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APPENDIX I

IARC CRITERIA AND SCHEME FOR EVALUATION OF CARCINOGENS

METHODS

The data on each chemical were reviewed in detail before the meeting by
selected members of the group: the animal studies and short-term test results
were evaluated by experimentalists and the human studies by an epidemiologist.
During the meeting of the Working Group these assessments were debated and
adopted, and overall evaluations of carcinogenicity for humans were made on
the basis of the combined evidence from humans and experimental systems
(Table 1). Brief descriptions of the data on which the assessments and
evaluations were based are given in the section on Results, together with
references to the Monographs volumes in which they were evaluated previously

and, when applicable, to papers published subsequently.
ASSESSMENT OF EVIDENCE FOR CARCINOGENICITY FROM STUDIES IN HUMANS

Evidence of carcinogenicity from human studies comes from three main
sources:

1. Case reports of individual cancer patients who were exposed to the
chemical or process.

2. Descriptive epidemiological studies in which the incidence of cancer
in human populations was found to vary in space or time with exposure to
the agents.

3. Analytical epidemiological (case-control and cohort) studies in
which individual exposure to the chemical or group of chemicals was

found to be associated with an increased risk of cancer,
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Three criteria must be met before a causal association cam be inferred
exposure and cancer in humans:

1. There is no identified bias which could explain the association.

2. The possibility of confounding has been considered and ruled out as

explaining the association,

3. The association is unlikely to be due to chance.

In general, although a single study may be indicative of a cause-effect
relationship, confidence in inferring a causal association is increased when
several independent studies are concordant in showing the association, when
the association is strong, when there is a dose-response relationship, or
when a reduction in exposure is followed by a reduction in the incidence of cancer.

The degrees of evidence for carcinogenicity from studies in humans were
categorized as:

1. Sufficient evidence of carcinggenicity, which indicates that there
is & causal relationship between the agent and human cancer,

2. Limited evidence of carcinogenicity, which indicates that a causal
interpretation is credible, but that alternative explanations, such as chance,
bias or confounding, could not adequately be excluded.

3. Inadequate evidence, which indicates that one of three conditions
prevailed: (a) there were few pertinent data; (b) the available studies,
while showing evidence of association, did not exclude chance, bias or

confounding; {¢) studies were available which do not show evidence of

carcinogenicity,
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ASSESSMENT OF EVIDENCE FOR CARCINOGENICITY FROM STUDIES IN EXPERIMENTAL ANIMALS

These assessments were classified into four groups:

1. Sufficient evidence of carcinogenicity, which indicates that there
is an increased incidence of malignant tumours: ({(a) in multiple species or
strains; or {(b) in multiple experiments (preferably with different routes of
administration or using different dose levels); or {c) to an unusual degree
with regard to incidence, site or type of tumour, or age at onset. Additional
evidence may be provided by data on dose-response effects, as well as
information from short-term tests or on chemical structure.

2. Limited evidence of carcinogenicity, which means that the data
suggest a carcinogenic effect but are limited because: (a) the studies involve
a single species, strain, or experiment; or (b) the experiments are restricted
by inadequate dosage levels inadequate duration of exposure to the agent,
inadequate period of follow-up, poor survival, too few animals, or inadequate
reporting; or (c) the neoplasms produced often occur spontaneously and, in
the past, have been difficult to classify as malignant by histological criteria
alone (e.g., lung and liver tumours in mice).

3. Inadequate evidence, which 1ndicates that because of major qualitative
or quantitative limitations, the studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect; or that within the
limits of the tests used, the chemical is not carcinogenic. The number of
negative studies is small, since, in general, studies that show no effect are
Tess likely to be published than those suggesting carcinogenicity.

4. No data indicates that data are not available to the Working Group.

The categories sufficient evidence and limited evidence refer only to

the strength of the experimental evidence that these chemicals are carcinogenic
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and not to the extent of their carcinogenic activity nor to the mechanism
‘nvoived. The classification of any chemical may change as new information

becomes available.

ASSESSMENT OF DATA FROM SHORT-TERM TESTS

Because of the large number and wide variety of short-term tests that
may be relevant for the prediction of potential carcinogens, the data relative
to each compound nave been summarized in the form of tabltes. These indicate
both the type of test used and the biological complexity of the test systam.
"ONA damage" includes evidence for covalent binding to DNA, 1nduction of DNA
breakage or repair, induction of prophage in bacteria and a positive response
in tests of comparative survival 1n DNA repafr-proficient and DNA repair-
deficient bacteria. “Mutagenicity"” refers tc induction of mutations in
cultured cells or in organisms (e.g., heritable alterations 1n phenotype,
including forward or reverse point mutations, recombination, gene conversion,
and specific-Tocus mutation)., “Chromosomal anomalies" refers to the induction
of chromosomal aberrations, including breaks, gaps, rearrangements and
micronuclel, sister chromatid exchange and aneuploidy. "Other" refers to
various additional endpoints, including cell transformation (T), 1.e.,
morphological transformation and colony formation in agar; dominant lethal
(DL} tests; morphological abnormalities 1n sperm (SA); and mitochondrial
mutation iMt), The biological systems include: "Prokaryotes," i.e., bacteria,
in the presence of absence of an exogenous metadbolic activation system, and
cellular systems; "Fungi and green plants;" "insects," usually Drosophila
melanogaster; "Mammalian cells (in vitro)," studies in which the test compound

was administered to intact experimental animals; and "Humans (in wivo),"



123

studies of cells from groups of individuals drawn from a population exposed

to the substance in question,

METHODS

In these tables, a “+" indicates that the result was Jjudged by the
Working Group to be significantly in one or more assays; "-" indicates that

it was judged to be negative from an evaluation of cne or more assays; and

"?" indicates that contradictory results were obtained in assays from different
Taboratories or in different biological systems, or that the result was judged
to be equivocal. The individual tables for each compouna are summarized, for
purposes of comparison, in Appendix 3.

The overall evidence summarized in the table was adjudged to fall into
one of three categories, sufficient, limited and inadequate:

1, Sufficient evidence, when there were at least three positive results
in at least two of three test systems measuring DNA damage, mutagenicity or
chromosomal effects. When two of the positive results were for the sane
genetic effect, they had to be derived from systems of different biological
complexity.

2. Limited evidence, when there were at least two positive results,
either for different endpoints or in systems representing two levels of
biological complexity.

3. Inadequate evidence, when there were generally negative or only one
positive test results. Up to two positive test results were considered

inadequate if they accompanied by two or more negative test results.

The Working Group was unable to define criteria for "negative" evidence,
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In establishing these categories, the Working Group gave greater weight
to the three primary endpoints - DNA damage, mutagenicity and chromosomal
effects - and judgments were made on the quality as well as on the quantity
of the evidence. In a minority of cases, strict interpretation of these
criteria was tempered by consideration of a variety of other factors (such as
the purity of the test compound, problems of metabpolic activation, appropriateness
of the test system) which, in the judgment of the Working Group, would place

a compound in a category above or below that indicated by the summary table.

EVALUATION OF CARCINOGENIC RISK TO HUMANS

At present, no objective exist to interpret data from studies in
experimental animals or from short-term tests directly in terms of human
risk. Thus, in the absence of sufficient evidence from human studies,
evaluation of the carcinogenic risk to humans was based on consideration of
both the epidemiological and experimental evidence. The breadth of the
categories of evidence defined above allows substantial variation within
each., The decisions reached by the Group regarding overall risk incorporated
these differences, even though the could not always be reflected adequately
in the placement of an exposure into a particular category, as listed in

Table 1,

The chemicals, groups of chemicals, industrial processes or occupational

exposures were thus put into one of three groups:

Group 1
The chemical, group of chemicals, industrial process or occupational

exposure 1s carcinogenic to humans, This category was used only when there



125

was sufficient evidence from epidemiological studies to support a causal
association between the exposure and cancer.

Group 2

The chemical, group of chemicals, industrial process or.occupational
exposure is probably carcinogenic to humans. This category includes exposures
f¥r which, at one extreme, the evidence of human carcinogenicity is almost
"sufficient,” as well as exposures for which, at the other extreme, it is
inadequate. To reflect this range, the category was divided into higher
(Group A) and lower (Group B) degrees of asvidénce. Usually, category 2A was
reserved for expusuraes for which there was at least limited evidence of
carcinogenicity c¢o humans, The data from studies in experimental animais
nlayed an important role in assigning studies to category 2, and particularly
those in Group B; thus, the combination of sufficient evidence in animals and
inadequate data in humans usually resulted in a classification of 2B.

In some cases, the Working Group c¢onsidered that the known chemical
properties of a compound and the results from short-term tests allowed its

transfer from Group 3 to 2B or from Group 2B to 2A.

Group 3

The chemical, group of chemicals, industrial process or occupational

exposure cannot be classified as to its carcinogenicity to humans.



APPENDIX II

DESCRIPTION OF THE QUANTITATIVE RISK EXTRAPOLATION MODELS USED BY
THE U.S. ENVIRONMENTAL PROTECTION AGENCY*

1.0 INTRODUCTIOM/CHOICE OF HODEL

There is no really solid scientific basis for any mathematical
extrapolation model relating carcincgen exposure to cancer risks at the
extremely Tow levels of concentration that must be dealt with in evaluating
environmental hazards. For practical reasons, such low levels of risk
cannot be measured directly using either animal experiments or epidemiologic
studies. We must, therefore, depend on cur current understanding of the
mechanisms of carcinogenesis for guidance as to which risk model to use. At
the present time, the dominant view of the carcinogenic process involves the
concept that most agents that cause cancer also cause irreversible damage to
DNA. This position is reflected by the fact that a very large proportion of
agents tha. cause cancer are also mutagenic. There is reason to expect that
the quantal type of biological response characteristic of mutagenesis is
associated with a linear nonthreshold dose-response relationship. Indeed,
there is substantial evidence (from mutagenesis studies with both ionizing
radiation and a wide variety of chemicals) that this type of dose-response
model is the appropriate one to use. This is particularly true at the Jower
end of the dose-response curve; at higher doses, there can be an upward
curvature, probably reflecting the effects of multistage processes on the

mutagenic response. The linear nonthreshold dose-response relationship

. *Adapted from "Water Quality Criteria Documents; Availability," Federal
Register, Vol. 45, No. 231, Friday, November 28, 1980, pp. 79350-79353.
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is also consistent with the relatively few epidemiologic studies of cancer
responses to specific agents that contain enough information to make the
evaluation possible [e.g., radiation-induced leukemia, breast and thyroid cancer
(Lewis 1957, Court-Brown et al., 1957, Hempelman, et al., 1975 and Myrden et
al., 1974); skin cancer induced by arsenic in drinking water {Tseng,1968)

and liver cancer induced by aflatoxin in the diet {Llinsell et al., 1977)].

There is also some evidence from animal experiments that is consistent with the
linear nonthreshold hypothesis {e.qg., the initiation stage of the two-stage
carcinogenesis model in rat lTiver and mouse skin).

Because its scientific basis, although limited, is the best of any of the
current mathematical extrapolation models, the linear nonthreshold model has
been adopted as the primary basis for risk extrapolation to low levels of the
dose-response relationship. The risk assessments made with this model should
be regarded as conservative, representing the most plausible upper limit for
the risk; i.e., the true risk is not likely to be higher than the estimate,

but it could be smaller.

2.0 THE MULTISTAGE MODEL

The mathematical formulation chosen to describe the linear nonthreshold
dose-response relationship at low doses is the modified multistage model
developed by Crump (1980). This model employs enough arbitrary constants to
be able to fit almost any monotonically increasing dose-response data, and it
incorporates a procedure for estimating the largest possible linear slope (in
the 95 percent confidence limit sense) at low extrapolated doses that is
cnonsistent with the data at al' dose levels of the experiment. For this

reason, it may be called a "linearized" multistage model.
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2.1 Procedure for Low-Dose Extrapolation Based on Animal Carcinogenicity Data
2.1.1 Description of the Extrapolation !lHodel
Llet P(d) represent the lifetime risk (probability) of cancer at dose d.

The multistage model has the form

P(d) = 1 - exp [-(ag + a1d + qpd% + ... + qd¥)]

where
g; » 0, and i =0, 1,2, ..., k
Equivalently,
Ald) = 1 - exp [- (qqd + qud? + ... + q,d%)]
where

A(d) = P(d) - P(0)
“1- P[0
is the extra risk over background rate at dose d.

The point estimate of the coefficients q3;5 i =0, 1, 2, ..., k; and
consequently the extra risk function A(d}; at any given dose, d, is calculated
by maximizing the 1ikelihood function of the data.

The point estimate and the 95 percent upper confidence 1imit of the extra
risk A{d)} are calculated by using the computer program GLOBAL79 developed by
Crump and Watson (1979). Upper 95 percent confidence 1imits on the extra risk
and lower 95 percent confidence limits on the dose producing a given risk are
determined from a 95 percent upper confidence limit, q;, on & parameter
q1. \henever q1 # 0, at Tow doses the extra risk A(d) has approximately
the form A(d) = q; X d. Therefore, q; x d is a 95 percent upper confidence
limit on the extra risk and R/q; is an approximate 95 percent lower confidence
Timit on the dose producing an extra risk of R. let Lo be the maximum value of
the log-likelihood function. The upper limit, q;, is calculated by increasing

q] to a value qI, such that when the log-likelihood is remaximized subject to
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this fixed value, q*, for the linear coefficient, the resulting maximum value
of the log-likelihood Ll satisfies the equation

2(Lg - Ly} = 2.70554
where 2.70554 is the cumulative 30 percent point of the chi-square
distribution with one degree of freedom, which corresponds to a 95 percent
upper limit {one-sided). This approach of computing the upper confidence
limit for the extra risk A{(d) is a modification of the Crump et al., {1977)
model. The upper confidence 1imi1t for the extra risk calculated at low doses
is always linear. This is conceptually consistent with the linear nonthreshold
concept discussed earlier., The slope, qi, is taken an an upper bound of the
potency of the chemical in inducing cancer at low doses.

In fitting the dose-response model, the number of terms in the polynomial,
g(d)}, is chosen equal to (h-1), where h is the number of dose groups in the
experiment including the control group.

Nhenever the multistage model does not fit the data sufficiently, data at
the highest dose are deleted and the model is refitted to the rest of the data.
This is continued until an acceptable fit to the data is obtained. To
determine whether or not a fit is acceptable, the chi-square

2
(Xi - NiPj)
N-iPi(I - Pi’

<2 =

L B

j=1
is calculated, where N; is the number of animals in the 1th dose group,
X3 is the number of animals in the jth dose group with a tumor response,

Pi is the probility of a response in the ith dose group estimated by
fitting the multistage model to the data, and h is the number of remaining
groups. The fit is determined to be unacceptable whenever chi-square (x2)

is larger than the cumulative 99 percent point of the chi-square distribution
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with f degrees of freedom, where f equals the number of dose groups minus the
number of non-zero multistage coefficients.
2.1.2 Selection and Form of Data used to Estimate Parameters
in the Extrapolation Model

For some chemicals, several studies in different animal species, strains,
and sexes, each conducted at several doses and different routes of exposure,
are available. A choice must be made as to which of the data sets from
several studies are to be used in the model. It is also necessary to correct
for metabolism differences between species and for differences in absorption
via different routes of administration., The procedures listed below, used in
evaluating these data, are consistent with the estimate of a maximum
likely risk.

a. The tumor incidence data are separated according to organ sites or
tumor types. The set of data (i.e., dose and tumor incidence) used in the
model is the set where the incidence is statistically significantly higher
than the control for at least one test dose level and/or where the tumor
incidence rate shows a statistically significant trend with respect to dose
level, The data set that gives the highest estimate of lifetime carcinogenic
risk, q;, is selected in most cases. However, efforts are made to exclude
data sets that produce spuriously high risk estimates because of a small
number of animals; that is, if two sets of data show a similar dose-response
relationship and one has a very small sample size, the set of data which has
the larger sample size is selected for calculating the carcinogenic potency.

b. 1f there are two or more data sets of comparable size that are
identical with respect to species, strain, sex, and tumor sites, the geometric

mean of q;, estimated from each of these data sets, is used for risk
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assessment.  The geometric mean of numbers Ay, Ap, ..., Ay is defined as

ufficient data exist for two or more significant tumor sites in

(o]
o
—
-
173

the Same study, the number of animals with at least one of the specific tumor
sites under consideration is used as incidence data in the model.

d. Following the suggestion of Mantel and Schneiderman (1975), we assume
tnat mg/surface area/day is an equivalent dose between species. Since, to a
close approximation, the surface area is propertional to the 2/3 power of
the weight, as would be the case for a perfect sphere, the exposure in
mg/2/3 power of the body weight/day is similarly considered to be an
equivalent exposure. In an animal experiment, this equivalent dose 15

computed in the following manner. Let:

Le = duration of experiment
1o, = duration of exposure
m = average dose per day in mg during administration of the agent

(i.e., during 1.}
W = average weight of the experimental animal,

Then, the lifetime average exposure is

= lpg xm
Le x y2/3
Often exposures are not given in units of mg/day, and it becomes necessary to
convert the given exposures into mg/day. For example, in most feeding studies,
exposure is expressed as ppm in the diet. In this case the exposure (mg/day) is
derived by

m=ppm x F x r

where ppm is parts per million of the carcinogenic agent in the diet, F is the
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weight of the food consumed per day in kg, and r is the absorption fraction.

In the absence of any data to the contrary, r is assumed to be one. For
a uniform diet, the weight of the food consumed is proportional to the calories
required, which in turn 1s proportional to the surface area of the 2/3 power of

the weight, so that
mae ppme2/3xr‘

or

As a result, ppm in the diet is often assumed to be an equivalent exposure
between species. Howsver, we feel that this is not justified, since the
calories/kg of food are significantly different in the diet of man as contrasted
with that of laboratory animals, primarily due to differences in the moisture
content of the foods eaten., Instead, we use an empirically derived food
factor, f = F/W, which is the fraction of a species body weight that is consumed

per day as food. We use the rates given as follows:

Species W f
Han 70 0.028
Rat 0.35 0.05
House 0.03 0.13

Thus, when the exposure is given as a certain dietary concentration in ppm,

the exposure in mg/W2/3 is
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m =ppm x F _ ppm x f x W _ ppm x f x wl/3
cx Ww2l3 il YK

When exposure is given in terms of mg/kg/day = m/Wr = 5, the conversion

is simply

m_ -5 x uWl/3

When exposure is via inhalation, the calculation of dose can be considered
for two cases where (1) the carcinogenic agent is either a completely water-
soluble gas or an aerosol and is absorbed proportionally to the amount of air
breathed in, and (2) where the carcinogen is a poorly water-soluble gas which
reaches an equilibrium between the air breathed and the body compartments. After
equilibrium is reached, the rate of absorption of these agents is expected to be
proportional to metabolic rate, which in turn is proportional to the rate of

oxygen consumption, which in turn is a function of surface area.

Case 1

Agents that are in the form of particulate matter or virtually completely
absorbed gases, such as S02, can reasonably be expected to be absorbed
proportionally to the breathing rate, In this case the exposure in mg/day may
be expressed as

m=Ixvxr

where 1 is inhalation rate per day in m3, v is mg/m3 of the agent in air,
and r is the absorption fraction.

The inhalation rates, I, for various species can be calculated from the
observation that 25 g mice breathe 34.5 liters/day and 113 g rats breathe 105

liters/day {Federation of American Societies for Experimental Biology, 1974)
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For mice and rats of other weights W (expressed in kg), the surface area propor-

tionality can be used to determine breathing rates (in m3/day) as follows:

For mice, 1 = 0.0345 (4/0.025)2/3 m3/day

For rats, I = 0.105 (4/0.113)2/3 m3/day

For humans, the value of 20 m3!day js adopted as a standard breathing
rate {International Commission on Radiological Protection, 1977).

The equivalent exposure in mg/W2/3 for these agents can be derived from
the air intake data in a way analogous to the food intake data. The empirical
factors for the air intake per kg per day, i = I/W, based upon the

previously stated relationships, are as follows.

Species W i= I/
Han 70 0.29
Rat 0.35 0.64
House 0.03 1.3

Therefore, for particulates or completely absorbed gases, the equivalent

exposure in mg/W2/3 is

m ooz Ivr o dWvr o 4yl/3 yp
NZ}3 HZ}E N273
In the absence of experimental information or a sound theoretical argument to

the contrary, the fraction absorbed, r, is assumed to be the same for all

species.
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Case 2

The dose in mg/day of partially soluble vapors is proportional to 0Op
consumption, which in turn is proportional to W2/3 and to the solubility of
gas in body fluids, which can be expressed as an absorption coefficient, r,
for the gas. Therefore, when expressing 0, consumption as 0, = k w2/3,

where k is a constant independent of species, it follows that

m=kW/3xvxr

d =" _ = kvr
We/3

As with Case 1, in the absence of experimental information or a sound
theoretical argument to the contrary, the absorption fraction, r, is assumed
to be the same for all species. Therefore, for these substances a certain
concentration in ppm or ug/m3 in experimental animals is equivalent to the
same concentration in humans. This is supported by the observation that the
minimum alfveolar concentration necessary to produce a given stage of
anesthesia is similar in man and animals (Dripps, et al., 1977). When the
animals #ere exposed via the oral route, and human exposure is via inhalation
{or vice versa}, the assumption is made, unless there is pharmacokinetic evidence
to the contrary, that absorption is equal by either exposure route.

e. If the duration of the experiment, Lo, is less than the natural 1ife-
span of the test animal, L, the slope, q;, or more generally the exponent, g{d),
ts increased by multiplying a factor (L/Le)3. We assume that if the average
dose, d, is continued, the age-specific rate of cancer will continue to increase
as a constant function of the background rate. The age-specific rates for humans
increase at least by the 2nd power of the age and often by a considerably higher

power, as demonstrated by Doll {1971). Thus, we would expect the cumulative tumor
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rate to increase by at least the 3rd power of age. Using this fact, we assume
that the slope, q;, or more generally the exponent, g(d), would also increase
by at least the 3rd power of age. As a result, if the slope, q; Tor g{d)],
is calculated at age Lg, we would expect that if the experiment had been
continued for the full life span, L, at the given average exposure, the slope,
q; [or a{d}], would have been increased by at least (L/Le)3.

This adjustment is conceptually consistent with the proportional hazard
model proposed by Cox (1872) and the time-to-tumor model considered by Crump and
Watson (1979}, in which the probability of cancer by age t and at dose d is given

by

Pld,t) = 1 - exp[-f(t) x g{d)]

3.0 CALCULATION OF CARCINOGENIC POTENCY BASED ON HUMAN DATA

I'f hunan epidediologic studies and sufficiently valid exposure information
are available for the compound, they are always used in some way. If they show
a carcinogenic effect, the data are analyzed to give an estimate of the linear
dependence of cancer rates on lifetime average dose, which is equivalent to
the factor qI. If they show no carcinogenic effect when positive anima?
evidence is available, then it is assumed that a risk does exist but it is
smaller than could have been observed in the epidemiologic study, and an
upper 1imt of cancer incidence is calculated assuming hypothetically that
the true incidence is just below the level of detection in the cohort studied,

which 1s detemmined largely by the cohort size. Whenever possible, human data

are used in preference to animal bicassay data.
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In human studies, the response is measured in terms of the relative risk
of the exposed cohort of individuals compared to the control group. In the
analysis of this data, it is assumed that the excess risk, or relative risk
minus one, R(X) - 1, is proportional! to the lifetime average exposure, X, and
that it is the same for all ages. It follows that the carcinogenic potency is
equal to [R{X) - 1]/X multiplied by the lifetime risk at that site in the
general population., Except for an unusually well-documented human study, the
confidence limit for the excess risk is not calculated, due to the difficulty
in accounting for the uncertainty inherent in the data (exposure and cancer

response).



