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Effect of Exposure Route on Potency of Carcinogens

WiLLiaAM E. PEPELKO
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Prewection Syency, 401 M Street, S, Wanhingion, DC 20460

Recewved [ebruary 17, 1690

To compare the effectiveness of different exposure routes for the induction of cancer 1n exper-
imental ammals. the esumated dose associated with 3 25% addivonal risk of cancer (RRDss) was
calculated using a group of carcinogenic agents for which both inhalation and ora! ingestion
cancer bioassays were availuble Companisons were made of 14 agents in rats and 9 in mice. Seven
of the mine compared in mice were also compared 1n rats. Among rats. § of 14 agents were more
effective via the oral route, while 7 of 9 were more effective via the oral route 1n mice. The
vanation in RRDay values wath route, however. was less than 10-fold for ail the agents tested in
mice and for 11 of 14 1esied in rats. An overall ditference in potency with route could not be
detected statistically. In rats, differences in potency greater than [0-fold were found for asbestos,
viny! chioride, and hvdrzine. In the case of asbestos. the agent was in the form of relativefy
nsoluble particulate matter. The greater potency via inhatation 1§ likely due 10 Jonger residence
time of the particles in the ded, lung than n the gut. aliowing for a greater degree of particle
dissolution with an accompanving increase in bioavatlabihiy, Vinyl chionde was generally iesied
by inhalation at doses high enough to saturate acuvation pathways. resuiting i underestimates
of low-dose potency. Many of the smaller poiency differences with route. as well as those for
hvdrazine, were considered likelv 1o be the result of vanability in the design and/or guality of
studies. It was concluded that. if the design and conduct of the experiments were adequate. if
agents in the form of relatively insoluble particulate matter are eliminated. and if corrections are
made to account for incomplete activation. then large errors during route extrapolation are unlikely
{0 QCCur. 4 199) Academie Press. Inc,

INTRODUCTION

It is sometimes necessary to assess carcinogenic risk quantitatively using data for
which the exposure route is different than the normal route of human exposure. This
occurs most frequently with experimental animal studies that use the oral route, while
the primary route of human exposure for the agent in question is inhalation. While
extrapolation of cancer risk from the oral to the inhalation route has been carmied out
quite often, .1 systematic comparison of route-related potency along with an evaluation
of the faciors responsible for route-related differences in potency has not been per-
formed.

The assumption most oftes made during route extrapolation is that carcinogenic
potency as a function ot applied dose is equivalent across both dose routes, i.e.. that

3
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the dose received from inhalation exposure expressed in terms of mg/kg body wit per
day is equivalent to the same dose orally. This approach, however, ignores important
pharmacokinetic and toxicokinetic considerations that may be responsible for differ-
ences in both carcinogenic and noncarcinogenic potency (Pepelko and Withey, 1985).
Some of these are absorption efficiency. first-pass effects. ponal-of-entry effects. and
effect of route on degree of blood leve! fluctuation.

It is often possible to adjust for some of these uncertainties. Data regarding absorption
efficiency are quite often available and can be 1aken in1o account quite simply. In-
formation regarding first-pass effects (the degree of inactivation during first pass through
the liver) can also be used to adjust the estimated target organ dose, assuming that
the liver is not the primary target organ,

Other factors. however, are more difficult 10 adjust for. One cxample is a potential
difference in target organ sensitivity when cancer occurs at a portal of entry. Another
involves chemicals that are easily absorbed but have limited solubility in the blood or
short active half-lives. In such cases the areas under the blood time-concentration
curves are likely to be the same for equivalem doses administered by the oral or
inhalation route (Trouwborst. 1982). but the shapes of these curves can be considerably
different. During inhalation exposure. blood concentrations tend 1o reach an asymptote
and remain stable with continuing exposure. With bolus dosing. common during oral
exposure, blood levels can fluctuate greatly (Pepelko and Withey, 1983). This can
result in different degrees of activation, varying toxic effects at the target organ. €1c..
all of which can affect carcinogenic potency.

The present study compares the carcinogenic potency of a variety of chemicals for
which adequate long-term bioassays by both the inhalaiion and oral route of exposure
are available. identifies factors responsible for large differences in potency with route,
and attempts 10 adjust for them should they occur.

METHODS

The cancer potency data base of Gold er al. (1984) was surveyed to identify chemicals
having long-term cancer bioassav data for both the oral and inhalation routes. The
literature was searched 10 find potentially useful studies published since 1984. Certain
unpublished studies listed in EPA documents were also used (Tables 1 and 2). Adequate
oral and inhalation data were found for 14 chemicals tested in rats and for 9 chemicals
tested in mice. In some of the oral studies the animals were dosed via gavage. Since
we were unahle 10 detect consisient differences in potency for chemicals tested by
gavage or by administration in the food or water. they were not differentiated. All
except asbestos are organic compounds. Unfortunately. no adequate comparisons were
availabie for uny of the mewals or other agents in the form of relatively insoluble
particulate matter. While positive inhalation data were available for some metals such
as cadmium (Takenaka e1 ol., 1983) and bervllium (Schepers. 1961). oral studies were
either of marginal significance or negative. Seven of the chemicals were adequately
tested by both routes in mice and rats.

For each daia sel. the applied dose was expressed in terms of milligrams administered
per day. Unless body weights were listed. mice were assumed 10 have a body weight
of 0.03 kg and rais. 0.35 kg. Respiratory volumes over a 24-hr period were estimated
using the following allomeltric equations as described by Anderson ef al. (1983) and
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inhalation data reported by Guvion {1930): 0.105 (body wi/0.113 kg)**” for rats, and
0.0343 (body w1/0.025 kg)**" ;or mice. After using body weight and respiratory volume
10 convert the exposure concentration to units of mg/day. the dailv dose was adjusted
10 reflect the equivalent daily dose administered over a lifetime. For less-than-lifetime
rodent studies. the daily dose was multiplied by the fraction of lifetime exposed. No
adjustment was made for potential differences in absorption, since it was desired to
initially test all the agents without making any corrections.

The adjusted daily applied doses and reported tumor incidences for :ach data set
were used as inputs for the Global 86 multistage model computer program. The pro-
gram was requested 1o provide both the maximum likelihood estimate (MLL; of dose
and the 957% lowsr confidence limit on the dose associated with an additional nisk of
0.25. The risk reference dose (RRD-as) is the MLE of the dose required to increase the
probability of cancer 10 25% + probability at dose zero. The use of additional risk in
this study should not substantially affect the comparnison of carcinogenic potency by
dose route because very few of the data sets used reflected high background response
rates. For those data sets having unusually high background rates. or decreasing rates
of response at high concentration, due to acute toxicity or saturation of activating
biochemical pathways. an additional risk of 0.25 did not vield a numerically stable
esuimate of RRDa.s. The criterion for numerical instability was an observed percentage
of cancer at the highest dose level less than 90% of the highest percentage observed at
any dose, In these cases. Global 86 provided a warning and the RRDas value was
excluded from further analysis. This occurred with tetrachloroethylene (in rats) and
cadmium. An RRDas was calculated {or each target organ showing a statistically sig-
nificant increase in tumor incidence, as well as for total umor incidence.

The approach described above generated a range of MLE and lower limit RRDas
values for each of the two dose routes. To facilitate a comparison of carcinogenic
potency by dose route. the geometric mean RRD.; for each range of RRDs was com-
puted by dose route and species using tumor incidences at all sites where a significant
increase was detected.

If high dos: levels are used for chemicals requiring metabolic activation, saturation
of the activation pathway may occur. The tumor response then tends 10 reach a plateau
and the RRDs: value may be driven to an anificially high level, To attempt to account
for this possibility, ap MLE and lower bound RRD representing a 1% additional risk
(designated as RRD,,) were also calcuiated for each data set.

RESULTS

The chemicals compared and the number of data sets examined for each species
along with references are listed ir. Tables | and 2. The geometric mean RRD.s values
for the 14 agents having adequate cancer response data by both the oral and the
tnhalation routes in rats are summarized in Table 3, Nine comparisons for mice are
listed in Table 4,

Except for vinvl chlonde. asbestos. and hvdrazine, the geometric mean RRDa¢
values determined from oral bioassays are within an order of magnitude of the
ones obtained from inhalation studies in rats. Two other compounds. tetrachlo-
roethylene and cadmium, administered to rats by both dose routes could not be
analvzed. In the case of cadmium. oral bioassays led to tumor responses that were
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TABLE i

SUMMARY OF INFORMATION EXAMINED FOR EACH AGENT IN RATS

Orat Inhalation
Number Number
of data of data
Agent sels Reference sets Reference
Acryloparile 24 Quast ¢t af., 1980b; Bio/ 12 Quast ¢t af . 1980a:
dvnamics Inc.. 1980u-c: Mahoni o7 al.. 1977
. Beliles ¢ af . 1980
Asbesios (chrysotile) 1 Donham e1 af . 1979 4 Reeves e al, 1974,
Wagner ¢f al.. 1974
Davis et ul.. 1978
Benzene 7 Malioni er al., 1983 b Mahom et al., 1983
Cadmium compounds 1 Loser, 980 2 Takenaka 1 al., 1983
Dibromochloropropanc 12 NCL. 19772 Hazleton. 1477 7 NTP. 1982¢
1.2-Dibromoethane 4 NCI. 19784 19 Wong ¢r al., 1982 NTP,
1982a
1.2-Dichlorocthane 6 NCI, 1978b I Maltoni ¢ al., 1980
Dichloramethane R Serota ¢r al., 19%6a: 20 " Dow Chemical Co., 1980:
National Cofice Assn,, NTP. 1985;
1982 Kirschman er al..
[986: Burek ¢r al..
1984
- Epichlorohydnn 7 Kornshi ¢t @l 1980; van 3 Laskin er al.. 1980
Esch. 1982
- Ethylene oxide 4 Dunkelberg. 1982 23 Snclings e1 al.. 1981:
L.ynch and Moorman,
1982
Hyvdrazine 3 Severi and Biancifiori, 1968 4 MacEwen and Vernot.
1980
Propylene onide ] Dunkelberg. 1982 2 Revzel and Kuper, 1983
- Tetrachlorocthylene 3 NCL 1977h 2 Rampy et al, 1978;
NTP. 1986a
- Tnchloreethylene 6 KTP. 1986b, 1987 4 Henschler ¢ al., 1980;
Fukada er al., 1983:
Malioni e al.. 1986
Vinyl chioride 10 Feron 1 al., 1981 18 Drew ¢r al.. 1985 Hong
etal, 1981 Lee o al.,
1978: Maloni. 1977;
Mafioni and Lefemine.
1977 Maltom ¢1 2.
1981 Viola ¢ al.. 1971
Vinvlidene chlonde 16 NTP. [982b 7 Mahoni e al., 19831 Lee

e al., 1978: Quast 1
al.. 1984

100 limited to vield a stable RRD-; estimate. At least two other metals, nickel and
bervllium. vielded positive resulis via the inhalation route of exposure but not by
ingestion (U.S. EPA. 1986, 1987}, For tetrachloroethylene. the only available oral
bioassay in rats {siled 10 vield siable potency estimates because of excess've mor-

tality,
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TABLE 2

SUMMARY OF INFORMATION EXAMINED FOR EACH AGENT IN MICE

Oral {nhalatuon

Number of . Number of
Agent data sets Refercnce data sets Reference

Dibromochioropropane 2 NCLL 19774 NTP. 1982¢
1.2-Dibromocthane 2 NCL 1978 NTP. 1982a: Stinson ¢t af
1981
1.2-Dichioroethane NCL 1978b Muationi et uf . 1980
Dichloromethane Nai Coffee Assn . 1982b; NTP. 1985
Kirschman o «f . 1986:
Serota of uf . 1986b
. 1-Dimethslhyvdrazine Tath. 1973 Haun ¢f al., 1984
Hvdrazine Biuncifion. 1970: Toth, MacEwen and Vernot. 1980
1969. 1972: Sever and
Biancifior1. 1968
. Tetrachloroethviene NCL 19778 NTP. 1986a
Trchloroethvlene Herren-Freund ¢f al.. 1987: Henschler ¢r al., 1980; Bell
Van Duuren ¢f al., et gl 1978: Fukada e
1979: NTP, 1986b: NCI, al.. 1983; Maltoni ¢ ul..
1976 1986
Vinviidene chioride NTP. 1982¢ Maltoni ¢f al.. 1985 Lee ¢t
al., 1978

_;qyiﬁlw‘-mm;!!m?ﬁpiajiuhm:1mga- B I R LR LR TR R 2 U R R P e e I

The RRDas values obtained for each route in mice are generally in closer agreement
than those for rats. The only oral/inhalation RRDas ratio approaching an order of
magnitude was that for dibromoethane. The other ratios varied only from 0.6 to 2.
Although oral/inhalation RRD,s ratios were less than one in the majority of com-
parisons. the small route-related differences in most cases and the variability in the
data do not allow any generalizations regarding the likelihood that one route is more
effective in mice.

Non-portal-of-entry, site-specific RRD., comparisons were available for several of
the agents evaluated. These are shown in Table 5. Differences in site-specific RRDas
values derived from oral versus inhalation studies paralleled the differences in mean
RRD:: values for all tumor sites combined with some exceptions. Somewhat greater
differences were seen for mammary gland tumors in rats exposed 10 acrylonitrile,
while in mice exposed 10 vinvlidene chloride. the inhalation route was slightly more
effective for induction of mammary tumors. the opposite of that for all tumors com-
bined. The relative potency for kidney and liver wumor induction differed less with
route in rats exposed to vinyl chloride. but the oral route was still apparently much
more potent for both sites. The apparent route-related difference in sensitivity to
mammary tumor induction by acrylonitrile was probably due to large reported dif-
ferences in background tumor incidence among studies, QOverall, restricling the com-
parisons by tumor site did not substantiallv alter the observed relationship between
potency by the oral and the inhalation routes.

Several of these agents are site-of-contact carcinogens (i.e., they induce stomach
tumors by the oral route and nasal cavity or lung tumors by the inhalation route).

3 | O ——t——
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TABLE 3

GEOMETRIC MEAN Risi. REFERENCE DOSES FOP SUBSTANCES ADMINISTERED TO RATS?

RRD,. tmg/day) RRDy, tmg/day)

Agent Oral  Inhalation  Oral/inhalation  Qral  Inhslauon  Oral/inhalatton

Acrvlonitnte 53 8.5 0.6 0.4 0.73 0.5
Asbestos 647 5.9 109 64 0.2) 305
Benzene THOOR 389 26 -7 4 4.2
Dibromochioropropane 1.7 0.8 3.2 0.12 0.065 1.9
i.2-Dibromoethane 22 14 0.2 O.08 Q.56 0.1
1.2-Dichloroethane 20 67 0.3 1.4 4.4 0.}
Dichloromethane 374 1416 0.3 24 109 0.2
Epichlorohydnn Ll 14 1.5 0.14 0.12 1.2
Ethviene oide 56 6.4 09 0.75 0.92 0.8
Hidrazine 2.4 0. 17 0.083 0.017 4.9
Propyvlene oxide 48 M 0.1 0.73 1.2 0.6
Trichloroethviene 1206 200 6.3 110 2 52
Vinvl chlaride 5.2 219 0.02 0.23 8.9 0.0
Vinvlidene chlonde 33 10 0.3 0.32 | 0.2

4 Geometric mean of range in RRDs across all umor sies.

These include dibromochloropropane in rais and mice and dibromoethans and epi-
chlorohvdrin in rats. Ethylene oxide is a contact-site carcinogen by the oral route but
is widely distmbuted in the tissues following inhalation exposure and induces leukemia
as well as brain tumors when exposure occurs by this route. Despite the dissimilannes
in site of action following exposure by the two routes, all of these substances showed
similar carcinogenic potencies for cither route of administration. Vinyl chloride was
the only agent evaluated that induced tumors at the same portal-of-entry site. the
lung. by both routes of exposure, Intcrestingly, the oral route was more potent. aithough
the difference was less than for all 1issues combined.

The effects of routc on potency were examined statistically using a regression tech-
nique that considers thai RRDas values for both dose routes are subject 10 statistical
error (i.e.. both are independent observations) (Kendall and Swuart. 1979). For rats.
the regression describing the relationship is

IN(RRD,) = 1.14(In RRDgyy) —~ 0.302.

The 95% confidence interval on slope is the range 0.33 ¢ 3.37. The vanability of the
slope term is influenced by the large oral/inhalation differences oblained for vinil
chlonide and asbestos. Omitting the results for these two substances changes the re-
lationship 10

IN(RRD,n, = 1.28(In RRD gy} — 0.866.

The 03% confidence interval on slope then decreased to a range of 0.35 10 1.79
Regardless of whether the data for vinyl chloride and asbestos are included. both
analvses show that a slope of 1 cannot be ruled out: that is. there is no statistical bas:s
for discarding the hypothesis that carcinogenic potency, expressed as a funcuion of
applied dose. is the same regardless of whether the dose is administered by the oral or
inhalation route.
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TABLE 4

GEGMETRIC MEAN RISK REFERENCE DOSES FOR SUBSTANCES ADMINISTFRED TO MICE?

RRDy: img/duy ) RR Dy, (mg/dav)

Agemt Oral  Inhalution  Oral/inhalanon Oral inhalavoen  Oral/inhalauon

Dibromochloropropane (.33 0.26 1.3 0.016 0.013 1.1

1.2-Dibromocthane 0.19 1.3 0.4 0.007 0.17 004
1.2-Dichloroethane 46 1% 0.6 0.69 3.6 0.2
Dichloromethane 49 52 09 1.5 6.2 0.2
i.'-Dimethyvthydrazine  0.36 017 2.0 0.018 0.009 2
Hydrazine 0.0 0.406 0.7 0.001 0.002 0.6
Tetrachloroethvlene 4.4 48 09 - 0.23 0.69 0.3
Trichlorocthviene 2 23 00 0.84 1.9 0.5
Vinyhdene chloride 1.0 1.6 0.6 0.08 0.09 0.9

4 Geometne meun of range of RRDs acruss all tumor sites.

For mice. the regression analysis resulted in the relationship
In(RRD,,,) = 1.03 In(RRD,y) + 0.25.

The 95% confidence interval on slope is 0.16 t0 4.81. Thus. the relationship between
carcinogenic potency of these substances in mice treated orally compared with those
treated by inhalation is very similar 1o the relationship derived from rat studies. As
was the case for rat studies. the RRDa; values obtained from the mouse studies cannot
be used to rule out the hypothesis that exposure route does not influence carcinogenic
potency.

In addition to RRD,s values. all data sets for each chemical were used with Global
86 to compute the MLE and lower-bound RRD representing a |% addiuonal risk
(designated as RRDy,). This risk leve! is below the observable range in bioassays. This
calculation was made because some chemicals may be activated through a rate-limiting
mechanism causing the cancer response to level out at higher concentrations. This
could drive the RRD value 10 an artificially high level, because of the apparently
decrcased potency at the high doses. Since the RR Dy, is likely to be below metabolically
saturating levels. a more accurate estimate of potency may be obtained for such agents.

Examination of Tabies 2 and 3 shows that. in the majority of cases. the ratio of

oral to inhalation RRD values was altered only modestly by calculating a 1% additional

risk as compared with 23%. The difference was equal or less than twofold for 15 of

the 23 comparisons in mice and rats and equal or less than threefold for 20 of the 23
comparisons. The maximum change ranged from about four- to sixfold for hydrazine
and propylene oxide in m1s and dichloromethane in mice, Unexpectedly. vinyl chloride,
a chemical known to require activation and administered in the inhalation studies at
saturating doses. showed little change 1n the oral/inhalation ratios at 1% compared
with 25%.

As can bhe seen in Tables 3 and 4. oral and inhalation RRD values for both mice
and rats are listed for seven chemicals. dibromochloropropane, [.2-dibromoethane,
1.2-dichloroethane. dichloromethane, hvdrazine, irichloroethvlere, and vinvhlidene
chloride. The geometric mezn of oral. RRD.. values for these seven chemicals equaled
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TABLE 5

COMPARISON OF RRD;y AT IDENTICAL. NONPORTAL OF ENTRY SITES®

Agent Tumor sne Oral Inhalauon Oral/inhalauon

Rats
Acrylonitrile Zymbal pland to 26 0.4
Mammary gland 0.66 8.3 0.1
Brain, spinal cord 33 9.5 0.4
Benzene Zvmbal gland 1008 283 3.6
1.2-Dichiormethane Mammaryv gland 12 67 0.2
Dichloromethane Liver 245 922 0.3
Tnchloroethylene Kidney 1096 262 4.2
Vinvl chloride Liver 4.9 %9 0.08
Kidney s 2334 0.002
Vinyvhdene chlonde Pancreas 2.8 25 0.1
Thyroid 39 30 0.1
Mice
1.2-Dichloroethane Mammary pland 2R 7.k 0.4
Dichloromethane Liver 3 64 0.6
Tetrachloroethylene Liver 4.4 4.5 1.0
Trichloroethylene Liver 21 32 0.7

Vinvlidene chioride Mammar gland (.44 0.20 22

? Non-portal-of-cntry sttes. i.e., excluding the respiralory and gastrointestingl tructs.

16 for rats versus 1.4 for mice. The means for the inhalation values equaled 15.5 for
rats versus 2,3 for mice. Thus, the mice are apparently more sensitive to this group
of chemicals than rats. The reason for these results is uncertain. Since mice are smaller,
with a greater metabolic rate, it could be predicted that they would respond 10 a lesser
degree 10 the same dose per milligram body weight than rats, Possible explanations
include greater sensitivity of the 1arget organs in mice, more efficient activation for
those chemicals requiring aclivation, and more efficient absorption. In several of the
studies with mice. the liver was the primary target organ. Since mice respond 10 many
chemicals by the induction of liver tumors. the liver may well be a sensitive target
organ and thus be responsible for the low RRD values. In any case, for this set of
chemicals, the use of mouse data will result in greater potency estimates for humans.
extrapolating on a mg/kg body wi basis. than if rat data are used. If a body surface
area correction is used. the differences in human potency estimates for mouse and rat
data will become even greater.

DISCUSSION

There is probably no way 10 compare cancer potencies in a simple straightforward
manner with a high degree of precision and accuracy. The 25% response rate was
selected because it was expected 1o be in the observable range for most studies, thus
not requining extrapolation. Unfortunatelv this was not always true. Moreover, the
dose-response curve does not always continue in a straight line to 100%. but may
flatten out a1 much Jower response levels due to saturation of activation pathways. or
may even decrease at high dose l2vels due to acute toxicity. Global 86 produced a
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warning when the data fit poorly and these data sets were eliminated. Nevertheless.
some data sets produced at concentrations known to result in saturation of activation
pathways were not climinated by this warning. Thus it is important to have as much
knowledge of metabolism and acute toxicity as possible when atternpting potency
comparnsons.

This analvsis of the relationship between carcinogenic potency and route of ad-
ministration generally demonstrated that the carcinogenic potencies of most of the
substances examined were not substantially influenced by dose route. While differences
were somewhat greater in rats than mice, data were not available in mice for the two
agents showing the greatest differences in rats.

Several factors may affeci the carcinogenic potency of an agent with route. If the
effects occur at a portal of entry, then the target organ will he different for the gas-
trointestinal and inhalation routes. Lacking further information. the potential differing
sensitivities of these organs can result in an unquantitiable amount of uncentainty if
route extrapolation is attempted. As mentioned previously, ameng those three or four
agents inducing respiratory tract tumors via inhalation and stomach tumors orally,
little difference in potency was seen.

Another important factor is absorption efficiency. Among the organic chemicals
compared. vinvl chloride showed the largest route-related difference in RRD,s. Al-
though the literature was not searched for information relating to absorption for most
of the agents evaluated. based upon the lack of large differences in potency. it is
uniikely that this is 2 major factor in many instances. In the case of vinyl chloride,
there is some evidence that absorption efficiency via the orul route is about twice that
by inhalation (Feron et «l., 1981: Krajewski ¢t af., 1980) and could thus account for

‘ ; some of the difference in potency for this chemical,

Mary pollutants, however, are in the form of solid particulate matter. These include
asbestos. manmade mineral fibers. combustion products. and various metal com-
pounds, When inhaled, a portion is deposited in the a'veolar regions where 1t can

: remain for relatively long periods. allowing for dissolution of relatively insoluble par-
: ticles, and thus rendering them biocavailable. On the other hand. little or no solubili-
zation may occur during the relatively rapid passage through the gastrointestinal tract.
R This was seen quite clearly in the case for asbestos, Similarly, a stable estimate of
i RRDas could not be obtained for cadmium via the oral route because of the low
: response. Two other metals, bervllium and nickel. also induced cancer via the inhalation
route. but not orally (U.S. EPA. 1986, 1987). Based upon these findings. route ex-
trapolation for agents in the form of inhaled particulate matter does not appear to be
feasible unless data regarding bioavailability by both routes are known,
. Many organic chemicals require activation before induction of mutational changes
: leading to cancer. If the rate-limiting step occurs auring activation rather than break-
: down, then the carcinogenic response will not be expected to increase lincarly with
: dose at high concentrations. The large oral/inhalation RRD differences for vinyl chlo-
ride are Likely the result of this factor. While the doses used in the ora} studies were
: well below those necessary to saturate activation pathways. many of the inhalation
: studies used much higher concentrations, some as high as 10,000 ppm or more.

To determine if metabolic saturation is a major factor in the large oral/inhalation
RRD differences for vinyl chionde. the inhalation data set of Drew ¢t al. (1983) wus
examined. These researchers caposed iemale Fischer 344 rats to 100 ppm vinvl chlonde
6 hr/dav for 24 months. Since the k,,,. or concentration at half-saturation, was reporied
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1o be 860 ppm for a 6-hr exposure (Gehring ef w/., 1978), the percentazC activation
should be near 100%. The geometric mean RRD.. value for all tumor siies reported
in this study was only 16.3 mg/day. less than one-tenth the value derived as the meun
of all inhalation studies. and not much greater than the mean for the oral studies. If
a further adjusiment is made for an approaimately twofold greater absorpuion efhciency
by the oral route. the inhalation RRD». value would be Iitile difierent from the oral
value of 5.2. Thus. at exposure levels below saturation of aclivation pathwayvs, there
does not appear to be a truc route-related difference in carcinogenic potency for vinyl
chlornide.

Dibromo- and dichloroethane are 1two other chemicals requiring activation whose
pharmacokinetics have been studied (U.S. EPA, 1985). While oral/inhajuuon RRDas
differences are much less than those for vinyl chlonde. it is hikely that if k,, values
were known, adjusting for the degree of activation would result in even better
agreement.

Hvdrazine is the only other chemical with oral/inhalation RRDs differing by more
than 10-fold in rats. There is no apparent pharmacokinetic explanation for this dif-
ference. especially since route had htle efiect on potency in mice. Moreover. potency
via the inhalation route differed 10 only a small degree in mice and rats. While a large
number of oral siudies were available for mice, onlv one was reporied using rats
(Severi and Biancifiori. 1968). In this study only one exposurc level was used and the
number of animals assaved was small. 13 10 1§ per sex. The potential variability when
only one such experiment is available may well have accounted for much of the
apparent difference in potency with route in rats.

For the remaining organic compounds, the observed dose-routc-related differences
In carcinogenic potency are not substantial. In fact, the potency values derived from
different studies involving the same substance and the same dose route generally varied
to a greater extent than values for the same substance administered by different routes.
As was likely the case for hvdrazine. the small differences seen may often be the result
of differences in study design or quality. The underlving data for one compound. 1.2-
dichloroethane, were examined more closely 10 evaluate the likelihood of such an
explanation. This compound was chosen because there appeared 1o be little varation
in the potency estimates derived from studies involving the same route.

For 1.2-dichloroethane. there is a threefold difference in the mean potency values
for oral and inhalation dose routes: the oral route is more potent. The potency value
for the inhalation rouie derives from a single study in Sprague-Dawicy rats (Malioni
et al., 1980): in this study there was a high background rate of mammary tumors and
a marginal tumongenic response. Different strains of rats were used in oral bioassays
of this conipound (NCI. 1978b). and in these studies. the background rates were low
and the tumor response was statistically significant. The difference in response may
therefore be a reflection of beth differences in buckground rates and responsiveness
with strains. The smaller difference in RRDa: with route in mice also suggests the Jack
of a true route-related difference in potency,

It should be recognized. however. that route-related differences in carcinogenic po-
tency are minimized if only agents testing positively by both route: are considered.
An attempt was therefore made to estimale the prevalence of chemicals testing positive
by onl: one route. Two sources of information were reviewed. the EPA’s Integrated
Risk Information System (IRIS) and the Office of Solid Waste and Emergency Re-
sponse’s reportable quantities documents Both sourcss provided shon reviews and
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cancer assessments for a large variety of chemicals. For purposes of this review. chem-
icals that were shown to induce cancer following intratracheal instiflaton as well as
inhalation were considered to be pdsuive by the respiratory route.

Positive cancer responses by the oral or respiratory route. not including the ones
used for calculation of RRDs. were reported for 120 agents. Unforiunately. adequate
bicassay data by both routes were reparted for only 13 of the 120. Of these, 10 were
positive by both routes. These 10 were not used for RRD calculation because either
the species differed. tntratrachea! instillation was used. or the data set was 1nadequate
for quantitation. Another three. nickel subsulfide. cadmium, and bervllium, were pos-
itive by inhalatior. but negative via the oral route. None of those adequately tested
by both routes were positive by only the oral route.

Thus. including chemiculs used for RRD calculation, 26 of 29 adequately tesied
were positive for cancer by both routes. The only definite exceptions were agents in
the form of relatively insoluble pariculate matter. Among poorly soluble aerosols.
even those testing positively by both routes. such as asbestos and certain cadmium
compounds. were more effective via inhalation. As mentioned previously. their greater
effectiveness via the inhalation route is probably due to a longer residence time. allowing
for greater solubilizution. If poorly soluble particulate matter is excluded. then the
likelihood of carrving out a route extrapolation on an agent having widely differing
cancer potency with route will be decreased.

CONCLUSIONS

In the absence of cancer bioassay data {or either the ora! or inhalation route. it was
found tkat extrapolation is less likelv to result in large errors in potency estimates if
(2) the agent 15 in vapor, liquid. or relatively soluble solid form: (b) the design and
quality of the available studies are good: or (¢) the doses used are not great enough 10
saturate either activation or deactivation pathways. It is also important to determine
if (d) absorption cfficiency differs greatly with route, (¢} whether the agent acts system-
ically or at a portal of entry. and (I if there are major first-pass effects. [ the above
factors can be adjusted for. then farge differences in potency with route are much less
likely to occur. 1t should be noted. however. that the findings are based upon a limited
number of comparisons. Until canger bioassayvs by noth routes. along with pharma-
cokinetic studies. have been carried out on a much larger number of chemicals. con-
siderable uncertainty will continue to exist when extrapolating potency from one route
to another.
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