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: _' "Devel 6'p‘m‘e'nt of Sﬁehta‘nebué" Mammary Tumors T I
U over the Life Span of the Female Sprague-Dawley | '« !
s . Rat: The Influence of Ovariectomy, 1‘ :
, Thyro1dectomy, and Adrenalectomy Ovariectomy ‘; A
Patr1c1a W. Durbin, Marllyn H, Williams, Nylan Jeung, and James S. Arnoldz :
w1th the techmcal assistance of Marshall W, Parrott and Theodora Davxs
(D1v1szon of B1ology and Med1c1ne, Lawrence Radiation Laboratory,
University of California, Berkeley, California) RS
June 25, 1965 o U S
... . SUMMARY . ., .- sl
Several groups of v1rgm female "COBS" (Cesarean Or1g1nated Barr:.er-}f;v»""'"h'!;
. o ! . »
B 'Sustamed) Sprague-—Dawley rats were observed for the mcxdenceI of mammary i
.tumors‘ (MT) over the1r entire life span. Max1mum life span vaned from 885
to 1040 days. Crude MT 1ncxdence for all groups was 61.7%. When the life . o
' table method was used to correct for extraneous deaths; the mean value for all o
groups was 71.5% 5.7% MT bearers. - The age atonset of the med1an MT was - ‘
671+41 days. Curves of cumulative MT incidence indicated_close agreement R
i\ . Tk .5
.among control groups early and late in hfe, with the greatest var1ab111ty ap- S
~ pearing from the SOOth to the 850th day of age.. ‘

Exammatmn of MT development rates indicated that there were at least o :
three age-related changes in normally agemg rats--two leading to abrupt in-- :
creases in the rate of development of MT occurring at about the 500th and the .
660th day of hfe, and a third change late in life, after the 800th day, leadmg

" toa decrease in MT morbidity rate. _

Neither MT incidence or incidence rate of umparous rats were dxfferent L
from virgin controls. Thyroidectomy did not reduce the hfe—span 1nc1dence R
of MT, but did postpone slightly those 'MTarising late in life, Ovariectomy . r ;

| nearly eliminated MT development; only 6.7% of OX rats developed MT over 1
a maximum life span of 1295 days. Removal of both ovaries and adrenals v
. . L ¢ '
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Manimary tumors (M'I‘) of the rat have been stud1ed for more than 60

Y

PO

years ('1 3) Noble and Cutts (4) and Clifton (5) recently revxewed the general RS Y

’ﬁeld of murine breast tumors, the1r artificial. 1nduct10n, and thexr dependence 3 , : :
‘;'-von hormonal status. . o -l o : o N _ ':
| MT oceur spontaneously in old rats (4). They can‘ also be readily in- ' , '
duced in young females by various means -- (a) by external apphcatmn (6, z'b), ﬁ B .
5,' feedmg (8, 9),' or injection (10) of aromatm amines’ (11) or aromatic.-poly-. “; . ’
‘ ‘ nuclear hydrocarbons (6- 10). (b) by injection (12) or 1mplantat10n of estrogen (13) } :
f - .and (c) by several forms of 1on1z1ng rad1at1on--srng1e exposures of x-rays (14-17), E ; 1’
: y rays (18), and proton beams (19); multiple exposures of Y- ray's (20 or = ' ;
.“..\, o neutrons (20, 24); and by 1nterna1 irradiation with the a-particle emltter, At 211 (22)..;
j Histologically, both‘benign and malignant MT occur spontaneously, the "‘
majority being benign fibroadenomata (4). The proportions of rnali.gnant and . g .
‘ o ‘benign MT induced by radiation are similar to those encountered with spontan.e-,_-'; :
" ousi MT (14). When the inducing agent is estro'gen or a‘hydrocarbon, the pro- '
x » ~ portion of mahgnanc1es is defmltely increased (9, 13) . ) 3 ‘
Y ] . MT of the rat are hlghly sensitive to hormone mampulatzon.. vavar.iectorny{" ) : ‘ ’,f
. drastically reduces (23 25) and hyphysectomy abohshes (24 25) MT development |
4 . stimulated either by hydrocarbons or radiation in females, and neither inducing :

iagent is particularly effective in inducing MT in intact males (26, 27). Estab- : . | M

lished MT frequently regress when the ovaries are removed (28) or the estrogen ' ; ;7. »

‘ *  supplement is withdrawn (13); and implants’ of fibroadenomata take poorly in i 5
: ‘,fovarivevctorn'ized females or in male hosts'(29). The adrenals have also been i N , ;
,n'nphcated in MT 1nduct10n as a possible source of estrogenic hormones in = ‘:

- gonadectomlzed ammals (12 25). | ' _ . ' : ) i
: While there appear to be differences among strains, significant .numbers g

of MT arise spontaneously in agemg rats of most strains (20, 30- 40)." The . i’f"
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"When neoplasms of the’ types under study (1. e.. mammary tumors) in-

sat1sfactor11y since a meamngful value for the. normal 1nc1dence is d1ff1cult

!
to obtain._ In’ general the hkehhood of neop}asm~ increases with age, and it ;

T is not poss1b1e to state whether neop1a81a of a given type would have appeared »

._1ndecedents. T

I

e

Determination of a meaningful value for the life-span incidenc‘e of MT -g‘

7 in a normal rat populatlon is mdeed dlfflcult, masmuch as the life expectancy

N S RN

© B e et e

-~
Y '

N in most rat colomes is less than 2 years. Except in one instance when hero:.c
‘f —

' ‘ common to the 1atter half of the life span were obsc:ured by a h1gh mortahty f’
e from infectious diseases. anestlgatlon of MT xnductlon by rad1at1,on or other E}
M , : 45
L "carg::ino'genvs. was severely hampered by lack of informa.tiori on MT incidence : ft
‘ .,_k in ageing controls (18). 'I.‘vhorough study of the MT incidence, and its age = y + i
- v. ; distribution over the life span of the Sprague -Dawley ra,t (one of the most ? .
' MT -susceptible strains, and one of the strains most prone to sti'ccumb earl; i‘ E
; T : , P TE T
from'lung disease), w_as' possible only when '""COBS" (Cesarean-Originated, -i f i:.:_'}' ’ ’ : ‘i]
. Barrier-Sustained) rats became available in large quantities, E : ’; .: %
This report covers a 6-year study of the incidence of spontaneous MT , . !': : ‘! ""i‘"

in a colony of female Sprague-Dawley rats whose maximum hfe span was ';)»z ‘ ,:‘ i

close to 3 years. We have determmed the total MT incidence and the age—:- f, :*s 3 Bk ‘

specific incidence 'c;f spontaneous MT and the vanabxhty of both among d1ffer'f"

Y g g s L hrm L 8

f’_ent shipments from the same supplier. Effect on spontanecus MT incidence

- . . . "

R P




' 'An1mals and Ammal Care —-The rats used in these studles were "COBS" females , .

of rats in each shipment, their birth date, and any special treatment are shown ¢

. was cleared of rats; the premises were completely cleaned and fumigated; and

were kept in the colony. Deaths from pulmohary and other infections were .

first observed, its approximate location and notes on its subsequent growth,

t n : :
P i . g . N

[

i . METHODS AND MATERIALS . i;: R

- v

of the Sprague Dawley strain’ purchased over a 4-year period from the Charles

River Breeding Laboratories, North Wilmington, Massachusetts. The number L

"in Table 1. : _ ' “ ‘ P S

Rats were 'received as weanlings, except for the uniparous group (UP,

2

lot 15). | On arnval they were earmarked and caged in groups of five. As the'

3 ‘

animals grew larger they were redxstrxbuted so that the largest rats were caged

[}
>

in pa1rs. The cages were made of plastic with stainless steel tops. A layer of e

ster1l1zed wood. shavmgs served as beddmg. Cages were change‘d, washed, and

' ~

sterilized twice a week. Purina Lab Chow and tap water were fed ad lib. The .’
adrenolectomlzed ovanectornlzed rats were mamtamed on 1soton1c sahne. L

- Just before recexpt of the first shipments of ""COBS" rats the stockroom

.;:\.

*

all movable equipment was sterilized. During these studies only '""COBS'" rats

-

o

rare, indicating that an essentially disease-free colony was being maintained R

.
i € P

Doa e,

with the minimal procedures described above. ' R,

soaw

,All rats in the colony were weighed and examined once a month. The’ ?.":

individual record of% each rat included the monthly weight, the date a MT was : .

%

and comments on general health. Since the gdalbf the experiment was to keep o

¥
it

2,
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prevent canmbahsm Skm les1ons were pamted w1th gentlan vxolet or zephxran

I

# Tl L e

| ,‘chloride.‘. If the bleedmg stopped or the skm sores healed the rat was returned T b

to the colony If the animal contmued to deterlorate, it was sacrlﬁced Rats '2(.,‘!

w1th spread or broken incisors were caged separately and ngen‘ powdered food . gf‘

_» The overgrown opposite teeth were clipped periodically to facilitate eating and s : :
o v ' . S ' L
-,'; ‘."-‘:_‘, S to 'pre_vent lacération of the jaw. T S i
\ ' ‘ '-ACages were examined dailv for ‘sick-or dead rats, ‘D'ea‘.d rats were ex- -;: { }
J ;amined to deter‘rnine cause of death, if possible. - Morlbund rats and those that 3
i ’ had bloody encrustatxons around the eyes and nose and had been losmg we1ght ‘
rapidly' were sacrificed. This combination of symptoms usually indicated a .
large pituitary tumor or a pulmonary 1nfect10n. i N '. - R (\ ' v
‘ There were only two end points consn:lered in this study--development of 7 ‘ ‘
‘ the f1rst MT (referred to as the prxmary MT) or death without a MT, Once a’ i i

o rat had developed one MT, it was a statistic, However, MT bearers were L S ; ’

: 'usually sacrificed in groups for convemence, and several months often elapsed} 1 ‘ | ;
RS I

' . between obser_vation of the primary MT and death of the anrmal. - Unless a MT '3 g : % :
; C ‘was already large when‘ it was flrst seen, the dani.mal was held for additional : & a ‘l«'
"‘vl,—t observation tovmake sure the palpable lump was an 'established MT and not justf" , M
v : il R
hyperplastic mammary tissue or subcutaneous fat. The Sr85- or Ca45-1n3ectedi' - . ‘ 41
- lrats3~were prlmanly part of other exper1ments, for whlch it was necessary to " L

{u R & ‘keep them alive as long as possible, or in the Ca45' group, at least until the

'next regularly scheduled sacriﬁce.‘ When one of these rats developed a MT, i

it was resected and the animal was returned to the primary experlment
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\were recorded Tumors of all kmds. endocrme glands mcludmg the pztultary, ' &

.; »'&

‘ a.nd sa.mples of_other tis sues “and organs wlere weighed and fixed for histology,

i T s s L w3, e T

_;'The results of f,he collateral studies will'va répor’ted elsewhere.‘ S ;l ’ : .‘
| Because of the lapse of time between\ the ﬁrst .observation of a MT and :
; sacrxflce of the rat, some other" superﬂc:.al tumors occasionally. developed } . {
When more than one super1f1c1al tumor was found at autopsy and there was no . ﬁ :
record of the locatmn of the prlmary MT, the heaviest was deslgnated as - | ; R
: pr1mary.v Ina few instances, although rats were sacr1f1ced as MT bearers, o ‘ 0
S h1stolog1cal exammatmn of the tumor indicated an or1g1n from a d1f£erent : )"
‘ ' ', tlssue. If this were the only tumor present, the rat was removed from the MT ‘ |
L - group and recorded as having died without a MT. Ifa proven MT was also ' ;'-' ‘ .. X
\ A  present, the largest was designated as the primary MT. - . . _v; S
: | The individuel animal reco;ds,Were transferAred to punched cards fo‘r‘ { ’: o
. handling. Ea‘ch data card conta_ined the followingl"in.,formation: lot ndmber; " ’ L ,
1 . 4, .exp'efimental group, an‘i‘mal number, hlstology.reference number, age et .' ‘ . * :
l‘ | death weight and diagnosis of the prlmary MT, welght and pathologlcal d!.-' . »
i agnos1s of the pituitary, d1agnosxs of other superf:.cml tumors if any, age when "‘:'j 1 (
the primary MT was first observed, age at MT resection when applicable, age
IR at onset of the prirﬁary MT (Ta,' calcdlated e.s described below); a.nd a notation 1 S z
E S if désth v_vivth‘out a MT was glassified as extraneoesg- i.e., accidental, deliberate g T
E sa_’cx:i..fice, or p_roven.pulmorlary in‘,fectionv.. - : - & ‘ ; o
: U«ndiargnosed M'l‘--,All but a few MT were ‘dia.gnos‘ed rhicrOscopically. In14 ,
L‘ E ' cases MT bearers died without a.utopsy and were inadverfently dest;oyed or ) ; »‘ :
“ - the tumorous area had been eaten by cage mates. In 15 other cases MT | 2 * Pl
... specimens were lost during histological preparatlon. The total number of . } R : !
, primary MT observed was 335, of which thxs group of 29 represented 8. 6% RN
- 1



.»one m 25 that these undlagnosed superf1c1a1 tumors had not or1g1nated from the;'
i i
.t

B . ~

" and further that they were probably. bemgn f1broadenomata (FA) | e

‘

N

e L e 0 By

LE

Determination-of the age at onset of MT. -«-fIShe basic end’ points of this study‘

s BTk

7. .were age at ‘death for those ammals dying without a MT, or the age at onset

e

L et

Sy

of the f1rst MT. Age at death was an integral part of the record for each rat.-.

R
L",‘ ?’u‘."

tory restri_cted examination for tumors to once a: month. 'During the 6'-year

'

',,,’*course of the study many people were- mvolved m the exam1natmns. Welghmg

and palpatmg a large, colony, even once a month was suff1c1ent1y time - con-‘

summg that exammatlons were often hasty, and the exammatlons conducted by

e

- inexperienced personnel were often inadequate.' ‘As a result, some MT were .
g ﬁrst detected when barely palpable, but the ma30r1ty were not seen until they
had grown qu1te large. ' ' ‘“

. S . : .

" 1, Because of th).s dlspanty in size when the MT were. f1rst observed, it

~ kS

S
T

. N i
i o b

was necessary to develop a method of norrpahzmg the age at MT onset The

n.'

= method chosen was construction of;a growth curve as sh‘own in Chart 1 for the

L Sy

. . . ‘ _ . ARCE
"average' FA, the most common rat breast tumor. The construction of the : .. "

L R 1 .
. o1t i ]

/', . " curve, and the errors involved in its use, are described elsewhere (42). aRe
s LU . B B . W1
RN ' The MT size chosen as the reference for MT onset was 1 cm diameter, .. . - =
~ 3 -I . . B . o . . . ' e Vi
L : . R X Lo . L . A A SN S’\i’;
e 'or-—assummg,unit density for tumor tissue--a weight of 0.5 gm, The age af -
P ; A

o ~onset, T_, was thus defmed as the age of the ammal when its f1rst MT was : i
reference size, | ‘The wexght of the M'I' at autopsy or resectton was entered X ‘:;‘: i ’J{,
‘into the curve in \Chart 1 to determme the growth mterval (GI), the number 5 iﬁt“ *
of days the MT had ;een growmg since it welghed 0. 5 gm.- T was then ob- | X ’

tamed from the relatlon . 4 L : O 4 l .

ST e B
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SR -_f..gf’.f;f*ﬁ Ta (age at autopsy or resectmn)-- (growth 1nterva1¢s E.). .

The standard error of estxmate of the growth curve (reference 46, Chapter

. tainty in T was never more than 30 days. The growth rates of a small sample

of mammary carcinomas (CA) were compared to the growth of FA (42). No '.
difference in growth rates was detectable. The age at onset of MT diagnosed e
S as CA was therefore also estimated from Chart 1 . As will'be shown‘in the sec-;
; ‘tion on results, the distributions of age at ox_xset of FA and CA were alike and

X g B .. no distinction was made in the analysis that follows between MT diagnosed as * '
: malighant or benign. |

, - . . } :
Preparation of life tables--The data cards for each control and experimental

groap were sorted into MT bearers and rats dyixrg without MT. MT bearers

;o

were arranged in order of increaSihg age at onset of the primary MT as calcu-
lated from the growth curve., Rats dying without MT were arranged in order

. of increa_sving age at death, Rats without MT were further div.ided into two
grouos--those whose deaths were considered extraneous and those that died

[ ' of causes related to or possibly related to natural ageing. The life tables of ' .

16), \Bhown as the shaded area in the Chart, was small enough so that the uncer- f

P et R

Separate life tables were prepared for the Ca‘;f5 group and for lot'I, the

© undisturbed portion of the first shipment. These two parts of the same basic
| group were examined separately to determine the ability of actuarial methods,

to correct for the substantial early losses of rats demanded by the predetermined' B

I

L all gro_uf)s,are collected in the Appendix, - o . . , ' \ | . |

[

sacrifice schadule of the Ca45 study. Lot§14 which was es-sentially undisturbed, -

was divided for analytical purposee into two groups at the central rat number.

i

_ ‘separate life table was prepared for each half, 14-1 and 14-2; these were to

\

~gerve as controls for ‘the separately mamtamed portlons of lot 1, and also to

i

Sy g AR gt o

T T,

ot

[ PP
1

exatnihe how closely part of a group represented the behavior of the' whole group.-

K3

P P



Use of a- longer mterval would have obscured some

‘ out ‘this- analysxs was 30 days. ,-‘}‘i I
‘_vage dependent phenomena. - .‘ L s . o f . ’1{1 §
The method used to correct for deaths known to be unrelated to agemg : 5' i , fl
(column 4 in the hfe tables) was that descnbed by Berkson and Gage (43). Thls g : f 3 _3
correctlon assumes that ra,ts dymg durmg the 30 -day mterval are, on the average},é 4 2 b
under observation for half the mterval they are thereafter ehmmated from the . :;;' )
populatlon at risk, P11gr1m ‘and Dowd (44) recently pomted out some errors in' ‘ ‘E ? :
5.;'\1 ‘this method, and have devised a more precise way of takmg extraneous deaths o r
, ‘into accdunt_’. ‘ Howeve_r, the correction used in this report was considered ade-li"*l;-‘ﬂ, rféi
' ' - ' : - o SR R T AT
‘.:': quate for the followmg reasons;  (a) The number of extraneous,d‘eaths, i.e., : ::¥ E Q:
» those entlrely unrelated to ageing, was relatively small; (b) many of the rats | "' & : ‘
5y ! . ry
l that d1ed without a MT succumbed to p1tu1tary tumors, and these have been shown 5 - ] l
{i . to be mtxmately related to MT development (5 45); {c) we w1shed to descnbe % ' :
5 MT morbldxty in the presence of other lesions and dlseases assocxated w1th & .'?V“!i » ;
_ - age‘rng rather than MT morbldxty as an independent entxty_. o B 4‘ , ’ :
o . RESULTS - - | . | ;
[ N ‘ ' o ! . FRHES
IR MT 1nc1dence over the l1fe span of the normally ageng female rat--The crude'.," ‘ e E
- . . L
» ll- MT 1nc1dence--1. e., the proportron of the startmg populatlon that eventually : }g
f | developed one MT ~-and the actuanally corrected MT 1nc1dence are shown in . : ;{ :
Table 2 for the various control and experimental_groups. There vvere no | L | %ﬂj ;
; ‘ extraneous deaths in lot 12, or the TX or OX groups; therefore, the crude MT & :é ;
wi B0 W
; incidences of these groups are the same as the corrected values, 'Actuarial ] w ’é ‘ : %
PR ey aetd L
- correctlon substantlally reduced the spread among the virgin control groups, ‘_. o . i ‘ y
‘MT 1nc1dence over,the life span (1020 days) of four groups of “COBS” rats ob- l , ,;";Q 1
-{ tamed from the Charles Rlver Laboratories (lots 1, 11, 12, and 14 combmed) % i f
(‘ .- was 74,54 5.7% | . y ' . ; : ' ,j l.';



S e é e IR DO A R SO T BN f .
“ . The maximum hfe spans of the control groups varled from‘885 to 1010 =': ’, * : ;
Vdays, therefore, ‘the. MT m'.:ldence at 900 days--an age late in. l1fe that was .’ } !‘ .
;’-",.‘attamed by all the groups--ls also shown in Table 2. The MT 1nc1dence at 4“ .: ‘
660 days is included so that the early behav1or of lot 17 (23 of these rats are 'E‘ ’.l; {
’V.Jli""l'Stlll alive at thls wntmg) may be compared with the other control groups. - ‘ . : S
: | Table 3 shows some of the gross features of theage dependence of MT ; ; Is
ﬁt . development in the normally'ageing fernale rat: ‘the age at onset of the first."_ !; :
. 'MT in the group; the age at' \'i/hich 25% o‘f the group's MT had developed (25th ja z .(
percentile); the age at onset o.f the median MT; the age at which 75% of the ‘;’ * ey
‘ group'.,:s MT had developed (75th ‘percentile); and the age at onset of the last '
'. . MT in the group. Among the virgin control groups there was a range of nearlry;l f Gl
: ) 200 days in the age at onset of the first‘MT. The span of age at development B
\ ;, " " of the median MT was narrower, 120 days, as was the age. span when the last ' e, ,;‘;.
2 MT appeared 125 days. The average value for the age of a control group at R ': o

' the onset of the median MT was 671+ 44 days, and for development of the last .

M'I‘ 945 £ 41 days,

. i . ; . . Y
B R : R ' . ¢ "

Cumulative MT incidence--The life span MT incidences of the five virgin con- = . A

trol groups obtained from the Charles River Laboratorles (lots I, 14, 12, 14,

T and 17) are shown in Chart 2 as standard linear plots of cumulative MT incidence:" -
: - vs. ‘age; The shapes .of the _curves were;sirnilar at the younger ages, and 'chey A ;' ; ;
L tended_to converge to a common value late in life. ' However, there was some- . ‘ . ; ;
.4 . what greater variation in the curve shapes f:r.Om the SOOth to the 850th day of S
t ‘ ~+ age. Furth and others (5, 45) have suggested that MT in rodents arise as the ..j i - j\. : :
f = .'res.ulmt of complex interactions of the ovary, adrenal glands, .and pituitary | It ’ . ; ;
( - mlght be expected that these interactions are initiated and continue to act overv‘ : , : :
i . a span of time rather than at some precise age. If the stimuli that are presumed }
to 1n1t1ate MT have a variable span at onset and actxon, then the time at onset of . :
y
a ‘ s
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‘Tables 2 and 3 and Chart 2 1nd1cate that the most re11able charactenzatmns of :

e

R

. Wi B, T

’ “the total ultlmate MT 1nc1dence of a rat populatlon are the med1an age at onset; 3

e e e s 3D

and the percentage 1nc1dence over the hfe span.
The cumulatwe MT 1nc1dence of the Ca4.5 group from wh1ch healthy non-.,

'.'tumorous rats were dehberately sacrificed to meet a predetermmed schedule

v{is compared with -their undisturbed contr_ol group (lot I) in Chart 3. The curve

B B

S .-’i; .c01nc1ded unt1l. the 700th day and d1verged thereafter. . -This divergence was - j L
o istat1st1ca11y s1gmf1cant after the 750th day (the xz test for goodness of fxt (46) |

‘ y1elded_a _P' value of 0.01).- In contrast, the cumulatwe MT 1nc1dence curves

i RdeseT TaRS P e 6 Ak cen

(not showh) of the two parts of lot 14 were nearly 1dentical, It was concluded :
O that the early loss of close to 30% of the startmg populatmn had so altered the iy ﬁg ‘:
- \,.\" : behavior of the Ca45 group that even actuanal correctmns were grossly 1nade-,‘ 2 :
E. ,unat'e;' “The Ca45 group was thereforel not included in the combined.v1rgin'conv.-% :
»;' trol group. o | f o
‘ Effect of umparlty, thyro1dectomy, ovar1ectomy, or adrenalectomy ovar1ectomy:‘ ‘ g
. _. + on life Span MT incidence--It is apparent from Table 2 that nelther uniparity or :1’2 ;
'thyroxd deflclency 1nﬂuenced the percentage of rats that eventually developed ; :
: MT. Examination of the quartxle d1str1but1on of age at MT onset in Table 3 . ; : ? :
e v-,fl'.}mdlcated that uniparous rats not only developed the same percentage of MT ove‘r,.v' ‘ f;_; _‘ :;;.
’ : vthe life span, but also developed them at the same ages as virgin anlmals. _Table N } r s
,; 3 and Chart 4 indicated that while thyroid defiCiency from the 84th day of life d1d L :
'f,: ' t’,‘ ~.not change the total hfe span MT incidence, there was some difference in the o ‘j : ?:
: age distribution of the tumors. From the 600th to the 850th day of life the TX E ”a' q;
g : 'gr'oup was developing fewer MT than the intact controls, Thyroid defici‘ency evi-;-;" . :( :y
L T SEAPEAR R
~ : . dently delayed MT developrnent during thls perlod and in so domg prolonged the j‘.f ' ;
i * hfe of the animals .by about 200 days. = . | - , (;4 : ’
W ’ v ST S f
o ‘ As expected ovarxectomy (at 77 days of age) nearly ehmmated MT Only} 1; 2




‘Appearance of the flrst MT 1n the OX group was 200 days later than the flrst

' OX rats were’ very long -11ved ‘the max1mum life span of the group was 1295

. unlikely,

< t) T - A ) o - oot
Cwdde it 0 . CUCRL-16476
- 7 L ’ ..'; : o 0t 7?\:‘(: .,.7; ) . : oo
. RS Toooa . “a . s N
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three MT contammg eprthehal components were found in the 45 OoX rats.< o

1

"‘-days, nearly 25% longer than intact controls, ‘and more than half of the group

\

-~ lived longer than 1000 .'days. - The l1fe span of,_a sufflcm.entlyllar_ge ‘proportmn :" o

‘of these rate lived"_mor.e than. 41000 days. Simple po‘stponement' of MT seems . . -

. .percent cumulative MT incidence in Charts 2 and 4 bear out the oft-repea,ted

i

staternent that MT occur m’ost'comrnonly in older rats (4) One of the aims of

scribed a simple conversion of cumulative inc¢idence data which permits deter-.", :

mination of the rate at which a colony is developing a specific lesi'on, in this . +-
. o . - . s <

N

LS

‘and the development ‘of spontaneous MT Pllgrlm and Dowd. (44, 47) have de - ,\'-.;‘

O MT found in lot A, the oontrol group in whlch MT developed most slowly. The :

of this group was certainlyllong eno‘ugh to have permitted observation of late.-;

: "_':-:appearmg MT, 1f the effect of ovanectomy had postponed development\ ot . ,;
o . rather than preventmn. o o " X B ) ' o ‘ ; »,
Removal of both the adrenal glands and ‘the ovarlee on or. before the 1l0th j

:'day of life completely abohshed MT of epthehal ortgm. Both the medlan and ‘
S maximum life span of this group were substantlally greater than mtact con- x
‘trols, as shown in Table 3. The maximum hfe span was 1110 days, and 29% ‘

: ;i

- » this study was to examme in deta11 the relatlonshxp between the age of the rat ,

PO

case MT. .. Lo . o )

Percent survival without IvlT is calculated from the relation o ,'; 4}

| P survwal without MT .= (100 - % cumulative MT). - ’ g:

‘The propertres of t{xe curves obtained by plottmg % survival without a MT,
sem1logar1thm1call;4:l as a function of age have been described by Pilgrim _andj‘ , .

Ve e v w0 wee

'Relationship of MT development to age--The data in Table 3 and the’curves of Lo




e

o

' - curve of force of mortahty., : c oL : ':""?; . ',‘

Survwal curves for f1ve control groups are shown m Chart 5

i

* - . N q".'

of four of the flve control groups (lot 12 was exceptmnal) had several common i

s features: (a) Dunng the perlod from 300 to 500 days of age MT were appearmg ?
4

g‘..

'{‘;

g

!
and 690th day. (d) after the 800th day the rate of MT development decreased to ‘ L

. ! i
4% per month or less. ; - N

;;. - [ o

There were > then at least three age- related changes m these rats, -i-- two'

2

lead.\ng to abrupt 1ncreases‘ m the rate of development of MT and one late in 11f
1ead1ng to a decrease in- the rate of MT morbxdlty o o .

‘ 4 In Chart 6 the percent survwal w1th yut MT of the umparous (UP), :
thyro1dectom1zed (TX),, and outbred control group (lot A) are compared w1th the;-3 'fi..."
survwal of the lc:om‘rb;med Charles R1ver coxlltrols. The general shapes of the

:four curves are slrmlar. The msplacements ‘of the. 1nﬂect1on pomts of the UP "

and lot A curves from the combmed control curve were not S1gn1f1cant Both .




| -maJor 1nf1ection poxnts (occurring at 500 and 630 days in the controls) were

‘Probability of developing MT as a function of age--The age- spec1f1c MT 1nc1--'
L dence rate is shown in column 10 of the Life Tables m the Appendix in units of
.percent MT per rat at risk per month For this calculation MT bearers were

' removed from the populatlon at the end of the interval 1n which their MT

developed All rats dying w1thout MT (columns 2 and 3 of the Life Tables)

A
_— died or werevlost to follow-up, It can be seen from these Tables that even in;'-' B
' ‘groups as large as 120 rats (lot 14, and lot I and Ca45'combined) there were %
~ 30-day intervals in which no new MT arose, leading to discontinuities in the '
~__\.v , * N B . :

< “ . MT development rate. A modification due to Spicer (48) of the rate of MT

.1 development p(x) vvas used to approximate the absolute rate of MT developmehti
? N By virtue of an averag.in‘g' and distributing process the function p(x) has th'e '
: 'pro“pe_rti"es of reducing fluctuations and eliminating some ‘disc':ontimiities. I )
p(x)'at- any interval,. T; is calculated from | ‘ k
| ., | , o px) = MTIZ:NN)IT( 1)’ S e SRS .:. . |
| wherel MTi and MT(i-d) a..re the numbers of MT developing '.:in the' intervals‘:;'.% ”‘
'. T and the previous interval, T( -1y and N is the population surv1v1ng T ) « / ‘
S Jdays w1thouta MT . T L ‘ | - 5) :
‘ By The curves of p.(x) plotted semilogarithmically as functions of age are ’ 'i’
f - ‘shown in Chart 7 for the larger individual control groups (lots i, 14,. and.17);
_and for the combined Charles River virgin controls. The sharp changes in - ; '
l .rate of MT development that were noted in the survival curves in Charts 5 and K ‘:
. 6 were also detectable as inflection points in all four of the u(x) curves in’ ‘ *
i ,,' _ g Cha.rt\ 7. | | 4 :

P P Y

"'wdelayed 100 days m the TX rats, suggesting that thyrmd def1c1ency delayed ; :‘.: f

G . were removed from the population halfway through the 1nterva1 in which they

' - MT onset by delaymg the process or processes respon81b1e for 1n1t1atmg MT SR

¢

-~ e

D IUE vV SN P UOPN—

;
t
[

- e it
oy

« N
R

e

P L L

“




e AT sty

A_“cause they were composed of a series of nearly stra1ght lme segments over :""- '

.‘whlch the slopes [equlvalent to p(x)] were constant, the surv1val curves on

:I’v_'Charts 5 and 6 suggested that a plot of p(x) should be d1scontmuous. After th

':'.>300th day, the p.(x) curves could 1ndeed be 1nterpreted as r1s1ng in a stepw1se

later report. Superficial tumors of skin or subcutaneo\is,tissues, unrelated

B

, 1

St or only questlonably related to breast, w111 be dealt with here. ,:
T . For the purposes of this study only those tumors dlagnosed( as adenoma 3 )
S and ‘flbroadenoma (FA) or mammary carcinoma (CA) were consxdered to have ; ﬁ ’
T orig'inated ‘(unquestionably) from the breast. Other authors have xncluded & e !
g o N ' . S HESR
- fibrosarcoma and fibroma (4, 30) as breast tumors.‘ However, we have chosen j} ! ‘

. . . . T i
_ . .only to include as MT those. tumors., arising.near the_mamma'ry,line, that . ‘5 : ‘. s i
| ‘ contained some epithelial.'components.' The superf1c1al tumors arising in \: E ; : : g
LS 4 . . o0, &% * Fe
:} | tissues other than breast and’ those tumors whose mammary ongm was ques-"‘ 12 : . éz,
| ‘ g tionable are shown in Table 4 ' f““’i P i :.
- - 0 ;’; :’»i
; E f‘ There were 335 MT bearers among the 1ntact rats, 495 v1rg1n females and : ?

; i 53 uniparous ammals, yielding an averall raw MT 1nc1dence‘ of 61 1%. Of the ;’2 A
N ) AR SN '
130 untreated rats that developed other super£1c1a1 tumors 15 died without also :."“ | ‘f .

: N "j‘:"."" ?', ¥

i

it

developlng MT In the absence of histologic conﬁrmation, inclusion of the se oA

' .._-15 rats in the MT g¥oup would have introduced a small error -- 2.8% (63.9% |

B T = L S v R Ny

. Vs, 641.1%). It was therefore considered reasonable to include those normal a LrA ‘-

. . - . . i . Y
A ¢ R : ’ st s Lk .
A ; .;
“+ o ; ¥
\
K 4 N - \. L
L) , e
* " * -

R g S
e
g

E

" manner rathér. than 1ncreasmg contmuouSly. : S S f
‘e s . gt . * ._“4 : " o - -"-; 5“

) o . . R ¥ I Iy e

.Incidence of superf1c1a1 tumors - other than breast tumors--In addition * i

:to the primary MT, some animals developed other breast tumors, or tumors v
' 'of other tissues. Some rats came to autopsy with only tumors Jf nonbreast 1
. origin, The tumors of tissues remote from the breast will be discusséd ina .} §$
. . L - : £ i‘

n AT sy e ey Y R g e gy
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FER S fcontrol anlmals that bore only one superf1c1al tumor as. MT bearers, even O ’ “
PER B N ;
'-though the tumor\was not dxagnOSed However, in two of the smaller experi- i f
4 "'mental groupe -- ovar1ectom1zed (OX), adrenalectom1zed ovar1ectom1zed ‘ ; _.'
» "I"’""{_(ADX OX), -- 1nc1us1on of all superf1c1a1 tumors as MT without hlstologlcal | , "
‘; ‘i,'_ 'c.onfirma..tit)n. would have substantially changed} the overall MT incidence. - ﬁl P
Fortunately, all superficial tumors in these latter groups were diagnosed. *;;"ff. '
: 8 Incidence of Carcinoma--The total'numbefs of ear.cinomas (CA) and FA w‘ith'»i; : i
1 e earcinom_at‘ou.s' pockets (CA i_r_x!gﬁ:il)_that were obs.er\}ed e.}rnong MT bearers in By oy
‘ ‘all groups are shownﬂin Tabie 5. "Al‘l but four .of the CA-'were prirnary MT, X '
‘.g _ '1 e., the first MT observed in the rat. Tne percent of MT bearers whose - St X‘ o
| :‘pnmary MT was a carcinoma was hlghly varlable within the 1nd1v1dual conwr oi'i iy o
‘__\ ‘txl'ol-gro,ups In the normal virgin control groups the percentage of CA ranged " 3 '
- ,».l from none (lot A, born.in this Laboratory) to a ‘high of 37’.5% (lot 17)., ‘"The : ’
overall proportion of CA encountered eﬁong the 242 MT -bearing virgin rats 2
born faf the Cherles River Lab'orato'rie's was 18, 6:':12.1% - The variability of :; o
.CA among normal control groups indicates that all but the most dramatic o
; shxfts in proportions of bemgn and mahgnant MT should be v1ewed with skep-f - ‘ A
{ ticism. Small changes are obscured by normal ﬂuctuatzone, and failure to T | g
T v;account'.for normal fluctuations can .lead to fiuiculous conclusions. The ex- S ),
' perimental groups.were“compared with theif neareet controle -- TX with lot '1;,‘3' ; f ?
~ and UP with lots 14 and 17 by use of the )(2 test (47). Neither uniparity nor . c - 3
o abeence of thyroid hormone appeared to inﬂuence the proportion of CA developevd: . .
PO ’ B o

" The apparent difference in the proportion of CA between the virgin controls born .. o

; several yeers ago and those rats obtained more recently suggests that the - . 5

. ' ' o L

‘ B _breéding practices of the dealer rna,y not be achi_eving their stated goal of ran- - % ;. 5
. dom br.eedingv. | | , P f

- Huggin's _e_tg_l_j (50) and Cutts and Noble .(‘13) have shown that when MT‘ are : L :
S B -induced by either hydro'c_etrbon feeding.oz" implantation of estrogen pellets, f %




data cards of all MT bearers, texcept those in. the TX and OX groups, were

.

’;sorted‘accordmg to histological- diagnosis. The FA and CA groups were furthe

:”',subdivided by age at MT onset into succeeding 60'—dayl intervals to ‘obtain a fre-

. quency distributiOn. h Because‘ of the small number of CA-~-55: CA.,.’compared.L:. ¥

f:w1th 257 FA--the frequencxes of MT per interval were converted 1nto percent-

_ages of the total number of each kind of tumor. Chart 8 showed that the fre~.

. ,: quency distributions of FA and CA with age were similar. The median age at

‘onset was nearly 1dent1ca1 650 days for FA and 675 days for CA. The age span

LT

LI "‘.~’l‘»«,‘.¢'y ,s‘

¢

during which the centralhalf -of either malignant MT or benign MT occur also

X & comc1ded Of the four MT whose age at onset was less than 300 days, only one "’

‘was a CA.- It appeared that there was no difference between age at onset of CA

_ | and FA Combmation of all. MT into a smgle population for tumoxr morbidity : ltzg
* analysm was therefore a valld procedure. .‘ N . i: j g
g

; L “.' L ‘ DlSCUSS_IdN,A.';
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3
s

5,‘ E .dences observed for the female Sprague -Dawley rat in other laboratones. i
data available from the. hterature are shown in Chart 9 along thh the curves i
& l fOr our comblned Charles River controls and the outbred control group born at ?
LRL (lot A). Smgle MT incidence values were given by three authorS' Dav1s vf , ;Lv
AR Y A S
: is;‘."" - et al, (34) obtamed a MT incidence of 54. 8% 1n a colony whose maxlmum life : " :‘

span was 1100 days; their observed value is- shown as a smgle point at 1000 days." R 5
o
Thompson et al. (38) observed a 42% MT incidence 1n a colony whose mean hfe L

I3

e

)
| B
L)
[}

" span was given as 630 days their value is shown as.a single pomt at 900 days. o

-
e
-

Syndor et al (51) spec1f1ed both the MT 1nc1dence a,nd the age at which the spec1f1c

RS observation was made.

»

R Rt e e



.' s1de by as much as 60 days.
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: o lof61. 7% MT was ‘not dx.fferent from the result reported by Davis et al. , ' 54.8%.

.". so far reported.
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‘ f‘and Harthg et al (21) were more extenslve, several points were avaxlable from

. an ammal was scored as a MT bearer. If the tumors were already large when

Spontaneous MT incidence observed over the past 10 years in other labora-
|

. ‘tories was w1thm the vanatmn we observed among control groups up to the 600th

i

‘report through the 700th day. . . S o

Vogel and Jordan's colony had not d1ed out at the time their report was:

-written, and complete life-span data were not available for their rats. However,;_-

| .
. A

rats in the Argonne Laboratory colony are raised under essentially the same con-

ditions as the ''COBS" rats from our supplier, and continued agreement with our *

.47- © UCRL-16176 '

. "'\._'ea.ch paper. The laboratory routme used by Shellabarger et al. was such that. :
N 'their'age at MT appearance and that used in thrs study are very close. The other \

i two authors (20 21) made no mention of tumor size in relation to the age at wh).ch

‘seen, ‘the 'placement of these data on the age scale of Chart 9 may err on the high'

T o L : ' '. 7

s

. 'results is expected. : , L o

All the other authors ,‘ except Syndor et al., whose 'colony contained only

' meamngless.; The )(2 test for goodness of fit (47) 1nd1cated that our crude result

"

Our actuarxally corrected result, 74.5%, was slgm.fxcantly h1gher than any other

Comparison of Charts 3 and 9 suggests that the early sacriﬁces in the Ca

B -group and the early losses of rats from mfectmns had the same net effect --a

45 !

.young rats, reported a high mortality from pulmonary infection. The high rate I

'of early deaths from lung d1sease rendered the results of Harthg et al almost o

. day. The results of Shellabarger et al and Vogel and Jordan agreed w1th this . -

B
O
. TR

P F R

. NETH

tra1lmg off of the MT 1nc1dence at the begmnmg of the th1rd year., Inasmuch as : T

‘We endeavored without success to correct for the early losses suffered by t.he
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| UCRL 16176'

) ;C.afls Cgroﬁp,, 1t would appear that Axf there :.s as much a.s a 30% loss of ammals

after the 400th day of: hfe an. mtractable error 13 1ntroduced mto the hfe span '

o .. the female Sprague-Dawley rat is a characteristic which has remained quite

stable through many generations.-

. age w1th1n relatively narrow limits.

LR As expected hormonal mampulatlons that affect induced or- 1mplanted MT

' to about the same degree. 'Ovariectomy postponed the onset of the first MT.

and.vreduced overall MT incidence almost to the vanishing polnt. Simultaneous

removal of the ovanes and adrenal glands prevented development of MT a,lto-

geth’er. Umparlty was w1thout effect, while thyrmd def1c1ency shghtly postponed

- MT development in the second half of the l1fe span. - T

Furth and his co«workers (5, 317, 45 52) have 1mphcated the estrogen-

stlmulated pltultary and mammosomatotroplc pltultary tumors in the et1ology of
o : carcmogen 1nduced MT in the rat.

. -ft between spontaneous MT and age-related changes 1n the p1tu1tary, ovane s, and

~worth notmg. P
e i : .

Spontaneous MT began to appear in significant numbers in the latter half i,

i . \ . t .

There was a sharp upturn in the rate of MT development i
i ‘l

- . . v
‘ K A
. PR

of reproductlve lz‘tfe";

at about the timelzmenopaus.e" is. reported to occur in the rat -~ 450 to 540 days

£ ' ‘ ‘o

. in rats also affected development of'spontan‘eous MT in the-same direction a_nd

o,
-

Although a full discussion of the relatlonshtps

‘adrenals is beyond the scope of thxs paper,.some mterestmg comc:.dences are .

g Lt i

ENFLEEN .«a;s a- K e

v,

Not only is the MT incidence over the whole A

life span a reproducible quanttty, but MT 1nc1dence can also be predlcted at any ;
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study 1nd1cated that m1croscop1c adenomas and srnall tumors of the p1tu1tary Lo ;

' and mzcroscopm adrenal adenomas began to appear at about this same age (55)

" the second year; during this period of liife -- from 600 to 800 days_ of age -- the

-1 7. great majority of rats coming to autopsy bore adrenal adenomas or microscopic .

or gross pituitary adenomas, and the breast was highly ldeVél°Peds ranging from .
A hyperplastlc to, actxvely secretory (54). : ' : .‘ - c
| The dominant role played by p1tu1taryl ttmarrttnotropes in the etlology of - .'- i
,s _ ‘ induced MT, as,p‘ostule.ted by AFurth et al., appears to be repeated in the-case of"'i
' ' "spontaneous MT., It is suggested that the postmenopausal ovary tprov1des suf- -

f1c1ent estrogen (63): to stlmulate the'pltx;ltaxy which. in turn: prov1des the ‘hormonal

.'4'\ ' . . stimulation of the breast, leading to hyperplasia and occult lactation, and in a
- genetically susceptible strain such as Sprague-Dawley to spontaneous MT. !
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SPECIAL DESIGNATIONS OR SUB-GROUPS

”%LoT'NUMBERV“BiRTHDATE

1T g-15-89 0 . I Life span and normal tlssue samples

\a. s ‘ca - 10uc catd at 1io days, perlodlc v
R L . sacrlflces _ - A

x‘Surgical thyroidectomy at,85dday3'fe

- ST -
: fl b )¢ - Surglcal oophorectomy at 77 days e

}i Fl generatlon of 22 rats from lot number lvt

fu-g-eo

. . 7 7 at llO days - . .-,

. 6-1860

- .

‘at 104 days

5-7-60 '

at 95 days

9 Tt g-12-60

R . ﬂer o .. at 102 days' . _ l,pi“f“26';: S
11 -, 9=4-61. - o Llfe span“ 10 each recelved lOuC Sr 5_ o ‘jf
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B N Loy, D M .
o e S P
.12t 7-4-61 T -Llfe»span roit g
: o T SR - : SN
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: b S SRR . 32 or- uoo days O : Cl
s H § ! : S
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w . ! L
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~ PERCENT. OF RATS IN CONTROL AND EXPERIMENTAL GROUPS THAT DEVELOPED AT LEAST ONE MAMMARY TUMOR BASED ON
THE TOTAL NUMBER OF RATS PER GROUP AT START -- CRUDE INCIDENCE; OR (b) POPULATION ACTUARIALLY -

(a)

CORRECTED FOR EXTRANEOUS DEATHS - CORRECTED INCIDENCE (uu)

PERCENT MAMMARY TUMORS - _ -
- CRUDE. ,,yk S

st A

.

LIFE SPAN

—

TABLE 2

CONTROL GROUPS . =

. »\.\, w Yaad e e

PERCENT MAMMARY TUMORS
CORRECTED

LIFE SPAN

- 900 DAYS

660 DAYS . 26.3

:‘78.9~i

76.3

' 65.2

e

60.8

56.2

67.3
59.6.

22.6

11

A 63 2
.so.S

33.3

12

77.3

" 75.0 73

56.8

6647
64.9

32.2

137.6

R

e

EXPERIMENTAL GROUPS

EEEVIE

76,0 '
 60.0

22,4

TX

71.1
60.0

19.9

- 0X. .

3.9 .

.v..3.2 - ._"4.'» it

ADX-OX

9LT9I-T¥ON .
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o ARG . \' _ TABLE 3
‘ , AGE DISTRIBUTION BY QUARTILE OF THE APPEARANCE OF MAMMARY TUMORS (FIRST MAMMARY TUMOR PER RAT)_
L --- MAXIMUM LIFE SPAN AND MEDIAN AGE TO MAMMARY TUMOR OR DEATH IN CONTROL AND EXPERIMENTAL GROUPS '
AL LAl T T CONTROL
ST I- ca™® & 1
FIRST MAMMARY )
TUMOR -
(MBDIAN MAMMARY
TUMOR) e
75TH PERCENTILB | 735 821
100TH PERCE'NTILE | 957 1002
(LAST MAMMARY TUMOR)
975 1o.oa~ 1040 961 7987‘_‘\,

- MEDIAN LIFE :"--
' SPAN' L
“(MAMMARY TUMOR -
OR DEATH) '




. OSTEOGENIC .SARCOMA

RPN S

~+ /| TUMORS OF SKIN

Y

AND SUBCUTANEOUS TISSUES, OTHER THAN MAMMARY TISSUE. . -

.

Sy £ .

| NUMBER OF RATS .- - .. ' 548 - - 45wy - sl

. FIBROSARCOMA - |
SARCOMA SRR

* RETICULUM CELL SARCOMA
. NEUROFIBROSARCOMA o
SYNOVIAL SARCOMA - ' ' %
" ANGIOSARCOMA o

R S T T S TR

FIBROMA S e e T
LIPOMA T T B
 NEUROFIBROMA TR N
@FXQFIBROMA o ,;‘;fjlf=i.-: i S I
BASAL CELL CARCINOMA . . "8~ = 7
| SQUAMOUS CELL CARCINOMA ~  ~. l LT
SEBACEOUS CELL ADENOMA ~ ', ~ . 2/ .o .o e

" HEMATOMA = Al o s
GRANULOMA L

*All untreated rats including unipafous;group , and lot A (born at Crocker). o

-

. CONTROLS* ~  TX . OX. ~ ADX=OX '~ '

e

et e —
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.Col. 2, MT: The number of rats developmg a first mammary tumor in the P

- Col. .6‘,7 rl,_Cumulatlve MT' Total number of mammary tumor bearers to the end

" Col. 7, . % Cumulative MT: Percentage of mammary tumor bearers in the .-

: The l1fe tables of mammary tumor de\welopment and of mortahty thhout

tumor are shown for ‘the varmus control and experxmental groups in Appendlx :

L UCRL-16476

_Tables 1 through '14 " An explanatlon of the column headmgs in the Tables follows' '

|

Col. 1, Age at\ end of interval: "_'.[‘he age of the colony at the end of each 30-‘day- .

actuanal 1nte rval

inte rval

o C o . . i L

- Col. -3, ;EJ"Deaths. Deaths of rats w1thout tumor, mcludmg deaths due to other

"f"neoplasms or degeneratwe dlseases, and deaths for vlvh1ch cause was

B not determmable. : l

-4

'Col." 4, I Extraneous deaths' Deaths of rats (w1thout tumor) known to be totally

1. unrelated to mammary tumor development, i.e., ; dehberate sacrifice :

l t ‘cﬂr_:-of rats for other exper1ments, a_cc1dental deaths, or deaths~from

. proven pulmonary mfectmn.

|
L : .
Col! 5, " Corrected populatmn* The corrected populatlon, whlch takes into

\

. _ _account loss of rats from extraneous causes (Col 4) ‘This actuarial

correction, due to Berkson and Gage assumes that rats dymg in the -

RS

J.mterval lived, on the average, for half the mterval: ,Corr. pop. Pqp. )

e

i at start of 1nterval - 0.5 (Extran. deaths)

1

- of this mt/erval.

, corrected population' % Curn MT = (Cum. M'I‘/Corr. pop. )X 100
Col. 8, Populatmn at start: Rats surv1v1ng w1thout tumor to start of mterval
._Pop. at sta‘rt2 = Pop. at start, - (MT‘1 + Deaths1 + Extran-. deathsi),

.*. where the subscripts r_efer‘to succeeding intervals 'ii’ iZI" .13, in'!.
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" Cumulative incidence 'o’f'spontaneousvmammary tutnOré (MT) in five groups
" of virgin female Sprague- Dawley rats obtamed from the Charles vaer .
Laboratories between September 1959 and June 1963.

“life span incidence of MT. All rats were received in the same shipment :

" sacrifice schedule; their controls (lot I) weren,.,undistu'rbed,

oy . SRR i
ETE e g UCRL-16476 .:
- . Thok .
IR RN S s
- f:'-Growth curve of the average mammary flbroadenoma of the’ Sprague-'
J Dawley rat R S f

Influence of the__sacr1f1ce of healthy nohtumorous rats on the cumulative

(Lot 1). V'The Ca45 group suffered periodic losses to meét a predetermined '

«

- Influence of thyroidectomy at 85 days ofvag'e on the incide_nce of MT over ‘
) the life span. : . . ) b L

Survival without a MT in five groups of virgin controls. Arrows indicate’

' ._.the range in age at which: sharp cha_nges.,in slope_occurred.

' Survival without a MT of the combined group of Charles' River controls |

.' compared to MT morbidity of uniparous, _thyroid_ectomized, and outbred_:’

" (loth) rats. Arrows indicate the control range of changes in slope of the
\".survival curves. These infiections (poi_nts of ,chan.ge) are labeled 1.and 2. Cx
-‘onthecontrolcurven., : . o . N L

" Force of mortalit-y from MT,.‘i. e., the change in rate of MT development

: vw1th age, in the three large control .groups (Lots 1, 14; and 17). The heavy

| ]black line represents the combmed data from all control groups Proba-

H
i

; bili'ty;ofuievel-oprnenta_of a.MT:dis:obtained by multiplyihg p{x), atiany Jageby R
Ce07E A S
' The frequency d1str1but1on at dxfferent ages of mammary carcinoma and

f1broadenoma. Data were taken frorn all endocrmologmally 1ntact groups
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Percent cumulative mammary tumor incidence
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Percent cumulative mammary tumor incidence
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Percent cumulative mammary tumor incidence
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w(x), % mammary tumor/rat/month
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Appendix

Table 1, Life table, Lot 1, Ca45—injected rats.,

1 2 3 4 5 6 7 8 9 10
Extran, Corr, Cum, % Cum. Pop. at Rats at risk % MT
Interval MT Deaths deaths POP. MT MT start for month  Tat-month
300-330 1 101 1 1.0 101 101 1.0
360 1 101 2 2.0 100 100 1.0
390 4 99 2 2.0 99 97
420 6 94 2 2.0 95 92
450 1 89 3 3.4 89 87 1.1
480 2 1 87 5 5.7 84 83.5 2.4
510 2 3 87 7 8.0 81 79.5 2.5
540 3 1 87 10 11.5 76 75.5 4,0
570 1 3 1 86,5 11 12,7 72 70 1.4
600 6 1 86 17 19.8 67 " 66.5 9.0
630 2 1 2 85 19 22.4 60 58.5 3.4
660 2 4 82,5 21 25.4 55 51,5 3.9
690 3 2 81 24 29.6 46 45 6.7
720 2 5 2 80 26 32,5 41 37.5 5.3
750 1 ' 79 27 34,2 32 32 3.1
780 3 3 30 38,0 31 29.5 10,2
810 1 1 31 39.2 25 24,5 4.1
840 7 1 38 48.1 23 22.5 31,1
870 5 1 43 54,4 15 14,5 34,5
900 3 46 58,2 9 9 33,3
930 1 | 46 58.2 6 5.5
960 1 46 58.2 5 4,5
990 46 58,2 4 4
1020 2 2 48 60.8 4 3 66.7
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Appendix
Table 2, Life table, Lot 1.

1 2 3 4 5 6 7 8 9 10

_ . Extran, Corr, Cum. % Cum. Pop. at Rats at'risk % MT
Interval MT Deaths deaths pop. MT MT start for month rat-month
300-330 1 - 46 1 2.2 46 46 2,2
360 1 2,2 45 45
390 1 2,2 45 45
420 | 1 2.2 45 45
450 1 \l/ 1 2,2 45 44,5
480 5 43,5 1 2,2 44 41,5
510 1 41 2 4.9 39 39 2.6
540 3 1 3 39.5 5 12.6 38 36 8.3
570 2 38 7 18.4 31 31 6.4
600 1 1 8 21,0 29 28.5 3.5
630 1 9 23,7 27 27.5 3.6
660 1 10 26.3 25 25 4,0
690 2 12 34,6 24 24 8.3
720 6 18 47.4 22 22 27.3
750 5 1 23 60,5 16 . 15,5 32.2
780 2 1 25 65.8 10 9.5 21,0
810 1 | 26 68.4 7 7 14,3
840 26 68.4 6 6
870 1 27 71.0 6 6 16,7
900 .2 2 29 76,3 5 4 50,0
930 29 76.3 1 1
30 78.9 1 1 100,0

960 1
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Appendix

Table 3, Life table, Lot 1 (Ca45-injected and Lot I combined).

1 2 3 4 5 6 7 8 9 10
Extran, Corr., Cum. % Cum, Pop. at Rats at risk % MT
Interval MT Deaths deaths pop. MT MT start for month rat-month
300-330 2 147 2 1.4 147 147 1.4
360 1 147 3 2.0 145 145 0.7
390 4 146 3 2.0 144 142
420 6 144 3 2.1 140 137
450 1 1 4 135 4 3.0 134 131.5 0.8
480 2 1 5 130.5 6 4,6 128 125 1,6
510 3 3 128 9 7.0 120 118.5 2.5
580 6 2 3 126.5 15 11.8 114 141,5 5.4
570 3 3 124.5 18 14,5 103 101 3.0
600 7 2 124 25 20,2 96 95 7.4
630 3 2 123 28 22.8 87 86 3.5
660 3 4 120.5 31 25,7 80 76.5 3.9
690 5 2 119 36 30,2 70 69 7.2
720 8 5 2 _ 118 44 37.3 63 59.5 13.4
750 6 1 117 50 42.7 48 47,5 12.6
780 5 4 55 47.0 41 39 12.8
810 2 1 57 48,7 32 31.5 6.3
840 7 1 64 54,7 29 28.5 24.6
870 6 1 70 59,8 21 20.5 29.3
900 5 2 75 64,1 14 13 38.5
930 1 75 64.1 7 6.5
960 1 1 © 76 65,0 6 5.5 18.1
990 76 65,0 4 4 0
1020 2 2 78 66.7 4 3 66.6
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Appendix
Table 4, Life table, Lot 11,
1 2 3 4 5 6 7 8 9 10
Extran, Corr. Cum., % Cum, Pop. at Rats at risk % MT
Interval MT  Deaths deaths Pop. MT MT start for month rat-month
<300 1 1 2,6 39 39
300-330 39 1 2.6 38 38
360 1 2.6 38 38
390 1 2,6 38 38
420 1 2,6 38 38
450 1 1 2.6 38 37.5
480 1 1 2.6 37 36.5
510 2 3 7.7 36 36 5.6
540 4 7 17.9 34 33.5 11.9
570 1 2 8 20,5 29 28 3.6
600 3 11 28,2 26 26 11.5
630 1 11 28.2 23 22,5
660 2 1 v 13 33.3 22 21,5 9.3
690 1 38.5 15 39.0 19 18.5 10.8
720 1 38 15 39.0 16 15,5
750 1 15 39.0 15 14.5
780 1 16 42.1 14 14 7.1
810 1 17 44,7 13 13 7.7
840 2 19 50,0 12 11 18.2
870 2 21 55,3 8 7 28.5
900 2 23 60,5 4 4 50,0
930 1 24 63.2 2 2 50,0
. 960 24 63.2 1 1
990 1 24 63,2 1 1
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Appendix
Table 5, Life table, Lot 12,
1 2 3 4 5 6 7 .8 9 10
Extran, Corr, Cum. % Cum. Pop. at Rats at risk % MT
Interval MT Deaths deaths POP. MT MT start for month rat-month
<300 1 ' 1 2.2 44 44 2.2
300-330 1 44 2 4,5 43 43 2.3
360 4 3 6.8 42 42 2.4
390 1 4 9.1 41 41 2.4
420 1 5 11,4 40 40 2.5
450 3 8 18,2 39 39 7.7
480 2 10 22.7 36 36 5.6
510 10 22,7 34 34
540 2 12 27,3 34 34 5,9
570 3 15 34.1 32 32 9.4
600 3 2 18 40,9 29 28 10,7
630 2 20 45,4 24 23,5 8.5
660 5 25 56,8 21 21 - 23,8
690 4 2 29 65,9 16 15 26,7
720 29 65.9 10 10
750 1 30 68.2 10 10 10.0
780 30 68,2 9 9
810 1 30 68.2 9 8.5
840 30 68.2 8 8
870 31 70.5 8 7.5 1.3
900 2 2 33 75.0 6 5 40,0
930 34 77.3 2 2 50,0
960 34 77.3 1 1
990 1 34 77.3 1 1
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Life table, Lot 14 (part 1).
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1 2 3 5 6 7 8 9 10
Corr, Cum, % Cum. Pop. at Rats at risk % MT
Interval MT Deaths POP. MT MT start for month Trat-month
300-330 3 60 3 5.0 60 60 5,0
360 1 4 6.6 57 57 1.8
390 4 6.6 56 56
420 vV 5 8.3 56 56 1.8
450 2 59 7 11.9 55 54 3.7
480 58 7 14.9 51 51
510 58 8 13.8 51 51 2,0
540 2 1 57.5 10 17.4 50 49 4,1
570 57 10 17.4 46 46
600 2 12 21.0 46 46 4,3
630 2 14 24,6 44 44 4,5
660 2 1 V! 16 28.1 42 41,5 4.8
690 4 1 56,5 20 35,4 39 38 10.5
720 5 1 56 25 44,6 33 32,5 15,4
750 2 3 54 27 50,0 27 23.5 8.5
780 4 1 51,5 31 60,2 18 17 - 23,5
810 1 4 50 32 64.0 12 9 11,1
840 49 32 64,0 5 ‘
870 2 1 34 69.4 4,5 44,4
900 v 36 73.5 2 2 100,0
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Appendix
Table 7. Life table, Lot 14 (part 2).
1 2 3 4 5 6 7 8 9 10
Extran, Corr., Cum, %Cum, Pop. at Rats at risk % MT
Interval MT  Deaths deaths pop. MT MT start for month  rat-month
300-330 61 61 61

360 61 1 1.6 61 61 1.6
390 2 1 60,5 3 4.9 60 59,5 3.4
420 1 60 3 4.9 57 56.5
450 1 4 6.7 56 56 1.8
480 1 5 6.7 55 54,5
510 2 2 6 10.0 54 53 3.8
540 1 7 11.7 50 49 2.0
570 4 11 18.3 47 47 8.5
600 2 13 21,7 43 43 4,7
630 2 15 25,0 41 40,5 4,9
660 4 2 2 59 19 32.2 38 36 11,1
690 5 1 57.5 24 41,7 30 29 17,2
720 6 57 30 52.6 23 23 26.1
750 1 2 31 54,4 17 16 6.2
780 3 34 59.6 14 14 21.4
810 2 3 36 63,1 11 9.5 21,0
840 36 63,1 6 6
870 1 1 37 64,9 6 5.5 18,2
900 1 37 64.9 4 3.5
930 1 37 64.9 3 2.5
960 1 1 v/ 38 66,7 2 1,5 66,7
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Appendix
Table 8, Life table, Lot 14,

1 2 3 4 5 6 7 8 9 10

Extran, Corr, Cum, %Cum, Pop. at Rats at risk % MT
Interval MT Deaths deaths pop. MT MT start for month rat-month
L.300 2 121 2 1.6 121 121
300-330 1 121 3 2,5 119 119 0.8
360 2 121 5 4,1 118 118 1.7
390 1 1 120.5 6 5.0 116 115.5 0.9
420 1 1 120 7 5.8 113 112.5 0.9
450 3 2 119 10 8.4 111 110 2,7
480 1 118 10 8.5 106 105.5
510 3 2 118 13 141.0 105 104 2.9
540 3 3 1 117.5 16 13,6 100 98 3.1
570 4 117 20 17.1 93 93 4,3
600 4 117 24 20,5 89 89 4.5
630 4 1 147 28 23.9 85 84,5 4,7
660 6 3 2 116 34 29.3 80 77.5 7,7
690 9 2 114 43 37.7 69 67 13.4
720 11 1 113 54 47,7 56 55.5 19.8
750 3 5 4 111 57 51,2 44 39.5 7.6
780 7 1 1 108,5 64 59,0 32 31 22,6
810 3 7 2 107 67 62,6 23 18.5 16,2
840 106 67 63.2 11 11
870 3 2 70 66.0 11 10 30.0
900 2 1 72 67.9 6 5.5 36.3
930 1 1 73 68.9 3 2,5 40,0
960 1 1 \} 74 69.8 2 1.5 66.7
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Appendix
Table 9. Life table, Lot 17,

1 2 3 4 5 6 7 8 9 10
Extran. Corr. Cum, %Cum. Pop. at Rats at risk % MT
Interval MT  Deaths deaths pop. MT MT start for month  Trat-month
300-330 2 84 2 2.4 84 84 2,4
360 1 3 3.6 82 82 1.2
390 1 4 4,8 81 81 1.2
420 3 2 7 8.3 80 79 3.8
450 1 4 8 9.5 75 73 1,4
480 3 11 13,1 70 70 4.3
510 2 2 1 83.5 13 15.6 67 65.5 3.1
540 3 1 83 16 19,3 62 61.5 4.9
570 3 8 19 22.9 58 54 5.6
600 5 1 24 28,9 47 46,5 10,8
630 4 8 v/ 28 33,7 41 37 10.8
660 3 1 1 82.5 31 37.6 29 28 10,7
690 1 82 32 39,0 24 24 4,2

23 23 still living
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Appendix
Table 10, Life table, all Charles River '""COBS" controls.

1 : 2 3 4 5 6 7 8 9 10
Extran, Corr. Cum, 9% Cum. Pop, at Rats at risk % MT
Interval MT Deaths  deaths pop. MT MT start for month rat-month_

1.300 4 435 435
300 6 435 10 2.3 431 431 1,4
360 5 435 15 3,4 425 425 1.2
390 3 5 433,5 18 4,2 420 417,5 0.7
420 5 3 6 431 23 5.3 412 407.5 1.2
450 8 6 6 421 31 7.4 398 392 2.0
480 7 3 5 415.5 38 9.1 378 374 1.9
510 10 7 1 412.5 49 11.9 363 359 2.8
540 18 7 4 410 67 16.3 345 339.5 5.3
570 14 13 1 407.5 81 19.9 316 309 4,5
600 22 5 407 103 25.3 288 285.5 7.7
630 13 13 2 406 116 28.6 261 253.,5 5.1
660 19 9 6 402 135 33.6 233 225.,5 8.4
690 21 6 3 397.5 156 39.2 199 194,5 10.8
720 19 7 2 372 175 47.0 146" 141,5 13,4
750 10 7 4 369 185 50,1 118 112,5 8.9
780 13 5 1 198 53.6 97 94 13.8
810 6 9 2 204 55.6 78 72.5 8.3
840 9 3 367 213 58.0 61 . 59,5 15,1
870 12 6 225 61,3 49 46 26,1
900 11 5 236 64,3 31 28,5 38.6
930 3 2 239 65.1 15 14 21.4
960 2 2 241 65,7 10 9 22,2
990 0 2 241 65,7 6

1020 2 2 v 243 66,2 4 3 66.7

“23 rats of Lot 17 still living,
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Appendix

Table 11, Life table, Lot A (Fy of Lot 1).

1 2 3 4 5 6 7 8 9 10
Extran, Corr, Cum, %Cum. Pop. at Rats at risk % MT
Interval MT  Deaths deaths pop. MT MT start for month rat-month
300-330 60 60 60
360 60 60
390 5 v 60 57.5
420 1 55 1 1.8 55 55 1.8
450 i 1 1,8 . 54 54
480 1 1.8 54 54
510 1 : 2 3.6 54 54 1.9
540 1 3 5.4 53 53 1.9
570 4 1 ’ 7 12,7 52 51,5 7.8
600 1 2 54 7 12,7 47 45,5
630 3 1 53 10  18.8 44 43,5 6.9
660 2 53 12 22.6 40 40 5.0
690 1 3 1 52.5 13 24,8 38 36 2.8
720 5 52 18 34.6 33 33 15,1
750 2 1 ‘ 20 38,5 28 27.5 7.3
780 3 1 | 23 44,2 25 24,5 12,2
g10 2 1 ! 25 48,1 21 20.5 9.8
840 2 ; 25 48,1 18 17
870 3 1 : 28 53.8 16 15,5 19,4
900 3 1 | 31 59.6 12 11.5 26.1
930 1 j 32 61,5 8 8 12.5
960 1 33 63,5 7 7 14.3
990 1 : 34 65.4 6 6 16.7
1020 1 35 67.3 5 5 20,0
1050 4 v 4 4
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Table 12,  Life table, uniparous (Lot 15).
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1 2 3 4 5 6 7 8 9 10
Extran, Corr, Cum, %Cum, Pop.‘at Rats at risk % MT
Interval MT  Deaths deaths pop. MT MT start for month rat-month

300-330 1 53 1 1.9 53 53 1.9
360 53 1 1.9 52 52
390 53 1 1.9 52 52
420 1 52,5 1 1,9 52 51,5
450 1 54,5 3 5.8 51 50,5 4,0
480 51 5 9.8 48 48 4,2
510 1 50,5 5 9.8 46 45,5
540 1 50 5 9.8 45 44,5
570 3 50 7 14,0 44 41.5 4.8
600 2 1 49.5 9 18,2 39 38.5 5,2
630 49 9 18,2 36 36
660 2 1 49 11 22,4 36 35.5 5.6
690 2 1 49 13 26.5 33 32.5 6.2
720 3 1 1 48,5 16 33,0 30 29 10,3
750 1 5 45,5 17 37.4 25 22.5 4,4
780 2 2 42 19 45,2 19 18 11.1
810 1 1 1 40.5 20 49,4 15 14 7.1
840 3 1 40 23 57.5 12 11.5 25.0
870 ! 23 57.5 8 8
900 1 1 . 24 60,0 8 7.5 13.3
930 3 2 | 27 67.5 6 5 60.0
960 1 v 28 70,0 1 1 100
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Table 13, Life table, thyroidectomized (Lot 1).

1 2 3 4 5 6 7 8 9 10
Extran, Corr, Cum. %Cum, Pop. at Rats at risk % MT
Interval MT Deaths deaths pop. MT MT start for month rat-month
300-330 1 45 1 2.2 45 45 2.2
360 1 2,2 44 44
390 1 2,2 44 ' 44
420 1 1 2 4.4 44 43,5 2.3
450 2 4,4 42 42
480 2 4,4 42 42
510 1 3 6.7 42 42 2.4
540 1 1 4 8.9 41 40.5 2.5
570 4 8.9 39 39
600 2 6 13,3 39 39 5.1
630 1 1 7 15,5 37 36.5 2.7
660 2 1 9 19.9 35 34,5 5.8
690 2 2 11 24,4 32 31 6,5
720 1 1 12 26,7 28 27.5 3.6
750 2 ! 14 31,1 26 26 7.7
780 1 1 15 33,3 24 23,5 4,3
810 7 ! 22 48,9 22 22 31,8
840 3 25 55,6 15 15 " 20,0
870 1 ‘ 25 55,6 12 11.5
900 2 27 60,0 11 11 18,2
930 2 27 60,0 9 8
960 2 29 64,4 7 7 28,6
990 ‘ 29 64.4 5 5
1020 1 1 30 66,7 5 4,5 22,2
1050 1 31 68,9 3 3 33.3
1080 31 68.9 2 2
1110 31 68.9 2 2
1140 : 31 68.9 2 2
1170 1 1 32 71.1 2 1.5 66,7
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Table 14, Life table, ovariectomized (Lot 1),

1 2 3 4 5 6 7 8 9 10
Extran, Corr, Cum, %Cum, Pop, at Rats at risk % MT
Interval MT Deaths deaths pop. MT MT start for month rat-month
570-600 1 45 45 44,5
630 44 44
660 1 3 1 2.2 44 42,5 2.4
690 1 | 40 39.5
720 1 : 39 38,5
750 1 38 37.5
780 37 37
810 2 37 36
840 1 35 34,5
870 2 , v 34 33
900 1 v v/ 32 31,5
930 1 2 4,4 31 31 3.2
960 3 ¢ 30 28,5
990 1 3 3 6.7 27 25.5 3.9
1020 3 | ’ 23 21,5
1050 5 ‘ ‘ 20 17.5
1080 2 i 15 14
1110 1 l 13 12,5
1140 4 12 10
1170 6 8 5
1200 2 2
1230 2 2
1260 2 2
1290 2 2
1320 2 v vV 2 2




This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the

Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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