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“#Safety’” Testing of Carcinogenlc Agents!
NATIIAN MANTEL and W. RAY BRYAN, Biometry
Branch and Laloratory of Viral Oncology, National
Cancer Institute,? Bethesda, Maryland
'
i
SUMMARY . -
The problem of determining what dose 9 X 107" mg per mouse when a statinti-
Jevela of an agent are safe, e, non-  cal assurance level of 99 pereent and a
‘ earcinogenie, cannot he resolved unless  econscevative probit slope of | normal
; tone fir<t defin l"nos a0 h\ul of permis-  deviate per log for extrapolation are
H wilile. u__},, "o nmllv r hoyy =n_m.ll, rnllu r  uscds The principles given are of gen-
{ than insi<ting on ab: olate enfety. Both  eral applienbility inother safely~testing :
} e of practieal coneiderations nnd problems, the point of erophasis heing .
‘f slatistical varintion, the determination that sinee_direel ehserynlion cannol he
! of low-risk dose levels, for example 1/100 muade tiat the risk at somne doae leyel is
| million, eannot bhe made dircetly but (‘lx ur'l\ -T;'n\, THdITict ponsemvalive.pro-
- must be Ly extrapalation front abarys ed ce :Iur( s for the determination of low
§ data. A conservative uppm.xch for  risk Jevels must be made. The arbi-
; domg o is given. In addition to an  trary risks and definitions for so doing
arbitrary definition of “victual aafety,”  may change with ciccumstances. The
i it iy neeessary to define nn arbitrarily procedure does nol require epecilication
. high statictical a=suranee ]er nnzl a  of an experimental protacol; the *safel’
i Fule for ol ition by use of an a his is determined on the Lasis of what-
. trarily <halinw elope. Tllusteative data r el .nl ble. Minimum pro=
[ by Hryan and Shismbkie (J. Nat. Caocer  tocols may, however, be desiiable, since
i Tast. 3: 503-531, 1913) on the carcines  greater amounts of data will ordinarily
genie action of mcthylcholanthrene  permit specifying large “safe’ levels.—
yickl a “safe,”” 1/100 million, dose of J. Nat. Cancer Inst. 27: 455~170, 1961,
{ T T . . .
! ALTIIOUGH 1T is not definitely known whether all chemical compounds
; that induce cancer in experimental rnimels will also cause cancer iv man,
‘ it has been fairly well cstabhshed that, with the possible execption of
¢ arsenical compounds, every_chemical or physical egent known (o produce
cancer in man will likewige do so_in one or more specics.of lower anjtnals
} 0.
f QI necessity, the potential deleterious effects of chiemienl compoundq.
must be tested in Jaboratory animals.  The reaction of a prrticular species;;
. , of apimal docs not. consmuto uts proof Lhuﬂ\umnnq will react simierly, but&
]
v
l, f Recelved for publieation Mereh 22, 1961,
3 National Institutes of Jealth, Public Health Bervice, U.8. Departrucut of ¥lealth, Education, and Welfare,
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the only recourse the investigntor has in implementing test programs for
control of the human environment with respect to injurious chemical or
physical agents is to proceed under the gssumption that any subsiance
barinful to_animals is potentinlly_harmful-te man. Also in carrying out
control tests in animals ono must proceed, initinlly, ns if protection of the
animal population were the actual problem. When reliable estimates of
the doses tolerated (with specified probability) arc nchicved for the
animal population, the pmhlom then becomes one of jndzment, based on
accumulative c¢xperience, in transferting.. tthnmhaa_LmnS__Q{__u__c_r.c.mL(q
L,Q‘T}:n:z_n ‘Results of testing with a variety of unimals could suggest how
extrapolation could be mndo properly to mammalian specics of higher
order or larger size.

Many chemical compounds may bo harmful at certain concentrations,
though bencficial at others, The control of “toxic”
stances therefore does not imply the necessity of their completo or ab-
solute elimination, which in some cases would be cither impossible or
economically infessible, but their reduction to concentrations thut can
bo tolerated by essentially all individunls of the population at risk.

In rapidly ecting toxic substances that are cither quickly eliminated
from the body or are readily transformed to less harmful compounds
through mdubo'xc processes, the estunation of tolerated levels is not too
diflicult, With a reasonable allowance for an extra margin of safety intro-
duced in the form of an srbitrary “safety factor,” the results abtained in
Inboratory animals ean be sucesss{ully projecied to humans, Tor the

most perl, modern pharmacology is based on just such usago of Inboratory
animals,

There are other compounds, however, for which the results obtained
in lnboratory animals cannot bo so confidently projected to man., These
substances are not readily exercted or metabohized, and beenuse of their
wenl solubility in aqueous solution, may remain in the body or on body
surfaces for very long periods.  Otber substances may be metabolized to
some extent, but because of their scleetive affinity for cclls of certain
types they mnay eccumulate selectively within these cells to yield harm-
fully high concentrations if supplied on a continuing basiz. Most chemi-
cal compounds that cause cancer, e.g., polycyelic aromatic hydrocarbons,
naphthylamines, azo dyes, and some steroids, have properties falling into
one or the otherof these culepoties,

Still other compounds have su immedisto initial effoct, which is not
considered harmf{ul, and are rapidly eliminated or metnbolized; yet,
during their brief sojourn in the body they produce some critical intra-
cvllulur damage or change, which does not wanifest itself until Inter,
Urcethan, which mterfcrcs mtb nucleie acid metabolism, is a classical
exnmple of & compound of this type. Injected parenterally, urcthan ncts
immecdiately to induce transient anesthesie, but single anesthetic doscs
mnuy cause lung tumors in mico many months later. Fortunately, this
drug wag never spproved {or use as an anesthetic for man.

onmetnc methodology has been highly developed for the study of

JOURNAYL OF THE NATIONAL CANCER INBTITUTE

—t——

o
— ank b
ey | S oo
R e ke R 5 AT A e .

; - BOR 014495

»
or “harmful” sub-

D ———— ¥ ——

acute toxicily
(sce Q- Tor ¥r
of methoda {c
time, such n8
with the estl
chronienlly n
The purpY
in the devele
tepfety levels
metric proeed
known earcin
tors which or
results in an’
" are not rests
to compounc

s g
————

e A ——— o~ o

diseasc.
4 ' .
. SOME PRC
i
|
? Tn o safet,
i cols aund the

be determir
apart from
Certain is
These relate
we are will:
NOCCSSHIY O
Lo prollil‘n’l‘:
1) o«
demonstrat
only ta ¢=t.
come lovel
whether or
that a ri<h
Other athe
conditions
1ncident
acccp(\mk‘~‘
stratinz o)
stration, 1
mo(k‘rﬂ\(‘ls
cver, ouly
the true ti-
1,000 anin

ety e
P e e TN T T

——

L 2) Wha

experinen

.~ VOL. 27! N(
|

o il




L}
- HCUTAOR 15 Ulana L Y S U I J s
N - ah

v.;px:g'e_d to inycstigate its ¢~ vripght status. Lo

X Ty e W

- ST

——— i s

o O, B | e i,

—~———— e e, .

e =, - g

et

TESTING OF CARCINOGENS 457

acute toxicity and rapidly developing biological reactions of other types
(see 2-4 for review). Somo progress has been made in tho development
of methods for thie analysis of responses that are greatly prolonged in
time, such as cancer (sce § for review); however, the problems associated
with the estimation of tolerated levels of earcinogenic agents and other
chronically acting compounds have not yct reccived adequate study.
The purpose of this cornmunication is to discuss the major problems
in the development of methods for estimating limits of {olerance, or
“safety lovels,” of careinogenic compounds and to describe certain bio-
metric procedures, based on available dnta, that are applicable to presently
known earcinogenic compounds and experimental aninal systems. Fac-
tors which one must consider in transferring the infercuces derived from
resnlts in animals to man are also discussed. The suggested procedures
nre not restricted {o carcinogenic agents, but are applicable, in principle,
to comnpounds which cause various other types of harmful reactions or

dizense.

SOME PROBLEMS IN PLANNING AND ANALYSIS OF SATETY
STUDIES

In o salety-testing program both the design of the experimental proto-
cols und the methad of analysis or interpretation of resulting data must
be determined,  The experimental design eannot be properly determined
apart from the plan for analysis ol the data.

Certain issucs in o safety-testing program must be resolved in advance.
These relate to what we mean by safety and what kind ol feasible results
we are willing to accept as proof of safety.  Settling of these issues, if
neeessary on some arbitrary but conservative basis, niay permit answers
to problems that would otherwise be insoluble.  These problems are:

1) How safe is safe? Absolute safety can never bo unguestionably
demonstrated experimentally.  Rather, experimental results can be used
only to establish limits on the risk involved. With the specification of
some level of risk, no matter how small, the possibility ol determining
whether or not that risk is execeded opens.  We may, for example, assume
that o risk of 1/100 million is so low as to constitute *‘virtual safety.”
Other arbitrary definitions of ‘‘virtual salety” may bo emaployed ns
conditions Tequire,

Incidentally. an inflesible requirement for absolute salely may lead to
nceeptance of high levels of hozard.  The impossibility of really demon-
strating absolute sefety leads to the ncceptance, as a satisinclory demon-
stration, that no hazard was observed in an experimental protocol of
moderately larre size, 100 or even 1,000 animals.  Such c¢vidence, how-
ever, only provides assurance, at tho 99 percent probability lovel, that
the true risk is under 4.5 percent in the 100 animals or 0.46 percent in the
1,000 animals,

2) What constitutes proof of safety? In principle, one could use an
experimental protocol sufficiently large to demonstrate that “virtual

VoL, 27, NO. 2, AUGUET 1961
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458 MANTEL AND BRYAN

saflety” obtained. - For this purpose it must be realized that an observed
outcome of no tumors amony 100 million treated miee docs not necessarily
demonstrate clearly that treatment was cither absoluiely or even vir-
tually safe. This outcome conld arise with a probability of 1 percent,
even if the risk involved were as high as 4.6/100 million. It would in
fact require a total of some 460 million tumor-free mice to demonstrato
at the 99 percent assurance level that “virtuol saflety” obtained. Simi-
larly, tumor-free results for 10,000 mice would only indicate that the risk
was less than 1/2,200 sad it would require tumor-free results in n total of
goine 450 mice to establish with high prolabibty’ that the risk was under

1 pereent.  Studies of feasible size can be used (o establishy direetly only

risks of the order of 1/100 or Ligher., Data from such studies ean he uscd

to nscertain the treatment level consonant with a prescribed risk or to
establish limits an the risk for a particular treatment, level. The deter-

mination of “eafc’” levels ern be mnde only by indirect methods extrap-
olating from the data obiained in & fensible afudy.

The use of extremely Iarge studics to establish safety may well be self-
defeating.  The almost certain occurrence of unvsual syndromes in ono
or mare of a large number of 15t animals, albeil these may have arisen
spontancously, will require adnatting the possibility that tlicy may be
atiributable to drug treatiment.,

3) How can protocol data be cxtrapolated safcly?  Sinee it iz only feasible

o use experimental protocols for the direet determination of relatively
high-risk dose levels, c.g., ¥ pereent; which makes extrapolation methods
necessary, one must consider that sueh extrapolation methods micht yield
my<leading results.  Procedures exist which permit extrvapolating the
results obtained at o number of test-azent Jovels fo deterinine the dose
level corresponding to any desired degree of risk and to establish, with a
high level of assurance, 2 minimum hound on this dose level.  These
methods, however, are based on the nssumption that the relationship
olaerved between twmor oceurrence and dose at the levels tested will
continue to apply in the regions to which extrapolation is Leing made.
The validity of such an gssumption cannat be tested and, if it is fulse, may
lend to o oscrious overestimate of the “safe” level,  Such overestimation
would arise if the relationship of response to dose is lesa pronaunced at the
dose levels to which extrapolation is made than at the levels at which tests
were perforied.  Anotber related source of dwliculty is that tests are
performed on relatively pure inbred strains of luboratory animals.
Characteristically, such pure sivaing will show steep dose-response relation-
ships, while the hieterogeneous population to which it is intended to apply
the results of testing muy exhibit a shallow relationship.

To avaid the risk of overcstimation of “safc” levels which may result
from extrapolating with teo steep a slope, it is suggested here that a
conservative result may be obtnired by extrapolation with en arbitrarily
low slope from the deta at hand.  For example, quantal-response data,
that is, all-or-none response, frequently exhibit a soinewhat linear re-
lationship when plotted on probability paper with a normel or probit
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TESTING OF CARCINOGENSB 459
ved : gealing for the percent responding and s logarithmic senling on dose.
“_13‘ According 1o the kind of system being investigated the dose-response
vir- slapes observed may vary widely,  With systemie poisons, rather steep
nt, dose-response slopes are generally obtained, rellecting the narrow loga-
Uin rithmic range between the [owest dose levels at which any toxic deathis
"”'” ' orcur end the levels which are lethal for all animals—such response
- dopes ore on the ovder of 10 to 50 or more probits per common loga-

. '1515 rithinic or tenfold dose incrense (the techinical definition of this slope ia
! oi not given lere; it permits one to perlorm any necessary extrapolations),
ler The all-or-none response also arises in the study of the therapeutic effcets
iy of antibinties.  The responsn slopes in these instances are generally . -

ied : shnllower, on the arder of 3 probits per common logarithm. Lower
; sfopes on the order of 2 do ariza in virus-assay work, but in these instances
i it may ba that use of a different vesponse curve, the single-hit or one-
i pacticle curve, would be ore appropriate.  Irom such experience it
i would appear that the use for purposes of extrapolation of a slope as
Jow ng one probit per eominon logzarithm is likely to be conservative.
1© ) While slopes in the regions to which we wish to extrapolute eannot be
R t established, e sugeested slope of one is rather low compared with that,
ordinarily obtuined in the observable region. ;

i The indicated low slope is a key feature in the method to be snggested '

g conservative for the estahlishmeut of “safe’” levels.  Tor this reavon ‘ ,

B . it may be well to male clear just how wenk or strong are the assumptions ‘
's being made in its use.  In fact the only assumption being made for the
procedure to be conservatlive 15 that whatever form the true response

curve may take over the region of extrapoiation, the average slope is

not less than the sssinned one.  There is no requirement that the trus

response enrve be linear or even that the true slope should nowhere be

l less than rezumed. The use of the indicated conecervative slope is, of

‘ Other values may be specified and other seales for

course, arhitrary,
exttapolation may be employed.
Once answers to the three questions are provided, o defined level of

“virtusd safely,” n prescribed level of statistical nssurance, and a con-
’ servative rule for extrapolation, it becomes possible to determine, from
protocol data, “safe” dose levels and to undertake the planning of any
necessary cxp(:rmmntul protocols.  This is considered in the succeeding

Vd ‘ .
soctions,

) ANALYSIS GF RESULTS AT A SINGLE DOSE LEVEL

In what foliows we will talke the defined level of “yjrtual safety™ to be
1/100 million, the statistical rssurance level to be 99 percent.  Extrapola.
tion will be on the basis of 1 normal deviate or probit per common log
or tenfold changy in dose,

To illustrate how definitive “safe’” levels arc obtained, consider that a
preseribed dose of an agent has elicited no tumors in a group of 100 cx-

— e e
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460 MANTEL AND RRYAN {
perimental animale. Whilo the observed rate of tumor occurrence is t compound. it
0 percent, wo will tako, as an upper limit on the true rate, that risk for ; ments with o 1
which the probability for oceurrence of as few a9 zero tumors is 1 percent, ! is not csprais
(100% less the rssurance level of 99%). 'This s given by tho solution for i dunger is den .)(
P to the equution ! testing ot Tolt
(1 — P)™ = 0.01. ! be lower. &
Solving, we have ‘ g for interpretic
( how much dat
N 100log (1 — P) =log 0.01 = — 2;log (1 — P) = — 0.02 = 0.98-10; ¢
1 — P =0.955; P = 0.045 or 4.5 pereent, ;
! {
‘ : We now know that the observed outcome of no turnors in 100 animals , :_ I
; is consistent with the possibility that the true risk was, in fact, 4.5 pereent, g -
From tables of the normal probability function (6) we determine that the ' The method
normal devinte, ¥, such that the integral irom — ® to ¥ equals 0.045 ! to the case I
i is —1.695, for a probit value of 3.305 = 5—1.605. Ilowever, the normal i used for illuztr
t} deviate, Y, corresponding to a risk of 17100 million can similarly bo de- ' In general it
:: termined as —5.612, the probit being — 0.612.  The upper hmit on the * unfavorable re
' risk for the dose employed s 3.017 = —1.695 — (~5.612) normal deviates 3 gssurance leve.
! above the desived eale risk, and, at a slope of one normal devinte per }
; common Jog, it s necessary to reduce the log dose by 3.917 logs to altain !
; a “safe’ level.  The antilog of 3.017 being nbout 8,300, it is determined :

thnt the “safe’ dese is 1/8,300 times that whickh had been tested.

Table 1 shows the preeeding 1esults together with those for severnl
othier hypothetical experiinent «izes in which no tumors were observed
to oceur in a group of treated mice.  Ior each such group the tuble shows
{hie greatest risk consistent, at the 99 pereent assurence level, with the
obscrved outcoma.  Also shown are the corresponding conservativo
‘ estimntes, with the slope of one vorinal deviete per tenfold dose inerease,
' of the “safe’ (1/100 million) dose level expressed us o fruction of the desage

tested. Tho lIarger the experimental group among which no tumors
ovcurred, the greater is the value determined as the “safe’” doso.

or

e r—

The solutio:
or fewer than
solution, the ¢

The preceds
tables of cunu
thoso of the €

-

Tantr L= Thustration of “'sale’ doscs determined when no risk wae ohserved in single
Eroups

[N
Number of mice with tumors/ !
]

No. trated 0/10 0/50 0/100 0/500  0/1,000
UP):("I‘ limit on tumor risk at 1
level employed, 99 percent ;
a-surance (]wrwnt) 37 88 4.5 0. 02 0. 45
N Frtimated ‘'safe’ daose (1/100

, million) dose employed = 1 1/190,000  1/18,000 1/8,300 1/1,800  1/1,000

Lot us con
r = 10 have
Referring to &

——— g e = o g —

b

Study of this table indicates that a control system can be established
without the need for specifying a design protocol, though there mizht be "
‘ some merit in specifying o minimum size. For, whether the amount of and that for I
Lo evidence adduced to show that an agent is safe is great or small, it can

be properly weighted to determine conservative safe limits. If the

. »
1
promulgator of a drug wishes to have high tolerances established for his !
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compound, it would be worth while for him to produce results of experi-
ments with a Jarge number of animals, which would show that the agent
ia not especially dangerous at certuin dose levels. Where the lack of
dunger is demonstrated with » small numiber of animals or as o result of
testing at rather Jow doses, tho dose Jevels determined as “salo” will
bo Jower. A control system can be constructed about the possibility
for interpreting the data submitted, with no specificalion needed ss to
how much datns should be obtained.

TITE CASE OF SOMJE OBSERVED RISK

The method indicated for determining “safo” levels is not restricted
{o the case in which no observable danger was noted. That case wns
used for ilustration Lecause of the simpler mathematieal solution invelved.
In general it will bo that en experiment testing n animals will yield »
unfavorable results (tumors). The upper limit on risk at the 99 percent
aesurance level is then the solution for P to

\ oGP — P)™=¢ = 0,01
{=0Q

or

S nC L — P)P=f = 0.9
frmr+1

The solution for P is a valuo such that the chance of observing as fow
or fewer then r tumors is 1 percent. At vrlues for I in excess of the
eolution, the chanece for such un outeome is less than 1 pereont.

The preceding equation ean be solved approximately by reference to
tebles of cuinulative binomial probabilitics.  Such tables, as for exnmnples
those of the Ordnance Corps (7), show values of quantitics such as

nC\P (1 — Pt
=yl
: Lot us consider as a hypothetical cutcome that, of n = 100 mico,
r == 10 have developed tumors, for sn observed rato of 10 percent.
Referring to these tables we see that for P = 0.19
100
| S aC Pl —~ P)"" ¢ = 0.9801
, =11 . ,
and that for P = 0.20
L lno
?__"3 nC Pl ~ P)r~* == (0.9943.
=i
A ¥OL, 27, NO. 2, AUGUST 1961 .
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462 MANTEL AND DRYAN g -
We may take the solution for P as approximately 0.192. The cal- t
culating procedure follows as hefore.  The normal deviate corresponding ‘ As alrendy indieat
to o 19:2 pereent probability is —0.871 and, at the slope assumed, it will ! ohserved responsesis
require a reduction in log dose of 4.741 = —0.871-(—35.612) to obtain f varintion of the fitt
a risk of 1/100 million. The “safe” dose is then determined as 1/55,000 l mothods con-ervativ
of the dose which had been émployed, 55,000 being tho antleg of 4.741, } Jaree study sizes. ]
T "\--_._..____..—-a—-——'—"'--—"_'—"""—'_-__ —— v Fa ,
: the result that extrs
USE OF CONTROL DATA 1 the slope “]”f'”““g !
) aizes or «(udies, the
In the mcthodology shown, it was assumed that the responso of interest, t slope, taling necous
: appearance of tumors, did not occur spontancously.  In generul, however, ; may result inoextr
1t will be desirable to use controls to check this and to allow datn obitained : lower confidence T
for such controls to madify the determination of “salc¢’” dose made. pl- than that which w
However, with the method already shown, fuilure to use cantrals or to i is uzed ot exteiipol
take controf data into account will result in mote conservative determina- : An slernntive d

oy,

safe’ dose,  If, in fuct, spontuncous rutes are rather low, example, fitting th
they will have little effeet on the determination made. Tor thls reason determine the lowt
we may adopt s procedure which is somewhat more (‘_Q_r_u_‘;_q_rvnhw ve than ' moderate pereentay

now:m y for taking control d: atainto account.  This we ean do by talking,

ns before, the uppcﬂumt for the risk in the treated group as the solu(mn
for I’ to

tions of the

with the observed «
conservalive value
1 pereent dosuge, ©

While the proce
is hased on the valy

5'_’%7:.,0‘13:(1 — )t == 0,01

results have devive
But for hienssay p |
exactly appropriat
ably gond jab of ¢
can vieli teasonab
ations Living comp
use of an invalid |
of dose levels con
In many situati
in otlicrs quite s
large experiment:
rellected in narros
to risks in other

while the lower limit on the control group risk is the solution for P, Lo

s
‘E n Ol — P)me = (.01
-1
) where r, of 2, treated animnls and 7, of n, control animals, respectively,
‘ showed positive response,  These equations can be solved through the use
of binomue! tuhles,
At this point Abbott’s formule (8) can be used to obtain a modified
valne for the {reated-group rigk, this being computed ns

P = (P — P (1-P.).

o e g gy T

The computation follows as before, the normal deviate being obtlnined

corresponding to P,.%  Since P cannot exceed P, the use of control duta : pn(‘fs estimate of
cannot result in decreased values for the enleulated “safe” dose. ; is vmlntw.l.
! Accordingly, w
! we will consider
ANALYSIS OI' RESULTS OBTAINED AT SEVERAT, DOSE LEVELS ; vl

. - . . - nestm
When an sgent is tested, it is sometimes desirable to do so over a number, The onli\ .1\c. l fr

. - . I [
perheps even a wide range, of dose levels.  In such instance, all the avail- ; tive and 11 1%, €

X . . R i ina s 1 whie
able data should Le considered in the determination of “safe’ levels. ¢ nstances i B
———— } is not misleading
8 ‘Thp fastidiens statisticisn may ohjsct to the moderatelv eouservnt [ve procedure deseribed here for detertoining » . e ”\, appro
Fr. A more 1irerons procedure would ranquire setting 1migs ou the raths of binenmial parameters. I wonld be ! gencraly I !
given by reduciog Ly ity the upper Imit on the ratio of control-Lo-treatment nonresponse probabilftics, . scction.
. A=W ”
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Paramctric Proccduores

As alrcady indiented, it may be unwise to’extrupolate the data with the
oheerved response slope.  Proecdures for taking into necount the statistical
carintion of the fitted slope will not suffice to make such extrapolation
methods conservative.  To see this, one need only consider the usc of quitn
Jarge study sizes.  In this care, statistical variation will be negligible with
the result that extrapolation to low-risk Ievels will be substantially with
the slope obtaining in the ohservable range. (However, with small study
aizes or sludies, the designs of which are ineflicient for estimation of the
elope, taking aceount of the statistical variztion of the slope determination
may roqull in extremely conscrvative estimates of “sale” lovels. The
Jower confidence limit on the “safe” dose in such instances may he less
than that which would be obtained when an arbitrarily low slope value
is uzed for extrapolnation, as suggested.)

An alternative deviee could be to emplay parametric procedures, for
example, fitting the maxitmum likelihnod probit line to the data (7), to
deteemine the lower confidence Himit on the dose corresponding Lo some
moderate percentnge risk, e.a., 1 percent, to which risk-tevel extrapolation
with the eheerved slope is considered retinhle,  Then, using an arbitrmily
conservative value for the slope, and anchoring at the lower limit on the
1 prreent dosage, one could extrapolate to the desired “safe” level.

While the procedure just indicaied iz straightforward, its employment
i« based an the validity of the paranetric funetion emploved.  Quile usefn)
reenlts have derived from such parnmetyie pssumptions in bioaseay work,
But for binpssay purposes it is not essential that a parametric function be
exactly appropriate; it s suflicient that tie function assuined do a reacon-
ably good job of praduation.  (Even sowewbat inappropriate curve forms
can yield reasonably good relutive potency estimates ns long as the propor-
atinns being compared are tested over the enme regions of response.) The
n-e of an invalid parnmetric fanetion cen lead to inappropriate estimates
of doze levels eorrezponding even to modernte risks.

In many situations the estimates may be only moderately inappropriate,
in athers quite serious.  With paramictrie procedures, the use of rather
furge experitnental groups in one rezion of the response ecurve can be
reflected in narrow-range confidence intervals for dose levels corresponding
to risks in other ranges. This can produce a false sense of security m
one's estimate of the moderate-risk dose Jevel when the parnmetric model
is violated.

Accordinely, while agrecine that parametiic procedures may be uscful,
we will conaider the possibility for extendinz the method deseribed for the
single dose-level case without the need for ascuming any poarticular model.
The only ussumption is that the arbitrm y fow slope assumed is conserva-
tive and it 34, of eourse, implicil that the response curve s monotone. In
instances in which it ean be recognized thel use of n parametric procedure
is not misleading, workers mayv prefer this procedure rather than the moro
generally appropriste nonparametric procedures described in the next
scction,
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464 MANTEL AND BRYAN

Nonparametric Procedures

In the preeeding section it was suggesied that the nse of parametric
methods, while straightforward, could lead to nonconservative results,
There aro no simple fixed rules for conservative estimates of the “safe”
dose when severnl dose levels are employed and one is unwilling to make
assumptions aboul the dese-responso curve in the region of obscrvation,
Iow estimales ean bo made in these circutnstances can best be demon-
strated by illustration. ,

We will bepin with some simple ideas.  Suppose investigators at two
laboratories independently test an agent at a level of 100 mg/kg. At the
first, wilh 500 mico tested, no tumors are observed, and with the methods
deseribed previously the “safe’ dose is estimatled ps 100 mg/lip/1,800 ==
0.056 mg/iy (¢f. table 1). A somewhat lower “safe” dose of 0.012 my/kg
is obtained at the sccond laboratory, based on the observation of o
tumors among only 100 mice. It can readily be recognized here that it
would be inappropriate to reject the high “safe’ level of the first laboratory
just because of the low estimate obtained at the second lnboratory., The
two sels of dafa are consistent and in fact confirm cach other. If any
modilication is to be made, it should he to consider that, with resulis
combined, no tumors hiave occurred amnong 600 mice which would lead to
a &afe dose of about 0.065 mg/kg.

Suppose that at sGll a third laboratary, tests are made at a dose of
50 me/l:e and, with no tumars oceurring ameng 500 mice, ihe enlenlnted
“safe” dose at that lnhoratory is 0.028 mg/kg. ITere ngain we can sece that
the “safe” dose obtained st the first Inboratory should not be modifind
downward just beeau-e a consistent result at the third Jnboratory vielded
a lower “safe” dose. 1f anytling, it should be considered that the 500
mice nol responding at the hizher dose at Iaboratory 1 would not have
responded ot the lower dose employed ot laboratery 3, With these 600
mice treated as nonresponders at the Jow dose, there is then, including
those al leboratory 3, a total of 1,000 mice not responding at the low dese,
(Iaboratory 2 reaulls are being iznored for thisillustration.) This yields
as o calculated “sufe” dose 50 mg/lky/1,000 == 0.050 mejkg. In the present
case the “safe” dose bused on the combined caleulation is less than that
for the datn of laborafory 1 alone of 0.035 mg/ke and o the higher fignre
is retoined. ITad tho combined calculation led to a higher “safe’ dose it
would have been correet to take that as the estimate.

The point of these illuslyetions is that, when the data oltained from a
scerieg of doses are consistent with each other, 1t 1s appropriate to take as
the calculated “safe’” Iovel the highes<t one pertaining to the results at
anyono dowe. Even a higher “safc”’ level may be taken when it can be ob-
tained through a justifintle combination of the results at the varions doses
used. What jsmeant here by “justifiable” combinntions can be seen from
the following example in which hypothetical results at four dose levels,
low, middio, and high, arc considered.

¢ An alternntive method to the ono abaut to be deseribad fa given as an appendix.
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TESTING OF CARCINOGENS 465
Observed resulls “Justifinble” combined results

DNose in Number of tumors/ Combined number of {umors/combined
rize order number of mice number of nsice

1 0/10n (0J10n) ;8 0/200; 1/200; 5/400

2 0100 Q7 10, 1/200; 51300

3 1100 1/100: 5/200

4 4/100 4/100

i Parentheees {ndieate that this resutt peed not be consideied, as the prxt must yield a higher value for the

el gase.

In the rheence of inversions in the data, we ean determine the “justifi-
able’’ combined results nt a dose by ndding to the resulls et that dose, in
succession, (he results ot still higher doses. A ealeulated “safe’” dose can
be determined for each dose used and for each of the various “justifinble”
combined results corresponding to each dose. The over-all “safe’” dose
would he the highest of the various delerminations.

Where dufn show an inversion the procedure i= altered. Consider a

gimple exzmple:

Obsrrved
rosully
Number of
thinors) *Tustifiable” ecombined reaults
Dose in size number of —
order micc Combined No. of titmorascombined Na. of mice

1 1/100 {1/100);1/060
2 0,100 1(0/1007;1/100]

At the first dase tevel it 15 elear that the ealoulated “safle’” dose wonld
Lin Jarger if based on the eombined vesults for bath levels than if hased on
the resulfs abserved at this Jevel rlone; nccordingly, as noted in ong in-
stnnee in the preeeding example, the resuli at the lower level alone is shown
in purentheres. At the Bigher dose level an inversion oceurs; there is a
lower ineidenee of tumor. even thougl the dose level is hizher. In view
of the inversion, one would be less wiliing to accept as “safe” the calen-
lated value obtained on the basia of resulta for this dose level alone. The
two allernative results show oy in brackets ot this dose Jevel are the results
at this dese level and the contradictory rerulta at the Iower dose Tevel,
The significenice of the uze of brackets here is that the culenluted “wafe”
value is now o he taken as the lesser of the values sugzested by the alter-
native results. In the present instanee, the result at the lower dose 1/100
would yield the lower “safc” dose and =0 the alternative result s shovwn in
parentheses. (It will not alwavs be neeessarly true, when an inversion
arcurs, {hiat the retained result will cortespond to the higher tumor inci-
denee al the lower dase level) In the present example the calenlated
“gafe” doze will be thal corresponding to the first dose with combined
result 1/200 or that corresponding to the sccond dose with retained result
1/1G9, whichever is the sreater. .

Tu practice the application of the methods just indicated is much
gimpley than the explanation would suggest, Ordinarily only one or per-
haps two of the combined results at a dose level will need to be considered.
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466 MANTEL AND DRYAN

The resulls at some dosc levels may immedintely permit us to drop them
from cousideration. After only a limited nmount of expericuce it shanld
he possible 5o do this rather rapidly.  The ealeulations are actunlly simpler
than those for the maximum likelihood probit method. [In fact, the
confidence limit procedures ordinarily employed in connection with the
prohit method are nol [ully sntisluctory. A more approprinte method is
deseribed by Mantel and Patwary (10), but it eould require a somewhat
extravagant level of computational effort.] And, while for completencss,
wo have indicated the need for considering the possibility of inversions,
this will ordinarily not posc a problem.

¢ e . P i g e e i A —— o 7 =

ey m e

An IMustrative Example

L4

An example from the Jiterature shows how the procedure just discussed
ean be applied. The data, from Bryen aud Shimkin (11}, are the results
obtained after a single injection of methyleholnnthrene into mice, 12 dif-
ferent dose Jevels being nused i the study. The reader may refer to the
orignal article for details,

No peculinritics arise in this exemple.  There are no inversions, At
the four Jowest levels no tumors occurred and the approprinte cotubined
result s readily recognized n these instances. At the midedle four levels
1t can be reenpnized that there 18 no pointin combining results and, finally,
the four highest Jevels can be disregarded as these all yiclded 100 percent
twmor occurrence. {

The procedure is illustiatad in table 2. The Grst three columns show, i
respectively, the dose, log dose, and the observed result.  Columm
shows each eombined result considered, nnd there should be a separate :
ling for ench such result. In the present instanee only one combined '
result. required to be considered at cach dose. For cach such result, '
eohimn & shows the enleulated maximum risk at the 99 percent assur-
ance level. These were obtained from binemial tables or enleulated '
direetly for the case of no tumors occurring,  The normal deviate cor- '
responding to the maxitmum risk i1s obtained from tables of the nornal
distribution end i1s shown in eolumn 6. TFinally, enlunin 7 shows the
calcudated “safe” (17100 million) log dose. The maximum for this,
2.962-10, appears in the second line, and the over-all ealculated “safe”
dose is 9 < 107% mg per maouse. ¢

Ono might remark that this “safe” doan s €0 Jow a8 (o muke impractical
any use of 3 which may reault in its ingestion by humans,  But we aro
dealing here with a rather potent cuvetnogen and if any compounds are
to be assigned tolerated levels which are virtually zero, this is one of thern.

Text-figure 1 shows graphically the results and analysic of the experi-
ment just considered.  Normal deviates are shown on the vertical scule, ’
while on the horizontal seale the dose einployed is shown as negative ;
The potnts shown represent the outcomes at j
each dose level; 0 and 100 percent outcomes are shown by arrow. The !
golid line on the figure is tho maximum likelihood probit line fitted to the ;
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TESTING OF CARCINOGENS 467

TanLp 2—~Ilustration of methodolory for determining the “safe’ dose from results

at scveral dose levels; data from Bryan and Shimkin (11)
-
Cnlen-
Maoxi- Inted
Combined  mum “safe’
Result result P (1/100
value Corre- million}
No. of tumors No. of tumors 999, sponding  log dose

Do gl assUr- normal (2) — (1)

matise Log dose No. of mice No. of mice aunce devinte - 5.612
(1) ) ) (4) (8) (6) N

f 0np244 6. 38810 0/79 0/158 0. 0288 — L 899 2 675-10

noH7s 6. 90010 0/41 /70 0. 0366 ~ 1. A%E 2 m02-10 4 -~

[T (13841 7. 201~149 /19 0/3% 0. 1141 — 1 200 2 K& (-10

[IIRRR 7. H02-10 0/19 Q/19 0. 2152 —~0. 780 2 700-10

U (078 7. §03-10 3/17 317 0. 4180 -0 030 2 331-10

[N TEH & 1H-10 G/18 6/18 0. 729 +0.G10 1. 9072-10

n.0ui2 g 405-10 13/20 13/20 0. 871 41,131 L 7h52-10

0, 0025 8 TH6-10 17/21 17/21 0. 958 +1, 7258 1. 456~10

012 9. (n7-14 21/21 — — — —

[{ AN 9 JUL-10 21,21 —_— —_ — —

0. 50 @ 6ah=-10 21/21 —_ — —_ -

1.0 10. 000-10 20720 _— —_ —_ —

datn. Above the first 8 dala points the triangles ¢hown correzpond to

the maximum 22 velues of table 1. Extrapolation, with the slope of one
normel deviate per comumon log to the over-all caleulated “safe’” value,
ig indiceted by w brohen line.  All triangles, other than the one from which
T T rtrTTTT T T T T T T E T T T
(100%’
Y- q
— il ” Cotpinad Qurcamgs
= 2 A Usamoe PYours 3% Ateronce PR {100%] -
a 197751 Parcentont Du'ismes pn S Moo mpm o
3 1 B Yolets Shovw mParentiesns Al »15:%) .
E (L8] 73%1a .
g‘; uc-..of i rene 7
%’ s m'x:f}“ 211930 -
B teul Pt
J , -2} f-‘ﬂ}/ /I!O!.I -
4 23 Cavitrvnhvt £ irepoiohen -
z -y w:s«m of 1 Mormat e w U ronam { debhaod Line, Stopss 4
?_ 03 Desatts por Loy ,/' %) 204 hermat Deyiotes Per oy
-4 - -
acsz%) o et ated e
b 7 0057000, |, d
1EooocL) ,,_,-"' 10ty !mm J
L_L..L...J—l._i...l_-l.m.-L.._L.‘J_-u— 5 VS GRS Wy ISR Wy W VO O YU S N N N §
P I A T o R L L I S I L IS S
mg MCA FCR MOUSE (Sing'e wmpecton)

Trxrricure 1.~TFstination of the Usafe’ dose from test results with o carcinogen
methyleholanthrene, at reveral dose lovel., At each test level bollr Lthe obrerved
pereentage respnner and an upper limit, 99 preecent nssurance, based on eambined
data are shown. Soitd fine i3 the innximum likelihood probit line fitted to the
dala, The “snfc” Jevel of 9 X 10-% mg per mouse i3 in this instance estimaled by
exirapolution with the conscrvative slope of 1 normal deviate per log from the
wpper limit on I’ at the second dose level,
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468 MANTEL AND BRYAN

extrapolation was made, ehould fall above the line. The difference in
slopo between the solid and the broken line may be noted.

RELATION TO OTHER SYSTLMS

While at various points in the preceding seetion the possibility for arbi-
trary selection of the nssurnnce level, thelevel of safety desived, the slope
value used for extrapolution, and even the extrapelation curve ((m(! conld
use some senlo other than normal deviates or probits along whieh u risk
probability may ba defined) have been emphasized, this should not be
taken to mean thnt the methods suggested are completely general. Rather,
in each cuse the nature of the risk sivuntion should he considered.

Soms principles do carry over, however. YFor exaniple, one may e
interested in trying to extinguish a bacterial or viral population by gxpo-_
sure Lo nercasing (emperatures or by increasingly long exposure to hac-
tericidal or viriendal conditions. Determining the appropriate tempera-
ture or duration of exposure through the use of o wnsvuntn‘oly shnllow
slope may be approprinte in such enses.

Consideration of the “single-particle’” or “one-hit” problem (12) gives
rise to a quite different answer than _tlmt developed in the preceding sec-
tion. In this problem it is considered that a single particle ean cause
infection or death. 10 particles are distributed ot random in material
being inoculated, so that if there is an average of m puarticles per inoculn-
tion, the probability that a particular inocnlation will contain none and
an be enfe 12 ¢ the prelalnlity that it will nat be sale is then 1—¢
The problem is to deterntine from test data what reduction in the inocu-
lum is neccssary to ensure salety.

One can nwe directly the methodology already given fo set maximum
values on the risk as a result of the outcome of testing, This in turn
estabhshe s aoinaximum valiue for moas —~loz (I-max, {2 value), the neces-
sary reduction to any desired risk level following diveetly.

In this instance the neculum correzponding Lo a risle of 1/100 million is
approximately one millionth that ecarresponding to a risk of 1 pereent,
This contrasts sharply with the ratio of about, 172,000 when extrapolation
iy mado hetween'theso two risk levels with a slope of one probit per com-
mon log.  While it has been shown that in the centinl region tho “one-
particla’” curve mimtes the probit cnrve with a slopo of 2 prabits per
common log (13), the contrast would suggest that the comparatively
steep slope of 2 noted virtually dissppeara in the lower tail. What
further surgosts jtsell 1o thmt the “single-particle’ curve provides a most
conservative rule for extropolation.  Where there is uny suspicion that
this curve maoy apply, the procedure deseribed in tho text should not Lo
used.

Once might also visualize & two-hit or two-stago process, the low-lovel
probubilities for each stage being approximutely proportionul to the dosc
vsed, A reduction in dose by a factor of 1,000 should reduce the joint
probability by o factor of 1 million. In thxs case tho 1/100 million risk
dosage would be 1/1,000th that of the 1 percent risk dose,
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TESTING OF CARCINOGLNS 469
APPENDIN

Alternative Methad

An alterpative method fo that deseribed for handling data ot several dose
levels may be more appealing to the biometrically oriented reader. It was
evolved in discussiong with a reviewer {J. Cornficld) and is objective and
iatuitively satisfving.

In this methad the data are considered to consist of n series ¢ assays:
one comprising results at the lowest dose level only; another comnprising ,
results at the two lowest Jevels; still annther in which the results aro : ‘ '
given for (hose nt the three Jowest levels, ete.  (Levels where there is
interferenee, ns for example lethality interfering with n earcinegenic
respongs, shouhkd not be included.) Jor cach assay, with sppropricto
mobit procedures delerndne the maximum Hliebhood, 1/100 milhon doxe
Jevel andd its Jower imit, subject to the reztriciion Hmt the prnbit slope is
known to be unity.  Of all the Jower Imits en the 1/100 ntion dose level
determined {or the serics of wssays, the lareastis seleeled as the “aafe’ dose,

A draveback to this pracedure could be that standard maethedoelogy does ‘
not correctly permit the defermination of lower Jimits on the 1/100 million
level,  Such methodolory oes avry if, for exounple, thare are no positive
risponses it (he three lowest dose levels. A principio deseribed by Mantel]
and Patwary (JOY permits ¢ =olufion,  Calewlate the chit-rguare goodneag-
of-fit, x1. {or Inz likelihond for thoge so clined) for the maximum likeli-

Lood solution.  (This ebi sqiare would he taken es zero 3f thiere are no
positise 1c:ponses ab eny of the dese lovels considered; the maximum
likelihood  1/100 million Jevel is actundly infinite. A zeve chi square
obtaing wIvo v hen anly resalls at the lowest dose level ere conaidered.)
Constder alternarive tral values for the 1/100 million dase Jevel le:3 than
the manynu hlrelihood rxtimante,  Fuch suel trial valie, in econjunction
with the ecsumed glope of wnity, provides an ¢stimate of the response rate
at eack dn=alevel of the assuy,  There 15 thus, in turn, » chissquare velue,
xl, for deyatures of the obeorved responses from the ertimnted responses
based on the trie] 1/500 million dose level, 3 will execed xf and lor suma
trial value xi—u? will equel 5.412, the 98 percent upper imit on n chi
saunre with one degree of {reedom (e 8875 limit on ebi squure corresponds
to 2 0077 ou the “safe” level).

At tlis point we introduce a modification which, for simplicity, has
just been glossed over. Instead of computing x7 bused on weights implicd
by the maximun likelihned solution, onoe should compute the quantity
xi* based on departeres from the mexunum likelibood fit, the weizhtings
being derived from the fit to tho trial “safe’” dose.

To illustrate; Suppose that at the ¢'th doso level, ¥, of n, animals
L rc:pond that the maximum likelibood cstimate of tho response rato 15
P, and the estimate correspouding to the trial value considercd is I’;.

. Then
Xg = -:'i‘-.: (ry — ﬂj’?)’/’hf’? {1 — I‘Bf)

g e —————
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and :

xit =3 (o = nbynr (1 — P,

U

The trial value for which x3 — x?* equals 5412 1s the lower limit on
the safe dose for the nssay considered. With & dose levels, there will be ‘
k scts of assay data und £ Jower limits, the maximum of these limits being
the one seleeted.  (The likelihood ratio may be taken as an alternative

criterion for setling limils; sce 10.) : {

i
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INTRODUCTION

vieportis concerned with an evaluation of the present status of testing for carcino-
wtion of foed additives and other chemicals, which comc into contact with man
aally through his diet. Although carcinogenicity is only one of the many mani-
wns of toveity. it has somehow assumed a role of considerable, possibly magni-
~portance, 1t is the only manifestation of chemical intoxication that is dealt with by
tepwlation, For practical purposes, a carcinogen is a substance that when admint-
-{hy an appropriate route, causes an increased incidence of malignant tumors in
amentaf animals as compared with a control seiics of untreated animals. The
e fo i carcinopenic substance may consist of (1) anincreased incidence of tumors
qeseen caommanly in the control animals, (2) an occurrence of a type of tumor not
wall mthe control animals, or (3) 2 combination of the occurrence of a diflerent
e and an increased incidence of one or several types of tumors seen in the

Crvess enpressed n (his repont are those of the Advisary Committee and are not 1o be regarded
ol satemends of the U.S Food and Drug Admmistiation.
AV Advsory Committee on Protocols for Safety Evoluation,
vl the Cenmnninter; Nerton Nelson, £h D, Dhirector of the Institute of Lavirenmental
we, New York University Medical Center, New York, New York 10016, Charmme, Julins
s DL Professor and Head of Phanmacotopy Department, Jefferson Medical College,
Uil Pennsylvamia, 191070 Jerome Cocnficld, B.S., Rescarch Professor of Tiostatistics,
b ch Graduate School of Public Health, FASER Building 9650 Rackvitle Prke, Bethesda,
MW Leo Fnedman, Ph.D., Professor of Nutribon and Food Safety, Masachusetts
e of Technology, Cambridpe, Massachusetts 02139 (Present address: Duector, Division of
wology and Tovcolopy, Bureau of Science, Food and Drug Adnumistration, Washington,
M5, * Robert k. Gosschin, M.D., Ph.D., Professor and Chanman of Department of
wolopy, Dartimouth Medtcal School, Hanover, Now Hampsture 03755, Calvin M. Kun,
© Asoenate Professor of Preventive Medicme and Medicine, University of Virginia School of
av, Charlottesville, Viegima 22901 * Ted A. Loonus, M 1D, Ph D)., Professor of Pharmacology,
iy of Washington School of Medicing, Seattie, Washmaton 90105; Philippe Shubik,
ki R Pl Dicector, Eppley Institute for Re<earch in Cancer, University of Nebraska College
".1: e, Omaha, Nebraska 68105 James L. Whittenberger. M1, Professor of Physiology,
! Unteersity Schoal of Public Health, Boeston, Massachusetts, 02115 James G. Wilson, M.D.,

" "m vwsor of Rescarch Pediatrics and Anatomy, (_hlldrcn s Mospital Research l-ound.mon,

ctan, Olue 45229,

<we Seererary: James R. Cribbett, Commitice Management Officer, Burcau of Scicnce, Food and
tAdminsiration, Washinpton, D.C. 20204,

*reof the Panel on Carcinozenesis: Dr, Philippe Shubik, Chairman: * Dr. Leo Friedman, Dr.,
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ver, University of Nebraska College of Medicine, Omaha, Nebraska 68105,
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420 1DA PANLL ON CARCINOGENISIS
controls. In some experiments the only manifestation of an effect consists of (4) 4. . rhat Is the Sigr
occurrence of tumors in the treated animals than in the controls, the incidence by, - \« time gocs on,
same in both. In yet another variation the only effect seen may consist of ($).n .. Lwiated with ic
in the number of tumors per animal, the number of tumor bearing animaly |, aee that hwve b
. . W .
same. Any onc of these cffects may suggest the presence of a carcinagenic ;. \
"™ . [R1 LY
occurrence of benign tumaors only.wo?nld not clussifly an ugcr?t 4% a carcinoresy Certain expenm
Itis apparent that all cchct's which in onc way or another influence the oo ang radiations
of nc?pl;nsxx\s can.not be precisely t.hc same. The 'd:ﬂ'crcm sHUAtons cited ha - o) may sometii
examined in detail by experimentalists interested in mechanisms of action of (- L tumors kn
, gens: however, from the standpoint ¢f the tomcologﬁt many different effects ey, - the application.
lumped together in an cffort to simphfy a practical task, wphomas, howe
. . N C]
In a brief consideration of the basic rescarch aspects of this probfem in term. ¢ " e have been
. ’ . . . . - o A P - . [ f
practical uscs made of the clclq mination of “‘carcinogenic action™ in animals, 4 . - winopens and v
problems will be posed and discussed: wotin and Wisel
1. Are Tumors Ever Induced That Do Not Occur in Conirol Animals? pons hetween vi

The primary problem faced in answering this question is that relatively s « avmopens may ©

bers of animals must. ol necessity, be used. When a rarc tumor of man is connider. Lued by ”}C facttl
say a tumor with an incidence of Iess than 197 of all tumors oceurring in man 1t s toinduce
be remembered that it |?51-11y hy cx.lmnmllmrah\r'er) large populauon that sl saated only wi
arc discovercd. There are on record various examples in which an experimentalise® cunn s the pol
conchluded that he has induced a new lesion for the first time only to discover the | cpaently SRSACE
ogeurring in_his untreated controls at alater date. Since many of the carcinoger - vl state. Vhis
in the experimental laboratory are common environmentaf contaminants, atber Cvied into newl
concentrations, it is not surpiisiig that continued observation of “untreated” i Weaie, thereto
often yiclds examples of ail the induced tumors seen in test animals. Cowovieologie p
It is thus ift-advised to conclude that a tumor seen in treated amimals necer e
the controls. The implication of this conclusion is that the ocenrrence of oneorver.
lcsmm however rare, cannotl be he used wnh confidence to cl‘awtv a COlnpl‘hl\\L \

cupovren in the
Aransmitted by
wild be difficult

';ff—’

carcinogen. e Henancy 1s ke
. Jieve that feuke
2. Are Benizn Twmors of Siznificance to the Toxicolagist? ' Qe of Afrean
In the first instance bemgn turnors may cause death in man and animals without ¢ tool
undergoing malignant transformation. The induction of a benign tumor is, tselt 1! Ihe stereestive
fore, anindicaiion of a sericus adverse reaction. There can be no doubt from asing, ety of wWavs i
ervperimental studies that Lenign neoplasms are often precuisors of mahgnance sneomiantly o
Under these circumstances. it would be wise to take serious note of the ocewren. upartance. How
benign neoplasms in experimental studies. although this alone 1s not sufficientfor sudies elucidate
clusion of carcinogenesis Theoccerrence of metastases providesanunequivoctdo " nded reutinel
t stration of maligrancy. There are. however, many tumors induced experimentati In the present '
are invasive and are classhicd as malignant, that metastasize only rarcly dusv-” Jh e status ¢
".average eaperiment. The absence of metastasis, i the view of most pathologits. ¢ “eening for car
not rule out the diagnosis of malignancy. <y be difficult
Transplanatation has been used by some investigators as additional proof ofmi: wich 48 can be d
nancy. This method is employed infrequently and has certain drawbacks. Thereare. ! 7 wimale, Advice
example, some tumors such as the mammary fibroadenoma of the rat that arc hemya: wimals for bio:
all respects and yet may be transplanted readily. , \ational Acadel

Y
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t
“(Aanc 1:a1 Is the Significance of Viral Oncology to Tests for Chemical Carcinogens? ;
1108 VT L time £OEs on, wd.morc tumors of laboratory animals have been found to be :
Dange, . yed with_identified virg] agents. Most notable are the lymphomas of the !
als bee, *ihat have been shown in some instances 1o be causally related to a specific
<l o . :
M ~in cxperimental models have demonstrated that lymphomas induced in mice by :
TG . «¢ radiations (Licberman and Kaplan. 1959) or by a chemical carcinogen (Toth, E
e o may sometimes be transmitted by a_virus. Other studies have demonstrated that '
Conof G ,m\\n 10 be transmitted by a virus in mice may be made to occur sooner !
Teets v s application of certain chemical carcinogens (Kirschbaum esal., 1940). these same .
amas. however, are not inflluenced by all carcinogens (Toth and Shubik, 1967). . - f
Plerme st . have heen many studics to determine the effect of combinations of chemical l -
dsoasern -spens and viruses which are not necessarily carcinogenic. Some of these studies
4 and Wiscly, 1963; Duran-Reynals, 1952) indicate that it is likely that inter- E
-, helween viruses that are not usually considered oncogenic, and known chemical !
AT - pens may be important in the occurrence of neoplasms. The problem is compli- I
oo thy the fact that, tn recent years, various common viruses (¢.g., adeno 12) have been 1
NN b 1o induce tumors when injected into infant rodents. These viruses have been ! i
Pamdedes dud only with nonneoplastic conditions in man. in addition. a ubiquitous virus, , '
Nl o as the polyoma virus, has been found to micct many mice although it is not ! !
‘ el s ' ‘-m)\ associated with the geeurrence of neoplastic discase in these animals in the ' f
tate. This palyoma vieus can, however, give rise to many varied ncoplasms w hun j

nopets
“I into newborn mice and hamsters. .

vaare, therefure, faced with serious problems insofar as testing and interpretition |
“weologie purposes are concerned. s there any value in a test of a chemical :
~ogen 10 the Akr mouse ? This mousce has a high mcidence of fymphoma known to l
asmitied by an identified virus. If an enbancement of this lymphoma occurred it !
‘I he difficult to extrapolate such results to man since, up to this time, no human
uncy is known to be transmitted by a virus. On the other hand, many scientists
¢thit leukemia may eventually prove to he a virus disease in man, and in the in-
2ol Afucan Lymphoma (Burkitt tumor) evidence continuces to accumulate to this

alben v
ed ane

T
TorNet,

ipound -

vithou® eon .

eedt b o "t uggestive evidence that viruses and chemical carcinoyens may interact in a

AR ol ways indicates that tests of chemical carcinogens with viruses administered

anaes atantly or demonstrated to be in the animal model may be of considerable

Lupe 1ance. [lowever, for the ime bemng it would «eont essential that until further basic

Whe “weluadate the significance of these phenomena, such studies cannot be recom-
, ealden *“ad routinely.

entaliy 1

| “the present state of our knowledge 1t is important that the toxicologist be familiar
ity

, “the status of viral oncology and that the viral background of animals used for
UL -mg for carcinogens be established, Althouch standardization of animal colonies
cbe difficult, investigators performing carcinogencsis bioassay should know as
Aascan be determined about the viral, bacterial, and parasitic contamination of the
crenre f. ~1h. Advice on studics dirccted toward the development of defined laboratory
¢ bumtza - -ais for bioassay can be provided by the Laboratory Animal Resources of the
-nat Academy of Sciences—National Research Council,
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422 FDDA PANEL ON CARCINNDGLNLSIS

4. Is It Important to Take the Genetic Background of the Test Animals into 4, .

A common eriticism of animal studies that reveal a carcinogen is that the vy,
undertaken in animals with a high tumor tncidence and that the study thus appi.,
to sensitive animals. Conversely others allege that a study was not satisfuctony i\
the particular animals used were notoriously insensitive 10 carcinogen,
Cancer researchers arc extremely fortunate compared to many other biologists
available to them many inbred strains of mice with known incidences of neep
disease. In many instances there is also a considerable background of inform,-
' the sensitivity of these strains to the effects of known carcinogens. [tis thus poy
test unknown compounds that resemble known carcinogens chennecally m o -
small groups of animals and to derive meaningful results. . -

Shintkin er al. (1966) has recently suggested that investigation of compoundsin -
A mice and gauging the response by the incidenee of lung adenomas might cona
sensitive and accurate screening test for carcinogens. This contention requires 1 -
experimental study before it can be recommended generally. However, for
specific situations there is no doubt that many of the special strains avalable o ¢
somge instances, specially bred hybrids, provide a much more homogeneous pope
to study and obviale many of the problems in cvaluation of cffeets that are .-
randomly bred animals,

There are, nevertheless, many investigators who prefer a mﬁdp_mjy_hml;w
the hasis that the genetic heterogeneity of such animals is more akin to the sitwin
man. There is, of course, much to be said for this viewpoint provided it recos
that often many more animals are required under these conditions

Only in a very limited number of cases have the particulay tumors occnpye -
inbred animals (Akr lvmphomas, C3H mammary tumors) been shown to he i
with i viral transmission. In the remaining instances the precise mode of ongm
turtors remains mysterious, The genetic influence has been established and 4
stndies are needed to uncover the mechanisms concerned. Under these conditio..
difficult to construct experiments that have clearly demonstrable relevance to g,
ticular situations in man. Special strains can be used for special purposes and po:
incorporated into screening tests.

5. What Are Cacarcinogens and Promnting Agents?

The term cocarcinogen was coined by Shear (1938) to describe an enhancemer: ¢
the local carernogenic eflect of a weak solution of benrolalpyrene on mouse skint .
noncarcinogenic solation of a fiaction of creosote. Various other noncartinopeny'
already been shown 1o have a similar action. Notable among these was the ue.
vegetable mixture, cioton eil. When mixed with a solution of benzo[apytene -
below the concentration necded to induce shin LLmors in mice, croton oil, nonat
genic alone, augmented the action of the carcinogen and gave risc to many tur =
Subsequently it was found that a single noncarcinogenic dose of the carcinogen v
be followed by repcated applications of croton oil and that many tumors would n
(Terracini ot al.,
the skin could be begun by applications of coal tar or methylcholanthrene and ¢ -

pleted by wound healing or applications of turpentine. This two-stage induction of vi *
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CANCER TESTING 423 :
- wasthe basis for a hypothesis describing the phases as “Initiation and “'promo-
T fte promoting apent croton oil has proved to he the most potent so far dis-
AERY « yt has been fractionated, and interesting substances with this action isolited.
P . hstenees with less activity on the shin have been found (Lijinsky and Saffiotti,
e o iatti and Shubik, 1956). The two stage mechanism has not been convingingly
o rated tn carcinngenesis in sites other than the shin. There are many situations '
moo wa two-stage mechanism appears as an attractive explanation. We are still at a :
o _eere much more study is necded before many of these concepts, valid for the
Yoo o be said to have general application. Fromi a practical standpoint it is apparent i
to .son oil or substances of similar activity would pose a considerable hazard to the f
b vihough such interactions may pose an important public health problem, our . -
«ale of knowledge does not make it practical to recommend roultine tests for l .
N DRI sapenictty or promoting action; if circumstances suggest the existence of such ]
'm;" o . ting should take this into account. This area necds intensive study.
A '
T cree andd the Total Environmental Load of Carcinogens /
e s on record that are concerned with the cffeets of mixtures.of chemical
"_‘" bt . xns have, in the main, reported the oceurrence of inhibition of tumor .
) ' an. Lacassagve of al. (1945) reported that polyeyclic and heterocyelic hydro- '
-cadministered together resulied in inhibition: this was thovght to be due to ; ;
- ‘ Cone inhibition for similar receptor sites. Subscquently these studies were re- i
. —and extended with essentially sinnlar findmgs. Richardson er af. (1952) later i
e <irated that admymistration of methylcholanthrene could inhibit the induction '
P ‘m‘m.\s.in rats by p-d’imcth_v!uminonzobcmcnc. M:m;{ additional studics by E '~
R ~sestipators (Gelboin, 1967) demonstrated that this was due to cnzyme '

it on, Since then many instances of effects of enzyme induction on the action of
1 " .
- =ns have been reported. Many students of carcinogenesis have drawn attention !

;"‘h"_" l “tk of mformotion on the effects of low doses of combinations of different
¢ oo censan artmals, 1t has been said that the practical conditions of human exposure
S wunt mvolve the presence of many carcinogens of different types has not been
J1n animal studics.
rare many known carcinogens that are chemicals, physical agents and viruses ‘.
-tmour environment. Some of these agents are known hazards to man: others are '
w=wunito be active in ammals. 1t has became apparent to some researchers that it is
Lot il not impossible, to assess the hazard from any single carcinogen out of the
sbees 1ol the total environment.
Gre cphvaelic arematic hydrocarbon carcinogens ustrate the point, There are
e HE N - palyeyehie aromatic hydrocarbon carcinogens present in coal tar, certain pelro-
e . “wifucs, tobceo smokes and tars, polluted urban atmospheres, cha[gs.me__oilcd .
M ﬂkcd fouds and ailier products. Obviously the discovery of an additional source i
vlerw e T g quantitics of these compounds could be said to contribute to a pencral '
Pane o ! However, the assessment of the hazard must take into account the total 1
TMAREEE e I the instance of hazard from ronizing radation a relatively arbitrary con- ;
ety {olimating “*hazard above background" has long been used. Eventually a similar :
ard o «hinthe assessment of hazard from chemical carcinogens would seem indicated, i
vl ‘i approach is cven more difficult in this instance because of the difficulties of '
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424 DA PANEL ON CARCINOGLNI SIS
quantilying the levels of the many diffcrent carcinogens present in the environm -
the present time the committee on Quantitative Carcinogenesis of the Intery,:
Union Against Cancer (1HCC) has set itself the task of providing a tabulaty | «
known quantitics of chemical carcinogens in the environment and hsting any:,-
methods. This task is formidable but underlines the need for more information iy ‘
phitosophical basis for the evaluation of hazard from carcinogens can be cutabh ..
a rigorous manner.

7. Are There Special Features Associated with Hormonal Carcinogenesis ?

The refusal to establish a legal tolerance for the herbicide aminatriazole rsed -
‘ questions that have not heen answered to thersatisfaction of many tov.

Aminotriazole is onc of a series of thyroid-stimulating agents that give rve to p .
hyperplasia. which in turn can lead to the occurrence of thyroid adenomas aad | .
nomas. Additionally such effects are intimately bound to the total hormonal p
the animad and may be accelerated or inhibited in an indirect manner. by the 1oy
stilbestrol, a substance with hormoenal activity of great interest to the povg
interested m food additives. the situation is similar, Prolonged administration o
hyperplasia in the firs? instance, Jeading (o the occurrence of bemgn tumons aey -
carcinoma. However, in the instance both of certain of the thyroid-stimulae, »
mones and of cortain estrogens the induction of hepatomas. nat apparently w-,
directly with bormonal elicets, can oceur.

In the main, however, hormonal carcinogens are distinguished from other (.
nogens in that, the final resultis preceded by an exaggerated physiological ¢

The problem of assesament of hazard from hormonal corcriogens is, therefore -
less complex than any other problem in chemical carcmogenesis. The bazad
exposurs (0 hormones must be evaluated both in the context of the hormong .
and as chemicel compounds When the tumors induced are cleatly related to pin
logical etfects it may be passible to assess dosc response relationships and other v
tions of exposure on a reasoned basis, However, in the instance of many hon
other ¢fiects of a chrome nature may occur which have not, so far, been assoviated »
the known physiological 1ole of these agents.

-

&8, The Role of Putholozical Reactions to Inert Materials

Physical carcinogencsis in the subcutancous site has been extensively studicd |
well known that a vaiicty of chemically inert materials may be introdvd <
cutancously in rodents and will give rise to sarcomas after a relatively long L
period Mostsuch studics demonstrate that the ability to induce tumors is related e
physical nature of the material (hardness, perforations. configuration, cte.), and.w!
the mechanistn remains unknown,

In certain studies with food ndditives the occurrence of bladder calculi subsey:
assoctated with tumors of tiwe bladder has been the subject of much discussion b
case of the compound polyoxyethylene monostearate (hyrj 45) bladder C\!ulh
reported to occur at very hugh oral dose levels; some of these animals developed b
papillomas. It has been widcly assumed that the two events were refated althouh?
has not been proved. 1t has been shown, however, that glass beads inscrted ot
urinary bladder could give rise to papiliomas in radents. It can, therefore, le reasons'
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.Jthat in the Mysj 45 finding the induction of the tumors was sccondary to the
..ace of the calculi and. therefore, that the compound manifests tumorigenicity
.y ccondary manner. [t would scem logical that tumors arising experimentally

. _nditions where physical factors might play a significant role should be carclully
.+ and conclusions bascd on common sense cvaluations.

NISCUSSION OF UPPDATING TESTING PROCEDURES

. of the primary tasks to which the committce has addressed itself has been a
-pation of recommended test procedures for carcinogenesis. It is over a decade
-t of the written recommendations were made.” During that time many
s have heen made in biological knowledge and techniques; many experiments
-~een performed in carcinogenesis. It was felt that this ncw knowledge must be
snatcly incorporated in test procedures. The following proposals emerge from
ops of the committee and its consultants and after a meeting with representatives
Jry and the ucademic community.

¢ Desirahility of Introducing Specific Pathogen-frree (SPF) Animals or Germfree
- waly in Rottine Tosts

¢ is agreement that germfree animals are nol required or desirable for routine

L wse of SPF aniaals is also not recommended as a requirement, Healthy
M, s fiee from infection as possible, are recommended. Some investigators have

cod SPF animals and used them in animaf quarters with standard animals. Under

.nditions the SPFF animals were, in fact, lcss satisfactory since they were more
~uble to infediion than standard animals.

res considerable dispute as to the length of time that SPF animals survive com-
Gaith conventional animals. There docs not seem to be adequate evidence to sub-

rethe view that the introduction of SPF animals might leagthen the period avail-
-t chronic loxicily testing.

" Bladder Implantation Mcthod of Assay for Carcinogenic Activity
- :nal chemicals which are carcinogenic by other tests have been found to produce a
- antincrease in the incidence of bladder carcinomas above the incidence found in
~danimals implanted with the pure vehicle, 1t is assumed that other chemicals
“wercase the incidence of bladder tumors with this technique are also carcino-
. This assumption may be correcl. However, at this time it is not adequate to
wirate safety of a chemical with this as the only test. The number of chemicals
shoth with this technique and with more conventional methods is inadequate to
tseeure interpretation at present. However, a chemical which is clearly carcino-
-ty this assay must be regarded with considerable suspicion, and further data
1 b obtained with more conventional assays. More impoitant, negative data
*¢d only with this method cannot be accepted as adequate cvidence of lack of
“azenicity. .

e this report was prepared, A Report of the Panel on Carcinogenicity of the Cancer Research
*mwan of the UICC,” Carcirogenicity Testing (1. Berenblum, ed.), International Union Against
= Geneva 1969, has appeared. See also, “Tests for Chemical Carcinogens,” by John H. and
wh Weishurger, in: Merlods in Cancer Research (H, Rusch, ed.), Yol §, pp. 307-398, Acadcnmiic
= 1962,
§
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3. The Use of the Dog in Tests for Carcinogenicity

There is general agreement that the dog is not a practical test animal by,
size and relatively long life span. It is felt, however, that all substances rely 0 s
aromatic amine carcinogens should be tested in this specics. [tis pointed oy ¢
drug chlornaphazine (N.N-bis-2-chlorethyl-2-naphythlamine) has been showy -
potent human bladder carcinogen. Had this drug heen tested properly in b g,
10 clinical trial, this occurrence could have been prevented. In the instanee of qoeee
related to the aromatic amine-bladder carcinopens, the dog test tasting at et
is nceded under present conditions. Tt seems likely that the hamster may prove ;
satisfactory substitute.

4. The Usc of Species So Far Not Commanly Used in Such Tests . -

There is gencral recognition thal new specics in addition to the commuy,
rodents arc nceded for carcinogenicity testing. fncreasing the number of iy, -
would greatly increase the margin of confidence with which safety can be pe, -
Up to this time there have been no specics that can be recommended with ¢o, -
A varicty of specics show promise. but in all instances further study is neede !
they can be recommended for routine test purposes. The most discussed 4t
species are primates. Reeent studies show certain primates to be highly sy
some carcinogens; howescr, much more work is needed to justify the addinonat, ;.
and time that would be ncecssitated by the introduction of these animals in rour: -
procedures. Among the other specics that have been sugpested are fish, parucu'
rainbow trout, and various avian speeies such as chickens, parakeets, ot
Japancse quail. At present there arc no specific recommendations that any of -
species should be considered for routine testing.

3. General Environmental Conditions

Although Committee atiention has been directed specifically to air contamie
animal quarters in studics of chemical carcinogenicity, it is evident on rellechont
is only one part of the environmental system that can be inadveriently conty
with the chemical under test or other carcinopgens in the emvironment, Thus, o,
under test may enter the general laboratory atmospherce from faulty technigue o=
preparation or by sccondary acrosohization of animal wasics. Other caamples e
tamination ol dict, air, or contact surfaces by chemicals wsed for inscet o v
control, or from preceding tests.

Although it would be inappropriate in a2 document of this kind to aticmipt to e
specific requirements for control of environmental contamination by potentaby
nogens, the Committec emphasizes the extreme importance of good anmal cae .
ties in any long-term study of low grade toxicity or carcinogenesis, Detmls of b
caging. and environmental control may vary from one facility to another, butthee -
tial ingredient of good animal carc is the personal component—the well-iir.
highty motivated caretaker stafl who arc genuinely concerned about the weli-bueg
the animals.

Minimal standards for animal facilitics and care are now specified by law. D!
guidelines, including special requirements when toxic, infectious, or radioaciive »
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are tied. are available in published documents such as the Guide for Laboratory
1 facilitics and Care (NRC 1968).

-
1' ! Ltwofa Srandard Diet in Experiments for Carca'/m‘i,'('nasis
'; ' . " e safety evaluation studies, including carcinogenesis tests, hiave been based on
1 ' v dicts of practical ingredients supplicd commercially by lahoratory feed manu-
yo, = of. on occasion, mised {rom practical ingredients in the investigator labora-
. ¢ ancern with this basal diet has been limited to (1) mecting thc requirements for
e v t grawth, reproduction and lengevity and (2) maintaining a constant tomposi-
-oughout the experiment. Usually the constancy of composition is assured only
.y af the proaimate analysis, vitamin content, and occasionally, amino acid con-
14 1953, Tannenbaum and Silverstone wrote: “. .. natural foods contain a
oL 1 of canstituents which have been given little attention in nutrition and cancer
- hecause they arc apparently not dictary essentials, In addition, there must be
‘ : et undetected, Perhaps among these unregarded substances are some with
": Co '.qcnii: activity; and others that potentiale or oppose the action of carcino-
N LIV o .
e ¢ then. many examples to prove the truth of these words have accumulated.
L . there is an awarcness of the presence in foodstufls of many nonnutrient com-
.,_ ' -« with interesting biological activities, including carcinogenic activity. It is
i ' , hatin the evaluation of carcinogemic potency, as in any bioassay, it is essential
la 4 “vontamination” from environmental sources which may produce erroncous
as ) , v
catr -eccurrence of nannutrient components in foodstufls and their influence on bio-
‘revponse have recently been reviewed hy Friedman ez al. (1966), Schoental (1965),
Laortng (19060)
wear that a comples dict of practical ingredients is difficult to maintain constant
O position over o fong pertodd of time with regard to all ingredicnts, Even with the
I <ragent quality control, one must expect variation in the same crop grown on the
e i from one prowing season to anather. How much more difficult it is to maintain
g wrancy of composition with regard . to ingredients guthered from many sources
P “ay growing periods, differont harvesting situations, different storage and pro-
b “practices, different pestic:!. residues and residuc levels, ete, Expericnce tells us
c e wnaminalion” of the typ. ' . - would significantly influence carcinopenic studies
< erious (Newberne, 1900 ciracmi er al., 1967). Often the interpretation of
R reludies 1s extremely difi’ . L because the incidence of malignani tumors in con-
s < mals approaches that ob .« :d inthe test groups, forcing a conclusion that the
e ! saup did not differ significo Iy from the contiol. Such a conclusion is consistent
A “epresence of Tow level cirainopenic activity in the test group or in both groups.
fec o “amors, what can be the significance of the merdence of “spontaneous’ tumors in
T 7ibie strains when onc is not certain about the presence of carcinogenic con-
e g “nts in the dict on which the animals have been maintained ?
“resential nutrient requirements of many laboratory animals, particularly that of
T <and the mouse, have been wdentified Lo the point where it is possible to maintain
e son chemically defined diets. Somewhat simpler and more cconomically feasible

“ade up of purified ingredicnts, such as purified casein, sucrose, starch, salt mixes,
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and synthetic vitamins have been used by many investigators. Halver ¢raf (1ot
used such dicts in studics of hepatoma over a period of severad vears in ranbo., -
Wogan and Newberne (1967, 1968) have recently successfully completed an i
study in rats on the carcinogenic potency of aflatexin By using a dict very simly; -
used by Allison ef al. (1950, 1954). The feasibility ol using highly pum.u
synthetic diets mixed in the investigator laboratory under his contunmm o
been demonstrated. The advantages of such a basal diet in uxrunoy.nws XA
the -point of view of maintaining constancy of compasition with regard 1o o
ponents, and particularly with respeet Lo elimination to the highest practical o
all polential dictary carcinogens and other factors that may influence caran. -
scem to be sufficiently compelling to recommend its adoption in all carane,”
evaluation,

The increase in cost of feed, although appreciable (from approximarely 10y, ,
pound to approximately 50-60 cents a pound) represents only & minor fraction
total cost of a carcinogenesis study. 1t must be emphasized that as much car v
be exercised in preparation of hasal diets as in the preparation of experimenty?
containing test substances.

7. Pathological Study

It is of the ttmost importance that a complete and accurate pathological examy
be conducted on alt animals used in carcinogenesis experiments. A trained path
should be concerned with both the gross and microscopic diagnosis ol all nooyp’
found. The pathologist should have a part in designing and conducting the exper:
The autopsy should be douc under his general supervision. His essential that the -
Jogist be eapzrienced in the diagnosis of animal neoplasms; knowledge of hwant,
alone is not a sufficient background for expertise in this field. {tis desirable tha >
gross and microscopic examinations be conducted without knowledge of the trest
of specific animals.

Many pathologists employ a check list to ensure that a complete autopsy han '
employed, and it is felt that this is a good procedure.

8. Rapid Tests

There is no rapid test that the Committee recommends for routine scicem
carcinogenic chenmicals. The most promising procedure is tissue culture. Thisma!
used routtnely for the evaluation of oncogenic viruses, wheie “lransformation” et
cultures by viruses is used as proof of oncogenicity. In its mception, “transform
was a phenomenon characterized by the development of unfrmited growth potent
a culture on continuous (ransfer, and by loss of cantact inhibition as could e s
the architectural pattern of growth, The proof of the changed characternistios o'
culture was the induction of sarcomas on reinoculation into atn animal. Since that?
only the manifestations of Jack of contact inhibition have been used as the indite "
the instance of certain experiments conducted with well established lines of coitwa
experienced virologists, valuable comparative data on the characteristivs of dutli-
vituses and their mutants may be obtained. However, these findings cannot yetbe -
as an absolute diagnosis of carcinogenicity of an unknown in the absence ofalstay
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«  CANCER TESTING 429
aedure including reinoculation. Even when this is dong, cfforts must be made to
-mal the possibility of “spontancous transformation™ has been excluded.

e of these strictures more effort should be made to follow up recent investiga-
R ferwald and Sachs (1963), Heidelberger ee af. {1968), and others on the use of

- cultures, Tumust be cautioned that many carcinogens are metabolized to the active

nd i rive. The activity of such compounds might be missed in an in ritro

.

]

< ¢ of Newhornt Animals
-, newhorn mouse and hamster have been used widely for the study of both
~apenic chemicals and viruses. In some studics, it was found that the newborn
was more sensitive to the rapid induction of lymphomas and lung adenomas than
i, This was correlated with a longer persistence of the unchanged molecule of
sanogen in the newborn than in the adult. In the case ef viral agents the lower fevel
wune rosponse it the newborn is considered of major importance. and the same
~may also play « role in the instance of the chemicals,
wan compotmds such as fluorenylacetamide that are metabolized to a proximate
-open may be less active in the rewborn than in the adult. Therefore, the newhorn
Crhas hemited applicability as on overall test animal for carcinogenicity. In some
s iU may be convenient 1o vse newborn animals since relatively small quan-
L of materials may be administered onty once or a hmited number of times. The
-vhvean thep be maintined without further treatment and tumors be observed
soefy a few months in the case of very active materials, However, this test does not
cathe period of total absersyatinn yvequired for a negative resul(. Indeed there are
~evonrevord i which tumors have occurred very Lite in life after admimnistration
ranogens at tirth, These include the induction of (a) hepatomis by DM N in mice
weral, 1904) and by urethan in mice (Della Porta cr al., 1967). (b) subcwtaneous
was by DM BA in rats (Toth and Shubik, 1963). (¢) kidney and fiver tumors by
amrats (Hitono er al., 1968), and (d) nevrogenic tumors (brain and peripherat
aby urethan io rats (Vesselinoviteh and Mihzailovich, 1968). 1t has been suggested
=awhorn animals might be treated at birth and then followed for only one year,
cmight be a satisfuctory screening procedure under Jimited conditions but carinot

-~ommended 45 a routine test procedure.

Ite Cambination af the Chronic Toxicity and Reproduction Study

“rosdenee s striking that sometimes administration of a single dose to t-day-old
-wor of several doses beginning on the hrst duv of Bife and atintervals up to time
«ning, snd observation up to onc year, constitiies avery sensitive assay system for
“tection of carcinogenic potential, The knowlrdge, for example, frem the work of
whiteh er al. (1966), and Druckrey er al. {1967), that tumors may be produced late
hfe of amimals after administration of a earcinogen during the pregnancy of the
“rincdicates that the embryo and fetus may sometimes be particularly vulnerahble
~vlor carcinogenic substances.

"the context of a safety evaluation protocof in which subtle chronic effects are
mary concern and difficult to demonstrate, and in which the purpose is to assure
~mplete a screening of as many potential deleterious effects as possible, this

L
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information on the susceptibility of perinatal animals suggests some modiy, ..
in the protocols of chronic toxicity studics.

The chronic toxicity studies may be carried out independently or coordimgied - .
the reproduction studies, at the convenience of the laboratory. At present, )
studics, including carcinogenesis. begin with weanling animals derived from a q. -
stock coleny, maintained on adequate practical diets. These animals are then
tained at desired dose levels for a “hfctime,” usually a 2-year period for rats. They »
received no perinatal exposure. Since onc of the important purposcs of the (&
toxicity tests is the detection of carcinogenic potential, it would seem desitable ta
the exposure as early in life, i.e., as close to conceplion as possible. Because ong o -
reasons for a reproduction study is the detection of effects in the offspring. fiomery.
of the purents before and during conception and gestation. it would scem profity’,:
combine the first stages of the reproduction study with the chionic toxicity 1w 1
the initial animals started in the experiment at weaning would be bred and the oty
either uscd solely for the 2-year chronic toxicity test or continued for the reman -
the 2-ycar period to serve as chronic toxicity test animals as well as the | genory
afier producing the sccond generation of the reproduction study. This would a!
advantages of perinatal cxposure for carcinogenesis studies, and the chronic tovian
carricd out in this manner may prove to be an adequate test for carcinogenic hasar!

/ 11. Statistical Aspects of Safety Evaluation

There are two questions that may be asked about an agent under test;

a. Fora givea set of experimental conditions (c.g.. total dose, fractionation, row
administration), is there any clevation above control fevels in the incidence of car.e
i.c., is the agent carcinogenic?

b. Il yes, can a dosage be found below which there is no elevation, all other expr-
mental conditions remaining the same; i.c., even though carcinogenic, can a safe ¢
be found?

Although we are concerned with carcinogenicity, it is clear that the formal arpues

- largely applics to any other adverse effect of interest as well, Extrapolation of fong ¢,

chronic effects from animal to man introduces more uncertainty that extrapoluben /
—— e e
acute cffects,
We consider statistiea) aspects of cach qucestion in turn,

Is the Agent Carcinogenic?

» Although a positive answer to the question as poscd can be given in some partn
v instances, no ungualificd neeative answer is ever possible. Thus, if none out of -

Jy

animals cxposed to the agent develop cancer, and 1 is a large number, the clevan -
any, is certainly small, but no matter how large the value of #, it is not fogically po
to conclude on the basis of such evidence that no_glevition has oceurred. The «
might in fact induce one cancerincvery 2n animals, and the experiment, being tons

10 detect it, would be incapable of providing cogent evidence for the absence of 2*

elevation whatsoever. Tﬂis is true no matter how farpe is the value of n.
. - AT e e 1
A negative experiment cannot therefore be r;gux:dnd.nﬁya#mmmmﬂut_f“mf :

Clearly, the larger the valuc ofmm upper limit will be to zero, but theren
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venthat will sct it equal to zero. An elementary probabnlut) argument shows how to
-rule this upper limit in the simplest case. Denote the proportion of animals in
weancer will be induced by the agent under the given experimental conditions by P,
.proportion miy have any value from zero to unity inclusive. The probability that
...a¢ animal will develop cancer is 2 and that it will not_is (1 — 7). The probability
- Jintest animals will fail to develop cancer is then (1 — P)". We then ask: For what

cof Pis the probability of the observed outcome of zcro out of # small, say 0.01?

+1s casily obtained by setting (I — £)” equat to 0.0] and sulving for P to obtain va;:tlg\&\_ \

.} -0.01'", The interval 0 to P, then provides a 999 confidence limit on the oo \f\n
~own value of P. Values of P_,, for various n and confidence cocflicients arc shown - o A
} 7y &7
¥, \

Uertr CONLIDENCE LiniT ror PossisLE INCIDINCE 1OR EXPERIMENTS IN
WHIicH ALL # ANIMALS TESTED ARE UNAFFLCTED, BY 2 AND
CoNmipeNCE COFFFICIENT

n 90 % 95% 99% 99.9%
Pm.l
10 0.21 0.26 0.37 0.50
100 0.023 0.030 0.045 0.067
1000 0.0023 0.0030 0.0046 0.0069

s upper limits are uncomfortably large. Even with as many as 1000 test animals
\-f"-_‘_'“-——:‘;'- _"'--"..-”__ﬁ_'-'- . + . . .

g only Y0, conlidence Inmits, the upper limit yiclded by a negative experiment
‘unn rs per 1000 test animals. No one wouchv intraduce an vagent i into a

-\ anuhtmn for which niemore could be said than thatit woald probably. pIOdllCc

“ore thyr 2 (umors per 1000. To reduce the upper limit of risk to 2 tumors per one

i ——— o —— _aa.
7 with confidence coullicient 0.999 would require a negative_ ruult mn ﬁomcwhat $

Ltutuation is not improved when coacurrent observations on controls are avail-
« We show betow the approximate upper 959 confidence fimit on the difference
P where the subscripts stand for treatment and control, and P is, as before, the
wrtion of animals developing cancer. This limit is shown for various # (assumed
iHor treated and controls with 2n equal to the total number tested) and values of
“stthe case in which treated and control groups develop the same number of tumors.

UppERr 959, CONFIDENCE LIMIT FOR PosSiBLE ELLVATION INCIDENCE FOR
Exri.RIMENTS 1IN WHICH 11 TREATED AND 11 ConTROL ANIMALS YICLD THE
Samt INCIDENCE, BY # AND ConTRoL IncCIDINET (Cornficld, 1954)

" 0.01 0.10 0.25 0.40
10 0.10° 0.31¢ 0.45 0.51
25 0.065° 0.19 0.28 0.32
100 0.033- 0.098 0.14 0.16
500 0.015 0.044 0.063 0.072
1000 0.010 0.030 0.044 0.051

e approximation used introduces some etror in this range.
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Can a Safe Dosc Be Found?
A

The above calculations make clear that the only practicable basis for estimating s
dose is by extrapolation downward from results Ol’_ﬂiﬂf,d at some level well b, .-
actual use level, But this extrapolation introduces serious uncertaintics, which p,
recognized if rational methods of safety evaluation are to be developed. The baw, ¢+
fem is that extrapelation outside the range of observation must be based on pen:
unverifinhle assuruption about the mathematical nature of the dosc-response 1¢!y
ship near zero dosage. The varicty of dose-response curves possible in g
carcinogenesis model cxpcrimc'r?ls further gomphentes -

T might te thought that the basis for such an extrapolation could be pravd, -
observations in the observable range. To show how far from being the case thiv e
is, we give below thiree different dose-response curves, mathematically defined o
dosage range of 256-fold. All three have the same TD < and TD, .4 The firsticap: -
curve, the second a logistic curve, and the third the so-called one-particle curie

FDA PANLL ON CARCINOGLNLSIS

Thus. cven wilh 1000 treated and 1000 control animals, cach developing 10 .. -,
can be 959 sure only that the clevation in incidence rate docs not exceed 17,4
the agent has probably induced at most 1 additional tumor per 100 test anunal Jo -
be abserved that the practical difficultics in obtaining a completely unevposed ..
arc many. As has been noted in other parts of this report, the environment of th-¢y..
mental animal (dict, water, and air) are often uncontrolied and may. at times, intg,. o
Yow levels of the test substance itself or other carcinogens,

Considerable additional safety is of course assurcd by testing doses well alaw:
actual use level, But this leads to the question of a safe dose, consideration of w!
seen to be an unavoidable consequence of the astronomically large nurmber of 4
required to reduce the upper limit of possible carcinogenicity (o an acceptable I .

voshowtt b

- \rkt't”).

2iie problem.

ExprcTED PLRCENT OF ANIMALS WITH TUMORS

Actual dose

Probit
curve

One-particte
curve

(TDy,)

16 98 100
8 23 994-
4 84 Q4
2 69 75
i 50 50
12 k) 29
1/4 16 16
1/8 7 8
1/16 2 4

* TDyq «~ dose which results in tumors in 5094 of the animals; TDy, =

It will be noted that below the TDsq the three curves difler by little and thatinany ey
ment of practicable size (fewer than several thousand animals), it would not be pe
to conclude from the actual observations which onc of the three best described the &

tumor dose for 16%
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wann kelow, however, the TDg gag, {one in a million docc) and the TDg go0a0; (ONe
-+ huadred mitlion dose) obtaincd by cxtiapolation of these three curves differ

e \"\
FATRAPOLATED VALULS OF “SAre™ Dosts ror THREL DiriNT DOSE-RESPONSE
, Cuaves DESCRIBING OnSERVED RESPONSES 1N THE 274 10 5074 RESPONSE
RANGE EqQuatLy WiLL
; Probit Logistic One-particle
" curve curve Curve .
' T 0.040 0.022 0.014 4
" T 0.015 5§ 0.00315 0001 44
Tin.0000 0.001 36 0.000 009 8 0.000 001 44
T1)o coonat 0.000 412 0.000 000 16 0.000 000 014

™ . 100.0 100.000.0 1,000,000.0

114, 000001

ore in onc-hundred million dosc, which Mantel and Bryvan (1961) call the
~safe dose is_ onc-hundredth the 1D, using the probit curve, ane-hupdred

.-
" Gy
. o sing the fogistic. Sand o ong-g nc-one ne inifhionth 1h using the one-particle curve, Thus, .
."-"_"-—--n #
iR an c\pcnmem Hy well- determined T D, ar dase at which P s - 001, the e 7

‘ safe dese is obtained by using a safety factor which can vary from 100 to
4

il
st denending on the curve sclected.
. T Eiréme unteha uﬂl_\ of eatrapolations outside the observable experimental range |
y - ¢ b soutce of the failure of the early safety evaluation program for the Salk
« ¢ ciCorlicld eral., 1930), even thouph the nbserved curve connecting log titer and [
“h ation e had some theoretical physical chemical basis Nor is the uncertainty
‘g toan extrapolated value surptising. since even a relationship with s firm a
cular basis as Bovie's faw breaks down at extremes of pressure and temperature,
hoevimpolation from the observable range to a safe dose has many of the_per-
o and imponderables of extrapolation from animel to man, "and it would be
: n((npl\m,:u rclhiance onm: nhcnmncaldcmhr uﬁmnd particularly when _

-[CSPORSE CUT 05 U~ed areTargely empirical doscriptions. ldckmx,.\nv theoretical L -
e =t e — B

¢ er chemical hosis,
s - , _
wo thut has been said bears on whether o threshold dose dogs or does not exist.

Yong
“deas seem clear is that "Mlglmwrﬁﬂul\ atation than that of the usual
Aegie dose-response investigation in intact anmals s necessary to shed much light

Ty e =

sgieslion,

< “evof a Broad General Strategy of Tesuns

-impr:wlicah!y large numbers of animals required to detect carcinogenic effects of
“e public health importance, together with the unpcerities of downwird extra-
LHEs of downy

-0, set himits 1o the amount of protecuon that c.cn be achieved wilh a routine
sprogram. Drawing largely on the previous work of Mantel and Bryan (1961), the

b = <
:2euthines of 4 feasible cancer tesiing program might appear to be as follows:

Testing should he done at doses and under eaperimental conditions likely to yield

“um tumor incidence. This would mean the use of doses severalarders ofm'xgm-

\-‘mo\c the actual usc level, Although it is a simple excercise to calculate the number
W

/
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434 FDA PANLL ON CARCINOGENLSIS

of test animals required to achicve ideal protection, this number js fikely to page.t
bounds of practicability. and some practical compromise is called for. T htis, foe -
special case in which the control incidence is zera, negative results on 100 LN
at a high dosc level would do no morc than establish with 95 Yo confidence thay if , -
dence does nol exceed 3 in 100 at that dose level. With an incidence of In TR
animals ta both controls and test anvmals one is 95%; sure only that the cleva, - .
incidence with test does not exceed 10 per 100 test animals at thay dose. Clearly ¢t

and fast rule can be laid down.

2. Dositive evidence of carcinogenicity will be supplied when the Jower gore

imit on the clevation in incidence (Py -~ Pc) is above zero. Expression of rewts |
confidence limits rather than as a test of significance is to be prefcrred. since even s
the lower confidence is below zero and no positive evidence exists, tihe upper b

1} be well above zero and this will serve as a constant reminder that fuilure o ye,

| positive evidence of carcinogenicity is not the same as a positive demonstration ot »
\ carcinogenicity. v

3. For compounds judged carcinogenic at test levels, a virtually <afe dose ¢ -

principlc,‘bc_g_s_(inmlcd by dovﬂv_;:r(l extrapcliuon using sere arhurag iy sl '
conservative dose-response curve. Mantel and Bryan (1961) stggest the use of 4, -

/
e 4-:~'-'——-"" e " age "a . T

. Sale useTevel as to amount (o a tinding enepacceptability. 1t is clear that ihe v -

tainties involved in extrapotating downward from test Lo 1ise levels are not restin -

carcinogenesis and may apply to other toxic substances as well,

——

logical, byt wauld be so low as virtually to exclude from use ape
no positive evidence of carcinogenicity. For stich agents an alternative is a sefine ! e b
ward {rom the test level by 1 more modest factor, say [00-fold. This is cqunabc - :
downward extrapolation using a probit curve with a siope of about 2 per I0-fold 1o
should be clear that no absolute gunrantec of the safety of such « use level could her -
1t would be desirable to compute 1outinely the upper himit of possidle elevation i 1=

dence at that use level by downward extrapolation, using the same gonservalie 1

cqwcl(mmcnded fQI,ﬂgCMM(M&M@NC, ie,, by muhiphye >

with a prohut slope of 1 per 10-fold difution on the grounds that all doseetgsy
curves with carcinogens are in fact steeper. But as they clearly recognize, e ot |
rather than probits would be even more conservative and has an equal justt .
(Mantel 1963; Drochrey, 1967). A reasonable upper limit (o carcinogeniciny it
use tevels would be provided by use of astraipht fing connecting the origin and % »
corresponding to the TD . This is cquivalent to saving that the expected propor -
tumors at some fraction, £, of the TN, is /> 0.01 and would also Follow from ue ! -
one-particle curve. Any dose for which this expected proportion is less thin some 1.
rarity low level, say 1073, would be judged safe. This would lead 1o few conflicts wit -
results of applying the Delaney clause. Unless the test level were at loast 107 e, o -
 — — — e T
proposed use level, a finding of carcinogeni

ety at ghe dest fevel would lead ot oy )

)

i

4. For agents not judged carcinogenic, such an estimation of safe dose wou'{
pents for which ther »+

-

- e .
upper linit fo excess elevation at that fevel by /, the fraction of the use to the test ko :

Thus, if 100 controls and 190 animals tested at 100 times the use fevel, cach suit

tumor-bearing animals, the upper 93 % confidence limit to the elevation af tic ¢
fevel is 0.098 (Mantel, 1963, Table, p. 38) and at the use levdl 0.0098 (0.098 - 1y ¢

2bout 1 per 1000.

e
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—menidations and Conclusions

.. committee recommends that the FDA require that food additives and pesticides
sated for carcinogenicity. FIDA scicntists must exercise judgment as to the type
mation (0 be developed. The requirement may vary with cach ease, depending on

_ary information available. /
..dcmmns should be subject 1o periodic review by an independent '1dusory body. /

mo apecies are recommended for all carcinogenicity tests, Tt is suggested
o rodent speaes be used. There are many examples of species variation to
ens o record among rodents. The use of more than one speoes = dds additional
Jrdy in consideration of extrapolation to man. The usc of the dog for a two-year
,\cnnmdcrcd inadequatg | for the study of carcinogenicity, and it is fcll t unrealistic
end (s foq requirenient routinely to the seven or more years needed to establish a
-a¢ finding. No other nonrodents have been sufficiently investigated with carci-
.« 10 be recommended Tor routing tests at this time. Any new species or strains
‘T have to be evaluated with a range of known carcinogens,

ndomly bred animals are tecommended for routine use. The use of inbred \
Ra d e T — ‘\/L/

= -

1d be reserved for Lpu'.xl fests.

CRnowledge of the lﬂ(‘_h'h("mi"”\\\ay of a test substance and particularly know-
Sefeamparative met abolisms (quantitative as well as qualitative) in different species
enable sclection of test species to be made on a logical basis, and, where appro-

- such information should be developed
i frsesaomiial that concurrent regative controls always be included in the 1ests; it is
~uhaent o rely on data of tumor incidence from prior studies with untreated

-k,
' 1.,:1;\\ controls are desirable when it is known that the test compound is

Ly analogous 1o k_xw_mc_a_r_e_xmg_cn& Precautions should bz taken to prevent
- mnu:mn of the test ammals hy the kno“n carcinos:Cns

e which should hc as frT:TJ_ posmhlc from incidental discrete chemical sub-
-rysuch as additives in individual ingredients, pesticides, and particularly the test
“agnd. It esaenttal that, if ficedom from additives cannot be assured, analyses be

1o determine the level of additives present.
' chting should be done with several doses including one level likely to yield a

v tumor incidence. -

Cletpumbers of amimals currently used are capable only of determining incidencees
“sould not be acceptable if applied to human panulations. 1t Tshould be the ohjee-
<ol future testing to move as rapdly as possible to more nearly adequate test num-

Stecopmizing that the number of test animals required to dChIC\'(‘ e ideal Drolf‘cnon 15
oo e\cccd the boupds of practicabifity. L
Tliko ough it IS-'PO.):IHC in principle to estimate “safe” levels of a carcinogen, uncer- !i ! l,
“ovmvolved i downward extrapolation from test Jevels will usually result in ‘H l
“awible levels that are the pracucal equivalent of zero. Li

*+ The potentiation of carcinopenic .1c¥1_\.7n\. by diclaty cocarcinogens ot promoters

- beanimportant public health problem. Incomplete knowledge at this time makes
~tragycal to recommend that routing tests for cocarcinogenicity or promoting

nbe conducted. Where crrcumistances supgest such a possibility, appropriate tests

N e A T * s} e e e T T '.- T .y
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H : . . wat, L, LADUILUK, G. L
should be carried out. Meanwhile, rc§carcl1 should be undertaken aimed at deteree- | e L endel rats by 4 5
whether such tests are necded and, if so, how they should be condueted. : ‘nu‘
11. The use of animals with a sut substantial tumor incidence of known viral ot Lanici, 8. Dre Cmulv H
e : nuach ¢
example, Akr lymphoma) is hot $ not_recommended for routine carcinogenicity y.! -, . RAL '.\uhLumn'\\c‘r:”\(Z”»/Iellr
. LI
this time. A viral profile of the test animals should be obtained. fosten. '::"X' Srrono L, C
nav’ b
12, Oral administration should be used for all routine testing of food addie ¢, - —t ‘:-‘» e lence of leuhcint
special eases, other routes of administration may also be needed, , ‘,
13. Every effort should be made to assure as “‘clean™ an environment as pawgn s, o s, P and WISTEY. ALV,
the animals under study. T mnuuwd\wrlt;"’ ‘”“*: JU::
. i : . : SNt AL Bre-Hon
l4.dlficallly c;ruqogcncsxs tests should be begun prior to conception and b, ... l\h‘m' by 2t weakly acine ca
tinued in the offspring. v Bt 4. Lp. Pathol
. . Lphon Gl
15. Newborn animals should be reserved fer special tests. v wrsan. Mo, and Karray,
16. At the present time there is not enough information available to prmuh abr o, wbeeed lymphoid tumors ¢
for recommending any rapid test for carcinogenicity. voaaay, W and Sarnorn, U
S - r 3 ply among hydroggnate
Implementation of these recommendations will require additional funding fromy. , ¢ ® I Devmatol. Clin Sper,
. P . R . it
industry and government for lacilities and personnel considerably in excosaof ¢ o “’\'\’“l N (1963). The conc
currently available, )
w109,
P i LWL
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