg/d=(900x1) /60 /1
31to|365 900 1 15 15 pug/kg/d=(900x1) /60 /1
>346 900 1 15 1'§!|gl/kgl/d=(Qﬂﬂx 1)1/ 60 /1
Exaggerated extraction at 50 °C; SF, . =1; BW| = 60 kg

The EED,,,, values of 15 pg/kg/d, 15 nug/kg/d, 15 pg/kg/d and 15 pg/kg/d are used to assess the toxicological
risk of the constituent for each time period, respectively, of assumed constituent exposure.

EXAMPLE 3  Constituent TQ is obtained from formulation and manufacturing process data or by exaggerated
extraction of the medical device using analytically expedient solvents. The medical device intended use
information includes the following:

— single-use (disposable) medical device in a breached or compromised surface;

— contact duration of a new medical device is 3 d;

— cumulative exposure duration from repeat use is more than 30 days (i.e. long-term);
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used in adults only (BW}, = 60 kg, unisex);
1 new medical device is used per procedure;

the test article extracted is representative of the final device;

:2023(E)

SF, . is 1 (i.e. the number of medical devices extracted, 1, is equal to the number of medical devices that are

in contact with the body, 1);

TQ of a constituent present or extracted is 1 200 pg.

The calculated daily worst-case estimated exposure doses, per Formula (E.3), and considering that TQ represents

the cumulative quantity released daily for all exposure periods, are presented in Table E.7.
Table E.7 — Clause E.3, EXAMPLE 3 — EED ., values per Formula (E.3) for 4 Singlg-use
(disposable) device with cumulative long-term exposure from repeat use every B d
Time period TQ Ry EED .« Formula)(E.3)
d HE d ng/kg/d
<1 1200 1 20 20 pg/kg/d=(1200x1) /60 f1
2to 30 1200 2 10 10 ugzkg/d=(1200x1) /60 [ 2
31to 365 1200 2 10 10ug/kg/d=(1200x1) /60 f2
2366 1200 2 10 10 ug/kg/d=(1200x1) /60 [ 2
Expggerated extraction for 3 d at 50 °C; SF, . = 1; BW| = 60 kg.
The¢ EED,,,, values of 20 ug/kg/d, 10 ug/kg/d, 10 pg/kg/d, ahd10 ug/kg/d are used to assess toxicological risk of
the constituent for each of the time periods, respectively, afassumed constituent exposure.
EXAMPLE4  Constituent TQ is obtained from formulation and manufacturing process data or by|exhaustive
extiraction of the medical device using analytically expedient solvents. The medical device infended use
infprmation includes the following:
— | single-use (disposable) medical device.jn a breached or compromised surface;
— | contact duration of a new medical device is 60 days (i.e. long-term);
— | cumulative exposure duratien\from repeat use is more than 2 years;
— | used in adults only (BW{ =)60 kg, unisex);
— | 1 new medical device is used per procedure;
— | the test article’extracted is representative of the final device;
— | SF, . is 1 (;e-the number of medical devices extracted, 1, is equal to the number of medical deviges that are
in contdctwith the body, 1);
— | TQofa constituent present or extracted is 10 400 pg.
The-caleunlated-daily-worst-case-estimated-exposure-dosesperEormula{E-3}and-considerihg that TQ

represents the cumulative quantity released daily for all exposure periods, are presented in Table E.8.
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