
4446 

GUIDELINES FOR CARCINOGEN RISK 
ASSESSMENT (FEDERAL REGISTER NOTICE) 

09/ 24/86 

USEPA 
13 
GUIDE DOC 



Part I I  

Environmental 
Protection Agency - 

Guidelines for Carcinogen Risk 
Assessment 



4.446 
33992 Federal Register / Vol. 51, No. 185 / Wednesday. September  24. 7986 / Notices 

ENVIRONMENTAL PROTECTION 
AGENCY 
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Guidelines for Carcinogen Risk 
Assessment 

AGENCY: U.S. Environmental Protection 
Agency (EPA). 
ACTION: Final guiuelines for carcinogen 
risk assessment. 

SUMMARY: The U.S. Environmental 
h t e c t i o n  Agency is today issuing five 
guidelines for assessing the health risks 
of environmental pol1utan:s. These are: 
Guidelines for Carcinogen Risk 

Guidelines for Estimating Exposures 
Guidelines for Mutagenicity Risk 

Assessment 
Guidelines for the Health Assessment of 

Suspect Developmental Toxicants 
Guidelines for the Health Risk 

Assessment of Chemical Mixtares 
This notice contains 'Iie Guidelines for 
Carcinogen Risk Assessment: the other 
guidelines appear elsewhere in today's 
Federal Register. 

The Guidelines for Carcinogen Risk 
Assessment [hereafter "Guidelines") are 
intended to guide Agency evaluation of 
suspect carcinogens in line with the 
policies and procedures established in 
the statutes administered by the EPA. 
These Guidelines were developed as 
part of an  interoffice guidelines 
development program under the 
auspices of the Office of Health and 
Environmental Assessment [OHEA) in 
the Agency's Office of Research and 
Development. They reflec! Agency 
consideration of public and Science 
Advisory Board (SAB) comments on the 
Proposed Guidelines for Carcinogen 
Risk Assessment published November 
23.1984 (49 FR 46294). 

This publication completes the first 
round of risk assessment guidelines 
development. These Guidelines will be 
revised, and new guidelines will be 
developed. a s  appropriate. 
EFFECTIVE DRTE: The Guidelines will be 
effective September 24,1988. 

Dr. Robert E. McGaughy. Carcinogen 
Assessment Group. Office of Health and 
Environmental Assessment ;RIF889]. 
US. Environmental Protection Agency. 
401 M Street SW.. Washington, DC 

Assessment 

FOR FURTHER INFORMATION CONTACT: 

20460,202-382-5698. 
SUppLEMENTARY INFORMATION: In 1983. 
the National Academy of Scier.,;es 
(NASI published its book entitled Risk 
Assessment in the Federg; Sovernment: 
Marloging the Process. In that book. the 
NAS recommended that Fedrral 
regulatory agencies establish "inference 

guidelines" to ensure consistency and 
technical quality in risk assessmerits 
and to ensure thet :he risk assessment 
process was main!ained a s  a scientific 
effort separote from risk nianagement. A 
task force within EPA accepted that 
recommendation and requested that 
Agency scientists begin to develop such 
guidelines. 
General 

products of a two-year Agencyxide 
effort. which has included many 
scientists from the larger scientific 
community. These guide!ines set forth 
principles and procedures to guide EPA 
scientists in the conduct of Agency risk 
assessments. and to inform Agency 
decision mikers and the public about 
these procedures. In particular. :he 
guidelines emphasize that risk 
assessments will be conducted on a 
case-by-case basis. giving full 
consideration to all relevant scientific 
information. This case-by-case approach 
means tF3t Agency experts review the 
scientific information on each agent and 
use the most scientifically appropriate 
interpretation to assess risk. The 
guideiines also stress that this 
inforrna!ion will be fully presented in 
Agency risk assessment documents. and 
that Agency scientists will identify the 
strengths and weaknesses of each 
assessment by describing uncertainties. 
assumptions, and limitations. a s  weil a s  
the scientific basis and rationale for 
each assessment. 

Finally. the guidelines are formulated 
in part to bridge gaps in risk assessment 
methodology and data. By identifying 
these gaps and the importance of the 
missing information to the risk 
assessment process, EPA wishes to 
encourage research and analysis that 
will lead to new risk assessment 
methods and data. 
Guidelines for Carcinogen Risk , 
Assessment 

Carcinogen Risk Assessment began in 
january 1984. Draf! guidelines were 
developed by Agency work groups 
composed of expert scientists from 
throughout the Agency. The drafts were 

The guidelines published today are 

Work on the Guidelines for 

After the close of the public comrner: 
period. Agency staff prepared 
surnmwies of the coniinents and 
analyses of the major issues presented 
by the cornmentors. and proposed 
changa  in the languiige of the 
guidelines to deal with the issues raised. 
These analyses were presented to 
review panels of the SAB on Xtarch 4 
and April 22-23.1985. and to the 
Executive Committee of the SAB on 
April 25-26.1985. The SAD meetings 
were announced in the Federal Register 
a s  follows: February 12,1985 (50 FR 
581:) and April 4. is85 (50 FR 13420 and 
13421 1. 

In a letter to the Administrator dated 
lune 19.1985, the Executive Committee 
generally concurred on all five of thn 
guidelines, but recommended certaii. 
revisions. and requested that any 
revised guidelines be submitted to the 
appropriate ShB review panel chairman 
for review and concurrence on behalf of 
the Executive Committee. As described 
in the responses to comments (see Part 
B: Response to the Public and Science 
Advisory Board Comments). each 
guidelines document was  revised, where 
appropriate. consistent with the SAD 
recommendaiions, and revised draft 
guidelines were submitted to the panel 
chairmen. Revised draft Guidelines for 
Carcinogen Risk Assessment were 
concurred on in a letter dated February 
7.1986. Copies of the letters a re  
available at  the Pu5iic Information 
Reference Unit. EPA Headqu:arters 
Library. as indicated elsewhere in this 
notice. 

Part A contains the Guidelines and Part 
8, the Response to the Public and 
Science Advisory Board Comments (a 
summary o f  the major public comments. 
SAB comments. Hnd Agency responses 
to those comments]. 

risk assessment issues raised in the 
guidelines and will revise these 
guidelines in line with new informijtion 
a s  appropriste. 

Xeferences. supporting documents. 
.. nd cr.iiments received on the proposed 
Euidelines. as well HS copies of the final 
guidelines, are available for inspection 

Following this Preamble are two parts: 

The Agency is continuing to'study the 

. and copying at the Public Information 
peer-iiviewed b y  expert scientists in the . Reference Unit (202-382-5926). EPA 
field of carcinogenesis from universities. 
environmental groups. industry. labor, 

I ieadquiirters Library. 401 hl Street. 
SW.. Washington. DC. betroeen the 

and other governniental agencies. They 
were then proposed for public comment 
in the Federal Register (49 FR 46294). On 
November 9.1984. the Administrator 
directed that Agency offices use the 
proposed guidelines in performing risk 
assessments until fino1 guidelines 
b ecom c n va i I 11 bl e. 

hours of 8:m a.m. and Q : ~ O  p.m. 
Ip r t i fy  that these Guidelines are not 

major rules as defined by Executive 
Order 12291. because they are 
nonbinding policy statements and hnve 
no direct effect on the regulnted 
community. Therelore. they will have no 
effect on costs o i  prices. and they will 
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have no other significant advcrsc effects 
on the econcmy. These Guidelines werc 
reviewed by the Office of Menagemcnt 
and Budgct undcr Executive Order 
12291. 

Dated: August 72.1986. 
Lee M. Thomas. 
Adniinistmtor. 
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Par! A: Guidelines ior Carcinogan Risk 
Assessment 
1. lnrroduction 

This is :he first revision of the 1976 
Interim Procedures and Guidelines for 
Health Risk Assessments of Suspected 
Carcinogens (U.S. EPA, 1976: Albert et 
el.. 1977). The impetus for this revision is 
the need to incoroorate into these 
Guidelines the concepts and approaches 
to carcinogen risk assessment that have 
been developed during the last ten 
years. The purpose of these Guidelines 
is to promote quality and consistency of 
carcinogen risk assessments within the 
EPA and to inform those outside the 
EPA about its approach to carcinogen 
risk assessment. These Guidelines 
emphasize the broad but essential 
sspects of risk assessment that are 
needed by experts in the various 
disciplines required [e+, toxicology, 
pathology, pharmacology, and statistics) 
for carcinogen risk assessment. 
Guidance is given in general terms since 
the science of carcinogenesis is in a 
state of rapid advancement. and overly 
specific approaches may rapidiy beccme 
obsolete. 

These Guidelines describe the general 
framework to be followed in developing 
a n  analysis of carcinogenic risk and 
some salient principles to be used in 
evaluating the quality of data and in 
formulating judgments concerning the 
nature and magnitude of the cancer 
hazard from suspect carcinogens. I t  is 
the intent of these Guidelines to permit 
sufficient flexibility to accommodate 
new knowledge and new assessnient 
methods as :hey emerge. I t  is also 
recognized that there ib a need ior new 
methodology that has not been 
addressed in this document in a nkmber 
of areas, e.g., the characterization of 
uncertainty. As this knowledge and 
assessment methodology are developed, 
these Guidelines will be revised 
whenever appropriate. 

knowledge in the field of carcinogenesis 
and a statement of broad scientific 
principles of carcinogen risk 
assessment, which was developed by 
thc Office of Science and Technology 
Policy (OSTP, 1985). f o r m  an important 
basis foi these Guidelines: the format of 
these Suidelines is similar to that 
proposed by the National Research 
Council (NRC) nf the National Academy 
of Sciences in bock. entitled Risk 
AssPssrnent in the Federal Government: 
Munaging the Process (NRC, 19831. 

These Guidelines are to be used 
within the policy framework already 
prwided by applicable EPA statutes 
and do not alter such policies. These 
Guidelines provide general directions 

A summary of the current state of 

for analyzing and organizing available 
data. They do not imply that one kind of 
dRta or another is prerequisite for 
regulatov action tc control. prohibit. or 
allow the use of a carcinogen. 

Regulatory decision making involves 
two components: risk assessment and 
risk management. Risk assessment 
defines the adverse health consequences 
of exposure !o toxic agents. l h e  risk 
assessments will be carried out 
independently from considcretions of 
the consequences of regulatory sction. 
Risk management combines the risk 
assessment with the directives of 
regulatory legislation, together with 
socioeconomic, technical. political. and 
other considerations, to reach a decision 
a s  to whether or how much to control 
future exposure to the suspected toxic 
agents. 

of the following components: hazard 
identification. dose-response 
assessment, exposure assessment, and 
risk characterization (NRC, 1983). 

Hazard identification is a qualitative 
risk assessment. dealing with the 
process of determining whether 
exposure to an  agent has the potential to 
increase the incidence of cancer. For 
puyxaes of these Guidelines, both 
malignant and benign tumors are used in 
the evaluation of the carcinogenic 
hazard. The hazard identification , 

component qualitativcly answers the 
question of how likely an  agent is to be 
a human carcinogen. 

Traditionally. quantitative risk 
assessmcnt has Seen used a s  an  
inclusive term to describe all or parts of 
dose-response assessment. exposure 
assessment, and risk characterization. 
Quantitative risk assessment can be a 
useful general term in some 
circumstances, but the more explicit 
terminology developed by the NRC 
(198s) is asually preferred. The dose- 
response nssessment defines the 
relationship between the dose of an  
agent and the probability of induction of 
a carcinogenic effect. This component 
usually entails an extrapolation from tho 
generally high doses administered to 
experimental mimals or exposures 
noted in epidemiologic studies to the 
exposure levels expected from human 
contact with the agent in the 
environment: i t  also includes 
considerations of the validity 3f these 
extrapolations. 

The exposure assessment identifies 
populations exposed to the agent. 
describes their composition and sizc, 
and presents the types. magnitudes, 

Risk assessment includes one or more 

frequenciee. and durations of exposure 
to the agent. 

! *  0 3 
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In risk characterization. the results of 
the exposure assessment and the dose- 
response assessment are combined !o 
estimate quantrtative!y thc carcinogenic 
risk. A s  part of risk characteiization. a 
wmrnary of the strengths and 
weaknesses in the hazard identification. 
dose-response assessment. exposure 
assessment, and thc public health risk 
es:ima!es are presented. Major 
assumptions. scientific judgments, and, 
to the extent possible. estimates of the 
uncertainties embodied in the 
assessment are also presented. 
distinguishing clearly between fact. 
assumption, and science policy. 

1983) pointed out that there are many 
questions encountered in the risk 
essessment process that are 
unanswerable given current scientific 
knowledge. To bridge the uncertainty 
that exists in these areas where there is 
no scientific consensus, inferences rnust 
be made to ensure that progress 
continues in the assessment process. 
The OSTP (19851 reaffirmed this 
position. and generally left to the 
regulatory agencies the job of 
articulating these inferences. 
Accordingly, the Guidelines incorporate 
judgmental positions (science policies) 
based on evaluation of the presently 
available information and on the 
regulatory mission of the Agency. The 
Guidelines are consistent with the 
principles developed by the OSTP 
(1985). although in many instances ore 
necessarily more specific. 
II. Ihzard  Identification 
A. Overview 

identification part of risk assessment 
contains a review of the relevant 
biological and chemical information 
bearing on whether or not an  agent may 
pcse a carcinogenic hazard. Since 
chemical agents seldom occur in a pure 
state and are often transformed in the 
body, the review should include 
available information on contaminants, 
degradation products. and metabolites. 

Studies are evaluated according to 
sound biological and statistical 
considerations and procedures. These 
have been described in several 
publications (Interagency Regulatory 
Liaison Group. 1979: OSTP. 1985; Pet0 et 
al.. 1980: Mantel. 1980: Mantel and 
Hacnszel. 1959: Interdisciplinary Panel 
on Carcinogenicitv. 19.844: National 
Center for Toxicological Research, 1981: 
b t i o n a l  Toxicology Program. 1984; U.S. 
EPA. 1983fl.1983b. 1983~: Haseman. 
1984). Results and conclusions 
Loncerning !he spent. derived from 
different types of information. whether 

The National Research Council (NRC. 

The qualitative assessment or hazard 

intlicatinp positive or ncga:ive 
responses. are melded together into a 
weight-of-evidence dotcrniination. The 
strength of the evidence suppor!ing a 
potential human carcinogenici!y 
judgmcnt is developed in a weight-of- 
evidcnce stratification scheme. 
D. Elements of J lazard Identification 

review of the following information to 
the extent that i t  is available. 

1. Physical-Cl~nical Properties and 
Roiites and Patterns of E.yposure. 
Parameters relevant to carcinogencsis, 
including physicai state. physical- 
chemical properties, and exposure 
pathways in the environment should be 
described where possible. 

2. Structure4 ctivity Relatiohships. 
This section should summarize relevant 
structure-activity correlations that 
support or argue against the prediction 
of potential carcinogenicity. 

3. Metabolic and Pharmacokinetic 
Properties. This section should 
summarize relevant metabolic 
information. Information such as 
whether the agent is direct-acting or 
requires conversion to a reactive 
carcinogenic (e.g.. a n  electrophilic) 
species, metabolic pathways for such 
conversions, macromolecular 
interactions, and fate [e.g.. transport. 
storage, and excretion), as well a s  
species differences. shoiild be discussed 
and critically evaluated. 
Pharmacokinetic propertics determine 
the biologically effective dose and may 
be relevant to hazard identification and 
other components of risk assessment. 

4. Toricolo~ic Effects. Toxicologic 
effects other than carcinogenicity [e.&, 
suDpression of the immune system, 
endocrine disturbances, organ damage) 
that are relevant to the evaluation of 
carcinogenicity should bc summarized. 
Interactions with other chemicals or 
agents and with lifestyle facton should 
be discussed, Prechronic and chronic 
toxicity evaluations, a s  well a s  other 
test results, may yield information on 
target organ effects, pathophysiological 
reactions, and preneoplastic lesions that 
bear on the evaluation of 
carcinogenicity. Dose-response and 
time-to-response analyses of these 
renctions may also be helpful. 

5. Short-Term Tests. Tests for point 
mutations. numerim1 and structural 
chromosome aberrations. DNA ciamegel 
repair, and in v i h  transformation 
provide supportive evidence of 
carcinogenicity and may give 
information on potential carcinogenic 
mechanisms. A range of tests from each 
of the above end points helps to 
characterize an agent's response 
spectrum. 

Hazard identification should inc!udc a 

Short-!crm in rii,o and in r.iIro tests 
thiit ciin give indicirtion of initiation and 
promotion activity may iilso provide 
supportive er.idcnce for carcinogenicity. 
Lack of positive results in short-term 
tests for genetic toxicity does not 
provide a basis for discounting positive 
results in long-term nnirnal studies. 

6. Long-Term Animal Studies. Criteria 
for the technical adequacy of animal 
carcinogenicity studies have been 
published (e.g.. U.S. Food and Drug 
Administration. 1982; Interagency 
R e g u l a t q  Liaison Group, 1979: 
National Toxicology Program, 1984: 
OSTP. 1985; US. EPA. 1983a. 1983b, 
1983c: Feron et al., 1980; Mantel. 1980) 
and should be used to judge the 
acceptability of individual studies. 
Transplacental and multigeneretional 
carcinogenesis studies, in addition to 
more convcntional long-term animal 
studies, can yield useful informiition 
about the carcinogenicity of agents. 

It is recognized that chemicals that 
induce benign tumors frequently also 
induce malignant tumors, and that 
benign tumors often progress to 
malignant tumors (Interdisciplinary 
Panel on Carcinogenicity, 1984). The 
incidence of benign and malignant 
tumors will be combined when 
scientifically defensible (OSTP. 1885; 
PI inciple 8). For example, the Agency 
will, in general, consider the 
combination of benign and malignant 
tumors to be scientifically defensibla . 
unless the benign tumors are not 
considered to have the potential to 
progress to the associated malignancies 
of the same histogenic origin. If an 
increased incidence of benign tumors is 
observed in the absence of malignant 
tumors. in most cases the evidence will 
be considered as limited evidence of 
carcinogenicity. 

is potentially carcinogenic for humans 
increases (I) with the increase in 
number of tissue site3 affected by the 
agent; (2) with the increase in number of 
animal species, strains. sexes. and 
number of experiments and doses 
showing a carcinogenic response; (3) 
with the occiirrence of clear-cut dose- 
response relationships a s  well a s  a high 
level of statistical significance of the 
increased tumor incidence in trcated 
compared to control groups: (4)  when 
there is a dose-related shortecing of the 
time-to-tumor occurrence or time to 
death with tumor; and ( 5 )  \-hen there is 
a dose-related increase in the proportion 
of tumors that are malignant. 

Long-term animal studies at or near 
the maximum tolerated dose levcl 
(MTD) are used to ensure an adequnte 
powcr for the detection of carcinogenic 

The weight of evidence that an  agent 
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activity (NTP, 1984: IARC, 1982). 
Negative long-term animal studies tit 
exposure levels above the !dTD may not 
be acceptable if  animal s u n i t a l  is so 
impaired that the sensitivity of the study 
is significantly reduced below that of a 
conventional chronic animal study at  
the MTD. The OSTP (1985; Principle 4)  
has stated that, 

influenced by non-physiological responses 
(such as extensive organ damage. radicel 
disruption of hormonal function. saturation of 
metabolic pathways. formation gf stones in 
the urinary tract, saturation of DNA repair 
with a functional loss of h e  system) induced 
in the model systems. Testing regimes 
inducing these responses should be evaluated 
for their relevance to the human response io 
an apent end evidence from such a study. 
whether positive or negative. must be 
carefully reviewed. 

Positive studies at  levels above the h4TD 
should be carefully reviewed to ensure 
that the responses are not due to factors 
which do not operate a t  exposure levels 
below the h m .  Evidence indicating 
that high exposures alter tumor 
responses by indirect mechanisms that 
may be unrelated to effects a t  lower 
exposures should be dealt with on an  
individual basis. As noted by the OSTP 
(19851. "Normal metabolic activation of 
carcinogens may possibly also be 
altered and carcinogenic potential 
reduced a s  a consequence [of high-dose 
testing]." 

conditions of the experimen! should be 
reviewed carefully a s  they relate to the 
relevance of the evidence to human 
carcinogenic risks (e.g.. the occurrence 
of bladder tumors in the presence of 
bladder stones and implantation site 
sarcomas). Interpretation of animal 
studies is aided by the review of targe! 
organ toxicity and other effects (e.g., 
changes in the immune and endocrine 
systems) that may be noted in 
prechronic or other toxicological studies. 
Time and dose-related changes in the 
incidence of preneoplastic lesions may 
also be helpful ii i  interpreting animal 
studies. 

Agents that are positive in long-term 
animal experiments and also show 
evidence of promoting or cocarcinogenic 
activity in specialized tests should be 
considered a s  complete corcinogcns 
unless there is evidence to the contrary 
because i t  is. ~t present, difficult to 
de1ermir.e whether an agent is only a 
promcting or cocarcinogenic agent. 
Agents that show positive results in 
special tests for initiation, promotion. or 
cocarcinogenicity and no indication of 
tumor response in well-conducted and 
well-designed long-term animnl studies 

The carcinogenic effects of agents may be 

Carcinogenic responses under 

~hoiild be dealt with on an individuul 
basis. 

To evaluate carcinogenicity. the 
primary comparison is tumor response 
in dosed animals a s  compared with that 
in contemporary mstched control 
animals. Historical control data are 
often valuable. however, and could be 
used along with concurrent control data 
in the evaluation of carcinogenic 
responses (I-laseman et a]., 1984). For the 
evaluiition of rare tumors, even smsll 
tunior responses may be significant 
compared to historical data. The review 
of tumor data at sites with high 
spontaneous background regaires 
special consideration (OSTP, 19r5: 
Principle 9). For instance, a response 
!hat is significant with respect to the 
expcrinicgtal control group may become 
questionable ii the historical control 
data indicate that the experimental 
control group had an unusually low 
background incidence (NT. 1984). 

widely diverging scientific views (OSTP. 
1985; Ward et al., 1979a. b; Tomatis, 
1977; Nutrition Foundation, 19831 about 
the validity of mouse liver tumors a s  a n  
indication of potential carcinogenicity in 
humans when such tumors occur in 
strains with high spontaneous 
background incidence and when they 
constitute the only tumor response to an  
agent. These Guidelines take the 
position that when the only tumor 
response is in the mouse liver and when 
other conditions for 8 classification of 
"sufficient" evidence in animal studies 
are met (e.g.. replicate studies, 
malignancy; see section IV). the data 
should be considered a s  "sufficient" 
evidence of carcinogenicity. It is 
understood that this classification could 
be changed on a case-by-case basis to 
"limited." if warranted, when factors 
such a s  the following, are observed: an 
increased incidence of tumors only in 
the highest dose group and/or only at 
the end of the study; no substantial 
dose-related increase in the proportion 
of tumors that are malignant; the 
occurrence of tumors that are 
predominantly benign; no dose-related 
shortening of the time to the appearance 
af tumors: negative or inconclusive 
results from a spectrum of short-term 
tests for mutagenic activity: the 
occurrerice of excess tumors only in a 
Rinqle sex. 

Data from all long-term animal studies 
ere I? be considered in the evaluation of 
carcinogenicity. A positive carcinogenic 
response in one species/strain/sex is 
not generally negated b negative 
results in other spcciesitrain/sex. 
Replicate negative studies that are 
ementinily identical in H I I  other respects 

For a number of reasons, there are 

to a positive study may indicate that thr: 
positive results are spurious. 

Evidence for carcinogenic action 
should be based on the observation of 
statistically significant tumor msponses 
in specific organs or tissues. 
Appropriate statistical analysis should 
be performed on data from long-term 
studies to help determine whether the 
eflects are treatment-related or possibly 
due to chance. These should at leas! 
include a statistical test for trend. 
including appropriate correction fgr 
differences in survival. The weight to be 
given to the level of statistical 
significance (the p-value) and to other 
available pieces of information is a 
matter of overall scientific judgment. A 
statistically significant excess of tumors 
of all types in the aggregate, in the 
absence of a statistically significant 
increase of any individual tumor type. 
should be regarded a s  minimal evidence 
of carcinogenic action unless there are 
persuasive reasons to the contrary. 

7. Human Studies. Epidemiologic 
studies provide unique information 
about the response of humans who have 
been exposed to suspect carcinogens. 
Descriptive epidemiologic studies are 
useful in generating hypotheses and 
providing supporting data, biit can 
rarely be used to make a causal 
inference. Analytical epidemiologic 
studies of the case-control or cohort 
variety, on the other hand. are 
especially useful in assessing risks to 
exposed humans. 

Criteria for the adequacy of 
epidemiologic studies are well 
recognized. They include factors such a s  
the proper selection and 
characterization of exposed and control 
groups, the adequacy of duration and 
quality of follow-up, the proper 
identification and characterization of 
confounding factors a i d  bias, the 
appropriate consideration of latency 
effects, the valid ascertainment of the 
causes of morbidity and death, and the 
ability to detect specific effects. Where 
it can be calculated. the statistical 
power to detect an  appropriate outcome 
should be included in the assessment. 

The strength of the epidemiologic 
evidence for carcinogenicity depends. 
among other things, on the type of 
analysis and on the niagnitude and 
specificity of the response. The weight 
of evidence increases rapidly with the 
number of adequate studies that show 
comparable results on populations 
exposed to !he same agent under 
different conditions. 

It should be recognized that 
epidemiologic studies are inherently 
capable of detecting only cornpmatively 
ltirge incremes in the relntive risk of 

I 
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cancer. Negative results from such 
studies cannot prove the absence of 
carcinogenic action: howcrer. ncg a t '  ive 
results from a :vell-dcsigned and well- 
conducted epidemiologic study that 
contains usable exposure data can serve 
to define upper limits of risk: these are 
useful if animal evidence indicates that 
the agent is potentiaily carcinogenic in 
humans. 
C. Weight of E.:idence 

in humans comca; 7-imarily from two 
sources: Iong-km arL..nal tests and 
epidemiologic investigations. Results 
from these studies are supplemented 
w i h  available information from short- 
terrr. tests. pharmacokinetic studies. 
com para tive me ta bolism studies. 
structure-activity relatic rhips. and 
other relevant toxicctngii siudies. The 
question of how like:;, at. ?p.:nt is to be 
a human carcinozsn SI r!Jd St! answered 
in the framework of a web> I-of- 
evidence judgment. Judgt2ient.s about the 
weight of evidence involve 
considerations of the qua!ity and 
adequacy of the data and the kinds and 
consistency of responses induced by a 
suspect carcinogen. There am three 
major steps to cha:acterizing the weight 
of evidence for carcinogenicity in 
humans: (1) Characterization of the 
evidence from human studies and from 
animal studies individually, (2) 
combination of the characterizations of 
ihese two types of data into e n  
indication of the overall weight of 
evidence for human carcinogcnici!y. and 
(31 evaluation of all supporting 
infomation to determine if the overall 
weight of evidence should be modified. 

EPA has developed a system for 
stratifying the weight of evidence !see 
section IV). This classification is not 
meant to be applied rigidly or 
mechanically. At various points in the 
above discussion. EPA has mphas ized  
the need for an overall. balanccd 
judgment of the totality of the available 
evidence. Particularly for well-studied 
substances. the scientific data base will 
have a complexity that cannot be 
captured by any classification scheme. 
Therefore. the haznrd identification 
section should include a narrative 
siimrnary of the strengths and 
wetiknesses of the evidence as wdl ns 
i ts  categorization in the EPA scheme. 

The EPA classification system is. in 
general. an adaptation of the 
International Agency for Research on 
Cancer [IARC. 1982) approach for 
classifying the weight of evidence for 
humnn data and animal data. The FJA 
classification system for the 
characterization of the overall weight of 
evitlcnce for carcinogenicity (animal 

Evidence of possible carcinogenicity 

human. und  other supportive diltii) 
includes: Group A-Carcinogrnic tu 
1-i:irnans: Group B-l'robcibly 
Carcinogenic to Humans: Group C- 
Pozsibly Carcinogenic to liumsns: 
Croup D--Not Classifiable as to Huninn 
Carcinogenicity; and Group E- 
Evidence of Non-Carcinogcnicity for 
I lurnnns. 

The foliowing modifications of the 
IARC approach have t een  niedc for 
classifying human and nninml studies. 

For human studies: 
('1) The observation of a statistically 

significant association between an  agent 
and life-threatening benign tuniors in 
hrlmans is included in the evalua!ion of 
risks to humans. 

classification is added. 

classification is added. This 
classificaton indicates that no 
fissociation was found between 
expostvre and increased risk of cancer in 
well-conducted. well-designed, 
independent analytical epitlemio!ogic 
studies. 

(2) A "no data available" 

(3) A "co evidence of carcinogcnici:y" 

For animal studies: 
(1) An increased incidence of 

combined benign and malignant tumors 
will be considered to provide sufficient 
evidence of carcinogenicity if the other 
criteria defining the "sufficient" 
classification of evidence are me! (e.& 
replicate studies, malignancy; see 
section IV). Benign and malignant 
tumors will be combined when 
scientifically defensible. 

(2) An increased incidence of benign 
tumors alone generally constitutes 
"limited" evidence of carcinogenicity. 

(3) An increased incidence of 
neoplasms that occur wi!h high 
spontaneous background incidence (e.& 
mouse liver tumors and rat pituitary 
tumors in certain strains) generally 
constitutes "sufficient" evidence of 
carcinogenicity. but may be changed to 
"limited" when warranted by the 
specific information nvailithle on the 
ngent. 

(4) A "no data availnble" 
classificntion has been added. 

( 5 )  A "no evidence of cnrcinogcnicity" 
classification is also added. This 
opcriitionnl classificetion w o d d  lncludo 
suhstnnces for which there i s  no 
iricrcriRCd Incidence of nenplusms in nt 
lenst two welldesigned and \vel!- 
conducted eninwl studies of ntlrqunte 
power ond dose in different species. 
D. Guidance for Dosc-Rcsponsc 
Assessrncnt 

The qualitative evidence for 
carcinogenesls should be discrisRed for 
purposes of guiding the dosc-response 
nwnt-mmcnt. The guidance ahould ho 

giver1 in tcrnis of the appropri;ltcness 
and limitations of specific studies as 
t v 4 l  a3 pharmacokinetic considerations 
that should be factored into the dosc- 
response assessment. The appropriete 
method of extrapolation should be 
factored in when the experimental :oute 
of exposure differs from that occurring 
in humans. 

Agents that are judged to be in the 
EPA weight-of-?vidence stratification 
Croups A end B would be regarded ns 
suitable fur quantitative risk 
assessments. Agents that are judged to 
be in Croup C will generally be regarded 
as suitable for quantitative risk 
asscssmcnt. b2t judgments in this regard 
may be made on a case-by-case basis. 
Agents that are judged to be in Groups 
D and E would not have quantitative 
risk assessments. 
E Sumniary and Conclusion 

' f i e  summary should present all of the 
key findings in all of the sections of the 
qualitative assessment and the 
interpretive rationale that forms the 
basis for the conclusion. Assumptions. 
uncertainties in the evidence. and other 
factors t!at may effect the relevance of 
the evidence to humans should be 
discussed. The conclusion should 
present both the weight-of-evidence 
rnnking and a description that brings out 
the more subtle aspects of the evidence 
that may not be evident from the 
ranking done. 

L'l. Dose- flesponse Assessment. 
Esposure Assessment. and Risk 
Ch oracterization 

N!er data concerning the 
carcinogenic properties of a substance 
have been collected, evaluated, end 
categorized, it is frequently desirable to 
estimete the likely range of excess 
cancer r h k  associated with given lev& 
and conditions of human exposure. The 
first step of the analysis needed to make 
such estimations is the development of 
the likely relationship between dose and  
response (cancer incidence) in the 
region of human exposure. This 
inforniation on dose-response 
relntionships is coupled with 
information on the nature and 
magnitude of human exposure to yield 
tin estimate of humon risk. The risk- 
chercicterization step also includes nn 
intcrprctrition of these estimetcs in light 
of the biological. statistical. and 
e x ~ ~ o s u r e  assumptions and uncertaintieo 
t h n t  have arisen throughout the process 
of usseesing r k k .  

The elements of dose-rcsponso 
nsscaorncnt are described In section 
1Il.A. Guidance on human exposure 
nsscesrnent la provided in another EPA 
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document (US. EPA. 198G): however. 
section 1II.B. of these Guidelines 
includes a brief description of the 
specific type of exposure infcrmation 
that is useful for carcinogen risk 
assessment. Finally. in section 1Ii.C. on 
risk characterization. there is a 
description of the manner in which risk 
estimates should be presented so as to 
be most informative. 

calculation of quantitative es!inlates of 
cancer risk does not require that an 
agent be carcinogenic in humans. The 
likelihood that an agent is a human 
carcimgen is a fcnction of the weight of 
evidence. as this has been described in 
the hazard identification section of these 
Guidelines. I t  is nevertheless important 
to prese n t q s i\ n t i ta t i  ve est i m a t es , 
appropriately qualified and interpreted, 
in those circumstances in which there is 
a reasonahie possibility. based on 
human and animal data, that the agent 
is carcinogenic in humans. 

It should be emphasized in every 
quantitative risk estimation that the 
results are uncertain. Uncertainties due 
to experimental and epidemiologic 
variability a s  well a s  uncertainty in the 
exposure assessrrlT3nt can be important. 
There are major uncertainties in 
extrapolating both f ron  animals to 
humans sild from high to low doses. 
There are important species differences 
in uptake, metabolism. and organ 
distribution of  carcinogens, a s  well as 
species and strain differences in target- 
site susceptibility. Human popula!ions 
are variable with respect to genetic 
constitution, diet. occupational and 
home environment, activity patterns, 
and other cultural factors. Risk 
estimates should be presented together 
with the associated hazard assessment 
(section III.C.3.) to ensure that thert: is 
an  appreciation of the weight of 
evidence for carcinogenicity that 
underlies the quan'itative risk estimates. 
A. Dose-Response Assessment 
1. Selection of Doto. As indicated in  

section II.D., guidance needs to bp given 
by the individuals doing the qualitative 
assessment (toxicologists. pdthologis!s. 
pharmacologists, etc.) to those doing the 
quantitative ossessment a s  to the 
appropriate data to be used in the dose- 
response assessment. This is determined 
by the quality of  the data, its relevance 
to human modes of exposure. and other 
technical details. 

If available. estimates based on 
adequate human epidemiologic data are 
preferred over estimates based on 
animal data. If adequate exposure data 
exist in a well-designed and well- 
conducted negative epidemiologic study, 
i t  may be possible to obtain an upper- 

It should be eniphasized that 

bound estimate of risk from th;it study. 
Animal-based estimates. i f  avaihble. 
also should be presentcd. 

studies. data from a species that 
responds most like humans should l e  
used, if information to :his elfcct exists. 
Where, for a given agcrrl. sevcrai s:udies 
are a\ailalle.  which m a y  involve 
diffcrent animal species. strains. and 
sexes at several doses a n d  by different 
routes of exposure. the frillowing 
approach to selecting the da!a sets is 
used: (1) The tumor incidence ddta are 
separated according to organ site Gild 
tumor type. (2) All biolop,ica!ly and 
statistically acceptable data sets are 
presented. (3) Thc range of tlte risk 
estimates is presented with due regard 
to biological relevance (particularly in 
the case of animal studies) and 
appropriateness of route of exposure. (4) 
Because it is possible that human 
sensitivity is as high a s  the most 
sensitive responding animal species. in 
the absence of evidence to the contrary, 
the biologically acceptable data set from 
long-term animal studies showing the 
greatest sensitivity should generally be 
given the greatest emphasis. again with 
due regard to biological and sta!istica! 
considerations. 

species from which the dose-response 
information is obtained differs from the 
route occurring in envircrimental 
exposures. the consider:.rions used in 
making the route-to-route extrapolation 
must be carefully described. All 
assumptions should be presented along 
with a discussion of the uncertainties in 
the extrapolation. Whatever procedure 
is adopted in a given case, i t  must be 
consistent with the existing metabolic 
and pharmscokinetic information on the 
chemical (e.g., absorption efficiency via 
the gut and lung, target organ doses. m d  
changes in placental transport 
throughout gestation for transplacental 
carcinogens). 

elevated tumor sites or types are 
observed in the same study. 
extrapolations may be conducted on 
selected sites or types. These selections 
will be made on biological grounds. To 
obtain a total estimate of carcinogenic 
risk, animals with one or more tumor 
sites or types showing significantly 
elevated tumor incidence should be 
pooled and used for extrapolation. The 
pooled estimates will generally be used 
in preference to risk estimates based on 
single sites or types. Quantitative risk 
extrapolations will genernlly not be 
done on the basis of totals that include 
tumor sites without statistically 
significiint elevations. 

In the absence of appropriate human 

When the exposure route in the 

Where two or more significantly 

Benign tuzors should generally be 
combined with malignant tilmors for risk 
estimates unless the benign tumors are 
not considcred to have the potential to 
progress to the associa:ed malignancies 
of the same his:ogenic origin. The 
contribution of the benign tumors. 
however. to the total risk should be 
indicated. 

Estrupolotion Model. Since risks at low 
exposure levels cannot be measured 
directly either by animal experiments c r  
by epidemiologic studies. a liurnber of 
mathematical models have been 
developed to extrapolate from high to 
low dose. Different extrapolation 
models, however. may f i t  the observed 
data reasonably well but may lead !o 
large differences in the projected risk at 
low doses. 

As was pointed out by OST? (1985: 
Principle 26), 

No single n1atherna:ical procedure is 
recognized as the most appropriate for low- 
dose extrapolation in carcinogenesis. When 
relevant biological evidence on mechanism cf 
action exists [e.g.. pharmacokinetics. target 
organ dose]. the models or procedures 
employed should be consistent with the 
evidence. When data and information are 
limited, however. and when much uncertainty 
exists regarding the mechanism of 
carcinogenic action, models or procedures 
which incorporate low-dose linearity are 
preferred when conipatible with the limited 
information. 

At present. mechanisms of the 
carcinogenesis process are largely 
unknown and data are generally limited. 
If a carcinogenic agent acts by, 
accelerating the same carcinogenic 
process that leads to the background 
occurrence of cancer, the added effect of 
the carcinogen at low doses is expected 
to be virtually linear (Crump et al., 1976). 

The Agency will review each 
assessment a s  IO the evidence on 
carcinogenesis mechanisms and othtir 
biological or statistical evidence that 
indicates the suitability of a pariicular 
extrapolation model. C-oodness-of-fit to 
the experimenial observations is not an  
effective means of discriminating among 
models (C)STP. 1985). A rntionale will be 
included to justify the use of the chosen 
model. In the absence of adequate 
information to the contrary. the 
linearized multistage procedure will be 
employed. Where appropriate, the 
results of using various extrapolation 
models may be useful fcr cornpHrison 
with the linearized multistage 
procedure. When longitudinal data o n  
tcrnor development are aviiilablc. tiinc- 
to-tumor modets mriy be used. 

linenrizc!tl mtiltistitgc procctliirc I t 4 s  to 

2. Choice of hi/lothenintical 

. 

I t  should be emphasimd that thc 

I ' '  . 0 7 
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11 plausible upper limit to the risk that is 
consis:rtnt with sonie proposed 
mechanisms of ciircinogcncsis. Such an 
estimate. however. does not nec~ssorily 
give a realistic prediction of the risk. 
The tnie value of the risk is unknown. 
rind may be RS low a s  zero. The range of 
risks. defined by the upper limit given 
by the chosen nodel and the lower limit 
which may be a s  low es zero. should bc 
expliciily stated. An established 
procedure does not yet exist for making 
"most likely" or "best" estimates of risk 
within the range of uncertainty defined 
by the upper and lower limit estimates. 
If data and procedures become 
available. the Agency will also p;ovide 
"most likely" or "best" estimates of risk. 
This will be most feasib!e when humen 
data are available and when exposures 
are in the dose range of the data. 

In certain cases, the linearized 
multistage procedure cannot be used 
with the observed da!a as, for example. 
when the data are nonmonotonic or 
flatten out at high doses. In these cases, 
i t  may be necessary to make 
adjustments to achieve low-dose 
linearity. 

When pharmacokinetic or metabolisni 
data are available, or when other 
substantial evidence on the mechanistic 
aspects of the carcinogenesis process 
exists, a low-dose extrapolation model 
other than the linearized multistage 
procedure might be considered more 
appropriate on biological grounds. 
When a different model is chosen. the 
risk assessment should clearly discuss 
the nature and weight of evidence that 
led to the choice. Consideralde 
uncertainty will remain concerninq 
response at low doses: therefore, in 
most cases an  upper-limit risk estimate 
using the linearized multistage 
procedure should also be presented. 

Species. Low-dose risk estimates 
derived from laboratory animal data 
extrapolated to humans are complicated 
by a variety of factors that differ among 
species and potentially affect the 
response to carcinogens. Included 
among these factors are differences 
between humans and experimental test 
animals with respect to life span, body 
size, genetic variability. population 
homogeneity. existence of concurrent 
disease, pharmacokinetic effects such a s  
metabolism and excretion patterns, and 
the exposure regimen. 

The usual approach for making 
interspecies comparieons has been to 
use standardized scaling factors. 
Commonly employed standardized 
dosage scales include mg per kg body 
weight per dey. ppm in the diet or water. 
mg per mL body surface area per dny. 

3. Equir.alent Exposure Units Among 

and mg per kg body weight per Iifctinw. 
In the absence of cornparalive 
toxic0logic;:l. physiological, metabolic. 
tind pharmacokinetic data for il given 
suspect carcinogen, the Agency takes 
the position that the extrapoltition on 
the basis of surface area is considcrcd 
to be appropriate because certain 
pharrnaco!oglc;il effects commonly scale 
according to surface area (Dedrick. 1973: 
Frcireich et H I . .  1966: Pinkel. 1958). 

D. Exposure Assessment 
In order to obtain a quantit;itive 

estimate cf the risk, the resu!ts of the 
dose-response assessment must be 
combined with an  estimate of the 
exposures tu which the populations of 
interest are likely to be subject. While 
the reader is referred to the Guidelines 
for Estimating Exposures (U.S. EPA. 
1986) for specific details. it is imporiant 
to convey an appreciation of the impact 
of the strengths and ,weaknesses of .  
exposure assessment on the o;erall 
cancer risk assessment process. 

At prescn! there is no single approach 
to exposure assessment that is 
appropiiate for all cases. On a ciise-by- 
case basis, appropriate methods are 
selected to match the data on hand and 
the level of sophistication required. The 
assumptions. approximations. and 
uncertainties need to be clear!y stated 
because, in some instances. these will 
have a major effect on the risk 
assessmen!. 

In genera I, t !i c mag n i t  ).id e, d u rii t ion. 
arid frequency of exposure provide 
ftindamental information for cstiinating 
the Concentration of the carcinogen to 
which the organism is exposed. These 
data ere generated from monitoring 
information. modeling results. and/or 
reasoned estimates. An appropriate 
treatment of exposure should consider 
the potential for exposure via ingestion. 
inhalation. and dermal penetration from 
relevant sources of exposures including 
multiple avenues of intake from the 
same source. 

Special prot)lems arise wlien the 
human exposure situation of concern 
suggests exposure regimens. e.g.. route 
find dosing schedule. that Are 
substantially different from those used 
in the relevant animal studies. Unless 
there is evidence to the contrary in 0 
particular case. the cumulutive dose 
received over R lifetime. expressed as  
average daily exposure prorated over a 
lifetime, is recommended as an  
Appropriate measure of exposure to a 
corcinogen. That is. !he assumplion is 
made tho! a high dose of a carcinogen 
received over a short period of time is 
cqtiivnlccf to a'corresponding low-dose 

s;)rcild over it !ifc\iine. This ;ippro;ir:h 
Lcconies more proLicm:!!i(;al iis !he 
cxposurus in  qut!slion I~ccoilrr: n : ~ e  
intcnsc btit !css frcqucnt. especially 
when there is evidence that the iigent 
has shoxn dose-rate effects: 

t\n at:empt shl~uld Le made to aswss 
the level of cnccrtainty associntcd with 
the exposure assessment which IS to Le 
used in a cancer risk assessment. This 
nicasure of uncertainty should Li. 
included in the risk characterization 
(section i1I.C.) in order to provide the 
decision-maker with a clear 
i~nderstanding of the impact of this 
uncertainty on any final quantitative 
risk estimate. Subpopulations with 
heightened susceptibility (either treciluse 
of exposure or predisposition) should. 
when possible. be identified. 

C. Risk Characterization 
Risk characterization is composed of 

two parts. One is a presentation 0: the 
numerical estimates of risk: the other is 
a framework to help judge the 
significance of the risk. Risk 
characterization includes the exposure. 
assessment and dose-response 
assessment; these are used in the 
estimation of carcinogenic risk. I t  may 
also consist of a unit-risk estimale 
which can be combined elsewhere with 
the exposure assessmexi for the 
purposes of estimating cancer risk. 

Hazard identification and dose- 
response assessment are covered in 
sections I1 and 1.i.A.. and a detailed 
discussion of exposure assessment is 
contained in EPA's Guidelines for 
Estimating Exposures (US. EPA. 1986). 
This section'deals with the numerical 
risk estimates and the approach to 
summarizing risk characterization. 

1. Options far .Vumcrical Risk 
Estiniofes. Depending on the needs of 
the individual program offices. 
nunierical estimates can be presented in 
one or more of the following three ways. 

a. Unit Risk-Under an assumption of, 
low-dose linearity, the unit  cancer risk is 
the excess lifetime risk due to a 
continuous constant lifetime exposure of 
one unit.of carcinogen concentration. 
Typical exposlire units include ppni or 
ppb in food or water, mg!kX/day by 
ingestion. or ppm or pg/nis in air. 

b. Dose Corresponding to a Given 
Level of Risk-This approach cnn be 
useful. particularly when using 
nonlinear extrapolation inodels where 
the unit  risk would differ at different 
dose levels. 

c. Individual and Population Risks-- 
Risks may be chariicterized either in 
terms of the excess individual lifetime 
risks, the C X C ~ S S  num\)cr of cancers 

0 8  
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produced per year in the exposed 
population. or both. 

degree of precision and accuracy in the 
numerical risk estimates currently do 
not permit more than one significant 
figure to be presented. 

characterizing the risk due to concurrent 
exposure to several carcinogens, the 
risks are combined on the basis of 
additivity unless there is specific 
information to the contrary. Interactions 
of cocarcinogens. promoters, and 
initiators with known carcinogens 
should be considered OR a case-by-case 
basis. 

3. Summury of Risk Characterization. 
Whichever method of presentation is 
chosen. it is critical !hat the numerical 
estimates not be allowed to stand alone, 
separated from the various assumptions 
and uncertainties upon which they are 
based. The risk characterization should 
contair. a discussion and interpretation 
of the numerical estimates that affords 
the risk manager some insight into the 
degree to which the quan!itative 
estimates are likely to reflect the true 
magnitude of human risk, v:hich 
generally cannot be known with the 
degree of quantitative accuracy 
reflected in the numerical estimates. The 
final risk estimate wiil be generally 
rounded to one significant figure and 
will be coirpled with the EPA 
classification of the qualitative weight of 
evidence. For example. a lifetime 
individual risk of ~ x ? O - ~  resu l t iq  from 
exposure to a "probable human 
carcinogen" (Group BZ] should be 
designated as: ZxlO-* [BZ]. This 
bracketed designation of the qualitative 
weight of evidence should be included 
with all numerical risk estimates (Le., 
unit risks, which are risks a! a specified 
concentration or concentrations 
corresponding to a given risk). Agency 
statements. such a s  Federal Register 
notices, briefings. and action 
memoranda. frequently include 
numerical estimates of carcinogenic risk. 
I t  is recommended that whenever these 
numerical estimates are used, the 
qualitative weight-of-evidence 
classification should also be included. 

The section on risk characterization 
should summarize the hazard 
identification, dose-response 
assessment, exposure assessment, and 
the public health risk estimates. Major 
assumptions, scientific judgments. and, 
to the extent possible, estimates of the 
uncertainties embodied in the 
assessment are presented. 

lrrespective of the options chosen, the 

2. Concurrent E.yposure. In 

IV. EPiI Classification System for 
Categorizing Weight of Evidence fur 
Carcinogenicity From Human and 
Animal Studies (Adapted From IARC) 
A. Assessment of Weight of Evidence 
for Carcinogenicity From Studies in 
Humans 

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

1. Case reports of individual cancer 
patients who were exposed to the 
agent(s). 
2. Descriptive epidemiologic studies in 

which the incidence of cancer in human 
populations was found to vary in space 
or time with exposure to the agent(s). 

3. Analytical epidemiologic (case- 
control and cohort) studies in which 
individual exposure to the agent(s) was  
found to be associa!ed with an  
increased risk of cancer. 

causal association can be inferred 
between exposure and caccer in 
humans: 

could explain the association. 

been considered and ruled out a s  
explaining the association. 

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

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

carciiiogenicity 1 from studies in  humans 
is classified as: 

carcinogenicity, which indicates that 
there is a causal relationshlp between 
the agent and human cancer. 

which indicates that a causal 
interpretation is credible, but that 
alternative explanations, such a s  
chance. bias. or confounding. could not 
adequately be excluded. 

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

Three criteria must be met before a 

I. There is no identified bias that 

2. The possibility of cor,founding has 

The weight of evidence for 

1. Sufficient evidence of 

2. Limited evidence of carchogenicity, 

' For purposes or public health protection. agents 
essociated with life-threatening benign t u m c v  !n 
humans are includcd in thc evaluation. 

and therefore a causal interprelalion is 
not credible. 

4. No data. which indicates that data 
are not available. 

5. No evidence, which indicates that 
no association was  found between 
exposure and iin increased risk of 
cancer in well-designed and well- 
conducted independent analytical 
epidemiologic studies. 
B. Assessment of Weight of Evidence for 
Carcinogenicity From Studies in 
Experimental Animals 

five groups: 

carcinogenicity, which indicates that 
there is an  increased incidence of 
maligr,mt tumors or combined 
malignant and benign tumors: 
multiple species or strains; or (b) in 
multiple experiments (e.g., with different 
routes of admir.istration or using 
different dose ievels); or (c] to an  
unusual degree in a single experiment 
with regard to high incidence, unusual 
site or type of tumor, or early age at 
onset. 

by data on dose-response effects, a s  
well a s  information from short-term 
tests or on chemical structure. 

which means that the data suggest 2 
carcinogenic effect but are limited 
because: (a) the studies involve a single 
species. strain, or experiment arid do  not 
meet criteria for sufficient evidence (see 
section IV. B.1.c); (b) the experiments 
are restricted by inadequate dosage 
levels, inadequate duration of exposure 
to the agent, inadequate period of 
follow-up, poor survival, too few 
animals. or inadequate reporting; or (c) 
an increase in the incidence of benign 
tumors only. 

indicates that because of major 
qualitative or quantitative limitations, 
the studies cannot be interpreted as 
showing either the presence or absence 
of a carcinogenic effect. 

4. No data, which indicates that data 
are not available. 

5. No evidence. which indicates that 
there is no increased incidence of 
neoplasms in at least two well-designed 

These assessments are classified into 

I. Sufficient evidence 2 of 

(a) in 

Additional evidence may be provided 

2. Limited evidence of carcincgenicity, 

3. Inadeqiiate evidence, which 

' An incrcascd i n c i h m !  of r.nop!asms thrlt occur 
with high spontnnrous background int:idence fe.8.. 
mmse  liver tuniurs and rat pitvitary tilmors in 
certsin strains) genernlly constitiites "sufficient" 
evidence of cerciiiogenicity. but msy be changed to 
"limitcd" when wnrrented by Ihc specific 
infurmalion RVaitnblP on the npcnt. 

unlesn the benign tumors em nnt considered lo hrlve 
the potential to progrcas to the nssociated 
mnliunnncipn of the snme histogenic origin. 

Benign nnd mnlignant tumors will be comhiqed 
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Inadequate ............................................ 
No data ................................................. 
No evidence ......................................... 

and well-conducted animal studies in 
different species. 

evidence" and "limited evidence" refer 
only to the weight of the experimental 
evidence that these agents are 
carcinogenic and not to the potency of 
their carcinogenic action. 
C. Categorization of Overall Weight of 
Evidence for Human Carcinogenicity 

of the weight of evidence of 
carcinogenicity of a chemical for 
humans uses a three-step process. (I) 
The weight of evidence in human 
studies or animal studies is summarized: 
(21 these lines of information are 

The classifications "sufficient 

The overall scheme for categorizyt' ion 

D 82 C D 
82 C D- D 
82 C D D 

combined to yield a tentative 
assignment to a category (see Table 11: 
and (3) all relevant supportive 
information is evaluated to see i f  the 
designation of the overall weight of 
evidence needs to be modified. Relevant 
factors to be included along with the 
tcmor information from human and 
animal studies include structure-activity 
re!iitionships: short-term test findings: 
results of appropriate physiological. 
biochemical. and toxicological 
observations: and comparative 
metabolism and pharmacokinetic 
studies. The nature of these findings 
may cause one to adjust the overall 
categorization of the weight of evidence. 

TABLE 1 .-ILLUSTRATIVE CATEGORIZATION OF EVIDENCE BASED ON ANIMAL 
AND HUMAN DATA 

Human No. 
Evidence 

A 
81 
D 
E 
E 

'The above assignments are pesentod foy illustrative purposes. There. may be nuances in the 
dassificabon of bltt animal and human data indicating that different categomsbm than those m the 
tz?k should be assigned. Funhennqre. these assignments are tentative and may ,be modified y a n a W  
endence. In this regard all relevant informatxx should be evaluated to determme if the designatw .JI the 
overauweightotendence +s to be modified. Rebyant fact? to, be ioduded along yith the hmKv data 
horn human and anwnal I+& smrturesctrvlty relationshtps. short-term test hdiogs, results o f  
wopriate phymbpcal, tnochma I. and toxidogical observations. and comparative metaboliy aM 
pharmacokinetic  st@^+. The nature of these rmings may cause an adjustment ol me overall categwnabon 
Of the wetghl of Rndence. 

The agents are categorized into five 
groups as follows: 

Cmup A-Human Carcinogen 
This group is used only when there is 

sufficient evidence from epidemiologic 
studies to support a causal association 
between exposure to the agents and 
cancer. 

Croup B-Probable Human Cnrcinogen 
This group includes agonts for which 

the weight of eviderice of human 
carcinogenicity based on epidemiologic 
studies is "limited" and elso includes 
agents for which the weight of evidence 
of carcinogenicity based on animel 
studies is "sufficient." The group is 
divided into t w o  subgroups. U s u e l l ~ ,  
Group Bl is rcservcd for agents Lor 
which there is limited evidence of 
carcinogenicity from epidemiologic 
studies. It is reasonable. for practical 
purposes, to regard an  agent for which 
there is "sufficient" evidence of 
carcinogenicity in animals HS i f  i t  

presented a carcinogenic risk to humans. 
Therefore. agents for which there is 
"Sufficient" evidence from animal 
studies and for which there is 
"inadeqilate evidence" or "no data" 
from epidemiologic studies would 
usually be categorized under Group B2. 

Croup C-Possible Human Catcinogen 
This group is used for agents with 

limited evidence af carcinogenicity in 
animals in the absence of human data. I t  
includes a wide variety of evidence. e&. 
( H )  a malignant tumor response in a 
single well-conducted experiment that 
does not meet conditions for sufficier,t 
evidence, (b) tumor responses of 
marginal statistical significance in 
studies having inadequate design or 
reporting. (c) benign but not malignant 
tumors with an  agent showing no 
response in a variety of short-term tests 
for mutagenicity, and (d) responses of 
marginal statistical significence in a 
tissue known to have a high or veritible 
background rate. 

Group D-tJmt C/uss(fiab/c us to !-iumcn 
Curciiiogenicily 

This group is generaily used Tor agents 
wiih inadequate human end animal 
eviderice of carcinogenicity vr for which 
n3 data are available. 

Group E-Et.idcnce of A h -  
Carcinogenicily for Humans 

This group is used for agents that 
show no evidence for carcinogenicity in 
at least two adequate animal tests in 
different species or in both adequate 
epidemiologic and animal studies. 

The designation of an  agent a s  being 
in Group E is based on the available 
evidence and shouId not be interpreted 
as a definitive conclusion that the agent 
will not be a carcinogen under any 
circumstances. 
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Part B: Response to Public and Science 
Advisory Board Comments 
I. ivtroduction 

issues raised during both the public 
comment period on the Proposed 
Guidelines for Carcinogen Risk 
Assessment published on November 23, 
1984 (49 FR 46294). and also during the 
April 22-23,1985, meeting of the 
Carcinogen Risk Assessment Guidelines 
Panel of the Science Advisory Board 
[ SAB) . 

In order to respond to these issues the 
Agency modified the proposed 
guidelines in two stages. First, changes 
resulting from consideration of the 
public comments were made in a draft 
sent to the SAB review panel prior to 
their April meeting. Secondly. the 
guidelines were further modified in 
response to the panel's 
recomrnenda tions. 

The Agency received 62 sets of 
comments during the public comment 
period, including 28 from corporations, 9 
from professional or trade associations. 
and 4 from academic institutions. In 
general, the comments were favorable. 
The commentors welcomed the update 
of the 1976 guidelines and felt that the 
proposed guidelines of 1985 reflected 
some of the progress that has occurred 
in understanding the mechanisms of 
carcinogenesis. hlany commentors. 
however, felt that additional changes 
were warranted. 

guidelines are "reasonably complete in 
their conceptual framework and are 
sound in their overall interprctntion of 
the scientific issues" (Report by the SAB 
Carcinogenicity Guidelines Review 
Group, lune 19,1985).  The SAB 
suggested various editorial changes and 
raised some issues regarding the content 

83-153!~10. 

Ward. ].XI., Goodman. D.C.. Squire. R.A.. 

This section sumniarizes the major 

The SAD concluded that the 

of the proposEd guidelines. which arc 
discussed bclow. Uiised on these 
recommendations. the Agency has 
modified the driift guidelines. 
II. Ojficc of Science and Techcology 
Policy Report on Chemical Carcinogens 

Many commentors requested that the 
final guidelines not be issued until after 
publication of the report of the Office of 
Technology 2nd Science Policy (OSTP) 
on chemical carcinogens. They further 
requested that this report be 
incorporated into the final Guidelines 
for Carcinogen Risk Assessment. 

The final OSTP report was pub!ished 
in 1985 (50 F'R 10372). In its 
deliberations, the Agency reviewed the 
final OSTP report and feels that the 
Agency's guidelines are consistent with 
the principles established by the OSTP. 
In its review, the SAB egreed that the 
Agency quidelines ore generally 
consistent with the OSTP report. To 
emphasize this consistency, the OSTP 
principles have been incorporated into 
the guidelines when controversid issues 
are discussed. 
Ill. Inference Guide!ines 

proposed guidelines did not provide a 
sufficient distinction between srientific 
fact and policy decisions. Others felt 
that EPA should not attempt to propose 
firm guidelines in the absence of 
scientific consensus. The SAB report 
also indicated the need to "distinguish 
recommendations based 3n scien!ific 
evidence from those based on science 
policy decisions." 

recomrnenda tion that policy, 
judgmental, or inferential decisions 
should be clearly identified. In its 
revision of the proposed guidelines. the 
Agency has included phrases (c.R., "the 
Agency takes the position that") to more 
clearly distinguish policy decisions. 

The Agency also recognizes the need 
to establish procedurca for action on 
important issues in the absence of 
complete scientific knowledge or 
consensus. This need was  
acknowledgcd in both the National 
Academy of Sciences book entitled Risk 
blonqqement in the Federal 
Goc~rnmcnt blcnaginq the Process and 
the OSTP repor! on chemical 
cnrcinogens. As the NAS report states. 
"Risk assessment is an  analytic process 
that i s  firmly based on scientific 
considerations. but i t  also requires 
judgments to be made when the 
available information is incomplete. 
These judgments inevitably draw on 
both scientific nnd policy 
considcratio~s." 

. 

Many commentors felt that the 

The Agency agrees with the 



I'he judgments of the Agcncy hiivc! 
been based on current availalile 
scientific infcrniation arid on the 
com!)incd experience of r\pncv crperts. 
These judgnicnts. and the resulting 
p idance .  rely 011. inference: howevcr. 
the positions taken in thclse ilifcicncc 
guitlelines are felt to be reasonable and 
scientifically defenyible. While all of the 
guidance is. to some degree. based on 
inference the guide!incs have attc:mp!trd 
to distinguish those issues thiit 
depended nwre on jurlgrnmt. In tht:sc! 
cases. the Agency has stated a prisition 
but !:as also retained flexibility to 
iiccommodate new data or specific 
circumstances that demonstrate thiit the 
proposed posi:ion is imccurate. The 
Agency recognizes that scien!ific 
opinion will be divided on thesi! issues. 

Knowledge a b m t  carcinogens ?lid 

carcicopenesis is progressing at a rapid 
rate. While these guide'' ,ines are 
considered a best effort at  the prosent 
tine. the Agency has attempted to 
incorporate flexibility into the curre:it 
guidelines and also recommends that 
the guide!ines be revised a s  often as  
wxranted  by advances in the fieid. 
1V. Fizlaotion of b'enign 'lirnwrs 

Several commentors discusscd :hc 
appropriate inteipretrction of an 
increased incidence of benign tumors 
nlone or with an increased incidcnce of 
malignant tumors as part of the 
evalua:ion of the carcinogenicity of an 
agent. Some comments were supportive 
of the  position in the pioposcd 
guidclines. i.e.. under certain 
circumstances. the incidence of Imigii 
rind malignant tumors would be 
combined. and an increased incidence 
of benign tumois alone would he 
considered an indication. albeit limited. 
of carcinogcnic potential. Other 
commentors raised.conccms about the 
criteria that would be used to decide 
which tumors should be combined. Only 
a few commentors felt that benign 
tumors should never be considered in 
evaluating carcinogenic potcn!ial. 

Tie Agency believes that current 
informetion supports the use of benign 
tumors. The guidelines have been 
modified to incorporate the language of 
.the 3STP report. i.e.. benign tumors will 
be combined with melignant .tumors 
when scientifically defensible. This 
position allows flexibility in evaluet.ing 
the data besi for each agent. The 
guidelines have also been modified to 
indicate that. whenever benign and 
malignant tumors have been combined. 
und the agent is considered a candidate 
for quanti ta tive risk extrapolation. the 
contribution of benign tumors to the 
estimation of risk will be indimtcd. 

1'. T~i:r~..l.'l(~i:cttttr! u:ltl 
:'.?:ri:~~~~:,c,."~:ioi~ul .ili:imi:I llii~i~::.si:y.v 

As one of its two proposnls for 
dtl i t ions to the puidclincs. the S:'.!l 
rctcomnicndetl a discussiun of 
tr;tnsplacental and mui:i~c!nerii:iori;tl 
i i l i i ~ i i i i l  bioass;iys fur c~rcinoh.c.riicilf. 

The Agency agrees tha:  such dat;l. 
w:wn avai!iililc. ciin providc useful 
inlormation in the cviiluation of a 
chem iciil's potentia I C;I rci noscn ici l y i I  r i d  
h a s  st;itt:d this in the final guidelines. 
The Agency has :rlso revised !!IC 

p:ridelint.s to indicate \hilt such stuiiier 
.niay provide iidditioxil information on 
the inctiibo!ic: and yhamiirccikinctic 
propcrlks ut' thc chemiciil. blore 
ptiitlmce on the specific ~ s e  of these 
stirdies wi!l be considered in futiirt! 
revisicmi of these guideiines. 

7 

L'l. i l , ! ~ l . ~ i ~ i :  i.71 T ~ l ~ r ~ l e d  ULISC 
The pr~p( i sed  guidelines discussed the 

implications of using a niaxinxm 
ti l leiat~d dose (MTD) in bioassays for 
carcinogenicity. Many conimen!ors 
requc:s?ed that EPA define h4TD. The 
t o ~ e  of :he comnients suggested that the 
cornmentors were concerned about the 
uses and interpretations of nigh-dose 
tcs ! i ng. 

controversy currently surrounds these 
issues. The appmprinte text from the 
OSTP report has been incorporated into 
the final guidelines which suggcsts that 
the ccwsequences of high-dose testing be 
evaluated on a case-by-case basis. 
1'11. Moiise Liver Turiiors 

expressed opinions about the 
assessment of bioassays in which the 
on!y increase! in tumor incidence W 2 S  
liver tumors in the mouse. Many felt the1 
mouse liver ttinlors were afforded too 
much credence. especially given exiating 
information that indicates that they 
Eight arise by a different niechnnism. 
e.8.. tissue damage followed by 
regeneration. Others felt that mouse 
liver tumors were but one case of a high 
background incidence of one particular 
type of tumor and that all such tumors 
should be trcated in the same fashion. 

The Agency has reviewed these 
comments And the OSTP principle 
regarding this issue. i h e  C!SX report 
docs not reach conclusions a s  to the 
treatment of tumors with a high 
spontaneous background rete. but 
states. as is now included in the text of 
the guidelines. that these data require 
special consideration. Although 
questions have been raised regarding 
the vtilidity of mouse liver tumors in 
EeneraI. the Agency feels that mouse 
liver tumors cnnnot be ignored R E  nn 

I'he Agency recognizes that 

A large number of cornmentors 

ini!icotnr of c;ircinopcriicity. 'Thus. thc 
posilion in the proposed guidc!inr?l; hiis 
nc~t tieen changed: an increased 
incitlwce of only mouse liver tumors 
will bp regarded a s  "sufficient" cvidencc? 
of ciircinoFenicity if  all o:hcr criteria. 
e . ~ . .  rrplicr.tion and malignancy. are met 
with tlic understanding that this 
cliissification could be chaiiged to 
"limited" if warranted. The factors t l ~ i i t  

may c;iuse this re-eva!uiition are 
intlic:ated in the guidd' 2 ines. 

\,'ill. I Ycigs'hl-o f -  Eiidcncc Ci:L~:,qorit:s 

The P.penc,v was praised by both tkte 
public and ;he SAB for incorporating a 
weight-of-evidence scheme into i t s  
eva!u;ltion of carcinogenic risk. Certain 
specific aspects of the schr:me. however. 
were criticized. 

while the text of the proposed giridelines 
clearly states that EPA will u5e all 
availablc data in its categorization of 
the weight of the evidence that a 
chemical is a carcinogen. the 
c!assification system in Part A. section 
11' did not indicate the manner in which 
Et'A wi!l use information other than 
data from humans and long-term nnima! 
stucfies in assigning a weighf-of- 
evidence classification. 

Part A. section 1V.C. dealing with the * 
characterization of overall evidence for 
human carcinogenicity. This discussion 
clarifies EPA's use of supportive 
information to adjust. a s  warranted. the 
designation that would have been made 
solely on the basis of humin and long  
term animal studies. 

2. The Agency agrees with the SAB 
and !hose commentors who felt that o 
simple classification of the weight of 
evidence. e+. a single letter or even a 
descriptive title. is inadequate to 
describe fully the weight of evidence for 
each individual chemical. The final 
guidelines propose that a parngraph 
summarizing the data should 
acconipnny the numerical estinlato nnd 
weigh!-of-evidence classification 
whenever possible. 

dcscriptive title E (No Evidence of 
Carcinogenicity for Humans) becni.se 
they felt the title would be confusing to 
people inexperienced with the 
classificntion system. The title for Group 
E. KO Evidetlce of Cnrcinogenicity for 
tlumens. was thought by thcsc 
commentors to suwest the obsence of 
Jatn. This group. however, is intended 
to be reserved for agents for which them 
exists credible data demonstrating that 
the ngent is not carcinoaenic. 

Ilnsed on these comments and further 
discussion. the Agency has chnrrged the 

I. Several conlmentors noted that 

The Agency has added o discassion to 

3. Several commentors objected to the 

' 

01 3 
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title of Croup E to "Evidence of N m -  
Carcinogenicity for i lumans." 

4. Several cornmentors felt that  the 
ti:le for  Group C. I'ossihle IIunian 
Carcinogen. was not sufficiently 
distinctive from Group B. Probablc 
Human Carcinogm. Other coninien:ors 
felt that those agents that minim;illy 
qualified for Group C would iack 
sufficient data for such R label. 

The Agency recognizes that Group C 
covers a range of chemicals and has 
considered whether to subdivide Group 
C. The consensus of the Agency's 
Carcinogen Risk Assessment 
Committee. however. is that the current 
groilps. which are based on the I.4RC 
categories. are a reasonable 
stratification and should be re:ained at 
present. The structure of the groups will 
be reconsidered when the guidelines are 
reviewed in the future. The Agency also 
feels that the descriptive title i t  
originally selected best conveys the 
meaning of the classification within thc 
context of EPA's past and current 
activities. 

concern about the distinction between 
I11 and B2 on the basis of epidemiologic 
evidence only. Tiiis issue has been 
under discussion in the Agency and may 
be revised in future versions of :he 

' 

5. Some cornmentors indicated a 

' guidelines. 
6. Comments were also received about 

the possibility of keeping the groups for 
&Rima1 and human data separate 
without reaching a combined 
classification. The Ageficy feels that a 
combincd classification is useful: thus. 
the comhincd classification wiis 
retained in the final guidelines. 

The SAB suggested that n table be 
added to Part A. section IV to indicate 
the manner in which human and animal 
data would be combined to obtzin an 
overall weight-of-evidezce category. The 
Agency realizes that a table t h H t  would 
present all permu!ations of potentially 
available data would be complex and 
possibly impossible to construct since 
numerous combinations of ancillary 
data (e+. genetic !oxicity. 
pharmacokinetics) could be used to 
raise or lower the weight-of-evidence 
classification. Nevertheless. the Agency 
decided :o include a tHble to illustrate 
the most probable weight-of-evidence 
classification that would be assigned on 
the basis of standard animal tind human 
data without consideration of the 
ancillriry data. While it is hoped thet 
this table will clarify the weight-of- 
evidence classifications. i t  is also 
important to recsgnize that an agent 
may be assigned to a final 
categorization different from the 
category which would Hppenr 
appropriate from the table and still 
conform to the guidelines. 

,'.S. Qiiu/i:i!citiw Es/inicitcs if Kisk 

of carcinogenic risk in the pro;)osed 
guidelines received substiititiiil 
ctimments from the public. Five issues 
were discussed by the Agency and hiitre 
resulted in modifications of the 
guidelines. 

perception that €PA would use on!!; om: 
method for the e?ctr;ipolation of 
carcinogenic risk and would. tliercforc!. 
obtain one estimate of risk. Even 
commentors.who concur with thc 
procedure usually follosred by El'A felt 
that some indication of t1,e uncer!ai!ity 
of the risk estimate should be included 
with the risk estimate. 

The Agency feels that the propnsed 
guidelines were not intended to snggr:st 
that EPA would perform quantitative 
risk estimates in a rote or mechanical 
fashion. As indicated b y  the OS'TP 
report and paraphrased in the propnsd  
guidelines, no single mathen1atic;ll 
procedure has been determined to lie 
the most appropriate method for risk 
extmpolation. The final guidelines qwtc 
rather than paraphrase the OSTP 
principle. ?'he guiddines have been 
revised to stress the importance of 
considering all available data in the risk 
assessment and now state. '.'The Agency 
will review each assessm1;nt as to the 
evidence on carcinogenic mechanisms 
and other biological or statistical 
evidence t h s t  indicates the suitobility of 
a particular extrapolation model." I'wo 
issues are emphasized: First. the text 
now indicates the potential for 
pharmacokinetic information ti> 
contribute to the assessment of 
carcinogenic risk. Second. the final 
guidelines state that time-to-tumor risk 
extrapolation mode!s may be used when 
longitudinal data on tumor tleve!ripment 
nre aveiloble. 

2. A number of cornmentors noted that 
the proposed guidelines did not indicate 
how the uncertainties of risk 
characterization would be presen:ed. 
The Apency has rcvised the proposed 
guidelines to indicate that major 
assumptions. scientific judgments, and. 
to the extent possible. estimntcs of the 
uncertain!ies ernbodied in the risk 
assessment will bc presented olong with 
the estimation of risk. 

3. The proposed guidelines st:ited that 
the appropriateness of quantifying risks 
for chemicals in Group C (Possible 
t lumnn Carcinogen), specifically those 
agentn that were on the boundary of 
Groups C and D (Not Clossifigble os to 
Humen Carcinogenicity), w o d d  be 
judged on n cnse-by-case basis. Some 
cornmentors felt that quantitative risk 
asrressment should not be performed on 
nny ngent in Group C. 

'rhe method for quiintit;t:ive cstimii:c:s 

1. The major criticism $\'its :lie 

5. The proposed choice of body 
surhce area as an interspecics scaling 
factor was criticized by severill 
ccrnnienturs who felt that Iiody weight 
wiis also appropriate and  that h t h  
mcthnds should be used. The OSI'I' 
rcport recognizes that both scaling 
factors are in commcn use. The P-gt'ncy 
feels that the choice of the body surface 
areii scaling factor can be j u s t i f i d  froin 
the data on effects of drugs in viirious 
species. Thus. EPA will continup to use 
this sca1i:ig factor unless data on n 
specific agent siigges: that a diffcrc::it 
scaling fac!or is justified. The 
cncertain!y engendered by choiw of 
scriling factor will be included in the 
summary of uncertainties associated 
-with the assessncnt of risk m e n t i o d  
in point I. above. 

In :he second of i!s two proposals for 
atIdi!ions to the proposed guidclines. the 
SAD suggested that a sensitivity 
aniilysis tie included in EPA's 
qtiiin:itative estimate of a chemical's 
ciircinogeriic potency. The Agency 
tiprees that an analysis of the 
assumptio3s nnd uncertainties idiercnt 
in tin assessment of carcinogenic risk 
milst be accurately portrayed. Sections 
of the fino1 guidelines tt:;ct deal with this 
issue have been strengthcned to rc:flect 
the concerns of the SAD a n d  the 
Agency. In particular. the last p i r a p i p h  
of the guidelines states that '*miijcr 
ass:ii:ip:ions. scientific judgments. ami. 
to the extent possible. estimatt.s of the- 
oncertaintics embodied in  the 
nsscssnwnt" should he presentcd in the 
summary chnracteriziIlg the risk. Since 
the assumptions nnd uncertainties w i l l  
w r y  for each assessment. thc :\pi:ncy 
feels that a formRI requirement for a 
prirticular type of sensitivity analysis 
would be less useful than a ctise-by-CUSP 
rvaluntion of the par!icular assump!ions 
and uncertainties most significant for R 
pnrticiilnr risk assessment. 
IFR Ihc. NI-lWl Filcd R-23-RR: fk45 itnil 
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