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Risk Management of Chemicals in Food

= Chemicals Enter the Food Supply at Low Exposures
through Many Vectors

— Food Packaging Components

— Processing Chemicals

— Flavors

— Environmental Contaminants

— Pesticide and Pesticide Contaminant Residues
— Impurities in Food Ingredients

= Regulators Must Prioritize the Use of Scarce Review

Resources
= Industry Must Make Risk Management Systems on a
Daily Basis
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Closing In On Zero

= Continuous Improvement in Analytical Methods
— Detection of smaller and smaller levels of chemicals
— Need for review effort commensurate with likely risk
— Categorization of uses of lesser concern

= Need for a risk-based framework for decision
making
— Risk depends on exposure
— Exposure is often related to use
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TTC Analysis
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TTC Safe Human Exposure Levels

= Structural Class | — 1800 mcg/p/d
= Structural Class Il — 540 mcg/p/d
= Structural Class |l — 180 mcg/p/d*

= Assumes 60 kg body weight, applies 100-fold
safety factor
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Fraunhofer: RepDose studies vs Munro
(1996) Studies

http://www.fraunhofer-repdose.de/index.php

= Evaluated the 181 compounds in RepDose with
oral NOELs and compared the 5th percentile NOEL
with Munro reported values.

Cramer Class RepDose Munro
5th % NOEL 5th % NOEL
1] 0.4 mg/kg/day 0.15 mg/kg/day

Il (too few chemicals)

I 23 mg/kg/day 3 mg/kg/day
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Fraunhofer®RepDoseZz AL \f-5E& vs Munro®
sXER (1996)

http://www.fraunhofer-repdose.de/index.php

= RepDose (7—4~A—z2) [ZBEFINTLVSH181FE$ED L E
MHANOEL (BIEAE) ALTERH IS, 5/ —t>
24 JLNOELEMuUnroD FHEEM LB S 1=

Cramer(Z&5 RepDose Munro
DS A7 IT 5N —tY44IVNOEL 5N—144)VNOEL

I 0.4 mg/kg/H 0.15 mg/kg/H
I (ZLTHILEMERFLALLL)

I 23 mg/kg/B 3 mg/kg/H
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Kalkhof et al. 2011

Arch Toxicol
DOI 10.1007/s00204-011-0732-z

REGULATORY TOXICOLOGY

Threshold of toxicological concern values for non-genotoxic effects
in industrial chemicals: re-evaluation of the Cramer classification

H. Kalkhof - M. Herzler - R. Stahlmann -
U. Gundert-Remy

= Data from a regulatory database selected from
studies performed according to OECD 407 and
408

* 813 chemicals.
= NO overlap with Munro database
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Arch Toxicol
DOI 10.1007/s00204-011-0732-z

REGULATORY TOXICOLOGY

Threshold of toxicological concern values for non-genotoxic effects
in industrial chemicals: re-evaluation of the Cramer classification

H. Kalkhof - M. Herzler - R. Stahlmann -
U. Gundert-Remy
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Kalkhof et al. 2011

= Reported nearly identical TTC values for Cramer
Class | and somewhat higher values for Cramer
Classes Il and llI.

Cramer Munro TTC Kalkhof TTC
Class (ug/day) (ug/kg/day) (ug/kg/day)

1] 90 ug/day 1.5 ug/kg/day 13 ug/kg/day
Il 540 ug/day 9 ug/kg/day 25 ug/kg/day
I 1800 ug/day 30 ug/kg/day 25 ug/kg/day
Steptoe
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= TTC{E (Cramer(Z& b7 X 1) [EMunroDTTClE L
(FEAERLCTZo1=HY, HPXOFWTTCE (CramerlZ&k
BOZXN ) LEHLNT-

Cramer Munro TTC Kalkhof TTC
2k (ng/BH) (ng/kg/H) (ng/kg/H)
95X

1] 90 pg/H 1.5 ug/kg/H 13 pg/kg/H
Il 540 ug/H 9 ug/kg/H 25 ug/kg/H
I 1800 ug/H 30 pg/kg/H 25 ug/kg/H
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Current Food Packaging Applications for
TTC

* FDA Regulated

— Threshold of Regulation Reviews

— FDA Food Contact Reviews (to supplement data
gaps)

— Generally Recognized as Safe Determinations

= EFSA Regulated

— Food Contact Uses Not Fully Harmonized
» Colorants, solvents, and polymer production aids
* Non-intentionally added substances (oligomers)
 Certain aids to polymerization
* Paper additives
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TTC—Food Contact Materials

= FDA

= Concerned primarily with
cancer below 150 mcg/p/d

= Requests 2 mutagenicity
tests

= Utilizes structure activity
analysis to supplement
review”

* Has judged SAR as
protective as tests**

*Bailey et al. Reg Tox Pharma, 2005

**Cheeseman Food Add Cont, 2005; Mayer
et al. Reg Tox Pharma, 2008

- TTC

= Concerned with cancer below
90(180) mcg/p/d

= Utilizes structure activity
analysis to identify cancer
hazards

= Compatible with QSAR
methods for predicting
mutagenicity test results and
carcinogenicity
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TTC—Food Contact Materials

= EFSA

= Concerned primarily with cancer below
150 mcg/p/d (migration)

= Requests 3 mutagenicity tests (2 in
future?)

= Has endorsed TTC as useful for safety
assessment of low chemical exposures

= Has demonstrated that TTC is more
protective than the existing review
process for food-contact materials in
over 96% of cases*

= Sponsored research demonstrates the
utility of QSAR to predict genotoxicity**

*Panelli et al. Trnds in Food Science and Tech.,
2011

**JRC(Worth et al . 2010)

= TTC

= Concerned primarily with cancer below
90 (180) mcg/p/d

= Ultilizes structure activity analysis to
identify cancer hazards

= Compatible with QSAR methods for
predicting mutagenicity test results and
carcinogenicity
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= 150 pg/ N/ B LT CEICAAICRIR (3
(o))
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*Panelli et al. Trnds in Food Science and Tech.,
2011

**JRC(Worth et al . 2010)
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Pinelli et al. 2011

= Considered NOELs for 232 chemicals previously
reviewed for food contact uses by EU authorities

= Compared the TTC with NOEL established by
reviewers

= Use of the TTC was more conservative in 96% of the
cases
— Of the remaining compounds not addressed:

* Some excluded by a broader structure activity analysis (Yang,
Cheeseman)

« Some are members of Cramer Class |

* Only 1 compound would have no margin of safety when its
NOEL was compared with the Cramer Class Il threshold
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EFSA /ESCO Working Group 2011

= Considered the application of TTC to the
assessment of food contact substances in
uses not fully harmonized.

* Endorsed the use of TTC for non plastic food
contact materials

= Endorsed the use of SAR and QSAR for
bridging gaps in data
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25

EFSA /ESCO 7—x>45 %5 )L—7 2011

 EFSA/ESCORBI T+ I-—ELTULWVELVB Wi
A DOSEMICTTCOERANEESINT-

= ETSRFVIEDE REMMOFEMICTTCE
ERTAIENEKEINT-

s T—AX YT EIBHS-HIZSARE KZTUTQSAR
DERAEEINT-

Steptoe

26




Flavors

= FDA

— No formal acceptance but...FEMA reviews

— FDA adopted a comparable safety assessment
approach in its Redbook

— FDA has received FEMA monographs for decades
— FEMA has reviewed over 3000 flavors
— Over 50 years with little or no enforcement activity
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Flavors

= JECFA and EFSA

— Formally adopted a modified TTC approach for
assessment of flavors
 Application of metabolic analysis (structural class)
« Comparison of exposure with appropriate TTC
+ Varying use of genotoxic thresholds

—JECFA has evaluated over 2100 chemically
distinct flavors

— EFSA has evaluated over 2500 Flavors
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1. Structural Class

A 4

2. Metabolized to innocuous products?

A3. Exposure > threshold
of concern for class?

No safety
concern

YES

]

\ 4

f] o

B3. Exposure > threshold
of concern for class?

YES

|N0|
\ 4

AA4. Is the substance
or its metabolites
endogenous?

B4. NOEL available
with an adequate
margin of safety for

substance or structural

YES analog?
A5. NOEL available B5. Is exposure
with an adequate > 1.5 pg/d? No safety
margin of safety for concern
YES | substance or structural
analog?
; [ Yo |
Additional data required Steptoe
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]

\ 4

| NO | | YES
\ 4

B4. NOELIE., MEF-1Z

AL MEHDHNEED waoiﬁsgmﬂ-fnggm
= 3 - d:
Eﬁj—*g IFEHEAT ELTHATES?
YES
AS5. NOELIL. B F 11 B5. REE(X
Z0EEF7FRYIC >1.5 pg/d?
YES EHOTHELRLE
ELTHIATES?
0 | NO |
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EFSA Opinionon TTC

= Chemoinformatics Analysis

= To assess whether the chemical structures in the two main datasets
underpinning the TTC approach (the Munro et al. and CPDB datasets)
were adequately representative of chemical space and therefore of the
‘world of chemicals’ in general.

= To critically evaluate the Cramer scheme on classification of chemical
structures to assess whether it is robust.

= To explore whether the TTC approach could be refined and improved by
incorporating physicochemical data (experimental and computed) or
toxicity data generated by nontesting methods such as Quantitative
Structure-Activity Relationships (QSARs).
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EFSA Opinionon TTC

= Munro compounds divided into three groups based on
hazard

— Log(1/NOEL) <0.2 ;0.2 — <1.5; 21.5

= 192 High Hazard Compounds; 227 Medium Hazard
Compounds; 168 Low Hazard Compounds

= 93.3% of High Hazard Compounds Classified in Class
1]
—5.2% in Class | and 1.5% in Class |l

= 47.6% of Low Hazard Compounds Classified as Class
I

—45.8% in Class lll and 6.5% in Class Il
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s HEEHOZWMEEM192iE5E;, AEMIPREEDILS
M227FE5E; AEHOEIMEE Y 168FEEE
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— 45.8%h 95 R, 6.5%Mo5 R
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EFSA Opinionon TTC

= TTC may be useful for assessing the safety of
low level exposures in:

— Substances in food contact materials and their
impurities and breakdown products

— Metabolites of feed additives formed in target
species not covered by tests in laboratory species

— Technological feed additives
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EFSA Opinionon TTC

= TTC may be useful for assessing the safety of
low level exposures in:
— Flavoring substances in feed
— Trace contaminants on food or feed, including
bottled water
— Impurities and breakdown/reaction products in food
additives

— Plant metabolites and degradates of pesticide active
substances (Brown et al. 2009)
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EFSA Opinionon TTC

= The Cramer classification scheme performs better in identifying high
potency substances than low potency substances, confirming that it
tends to be conservative.

= The Cramer classification scheme was also found to be conservative
when a applied to carcinogens in the CPDB dataset, not all of which are
genotoxic; thus its use within the TTC approach is broadly protective, not
only with respect to chronic toxicity but also for carcinogenicity where the
mode of action is non-genotoxic.

= Molecular descriptors most closely correlated to chronic toxicity (NOEL
values) improves the Cramer Classification scheme. QSAR and SAR
will improve the utility of the TTC approach.
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Generic scheme for the application of the TTC approach

Does the substance have a known structure and No TTC approach cannot
are exposure data avallable? — | beapplled
Yes
Is the substance a member of an Yes
excluslon category? *
No |

Is there a structural alert for Yes | Exposure Yes

genotoxicity > 0.0025 pg/kg bwiday?

(Including metabolites)?

Low probabllity of
health effect

No

Low probabiliity of
health effect

Substance

requires non-TTC approach
(toxlclty data, read-across etc.)

|
EFSA Generalized TTC Scheme

No
el Exposure > 0.3 pg/kg bwiday? *** |
Yes
| Yes
| Is substance an OP/Carbamate? |
No
No |
{ Exp > 1.5 ug/kg bwiday? ** |
Yes
1 Yes
[ Is substance In Cramer Class Il or li? I
No l
No | 1 Yes
["Exp > 30 pg/kg bwiday? ™" |
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TONEBLERESNBHAOLDT, RET—SEEAFTEIHN ? No, | repFa—FiEmRT
1 Yes
Yes
ZOMBRBADTFII—CA>TLBN?
No }
— Yes | REE> Yes
BEBEEEDE SHENERIE
boh 2 (RREWESD) 0.0025 pg/ke R E/H 7
REZEL No
RNBA RN REZEL TOMBIZIE ETTCT
[FIEL No FNhBAEE To—FhkHHNB
[ZIEL (T4 . hE#S
No hOHEHRYE)
—1 REF>03 pg/kg E/B? |
1 Yes
| EOMEOP/ NS A~
No |
LN REE>1suw/eiE/A? |
| s
| ZDOMEIE cramerl=& 355 RNE =[R2 ! Yes
No
l Yes

L amE>30u/ehE/A? |
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Brown et al. 2009

= Tested application of TTC to 100 pesticide
actives previously assessed by European
Authorities

* The appropriate TTC was protective for 96%
of the substances reviewed

* The remaining compounds are all likely to be
conservative based on factors/judgments in
the assessment

Steptoe

45

Brown 5 2009

* BN GBI &Y F TISFHES N =100 B DR E
ADTTCOERMRIESNT=

FHEEADYEDIC% T, BULTTCHAELDfE
REECHATHI:

ZYDIEEMIE. FHEDH T, EROHIBTICED
WTIARTIYLR RIS HERICGLHRAH

Steptoe

46




Scheme for a TTC Approach to
Transformation Products of Pesticides

= The proposed scheme is based on that of Kroes et al.
(2004) :

i.  Ifthe compound is or contains a non-essential metal; is a
polyhalogenated dibenzodioxin, dibenzofuran or biphenyl; or is
persistent; it needs to be assessed on a case by case basis.

ii.  The compound should be assessed for genotoxic alerts. If there
are any positive genotoxic alerts or positive genotoxicity data it
should be checked to determine if it is from a class of potentially
potent genotoxic carcinogens.

ii. If there are any alerts for genotoxicity but the compound is not
from a class of high concern (see above) then the exposure
should be compared with the TTC value of 0.0025ug/kg/bw/day.
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Scheme for a TTC Approach to
Transformation Products of Pesticides

ilv. The additional consideration could include:

a. A comparison with the active substance, if the identical alert is
present but data show it does not result in any genotoxicity.

b. If the identical alert is present in the active substance but there are
positive results in vitro the transformation product might need to be
tested in vitro.

c. Whether the compound is a significant metabolite in rate (e.g.
>20%) and it is reasonable to assume significant levels would be
generated in situ during genotoxicity testing with the active
substance.

d. Negative results in a battery of in vitro tests with the transformation
product — it is not normally sufficient to test for only the end-point
associated with the later identified by (Q)SAR.

e. Positive results in vitro would need to be investigated in vivo.
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iv. SHESZEEFZHEICIE. LTOLDONEENS:

a. BEGCEEOREEETRIR—DERNRONINT—ANLITER
EMNEROITONLENGEIL. BHEYELLE TS

b. BEHEMHOAREMEETIRI—DERINEEYWEICR SN SHHN vitro
TIXBHE o154 . TE Y ZEIn vitro TRERTAILEAHINE
Lzl

c. EEYORESPTORMEYDLEENTMGE THEETEINEIH
(;=&Z L. 20%#8) . ZLT. HEEKENEEMEDE=EEHE T
[Zin situ TEMSNDERETHEEIEZLTHD

d. THERYMERL-—&EDin vitro REBODEENLEFHERX. (Q)SAR
& TRIHESNAEREBET 5-FF—DDI VR RAU D
EBREEMITBH-=-OIZF. @F X+ 9 Tl

e. Invitro HETOBEEMLIHERIL. invivo DIRENDLEIZLED

Steptoe

50




Scheme for a TTC Approach to
Transformation Products of Pesticides

v. If in vivo genotoxic concerns can be discounted
for either then the compound should be
assessed against the neurotoxic TTC of
0.3ug/kg bw/day.

vi. For non-neurotoxic compounds, pyrethroids or
neonicotinoids exposures should be compared
with the Cramer class Ill TTC of 1.5ug/kg
bw/day. If exposure is below this then the risk is
negligible and the compound is not relevant. If
exposure exceed the TTC then a compound
specific assessment is required.

Steptoe

51

EEODEBREBPADTICTIO—FDRAX—LA

v. Invivo CEEGEEEDBSNABRRINGDIEE
L&Y, 0.3ug/kgkE/H THLHAHES ISE%EI’J
TTCIZR L TEEINDAIRETHD

vi. RESEEERIGIMEEMIZEST. ELROAR
HAHINEIRA=ZaAF/AFDREREILCramerlZ &5
95 ANMD1.5ug/kghE/B ENVSTTCEELE SN
BRETHD, RRENNIYNENGEE. Y
AV ETHOITHTHY ., EEYEITEBREER
HbAd. meNTICEEZLIEEIL. LEYIC
FAEL-SEHEA B EELLGS

Steptoe

52




Scheme for a TTC Approach to
Transformation Products of Pesticides

= The compound specific assessment for points v and vi
could include, but is not limited to:

— Comparison of the structure to the parent — potential to use
reference doses for parent;

— Is there significant in situ production during tests with parent —
potential to use reference doses corrected if necessary for % of
production;

— Do test data support setting of reference doses for the
compound or demonstrate toxic potency relative to parent;

— Is product naturally occurring at significant levels in the diet/in
Cramer class |l or I. [Because so few pesticide metabolites or
transformation products are likely to be in Cramer classes | or I,
for simplicity these are not included as steps in the formal
scheme.]
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Other Regulatory Applications

* Pharmaceutical impurities (genotoxic cmpds)
— USFDA and EMEA acceptance

= Substances migrating from medical devices
— USFDA under consideration

= Assessment of antimicrobial pesticides
— USEPA under consideration

= Short term exposure to contaminants
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Looking Forward

= Movement from static TTCs to more dynamic
use of available data

= Increased use of QSAR

= Inclusion of more modern biological testing
data in models and TTC decisions

= Use of a TTC knowledgebase to prioritize
regulatory work and to provide compound
specific testing guidance
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Dynamic TTCs

= TTCs are currently based on the analysis of
static databases
—Noncancer data set is robust (Fraunhofer, Kalkhoff)

— Carcinogenicity dataset has proved conservative
over time (25+ years)

= Dynamic TTC datasets allow the data to be
associated and classified in additional
dimensions

— FDA is already using dynamic databases in analog
assessment

— The ability to add physicochemical and biological
dimensions beyond structure increases the ability to
localize chemicals in toxicity space

— Resulting in higher refinement of models for toxicity
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Use of Structure Activity Analysis
Based on Published Scientific Literature

= Known structural alerts related to carcinogenicity and
mutagenicity Cheeseman (1999) Ashby and Tennant(1991)
Kroes (2004) etc...

= Structurally searchable toxicity databases (Bailey et al. 2005)
— Cancer, non cancer, and mutagenicity data
— Read across for analog assessment
— Interpolation among structurally similar compounds

= Computational Toxicity (Cheeseman 2005; Mayer et al. 2008)
— Expert models
— Correlational Models

— Chemoinformatics-based mode of action models aligned with
current directions in regulatory science
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ToxCast™ and Tox21

= National Academy of Sciences Report (2007)

— Toxicity Testing in the Twenty-first Century: A Vision and a Strategy
+ ToxCast (US EPA NCCT) and Tox21(NIH)
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Benefits to Regulators

= Short term

—Use HTS (high throughput screening) data as a
guide to biological similarities when analog data are
sought to fill the data gap found in many food
ingredients and contact substances

= Long term

— Provide molecular level mechanistic insights that
eventually help us understand human effects

* Metabolism knowledge will also be incorporated.
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HTS assays vs. toxicity

= 500 HTS assays

- cellular assays {E

« cell lines
* primary cells

* biotransformation
competent cells

- biochemical assays

* protein families — GPCR,
NR, Kinases...

Jurkat-range-Caspase
kB.signalling.-.range
HWEC-range-Caspase
HepG2-range-Caspase
Hille-range-Caspase
JNK Alpha.Screen.-.range
3T3-range-Caspase
Hdlle-range-Viability
3T3-range-Viability
SH5Y-range-Viability
Renal-range-Viability
Hek-293-range-Viability
Hek293-range-Caspase
SHSY5-range-Caspase
BJ-range-Caspase

Mesench-range-Viability
HWEC-range-Viability
IMRC5-range-Viability
Hep-G2-range-Viability
N2A-range-Viability
N2A-range-Caspase
SKNSH-range-Viability
Jurkat-range-Viability
BJ-range-Viability

Rat
Rat(F)
Rodent
Mouse
Mouse(M)
Mouse(F)
invivoMN
TA100
TA1535
TA1537
MMut
Rat(M)
ialmonella
TA98
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HWEC-range-Caspase
HepG2-range-Caspase
Hille-range-Caspase
JNK Alpha.Screen.-.range
3T3-range-Caspase
Hdlle-range-Viability
3T3-range-Viability
SH5Y-range-Viability
Renal-range-Viability
Hek-293-range-Viability
Hek293-range-Caspase
SHSY5-range-Caspase
BJ-range-Caspase
Mesench-range-Viability
HWEC-range-Viability
VRC5-range-Viabilty
Hep-G2-range-Viability
N2A-range-Viability
N2A-range-Caspase
SKNSH-range-Viability
Jurkat-range-Viability
BJ-range-Viabilty

TA1537
MMut
Rat(M)
ialmonella
TA98

Rat(F)
Rodent
Mouse
Mouse(M)
TA100
TA1535

Mouse(F)
invivoMN
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FDA’'s CERES System

= FDA is developing a dynamic toxicity/exposure
knowledgebase

— Fed by premarket and postmarket reviews (learning
data set)

— Should allow dynamic generation of TTCs;
» Derivation of compound specific or;
 Toxicity endpoint specific TTCs

— Mode of action specific QSAR application
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FDA’'s CERES System

Schematic model of Red flag trigger workflow
Decision Support Safety

Premarket Safety Decisions

Assessment

Chemical Y

< &

Knowledgebase

New Data
Submission
etc. ..

Premarket ('\ufal Scaf%, Comp Toxicity
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Review portal

Result Set

Post Market Safety Decisions
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