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ABSTRACT

The Ame$ Assay is a battery of tests which measures the Qutagen-
icity of chemical substénces. In order for its results to be relevant
to huma& health, Ames Assay mutagenicity must relate to human cancer in
a blologically credible and comprehensive way. It must also correiate
with other measures and attributes of carcinogenicity. The evidence
presented demonstrates its‘biologic credibility, but illustrates the im~
probability of its being a comprehensive measure of all attributes of
carcinogenesis. Agreement between the Ames Ass;y and animal cancer
studiesg, other short-term bioassays, human carcinogens, and chemical
structures predictive of carcinogens is presented. The range of pos-
sible predictive accuracy for the Ameﬁ Assay 1is calculated from these
agreement evaluations. A hypothetical model is developed to test
whether‘the Ames Assay is a sufficiently valid predictor of human car-
cinogenesis regardless of the extremes of this range. It is not suf-
ficiently valid in the lower half of the range. }So more work must be
done to define precisely its accuracy.

The problems of applying the range of accuracy of a laboratory
test of pure substances to biologic and environmental samples are ex-
plored. Unsolved problems in collection and analysis of airborme
samples are identified. A study design is presented which minimizes
the chance of bias in collecﬁing airborne samples. The limitations of
the laboratory procedure and tﬁe problems ;f sampie collection are
brought together in two continuous flow schemées. Together these demon-
strate the unsolved biologic and biostatistical problems in validating

the Ames Assay. ‘ ¢,
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: CHAPTER I
INTRODUCTION

The Ames Assay is the most popular of a series pf short-term
in vitro tests designed to evaluate indirectly the carcinogenic poten-
tial of pﬁ}e chemicals and ‘environmental samplesz' These tests h;ve
been developed at a time when there is a perceived need throughout the
indust;ial nations for primary préventive measures égain§t environmen-

tal carcinbgens.

Primary preventiodvihvolves identifying a risk of morbidity or

mortﬁ&ity before its phyﬁical onset and taking steps to eliminate the

/

#
risk. By definition _cohort studies of exposed groups or case-control

studies of those with a target outcome cannot be exercises in primary
prevention since they .depend upon the fact of morbidity or mortality

for a positive result.

In the past the primary method of evaluation of substances for
~

carcinogenic potential has been the animal experiment. Ideally, the

_animal experfment is the perfect randomized, blind, controlled trial

with few ethics or compliance proplems to interfere with the purity of
the experiment. It covers tﬁg/zﬁifre life span of the animal, allows

various routes of entry to be testéd (though not at once), and may give

ingights into tﬁe non-carcinogenic toxicity of the test substance. Sig-

nificant outconles may include the total number of tumours identified in

the test population, loss of life span due to cancers, or the total num-

ber of test animals with tumours.

-1 ~ . -
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Criteria for a credible clinical trial should be met in an
animal experiment, including raﬁdom allocation and prognostic strati-
fication of animals, precisely defined manoeuvre and gutcome friteria,
prevention of contamination and co-intervention, and guarantees
of total outcome reporting? P4grticularly, the expérimept should

be carried out in a "specific pathogen free" environment

to avoid co-morbidity due to infection. Depending on the

”

//study species, such experiments may take ome to three years to com-
plete. ?heyAare expengive (several hundred thousand dollars per exper-
v iment) and few centres have the facilities to carry them out, even
without the constraint of a specific pathogen free environment. Al-
though consistent results across species and with different routes of
administration way strengthen the conclusio?é'drawn, animal experiments

have not been readily accepted as a criterion standard for carcinogenic

.

i
potential in humans. Generalizability is the main issue:

(1) The dose levels necessary to induce cancer in an animal

with a 2 to 3 year life span are greater than for a species with a 70

- year life span. Moreover, the dose’levels must be high enough to en-
sure adequate statistical power among a relatively small animal cohort.
This gives rise to uncertainty regarding, applicability qf the effects
of high-dose, short-term expo;ure in test species to low-dose, long-
term exposure in humans.

(2) 1Inhalation, the primary route of entry for environmental.
carcinogens, i; often difficult to 8imulate with animals. Do differ—
ence; in site-specific bioavailability of te;t substances affect the
validity of results? | ’

(3) Metabolic differences between humans and animals may cause

very different end-products to be presented to target tissues. 5




, (4) Test animals are usually exposed to pure compounds where-

-

as humans arg exposed to environmental mixtures. If a mixture contains
an animal cafcinogen, how do the other components affect carcinogenic

potentdial?

By contrast, the Ames.Assay (described in detail in the nex£
chapter) is cheap, ﬁuick, relatively easy to perform, and adaptable to
a wide variety of tesé situations. This thesis will identify criteria
necessary for its validation and examine the strength of the evidence
currently available, against these. It will focus on the‘problems in~
volved with validation and present a general design of a data collection

‘system for Ames‘Assay studies of the occupational environment.

The central research question is, "Is the Ames Assay a valid
predictive test for increased risk of environmentally-induced cancer
among exposed populationms?" The concern expressed is with collective,

not individual rxisk, contrary to clinical tests. The question can be

r

broken down into qualitative and quaﬁtitative components. The qualita-
tive question concerns the performance of the Assay as a dichotomous

test for carcinogenic potential. It can be answered by determining the

values of the four major parameters (sensitivity, specificity, positive

and negative predictive value) in the hypothetical 4-fold table in fig-

ure 1-1. The quantitative,queSCioggconcerns the performance of the As-

,

say as a measure of relative potency of a carcinogen. It can be answer-

ed by detefmining the nature of the curve on the hypothetical, two~

dimensional graph in figure 1-2.



Figure 1-1: Qualitative Performance of the Ames Assay

Human Cancer Risk

Increased Not Increased
Cohorts Exposed
to Ames Assay A B A+ 3B
+ environment x

t
Cohorts Exposed
to Ames Assay C D C+D
- environment
A
A+ C B+ D N

Sensitivity = Kéa; the probability that an environment which truly car-

ries with it an increased cancer ‘risk will be Ames

Assay positive. *
Specificity = ﬁgﬁ; the probability that an environment which truly car-

ries with it no increased cancer risk will be Ames
Assay negative,

A+C/

Positive Predictive Value = A (if B+D is approximately equal to

A+B
the ratio of risk to no risk environments in the uni-
verse of interest); the probability that an Ames As-
say positive environment poses human cancer risk.

Negative Predictive Value = E%B (same constraint as above); -the probab-

ility that an Ames Assay negative environment poses
no human cancer risk.



Figure 1-2: Quantitative Performance of Ames Assay

Risk of Environ-

mentally Induced -

Cancer

4

F. Curve 1

Potency of Envirommental Sample
in Ames Assay

Curve 1 -~ Monotonic increasing risk with increasing exposure-validity
. of Ames Assay would be maximum.

Curve 2 - No relationship between risk and exposure. Ames Assay would
be invalid as a quantitative measure of cancer risk.

Risk of Environ-
mentally Induced
Cancer

Potency of Environmental Sample
in Ames Assay
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Because of the paucity of direct evidence validating or inval-
idating the Ames Assay, this thesis will have a theoretical orientation.
It will focus on the problems in assessing the validity of the Ames As-

say in relation to airborne contaminants in the industrial environment.



CHAPTER 11
WHAT IS THE AMES ASSAY?

The Ames Assay measures the ability of a test substance to in-
duce mutations in pNA 3 Specifically, it measures the ability of a sub-
stance to cause a mutation at a particular location on the chromosome
of special tester strains of Salmonella typhimurium bacteria. In oxder
for this to come about, the tester strains were originally changed from
the "wild type" in two ways: ~

(1) The "excision repair system', responsible for identifying
and repairing damage to the DNA, was deleted, so that mutati;ns would
be irreversible?

(2) Each (of several) tester strains had a different mutation
induced in the "histidine operon" (that stretch of DNA responsible for
directing the synthesis of the amino acid histidine) making it incap-
able of synthesizing histidine. This resulted in dependency on exter-
nal supplies of histidine for normal gyowtp}and cell division. But each
strain was capable of synthesizing its o&n histidine if a substance were
to enter the bacterium and cause a "back mutation" Eback to the wild

type) at the proper site on the histidine operon?

How is the test performed? The test bact:fia are spread on an
agar plate which is deficient in histidine. The test substance is added
to the plate and it is incubated for 48-72 hours, much like a "culture
and sensitivity" test. If the test substance is a mutagen,"it may pen-
etrate the bacte?ial cell membrane and cause the necessary mutation (of

~7 -



the histidine operon) among a proportion of the bacteria. These will
continue to divide normally and produce macroscopic colonies. If the
substance is not a mutagen, only spontaneous revertants will grow. So
the Ames Assay is based on the difference in the number of macroscopic
colonies present on the test plate,. compared to the control plates (fig-

ure 2—1)}

In order to increase the sensitivity of the original strains,
two more modifications of the bacteria were introduced later.

(1) Mutations were introduced that eliminated, to differing
extents, the lipopolysaccharide coating of the bacterial surface,
making the bacteria’more permeable to potential carcinogens and com-
pletely nonpathogenic? .

(2) An intracellular inclusion of genetic material (known as
the R-factor plasmid) was added, which enhanced the sensitivity of the
tester strains for unknown reasons’
It was known that many animal carcinogens required in vivo metabolic
activation from pre-carcinogen to gltimate carcinogen. Thé best stud-
ied and most important activation system was the NADPH - dependent
microsomal fraction in the liver. So the test procedure was further
modified to include a duplicate set of test plates wherein rat liver
homogenate (known as the "Sg fraction') was added to the top agar (fig~
ure 2-1). This modification, combined with the addition of the R-factor

plésmid, markedly increased the chemical rdnge of sensitivity of the

test bacteria§
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The different testeér strains were sensitive to one of two dif-
ferent types of mutagenic event, depending upon the nature of the orig-
inal mutation induced in the histidine operonm.

(1) Base-pair substitutions: The mutagen causes replacement
of the ériginal base-pair at a certain point on the double-stranded DNA
by another pairJ3

(2) Frameshifts: The mutagen causes base-pairs to be added to

.or subtracted from the DNA strands?

In the original tester strains, substances tended to test positive as
one sort of mutagen while not as the other. The addition of the plas-
mid increaséd the number of compounds positive in both frameshift and
base-pair substitution sensitive strains. TFigure 2-2 gives the char-
acteristics of Salmonella tester strains in widespread current Qée? A
full test procedure generally involves both R-factor strains, with and

wicthout the Sq fraction. That is; four sets of plates must be set up

for each substance tested (see figure 2-3).

Because of its simplicity, cheapness, and adaptability to a
wide variety of samples, a large number of potential uses have been sug-
gested for the Ames Assay’,

(1) Mass pre-—screening of commercial chemicals before they
reach the market.

(2) ldentifying mutagenic impurities in otherwise non-mutagenic
products.

(3) Surveying air, water, and soil samples for mutagenic activ-

ity, and in conjunction with analytic chemistry techniques, identifying

»



- 12 -

the mutagenic components.

*(4) Testing of urine, feces, and och;r biologic samﬁles in
relation to dietary, environmental, or medical exposure to suspect sub-
stances.

(5) Screening substances to decide which should be tested in
animal bioassays.

These applications depend critically on the predictive validicy
of the Ames Assay for human cancer risk, since they may lead to a ser-
ies of public health interventions to control or eliminate exposures to
mutagens. [t is important to note at the outset that the Ames Assay is
only applicable to non-metallic substances whose potential for carcin-
ogenic potency derives from chemical properties. Substances such as
asbestos, whose carcinogenicity derives from its physical characteris-

tics, cannot be detected by the Ames Assayz



CHAPTER III

CRITERIA FOR A VALID PREDICTIVE TEST OF .

OCCUPATIONAL CANCER RISK

The basic flow-of-events for environmental carcinogenesis is
given in figure 3-1. The diagram shows that in order for envirommental
substances to cause cancer they must first contact a target'tissue and
then initiate, stimulate, or participate in a "carcinogenic event'. The \\\\/
laboratory procedure known as the Ames Assay attempts to simulate the car-
cinogenic event. The former aspect depends on the nature of the sam-
ples presented to the test bacteria. So the overall validity of the / 7
Ames Assay as a measure of envirommentally-induced cancer risk depéndsv e
on the validity of the sampliﬁg proéeiure (sampling validity) and ch
validity of the laboratory procedure (in vitro validity). This chapter,

will explore the validity of the labofatory procedure. Discussion of

the sampling strategy will follow lathvin the text.

» The validity of a predictive test concerning a physical attrib-
ute may be divided into four categories:® biologic credibility, compre-
hensiveness, prognostic accuracy, and (failing the latter) substitution
by attribute, manifestation, and measurement. Biologic credibility con-
cerns the appearance of validity. 'Does the Ames Assay measure some—
thing tha; should be of predictive importance in carcindgenesis?'" Com~
prehensiveness is evaluated by apswering the question: 'Does the Ames
Assay measure all aspects .of carcinogenesis while excluding from influ- B

ence all non-carcinogenic effects?" Prognostic accuracy is the criterion

-13 -
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standard ?dr validity of aLbredictive test. ''Do Ames Assay results col-
t N

lected prospectively correctly predict those groups of people with in-

creased risk of cancer mortality or morbidity?" Finally, if prognostic

accuracy is urmeasureable, "Does the Ames Assay correlate with a theor-
¢

etical attribute or manifestation of carcinogenesis or with other measures

of carcinogenic risk?" This is known as validation by substitutionm.

These criteria will be examined in order.

-

Biologic Credibility

Since the Ames Assay attempts to directly measure the mutagenic
potency of substances, the central credibilit§ question is, "Is somatic
mutation a necessary step in carcinogenesis?' The theory that somatic

|
mutation is the fundamental initiating step in carcinogenesis is the
working hypothesis of much contemporary cancer research. Four séparate
lines of evidence support this.
'(i) In anim;l systems and in vitro, it has been demonstrated
that exposure to carcinogens confers on cells a transmissible potential
for neoplastic transformation. Since the chromosomes contain the trans-

missible information, this implies a genetic effec 3

(2) Certain rare pqngenital diseas;¥ invélving known genetic
defects carry with them a striking incréase in the risk of developing
cancer!00One example is xeroderma pigmentosum, an interited defect.in the
enzymes that repair DNA damaéed by ultraviolet iight, which leads to mul~
tiple skin cancers. Others include Bloom's syndrome and Fanconi's anemia,
retinbblaspoma, polyposis coli, and ataxia telangiéctasial

g k3) Most known Qnimal carciﬁogené\either react directly with DNA

I

or indirectly, after metabolic activation!!
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(4) Most animal carcinogens have been demonstrated to have

mutagenic potency in systems othér than the Ames Assay}2

N

However, several egperimenta; results challenge the assumption
somatic mutation is’alwayé fundamental to carcinogenesis.

(1) In the mouse, the nucleus of a cancerous cell has been in-
jected into a normal blastula, producing a normal, genetically mosaic
mouse. In the frog, nuclei from kidney carcinomas hayé'been transplanted
into enucleated eggs and have préduced normal tadpoles. So under some

[}
circumstances the obvious genetic changes within a malignant nucleus

may not be expressed in cellular behaviour!?3

.

"(2) 1In one series of experiments, tumours were induced in rats

-

simply by insertidg a solid sheet of a chemically inert material into tis-
sue. Porous or fibrous material did not produce tumours. Such results

cannot be explained by a genetic effect of the material and imply a phy-

sical mechanism.l3

(3) Other experiments have demonstrated that transplantation of
some endocrine tissues into the spleen within the original host causes
them(to become neoplastic. Although mutagenic events may accompany such
disruptions, a more plausible hypothesis would involve loss of, co-ordin-

ation of body tissues.l3
14
Taken together, the supporting and challenging lines of exper-

/
imental evidence do not provide conclusive evidence that mutagenesis is

-

fundamental to carcinogenesis. They suggest that, in animals, mutagen-

esis is not always‘fundamental. Since the experimental evidence has not
¢
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'

been replicated in humans .it is difficult to assess the relative impor-
tance of the supporting and non—supportiné evidence. In terms of Dr. Sac-
kett's nine diagnostic tests of gausation%evidence(af"analogy" is given in
the xeroderma pigmentosum example; Taken together, the other positive‘
and negative eviq§nce'§uggests that mutagenesis is associated with car-
cinogenesis in a biologically sensible but non-specific way. The non-
specificity concerns both the pathology of cancer (there may be more

than one pathologic'process leading to malignancy) and the action

of mutagens (their mutagenic activity may not be the same as their car-
cinogenic activity). Because direct evidence of the biologic role of
mutagenesis must be found by laboratory experiment, the major qiagnos-'
tic tests of causation cannot be addressed. The strongest possible
evidence would be the demonstration of a step-by-step series of intr§~

cellular reactions leading from mutagenesis to tumour formatiom, Such

evidence is not available.

Here, the concerns of basic science and health surveillance di-
verge. It 1s the purpose of basic science to generate a conception of
carcinogenesis that simulganeously explains all genuine experimental
results. Yet it is possiblelfor the Ames Assay to measure something
that is not always fundamental to carcinogenesis and still be a valid
tegt. Persons with high blood pressure do not ail have strokes and not
all persons with strokes have high blood pressure. Nonetheless, blood
pressure measurement is a valid predictor of the risk of stroke because
those with high blood pressure are more at risk of stroke than thse with-

out. N
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.

In conclusion, the evidence available does not sufficiently
challenge the biologic credibility of the Ames Assay to negate its ul-

timate validity.

Comprehensiveness

Comprehensiveness is a two-part criterion. The first part asks,
"Does the Ames Assay measure all aspects of carcinogenesis?"” The basis
of the test is mutatiou of the DNA after extracellular and intracellu-
lar metabolic activation. So as the "true' process of carcinogenesis
diverges from this model, the comprehensive validity of the Ames Assay
will diminish. Evaluation requires knowledge of the influences brought
to bear on a human cell which becomes malignahc. Comprehensiveness al-
so concerns exclusivity: Is the Ames Assay semsitive to factors not im-
portant in carcinogenesis? This section will identify processes thought
to be important in human carcinogenesis. A contingency table, summarizing
these processes, will be generated to illustrate the range of possible

mechanisms and their implication for the validity of the Ames Assay.

A. The Multi-stage Model

Armitage and Doll developed a mathematical model relating age to
cancer death rates based on the concept of carcinogenesis as a multi-
stage process&“ The model made the following assumptions:

1. Carcinogenesis consists of a series of improbable events,
separated by months and years, each defining a stage of malignant

transformation.

2. The various events take place in a specific order.
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.th .
3. The rate of occurence of the i event is the sum of a con-
stant background rate plus the rate brought about by envirommental in-
fluences.

Therefore, D(t)lele...Pk‘(t) ,

L}

where D(t) age—-specifie death rate for a particular cancer

Pi = probability of occurrence of a specific carcin—
ogenic event over a lifetime

k = number of events necessary for tumour formation

{ t = time (age) of death from cancer,

[t}

So Log D(t) (k-1) Log(t) + constant

If the model is correct, then log-log plots of site-specific
;ancer death rates versus age at death should give straight line rela-
tionships. The inyestigators checked ghis prediction using the age-
specific death rates for 17 common cancers in England and Wales, 1950-
s1.1%

Nine of seventeen cancers {(esophagus in males; pancreas, colon,
stoma;h, and rectum in both sexes) gave straight line relationships with
slopes of 4.97 to 6.48, implying a six (4.97 + 1L = 5.97) or seven (6.48
+ 1 = 7.48) stage process, depending on site. The confidence intervals
around the slopes did not always include a whole number. Moreover, the

data showed between-sex disagreement in two of four cancers as to

whether there was a six or seven stage process.

Eight of seventeen cancers (lung, both sexes; bladder and pros-

tate, males; breast, ovary, uterus, and cervix, females) deviated from
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linearity. This observation could be taken as evidence against the mul-

ti-stage model. However, there is an alternative explanation. In the

|

smoking and high exposure occupations have changed over the years.

cases of lung and bladder cancer the prevalence of risk factors such as
Since the mortality data used by Doll and Armitage were cross-sectional,
the historic period of exposure varied with age at death. If the preval-
ence of risk factors has increased with tiqe, then the age-specific
death rates should deviate negatively from the linear at highe; ages.
This is because the Pi(t)'s would vary with time, causing the ''constant"
term in the equation to vary. This is observed with the curves for lung
cancer among males and females, consistent with the historic increase in

the prevalence of risk factors.

Breast, ovary, cerviX, and uterus cancer also showed negative
deviations from the liyear in older age groups. These are all cancers
of reproductive organs, with age-dependent endocrine influences on the
host organ. Since the endocrine influences decrease after menopause,
the age~dependency should operate in a manner analogous to increasing
prevalence of environmental risk factors with time; causing the Pi(t)'s

to decrease with increasing age.

The model is consistent with five important observations:

(1) The rapid increase in mortality with age observed in cancer
of some sites.

(2) The irregularity in the increésg*in cancer of some other

sites.
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(3) The long latent period observed after exposure to a carcin-
ogen before a tumour develops.

(4) The experimental finding that cancer incidence tends té be
proportional to the concentration of the applied carcinogen.

kS) The existence of pathologically observable pre-malignant

transitional states for some tumours?i®

The assumption that the events must take place in a specific
order carries with it the implication that early-stage events will have
more impact on outcome if they occur early in life than if they occur
later. The reverse would be true for late stage events. The model was
adapted to include a weighting scheme which predicted the effect of
changes in the period probability of early and late-stage events on age-
specific mortality ratesl® This adaption made the model comsistent with
patterns of cancer mortality among those exposed to more than one known
carcinogen, such as cigarette smoke and asbestos. It was further ex-
tended to fit the concept of initiation and promotion and to correct

for the time between tumour onset and deathl6,l7

B. Synergism and Antagonism of Environmental Influences

In 1941, Berenblum carried out a series of experiments wherein
animals were exposed to carcinogenic benzo (&) pyrene or non-carcinogen-
ic croton oil or both, at various‘dosesl.8 By comparing tumour yields
among the doubly exposed group to each of the singly exposed groups,
three important effects were identified.

(1) Adding croton oil to the benzo (a) pyrene increased the
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tumour yield for a given benzo (@) pyrene dose.

(2) The dose of benzo (a) pyrene needed to reach a statistic-
ally significant increase in tumour incidence was decreased with the ad-
dition of croton oil. ’ .

(3) The latent period between first exposure to benzo (a) py-

rene and tumour incidence was decreased with the addition of croton oil.

The name given to a non-carcinogen which could enhance the ef-
fects of a carcinogen was "promoter''. The carcinogen itself was c;lled
an "tnitiator". A family of substances called the "phorbol esters"
were isolated from croton 0ill? Their promoting properties have been
replicated and extensively analyzed in animal and in vitro systems.
Since then, other promoters have been identified including long-chain
paraffins, fatty acids, esters, irritants, and amino acids?? One sub-
stance, I- dodecanol, was experimentally demonstrated to decrease the
observable "threshold dose" of benzo (a) pyrene one-thousand fold 0 Sev-
eral mechanisms have been suggested for these effects.

(1) Promoters may enhance absorption of carcinogens across cell
membranes.

(2) They may induce enzymes which cause metabolic activation
of carcinogens?o

(3) They may mimic a growth stimulus, possibly by decreasing
contact inhibition between cells or inducing hyperplasia? 1f the exper-
imental conclusion that "the transformation frequency depends on the
number of times after exposure to a chemical carcinogen that cells with-

in a colony can be kept dividing before they contact other cells within

"/
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the same colony..."

can be applied in vitro, this mechanism would be
consistent with the observation that some promoting agents are effec-

tive when administered after the initiator has been fully metabolized.

A wide range of experimental inhibitors of carcinogenesis have
been identified. Wattenburg et.al%lsuggesced possible mechanisms of
inhibition, including:

: >

(1) Decreased metabolic activation of the carcinogen. -

(2) Idcreased metabolic detoxification of the carcinogen.

(3) Scavenging of active molecular species of carcinogens to

prevent their reaching critical target sites in the cell.

C. Host Factors ‘*\\\

Three host factors have been considered as important modulators
of the carcinogenic response in animals and humans: immune surveil-
lance, hormone effects, and metabolic variability. How might each of

these affect the carcinogenic process? N

I. Immune Surveillance

Proponents of immune surveillance claim that the immune system
has an important role to play in tumour identification and elimination
at the pre-malignant stage.z2 Three lines of evidence are offered to
support this contention:

(1) Immuno-suppressed patients and remal transplant patients
(who are therapeutically immunojsuppressed% tend to have increased rates
of cancer. However, the increased cancer rates are confined to the im-

mune tissues. This suggests that the carcinogenic effect is due to in-
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jury to the immune system and not a breakdown in ilmmune surveillance”

(2) Some chemical carcinogens are immuno suppressive in ani-
mals. However, the immuno suppressive response usually takes place at
higher doses than the carcinogenic response. By titrating the dose,
the carcinogenic and immuno suppressive responses have been separated
experimentally in animals.??

(3) The immune surveillance concept is based on tﬁe model that
carcinogenic events are relatively frequently-occurring, producing many
potentially malignant cells which produce antigenic markers. Those are
detected by the immune surveillance mechanism, which causes destruction
of the premalignant cell. Biologic senescence of the immune system will
allow malignant cells to be missed and tumours to develop more frequent-
ly with advancing age. However, not all tumours have antigenic &arkers
and relatively few tumours have strong ones. In animal experiments the
immune response to premalignant lesions is very inefficient. The nogion
“that carcinogenic events are frequently occurring conflicts directly
with the assumptions of the multi-stage model. It is uncertain whether
a rational model of immune surveillance failures with increasing age
could be developed to (fit the age distribution of site-specific cancer
incidence 22
II. Hormones

Interest in a hormonal role in carcinogenesis began at the turn
.of the century when it was observed that removal of the ovaries often

resulted in regression of breast cancer in women?3 Research has centred

on the influence of hormomes on endocrine organs or their target tissues.
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There is evidence that non-physiologic hormones and horméne—like sub~-
stances may be carcinogenic. The best examble is diethylstilbestrol,
while the possible carcinogenicity of post-menopausal estrogens is
still in question. The evidence relating physiologic hormones to human
cancer 1s confined to the discovery of estrogen receptors on some
breast tumours and the correlations found between fertility patterns
and breast cancer in women. Qutside of breast, ovary, and uterine can-

cers, no correlations with hormones have been found?b

ITI. Metabolic Variability

Metabolic variability 1is a catch-all category which brings in
all the between-host differences im the activation of carcinogens, and
host repair of genetic damage by carcinogens. Several éspects of the
area have been addfressed by various investigators. These include:

(1) whether or not individual variability in the activation of
pre-carcinogens to carcinogens follows a unimodal or a polymodal.dis-

\ ‘
tribution. Conflict centres around aryl hydro carbon hydroxylase,one of

two important enzymes converting benzo (x) pyrene to its carcinogenic form

in the human lung. One investigator produced data showing a trimodal
distribution of AHH activicy%swhile another showed a broad unimodal
range *® This conflict is unsettled and is equally important for other
enzyme systems not as well explored as the AHH system.

(2) the patterns of variability in DNA repair systems. These
may also follow a polymodal or unimodal distribution. They are impor-
tant since DNA repair is considered the primary host defense against

mutagenic activity 27



(3)  the role of other host factors such as nutritional vari-
abilicy. The systemic effects of nutritional variability are virtually
unknown.

How might the various possible influences on carcinogenesis af-
fect the validity of the Ames Assay? To answer this question, the en-

osvironmental and host influences will be discussed separately.

According to the research mentioned above, envirommental influ-
ences on carcinogenesis may include initiation, promotion/ inhibition,

and "multiple events". [n this discussion, initiation means a single
avent or, the first of a "multiple event'" carcinogenic process. Multiple
avents are taken to mean necessary events, while promotion is taken to
mean a non-essential influence. In the ideal assay system, initiating
and mulci stage stimuli would directly reflect themselves in the result.
Promoting and inhibiting influences would only increase and decrease
results in the presence of necessary carcinogenic stimuli. They would
not demonstrate mutagenic potency on their own. However, experimental
evidence suggests that promoters can increase the effect of a previous
carcinogenic stimulus. So if promoters never test positive on their
own, their true impact on risk will not be reflected in vitro in certain
cases. If cthis model of promotion is correct, che‘Ames Assay would not
be able to completely reflect the biologic process. On the other hand,
if another model of promotion were true, it might be consistent with the
performance of the Ames Assay. Neveiileless, the biologic mechanism of
promotion would have to be simulatable in the Ames Assay to be expressed

.

at all. A mechanism such as increasing carcinogen absorption or induc-



ing enzymes which convert pre-carcinogens to carcinogens may be simulat-
able 1n the Ames Assay. Mechanisms such as influencing between-cell

contact inhibition will not be simulatable.

If any necessary enviromnmentally-influenced events were non-
mutagenic, they would show up as false negatives in the Ames Assay and
reduce its validity as a qualitative measure of risk. The more non-
mutagenic events, the greater the erosion of validity. The extreme ex-
ample would be a thoroughly non-mutagenic process, wherein the Ames As-

say would be useless in identifying risk.

o

If carcinogenesis were a single-stage mutagenic process, Ames
Assay revertant counts could be a quantitative measure of risk, subject
to the limitations of between species variabilicy. If it were a multi-
stage mutagenic process, the Ames Assay would be unable to separate the
various mutagenic stages represented in the samples presented to ‘it.
This ;ould add a second level of uncertainty into any quantitative meas-

ure of risk.

[t the multi-stage model is correct and a specific sequence of
environmentally-induced events {s required for carcinogenesis, the age
of the exposed person would interact with the stage of the event to
strongly influence its impact on risk. Late stage events would havé op-
timum influence among "older" people and early stage events would have
optimum influence among younger people. A strongly mutagenic sample
related only to early stage events may not be associated with any obser-

vable increase in risk in an aging population. But a weakly mutagenic

N
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sample related to a late stage event in the same population may be as-

sociated with observable risk.

Under what conditions could promoting or inhibiting influence
be simulated by the Ames Assay’ Three hypothetical pathways were out-
lined above: changing membr§ne transport, altering metabolic activ-
ation, and releasing cells from contacg inhibition. Because membrane
transport follows the same principles regardless of species, this is
the most simulatable of Fhe three proposed mechanisms. It Is possible
that some metabolism-altering activities could be simulated. But bet-
ween-species variability makes it less likely. Since contact inhib-
ition is a function of multi-cellular organisms, it is not simulatable

in the Ames Assay system.

Do the host factors previously mentioned affect the validity of
the Ames Assay’ [t is axiomatic that the Ames Assay cannot simulate
long-term responses in the human host. The important issue is whether
or not human variability determines which envirommental influences are
sufficient for carcinogenesis. Two, models of variability cover the
plausible range: a unimodal distribution of a host responsé (on a plot
of intensity versus population) or‘discrete resqpnseslin various sub-

populations (figure 3-2).

-

In the former case, the éufficiency of a stimulus will vary quan-
titatively but not qualitatively between subjects. At any given level
of exposure, a certain proportion of the exposed population will exper-

ience the carcinogenic event. This proportion will increase with in-
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. creasing exposure and decrease with decreasing exposure. So the pre-
dictive value of the Ames Aésay will depend upon the representativeness
of any exposed "study'" population in terms of the host factors involved,
as well as whether the impact of the mutagenic event(s) are great

enough to be detectable in the study population.

If the discrete subgroups model were correct, a stimulus would
only be sufficient conditional on the subpopulation of the individual
host. Despite wide fluctuations in exposure level, one or more sub-
groups may remain refractory to the carcinogenic stimulus while other
subgroups remain susceptible. Once again, the predictive value of the
Ames Assay will depend upon the representativeness of the exposed pop-
ulation. If: the g;ouping factor were a predictor of exposure (eg. sex,
race), representativeness would be precluded. If the susceptible sub-
groups were small, the mutagenic impact may not be great emough to be

measureable in a representative population.

Figure 3-3 sets out the six influences of carcinogenesis which
have been discussed. The alternate mechanisms plausible for each in-
fluence have been resolved into extremes. These have been arranged in

columns in figure 3-4 in ascending order of their theoretical contrib-

]
-

ution to the predictive validity of the Ames Assay. The columns are

. arranged in rough biologic sequence (altﬂough metabolic variatiqn way
be important before or after initiation). So the collapsed contingency
table formed alloﬁs the identification of several hundred possible com-

binations of mechanisms in carcinogenesis.
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How should the table be interpreted? By making selection from
each column, a model of carcinogenesis can.be built. It can be com-
pared against the performance characteristics of the Ames Assay to
answer the question: If this model were’?Ehe, éor a specific cancer,
would the Ames Assay tap all its particular biologic attributes? The

range of possible selections begins at:

Initiation : Mutagenic
Multi-events : Absent
Promotion/Inhibition : Absent

Metabolic Variation : Unaimodal
Hormonal Influences : Absent
Immune Surveillance : Absent

in which case the Ames Test would tap all the attributes of the
hypothetical cancer. It ends at;
Initiation : 'Non—mutagenic
Multi-events : Present and Non-mutagenic
Promotion/Inhibition : Present,'néq—simulatable
Metabolic Variation : Polymodal (discrete subgroups)
Hormonal Influencgs : " ( " " )
Immune Surveillance : " ( " " )

in which case the Ames Assay would measure none of the attributes of

the cancer,

There are relatively few combinations of factors which allow
compleﬁe,comprehensive validity. If maximum and minimum piobability es-

timates were given to each factor based on a thorough search of the re~
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search literature, one could generate summary estimates of the probab-
ility that a truly carcinogenic exposure would be biologically amenable
to the Ames Assay. This would be a'long and- diffcult task, and numer-
ous assumptions would have to be made given current knowledge. More-
over, the probabilities would have to be altered depending on the his-
tologiéal type of tumour and its site. The task would nonetheless be
impor¢ant to carry out in ordef to structure the nature of important

gaps in our basic science understanding of carcinogenesis.



CHAPTER IV
i PROGNOSTIC ACCURACY AND SUBSTITUTLON

The prognostic accuracy of a predictivé test may be ascertained
when ghe outcome it predicts is measurable and when the test data are
practicable tocollect. In the case of environmentally-induced cancer,
the outcome (cancer mortality and/or morbidity) is concrete and measur=
able,- but great difficulties exist in the collection of Ames Assay ex-
posure data. To evaluate whether the difficulties are insurmountable,
this section will explore some of the requirements for a methodological-

ly acceptable study of the Ames Assay's prognostic accuracy. )

What would be an acceptable study environment?

'ﬁl) In order to ensure an inception cohorf, the study would
have to focus on individuals whose exposure to the environment of inter-
est began.%fter the beginning of the sampling period. In the industrial
environment this would probably involve a work place where a large scale
hiring program coincided with the initiation of exposure monitoring.

(2) There would have to be significant betweeq—worksite vari-
ation in exposure so that internal controls could be generated, or else
an acceptable cont{ol group whose environment could be monitored on an
ongoing basis.

(3) The hiring program would have to be 'large enough' that

differences in cancer mortality 20 or more years later would be demon-

stratable, if they existed, when between-worksite comparisons were made.

-~ 35 -
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Moreover, there would have to be some guarantee that a "sufficient” num-
ber of workers would have long-term exposure.

(4) The cohort would have to be "old enough" for a "sufficient"
number to reach the critical age range for adult onset of cancer (ap-
proximately 45 to 65 years).

(5) There would have to be some sort of agreement to not mod-
ify work processes and exposures even in areas with consistently high

mutagenic activity.

Taken together, these conditions would seldom be met. Even if
they were, the benefits of collecting twenty years of exposure datg
would be limited. The results would only be geneéalizable to similar
exposures elsewhere and not to all mutagenic exposures. So a direct
measurement-of prognostic accuracy is sufficiently impractical to make
it unasce;tainable. In its place, a series of substitutions can be
made which collectively address the predictive validity of the Ames As-

say.

A. Substitution

Figure A-l‘illustrates‘the central question concerning the qual-
itative performance of the Ames Assay: What are the sensitivity, spec-
ificity, and predictive value (positive and negative) of the Ames Assay
in identifying observable increased risk of cancer among an exposed poﬁ—
'ulationgs In order to generage the values which belong in each cell of
the four-fold table, a series of comparisons would have to be made (in

true prospective fashion)chetween Ames Positive exposed and non-exposed
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populations. Each data point in the table would represent a unique
comparison from a complete prospective study or one of a series of sub-
poéulations from a multi-group study such as the INCO studyz.9 Surround-
ing the central question in figure 4-1 are a series of substitute out-
comes which have been recognized in the literature. These include:
agreement with other short-term bioassays, Ames Assay sensitivity to
chemical classei(of carcinogens, sensitivity to known human carcinogens,
and accuracy in ;dentifying situations where human cancer risk is or i;
not suspected, due to the results of previous epidemiologic studies.
This chapter presents those substitutions. Chapter 5 describes a meth~
od to eétimate indirectly rhe four major parameters of the Ames Assay

using substitution data. Chapter 6 explores the question of the Ames

Assay's validity as a quantitative measure of carcinogenic risk.

B. Chemical Properties of Animal Carcinogens

The generally-accepted conclusion among basic scientists study-
ing chemical carcinogens .is that, with few exceptions, they are all
strong electrophilic reactants!! Thiswmeans that '"the known ultimate
carcinogens cbnt;in relatively electron~deficient atom; that seek to
react with nucleophilic sites, i:e., atoms that have easily shared\‘
electrons". These sites are abundant on the major intra-cellular mac-
romolecules: DNA, RﬁA,'and proteins; Correlations between the quan-.
tities of macromolecule-bound "suspect carcinogens" and the likelihood
of tumour development have been consistently i&entified in animal stud-

ies.. The great majority of chemical carcinogens are active only after

metabolism to an electrophilic form; except when the agents are already

1



- 38 -

Aessy
~ sowy )
Lessy
- somy + Kessy _ Aessy
. samy Somy.
Aessy kessy
33%9dx o @303dx
+ oy pe3oadxg 30N | pe3Ioadxy t  gomy
ASTY 13o2UR) UBWNYH
us8ouyodie) A ,usBourdied INTI,,
ueuny 21IN30N118
IeoTHaYD .
Aessy .
T semy
Aessy fessy
T sowmy ; +  seouy m : fesay
Lessy 3NS T ASTE ; saury
+ Aessy
sauy Iaoue) aadued . + 69
paseaidu] ON paseaaduy 4
uagourdaes) | usgougdae)d - +
-UoON Tewpuy Tewyuy

31891
m133-3110Ysg I3Y41Q

Aovanooy of3soudolg 10j o[qelleay suofiniyasqng :[-y 2an314



- 39 -

strong electrophiles.

Rinkus aéz Legato%odivided 465 substances with evidence of ani-
mal carcinogenicity into 39 categories, according to the nature of their
electrophilic centres (if present). A sufficient number of chemicals
from 26 categorie§ had been previously Ames tested to evaluate its respon-~
siveness to the given category. At least one member from 24 to 26 cat-
egorid% demonstrated mutagenicity; but the proportion of Ames Ass;y
mutagens within each catLgory ranged from 1007 to 0%. Several chemical
mechanisms were identified which may explain the wide variations in
within~category sensitivity:

1. The compound may be metabolized to the electrophilic form
in the intestine (but not by 89).

2. The compound may require intra-cellular enzyme systems

, )

other than the 59 fraction to be activated to the ultimate carcinogen.

¢

3. The compound itself is toxic to tha test bacteria.
\

4. The compound operates through a hormonal mechanism. \\
One of the two categories of substances with 0% Ames responsiveness was
the "steroid" group, in line with exception four. The other was the

"phenyl" group whose mechanism of activation has not been satisfactorily

elucidated.

Is the sensitivity of cﬁe Ames Assay to at least one member of
each category of animal carcinogen, an important substitute outcome?
.The principles of organic chemistry which ‘govern the reactions of

carcinogens with intra-cellular macromolecules are constant
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_across all life forms. But the mechanisms of chemical act-

ivation, and therefore, thé range of ultimate carcinogens, may vary
widely between species. As our focus narrows from the universe

of electrophiles to specific subgroups to specific compounds, know-
ledge of activating mechanisms, derived from animal and in vitro.exper-
imentation, become more precise as the generalizability of this infor-
mation to human carcinogenicity decreases. So there is an apparent
trade—off between accuracy and précision if evidence of animal carcin-
ogenicity and animal metabolic pathways are taken as the criterion stan-

-dard for evaluating the Ames Assay. The conclusion of this author is
that the sensitivity of the Ames Assay to at least one member of a cat-
egory of animal carcinogens is an important finding in its own righc.
It accepts the notion that the common factor among a group of animal
carcinogens is its most important attribute. The performance of the

Ames Assay with respect to animal carcinogens and non-carcinogens is

evaluated later in the chapter.

C. Other Short-term Bioassays

A literature review uncovered eight studies of agreement between

the Ames Assay and other short term tests, where the range of substances
tested was wide enough to consider them general studies of agreement.

These encompassed seven tests by four different groups of investigators.

This section will briefly describe the tests and discuss the level of

~

agreement with the Ames Assay.

1. Mammalian Cell Transformation Test!?

The mammalian cell transformation test operates on the same

v
A
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principle as the Ames Assay. Cells exposed to the tester substance
(with or without the 89 fraction) may be "transformed" to malignant
cells by the exposure. A positive result occurs when the transform-
ation frequency surpasses the expected spontaneous, cell-type specific
frequency.

2. Degranulation Test!?

-

The degranulation test is based on the observation that degranj
ulation Jf rough endoplasmic reticulum and a corresponding increase in
smooth endoplasmic reticulum are early changes seen in the secretory
organs of animals treated with some experimental carcinogens. Liver
rough endoplasmic reticulum, containing radiolabelled RNA, is isolated
and the RNA to protein ratio is measured. A statistically significant
increase in degranulation of the rough endoplasmic reticulum by the
test compared with negative controls is taken as a positive result.

3. Sebaceous Gland Suppression Test12

The sebaceous g;and suppression test is based on the observation
that carcinogens may produce regression of a test mouse's sebaceous
glands when applied topically. The test outcome is the change in ratio
of sebaceous glands to hair foilicles after a total of three days of
treatment and four days post-treatment.

4. Tetrazolium Reduction Testl?

Tetrazolium reduction takes place in the presence of certain
dehydrogenase enzymes. A good experimental correlation has been found
between the carcinogenic potency of certain animal carcinogens and the

amount of tetrazolium reduction in certain mice tissue in vivo, The
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test outcome involyes the quantity of tetrazolium reduction taking place
in a 2 day period after skin-painting the test solution on the dorso-

lumbar region of a mouse.

5. Implant Test 2

Subcutaneous implantation of solid materials in experimental
animals has repeatedly produced results invalid for inference to humans.
Inert materials have caused tumgurs, and characteristics such as shape

of material, presence or absence of holes, and powdered versus solid

‘form have governed their carcinogenicity. To correct for these prob-

lems the implant test delivers the test substance on a porous material
whose characteristics make it non-carcinogenic to the test species.

Short-term histological changes surrounding the implant are scored

_based on previous evidence of their predictive .alue for future tumour

development.

6. DNA - Synthesis Inhibition Test?”

Painter demonstrated that damage to DNA causes temporary inhib-
ition of DNA synthesis in mammalian cells. This is measured‘by deter-
mining the rate of inclusion of radiolabelled thymidine into the DNA of
Hela cells after exposure to a tester substance (with or without the in-
clusion of the Sq fraction). A positive result occurs when thymidine
inclusion is reduced in the test cells relativg to the controls.

7. Micronucleus [fest 31,32

The micronucleus fest measures chromosomal breakage by detecting

chromosome aberrations in &ttively-dividing bone marrow cells. Some

chromosome fragments, which ck a centromere, may be left in the cyto-
~ .
plasm when daughter nuclei are formed. These fragments become micro-

o

-
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nuclei. A positive result occurs when there is a statistidﬁlﬁy signif;

“ 7

icant increase in the frequenky of micronuclei in the presence of a

tester substance .compared to a control (by small sample t-test).

0 4

Table 4-1 presents the égreement found between these tests and
the Ames Assay. This author used the raw data presented in the pub-
lished papers to compute the Kappa statistic for 2 x 2 tables of agree-
ment 33 Interpretation of the Kappa values depends on the methodologic

calibre of the studies and the nature of the attribute being tested in

each bioassay.

5

The data generated by Purchase et.all? involved laboratory per-
sonnel blinded to the identity of the test chemical and the paper des-
cribed in explicit terms how a substance was defined positive or neg-

ative. The other papers did not mention blind laboratory amalysis and

t

were less explicit as to method. None of the paperé stated that the

test substances had been randomly selected from a universe oficandidate
substances. Most important,\pﬁz Ames Assay.results reported by Jenssen
et.al’! vere not generated concurrently with the micro-nucleus test
results. They were taken from the literature, On ihe other(hand, Heddle
et.al%zgenerated their ownlAmes Assay results. .The Kapba statistic sug-

. gests slight to moderate agreement with the Jenssen data, but no agree—

-

- \ : &
ment with the Heddle data. This discrepancy may be explained by a sel-

ection bias inyolving fortuitods choices of tester substances, by Jenssen

; ,
. ¥,
et.al. ) . . o

e . -

* With these limitations in mind, the data suggest a higﬁ"degfée
[} ‘ 4 PR

N t ]
.
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Table 4~1: Agreement Between Ames Assay and Other Short Term Tests

95% Confidence

Investigators Test Kappa_ Interval
Purchase et.all? | Cell Transformation .799 977 — .621
Purchase et.all? Degranulation .361. .541 —— .181
Purchase et.al.l2 Sebaceous Gland

Suppression .328 507 —— 149
Purchase et.al.l2 Tetrazolium
Reduction .035 .208 —— .138
Purchase et.all? | Implant .319 478 ——  .160
Painter et.al.?’ | Synthesis Inhib- (
ition .00 1.00 —— ,511
, /\ '
Jenssen et.al.31 Micronucleus .352 .528 —— .146
" Reddle ®et.al. 2 | Micronucleus 123 | .362 —— -.116
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of agreement between the Ames Assay and the Mammalian Cell Transfor-
mation and DNA synthesis Inhibitioﬁ Tests. Moderate tb slight agree-
ment is observed with the Degra;ulation, Sebaceous Gland ?uppression,
and Implant Tests. No agreement is observed with the Tétrazolium
Reduction and Micronucleus Tests. If correct, the high level of
agreement with the DNA synthesis Inhibition Test provides evidence that
the Ames Assay is measuring what it claims to measure since‘inhibition
of DNA syntﬁesis, like Ames Assay revertzﬂt counts, is an indirect meas-
ure of mutagenic activity. The iﬁvestigators found a quantitative rel-
ationship between the number of revertant colony counts and the degree
of DNA synthesis inhibition when between-substance comparisons were
made, If the high level of agreement yich_the Cell fransformation Test
is correct, it provides evidence that the attribute being tested jis at
least a correlate of a process which can transform mammalian cells to
malignaﬁt forms in vitro. This bears primarily upon the stages of in-
itiation and promotion in the flow-chart of carcinogenesis and suggests
that the Ames Assay is measuring an attribute of carcinogenesis, not

just mutagenesis.

The Implant Test, Degranulation, Sebaceous Gland Suppression,

and Tetrazolium Reduction are all tests of an empirical correlate of

animal carcinogenesis. Of these the Tetrazolium Reduction Test is the

nost specific in that it assays for a particular enzyme system. The

_other tests measure a morphological change. The issue in interpretation

here is similar to that dealt with in the section concerning chemical

-
structure: the trade-off between precision ‘and accuracy. Moderate to

t//
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slight agreement was found with the more non—specific tests of morphol-

ogical change. No agreement was found with the more specific test,

Does this mean that the accuracy of a bioassay is decreased as the at-
* {

tribute it measures becomes narrower (from morphological change to en-

zyme-gystem-based assay)? Or does it mean that between-species variab-

11ity is a practical limiting factor in the accuracy of short-term tests?

The Micronucleus Test is important since it measures a phenom-—
enon which should correlate with mutagenes;s: chromosome breaks. In
fact, both agreement tables showed a marked bias in the direction of
discordant *results, the Ames PositiQe/Micronucleus Negative pair out-
numbering the Ames Negative/Micrénucleus Positive pair by more than two
to one in both. This observation is consistent with the concept that.
chromosome breakage is a less subtle phenomenon than mutagenesis. So it

J
is reasonable that mutagenesis would be found in the absgnce of chrom—

osome breakage more frequently than the reverse. The significance of

this observation for the validity of either test is uncertain.

D. Populations with Expected Risk of Cancer

.

1. Smokers' Ur{ne

Yamasaki et.al.’ examined the urine of 10 smokers and 21 nom-
smokers for mutagenicity in the Ames Assay. No description was given
regaraing the selection of the stﬁdy subjects or the blindness of the
laboratory personnel to their fﬂentity. None of the 37 samples from the
21 non-smokers showed mutagenicity in the urine. Among the 10

smokers, 7 had mutagenic urine. The mutagenic potency of the urine cor-

<
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related well with the reported number of cigarettes smoked per day and
their tar content. Among the 3 smokers with Fon—mutagenic urine, 2

claimed to not inhale and the third was smoki*g low-tar cigarettes on
the day of urine collection. A similar experiment was carried out
\ !

locally with the laboratory personnel blind toltﬁe identity of the urine

donors. The results agreed with Yamasaki et.ai. However, only 2 smok-
|

ers and 2 non-smokers were tested.

» 2, Exposure to Cytostatic Drugs \
. Falck eg.al%sassayed the urine of cancer patients taking a mix-
ture of cyclophosphamide and various other cytostatic drugs, the nurses
who mixed the various agents, and an unexposed control group of office
clerks and ﬁgychologists. The urine samples were.collected from all
study subjects at the same time on the same day. Tﬁe group of exposed
nurses also gave urine sampies after a.weekend off work. All the sub-
jects were non—smokers'having normal dietary habits. No information was

given as to randomness of subject selection or blindness of subjects

and- laboratory analysis.

The investigators reported the data in terms of the ratio of
revertant colonies found on solvent-only control plates to plates with

urine samples. The R /R

ratio was 1 for the unexposed control
test’ control ,

group, 1.5 for the nurses after a weekend off, 2 for the nurses during
the work week and 11 for the chemotherapy patieﬁts. The investigators
report th;t the means of the revertant colony counts were all statis-
tically significantly different from one another in series of t-tests

(p<.0l in all cases). However, the analysis is flawed by discrepancies
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i . .
between the methods section and the data reported. Two assays of muta-
genesis were used. The second was based on E. coli. bacteria. It is un-
clear from the paper which samples were analyzed which way. The statistical

conclusions are ambiguous as to which test they refer to and neverthe-

less invalve questionable statistical methods. These uncertainties
make this paper uninterpretable.
Evidence to suggest that cyclophosphamide is carcinogenic to
-

the urinary bladder comes from three case series of patients undergo-

ing long-term therap§§ﬁ7No controlled studies have been reported. Al-

though the relationship is consistent across these series, fits the tem-

poral sequence of cause preceding effect, and is biologically sensible, ‘

AN

none of the other diagnostic tests of causation have been met. The

role or the other drugs in carcinogenic risk is even more uncertain.

3. Exposure to Coke Plant Emissions

Increased risk of lung and bladder cancer among coke plant wor-

kers has been documented in three cohort studies. The association meets

T

the 8 diagnostic tests of causation possible in sub-experimental re-

1 . search. Moller and Dybing3%ompared early morning and after work mut-
ogenicity ameng four groups: 10 smoking coke plant workers, 10 non-
smoking coke plant workegs, 6 smoking office workers, aad 4 non-
smoking office workers. The exposed smokers tended to work in

; highef exposure areas. than the exposed non-smokers and the non-exposed

N

smokers tended to smoke more than the exposed. Because of these biases,
and the fact that the data were analyzed with a series of t~tests,

rather than by regression or a two-way ANOVA, only the descriptive out-

»
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comes are meaningful. Figure 4-2 illustrates the results. Urine nut-
ogenicity appears to be zero among non-exposgd non-smokers, slight, but
measureable among exposed non-smokers, higher amongst non-exposed smok-
ers, and highest amohgst exposed smokers. The increase in urine muté—
genicity during the day is identifiable in both groups of smokers and

the exposed non-smokers.

4, Exposures in the Rubber Industry

ngeral mortality studies have been carried out among workers
in the rubber industr%%tuk wide varie;y of associations have been found
between several cancer sites and several different job classes within
the rubber industry. These assbciations tend 5; be inconsistent across
studies., However, the manufacture of tires: building, curing, and as-
sembling,- shows up consistently as an "at risk" job class. The malig-
nancies reported to show excess mortality include lung, bladder, skin,brain,
and stomach cancer, as well as leukemias and lumphomas. Falck et.al?las-
sayed the urine of smoking and non-smoking tire makers and compared them
with unéxposed smoking and ﬁon—smoking office clerks, All study subjects
were males. The rénge of cigarette habit was’implied to be comparable bet-
ween the exposed and non-exposed smokers. All urines were taken 1he same
Thursday afternoon and the data were standardized by creatinine clearance

using the following formula:

Mutagenic Activity = Revertants in sample (Rs) - Revertants in solvent
control (Rec)

creatinine (n moles) in urine sample
The data wereoriginally analyzed by means of ail‘possible combinations

of t-tests. Re—analysis using a two-way ANOVA approach demonstrated a

[}
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Figure 4-2: Mutagenic Urine with Exposure to Coke Plant Emissions

100 - before work

90 4 ?Z%é after work

N ’
n
| |
30 % %
204 % %

non-exposed exposed non-exposed exposed
non-smokers non-smokers smokers smokers
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highly significant smoking effect and a highly significant effect due
to exposure to tire-making (see figure 4-3). These results are con-
sistent with the expectation of increased cancer risk due to both cig-

arette smoking and working in the rubber industry.

5. Ecological Variations in Fecal Mutagens

The age-adjusted colon cancer incidence rates for white males
in the United States was 28.5 per 100,000 in the mid-1970's, but was
only 5.6 per 100,000 in rural Finland (Kuopiof?/ Among North Ameriéan
Seventh-Day Adventists (who consume little or no meat), the incidence
rate is approximately 60% of the general population ( 17 per lO0,000f?
Reddy et.affzcollected feces samples from 15 middle-aged healthy male
volunteers from Kuopio, 1l healthy male Seventh-Day Adventist vegetar—‘
ians from New York City, and 18 healthy non-vegetarian males from New
York City. Despite the unequél numbers of subjects in each group, the
investigators claim they "matched" fok age. Two-day fecal samples were
pooled, - extracted, and élated using both TA 98 and TA 100, with and

without Sg.

The results were reported in an awkward manner, but the follow-

ing general observations can be made:
(l) Fecal mutagenesis .was consistently above control values and

-
rose with increasing fecal mass plated for the Non—Seventh-Day Adventists

TA 98/~89, TA 100/—89, and TA 100/+89 assays. Mutagenesis was gener-
ally not above control values with TA 98/+Sg.
(2) Fecal mutagenesis was above control values and -rose with

fecal mass plated for the rural Finlanders in TA 98/+S9 assays,'but
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none of the rest. g

‘ (3) In general, fecal mutagenesis was not above control values
amongst the Seyenth—Day Adventists.

These data, if reliable, are in partial agreement with the expectation
of risk\ of colon cancer. But they are inconsistent with the difference

in risk! between Seventh-Day Adventists and rural Finlanders.

6. Exposure in a Steel Foundry

Gibson et.al%3studied lung cancer mortality within a cohort of
steel foundry workers ag Dofasco's Hamilton foundry. The cohort, 1,542
strong, included those aged 45 years and over in 1967. Lung cancer mor-
tality was ascertained over the 10 year period 1967-1976 and the mortal-
ity experience at 5 job sites within the foundry was comparea with that
of *the non-foundry Dofasco population. Standa;dized mortality‘ratios
ranged from 114 for electric furnace/open hearth workers to 714 for

Crane Operators. Only the SMR for Crane Operators was statistically

significantly different from 100 (p<0.01).

An industrial hygiene study carried out in 1976~77 failed to
show a correlation.between bolycyclic aromatic hydrogarbon levéls and
the variation in SMR'sl‘.3 Ailr samples were collected from the five work
areas over a gix-day period in November, 1979. The sgmples were'chem-
ically extracted and plated with TA 98, with and without Sg. The mean
go;nts per cubic metre of air sampled are plotted in figure 4-4 against
the SMR for lung cancer at each work site. The confidence limits sur-
rounding each work site mean are based on day-to-day variability and not

laboratory variqbiiity.
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Figure 4-4: Variation in Steel Foundry Lung Cancer Rates
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The SMR is plotted as the independent varizble because it pre-
ceded the Assay results in time. So the question addressed is: Does
epidemiologic risk predict Ames Assay counts? rather than: Do Ames As-
say counts predict epidemiologic risk? Nevertheless, f0ur\of five work
sites' revertant counts rise with the SMR for lung cancer, &ith the
Crane Level highest. The only outlier is the Chip Shop area. Tﬂis is
the only work site which Gibson et.al. describe as having undergone a

process change within the past 10 years.

Tests of significance have not been reported here because of
difficulties with the assumptions of linear regression. Nonetheless,
these results are ‘promising for the validity of Ames Assays linked to

air sampling.

L%

E. Sensitivity of Ames Assay to Known Human Carcinogens

Although the accuracy of the Ames Assay in identifying known
human carcinogens and non-carcinogens is an important characteristic
for assessing its validity, several problems abstruct a direct assess-
ment.

(1) Evidence of human carcinogenic risk usually comes from
epidemiologic studies where exposure is to a mixture of substances. It’
is usually impossible to identify which substance(s) are the active car-
cinogens. However, most Ames Assay information comes from studies of :
pure compounds. So the number of cases where the exposure of intefest'

has been replicated in the laboratory is limited.

(2) The number of "demomstrated" human carcinogens varies with
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Figure 4-5: Sensitivity of Amesg Assay to ﬁuman Chemical Carcinogens

Human Carcinogens Positive in Human Carcinogens Negative in
Ames Assay ) Ames Assay
aflatoxin benzene
4-aminobiphenyl diethylstilbestrol
auramine dye mixture .
benzidine
chlornaphazin

bis (chloro methyl) ether
chleroprene

cigarette smoke condensates
coal tar ‘
cyclophosphamide

nelphalan '
mustard gas
B-naphthylamine
4-nitro bephenyl
soot

vinyl chloride



- 57 -

the degree of critical appraisal given the evidence.
(3) There is no accepted definition of a non~carcinogen and no

generally accepted list of "demonstrated" human non-carcinogens.

Using a list of 18 'gemerally accepted" human chemical carcin-

ogens (excluding arsenic, chroﬁates, nickel compounds, ionizing radi-

¢

7,44 ~ : ,
ation, and asbestosf, the Ames Assay is sensitive to 16 (see figure 4-5).
The exceptions include diethylstilhestrol and benzene.  The former false
negative is expected because its mechaniém_of action is unknown. The

latter)false negative is disturbing because of benzene's importance as

-

an industrial carcinogen and because it is a parenf molecule to

which many other industrial compounds are related.

-

F. Agreement Between the Ames Assay and Animal Studies

" Because Aéimal Studies have been considered the criterion stan-
dard for assessing carcindgenicity in substances, sgreement between ani-

mal work and the Ames Assgsay 1s an important validityxcheck. Five pub~

]

lished studies have looked at a broad range of animal carcinogens and

i

non~-carcinogens in conjunctibn with ipdependent Ames Assay screening.
This section presents the resylts of those s;udies, re~analyzed to give
Cohen's Kapﬁgafor a four-fold agreement table. Each study has been
given a Methodo}BEIs Sqore between zero and 11.5, basgﬁ on the following

eriteria:

1. (a) Were the criteria for labelling a sub- "
stance an Animal Carcinogen explicitly
stated? , ’ (1f yes, 1 point)
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(b) If yes to (a), were the criteria
rational and/or accepted, or were
they irrational and/or sufficiently

| peculiar to make the results non-

' generalizable? ‘ (1 point)

2. (a) Was the method of selection of test
substances clearly stated? (If yes, 1 poinr)

(b) Were they a: stratified (by chemical

class) random sample? (2 points)
simple random sample? (1.5 points)
judgemenyf/representative sample? (1 point)
judgement/non-representative sample? (0 points)
3. Was laboratory testing stated to have been ..
cgrried out blindly? (2 points)

S ( 4. (a) Was more than one class:of bacteria
used? (If yes, .5 points)
Were R-factor plasmid strains used? (If yes, .5 points)

(b) Was Sq activatioﬁ/no activation done
with each bacteria used for each sub-

stance? ’ (If yes, 1 point)

(e) Were negative ;ontrolg used? (1f yes, .5 points)

| (d) Were positive controls used? - _ (1f }es;‘;é points)
. P

(e) Was bacteriotoxicity accPunted for? ‘ (1f yés, .5 points)

, ' : (£f) Were rules of evidence for +/- out- .
come given? (1f yes, .5 points)

Were these rules rationdl/accepted (1) ‘
or irrational/non-generalizable (1i)? (If (1), .5 pgintés
-~ -

g? , The results are presented in Table 4-2, along with the Kapﬁa values for

each study. . ‘ .

-

'Table 4-2 shows that the level ofﬂagregment_is largely indepen-~
dent of the studies' methodologic rigour.. The "best” ‘study in method-

» . : . . L . *

——
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ological terms gave the highest level of agreement. The important dif-
ferences between this study and the rest were:

1. The criteria for amimal carcinogens were clearly and explic-
itly stated.

2. Laboratory analysis was carried out blind. N

'

The range of Kappa values includes near perfect agreement and mild
agreement. Figure 4-6 shows the overlap of confidence intervals across
the range of kappa in Table 4-2. Modal values are found at Kappas of

.51 to .60 and .67 to .68, wherein five of six confidence intervals

overlap.
G. Summary

The results of studies of validity by substitution do not carry
wit@ them‘an objective means of combining evidence and ‘coming up with
_a summary decision regarding validity. Moreover, many of the studies
summarized in this chapter were sgriously'flawed in their methods or
were desié;ed for other purpdseé. Hodever, in each category evidence
exists that the Ames Assay taps the attributes of interest in human car-
cinogenesis. In the following chapteré, especially chapter five,
the underlying assumption is tested that the Ames Assay is a test,
in that it is better than random selection in identifying human carcin-
ogens. Moreover, it is assumed that the universe wherein Ames Assay
and Animal results overlap i; the univérse of'interesiz human carcin-

ogenesis (positive agreement) and non-carcinogenesis (negative agree-

ment) .

%
P
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CHAPTER V

PROSPECTS FOR PRACTICAL APPLICATION AND THE RANGE OF POSSIBLE ERROR
RATES OF THE AMES ASSAY

14

In the previous chapter a series of validation studies were re-
ported which provide an igpressipn of the performance of the Ames Assay.
This chapter will explore the question '"Can the Ames Assay identify a
subset of environments where the cancer risk is truly greater than in
other environments?'" This begs the further question '"What are the sen-
sitivity and specificity of the Ames Assay?" The most useful informa-
tion in dealing with this question is found in the agreement data bet-

ween Animal Studies and the Ames Assay.

In asseésing the seﬂsitivity and- specificity of the Ames Assay,
the Animal Study can be seen in two ways; either as a criterion stan-
dard aéainst which other tests must be compa}ed or as just another tesf
with quantifiable error rates. The latter approach is moré attractive
éecause the set of animal carcinogens is most certaigly not precisely
the same as the set of human carginogens. Hui and Walte#adeveloped a
method of simultaneously estimating the error rates of.two or more tests
which measure the same condition, but no one of which is a criterion

standard. The follow;ng conditions are necessary in order for the cal-

culation to work:

(1) At least two agreement tables are needed béCWeeq the two
tests

(2) The true prevalence of the outcome of interest must be dif-

- 62 -
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ferent in the different tables. (But the false p@sitive and negative
rates will be independent of prevalence).

(3) The tests should be based on different sorts of attribdtes,
so that they are subject to independent errors.

(4) There must be éix degrees of freedom between the éwo agree-
.ment tables so that six parameters may be estimated: o and B errors for

test 1, a and B errors for test 2, and estimates of prevalence of the

outcome of interest din both agrgement tables.

This latter constraint made the method inoperative for the cur-
rently availabl; data. Why? When naturally occurring populatipns are
sampled, only the total number of subjects is fixed, leaving three deg-
rees of freedom in the resulting 2 x 2 agreement table. Two independent
tables would then give the required six degrees of freedom. In the ag-
grement currently available, the investigators conditioned on the sel~
ection éf animal.carcinogens and non-carcinogens. This is equivalent to
setting both column totals of egch 2 x é table, and re@ucing the remain-
ing degrees of freedom'to four (see figure 5-15. So in order for the
techniqué to be véiid, the process determining the uﬁdgrlyipg prevalence
of the outcome of inﬁeres; must be n;turally determined and not téncocted
by prior knowledge of animal carcinogenicity. Insufficient data of this
kind exist at present., So the téchnique muét'be held in reserve uptil '
adequate. samples are available. a

i g 14

If the animal studies are provisibually accepted as the gold stan-

dard for human carcinogens, then the six agfeemént studies reported giv;

six seﬁaraté estimates of the false positive and false negative error
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rates of the Ames Assay. If we assume that the real error rates of the
Ames Assay fall within the ranges set by these estimates, then we can
use the maximum and minimum estimates of each error rate to explore the
possible variations in the performance of the Ames Assay with plausible
variations in its error rates. Calculations based on the six agreement
studies reveal the following estimates: ‘
| 1. false positive error rate (o error)
(a) maximum = .Zi

(b) minimum = .06

2. false negative error rate (B error)

it

(a) maximum .44

i

(b) minimum .09

Figﬁres 5-2 (a) to (d) show the way in which the positive pred-
ictive value of.the Ames Assay increases with increasing prevalence of
humdﬁ carcinogens in a hypothetical collection of test samples, and how
the four combinations of error rates affect this relationship. (For
completeness, the curve showing the probabilit& of an Apes Negative
samﬁle being truly carcinoge?ic has been included, too,) In ;aéh graph
an identity iine cgiled the "Line of Random Agreement' has‘beeﬂ‘included.
This is equivalent to the performance of an unbiased coin in assessing
carcinogenicity, wherein the false positive and negétive error rates
would each be .5. Data points on the "enrichment curves" above and
below this line represent the subset of Ames Assay positive'or negative
gamples with a greater or lesser pro?ortion of humaﬁ carcinogens thé;

f'that found in the complete set of samples. "By definition, wifen the true

/?y



Figure 5-2: Relationship of Prevalence of Carcinogenic Exposures to
Ames Assay Results C)
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Figure 5-2 (continued)
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prevalence of human carcinogens is zero or 100%, no enrichment can take
place. This property is illustrated graphically by the way in whic@ the
"enrichment curves'" meets the "line of Random Agreement'" at the 07 and
1007% prevalence points, Inibetween, the degree of.enrichment rises to a
maximum value, defined as the point of greatest difference between the
proportion of human carcinogens in the Ames positive subset and the Ames
negative subset. The better the test, the greater the area surrounded
by the two enrichment curves. Several observations may be made by com-
paring tﬁe four graphs.

1. Some enrichment is evidept in~gach graph, regardless of the
error rates. (Range of maximum enrichment: 387 to 85%.)

2. The degree of enrichment rises when either the false posi-
tive or the false negative error rate drops.

3. The greatest enrichment occurs when thé prevalence of human
carcinogens falls above 207 but below 80% of the test samples; Invar-
iably, the degree of enrichment becomes small as the prevalence of human
carcinogens rises above 80% of the test samples.

4. The point of maximum enrichment changes with changing error
rates: (a)° when a = .06 and 8 = .09, it is at the 40% prevalence point
of human carcinogens in the test samples.

(b) when a = .06 and B‘= .44, it is at the 30%Z prevalence point.

(¢) when a = ,21 and § = .09, it is at the 60% ;oI;E

(d) when a = .21 and B = .44, it 1is at the 40% point;

Figure 5-3 gives a different perspeétive by showing how the rel-~

ative probability of finding human carcinogens among Ames positive com-
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Figure 5-3: Change In the Relative Probability of a Carcinogenic
Exposure with Changing Underlying Prevalence of
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pared with the Ames neg;EI;g samples varies with varying error rates and
tﬁe true prev;lence of human carcimogens in the te;t samples. From the
series of four curves it can be seen that:

(1) Regardless of thé estimates'of a agd 8, the relative probab-
ility drops to 1 as the prevalence of human, K carcinogens approaches 100%.

(2) As the prevalence éf human earcinogens drops, the relative
;isk rises in all cases. The rate of rise is greatest when a and 8 are'
small;st, such that the relative risk at 107 prevalence of human carcin-
ogens is'approximately 60 for a and B at minimum estimates, and’approx—
imately 4 for ¢ and 8 at maximum estimates.

(3) The curves showing‘relative risg against changing preval-
ence of human carcinogens are not lineari As the a and B estimates be-
come smaller, they tend to increasingly resemble exponential growth
curves theh approach infinity as the prevalegce'of human carcinogens
approaches zero. Therefore, the relative risks at low prevalence ranges
are disporportionately hfgh compared to high preyalence ranges.

(4) The impact of changes in the false negative error rate is

. greater than changes in the false positive error rate upon changes in
Ehe relative risk. This is illustrated by the fact that the enrichment
curve is "better" when o is minimum and 8 maximum than when, 8 is min-
imum and a maximum. But the relative risk curve is "better" whem 8 is

Joninimum and a maximum than vice Qersa. This characteristic remains true

even after taking into consideration the difference in range between the

maximum and minimum a gnd the maximum and minimum 8.

The criterion being considered may be divided into two sub-
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isgues: Can the Ames Assay identify a subset of enviriiments where in~

3 Y
dustrial hygiene interventions will be worthwhile? and, Are Ames positive

environments truly high in cancer risk?

The enfichment curves in figure 5-2 represent the maximum ﬁro~
portiaon of successes that cghlﬁ be achieved by institutingleffegFive in~-
dustrial hygiene controls igrAme; positive but not Ames negative en-
vironments. This éorfesgonds to the overall aécurééy of the Ames Assay
at various brevaie;ce points.

i; When o ap& 8 are minimum, the overall accuracy of the Ames
Assay varies between ;21 and 937 as ;he prevalence of"truly&éarcinogenic
exposures vgfies between 20 and 70%.

2. When a is minimum and 8 is maximum, accuracy varies between
67% and 867 as the prevalehce ofscarcinogenic exposures varies frém 20%
to 70%. .

3. When o is maXimum and § minimum, accuracy varies between

81Z and 877 as the prevalence of carcinogenic exposures varies from 20%

.
LS

to 70%.
4. When both o and B are méximum, accuracy varies between 633
and 74% as the prevalence of carcimogenic exposurés varies fram 2Q% to
70%. . | d
So.the industrial hygiemigt could achieve 63 - 93% successful inter-
"ventions if the udder;ying prevalence of chréiﬁogen;c exposures were
20% to 762:' If the hygiedist were to err on the side of caution he/she
. . ; . ,
would ignore the chbsts Sf';oncrolling truly non~-carcinogenic environ-

gents and concentrate only on controlling as magy carciﬁpgegic envir-
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onments aé possible. Considering the behaviour of the curves across the

range of error rates, the hygienist would get best '"protective effect"

. 1f he/she were able to use toxicological knowledge to identify a sampling

situation with an a priori probability of carcinogenic exposures of 20
to 40%Z. If so, the hyglenist could poténtially achieve 40 - 80% success-

ful inte:venfions if there were 207 carcinogenic envifonments and 65 -

' ( c T s
907 successful interventions if there were 407 carcinogenic environments.
y .
How might the information contained in figure 5-3 assist in plan-

ning the exposure variable, for a cohort study of occupational cancer

mortality? The relative risks of exposure to human carcinogens are im-

. . ' N - :
pressive}at low prevalence rates of overall carcinogenic exposure. But

the actual proportion of carcinogenic exposures amongst the Ames positive
subset is nevertheless lower at low prevalence rates "than higher ones.
Will this property inhibit the epidemiologist seeking to use Ames Assay

@

data to identify "at risk" groups?

-

Figure 5-4 explores this issue in relation to the'following ﬁy— ~
pothegicéltexample: fhe rélative risk of mortality from‘a particular
cancér_%é "5" amongst a group of wdrkérs who are consistently exposed
to véxiéus industriéllcaréinogens,.;hen compared with unexposed workers.
Thg exﬁosures are distributed such that some workers' environments are
always Ameé p;sigive and others always Ames n;gative. If all the work-
ers who were exposed to an'@mes positive'eév;ronmeﬂt.were lumped to-

gether in one exposure subgroup, what relative risk would be found for

the cancer in question? . o ' X ’ :

¢ . ‘ . ) /
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F;gufe 5-4 answers this question in relation to the hiéh and
Iow estimates of the Ames Assay error rates and at varying prevalences
of carcinogenic exposures. The results‘clearly suggest that the useful-
ness.éf Ames Assay su;vgillauce in identifying cancer risk &epends very,
heavily on what the true errQr .rates are. When a and 8 are set at the
minimum estimates, Lhe,relative rigk émongst Ames Assay exposed workers
remains above~"3" throughout most of tﬁe prevalence range. When o and.
B are set at the maximum estimates, the relative risk never reacﬁes ",
These marked differences would havg far-reaching impact.oﬁ the power of |,

a cohort study to detect true cancer risk and on the ciedibility of any

association identified by such a study.
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Figure 5-4: Use of Ames Assay Exposure Data to Identify "at risk'
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Sample Calcuiation:

(a) agreement table when a = .06, 8 = .09, and prevalence of carcino-
genic exposures = 10%

Carcinogenic
Exposure . _ o
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CHAPTER VI
_ WHAT DO COLONY COUNTS REALLY MEAN?

This chapter concerns two aspects of the Ames Assay nhich have
been eubject to‘only limlﬁed sclentiflc scrutiny in the literature:
reproducibility:(precision) of Ames Aseay counts and the use of Ames
Assay dose-response relationships to predict the carcinogenic potency
of test su@spances. The former aspect concerns the Ames Assey as both
a qualitative (reproducibllit?) and qnanti;ativel(precision) predictor
of carclnogenic risk whlle the latter primarily concerns its role as a -

quantitative predictor.

A. Reproducibility and Precision

Several components of Ames Assay variabiliey npich are known
to affect the ultimate colony counts are illustrated in figure é:l?g
Despite much discussion in the llterature concerning the impact of each
variable and the need for a standardlzed protocol? no adequate inter—l
labotatory or intra—laboratory studies of reproducibility or precision’ =
have yet been publ-isheds.,6 kIt should be noted thac proposals for a stan-
derdlzed pyccocol have.been made in the literature and that a'nulti* -
centre agreement study has been carried out, following this protocoi.
At the time of'writing of this thesis, the data from that.studf was not
" yet available However, it is clear from verbal presentation of the
study plan that the study did not deal adequately with several impor-
tant methqdologic isgues. In particular, the method of selecting the
tester snbstances-was.suspect. ‘
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‘ substances, metHods of laboratory ]

to be considered.

- 77 -

-~

Nonetheless, the d@ta will soon be publisheﬁ in monograph form and_may
provide further insight into<future researéh needs.) Instead of eval-
uating ehe bits of indirect evidence currentl§ available in the liter-
ature,’this section will discuss the sort of evidence needed to ad-
equately assess reproducibiiity and preci ion. Toese issues may be
separated- into three quéstioms: |

1. Given standard procedures, qut level of agreement can be

reached within and between laboratories,/concefning the assignment of

pure substances as ''mutagenic”" or "non—?utagenic" and in determining

the nature of the dose-response relationship for those found positfve”

2. Do we know which protocol( ) should be proposed as snandard
and assessed by large-scale agreement tudies7

3. Are standard protocols adaptable qo all test situatiomns
v

where the Ames Assay may be used? (If not, then what is the value of

knowing aéfut reproducibility or predision?) \
' : i ,
| | ~ 3

In designing a protocol to address the first question, a number
~ - r
of important and difficult decision

-

'

regarding the selection of test
\ i .
alysis, and reporting of results

would need to be made. Table 6-1 shows some of'the objectives and

methodologic problems in the design of a between<laboratory agreement
\ * \

. . |
study. Were a within-laboratory stidy contemplateﬁ, the problems con-

\ .
cerning between-laboratory differences would be unimportant while the
issue of the opthmum interval between firse and second test period

r

would: have to be addressed Before. such studies'couid be recommended, ‘

however, the challenges imposed b the latter two questions would have

&
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Table 6-1 lists seven laboratdrﬁ variables which must be held
constant in order to carry out a valid agreement study. The staﬂdard

protocol requires concensus oﬁ‘the optimum choice for each variable.

e . o ; cwremeet”Y
Previous evidence demonstrates that the different tester strains have

-

different ranges of seﬁsitivityvto animal carcinogens? Forster et.al30
demonstrateq that varying the concentration of "the 89 fraction in rel-
ation to oée test substance produced an "optimum point" where the
gréatest mutagenicity could be consistenfly found. ‘Anderson et.al’!
demonstrate& that varying the concentration bf the solvent gDMSO) at a

.single concentration of a tester substance could vapy the number of

& .

revertant colonies per plate by a factor of six. oréover, some sub-

stances showe& increasing mutagénic actiﬁity with'increasing solvent
concentration while others showed decféasing‘mutagenic activ;ty with in-
creasing.sblvent concertration. Without more thoroggh investigation of
these (and the ;ther) variables§7a coffeensus regarding the optimum

standardized protocol would be premature.

@

The third quesfioﬁ"hbncerns the possible trade-off between étan—
dardization and adaptability. Air ééﬁpleé, urine samples, and other .im- .
puéq materials must be egtra;ted chemically Befére analysis.' éach sam-
ple type poses different problems which require glexiblg_apprgaeheé‘with—
in the laBoraﬁory in order to achieve best results. The re;ults of an
agreement study based on pure'substances would not be generalizable‘to . \
laboratory testing iiﬁked to extractioﬁ procedures. It-would be imprac- \ a)\

| Vo

‘tical to initiate large-scale agreement studies every time an investig-

ator chose to modify a protocol to fit a new test situation. Moreovér, \ ' \

—
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the quantities of test material extracted from environmental and biolog-
ical sources may not be great enough 'to allow multi-bacteria, multi-dose
testing, as per a standard protocol.

< -

These constraints suggest three research areas which require
further work:

1. The developmen; of a standardized within-laboratory precis-
ion and reproducibility protocol that could be applied to each new pro-
cedure modification. Evidence of reproducibility and precision, as per
the protocol, would have to bé an important criterion in awarding grant
money. Tbe protocol would feétufe blind analysis and colony counting,
and be adapted to the practicalities of a small lgboratory situation.

2. A large-scale, systematic initiative would need to be under-
taken to isolate gnd describe the effect of each laboratory variable in
a way thaé would ailow a panel_of experts to address the concept of an
optimum standard protocol for analyzing pure substances.

3. Dependent upon research areg(?, 1;rge-scale within- and bet-

ween-laboratory agreement studies could begin. s,

B. Does Aﬁes Asgay Mutagenic Potency Predict Carcinogenip Potency?
Figure 6-2 illustrates an important issue in understanding the
relationshiﬁ between Ames Assay mutagenic potency and carcinogenic p;t—
ency., In Model 1, the revertant colony counts serve as a common measure
of carcinogenic potency, indepen@gnt of the natu?e or dose of thé test

substances. Intrinsic differences in carcinogenic potency between sub-

stances affect the behaviour of the hypothetieal curve relating thq'dose

8
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of each substance to the number of revertant colonies counted, but are
unimportant when relating colony counts diréctly to carcinogenic pot-~
ency. Ig this model were correct we could ignore tﬁe nature and quan-
tity of the substances and use revertant colony counts as a valid'meas—
ure of carcinogenic potency. Model 2 iilustrates the‘opposi£e extreme,
;here carcinogenic pofency is dependent on intrinsic ﬁroperties of the
tes; substance nof reflected in Ames Assay revertant coloﬁy counts, If
this model were correct, revertant colony counts would not be a valid
measure of carcinogenic potency. Current researéh into the quantitat-
ive properties of the Ames Assay centres around the relationship bet:
ween pure substances of known mutggenic potency and animal models of

carcinogenic potency. How important is such research when the situation

of environmental monitoring is considered?

F;gures 6-~3 and 6~4 show the results possible if Anes Aséay rev-

ertant colony counts were used as a measure of carcinogenic potency in

'making comparisons among a series of different environhents. (Problenfs
P .

'associated with the sources of environmental material will be deélt
-y ' :

with in the next chapter.) What‘f;ctors limit the validicy(of‘this ap-
proach? , | |
1. The seﬁsigivity and specificity b€ the‘Améé Assay in rel-

ation to'human carcinogéhé sgt?a strict uéper limit on‘the validityaof
the/re;ertaﬁt ;olonf eounts as a ;Easure of carcinogenic potencyf' fy

adefinition, all fglse positives and false negatives éive incorrect aose

responsg informqtion while all true ﬂegativéé give correct information.

'

The uncertainty exists only among the true positives, where vartous fac-
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tors affect the validity of the -assumption that mutagenic potency pre-
dicts cafcinogeﬁic pctency

2.

M
If bacteriotoxicity were present, it would have to be 1den—

dictive of carcinogenic potency

»

tifiable and evaluable ;f,Ames Assay mutagenic potency were to be pre-

If enough enviroﬁmental material were
available for analysls, biocagsays of:its bacteria~killing potency could

be undertaken and their results used to adjust the revertant colony
‘counts. -

.

v

If too little material were available (as may often be the
case) toxicity bioassays would not be practicable.

One statistical
model has been developed recently which incorporates a parameter for

bacteriotoxicity in the main analysis of mutagenic potency52 If valid

the technique awaits validation.

this would eliminate the need for separate toxicity bloassays.
3.

However,
very important

T
The nature of inter-environment;i comparisons being made is

If the comparison concerns exposure to a single\mhtagen
in different envirohments, the models iliustrated in figure 6-2 would be
S irrelevant. { | \
. .

¢

be relevant

When compdrisons arg being made between different environ-
ments with differing mutagenic exposures, the models in figure 6-2 would

*

If Model 2 were true, then revertant colony counts from
true positives would not be valid measures of carcinogenic potency

' . If
Model 1. were true, then revertant colony counts from true positives
would be valid meesures of carcinogenic potency

However, without know-
ing which mutagens were false positives, this theoretical validity would
not be tramslatable into practical validity.

»
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\‘ " K

~

These obsgrvations suggest that carrying out animal-based stud-

. . . - v . v
"ies of the relationship between Aﬁés Assay mutagenic potency and carcin-

- 6 .

egenic potency may not be very helpful in determining whether or not the

.. 535
Assay is a valid predictor of human carcinogenic risk.’ %ata such as
that* from the Dofasco study%3relating revertant colony counts at a giv-
' '

en work place to cancer mortality at that work place, may be a more.

practical and direct approach to take..

Wi




CHAPTER VII
¢ [ ISSUES IN ENV&IRONMENTAL SAMPLING
N S FOR AMES ASSAY MUTAGENS ,

2

The validity of .the Ames Assay as a measure of human risk for

enQironmentally—induced cancer depends upon the validity of the sémp-
ling procedure and the laboratory procedure. The lab procedure is a

set manoeuvre and its validity depends upon its performance as defr

ineqd in previous chapters. The sampling procedure is not set, so it

. must be optimized in relation to the intrinsic weaknesses and strengths

of the possibie choices.

The sampling proeédure requires, in increasing order of spec-
. . \ 4

ificity:
‘>l. A choice of the sampling universe (ambient air or biological
sample) .

2.- A choice of the specific material from which samples will

be drawn (and therefore the sampling ins%;ument). '

. [

3. A choice of sampling strategy.
P

Two ppactical objectives may be envisioned for the Ames-Assay in the

Occupational environment.

LI

-
»

. .y . . .
Objective 1 - ColTecting data which co;Tﬁ be used to identify -job-
related exposures ﬁo‘mhtagens and monitor the 'effectiveness of iﬁdus—
trial hygiene inéervehtioné in rgducing or eliminating them.
Objeégive.ZA— Collecting ekposurg dgga.for the "dose' axis 46f a dose-

regponse cyrve id a human morbidity or mortality- study.

- 87 -
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This chapter will explain my choice of air samples as superior
- .

in relation to both,objectives and identify some uncertainties which may

affect the validity of ‘any sampling strategy.

N

A. Choice of Sampling Universe

Before applying decision-making criteria, what are the general
g . )

- positive ‘and negative characteristics of air and bioclogical samples?

Positive Characteristics of Airborne Samples

-

1. Sampling can be carried out without concern for problems of indiv-
. ’ 1 . ,
idual compliance among the exposed population. (If personal saﬁpling

is contemplated, compliance becomes relevant.)
2. Air samples can potentially be measures of collective exposure

which can be used directly as the exposure limb of a dose-reéponse

-

curve, ‘ g

-

3. Airborne samples can be collected which "represent'" the substances

presented initially to the body for metabolic activation. In so far as

\

the Ames Assay mimjcs in vivo activation, the process will be biologic-
ally credible.

4. Airborne exposure data.arecompréhensive and exélusive in that they
measures the mutagenic ;oad of the environment of interest and not an

aggregate of total body exposure to mutagens which may include extran-

eous exposures.
Negative Characteristics of Airborne Samples

1. Without personal sampling no direct accounting can be taken of per¥

AN
sonal exposure variability due to patterns of dust generation with mat-

erial handling,_the effects of local exhaust systems, and the dust-
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trapping qualities of cotten clothing (ref.), to mention a few.
2. No allowance can be made for individual metabolic variability in

the activation of pre-carcinogens and de—activation of carcinogens.
e

Positive Characteristics of Biologic Samples
a7

1. It is possible that biologic samples are sensitive to individual
exposure variables and differences in metabolic activation. This has
not yet been directly examined,

%
2. Biologic samples may have high organ—specificity; urine samples

might be highly sensitive to mutagenic exposures to thé bladder while

urine to certain environmental mutagens and suggest fecal sensitivity

£

to others. ‘ Y,

Negative Characteristics of Biologic Samples

1. Biologic samples are not specific "to exposure in that they are af-
fected by mutagens’ in drugs, diet, cigarettes, and othdr non-occupation-
al sources.

2. The physiologic’ method of production of the biglogic sample may make
it a biased sample matag%al (for instance, the kidneys do not excrete
certain classes of mutagens).

3. Personal compliance with sampling regimes (especially for‘urine,or
feces) may pe poor. .
4, Cbllectién of personal samples may be perceived as a screening test

for individual cancer risk. This would lead to ethical? problems con-

L
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cerning diéclosure of results and labelling certain people as more "at
#
rigk'" than others, depending on Ames Assay results.

F .‘Four general criteria méy be‘applied a priori to each sampling
universe in relation to each objective.
1. Does the sampliﬁg universe comprehensively and exclusively
tap the attributes'which are the subject of study?
2. Does the sampling universe have any known or suspected
‘biases in relation to the study objeétives?.
3. Is the universe accessible to sampling,ﬂgiven the practical

limitations of the study protocol?

4. Does the selection of sampling universe carry with it any

~

ethical problems? v

How do these criteria apply to objective one: identifying work place.
mutagens and monitoring control procedures? ZThié disucssiqn will deal
with airborne contact, the commonest ;out; of océupational expésure.)

The first criterion may be ev;luated by working backwards from the theor-
etically possible results of air and biologic sampling to see which

gives the best results. This is illustrated in figure 7-1 which shows

" 16 possible pairs of Ames Assay results before and after an industrial
_hygiene intervention in a work place. The combinations are presented

as agre;ment or diéagfeement between biologic and air sgmples. For sim-
plicity, the choices have been dichotomized. So, "A" &positive concord-

ance of Ames Assay result between air and biologic samples before an'in-

‘ tervention) can be paired with A, B, C, or D (the four possible con-
cordanttor discordant outcomes, after, intervention), and so on. Four

i .

e

r Gaem S o
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{

combinations, those beginning with 'D", require exclusion, since they
represent initial negative agreement and no intervention would be

contemplated. What about the remaining 12?7 Combination AD! represents

unequivocal success of the intervention, while AA', BA', and CA'
. /

represent unequivocal failure. These combinations are not helpf;l<
because they do not require ug tg chéose between the results of air-
borne and biological monitoring. Combinations BC'®and CB' involve
mutageniéity switching from air to biologic sample (or vice versa)

after n intervention. Both should be very unusual occurrences. That

~

lagves 6 decision—ﬂaking scenarios which have been grouped into 3 "dis-

»

agreement’" pairs for comparison. <

Pair 1 BD' - Air mutagq s are eliminated without evidence of exposure
' “in biologic sample. '

CD' - Mutagens are eliminated from biologic sample without evid-

ence of airborne exposure.

If concern is directed to airborne exposure, the former result
would be an expected success. The latter result would suggest that the

mutagens had been eliminated by accident, or were unrelated to work.

Pair 2 BB' - Air mutagens present before and after intervention No mut-
: agenicity found in biologic sample. .
CC' .- Mutagens present in biologic sample before and after in-

tervention; in the absence of air mutagenicity.

The fqrmér possibiliEy is an unequivocal failure, while the lat-

r

Ler is an expected failurez

Pair 3 AB' - Body fluid mutagens are eliminated following intervention
' whlle air mutagens are not,

.
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€

5.
v AC' -~ Alr mutagens are eliminated but not body fluid mutagens.

« .
In. the latter case, the obvious response would be to look for non-
3 A .

occupational exposures. In the former case, the obvious response would

be to con¥ider the intervention a failure and try again to eliminate

«

airborne exposure. . !

°

4

. 4 .
The disagreement pairs show that from a decision-making viewpoint,

the exclusiveness of the air $ample information makes it best fqr evalu-
ating interventions designed to eliminate airborne exposure.:' Possible

diefﬁry, smoking, and other effects make the results of biologic samp-

ling more confusing than useful for this task. N

1)

Without knowing the specific exposures (b; chemical analggis of
air and biologic samples),‘and knowing the ph;rmacology of the'chemicals
found, it is impossible to assess the potential for bias with biologic

. samples. So in most p;actical instances, there will be an unans&ered
3su‘spicion-of\bias with biologi€ samples.

—

-

‘Meeting objective 1 will involve short-term sampling. This
should help to reduce difficulty with compliance in donating Biologic
éamples, since the energy of the investigators could go into getting

good compliance on a small number of occasioms.

Ethical considerations exist in relation to collecting biologic
samples because they may be interpreted as having direct implications

for individuals. This is not true for air samplés, where the implic-‘\
‘ s

ations apply to groups, and don't allow the identificatian (misidentif-

3y
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ication) of "hypersusceptible" workers. . v

So according to the four a priori criteria, airborme samples are

‘ more suitable for identifying airborne exposures and evaluating indus-

~

ws\\\jgrial hygiene interventions than biologic sampleé. .

~

éince objective two concerns measurement of‘human risk and may
involve long-term sampling, the evaluation will be different. Unde; the
folloying conditions biological samples best meet criteria one, two, and
three: ‘

1. Where concern is directed towards cancer at a Particular

N site, which is closely associated with an easily obtainable body fluid.

2. Where the expected mutagens will be present in the fluid of

choice if th;;N;Z>g been absorbed.

\
3. Where general environmental data are bélieved, a priori, to

misrepresent individual exposure.
4., Where short-term or infrequent sample requirements and geod

working relationships can overcome compliance problems.

5. Where true confdunders (correlates of both exposure and out-
come) also influence the mdtagenic potency of the body fluid in a pred-

ictable way,

Under these conditions, air samples best meet the first three

criteria;

1. Where inhalation of ambient air is duiawst important route

p 2. Where work habits ana inidividual variables are believed, a- o
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-

priori, to be uhimportant in influencing exposure.

x

3. Where no hypothesis exists regarding the cancer site of.in—
terest or the séte of interes£ is the respiratory tract.
4. Where frequent or long-term sampl}ng is'requiréd.
5. Where other factors which influence the mutagenic potency
of the relevant biologic sample are not also associated with the expect-

ed outcome.

The final point of each set of conditions addresses the same is-—
sue. The former point is based on the premise that Ames Assay revertant
counts are a quantitative measure of carcinogenic potency in between-
substance comparisqﬁs. The issue can be explained with an example.
Compare an Ames Aséay study of rubber workers wiéh another group exposed
S to solvents. In the former case concern may be directed at bladder
tumours so urine would be an appropriate fluid to analyze: Because smok—1
ing affects both urine mutagenicity and the risk of bladqer cancer,
counting revertant colonieé in the %rihe samples will aptomgtically ac-
councfof the effects of smoking in a dose-response analysis of occupa-
tional exposure. In the solvent case, one might be concerned with lym-
phatic cancers. Perhaps analysis of bigda*samples'gpuld be contemplated.
In this case, smoking would influeﬁce mutagenic potency, but is not

thought to influence the risk of lymphatic cancer. So smoking influences

would artificially inflate the colony counts and would interfere with

dose-response analysis. These concepts are illustrated graphically in

’

Figure 7~2.
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Figure 7-2: Effects of True and False Confounders on the Use of Air

and Biological Samples and the Ames Assay
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! .
The ethical considerations are similar for Objective two as for

Objective one./ Because the conditions favouring airborne samples will
occur more‘often than those favouring biologic samples, alrborne SAmp-
ling will tend to be more widely applicab¥e as a source of 1ong—cerm_

exposure data. Thezremainder of this chapter will deal with air samples

and not biologic samples. . ’

B. Choice of Specific Sampling Material

The first three criteria applied to choice of sampling universe
apply as well ‘to the choice of specific sampling material. Fulfillment
. .
» ,
of the criteria is based on the behaviour of mutagens in the air and °

their absorption into the human body.

A '
It is known that many carcinogen-~containing chemical families

may persist for a long time in gaseous form under hot, industrial con-

4
ditions. When they condense, they do so preferentially on to small

particles with aerodynamic diameters of less than one, to approximately

two, microns, Nacuscﬁ“%bservéd four- to fifty-fold differences in the

concentration of metal carcinogens on fly ash as the effective diameter

N

of the fly ash rose from 1 micron to 40 microns. He found a similar dis-
tribution for volatile chemical mutagens. On the exposure side, the
gsize distribution of particles which deposit in the alveoli is krown,

as 1s the proportion of each size of particle which will deposic.

Al

This is expressed as the "alveolar dust curve' and is shown in figure
4 .

‘7-3. A gough cut-off size has been defined ¥or material which can get

ro

past the nagophafynx and orpharynx into theérespiratory or gastroiﬁJ
]
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Se

Figure 7-3: The Alveolar Dust Curve
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testinal tract. This is known as '"inhalable dust'. Little is known
about particle size deposition in the bronchi or gut, or about the be-

haviqur of carcinogenic gases not adsorbed to airborme particles.

v

Sampiing technology is readily available for work with partic-
ulates, but not with gaseous samples. So the choice of studying par-
t Eﬁcqlates is based pfimarily on the nature of sampling instruments aand

. 4
not on any rigourous demonstration of validity. This suggests, a priori,

that current sampling techniques cannot be comprehensive. Whether or
t5}1‘10tvt:his will result in bias’depends upon whether or not absorption of
‘ s ,
gaseous mutagens major'" source of total absorbed mutdgens and

\\\“ﬂljwheth

or not the concentration and distribution of gaseous mutagens

of gaseou‘/;nd-parficulate mutagens increasés, the opportunity for bias

; 57
decreases, and vice versa,

¢ -
&

' } Wh;ch particulates should be sampled? A dichotomous sampler
- has been d velog?g‘g%%if the auspices of the Environmental Protection -
Agency whic &ltanéously measures total lphalable dust (particies
: \ e
between 2 microns aerodynamic diameter) and "small"” dust,
which cogta high zbncentrations of mﬁcagens (that which is less éhan

which mea "respirable" £;;§7\?n‘engineg§'s approximation of alveolar
. D \ , ; )
dust. n additipn, measurement of total airborne dust is easily pos-

-
\ -

sible.
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I

According to criterion one,respiréble dust would be a poor

choice because its size distribution characteristics are based on a
different problem; measurement of alveolar deposit of fibrogenic dust.
A comprehensive sample of airborne mutagens would include dust avail-
able to the bronchi, larynx, ngsopharynx, and gut, rather than just ghe
alveoli. Total airborne dust is relatively simple to collect but in-
troduces a conservativejbias since the large, non-inhalable dust will
be low in mutagens. So its incldéion will decrease the relevant bet-

ween-sample differences in mutagenic concentration.

o The dichotomous sampler is preferable because the inhalable dust
collector mode allows measurement of Ames Aséay revertants per unit of
biologically available dust and ghe "small" dust collector mode allows
a direct measure of the mutagen-rich fraction. This latter is important
since it should be the most sensitive indicator of between~;abple dif-

ferences in mutagenic concentration.

The dichotomous sampler is the most comprehensive gnd exclusive
in’relation to both Objecﬁivé 1 and Objective 2. The priﬁarf drawﬁacks
relate to uncollected gaseous mutagens and ;pply to all dust samplers.
The ease of collection is reduced with the introduction of size selec-
tion. This ié because the volume of air sampled must increase with in-
creasing size éelectiﬁity for the total mass of collected particulate to
be preserved. Increasing the sampler's flow rate may result in volat-
ilization of mutagens at ‘the collector site; So total dust éamples may

be preferrable to dichotomous samples where the ambient dust level is




low. Otherwise, dichotomous sampling will maximize the sensitivity of
airborne samples to between work site differences in mutagenic concen-

trations.

Ed

. C. Choice of Sampling Strategy

The purpose of a4 sampling strategy is to generate data which
can be combined into an estimate of exposure to mutagens. In the oc-
cupational environment, estimates are needed which allow for fair bet-
ween-work site comparisons of exposure so that they can be related in

" the future to cancer rates among those who worked at the work sites
under study. What are the most important characteristics that an in-
14
vestigator would wish to see represented in a summary estimator of ex-
posure?

(1) It should'accouﬁt for each leve; of exposure; based on a
knowledge of the distribution of leveis of airbofne mutagens with time;

(2) It should weigh different levels of exposure according t;
the biologically "correct” impact on cancer risk found at each level.
This depends on a knowledge of the dose-response relationship between

environmental mutagens and cancer risk, which may vary greatly between

mutagens and is nonetheless unavailable at present.

1

A contingency chart (figure 7-4) has been developed in order.to

{nvestigate thé possibility of gemerating a valid summary estimate of

ex re. The table illustrates the possible combinations of dose-

response relatid ‘Elying distribution of airborne mutagens
which may be found in an Occupagzghal environment. The following sec-

|

Wy
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tion explains the distributional and dose-response alternatives and ex-
) v ‘

plores the implicg&ions for a summary estimate of exposure if each com-

bination of distribution and dose-response relationship were -true.

{
v

I. Dose-response Models
The axis of the dose-response graphs are called "cancer risk"
and "mutagenic dose". Mutagenic dose means the Ames Assay revertant
‘colony count measured in a given ajirborne sample. Cancer risk means
it:he magnitud; of the contribution that a given mutagenic dose adds to
/~ the overall incidence of cancer*¥n an exposed population. For any given
sample, the congribution to risk will be vanishingly small and will actually
exist as a probability ofcoﬁtributing to the carcinogenic pro s inany in-
dividual in an exposed population. So this contingency table does not
concern c;mulative dose. The way in which short-term expésures combine

-+« to affect observable cancer risk depends on the biologic variables oug- 2

lined on the contingency table in the'chapter on comprehensiveness.

Figure 7-4 has four doée—response limbs. The upper limb agsumes
that increasing exposure to Ames Assay mutagens means incr;as d cancer
risk, regardless of whether the comparison is made among different }evelsq?
of ; single mytagen or aéong different levels of ?ifferent mut_agens.‘ﬁk
The second limb assumes that different Ames Assay mutagens have differ-
ent dose-regsponse patterns. Comparisons of mutagenic potency between '
different subs£ances'would not result in accufate estimates of their

-

relative contribution to ‘cancer risk. The third limb assumes that ex-

/ﬁf,ﬂ\ggégfe to Ames Assay mutagens means increased cancer risk: but that the

N
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level of exposure is unrelated to the level of risk. The fourth (low-
3 A

- .

estlﬂéimb assumes that Ames Assay exposure is unrelated tq?riék.

I

II. Models of the Distribution of Airborne Mutagens

The contingency chart gives two hypdthetical distributions of
air mutagens with time which encompass the plausible range: the normal

and the lognormal. In general, airborne particulate levels in occupat-

»

ional environments meet four criteria conducive to the occurrence of the

lognormal distribution:62'

(1) The concentrations cover a wide range of valueés, often sev-
eral orders of magnitude. ‘ &

(2) The concentrations lie close to a physical limit (zero con-

centration).-

(3) The variability of the measured concentratig; is of the
order of the size of the measured concentration. , .

(4) There is a finite probabiiity of very large valges {or
data "spikes") occurring. v ~
Environmental variability occurs with changes in production routine,
Qithin—premises air movement, §eason§l changes$ in air movement, and in-
cidental occurrences, such as dust bifng freed fro? rafters by occas-
sional heavy impfcts. In an environment where there’gz few changes in
production.rout ne, little seasonal influence, and fe inciden#al oc-
currences, the range of contaminant concentrations will narrow and Ezi
probability of data spikes Qill drop. Moreover, the presence of airn
borne mutagens is not constrained by the physical lim&ﬁ sincg it is éos—

sible that no mutagens will be present in the ailr at all. This is un-

like the presence of general particulate maﬁter, which is always present
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throughout the atmosphgre. Taking these factors into account, the
range of plausible distributions of airborne mutagens with time is
covered by the normal distribution overlappiﬁg zero and the lognormal
distribution with a very large o2, There are two bioclogically relevant

k3

differences between these two distributions: X

1. Tbe presence of a long tail on the lognormal distribution;
which represeﬁts the pdsgﬁbility of very high-dose, short-term expos-
ures. ’

2. The compatibility of the normal distribution with zero ex-

posure.

As given in figure 7-4, the distribution of airborne mutagens
is based on a theoretical continuous measurement which records the in-
stéhtaneous ;utagen concentration in the air and combines the timé in-
tervals at each concentration to give a proportion of time at a giygg
concentration. .In practice, the shortest possible sampling %ﬁtér&al
will be determined by the mini;Lm mass of particulate required for lab-
oratory analysis, the maximum feasible sampling velocity (givén the

characteristics of the instrument), and the mean concentration of air-

borne pafticulate of the chosen. size., So,

‘T = M (mg)“ : ‘

3 _
Vo /min x P mg/m3 y

where T = minimum sampling time

M = mninimum mass of ;ample required

14

V = maximum sampling velocity
P = mean airborne particulate concentration

/

) N e"
\
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As 'T" inéreases‘(it may range frém several h?hutes to several ﬁours),
the distribution of mutagens in randomly selected samples of time T will
tend toward normal, regardless of whether the underlying distribution
is normal or lognormal. The fact that instantaneous samples are high-
dﬂj 1y autocorreiated over time means that there will be a countervailing
téndency for the sampling distirbution to.maintain fts underdying char- ¢

acteristics.

-

III. Between-Work Site Comparisons of Exposure

Because of the 1imitatioéi imposed by the minimum sampling pér-
iod it is not possible to measure the underlying distribution og air-
borne mutagens. fhe limitations of our knowledge of carcinogenesis
mean that we do not know what dose-response relationships are correct.

" By collecting a randomly selected series of saﬁples of time T, we can
- \_;igonstruct sampling distributions~of alrborne mutagens and ascertain
.y

their means and variances, If we in&eaded to make inferencgs ou these
means and variances; in partigular, between work site comparisons of
cancer risk, how could the und;rlying uncertainties mentioned above
affect their validity%"

The important unce%taintieseare illustrated in f&gure 7-5.
The figure shows how the distribgkion of mutagens over time and the
dose~-response relationship between mutégenic dose and carcinogenic
response may be combined to g}%e a summary estimate of the'probab;%ity
of a carcinogenic event takiné place (figure 7-5a). Below this is *1“,
shown the inde§ of carcinogenic risk calculable from the séﬁpling dis-

tribution of airborne mutagéns (figure 7-5b). The difference between

the theoretical ‘model of rigk and the calculable index leaves room
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ik

Figure 7-5: . Model of Factors Affecting Cumulative Risk

(a) Underlying Distyibution of Mutagens and Dose-response Relationships
- "linear~through-the-origin"
model

"plateau" -
Probability model—>
of Carcino-
genic Event T "
Taking Place threshold

W

&———— model

Mutagenic Dose (=x) .

) Probabiliﬁy
of Mutagenic »
Dose .
p half normal
lognormal

Mutagenic Dose (=x)

Model P[cCancer] = P[Canceg/x] . P[x]dx

X

[ o
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Figure 7-5: Model of Factors Affecting Cumulative Risk (continued)

[

(b) Observations Made by Airborne Sampling i

Proportion of
Samples at a

Given Level of
Mutagenic Dose

_

™

Calculated index of

b

.
’

Sampling Distribution

Mutagenic Dose

risk = I(Mutagenic Dose)x({Proportion of Samples at

Dose)

from a Given Work Site
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for distortion of between-work site differences in risk. In the follow-
ing examples, the nature of the underlying distr;butibns of airborne ,
mutagens and the dose-response relationships ha;% been varied. The pur-

”~

pose of ‘the exercise is to see whether between-wégg site differences
in these factors could cause appiggnt reversal of the order of risk
between work sites. " ’ > :
N | /gw
1. When the dose-response relation;hip is linear and éasses

through the origin, the between-work site comparison of risk will not
U - il S N.

i
distort the order of risks, regardless of the underlying distribution

of airborne mutagens. This is illusfraced in figure 7-6.

rd

,2. When the dose-respongg relationship at beth work sites fol-
the threshold or the plateau model a;d the underlying mutagen dis~
tribytion in both work sites-is either normal or lognormal, differences
e variances of the sampling distribuctions will be sensitive to the
e" difference in effective exposure to airborne'mutagens. This is
because the biologic effect of a given dose is not directly proportion-
al td the dosey but varies with dose. This is illustrated in figure 7-7,
3. When the dose-respounse rela7£g§ship 4t both work sites fol-
low the threshold or plateau model and\tbe underlying mutagen distrib-

S~ .
ution differs between work sites, the Q%dar of risk between wor§>sites

ke .
may be reversed. . 7r?7‘\\ ;
\ ™~
Figure 7-8 illustrates the problem; showing that the long tail (corres-
ponding to short-term data spikes) on the lognormal distribution will

not necessarxily influence the sampling distribution enough to guarantee

A
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Figure 7-9: Risk Assessment with Between-Work Site Differences in the
Mutagenic Dose — Carcinogenic Response Relationship
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valid between-work site comparisons.

4., When the dose-response pattern differs between work sites,\
the biases inherent in the sampling distributions will be unequal and
the compatison will tend to be invalid. This is true regardless of the
underlying distribution of the airborne mutagens. Figure 7-9 illus;
t;ates this point.

5. When the dose response relationship has zero slope, the on-
ly relevant outcome is the presence or absénc§ of airborne mutagens.

If the mutagens present in different work sites have different intrin-
sic carcinogenic potencies unrelated to Ames Assay revertant colony
counts, between-worksite comparisons of mutagenic potency would be mean-
ingless. , </

These findings have been graphed in figure‘l?o to correspgnd with the
flow scheme of comprehensive validity in figure 3-2. The overall ac-
curacy of the Ames Assay as a predictor of human carc?nogens is the link
between the two flow schemes. Only the true positives will simultan-
eously give positive revertant colony counts and relate to one or more
attributes of human carcinogenesis. Only true negatives will simultan-
eously give ﬁegativefcounts and not relate to the attributes of human
carcinogenesis. Put together, these two diagrams show the most impor-
tant factors which afféct the possibility of the Ames Assay being able

to detect observable differences in cancer risk due to airborne expos-

ure,
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CHAPTER VIII .

RECOMMENDATIONS FOR USE OF THE AMES ASSAY AS AN
EXPOSURE VARIABLE IQ»HISTORICAL PROSPECTIVE

OCCUPATIONAL CANCER STUDIES

The mos{/important priority for future research concerns the val-
idation of the Ames Assay in relation to known human cancer risks. In
terms of practical situations, this may involve true prospective data
collection or collection of crosg-sectional data which could be incorpor-
ated into historical prospective studies of occupational cohorts. The for-
mer approach is the most valid, but would be long, expens?ve, prone—to;
failure, and limited in its applicability. The latter approach is at~
tractive because of its potential for qﬁickness and wide applicability.
This chapter addresses the issues impqptant in collecting cross-section-

al Ames Assay data suitable fpr correlating with cancer risks identified -

in an historical prospective study of cancer(ﬁortality.
~/

There are four principal design issues:
1. Defining discrete "work sites' or subenvironments within a work
place which are reasonably homogeneous in terms of exposute.
2. befining a sampling strategy which provides unbiased between-work
site comparisons of exposure.
3. Standafdizing a method of laboratory analysis which is practical and
adaptable to small samples of dust, but which gives up a minimgm of com~
prehensiveness,
4l Déveloping a method of data analysis which allows for sensible trans-

- 116 -
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lation to employee exp?sure records.

T

1. Defining Discrete Work Sites ‘

A ﬁanel of experts, including labour and management represent-—
atives and participating scientists would convene to define logical sub-
enviromments. In détermining them, the panel would have to consider the
naturé of the work béing done, the area it is beiﬁg done in, the'way in
which air currents move throughout the work place, any industrial hy-
giene data avail#ible, and any other consideration deemed suitable. The
work siteé would then be the basic units from which samples would be
drawn. The reliability of work site definition would i/;h cked by con-
‘ducting Ames Assay pre-tests on a small series of grab samples taken

*  simultaneously from variousxlocations within each work site.~ A single
dose Ames Assay with five replicate plates, usiné bacterial sérain TA98
with and Wit JE 9, would be the outcome measure. The revertant coqnts
per plate would be compared using an unﬁaired t test or a one-way ANOVA
(fpr more than two samples) for both. the 59+ and 89~ sets{of plates.
Reliability would be deemed acceptable if no stacisticaiiy significant
differences were‘found between locations at the a =:0.05 level. If the

reliability.criterion were not met, the experté}gould have to redefine

work sites and try ‘again.

L) 2. Defining a Sampling Stratgﬁy

The ,panel of experts would be required to assess the work place

L

for factors which might influence exposure throughout the work place or

at individual work sites, This would include the effects of daily work
¥

) \
1
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patterns, the effect of seasons on ventilation in-plant, the periodic

use of respirators, the presence or absence of repeating work cycles and
any other factors deemed important. In the absence of any evidence of
such g?%tern;, an arbitrary sampling framercould be divided into consec-
utive time periodé of sufficient length to allow for the dust require-
'ments of the analytic method to be met. This would require a knowledge
of the ambient dust levels and the amount of material necessary for anal-
ysis (discussed later). The consecg&ivsﬂtime periods could then be ran-
domly selected and air samples collected simulgzneously at the various
work sites throughout each designated time period. Simultanéous sampling
is necessary to cgntrol for unidentified predictors of exposure during
different time periods that may not have been considered by the panel of
efggrts. Were such predictors pfesent they would reduce the strength of

non-simultaneously-collected samples in between-work\site comparisons of

exposure,

In order to achieve simultaneous sampling, total dust samples,
rather than samples of respirable and/qr inhalable dust would have to be
collected. This is because the dichotomou; samplers, which collect res-
piral and/or inhalable dust, are too hﬁpensive to be purchased in the
large numbers required for simultaneous sampling. In order to assess
the reliability of Ehis method, the dichd ug/ sampler would be run sim-
ultaneously with the total dust sampler at each worksite on a rotation
basis throughout the work place. sé'Separate analysis of the material from
the dichotomous sampler would be compared with the total dust samples by

converting revertant counts from each to a measure of colonies per vol-

ume of air sampled. The values from the dichotomous sampler should al-

-



ways be slightly lower than the total dust sampler. Reliability depends

upon whether or not the ratio:

revertant colonies/volume (by dichotomous sampler)
revertant colonies/volume (by total dust sampler)

is approximately the

same at each worksite, but higher on a per milligram basis. If it is,

no measurable bias is being introduced by using total dust samples. If

it varies, a posdible bias is being inttoduced. This must be reported

as a problem in reliability, if present.

An alternate strategy may be to use personal samplers and pool

the sampled from all workers in a worksite. The difficulty of geécing a

large enough sample to analyze would be great unless many workers and
)many samplers were utilized. Moreover, the samples would be restricted

n
///"/ to ""'respirable dust", whicH could introduce biases in relation to the

total biologically-abailable dust.

s 1f the effects of daily work patterns and seasonal changes were
judged significant, stratification of time periods within the sampling
frame would have to be considered. -Proportional sampling by season and
by “'peak’ or "slack" daily periods within each season would reduce the
chance of significant random error if these factors had a marked effect
on exposufe. The usefulness of stratification may be evaluate; after

the fact by simply examining the data fo; evidence of anticipated vari-

ations in mutagen levels by the stratification factors.

If distinct work cycles were identifiable, these would define
the sampling frame. The sampling frame would include at least one com-

plete cycle, or a complete year if seasonal effects were important;
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whichever were lonESE}/,gzzz individual work site factors were considf
ered important predictors exposure, stratification would supercede
the desirability of simultaneous sampling. S0 each individual work site

would be blocked by within ~ worksite préggztors and sanpled proportion-

atgly w¥thin them. \\\ \t>

3. Laboratory Analysis

The laboratory analysis must be siﬁple and practical enough to
allow for the collection of short term samples, since multiple=testing
would reSuire large amounts of dust and long sampling times. Pre-test-

ing is necessary to assess reproducibility and accuracy, and to exper-—

iment with minimiziné the number‘of plates needed per sample.

Protocol A - Reproducibility

A series of grab samples from the work place would be collected,
separated into subsamples, coded, and sent to the laboratgry for blind

analysis. Analysis would be carried out using TA98 and TA 0’ with and

10
wiqhout 89 acti&ation, at a single dose level, using three replicacés
_each. The data generated would.be analyzed by a series of unpaired t-
tests by an indépendent analyst with access to the codes. If statis-
tically significant differences (a ¢ 0.05) were found between the split

samples in any analysis, the protocol would be repeated until no differ-

ences were found.

Protocol B - Accuracy

Pure mutagens would be divided intd a series of measured doses

and analyzed blindg using TA,, and TAIOO’ with and without 59 activation.

98
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‘ The revertant colony counts, as counted by a second blinded technician,

would have to show a linear increase with measured dose. Failure to do

so would result iA repeating tw; protocol.

Protocgl € - Minimizing\EhQ Amount of Sample Needed per Analysis

Grab samples taken from each work gite at peak work periods would

be analfzed using TA_ . and TA with and without Sg activation. If the

98 100°
results of apalysis with one’or the other strain yielJ%d consistently n~\\
higher égéults and no intermal inconsistencies were found in the rank

order of mutagehic potency by work site, then the less sens;tive bacter-

ia would be dropped from analysis. Also, if both strains were giving
virtually identical results in both rank order and relative differences

between work sites, TA would be dropped because of historic difficul-

100
ties found with its rate of spontaneous revertants. If either strain
were dropped, periodic spot checks of agreement between strains would be
inserted into the main protocol.‘ Bet:een—strain diéagreement on the
order of mutagenic potency between work sites would be noted as a prob-

lem in validicy.

Protocol D ~ The Main Laboratory Protocol

Pending the results of protocol c, each sample would be collected
to provide enough dust as follows: .jhun..
/””/'f) TA98/+59 dose 1 .5'mg x 3 replicates = 1.5 mg
o ) dose 2 1.0, mg x 3 replicates = 3.0 mg
S

dose 3 1.5 mg x 3 replicates = 4.5 mg

LN
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b) TA98/-S9 dose 1 .5 mg x 3 replicates = 1.5 ng

dose 2 1.0 mg x 3 replicates = 3.0 mg

dose 3 1.5 mg x 3 replicates = 4.5 mg
9 mg
and/or
c) TA100/+S9 dose 1 .5 mg x 3 replicates = 1.5 mg
dose 2 1.0 mg x 3 replicates = 3.0 mg
dose 3 1.5 mg x 3 replicates = 4.5 mg
-~ 9 mg
d) TAlOO/-S9 dose 1 .5 mg x 3 replicates = 1.5 mg

dose 2 1.0 mg x 3 replicates = 3.0 mg
dose 3 1.5 mg x 3 replicates = 4.5 mg

9 mg

-
Iherafore, a range of 18 - 36 mg of dust would be needed for each anal-
ysis. For a margin of safety, 25 - 50 mg of dust would need to be col-

R g™~ T .
lected. Sampling velocity dould be held conmstant across all work.sites.

»
°

The minimum velocity possible would be determined by compromise'of the
need to minimize sampling time and the need to maximize the dust col-

lected at the least dusty work site.

In practical ‘terms, the samples could not be collected blind.
But the samples, upon collection, would be coded and then analyzed blind .
in the laboratory. The basic laboratory methods, in terms of the source
of Sq, quantity of solvent used, composicisn of top agar, conditions of

iniybacion, etc, would follow Ames' 1975 standard prococolel3 Any necesg~

u |
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sary modifications required for the specific work place would have to
be worked out in pretesting and fully documented. Modifications would
be restricted to the methods of extraction of the material absorbed to

the dust and would not affect the methods laid out in the Ames protocol.

The most important voluntary aspect of the protocol concefns the
timing of laboratory anatysis. The basic principle is that a séries of
sapples from different woFk gsites taken on a given day should, if pos-
sible, be put through the same analysis together. For instance,
assume there were five work sites with samples collected during the same
time frame and each analysis ['(a), (b), (¢), (d) abgve ] requirés 9'

plates. If TA98/+S were done one day, that would involve 45 agar plates

9
plus controls. That {s a practicable amount of work and allows for the
same controls to be applied to all same-day samples within a single anal-
ysis. Negative controls (x5 replicates) are necessary for every set of
plates which are analyzed and incubated together. The use of these
plates will be‘discussed in the analysis section. Positive controll at
one dose level are required for a known mutagen requiring 89 activation
(x5 replicaces) and one not requiring Sq activation (x5 replicates).

4
These serve as quality control plates. If only S samples are belng

9

+ .
run, only 89 controls are required, and vice versa. If the positive
controls come out negative or show a wide change from previously recor-
ded revertant colony counts, the test plates analyzed at the same time

are invalidated.

Missing data could come about if sampling instruments fail dur-

ing sampling, too'little dust is collected for analysis, laboratory mis-
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takes are made, or positive controls fail. In order to avoid missing

data, eacﬁ randomly'selectéd sampling interval would be backed up with

"

a second "reserve" interval which would be sampled if errors have’ oc-

curred. Comstraints would have to be placed an the optional {nterval

such that {E::izycompatable to the ofiginal interval with regard to

known predict of exposure. Moreover, all.work sites would have to be

re~sampled during the optional interval in order to ensure comparability.

4, Analysis and Application of Data to Worker Records .

The data generated as a result of thé éampling_and laboratory
analysis best l;nd themselves to multiple regression analysié as §hown1n
figure 8-1. Eac¢h unique combination of bacterial tester strain and pres-
sence or absencd of Sg activation represenés a unique analysis. There-
fore, between 2 and 4 analyses would be generated by this protocol. The
revertant colonies found on the control plates*wbuld be added into the

regression analysis as the values at zero dose.

From the regression analysis would come:
(a) a quantitatiVe measure of mutagenic potency in revertants per mil-
ligram of dust sampled, wi:h upper and lower 95% confidence limits éj
around each regréssion line from each work site. By wdrking backwards
from the dust coqcentration‘at the individual work site while sampling
was being carried out, these values can be used to generate a range of

mutagenic potency'in revertants per volume of air (see figure 8-2).

(b) rank ordering of work sites by mutagenic potency per volume of air.
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Direct comparison of negative control colony counts and work
site ;amples incubated with them would give a dichotom&us (yes/no) ans-
wer as to whether any mutagenicity was present, This would involve un-
paired t-tests of revertant colony counts on the control plates and the
work site plates using that dose group (either .5, 1.0, or 1.5 milli-
grams) with the highest mean mutagenicity. Recording of a yes/no out-
come would be undertaken for each combination of bacteria and Sq for

each sampling ‘period.

One important issue in the multiple linear regression approach
concerns viglations of its basic assumptions, especially the assumption
of homogeneity of variance. Other investigators have reported that the

variance of Ames Assay revertant colony counts rises with rising mean

value. Dofasco data confirms this observation. Various investigators

: 4 5
have used square root transformationg or the Box~-Cox approacﬁ to stab-

- ilize variance. The most convenient approach to take would be.to test

a seriles of transformations between revertant:s—l and revertantsl in an
iterative manner, until near-homogeneity of variance is achieved. After
the confidence limits have been calculated, they could be transformed

back to revertants per unkt of air sampled.

Bécteriotoxicity is a difficult potential drawback. Toxicity

)

will be suspected when:

(a) The revertant colony counts from a work site at any dose
level fall below control levels.

(b) The dose-response relationship from a work site on a given

-~ -
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day is flat or has negative slope.

Multi-dose pre—testing from all work sites would be necessary to
assess the possibility of toxicity. If present, special potency assays
woul?/gg necessary to estimate the level of bacteria—Eilling at the 3
test doses. These estimates would then be used as adjustment factors if
similar patterns of toxicity showed up in the main analysis. If, as mfy

be the more common case, toxicity is sporadic and Yariable, repeat sam-

e;ling‘ﬁould be the best way around the problem. If it were persistent
and variable in effect, exclusion of some data points may be required.
One recent péper has developed a model with an in-built pafameter for
bacterio toxicitz;,/xé adaptation of this mﬁdel may be suitable for per-

-t

sistent, variable toxicity.

Three sorts of exposure data were described earlier: quantita-
tive work site levels of mutagenic exposure, rank ordering of work sites
by exposure, and dichotomous summarization of work site exposure. In
order to validate the Ames Assay, each level of data must be brdught to-

gether with employee work histories to provide a summary estimate of ex-

- -

posure,

(a) Quantitative Data

.

The length of time each employee worked at each work site would
be multiplied by the exposure level in revertants per volume of air to
give a measure of revertant-months per volume of air exposure. The up-

per and lower confidence limits on each work site exposure estimate

could be used to provide upper and fowe#’escimates of exposure. Two to
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four separate estimates would be available, depending upon whether both

TA,, and TA or just one bacteria were used. This would provide for

98 100°

several continuous exposure variables, based on all logical éombinations
of the estimates. Since the objective of research is to test the valid-
ity of the Ames Assay, each combination would be used as a hypothetical
exposure variable, against which the observed risk of canéer mortality\\

£

or morbidity at a particular site of interest could be compared.

(b) Rank Order Data ~—

The rank order data would group work sites with similar levels

of mutagen exposure. These groups could be divided into heavy, moder-

-

ate, and light exposure and a worker's work history documented by these
categories. These summaries could then be manipulated to see whether

"length of heavy exposure" or "time since first heavy exposure" vari-

ables identified subgroups at excess risk or not,

(¢) Dichotomous Data ,

Employee work histories are divided into time exposed to muta-
gens and time not exposed. The yithin work~;ite data will give a pro-
portion of samples which show any mutagenicity. The proportion would
be applied to the time spent by a worker at éhat work site to give a
"time exposed" estimate. These would be collected across the work
sites Qhere the eméloyee worked. A gradient effect between proportion

of work history exposed (given length of work history) and cancer risk

would be sought.

Figure 8-3 shows how the various elements of sampling, laboratory
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analysis, and/ generating exposure variables relate to each other and are

linked to a( historical prospective occupational cohort study. The limit-

ing factors £ human data side are
m’thﬁ
(1) the adequacy of occupational history records

(2) the accuracy -of morbidity and mortality information.

. .
~ The former factor could invalidate linkage of exposure records 1if know-

ledge of where employees worked cannot be org;nized to correspond to the
work sites as defined in the sampling protocol. Therefore, the defin-
ition of work sites ﬁuét take into account existing knowledge of employ-
eé work histories. If knowledge is too mismatched with exposure and ir-
retrievable in any other form, the validity of(th say will not

be testable.



<
CHAPTER IX

CONCLUSIONS

In the preceding chapters, evidence has been presented concerning
the Ames Assay's biologic credibility, comprehensiveness, and correlation
with substitute outcomes for human cancer risk. The problems of treating
Ames Assay revertant sglony counts aslquantitative measures of risk have
been discussed. The effects of environmental variability on the valid;>

4
ity of air sampling Qéée been explored. Also, a presentation was made
of the way in which plausible variations in sensitivity and specificity

of the Ames Assay might affect its ability to detect carcimogenic and

non-carcinogenic environments.

Table 9-1 gives the six criteria for a valid screening program
for the early detection of diseaséf and the analogous criteria for the
Ames Assay as an environmental survéillance tool. It makes the point
that the data presented in this thesis only concerns the first criterion.
However, this point i§ pre—embtiVe in terms of the others, since an in-
valid procedure need not be contemplatgd as part of a valid screening
program. So the priorities of this thesis and other research like it

v

have not been misplaced.

'

As has been implied by the choice and content of the dés § com~
.ponent of this thesis, it is my opinion that the validation of é/simple,
standardized protocol against human cancer risk is the logical next step
in thé development of the test. This takes precedence g;er ttempts to
bring about improvements in the biologlcal basis of the.laboratory pro- “

- 132 -

~



133 -

~J

saydues
2180T07q snsiaa
Ife 03 uworleyaa
uy Lfuo - oN

}SUOTIUDAIBIUT 2ual3Ay Teraisnpury

pue ‘pasodxs se STENPIATIP
—ut JulTra24qRI ‘°OoURIIIAINS Lessy
gouwy JO s3oa33® 2ayqyssod jo aduex

(Adeaayl waal 3uol pue ‘pIseasIp

se sTenNpIATPUT Jo Zurilaqe]
‘3uiusa1ds Jo 8393339 a1qrssod jo

9ITIU3 9yl pIIJPTSUOD aM 3A8BY *9Q 23uBl SI1TIUS DY3 pPIASBPIBUOD IM BABH 9
*SuoTIuUSAIDIUT ;suei8oad uofpld31aPp
o 3U9T84AY [EIIISNPUT JO SSSUSAT AT1e2 10 SSIAU3ATIVVII® [eOT
) N -19233° 24yl BulienieA® 103 1ISIX® -ul[> 243 Sujlenieas ul pasn spoylsu
spoylsu TeuUOTITpeIl oN :4L3o07eue ON ‘¢ TeUOTITPRII 3Y2 Aq pOISTW OM 31V ¢’
;I|oued , Lo8easIp
ON Aue pojudasaad ‘paiynsax dArYy Yo1ym 3981e3 @Yyl JO ssWOIINO IJYJ 193TE
sToajuod 2y3 pue Juylisal TewTur SEY °H AT1e31 sweadoad Sutua3a2s8 ZUTISIA3 OQ %
(aoue ’
. . ~TT3AaNs Kessy sawy JO 3J[NSal e se
p21eTITUT SOuTIapINd L13je6 MOTI]0]
ITFM sa2jIom vyl pue mwaouu:oo gur . . ysmei8oad
o -193utdud’ 3099339 10/pue SUOTINITIS Sutuoaids Jo I[NSII B SB PIIBTITUT
N -gqns 3onpoxd 3Ino Laaed TTIm satued suamf8aa o13Inadeasys guﬂmwhaaeou ITIN
—wod 1eyl siodadsoad 3yl dae IeyM g sjuatied 1eyz sioadsoad syl 1€ IBYM “¢
) (MSFa asoued mupﬁmu Airen3oe
"5 YoTym saanseau wcmﬂm%: Jefaasnpuy ;98B98Tp 30 3Juomdoyaaap 1uanbos
N 8uronpai-sansodxa 031 PERIT SI2IAN3O —gns ay3j uodn 3oeduy zofew B BaeEy
~ueuw 3OUBTTIVAANS Le8sy sawy TITM °Z $10732BJ }ST1 JO UdWIB3II IYI I[TTM T
. ) { §3UBWUOITAUS I3Y3J0 UT
v . ueyl xajeaad Arnil s YSTa A3dued iyateay uodn 3oedwy 3juelzoduy ue
4 243 219Q¥ SIUSWUOITAUD JO 138 aaBY 01 ATSNTT ST YOTum 9s€38Ip 3093
—-qns \g_A3FIuspT Lessy ssuy 3y3y ue) T -op 031 @7qe s21ANdouUPm JUTUISIIE 3AY 1
;STsayl 4Xq mu:maﬁwm>n:m&ﬂmu:macouﬂ>cm ur weigolg
pPOSS3appy ongs] Aessy saury 103 BI1231[1) Sno3olrvuy BUuTus9I9S PITBA B 103 BIIJITID
Lessy sawy 9yl JUIIEPPITEBA UT S8213014g T[EI2A0 :1-6 2T9BlL

O

.
IS



- 134 -

.

cedure or assess its'precision or reproducibility. Moreover, information
on the strengths and weaknesses of the Ames Assay in human studies is
needed before batteries of short-term tests can be contemplated to im-

prove the predictive accuracy of any one test.

.

A

The theoretical limitations on validity expressed in chapter
seven cannot be overcome by practical sam;ling strategies, given current
technology. Moreover, the difficulties found with documenting work his-
tories, recording non—océupational risk factors, and ascertaining cor-
rect cause of death may impose such great limitations on the validity of
occupational cancer studies to make sampling problems superfluous. Never-
theless, any strategy which would allow for reduced sampling times would
allow for a more precise recording of the pattern of mutagenic exposures.
‘I believe that tﬁe ability to identify short-term, high-dose exposures
is an important capability in describing exposure to pogsible occupation~

al carcinogens. So research into new technology for this purpose stands

as an important priority.

Is the Aies Assay a valid predictive test of human environmental
cancer risk? The Assay has the potential to idéntify subsets of envir-
onments more ligely to be "carcinogenic” than the general environment.
Whether or not this translates into genuilne predictive validity awaits
further documentation. This 1s why the implementation of a general ex-
posure-data gathering protocol, such as that contemplated in chapter

\
eight, is so important.
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