
REFERENCES
(FDA Docket No. 94P-0420/CP 1)

SECTION II. D

thru

SECTION IV.



I
SECTION II.D



REGULATORY TOXICOLOGY AND PHARMACOLOGY 2 1 , 244-249 ( 1995)

An Analysis of the National Toxicology Program’s (NTP) Technical Report 
(NTP TR 421) on the Toxicology and Carcinogenesis Studies of Talc* 1

J a y  I. G o o d m a n 2
Department of Pharmacology and Toxicology, Institute for Environmental Toxicology, B-440 Life Sciences Building,

Michigan State University, East Lansing, Michigan 48824

Received October 1, 1994

The N T P toxicology and carcinogenicity studies o f  
nonasbestiform , cosm etic-grade talc (the N T P Talc Re­
port) w ere conducted by exposing m ale and fem ale 
F 344/N  rats and B6C 3F1 m ice to target aerosol concen­
trations o f 0 , 6 , and 18 mg/m3 talc for 6  hr daily, 5  days 
per w eek . Based on results o f  the high dose, the Report 
concluded that talc caused lung tum ors in fem ale rats 
and pheochrom ocytom as in m ale and fem ale rats, and 
there w as no evidence o f carcinogenic activ ity  in mice. 
A thorough evaluation o f lung toxicity revealed that 
talc-induced lung tum ors occurred only in the group o f  
anim als that exhibited  the most profound degree o f  
chronic toxicity . H ow ever, these data w ere presented  
as em pirical observations rather than discussed in a 
manner that would relate them to the risk assessm ent 
im plications o f the bioassay, i.e ., relevant data w ere  
collected but not “used .” In addition, the evaluation o f  
the pheochrom ocytom as w as inadequate because it 
failed to place sufficient em phasis on the spontaneous 
incidence o f this tumor in rats. These deficiencies 
caused the author to vote against the conclusions pre­
sented in the Talc Report when it w as review ed by the 
N T P Board o f Scientific Counselors. The appropriate  
conclusions are (1) the data do not indicate that the 
pheochrom ocytom as w ere treatm ent-related; (2) the 
maximum tolerated dose (MTD) w as exceeded in the fe­
male rats exposed to the high dose; and (3) talc is not 
expected to cause lung tumors under conditions of 
exposure that fail to result in marked chronic lung tox­
icity. 1 9 9 5  A cadem ic P re w , Inc.

IN T R O D U C T IO N

The NTP toxicology and carcinogenicity studies of 
nonasbestiform, cosmetic-grade talc (the NTP Talc Re-

1 Presented, in part, at the International Society of Regulatory T ox­
icology and Pharmacology/U.S. FDA W orkshop on Talc: Consumer 
Uses and Health Perspectives, NIH, Bethesda, MD, January 31-Feb- 
ruary 1, 1994.

2 To whom correspondence should be addressed. Fax: (517) 353­
8915.

port) were conducted by exposing male and female 
F344/N rats and B6C3F1 mice to target aerosol concen­
trations of 0, 6, and 18 mg/m3 talc for 6 hr daily, 5 days 
per week (NTP, 1993). A unique aspect of these studies 
was the inclusion of a very thorough evaluation of lung 
toxicity, in addition to the standard gross pathology and 
histopathology assessments. The NTP Talc Report was 
reviewed by the NTP Board of Scientific Counselors 
(The Board), Technical Reports Review Subcommittee 
on June 23-24,1992. Jay I. Goodman participated in this 
review as a member of the Board and a member of the 
Board’s Technical Reports Review Subcommittee. The 
Board concurred with the recommendations of the NTP 
staff and voted to approve (by a vote of seven yes votes to 
one no vote (J. I. Goodman)) the following conclusions: 
“Under conditions of these inhalation studies there was 
some evidence of carcinogenic activity of talc in male 
F344/N rats based on an increased incidence of benign 
and malignant pheochromocytomas of the adrenal 
gland. There was clear evidence of carcinogenic activity 
of talc in female F344/N rats based on increased inci­
dences of alveolar/bronchiolar adenomas and carcino­
mas of the lung and benign and malignant pheochromo­
cytomas of the adrenal gland. There was no evidence of 
carcinogenic activity of talc in male or female B6C3F1 
mice exposed to 6 or 18 mg/m3.”

The specific aims of this paper are to focus on the 
studies involving rats, the species in which there was 
deemed to be a carcinogenic effect, and (1) to provide 
an overview of the talc bioassay (NTP, 1993) with an 
emphasis on the rationale for the author’s disagreement 
with the conclusions reached by the other members of 
the Board regarding the carcinogenicity of talc and (2) 
to provide a realistic perspective regarding the signifi­
cance of the talc bioassay.

SYNOPSIS O F T H E  C A R C IN O G E N IC IT Y  
STUDY O F  T A L C

Groups of 50 male and 49 or 50 female F344/N rats 
were exposed to aerosols containing 0, 6, or 18 mg/m3 
talc, 6 hr a day 5 days per week, until mortality in any
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TABLE 1

Summary o f the Lifetim e and 2 -Year C arcinogenicity Studies o f Talc“
Male F344/N rats Female F344/N rats

Exposure levels 0, 6, or 18 m g/m 3 0, 6, or 18 m g/m 3
Body weights High-dose group slightly lower than controls High-dose group slightly lower than controls ■
Survival rates 9/50, 14/50, 16/50 11/50,13/49,9/50 ’
Neoplastic effects Adrenal medulla: benign or malignant pheochromocytoma 

(26/49, 32/48, 37/47)
Lung: alveolar/bronchiolar adenoma or carcinòma 

(1/50, 0/48, 13/50)
Adrenal medulla: benign or malignant

pheochromocytoma (13/48, 14/47, 23/49)
Level of evidence of 

carcinogenic 
activity

Some evidence Clear evidence

° National Toxicology Program, 1993.

exposure group reached 80% (113 weeks for males and 
122 weeks for females). The survival of male and female 
rats exposed to talc was similar to that of the controls, 
and the mean body weights of the animals in the high­
dose group were only slightly lower (not more than ap­
proximately 10% lower) than those of controls after 
Week 65 (NTP, 1993). The results were interpreted as 
indicating some evidence of carcinogenicity based on be­
nign and malignant pheochromocytomas in male and fe­
male rats and clear evidence of carcinogenicity based on 
alveolar/bronchiolar adenomas and carcinomas of the 
lung in female rats. The study is summarized in Table 1.

Groups of 47 to 49 male and 48 to 50 female B6C3F1 
mice were exposed to aerosols containing 0, 6, or 18 mg/ 
m3 talc, 6 hr a day 5 days per week, for up to 103 or 104 
weeks. Final mean body weights and survival of the mice 
exposed to talc were similar to those of the controls 
(NTP, 1993). The results were interpreted as indicating 
no evidence of carcinogenic activity in mice.

INTERIM EVALUATIONS IN RATS
In a parallel series of ancillary studies, additional 

groups of animals were exposed to talc, as described 
above, and examined for interim pathology evaluations 
or pulmonary function tests after 6, 11, 18, and 24

months and lung biochemistry and cytology studies after 
24 months. These are outlined below.

PARAMETERS ASSESSED IN THE ANCILLARY 
STUDIES

■  Lung talc burden
■  Pulmonary function
■  Lung biochemistry; bronchoalveolar lavage fluid 

was analyzed to determine:
• Cell injury—lactate dehydrogenase.
• Chronic inflammation—polymorphonuclear leu­

kocytes, pulmonary macrophages, alkaline phos­
phatase, and protein.

• Lysosomal activation—^-glucuronidase and acid 
phosphatase.

• Response to oxidant injury—increased glutathi­
one reductase.

■  Lung collagen metabolism, protein synthesis, and 
proteinase activity.

LUNG TALC BURDEN, LUNG WEIGHTS, AND 
RESPIRATORY FUNCTION

The lung talc burden at the 6-, 11-, 18-, and 24- 
month interim sacrifice times was similar in male and

TABLE 2
Lung Talc Burden (Norm alized to Exposure Concentration) o f  Rats“

Male Female
6 m g/m 3 18 m g/m3 6 m g/m 3 18 m g/m 3

6-M onth interim 
12-Month interim 
18-M onth interim 
24-M onth interim

0.439 ± 0.040* 
0.731 ±0.098 

1.22 ±0.12 
1.74 ± 0.21

0.602 ±0.013* 
1.165 ±0.113* 

1.53 ±0.05 
1.34 ±0.19

0.406 ± 0.032 
0.785 ± 0.043 

1.28 ±0.06 
1.52 ±0.15

0.464 ± 0.007* 
0.787 ±0.187 

1.35 ±0.04 
1.63 ±0.13

"Table F3, National Toxicology Program, 1993.
* Units are presented as mg talc/g control lung/m g/m '.
* Significantly different (P  «  0.05) from the 6 m g/m 1 group by Dunn’s or Shirley’s test.
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TABLE 3

Total Lung Capacity o f Rats“
0 m g/m 3 6 m g/m3 18 m g/m3

Male
6-M onth interim  

11-M onth interim 
18-Month interim  
24-M onth interim

19.86 ± 0.546 
20.06 ±  0.32 
20.30 ± 0.45 
20.50 ± 0.83

19.48 ±  0.46 
18.44 ± 0.39* 
18.87 ± 0.41** 
20.20 ±  0.28

19.25 ± 0.39 
17.67 ± 0.45* 
16.34 ± 0.52* 
16.47 ± 1.53

Female
6-M onth interim  

11-M onth interim  
18-Month interim  
24-M onth interim

14.20 ± 0.25 
13.29 ± 0.21 
13.94 ±0.26 
14.85 ± 0.31

14.56 ± 0.27 
12.91 ±0.17 
12.68 ±0.28* 
13.73 ± 0.34**

13.80 ± 0.27 
12.06 ± 0.26* 
11.43 ±0.31* 
11.50 ± 1.07*

* Table F10, N ational Toxicology Program , 1993.
‘ U nits are presented as ml; ratio is (dosed group m ean/control 

group mean) X 100.*P=S0.01.
** Significantly different (P  «  0.05) from the control by D unn’s and 

Shirley’s test.

female rats exposed to 6 or 18 mg/m3 talc, respectively 
(Table 2).

The absolute and relative lung weights of male rats 
exposed to 18 mg/m3 were significantly greater than 
those of controls at the 6-, 11-, and 18-month interim 
evaluations and at the end of the lifetime study, while 
those of female rats exposed to 18 mg/m3 were signifi­
cantly greater at the 11-, 18-, and 24-month interim 
evaluations and at the end of the lifetime study. In both 
males and females, there was a concentration-related 
impairment of respiratory function which increased in 
severity with increasing duration of exposure (NTP, 
1993). While decreases in total lung capacity were noted 
in males and females, statistically significant reduc­
tions at the 24-month interim were only seen in females 
and this occurred at both the 6 and 18 mg/m3 doses 
(Table 3).

BRONCHOALVEOLAR LAVAGE AND LUNG 
BIOCHEMISTRY

Following the completion of the pulmonary function 
tests at the 24-month interim evaluation a thorough as­
sessment of biochemical and cellular parameters that 
could provide insight regarding lung toxicity was made. 
Bronchoalveolar lavage was performed on the remaining 
rats in these groups and the lavage fluid was evaluated 
for enzymes and protein (Table 4) and cell content (Ta­
ble 5). In addition, lung collagen metabolism and protein 
synthesis were assessed (Table 6) and proteinase activ­
ity in both lavage fluid and lung homogenate superna­
tant fluid was evaluated (Table 7, males; and Table 8, 
females). While dose-related increases in these parame­
ters (indicative of toxicity) were noted in both males and 
females, there was a larger number of parameters that

showed statistically significant increases in the females 
and, in general, the magnitude of the increases was 
higher in the females.

ASSESSMENT OF THE NTP TALC REPORT
The NTP Talc Report noted that both in vitro and 

in vivo studies indicate that talc is not geriotoxic and it 
included a thorough evaluation of lung toxicity (NTP, 
1993). However, these data were presented as empirical 
observations rather than discussed in a manner that 
would relate them to the risk assessment implications of 
the bioassay. In other words, relevant data were col­
lected but not used. In addition, the evaluation of the 
pheochromocytomas was inadequate because it failed to 
place sufficient emphasis on the spontaneous incidence 
of this tumor in rats. These deficiencies caused the au­
thor to vote against the conclusions presented in the 
Tale Report when it was reviewed by the NTP Board of 
Scientific Counselors. The rationale for this decision in 
the context of a more realistic perspective on the Report 
is presented below.

The carcinogen bioassay is a qualitative test; it is not 
a risk assessment. The use of biological information is 
required in order to place results of the bioassay into 
proper perspective and to take a rational approach to­
ward risk assessment (Goodman, 1990, 1994). This no­
tion was endorsed in a recent review of the NTP by the 
NTP Board of Scientific Counselors where it was stated 
that “Mechanistic studies should pervade the activities 
of the N T P .. . . With this emphasis the NTP should be 
able to strengthen its interpretation of test results in the 
context of human health. Such interpretation should be­
come a part of reports issued by the NTP” (NTP, 1992; 
Goodman, 1994). It is appropriate to consider the NTP 
Talc Report in this context.

Talc-induced lung tumors were not detected in male 
rats, female mice, or male mice. In rats, the principal 
toxic lesions associated with inhalation exposure to talc 
included chronic granulomatous inflammation, alveolar 
epithelial hyperplasia, squamous metaplasia and squa­
mous cysts, and interstitial fibrosis of the lung. These 
lesions were accompanied by impaired pulmonary func­
tion. While the talc burden in the lungs of males and 
females was similar (Table 2), the degree of chronic tox­
icity and inflammation was substantially higher in the 
females (Tables 3-8; NTP, 1993). In mice, inhalation 
exposure to talc produced some chronic inflammation. 
In contrast to rats, alveolar epithelial hyperplasia, squa­
mous metaplasia, and interstitial fibrosis were not ob­
served. Overall, markedly less talc-induced lung toxicity 
was produced in mice than in rats (NTP, 1993). These 
observations need to be juxtaposed with the findings re­
garding lung tumors. It is apparent that an increase in 
lung tumors was seen only in the test animals that 
clearly exhibited the highest degree of chronic lung tox­
icity, the female rats exposed to the high dose (18 mg/ 
m3) of talc. The amount of toxicity leads the author to
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TABLE 4

Bronchoalveolar Lavage Fluid Enzymes o f Rats at the 24-M onth Interim Evaluation"
0 m g/m3 6 mg/m 3 18 m g/m3

Male
/3-Glucuronidase6 1.09 ± 0.40 18.86 ± 3.20* * 89.24 ± 14.24**
Lactate dehydrogenase 1634 ± 545 3193 ± 606 8262 ± 380*
Alkaline phosphatase 364.7 ± 147 572.8 ± 86.8 1604.7 ± 143*
Glutathione reductase 103.03 ± 16.43 99.35 ± 19.79 110.99 ±0.55*
Total protein ' 

Female
1.78 ± 0.40 3.12 ±0.64 5.79 ± 0.55*

/3-Glucuronidase6 3.33 ± 0.97 41.05 ±4.39** 154.16 ± 17.21**
Lactate dehydrogenase 1655 ± 266 3906 ± 444* 14E3 ± 1E3**
Alkaline phosphatase 427.8 ± 30.9 853.6 ± 79.7** 2594.7 ± 221***
Glutathione reductase 100.6 ± 1.7 135.2 ± 22.4 460.0 ± 44.8*
Total protein ' 1.20 ± 0.22 4.30 ± 0.36** 12.96 ±0.28**

° Table F4, National Toxicology Program, 1993.
6 Units presented as m lU /g control lung.
'  Units presented as mg/g control lung.
* Significantly different (P  «  0.05) from the control gToup by D unn’s and Shirley’s test. **/>«; 0.01.

conclude that the MTD was exceeded in the female rats 
exposed to the 18 mg/m3 dose.

The overall incidences of pheochromocytomas (be­
nign, malignant, or complex) of the adrenal medulla that 
occurred in the 18 mg/m3 exposed rats were significantly 
greater than those of the controls (males, P = 0.006; fe­
males, P = 0.024) (NTP, 1993). However, the spontane­
ous incidence of these tumors was 53% in males and 27% 
in females. In the author’s view, the criterion for statis­
tical significance should be P < 0.01. This is consistent 
with the “guideline” indicating that a compound should 
be considered carcinogenic if the highest dose produces 
an increase in a common tumor that is significant at the 
1% (P < 0.01) level or an increase in a rare tumor that 
is significant at the 5% (P < 0.05) level; otherwise, the 
compound is regarded as a noncarcinogen (Haseman, 
1983; Haseman et al., 1986). A rare neoplasm was de­

fined as a neoplasm occurring with a frequency of less 
than 1%. Therefore, there is no statistically significant 
increase in pheochromocytomas in talc-treated female 
rats and talc should not be deemed carcinogenic at this 
site in these animals.

There has been a pronounced increase in the sponta­
neous occurrence of pheochromocytomas in male F344 
rats, in studies conducted by the NTP, over the past 10 
years (Rao et al., 1990; NTP, 1993). In addition, the high 
rate of pheochromocytomas in the control female rats 
in the talc bioassay (13/48, 27%) is in sharp contrast to 
reports indicating that the spontaneous incidence in 
control female F344 rats, in NTP studies, has been less 
than 10% (Rao etal., 1990), e.g., in the range of 5.2-7.1% 
between 1980 and 1983 (Haseman and Rao, 1992). Un­
fortunately, the NTP failed to make a comparison of the 
spontaneous pheochromocytomas observed in the talc

TABLE 5
Bronchoalveolar L avage Fluid Cell Populations o f Rats at the 24-M onth Interim  Evaluation"

0 m g/m 3 6 m g/m3 18 m g/m 3
Male

32.50 ± 3.000* 
0.500 ± 0.500 
62.75 ± 1.75* 

4.25 ± 1.75
37.000 ± 1.528** 

1.333 + 0.667* 
57.33 ± 4.67** 

4.33 ± 2.60
0 Table F5, National Toxicology Program, 1993.
6 U nits presented as percentage of total cells.
* Significantly different (P  a» 0.05) from the control group by D unn’s and Shirley’s test.• • P i  0.01.

Polymorphonuclear cells6 
Lymphocytes 
Macrophages 
Epithelial cells 

Female
Polymorphonuclear cells 
Lymphocytes 
Macrophages 
Epithelial cells

0.333 + 0.167 
0.000 ± 0.000 
93.67 + 3.3.72

6.00 ± 3.61
0.625 ±0.315 
0.000 ± 0.000 
91.38 ± 1.75

8.00 ± 2.01

24.417 ± 2.557* 
0.500 ± 0.258 
70.25 ± 2.53* 

4.83 + 1.41
25.778 ± 2.673** 

0.722 ±0.188* 
71.22 ±2.95** 

2.28 + 0.50*
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TABLE 6

Lung C ollagen M etabolism and Protein Synthesis in Rats at the 24-M onth Interim  Evaluation“
0 m g/m 3 6 m g/m 3 18 m g/m 3

Male
Lavage fluid collagenous peptides4 39.79 ±  5.07 46.99 ±  6.51 79.21 ± 13.73 •
T otal lung collagen” 13.87 ± 0.60 15.98 ± 0.39* 18.88 ■ + 3.35* ” ■
Collagen production“' 1.58 + 0.17 1.60 ±0.17 1.63 + 0.22
Collagen degradation' 31.67 ± 1.72 27.74 ± 1.42 9.18 + 2.38*
Noncollagenous protein synthesis' 142.1 ± 14.5 199.8 + 22.1* 312.2 + 10.6**

Female
Lavage fluid collagenous peptides 78.27 ± 11.64 115.36 ±8.61* 174.71 ± 13.56**
T otal lung collagen 14.32 ± 0.66 19.95 ± 1.58* 36.47 + 3.39**
Collagen production 0.982 ±0.185 1.804 ±0.144* 2.264 ± 0.347**
Collagen degradation 14.41 ± 2.44 21.59 ±4.99 9.38 ± 1.63
Noncollagenous protein synthesis 173.9 ± 34.5 325.8 + 90.9 554.3 ± 107*

“ Table F7, National Toxicology Program , 1993.
4 U nits are presented as ng/g  control lung.
'  U nits are presented as mg/g control lung. 
d U nits are presented as percentage new protein.
* U nits are presented as percentage new collagen.
1 Units aie  presented as dpm X 103/g  control lung.
* Significantly different (P  «  0.05) from the control group by D unn’s and Shirley’s test. **P«0.01.

bioassay with the historical spontaneous incidence of 
pheochromocytomas in rats. This would have been par­
ticularly appropriate (as the author indicated during the 
Board’s review of the NTP Talc Report, June 23-24, 
1992).

The marked increase in the spontaneous incidence of 
pheochromocytomas in female rats coupled with the 
lack of a statistically significant increase of this tumor 
in the treated animals (when the appropriate P value is 
employed) and the trend toward an increasing sponta­
neous incidence in males indicate that the data pre­

sented in the NTP Talc Report do not warrant a conclu­
sion that talc causes pheochromocytomas in rats.

CONCLUSIONS
The appropriate conclusion to be drawn from the 

NTP Talc Report is that the MTD was exceeded in the 
female rats exposed to the high dose and talc is not ex­
pected to cause lung tumors under conditions of 
exposure that fail to result in marked chronic lung tox­
icity. Clear evidence of carcinogenic activity of talc was

TABLE 7
P roteinase A ctivity in  Lavage Fluid and Lung Homogenate Supernatant Fluid o f Male Rats

at the 24-M onth Interim  Evaluation“
0 m g/m 3 6 m g/m 3 18 m g/m3

Lavage fluid
Acid proteinase 0.994 + 0.3294 1.866 ±0.174 4.307 ±0.218*

Cathepsin D 0.147 ±0.147 0.599 ±0.150 2.420 ±0.147**
Cathepsin B 0.924 ±0.415 1.267 ±0.094 1.887 ± 0.365

Homogenate supernatant fluid
Acid proteinase 10.92 + 0.64 17.51 ±0.90* 25.13 ± 1.50**

Cathepsin D 8.53 ±0.91 14.04 ± 0.62* 21.03 ± 1.56**
Cathepsin B 2.39 ±0.41 3.48 ± 0.37 4.10 ±0.06*

Neutral proteinase 0.715 ± 0.168 2.417 ±0.304* 4.505”
PM N elastase cathepsin G 0.490 ± 0.218 1.936 ±0.242* 4.457 ± 0.377**
Macrophage elastase collagénase 0.225 ± 0.099 0.482 ± 0.077 0.000”

* Table F8, National Toxicology Program, 1993.
4 Units are presented as m g/hr/m g control lung.
” n  = 1; no statistic calculated.
* Significantly different (P  =S 0.05) from the control group by D unn's and Shirley’s test.**P«0.01.
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TABLE 8

Proteinase A ctiv ity in Lavage Fluid and Lung Homogenate Supernatant Fluid of Female Rats
at the 24-M onth Interim Evaluation"

0 m g/m3 6 mg/m 3 .18 m g/m3
Lavage fluid 

Acid proteinase 1.52 ±0.12* 3.46 ± 0.33* 6.05 ±0.73** ■
Cathepsin D 0.015 ±0.015 1.310 ±0.292* 4.043 ± 0.578**
Cathepsin B 1.61 ±0.26 2.15 ±0.22 2.01 ±0.17

Homogenate supernatant fluid 
Acid proteinase 14.04 ± 0.95 29.43 ± 1.18** 38.61 ± 1.81**

Cathepsin D 10.05 ± 0.68 22.97 ± 1.07** 30.25 ± 1.60**
Cathepsin B 3.99 ± 0.58 6.46 ± 0.60* 8.37 ± 0.42**

Neutral proteinase 0.648 ± 0.087 5.040 ±0.418** 12.293 ± 1.598**
PM N elastase cathepsin G 0.785 ±0.142 4.351 ±0.261** 10.313 ± 2.694**
Macrophage elastase collagenase 0.054 ± 0.037 0.068 ±0.175* 2.012 ± 1.126*

° Table F8, National Toxicology Program, 1993.
6 Units are presented as m g/hr/m g control lung.
* Significantly different (P  «  0.05) from the control group by D unn’s and Shirley's test. ** P=S 0.01.

seen only in female rats exposed to the high dose of talc 
and only under circumstances in which there was evi­
dence of marked chronic lung toxicity. These remarks 
are not intended to connote that the talc bioassay is in­
valid. The good news is that under the conditions of this 
study mice did not develop tumors, male rats did not de­
velop lung tumors, and female rats exposed to the 6 mg/ 
m3 dose did not develop lung tumors. Furthermore, it is 
doubtful that the pheochromocytomas observed in the 
talc-treated rats were treatment related. Thus, at the 
high dose, talc exhibited equivocal evidence of carcino­
genic activity toward the adrenal medulla of male rats.

There is a considerable debate regarding the proper 
criteria for a MTD (Kociba, 1987). However, in a 
practical sense the chief concern with the MTD is how 
the resulting data are used in the risk assessment pro­
cess (McConnell, 1989). Any high dose, no matter how 
high, that permits animals to live long enough to de­
velop tumors is not necessarily an appropriate high 
dose. The recent review of the NTP addressed this is­
sue and concluded that “ the implicit assumptions un­
derlying extrapolation from the MTD . . .  do not ap­
pear to be valid. Therefore, both the criteria for selec­
tion of the high dose used and the default criteria that 
are employed for extrapolation from high dose to low 
dose must be reevaluated in a critical manner” (NTP, 
1992; Goodman, 1994). A consideration of the data 
presented in the NTP Talc Report leads the author to 
conclude that it would not be appropriate to use the 
lung tumor end point in female rats as the basis for 
a risk assessment involving a linear extrapolation to 
estimate a theoretical risk to humans that might be 
exposed to relatively low doses of talc.
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