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All substance are poisons; there is
none which Is not a poison. The
right dose differentiates poisons

from aremedy

Paracelsus

“The poison is in the dose.”

“The carcinogen is In the dose.”
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Does It Cause
Cancer In Humans?
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Basic Assumptions Using
Bioassays for Human Risk
Assessment

- Carcinogenic effects at high dose will also
occur at low dose (dose extrapolation)

< Chemicals that cause cancer in rodents will
cause cancer in humans (species
extrapolation)
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What We Know

< (enetic alterations are required for cancer
formation

<= More than one genetic alteration required

< DNA damage becomes permanent during
replication

- DNA replication fidelity is not 100%
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Endogenous Factors

- Replication errors (mismatch repair)
< Oxldative damage

- Depurination (depyrimidination)

< Deamination

- Inappropriate alkylation

s NItric oxide

< Exocyclic adducts I
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Means of Increasing Risk of
Cancer

e Increase rate of DNA damage per cell division
(DNA reactive carcinogens)

e Increase number of cell divisions (non-DNA
reactive carcinogens)
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Cohen, Ellwein and Greenfield Model
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Human Relevance Framework

IPCS-Mode of action of chemical carcinogenesis
Sonich-Mullin et al., Regul. Toxicol. Pharmacol. 34:146-152-, 2001

ILSI/RSI (EPA, Health Canada)- Human relevance

framework for chemical carcinogens
Meek et al., Crit. Rev. Toxicol. 33:591-653, 2003

ILSI/EPA, Health Canada)- Human Relevance of mode of

action and life stage information of animal toxicity data
Seed et al., Crit. Rev. Toxicol, 35:663-672, 2005

IPCS-Human relevance framework for chemical carcinogens
Boobis et al., Crit. Rev. Toxicol. 36: 781-792, 2006

IPCS- Human relevance framework for non-cancer toxicities
Boobis et al., Crit. Rev. Toxicol. 38:87-96, 2008
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o Statement of confidence, analysis, and implications

Human Relevance Framework

Is the weight of evidence sufficient to establish mode of action
(MOA) in animals?

- Modified Hill criteria
- Life stage consideration
Can human relevance of the MOA be reasonably excluded on the

basis of fundamental, qualitative differences in key events between
experimental animals and humans?

Can human relevance of the MOA be reasonably excluded on the
basis of quantitative differences in either kinetic or dynamic factors
between experimental animals and humans?

Are there any quantitative differences in the key events such that
default values for uncertainty factors for species or individual
differences could be modified?
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IPCS Conceptual Framework
- Mode of Action In Animals

1. Introduction
v" Scope — which tumor? One at a time

2. Postulated Mode(s) of Action
v" Sequence of events on the path to cancer

3. Key Event

v Measurable events critical to induction of toxicity
consistent with hypothesized mode of action

v Clear, repeatable

21
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IPCS Conceptual Framework (contd)

4,  Dose-Response Relationship

v Concordance of dose-response for key events with that
for toxic endpoint

5. Temporal Association
v" Requisite but not necessarily sufficient steps

6. Strength, Consistency, Specificity

v Association of tumors with key events
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IPCS Conceptual Framework (contd)

/. Biological Plausibility and Coherence

v Consistent with current understanding of biology,
toxicity, SAR, genotoxicity

. Other Modes of Action

v Framework analysis for other possibilities

7. Assessment
v Sufficiency of data, degree of confidence

8. Uncertainties

v Inconsistencies/data gaps
v Critical/supportive research
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Qualitative Relevance

< Mode of action specific

«-Concordance analysis of key events in animal
models and In humans

-Chemical specific and/or generic data from
humans

27
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Quantitative Relevance

<= Quantitative assessment
< Chemical specific and mode of action specific

<= Chemical specific and/or generic data from
humans
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Bladder Carcinogenesis

Chemical
DNA reactive Non-DNA reactive
Mitogenesis Toxicity and

Regeneration

/LN

Urinary  Chemical Urinary 31
solids effects  composition
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I
SO,

SACCHARIN

Induces Bladder Tumors in Rats
In 2-Generation Assay .
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Increased Cell Proliferation of
Bladder Mucosa in Rats Fed

Sodium Saccharin
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Focal Superficial Urothelial Erosion
(Necrosis) Induced in Rats Fed
Sodium Saccharin
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Magnesium Ammonium
Phosphate Crystals in

Calcium Phosphate-
Containing Precipitate in
Urine of Rats Fed Sodium

Saccharin
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Concordance Analysis of
Saccharin

Rats Mice Humans
Sodium  Acid Sodium Sodium
Key Event Saccharin Saccharin Saccharin ~ Saccharin
Ingestion of Iarge_ + + + +
amounts of saccharin
- As Na salt + - + +
Alteration of urine + - - ( T
composition 2 3 ow protein,
P (pH <6.5) (low Ca*?2and PO ,?) osmolality)
Calcium phosphate-
containing urinary + - - -
precipitate
Superficial urothelial + ) ) )
Necrosis
Regenerative +
B B - 41

proliferation

Bladder Tumors
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TABLE 1

SUMMARY OF CASE-CONTROL STUDIES ON ARTIFICIAL SWEETENERS AND BLADDER CANCER

Reference
Morgan and Jain (1974)
Simon et al. (1975)
Wynder and Goldsmith (1977)
Connolly et al. (1978)
Howe et al. (1977)
Kessler and Clark (1978)
Hoover and Strasser (1980)
Morrison and Buring (1980)
Wynder and Stellman (1980)
Cartwright et al. (1981)

Morrison et al. (1982)

Najemet al. (1982)
Mommsen et al. (1983)
Risch et al. (1988)
Piper et al. (1986)

No. cases
232
135
163
341
632
519

3000

453
367
328 (NS)
513 (S)
524 (UK)
289 (J)
74
47
826
173

Male RR
(95%CI)
1.00 (0.6-1.8)
0.74 (0.5-2.1)
0.93 (0.6-1.4)
1.60 (1.1-2.3)
1.11 (0.8-1.6)
0.99 (0.9-1.1)
0.80 (0.5-1.1)
0.93(0.7-1.3)
2.24 (1.3-3.8)
0.90 (0.6-1.3)
0.91(0.7-1.2)
0.70 (0.5-0.9)

0.95 (0.7-1.2)

Female RR
(95% CI)
0.35(0.2-0.8)
1.00 (0.5-1.7)
0.71 (0.2-4.2)
0.70 (0.4-1.3)
0.60 (0.3-1.1)
0.80 (0.5-1.4)
1.07 (0.9-1.3)
1.50 (0.9-2.6)
0.62 (0.3-1.4)
1.60 (0.8-3.2)
1.20 (0.5-2.6)
0.90 (0.6-1.4)
0.50 (0.3-0.8)
6.73 (1.5-30.2)
1.10 (0.7-1.8)
1.10 (0.7-1.7)

Both sexes
RR (95% CI)
.069 (0.4-1.1)
0.73 (0.2-1.4)
0.86 (0.6-1.2)
1.19 (0.7-1.4)
1.04 (0.8-1.4)
1.01 (0.9-1.1)
0.93(0.7-1.2)
0.88 (0.6-1.2)
1.92 (1.2-2.9)
0.92 (0.6-1.2)
0.88 (0.7-1.1)
0.61 (0.4-0.8)
1.30 (0.6-2.8)

NA

Note. RR, Relative risk; Cl, 95% confidence interval; NS, nonsmokers; S, smokers; UK, United Kingdom; J, Japan; NA,

not available.

Elcock & Morgan, Reg. Toxicol. Pharmacol., 17:35-43. 1993
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Sodium Saccharin Bladder
Carcinogenicity Occurs Only At

HIGH DOSES

and 1Is

SPECIES SPECIFIC TO RATS
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Sodium Salts Affecting the Male
Rat Bladder

Saccharin

Ascorbate
Glutamate
Erythorbate
Aspartate
Citrate
Succinate
Bicarbonate
Phosphate
Chloride
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Screen for Bladder Carcinogens
and MOA Analysis

Initial screen for potential carcinogenic activity for the
urinary bladder

v’ <13 week administation to rats and mice at doses up to
MTD

v’ Effect on bladder (hyperplasia, Brdu labeling, index)
Mode of Action analysis
v DNA reactivity (Ames assay, SAR, DNA adducts)

v Mitogenicity vs. cytoxicity and regeneration
(< 13 wks., SEM and light microscopy)

Detailed dose response for key events
Human relevance evaluation

49
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Mode of Action for Hepatocellular
Carcinogenesis

DNA Reactivity

Metabolic activation —— DNA adducts —— DNA damage

Increased cell proliferation

A. Receptor mediated
1. PPARa (peroxisome proliferation)
2. Enzyme induction (CAR, PXR, AHR)
3. Estrogen
4. HMG-CoA Reductase Inhibitors (Statins)
5. Other
B. Non-receptor mediated
1. Cytotoxicity
2. Viral
3. Iron overload
4. Increased apoptosis (e.g. fumonisin B1)
5. Other

91
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Cytotoxicity - Chloroform

Key Event Rodent Human
" Generation of -
phosgene/HCI by Yes No
- CYP2E1 -
[ Cytotoxicity Yes Yes
e - D
Regeneration/ Yes No data- possible
_ Proliferaton .
f Tumors Yes Inadequate data—}

possible
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Cytotoxicity - Chloroform

Implications for Risk Assessment

v Mode of action possible in humans
v High dose phenomenon - threshold

v’ Sustained exposure required
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90 Day Screen for Rodent
Hepatocarcinogens

«Hepatocellular necrosis

«sHepatocellular hypertrophy

«Hepatocellular cytomegaly

<|ncreased liver weight o

Allen et al., 2004
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Rodent Liver Carcinogenesis

Screening and Implications for Humans
90 Day Screen — Allen et al., 2004 criteria

Yes _NO_ Not Hepatocarcinogen

\ 4

DNA ReactivitvNO » Mechanistic Screen
. 1. Histopathology

2. Serum enzymes

3. Acyl Co-A oxidase
(or TEM)

4. CYP induction

5. AHR binding

6. Estrogen receptor binding (or
histologic indication of
estrogenic activity in other
tissues)

7. lron stain
8. Reversibility

Follow-up detailed studies

1. CAR, PXR, AHR
2. Metabolic activation
3. Detailed dose response

Yes

Metabolic activation Kinetics
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Mode of Action for
Hepatocellular Carcinogenesis

l. DNA Reactivity
Metabolic activation—— DNA adducts —DNA damage
[I.  Increased cell proliferation

A. Receptor mediated

1. PPARa (peroxisome proliferation)
2. Enzyme induction (CAR, PXR, AHR)
3. Estrogen
4. HMG-CoA Reductase Inhibitors (Statins)
5. Other
B. Non-receptor mediated

1. Cytotoxicity

2. Viral

3. Iron overload

4. Increased apoptosis (e.g. fumonisin B1)
5. Other
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Genotoxicity Screens

Liver
homaogenized
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Structure Activity Relationships
(SAR)

{a)

(I)C".
02?:0 (b) o
CH, NO, \(lﬂ
(e) N= th
0 N=N N (e)
() (h) (ﬂ) \ / H'
Q H CH,OH CHO
N\ 7/ te) |H‘ [ s
/C— \ H,N— H“CH,—CH—-NH—-}Q{”
(p) n--cHr-?--*CH: CH=CH—CI (cm,CN,C1),
A ('m -
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o'f”L\uH. " - 3
(o) ?H—C'".
c—0
y
O/

X =H,FCI, Br, |
In any combination

Halogenated methanes
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ED,, Megamouse Experiment (2-AAF)

Tumor Prevalence (%)

Dose (ppm)
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Dose Response for AAF
DNA Adduct Formation

280 @® Liver : *
Bladder / ‘
240 | ) 4

1

200
160
120

fmol Adduct per ug DNA

O 15 30 45 60 75 100 150
Dose (mg/kg Diet)
Relationship between the dose of 2-acetylaminofluorene fed to female BALB/c mice for

28 days and the concentration of N-deoxyguanosin-8-yl-2-aminofluorene in liver and
bladder DNA (37). The data are expressed as the mean +_ standard deviation for 4-5

mice.

Beland et al., 1988
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Urinary Bladder Hyperplasia
Induced by AAF

Severe
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Dose Response for Bladder
Tumors at Different Times
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. Dose Response for Bladder
Tumors at Different Times
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Synergy Between DNA Reactivity and
Increased Cell Proliferation

Relative Risk
Aflatoxin exposure 35X
(DNA reactivity)
Hepatitis B virus (HBV) 12 X
Aflatoxin exposure 65 X

+ HBV
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Human Daily  Carcinogenic

Chemical Consumption Dose in Rodents
(Mg) (mg/kg/d)

Aflatoxin B, (nuts) 0.000018 0.0032
Chloroform (water) 0.017 90
d-Limonene (food) 15 200

Ethanol (1 beer) 13,000 9,100
Safrole (spices) 1.2 51
Saccharin (sweetner) 7 2140

BHA (antioxidant) 0.7 606 79
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[ Chemical J

[ DNA Reactive ]
Yes I NoO

!

Short term in vivo assay at MTD
to identify possible target tissues. Immunosuppressive Estrogenic activity
Possible human carcinogen;
requires risk assessment

. Possible human
13 week bioassay screen to evaluate No Yes carcinogen; requires risk

cytotoxicity and/or Tcell proliferation | € > assessment

Yes/ Ne

Specific evaluation to determine MOA
and dose response in tissues positive in
screen

! S

Unlikely human carcinogen
for intended use and expected
exposure

Possible human
MOA and dose fcarcinogen; requires risk
relevant to humansj ’k assessment
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Basic Assumptions of Rodent
Bioassays

Dose extrapolation:.

Does an effect at high dose indicate an
effect at low dose?

(Is there a threshold? What is it?)

Species extrapolation:

Does an effect In a rat or mouse
Indicate an effect in humans?

(Is the mode of action relevant to
humans?) 83
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