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Abstract
Traditional chemical carcinogenesis testing employs a 2-year rodent bioassay with nearly 900 animals for 
each chemical evaluation. In the interest of reducing, refining and replacing animals in testing, there is an 
immediate need for alternative methods of testing for carcinogenic compounds. Data analysis indicates 
human carcinogens may be detected as high as 90% but as low as 50% of the time when using Lifetime 
Rodent Bioassays (LRBs), but this was increased to 100% using Syrian Hamster Embryo (SHE) cells. The 
in vitro micronucleus assay (MN) can be done with human lymphocytes and has a positive predictive value 
of 85% for rodent carcinogens. Studies have also shown that the Ames, MLA and MN assay may be used in 
a battery to increase the sensitivity of carcinogen detection to over 90%. These results as well as decreased 
cost and test time make these in vitro assays excellent tests for preliminary screening tests for carcinogens, 
decreasing the number of animals used in U.S. regulation-required LRBs. Inclusion of these tests on a regular 
basis will help develop a more complete toxicological database providing another source of data for risk 
assessment purposes, allowing for better protection of the public while advancing humane science.
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I. Introduction
Toxicology has evolved to become an essential 

science underlying environmental and public health 
decision making. For decades, animals have been 
used in the testing of potential human health hazards 
on the basis of two main principles. The first is that 
the effects produced by a compound in laboratory 
animals, when properly qualified, are applicable to 
humans. The second principle is that exposure of 
experimental animals to toxic agents in high doses is 
a necessary and valid method of discovering possible 
hazards in humans. This is because as the dose or 
exposure increases, the incidence of an effect in a 
population is greater. Obtaining statistically valid 
results from the relatively small groups of animals 
used in toxicity testing requires the use of large doses 
so that the effect of interest will occur frequently 
enough to be detected (Klaassen 2003). 

Chemical carcinogenicity tests fall in the realm of 
predictive toxicology, in that simplified biological 
systems are used to predict the potential impact of 
chemicals on human health (Helma 2005). Modern 
predictive toxicology needs alternatives because 
current animal tests are not predictive enough of 
human carcinogenicity, and little is known about 
mechanisms of rodent carcinogenicity and how they 
translate to humans. Alternative toxicological tests are 

methods which reduce the numbers of animals used 
for a particular endpoint, refine a test by decreasing 
the pain and suffering endured by test animals, or 
replace the animal test by not using any animals at 
all (Locke 2006). The inclusion of these principles of 
reduction, refinement and replacement in scientific 
protocols make for better science because restricting 
animal use in an experiment forces the reassessment 
of the experimental goals. This may result in more 
precise measurements or the production of more 
relevant data, and may improve the prediction of 
human responses to chemical toxins (Altweb 2007). 

In addition to the improvement of risk assessment, 
another major driver for alternative test use is 
Europe's newly implemented REACH directive 
(Registration, Evaluation, Authorization and 
Restriction of Chemicals). This directive calls for 
an increase in the number of chemicals that will be 
tested each year (Goldberg 2006). Standard animal 
carcinogen tests are lengthy and expensive, so using 
animal tests alone to identify human carcinogens 
will not be the most efficient or cost-effective way to 
test thousands of chemicals. If alternative tests can 
improve the predictive ability of carcinogen detection 
for human beings, they will bring strength to 
regulatory decision making and better protect human 
health.
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II. The assays
Lifetime rodent bioassay 

The l i fe t ime rodent bioassay (LRB) is the 
regulatory standard in predicting human cancer risk, 
with a total of over 600 of these assays conducted 
by the National Toxicology Program since its initial 
use (Ennever 2003, NRC 2006). NTP assay results 
are used as the basis for the majority of cancer 
risk assessments conducted by the EPA. Although 
the assays take approximately two years, they are 
referred to as "lifetime" cancer bioassays as they are 
intended to simulate lifetime human exposure from 
a substance (~70 years). The idea is to expose the 
rodents to relatively high doses of a test substance, 
and then by using straight-line extrapolation and 
division with uncertainty factors, "safe" low dose 
levels in the human population are estimated (USEPA 
2005). These assays are used to identify potential 
human hazards as well as provide dose-response 
information (NTP 2007). Supporters of the continued 
use of the LRB use two main justifications: 1) 
most known human carcinogens also cause cancer 
in rodents and 2) only 5-10% of all chemicals are 
strictly rodent carcinogens (Ennever 2003). A test 
chemical is deemed "positive" for carcinogenicity (i.e. 
may be capable of causing cancer in humans) if there 
are statistically significant increases in the number of 
tumours in treated animals as compared to negative 
control animals. Some laboratories require both rats 
and mice to show tumour increases for a positive 
result, while others only require tumour increases in a 
single species (Ennever 2003). 

Syrian Hamster Embryo Assay (SHE) 
The SHE is a cell transformation assay (CTA), 

which detects certain phenotypic alterations in 
cultured cells that are typical of tumorigenic cells. As 
transformed cells have the ability to induce tumours 
in susceptible animals, they are currently the only 
in vitro systems in which tumour production can 
be used as an endpoint (OECD 2006). Transformed 
cells are characterized by a random growth pattern, 
changes in cell shape or structure (due to a block 
in differentiation), loss of contact inhibition and 
tumorigenicity when transplanted into animals of the 
same strain (DiPaolo 1971, OECD 2006). The major 
benefit of using these assays is the ability to test 
whether a chemical acts as an initiator or a promoter. 
Initiators, being able to affect DNA directly or 
indirectly, can lead to the first mutation in a cell. Cells 
can be pre-treated with an initiating agent to test for 
tumour-promoting activity of test chemicals. 

The SHE assay has been around longer than the 
other CTAs, and subsequently approximately 500 
chemicals have been tested in this system (Rivedal 
2000). Quantitative studies are possible with SHE 
cells – the rate of transformation is proportional to 

the concentration of the chemical carcinogen and 
also reflects the potency of the in vivo activity of the 
carcinogen (DiPaolo 1971). Test chemicals are scored 
as positive if 1) at least two dose groups showed a 
statistically significant increase in morphological 
transformation frequency or 2) one dose group 
showed a statistically significant increase and the 
trend test was significant at P>=0.05 (NTP 2007). 

Salmonella / Microsome Mutagenesis Assay (Ames)
The Salmonella mutagenesis assay measures 

point mutations at the histidine-regulating genes 
of Salmonella typhimurium (Ames 1973). It is also 
referred to as the Ames test, after Bruce Ames who 
developed the test in the 1970s. Wild-type Salmonella 
typhimurium bacteria are able to produce their own 
histidine, an amino acid needed for their growth. 
For this assay, mutant Salmonella strains have 
been designed which are no longer able to produce 
this essential amino acid. When cultured on media 
without histidine, these mutant strains cannot grow. 
Chemicals with mutagenic activity may induce a 
reverse mutation in the affected gene, converting the 
mutant histidine allele back to the wild-type genotype 
(Ames 1975). The number of colonies growing on the 
histidine-free media indicates the mutagenicity of the 
tested chemical as well as the mutagenic potency of 
the chemical relative to others tested. 

L5178Y Mouse Lymphoma Assay (MLA)
This mutagenesis test is done in mammalian 

cells, and therefore may be a more similar model 
for chemical mutagenicity in human cells. The 
L5178Y mouse lymphoma cells used in this assay 
are heterozygous for the thymidine kinase gene 
(tk+/-). Loss of the tk+ allele through mutation 
confers trifluorothymidine (TFT) resistance to the 
cells, providing a means to select for this genotype 
among the heterozygous wild-type cells (Clements 
2000). There are two distinct colony sizes seen when 
the media is scored (large, small) which is thought to 
indicate differences in the kinds of mutations incurred. 
The small colonies represent ML mutants growing at 
a slower rate than their large colony counterparts. The 
reasons for this are still under debate, but one theory 
is that it is the result of mutation of a growth control 
gene close to Tk1 (Clements 2000). Alternatively, 
colony size may be an indicator of chromosome 
aberrations, as small colony mutants tend to have a 
higher frequency of these kinds of mutations than do 
their larger counterparts (Clements 2000). It may be 
that the cell cycle is temporarily halted so that the 
cell can put more energy into attempting to repair the 
damaged chromosome. 

In Vitro Micronucleus Assay (MN)
The micronucleus (MN) assay tests chemicals for 
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chromosomal damage, also known as clastogenesis 
(Weinberg 2007). Micronuclei (MNi) are structures 
that contain chromosome fragments without 
centromeres (acentric fragments) and/or whole 
chromosomes that are unable to travel to the spindle 
poles during mitosis (Fenech 2000). At telophase, 
a nuclear envelope forms around the lagging 
chromosomes and fragments and form what look 
like smaller versions of the nucleus (hence their 
name), thus providing an easily detectable marker for 
identifying damaged and lost chromosomes (Fenech 
2000).

III. Results – Comparing the tests 
Rodent predictivity

One might question the importance of a test's 
ability to identify known rodent carcinogens if our 
interest is human predictivity. There are several 
reasons for this. Firstly, although there are substances 
which have been found to be carcinogenic only in 
rodents, it is expected that a proportion of the rodent 
carcinogens tested will be carcinogenic in humans as 
well. Indeed, there are substances which have been 
observed to cause tumour formation in both rodents 
and humans (Ennever 2003, Weinberg 2007). Rats 
and mice are known to be physiologically different 
from humans in certain ways, but our species do share 
a degree of mammalian similarity (Kuschner 1995). 
Chemical-cell interactions such as DNA mutation 
which are common to both rodent and human tumour 
formation may be observed in simple cell-based 
systems, and can be used to identify potential human 
carcinogens among the rodent ones. Another reason 
to use rodent carcinogens as a test reference is data 
availability. The lifetime rodent bioassay has been 
used for decades to identify potential carcinogens so 
hundreds of chemicals have gone through this system, 
allowing their carcinogenic status in rats and mice to 
be identified and categorized. Testing the performance 
of these alternative assays with known rodent 
carcinogens and non-carcinogens provides numerical 
data with which to compare overall test performances. 
Finally, tests which perform exceptionally well in 
detecting rodent carcinogens may be good candidates 
to replace the LRB. 

The test performance measurements evaluated 
were concordance, sensitivity, specificity, and 
in some cases positive and negative predictivity. 
Concordance is the proportion of agreement among 
results of two tests. Sensitivity is the ability of a test 
to correctly identify carcinogens. Specificity is the 
ability of a test to correctly identify non-carcinogens. 
Positive predictive value (PPV) is the probability 
that a positive result is correct (proportion of positive 
-testing carcinogens out of all positive results) (Gordis 
2004). The performance indices provided here have 
been taken from meta-analyses done by the OECD 
and others (Kajiwara 2003, Kirkland 2005, OECD 
2006, Zeiger 1987). 

For the categories of concordance, sensitivity and 
specificity, the cell transformation assays tended to 
score higher than the genotoxicity tests. The SHE 
pH ≥7 had the highest concordance with the LRB at 
0.85, followed by the SHE pH 6.7 at 0.74. The Ames 
assay had the lowest concordance values, ranging 
between 0.52 and 0.63 (Kirkland 2005, OECD 2006). 
Sensitivity was again highest in the SHE pH ≥7 at 
92% and lowest in the Ames at 40% (Kirkland 2005, 
OECD 2006). Surprisingly, the Ames test displayed 
very high specificity values from 74 - 79%, bettered 
only by the SHE pH 6.7 at 85% (Kirkland 2005, 
OECD 2006). Specificity was lowest in the MLA 
at 26%. Most assays had PPVs in the 80s (Kirkland 
2005, OECD 2006). The test performance values for 
these tests can be seen in Table 1. 

Human predictivity
Human predictivity can be determined by using 

known human carcinogens in a test and evaluating 
whether or not the test is able to identify them. 
Substances are classified on their carcinogenic 
potential for humans based on assessments done 
by the National Toxicology Program (NTP) in their 
annual Report on Carcinogens and the International 
Agency for Research on Cancer (IARC) chemical 
evaluations (Pritchard 2003). According to both 
the NTP and the IARC, a substance is designated 
as a "known human carcinogen" (IARC class 1) 
based on strong data from human epidemiologic 
studies (Pritchard 2003). The NTP has currently 

Table 1: Validity and predictivity measurements of in vitro genotoxic and cell transformation assays based on analyses 
by D. Kirkland and the OECD (Kirkland 2005, OECD 2005). 

Genotoxicity tests Cell Transformation
Assays

Test Performance
Measurement

Ames
Mouse 

Lymphoma 
In Vitro 

Micronucleus
SHE pH ≥7.0 SHE pH 6.7

Concordance with 
LRB (%)

52 - 62.5 63 – 72 68 85 74

Sensitivity (%)
40 – 59 73 – 86 79 92 66

Specificity (%)
74 – 79 26 – 39 31 66 85

Positive 
Predictivity (%)

81 – 89 76 – 81 85 88 88
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des igna ted 54 subs tances a s known human 
carcinogens, and the IARC has designated 66 (IARC 
2006, NTP 2005). If human epidemiological data 
is lacking, a determination is made using strong 
mechanistic data from human systems in addition 
to similar mechanistic data and tumour incidence 
in experimental animals (Pritchard 2003). Limited 
human or animal data can only classify a chemical as 
a "probable" human carcinogen, IARC class 2A (IARC 
2006). 

Records o f t e s t pe r fo rmance wi th human 
carcinogens are scarce, as human predictivity is 
not regularly assessed. From the data collected for 
this paper, indicators of test performance are often 
limited to sensitivity and specificity, the proportion 
of carcinogens or non-carcinogens the test is able 
to detect1. The LRB had data for 10 known human 
carcinogens, and was calculated to have a sensitivity 
of 50% or 90%, depending on how the results are 
interpreted (Ennever 2003). Meta-analyses done by 
the OECD indicated that the three CTA assays have an 
overall sensitivity of 90% of class I (known) and 95% 
of class II (possible/probable) human carcinogens 
(OECD 2006). Of known human carcinogens, the 
SHE (both pH ≥7 and pH 6.7) correctly identified 
100% of the 44 inorganic carcinogens tested. The 
SHE pH ≥7 was able to identify 9 out of 11 organic 
carcinogens - a sensitivity of 82% (OECD 2006). The 
Ames Salmonella assay had a sensitivity of 41.7%, 
detecting 5 of 12 known human carcinogens (Pritchard 
2003). Unfortunately, neither sensit ivity nor 
specificity data could be found for the performance of 
the MLA and in vitro MN tests. 

There is skepticism about the relevance of the 
rodent bioassay to the risk of human cancer (Ennever 
2003). For an assay that has been done in hundreds 
of chemicals, there is surprisingly little data on LRB 
performance with human carcinogens. Ennever and 
Lave (2002) cited a study which identified only 10 
known human carcinogens among the hundreds tested 
by the NTP. Of the six known human carcinogens 
tested in both rats and mice, only three caused 
cancer in both; one of the known human carcinogens 
did not cause cancer in either rats or mice, and the 
remaining four chemicals were only tested in one 
of the two species (Ennever 2003). The accuracy of 
LRB depends on interpretation of "positive" results. 
If criterion for a "positive" result is tumour formation 
in at least one test species (rat or mouse), sensitivity 
of LRB appears to be 90% (detecting 9 of 10 human 
carcinogens). But 22% of chemicals will test positive, 
much higher than actual known carcinogens in the 
test. Too many positive chemicals identified makes 
priority setting difficult. If the criterion for a "positive" 
classification as a carcinogen is tumour formation 
in both rodent species, sensitivity is only 50% 

(Ennever 2003). This means that half of the human 
carcinogens would not be identified in the assay, 
and 50% of chemicals determined to be probable 
human carcinogens would be false negatives! For 
consistency among laboratories and better use of the 
collected data, test results should be scored using only 
one of these criteria. But does it make more sense to 
choose by tumour formation in both rodent species 
or is it enough for tumours to develop in at only one 
of the two species? Let's look at species differences. 
Rats and mice have more genetic similarity to each 
other than either species has to humans (Rat Genome 
Sequencing Project Consortium 2004). The reason 
LRBs are performed in both rodent species is because 
sometimes a chemical will cause tumours in rats but 
not in mice, or it may cause tumours in mice but not 
in rats. But with the understanding that with genetic 
differences come physiological, molecular and 
metabolic differences among others, how likely is it 
that a chemical causing cancer in rats but not mice 
will also cause cancer in humans? The same goes for 
mouse tumours predicting human cancers if rats are 
not affected. Chemicals causing cancer in only one 
of the two rodent species is therefore likely due to a 
species-specific mechanism or pathway. Considering 
this point of species differences, a chemical causing 
tumours in both mice and rats in the LRB is more 
likely to be a probable human carcinogen than if only 
one rodent species develops tumours. These results 
indicate that the mechanism of carcinogenicity is one 
shared by rats and mice, and may possibly be shared 
by other mammalian species as well. Using this 
criterion to determine positive results in LRB assays, 
the sensitivity of the LRB to human carcinogens is 
only 50%. 

The determination of how well a test is able to 
predict human carcinogens does not have to be 
based solely on test performance indices (sensitivity, 
positive predictive value, etc.). Evidence of mode or 
mechanism of action can elucidate how a chemical 
may be involved in the carcinogenic process. By 
designing assays that isolate different stages of 
carcinogenesis, it can be determined whether a 
chemical causes gene or chromosome mutations 
or whether it stimulates a mutant cell to divide and 
proliferate. For example, while SHE assays are 
not designed to confirm specific pathways taken 
in the promotion process, they can establish that 
the promotion step is in process by observing the 
changed appearance of the cells (DiPaolo 1971, 
Weinberg 2007). What is important to note is that the 
cellular changes seen in cell transformation assays 
are similar in appearance and behaviour to what has 
been observed in the cells of human benign tumours, 
therefore making them a reasonable model for this 
cancer stage in humans (OECD 2006). 
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Predictability in current validation protocols
The purpose of validation for carcinogen testing 

is to assess scientifically how well a test can be used 
to detect and/or classify carcinogens. The goal of 
carcinogenicity testing is to predict whether test 
chemicals will cause cancer in humans. It should 
follow then, that validation of carcinogen tests 
should include some measure or at least provide 
some indication of how well they can detect human 
carcinogens. Of the carcinogenicity tests that have 
undergone validation studies, the performance of 
the tests in detecting known human carcinogens has 
not been cited as a crucial deciding factor (Amacher 
1980, Claire 2006, Kirsch-Volders 2003, Morton 
2002). 

Although the NTP's goal for carcinogenicity 
testing using the LRB has been to predict human 
carcinogenicity, there is no definitive link that has 
been made to connect the responses of animals in 
cancer assays to dose-response effects seen in humans 
(Pritchard 2003). For this reason, risk assessors in 
the US use uncertainty factors to extrapolate the 
high doses of chemicals used in animal assays to the 
lower doses that humans are exposed to. In addition 
to the lack of human relevance, the LRB has never 
been formally validated by the same standards 
which in vitro tests must be to prove their scientific 
validity (Pritchard 2003). If it is considered to be 
the "gold standard" should it not have to stand up to 
the same regulatory-required tests for validation as 
new alternative methods? The NTP's reasoning for 
not pushing for LRB validation has been that of the 
hundreds of chemicals used in their testing regimen, 
only 10 are known human carcinogens, and assessing 
the accuracy of the NTP LRB based on 10 chemicals 
presents a limitation of statistical relevance (Ennever 
2003). 

IV. Discussion - Future direction and policy 
implications
Why should policy makers care?

Carcinogenicity testing is an important policy 
activity for the protection of public health. Thousands 
of chemicals are produced every year and hundreds 
of thousands already exist. They may be released by 
factories through smokestacks, dumped into fill sites 
as waste, used in pesticides or herbicides or other 
commercial products. It would be nearly impossible 
to prevent all toxic substances from getting into 
the environment or from coming into contact with 
human beings. The more substances we can test, the 
better they can be prioritized for regulation. As new 
tests become more valid and accurate for human 
carcinogens, we have better information on how these 
chemicals will affect us. The bottom line is that faster 
and more predictive tests put public health officials in 
a better position to prevent human disease.

The potential of alternative tests
Each alternative test has its strengths. The SHE 

can detect mutagens and tumour promoters, and has 
shown exceptional promise for screening inorganic 
human carcinogens. The MN test can be used to test 
for mutagens that cause chromosome aberrations or 
aneuploidy. These alternative tests measure multiple 
processes, elucidate a variety of mechanisms, and 
vary in their ability to detect carcinogens and non-
carcinogens. Based on this assessment, the in 
vitro assays would be best be used for a screening 
battery. Again, screening is used for the fast, broad 
identification of hazards, and substances positive in 
the initial screening can be tested further in more 
complex assays such as the transgenic mouse assay 
or the lifetime rodent bioassay. The test battery 
performance can be measured using net sensitivity 
and net specificity. These values are calculated in a 
similar way as sensitivity and specificity are, except 
that the numerator of the calculation changes to 
become the sum of true carcinogens or true non-
carcinogens detected from each test (Gordis 2004).

It is important to note that the net sensitivity and 
specificity values change depending on how the 
screening is done. One screening method would 
be to use multiple tests in series, where a group of 
chemicals are all run through one assay, and then 
only those testing positive are then run through the 
second assay. This increases the net specificity but 
decrease the net sensitivity of these tests (Gordis 
2004). Another option would be to run all the 
chemicals through each assay, in effect using the tests 
simultaneously. This simultaneous testing would have 
the opposite effect from the series: the net specificity 
would decreases but the net sensitivity would increase 
(Gordis 2004). Sensitivity is equal to "1 - false 
negative rate", so high sensitivity translates into low 
false negative rates – the same relationship applies 
between specificity and false positive rates (Diener-
West 2007). False negatives are far less desirable than 
false positives, because passing over true carcinogens 
for regulation is potentially more detrimental to 
public health than overtesting harmless substances. 
Thus, using these alternative tests in a simultaneous 
fashion would be the better screening tactic. An 
example of the kind of results one can expect using 
simultaneous testing are presented in Tables 2 and 
3. These sensitivity and specificity analyses of the 
Ames, MLA and MN assays were done in Kirkland 
et al. (2005) and presented as a simultaneous testing 
battery of two and three assays together.

The MN assay had the highest individual sensitivity 
in this study at 78.7%, yet net sensitivity increases to 
87% with the inclusion of the MLA and jumps almost 
another 4% with the Ames in the battery (Kirkland 
2005). The result is an overall increase of 22% in the 
ability of the tests to detect carcinogens. It should be 
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noted that Kirkland looked at the detection of rodent, 
not human carcinogens, however the point is still 
made that the use of multiple assays in simultaneous 
tes t ing increases ne t sens i t iv i ty, he lp ing to 
compensate for lower individual assay performance. 
Another advantage of using the tests together, is that 
multiple biological processes can be simulated that 
cannot be done with any one test. Transformation 
assays provide histological cues to cellular changes 
in pre-cancerous cells, while the MLA and transgenic 
mouse assays can indicate the presence of specific 
point mutations. A wealth of mechanistic information 
can be gathered on a single chemical over a relatively 
short period of time. One day perhaps, a battery such 
as this may replace rodent bioassays altogether. 

Looking forward
The key to developing better tests for human 

risk assessment is to validate assays for human 
carcinogenicity, not for rodent carcinogenicity. Most 
of the existing data we have on chemicals is derived 
from animal tests. Existing epidemiological data 
should be compiled so that a database of human 
chemical toxicity information can be established 
as reference material. This is not to say that more 
studies should be performed testing chemicals on 
humans – intentionally created human cancer cases 
speak to the failure of regulators to protect the public 
from harmful exposures. However, we might as 
well maximize the human data that we already have 
available to us. We can select sets of known human 
carcinogens that could be used regularly in both 
in vivo and in vitro tests as controls, as well as for 
validation purposes. Validating tests using only rodent 
data is a step backwards from the intended goal of 
these assays. 

Beyond the inc lus ion of human reference 
substances, preventative information on human 
chemical hazards would be best obtained through 
further use and development of test models based on 
human physiology and human cell lines. As promising 
as the alternative tests discussed in this paper may be, 

all but the micronucleus test are performed in non-
human cell lines or animals. As mentioned earlier, 
species differences may contribute to false positive 
or false negative results in a test. By eliminating this 
factor, there is one fewer unknown to account for in 
the interpretation of results and these tests will have 
increased relevance to human health. 

V. Conclusion
Alternative carcinogen tests have the potential to 

improve the current state of predictive toxicology. 
Even though they are not individually complex 
enough to be used as replacements for the LRB, their 
use in preliminary screening batteries will speed 
up risk assessment and reduce costs. Chemicals 
can be screened in weeks instead of years, and 
the information observed about the chemical-
cell interactions will further our understanding 
of the cancer process. As more test methods are 
validated with human carcinogens, they can be 
used with increasing confidence in the regulatory 
arena. Hopefully in time, toxicological assays for 
other endpoints will move in a similar direction and 
consider the human element in their design. 
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Footnotes
1 "Human carcinogens" refers to class I carcinogens ("known 

human carcinogens") unless otherwise indicated. 
These are substances which have sufficient evidence of 
carcinogenicity from human data. 
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