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ABSTRACT 

'I'he Moolgavkar-Knudson-Venzon (M-K-'V) two-stage model for carcinogenesis was used to predict 
the risk-spcciric dose (RsD) based on the incidence of tumors reponed by Kociba et al. (1978) for 
Sprague-Dawley rats exposed to 2,3,7,8-tetrachlorodibcnzo-p-dioxin (2,3,7,8-TCDD). In addition, 
the results from the recently completed histopathology re-evaluation of the same study by an 
independent Pathology Working Group (PWG,1990), using current National Toxicology Program 
(NTP) pathology criteria, were also evaluated using the M-K-V model. Preliminary estimates ofthe 
RsD at a 1 X 10' risk level based on the 1978 histopathology results were 10 fg/kg/day if 
carcinomas and hyperplastic nodules were combined and 150 fg/kg/day if only carcinomas were 
considered. In contrast, RsDs based on the histopathology re-examination using current pathology 
criteria were 80 fgAg/day when adenomas and carcinomas were combined and 400 fg/kg/day if only 
hepatic carcinomas were considered. Since the M-K-V model is intended only to bc used for 
malignant tumors, the most appropriate RsD is 400 fg/kg/day (10-6 risk). This value is 
approximately 60-fold greater than USEPA's RsD (IO' risk) of 6.4 fg/kg/day. In light of the more 
biologically relevant basis of the M-K-V model, these results can be expected to be more valid than 
tiiose derived from statistically based models. 
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rNTKODUCUON 

llicrc has been considerable recent interest in the use of stochastic two-stage hiologically-based 

models of carcirrogcncsis .sucli .is thai dcvclo[>e<l by Mixilgavkar, Knud.sori, and Venzon, (M K V 

model) (Moolgavkar and Knudson, 1981; Moolgavkar, 19H6; Moolgavkar et al., 1988) for 

estimating lhe cancer risk |x)sed by low level ex|X)surc to environmental cticmicals. The advantages 

of using biologically-b.Tsed models over more conventional statistically-based models include the 

incorporation of important concepts in the cancer process and the use of model parameters that are 

biologically relevant. Although the linearize! multistage (LMS) nKxIel, which has traditionally been 

used in cancer risk as.sessments for regulatory purposes, is conceptually based on a multi-step theory 

of carcinogenesis, tlic M-K-V model has the advantage that its fomi is not dependent on the dosc-

rcsponsc data. 

71ic U.S. Jinvironnicntal Protection Agency (UStPA), as well its Science Advisory Board (SAU), 

have expressed interest in the development of the M-K-V model to describe the carcinogenic 

behaviorof 2,3,7,8-TCDD in experimental animals and in humans (Ixicht, 1989). Although the M-

K-V model was applied to 2,3,7,8-TCDD by ITiorslund (1988), the analysis contained several 

shortcomings and received only limited critical review. I'his paper incorporates information that was 

not available in 1987 and is mndtcdly different from the previous effort. 

I'he recent re-evaluation of the histopathology slides of the hepatic lesions from the Kociba et al. 

(1978) bioassay by an independent group of pathologists (PWG, 1990) prompted a re-examination 

of the M-K-V model to describe the.se data. The PWG's analysis was based on the National 

Toxicology Pnjgram's cunent crilcria for evaluating hepatic lesions in rodents which are appreciably 

different than the criteria used in the 1970's (Keenan el al., 1990a). 

In Ihis paper, wc report the re.sults of an analysis of 2,3,7,8-TCDD-induccd hepatocellular lesions in 

female Sprague-Dawley rats using the M-K-V model and the tumor incidence data from Kociba et al. 

(1978) and from the results of the histopathology reanalysis. Risk estimates were compared to 

estimates obtained using the conventional linwiriwrd multistage model (Keenan cl al., 1990b). 

METIIODS 

Tlie biological basis of the iwo-stagc M-K-V model has been extensively discussed elsewhere 

(Moolgavkar and Knudson. 1981; Moolgavkar, 1986; Moolgavkar ei al., 1988). Briefly, the crucial 

features of the model arc Ihat it can accommodate: a) the tmnsilion of target siem cells inlo cancer 

cells via an intennediatc stage in two rate-limiting, irreversible, and hereditary (at Ihc level of Ihe cell) 

steps; and, b) growth and differeniiation of nomial target and intennediatc cells. 

The M-K-V model was used to describe the liver tumorigenicity data from the two-year chronic 

toxicity and oncogenicity bioassay conducted by Kociba el al. (1978). In lhe Kociba study, 50 

Sprague-Dawley (Spartan substrain) rats of each sex werc maintained for up lo 24 months on diets 
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co-iNaining 1,000, 10,000, or UXJ.OW) ptvkg/day of 2,3,7,8-'rCDD; an additional 86 animals of 

y each sex were maintained as study controls. The following infonnation from Kociba ct al. (1978) 

and PWG (1990) were available tor each animal: the exact date of death; the prcsence or absence of 

hepatocellular carcinoma, hyperplastic nodule (Kociba et al., 1978), or adenoma (PWG,1990); and, 

the age at death or saerifice. Roth malignant tumors (hepatocellular carcinomas) and benign lesions 

(hyperplastic nodules or adenomas) were considered in these analyses. 

In the context ofthe M-K-V model, the hazard, or incidence, function at time /, denoted by h(t), is 

the instantaneous rate of appearance of malignant tumors. The incidence function predicted by the 

model is 

h(t) = p(t)Emt)\Z(l)=0] (1), 

where l'(r) and Z(i) represent the number of intermediate (prcmalignant) and malignant cells, 
respectively, at time I, p(t) represents the second event (mutation) rate, and £ is the conditional 
expectation of Y(t) given 'Z(t) = 0. In fitting Ihe model to bioassay data, several parameters of the 
incidence function are estimated, including parameters reflecting the dependence of transition and 
growTh rates on the dose of carcinogen (Moolgavkar et al., 1988). 

The probability that a malignant cell is generated by time t is 

P{t)=\ - exp(-\'oh(s)ds) (2). 

Since the liver tumors observed by Kociba ct al. (1978) and the PWG (1990) were considered 

incidental (non-fatal), the contribution to the likelihood function, used in maximum likelihood 

estimation of the model parameters, for an animal that died at time t is P(t) if the animal had a tumor, 

or (\-P(t)) if il was free of tumors. The tnaximum likelihood estimates of the parameters were 

computed using the computer program GENSTAT 5 (Release 1.3, 1990; Numerical Algorithm 

Group, Downers Grove, IL). 

RESULTS AND DISCUSSION 

Preliminary estimates of Ihe RsD (1 x IQ-' risk) based on the tumor incidence data reported by 

Kociba et al. (1978) and by the PWG (1990) in female Sprague-Dawley rats are presented in Table 

1. Using the data reported in 1978, the RsD (10-') based on hepatocellular carcinomas was 

estimated to be 150 fg/kg/day. When the combined incidence of hepatocellular carcinomas and 

hyperplastic nodules was considered, the RsD (10*) was approximately 10 fg/kg/day. Higher RsDs 

were calculated using the tumor incidence data from the recent re-evaluadon of the histopathology 

slides. The RsD (10') was estimated lo be 80 fg/kg/day when adenomas and hepatocellular 

carcinomas were combined and 400 fg/kg/day when only hepatocellular carcinomas were 

considered. 
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Since the M-K-V nifulcl is intended only to Iv; used for iii;ilign;iiil ninior.i (it (nuiniiiativcly allows for 

precancerous lesions), the most appropriate RsD (10 ' ) for 2,3,7,X-'rCDD is 4(X) fgAg/day. Tliis 

value is approximately 60-fold greater lhan the USEPA's current R.sD (10 ') of 6.4 fgAg/day ba.sed 

on the I.MS model and .survival-adjusted tumor incidence data from Kociba et al (1978). However, 

this value is well below the range of allowable daily intakes (ADIs) established by a number of ) 

regulatory agencies in Western I-lurope and North America. Because 2,3,7,8-1'CDD is not 

genotoxic, ADIs ranging from 1,000 to 10,0(X) fg/kg/day have been developed based on the 

application of a safely factor lo either the NOAIiL (no-observable-adversc-cffect-lcvel) or the 

LOAI-L (lowest-observable-adverse-effcct-level) of exposure in rodents (Keenan et al., 1990a). 

Parameter estimates obtained from fitting Uie M-K-V model lo these data suggest that 2,3,7,8-TCDD 

may have little effect on llie intermediate cell net growth rate, and that the effect of 2,3,7,8-TCDD on 

the first and second stage transition rates may be dictated by just one of those rates. Since il is not 

possible from Ihe Kociba lifetime feeding experiment to identify which of the two transition rates of 

the model is most affected by the presence of the chemical, a careful analysis of promotion siudies 

involving TCDD is warranted. Funher, die proliferation of pre-malignant lesions observed in the 

bioassay suggests that the first transition rate is dependent on the dose of 2,3,7,8-TCDD. In the 

absence of better data on dose-related effects on cell transition and growth rates, we plan lo conduct 

a sensitivity analysis to approximate the upper and lower bounds of each model parameter and to 

examine the impact on the risk estimates. The range of plausible resuli.s, however, is constrained by 

the fit of the dose-rcsponse curve lo the bioassay data. 
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Table 1. Hepatic Tumor Incidence in Female Sprague-Dawley Rats Observed by Kodba et 
al. (1978) and PWG (1990) and Preliminary Risk-specific Dose (RsD) Estimates from the 
M-K-V Model. 

Treatment 
Dose 

(ug/kg/day) 

0 
0.001 
0.01 
0.1 

RsD 
at 1x10-6 
risk level 

(fg/kg-day) 

Kociba et al 

Hepatocellular 
carcinoma 

1/86(1%) 
0/50 (0%) 
2/50 (4%) 

11/48 (23%) 

150 

Hepatic Tumor Incidence 

. (1978) 

Hepatocellular 
carcinoma & 
hyperplastic 

nodules 

9/86 (10%) 
3/50(6%) 

18/50 (36%) 
34/48 (71%) 

10 

PWG (1990) 

Hepatocellular 
carcinoma 

0/86 (0%) 
0/50 (0%) 
0/50 (0%) 
4/45 (9%) 

400 

Hepatocellular 
carcinoma & 

adenomas 

2/86 (2%) 
1/50 (2%) 
9/50(18%) 

18/45 (40%) 

80 
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