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Contributic b of the nvironment to auher' Incidence: An Epidewiclogic Excrcise

Maostconcars todi appea o bemduced by elements
orrgttes oan's enviroteent sather thon as aoresiih
of puiels oo o vial Lctons, W e med hamisin
e pretationes pencrated Lo clmsie obsery atons e can
cer etk vy they agree on the estent of environ
rental antioonce ancthe deselopment of cortam forms
of canecr Do the past o decades cpcdenialog i
storchios huy e o Lbveaned onn s cone (8 ] annd cuggest tha
cancer e not e amevitable consequence of aging

Dyoll (4 coed Plggomsomn (2 b arpued tha the fow-
estreportod catecr vates tepresent Chaselie™ or -
™ rates Goncrally any imoreases llmyhrw hase line
e cane he rnbined o connvivammental influenoes

s oncomparsons of haghe amd foveancidence vatios
medittercen vegions, Thggomon (2) condluded thar 909
of hunn concer modenees can be aseribid 1o cnvivon-
mental Laorors BovLand () clams that this same per -
centage s duc o chemiead components and annibines
the remaining 1070 of caoneer incidence to genetic, viral,
and vadiaion factors. We hune detined envivonmental
clements mfluens g cancer incidence as those oviginat -
g whollv o largehy ourside the host's body . These
e lide Cneinogens, Cocaramaogens, promotens, procan-
CHIORENS. i oTIeT o ey g agents. i nEms -
stavices, an wsufhioen: sonount of havd data exists o
ke delimne sunements concerning cancer mcidence
and cinsarn e Lactors. Pherelore, we have antempted o
estimate the extent that cancer inadence and mortalin
may be acbued 1o certin suspect cansative  factons.
Hopefulh s sichean anady s will stmobate furiher mean-
g hul studios then woll pevion farmobaion of more de-
e stements on cancer cansation, y

Lo determme more precisely the mflucnce of individ-
wal casative Lactors, the evidence velated o specilic
environmental clements has been examimed. Differ-
ences betwecn population groups, sex ratios, e
tends e demagiaphic and sodiocconomic variahles
hove been imvestigated We have asstmed that environ-
mentd Lo do mor alfear all population groups
cquadly - Athough vo gioup s antouched Iy enviion-
mental indlucnces, i gencral the popubiions wuh the
lonvest ves wonbd have thie least contact with specitic
causatne Loveas Phorclore, exaonmmtion of the ex-
enes of concer e didlorences by site comstitutes a
plavsibde Luosas Lo iterences on envitommeral causes,

BASIS FOR iSTHAATES
Intercountry and thiracountry Comparisons

Mot ol e vares for o cancer e
show st bl e es among conmtries (0 6) L he

cistitbaiin of extuemel bugh and low death vates has
been calvulaed The peveent difference hetween rates
for US whites and Tow sk comnties aned the dilfer-
ences between the ughe aned loscrisk connmries e oo
sented b tablos T through E D hese differences repne
sent the percentage of cancers m escess ol a baseline on
natial pate

The wonlihwde dhistnbution of mortaliny vares fon
wdes (able 1) ihastroes the environmental influcnces
onall cancer sies. Fhe vanio between Trighe aned low sk
Tales is Mreaten than 2.0 fon all fonms o coaneer. B e ot
for Jeukemia, the same s noe for fensde monalies
vatios. Phe proporion of incidence rares tor bath men
and women velated o envivommental clemens s e
coed i tables 3 md 4 Data have heen standay dized Dy
ageand the observed vaniations cannot he expalained by
this vaviable, Obvicsdy, it s necessay to consider dil
fevences in the qualin of vital statisticos relative 1o the
reportthilin: of the various cancers, the acouraey of
population estintes, and the accuracy of disease diag:
noses. In some of the less developed conmes, fon
example, ivis hlelh thaemartading joed madence dat e
underestimated; however, data Trom selear cancer regis-
wies that nen be regarded as move accarate adso ndicane
comparable Lige differences between high- and low-
visk populations. For example, the Ununed Stes and
Japan have high siandands for vecording vital stanistics
and the lavge variion inincdence vates is apparent
between these countries (tables 5, 6). 7

The effecr of envivonmental Factors on the imadence
of cancer ¢ abso be evaluated by the comparison ol
es within a given counny Pevhaps the miose stib g
example is the percent excess of shin cancer vates This
disease is veled dieatly 1o the intensiny ot length ol
exposure to sunhght. A simil . though Tess distincnve.
excess dilference has been found in the modence of
melmomi between the notthern and southern regions
of the United Stues (8). s relationship hetween ina-
dence of mckmoma and exposure 1o sunhight has bheen
demonstiared i Istael as well (9).
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WYNDIR AND GOR)

Apeadpusted make martality ratiox for hiph- and e risk

pepelitions aned for U8, whites by vancer site, 199667

Cancer rink

Trnchew, brons bus,

| T T —
Stumach.

law rink
vountyy

Portugul

United States
or whilew

S us

white®

364 71 Scotlund

Higherisk country’

T8 Japun

Prostate Japan 69 24 Umite d States
(lur von-
whites)

Intestine exeept Japan 39 4.9 Scotland

fectum

Esaptiggus Norway 1.3 59 France

Luryvns Sweden IR 198 France

Reetum Chile 24 4K Denmark

Bureal vavaty, buravl 31 7.2 France

pharynx

Pancrens Italy 19 23 United Staten
(for non-
whites)

Wadder Japan 21 33 8 Afrun

Skin Japan 34 55 Avstralia

Daver, biliary Norway 1.6 53 Japun

P AR
Thyroud New Zealand 14 65 Switgerland
Leukesma Japan 20 2.1 Denmark
o - '—a'_'—‘“ e e

* See (5)

FULS moriality rate

How-sk wun!f_\f'ﬁlﬂnhl) rate

“Hhghonsdk country mortulity rateflow-risk country mortahity

A sives by Hoover e al, (10) shoseed diffeve e es i
rates for vanious types of cancer among; counties within
the United Sties, The cancer 1ates were hagher an
certnn mdostrid comntics than in nonind usefial center s,
expeoiadly for bladder anet bang cancer. However, std-
avelization of data by stobkingg habits for some cancers is
necessary befoe etnlogie Botors can be determimed

Intraconney ditforences oy stomach cances sl
tivolve lngher mcedence vaes v marthers tegions thia
in southern reggions. o Yugoshavia, for example, gasinic
cancer s L more common in the north than e the
south (11), andd sionilar, though not as extreme, differ-
ences exist in the Umited States (20). Reasons Tor these
peographic differences remain undlear hut appear 1e-
Lited ta dhetary praciices.

Populmion groups such as Seventh Day Advenuists
aned Mormons provide well-documented evidence of the
mfluence of environmental faciors, notably dict and
steohing habits, on cancer incidence (12, 13). Raoal and
ethnie dilferences within a countiy also provide insghs
into probable covivemmental influence an canees rish.
For instance, Jews have a low rate of cancer of the upper
alimentary tract, related 1o their low intake of alcohaol.
Gervical cancer among this ethnic group is one-enth
that of the general population (14, 15). In France, the
mcidence rate of esophageal cancer is significanthy
higher in Brictany than in other provinces: this is con-
sistent with data on the intake of alcoholic heverages
peculiar to this area. Raciad differences arve ilustrated in
the significantly greater incidence of prostate and cervi-

rate
Tanir 2 -Ape-adiusted fomale mortality ratios for high- and tow-
risk poprdotons and for U S whites by caneer site, 1966-70*
Cancer risk l::l':;'r:" :{’i‘, High-risk country®
Sromach United States - 7.8 Japan
(for whites)
Hreast Japan 55 6.6 Netherlands
Uterus (all parts) Isracl 18 4.7 United States
. (for non-
whites)
Intestine, except Japan 37 4.3 Scotland
rectum . ~
Trachea, bronchius,  Portugal 24 4.2 Scotland
lung
Rectum Chile 1.6 3.3 Denmark
Pancreas Ialy 19 2.4 United States
(for non-
whites)
Esophapus Austria 10 6.9 Chile
Bladder Japan 1.5 2.4 United States
(for non-
whites)
Skin Japan 25 4.2 Australia
Buceal eavity, Federal 24 38 N Ireland
phary i Republic of
Germany
Lamynx Norway 44 168 lreland*
Liver, biliary New Zealand, 16 4.1 Federal
Passagie Federal Republic of
Repubhic of Germany
cl‘l many
Ovary, Lallopon Japan 39 59 Denmark
tubse, heoad
Bgeamient
Thyrond Australia 11 4.0 Austria
Levikema Japan 16 1.9 Iarael L
" Kee (5)

Tavre 3.—Age-adyusted incidence ratios for high- and low-risk
populations and for U.S. whites by cancer site: Males”

Low-risk

uUs.

Cancer site coutitey white® High-risk country*
Lung, Nigeria 4“7 72.1 United
bronchus, Kingdom
trachea . 1
Stomach Nigeria 9.5 794 Japan
Prostate Israel 12.8 14.0  United States
(Hawaii)
Colon Rhodesia 50.0 60.0 Canada
Bladder New Zealand  19.7 214 United States
(Hawaii)
Rectum Rhudesia 136.0 136.0 Canada
Esophagus lsracl 36.0 361.0 Rhodesia
Pancreas Nigeria 66 14.7 New Zealand
Kidney Nigeria 1.8 94 Sweden
Larynx 8. Africa 16.7 34.5 India
Nasopharynx S. Africa 70 104.0 United States
(Hawuii)
Skin, Japan 420 62.0  New Zealand
melanoma
Small intestine  Rhodesia 10.0 11.0 Canada
Liver Poland 23.0 4750 Rhodesia
Thyroid 8. Afrien 200 57.0 United Stutes
(Hawa)
Leukemia Rhadesia 5.2 7.0 United States
(Hawaun)
Lip 8. Africa 110 286.0 Canada
Tonjue United States 26,0 1400 India
(Hawau)
Pharynx Canadn 200 160.0 Indin )

* See (6) and (7). adjusted to standurd world papulation.

* See foutnotes b nind ¢, table 1.

* Sev oot boand ¢, tabile 1

J NATE CaNcInr NS VOL. 5K, NOL 4, APRIL 19T
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EAVIROS SN AL
. Taww & Ageadpited inerde e vaitios for hagh amd be 1asd
populatvons aral for U S whates by caneve spite Fomales®
Caneer cate "‘:::“'l"';l‘ “"z':.. Hagh vish conntry®
Breast lsaael 70 79 Unined Siate
g Hor whtes)
St h United States -“"w Japan
(Hawan)
Cirvin buraed 651 296 Rhodeaa
Colin Mebiowte 1 440 550 United Srates
(1] BTV
Laitg by N 121 377 New Zealad
chu, tracliva
Uteras Japan 13.7 183 United Stites
Hlawain
Rev i Rhonde 1 K LG 0 Canada
Bladder UVhited States 410 5690 Rhudesia
(] ] BT
Skin, mela United States 4000 9.0 New Zealund
noma (Hiwan
Kidnes Nigeria KRN GO0 Sweden
Panereis Nigena 6.1 153 United States
(Hawamn
Esupingrus | SRR 110 3610 Rhodesia
Nocoplioryna Calombia 2.0 46.0 Unned Sttes
(Calnr (Hawain
Latynx 8 Aflwa RO &80 India
Studl mtestine Canada G0 =110 Canada
Laves Inda no 3420 Rhodein
Ovany Japon 64 BT United States
(Hawan
Thyrvand . Hungary 71 295 United States
(Mawaii)
Leukerin 5 Africa a0 B4.8 Rhodesia
Lip Japan 2.0 19.0 S Africa
Tongue Rhodesia 90 300 8. Africa
Pharynx Hungary 50 440 India
“ See (6 and (71 adjusted to standard world population.

! See footnotes b and ¢, table 1

Tanir 5 —Apeadpusted vicadence per 100,000 population of selected
cancer sttes for males an the United Stotes (Connecticut) end Jdupan
‘ (Mivag)”
Site United States Japan Incidence
ratio®

Bronchus, trachen 440 15.6 28
Prostate KxXU 3.2 10.3
Colon 267 41 6.5

= Bladder 199 47 42
Kectum 163 48 34
Stomach 147 953 0.1
Pancieas &1 6.7 1.2
Kidnev 76 1.8 4.2
Larynx 15 2.4 31
Esophapus 57 145 0.3
Maouth 10 11 36

" Adjpusted to world population. Data from (6)
" Represents US oncudence/Japan medence

.

cal cancer observed o blacks as compared 1o whites in
the Unired States (8)

] Sex Differcnzes

Fhe ctfear of envivonmental Lactors is also indicated
by ahe ditferent vates for ndes and females of certin
privvaily Snon sox linked” ipes of Gaieer (e, those
ot bileb o b dopenedent on spectbic sex hotmones). As
expected, these dittorences e bagest ainongg the -
Vo M, N, (X

ooakun
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CALSES O

CANG IR L

Tawin 6 Apeadiestod ewendones poe 1O (00 prprinlartaen of seliy todd
vancnn sites e foales an the United States 1 Commeetioutd amd Joguan

Mg
Sile United States JDapan '.:'_"‘::‘:." v
Theast €25 1o hE
Calon - 207 a0 6t
Corpas wten 1A [ ni
Ovary 1ni R0 hh
Rectum | (13 5o 21
Bronchu-, traches TR G0 14
Stonach GR “i 01
Blidder 54 16 KR
Pancreas L] AR 11
Kidney ahn 07 H0
Esophigrus 14 49 o
Maouth 14 06 23
Laryny 08 n3 24

* Adgusted to world population. Data from 61
! Represents U S mcidencedapan incidenes

i
" j G mALE
O FEMALL
L ns
I~ ".’n tye |
g i ' .
g ol {
§ ! ‘ 1Th gy
& wes 111 [ ne
= ' i l
wl ] i "ns i 1
: : ;‘ P F’ $a. . g
L e
RESRRVARTIRTER AN R B
long e Weay Brgtom  Bures P U T ) [ [EEY Y
Pezrra Swatem Covred [
Tracnen Pharyss

3

Trxvmcur L=Average ammal age-adjusied TI950 standaid) -
dence rates per 1000 population, by prines site aned ses o none
sex-lshed cancer smes, i the Uniied States for 1968-71 (7)

bacco-related cancers (text-fig. 1). Some of the obseryed
differences ave decreasimgg. ame this rend is expected 1o
continue as women are exposed increasingly 1o the
work, social, and recreational envivonment of men. Fon
example, three decades ago there was approxinnucls
G difference in lung cancer vites between males aned
females. This difference diminished considerably as
more women began smoking cigareties. Thus, as envi-
ronmental exposine for women increases, similar ingi-
dence vates of non-sex-linked cncers can he expected
for males and females.

Time Trends

Another uselul approach in determining the role of
envitonmental Lctors in carcinogenesis is the investiga-
ton ol the change in cmer vares within o specitied
peviod of tme. Lang and stomach cancer deatly pates
fon TS men serve as prime examples (est-tig 2y Sime
PO hicre B been a steep and steads anorease i lung

J ONALL CANCIE INsg
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Desvrreir o Nl camer dbeath poes vtk Uined Seates By

PO ton 1000 Cagee bt ol s ity

oo, ths v comsrdent with aneve s d Opaeite sinal,
g 1l I her
shanp decicase st e cancer, however , suggesis o

aeneral popalonen dvvigg this penod
decrease v some convmoranental clemomt or the intro
duction ol o dictny protective Lacten (s)

Case-Cunten! Cludicn

Koo pective and prospective epidemiologic stadies
can contobate pot andy oo an understading ol the
wcidenee of caneer m e p[gm"ul apven etiologic
factor bot alo toran morcased knowledge of the eninlogy
of such caoncer Such stadies depend onrehiable veport-
g ared veyastanon of data. -

When speaihie enalogic agents me suspected and can
he veadihy adentitied (e, tobacea, alcobol, and induas-
tried vaterals), case-contral studies are of value e esti-
miating deathorates i the presence of such agents and i
detevimang then enolagzic vole.

Revrospective wind prospoctive studics implicating to-
bacco smobg w the etiolagy of Tung cancer suppont
avilahle vital seaistes. Dana frome these studies indiciae
that visk fon this cancer and cineers of the oral canviny
and Loovos ave low (1=17100,000) 1 the absence of smok-
ing (16 19, Incaddhtion, about 30-50% of the mortalin
in males hromcancer ol the esophagos, kidney, bladder,
and pancreas has been shovwn to be related o wobiacco
usage, especiatly in the form of dgarettes (16-23). The
lower vate fos these cancers m females s consistent with
the patterns of wohacco tisage among women

SELLCT ENVIRONMENTAL FACTORS
Tobacco Use

Fpidenmologie evidence for the contribation of 1g-
bacco usage to developament of cancer is overwhielming
(lo-27%)

Prospecting stuchies Tuve dotenmmed \|N'("il vates of
gy cancer i stobiogg and sensmobing populbitions
(o) 1 hese stadies hanve shioson thad the mone definitne
thi l||,l-.|.-nrs ol lunv,; Caneer (s il i reris of RULIHE
et oat cldl cancen), the lovwer the rate of Tung
canrcer v notesanebers Plomenud (160 showed aovate of
o000 000 bor memeaiedang mdes with listologically
proven sopreinons or ot cell Tongg cancer . Doll and 1Tl
(1) shiosod oo deanh vate ooy ionsinabang Bonsh
witle plov wonime of ands O 5 0. Prospedctive stndies
of the socurence of baohgoeally established lung cane
cer e nomenedang popalitions s the best was to deter-

I SAIE CANC R INS

WANDIE R AN ol

e bose e e ol Tongs cancer among nonsanolers

Fovcrcases i canieer ol the g have becn steadds s
the 1030 whien the ety vate an the Uonedd States
was veponted o be fess theen 10106 G0 teahg. 1 lyts
correlates with a steadds morease e eranetie sk
during tas same perioed . Phe imoreases are more o
edent Bon mndes thon temdes, whie b consistent with il
fact thon b sonod g s erpragied e by women than I
men ol compaiable age

P camcer vaes of popubanons suchoas the Seventh
Dy Adventisis, who e pearhy all nossmobers, e
more than 86¢ loser than the vares of the TS0 poguils
ton i general (21)

A veducton of vk has also been noted omong fonge
tevin Biler eyt smokors g compared o nonhilics
ciggarctte smobers ¢0) T addiion, simabiang cossation
s leed v peadial veduction e the vare of lung cancey
1o the level of a nonsimioker

Nutrition

Anextensive amount of date relating nutntion to
caneer was recenth presented i (22)0 T his selanonshp
s comples and somctimies perplesing to those who view
carcinopencsis principally moaenmns of a “spedilic carcino-
pen ' We helicve thar specilic cncinogens play amini
mal vale in the relationshng between mneimon and the
development of cancer: Rather, notitional deliciends jes
and or excesses are of great snporancee as sources of
procavcinogens and modiving facions

The evidence hnking dict to cancer is abtaned by the
comparison of nutpitonad babits and speabe cancer -
cidence vates among ditferent commtries or population
groups. Comparisons asmong countries andicare i
“overnutrition” is an etiologic factor for certaim iy pes of
cancer. Such indications are supported by studies which
mdicate tha cancer patterns of migvant populatons
tend 1o diange and approach the Jevel prevalent i the
host conntey (27, 24). Change in visk patterns for gastr i
cancer has been linked o diers high i carbolisdrates
and/or mivvate and losw e L and or froit and vegeta-
bles. Tiogeneral, the role of nuriton m cancer etiologs
is strongh supported by the many epidemiologie stadios
conducred (2547 ) Present knosledge provides provok
gy clues maphicatmg such dietary factons as Lt ad e
ntike, excess catorie ke, and muviional habis thae
alfect the hormonal and metabolic balinces, Additional
studies e necessany o elucidiate the precise role of
specilic dictary components,

Dictany clemenis and nonincorporated contaminants
are most hikbely the vesponsible Lctors in gieer vares.
This view as supponted by daa feom ongran studies (23,
25) and Tromn tntracotny studies of population groups
Ivings i the sane convivomment (8, 12-75) Other data
have Boked a decdhne i gastrie cancer imodence 1o an
nproved dictoy expericnee (24).

Several examples sugesting diet vabier than contain-
s s csative Lactor s veadily bnong he to ol
For esample, an poltution conditions between the
Uit States el Lpan aove sumiban; hosever, the dicis
ave ditovent and L as illastted e tables B onnd 6, e
cancer incidence vates Tor diwrarcbed sites e dissing

«
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Lavs The diers af papbation prospeosuchoas Seventh Day
Adventsa, Jownh, and Bl populations vary preatly
fronn those ol the general U S, popuilation and these
dilferenees are vetieated we then cancer yates (8, 12, 14,
I5). 1 b Do women) 1hsr, i connta s miprrave then
||il'l.ll\._t_:llrlitl_lg_q_'. JdsliIe Caliee “ dechine (27).
Sllltwhlgc aeessive wnonnts of tabacco-type can-
cnogens, ot then aid uw Caneers i not
sphicanthe different brom o of ubnsanokers; this
SURESIS FIt il s anis 0 € 501 catisiad e Leetens
fon thece povie ol Gmcers Thore are noepida inolog
ot b i st oo b Bty es o contanming ots sie b as
PV e coadogiie faetons (27, 47), Longetersn sudies by
Avnstrong aad Dol (88, 45 bave shown th i the vate of
Dhatder comoor e dibiene petiems is not Ligher o
vates for the peneral populian

Al 2pg Vdaler Fatiutinn

Constderat e giention hus boean pad 1o aiv pollution
asa cansaine Lctea i vatien of ciicers, such as those
ol the iy stotachand prosene (46 -48). Stadies bave
concentrated on the elfcos of pollution through expo-
sure S dicenimhalation of poflured air and wgestion of
natter depocied on vinious vepetables and fruits, How-
ever, variablos such as :u;.uumﬂ’inu anel sactene con
nomic Lctarcrend o complicate an walysis of e potlus
ot e cancer sk

Fravment's study (493, which encemypassod 41 states,
mehicated no differences i lung cancer rates when daia
woere standisdizes] for digarente smoking. Similily
Bueli and Dunn (46) found no differences whien differ-
ent levels of air pollution were studied in California.
However . the more vecent study of Pike et al. (48) has
linked polvesdie hivdrocabons in air to lung cmcer
tisks,

Haminond's review (50) empliasizes the difficulty of
accuratehy mcasuning the amount and degree of air
poltutant expoune enconntered by an indiviedduad Flam-
mond has analvzed the Amevican Caneer Socicty's pro-
spective data onomales hving 10 years or more in their
present areas Noosignificant difference was fomd in
mortality fronn lang cancer m rekation o either yesi-
dence or size of rosidential envivonment. Fuyvthermore,
when acoupatonal exposures were exeluded and data
standindized by age aned tobacco consumption, geneval
urhian pollotion clements were not found 1o he etiologic
Lactors in Tung ccer aisks. These dita support the
carlier werk ol Dall and TG ) Pavther insestigation
i needed o nndersand the complos epidemiologic is-
sues involved nan polfation and cancer,

Arecent stady of the drinbing water in New Orleans
sugpests that clonuned hydvocarbons conld presem a
porentid cncngenic hazared bor oman (32). Fature
stuhies e meeded o deteriine hacardous dose Tevels
of Wi contamin s

Occupitional Feposure
Fhere i o guestion that ot occupational espu.
stres ancrease nisk fon parieala cancers, Specitie agents

LAY LI TN PAPRTRTI A (UYL PRPTTTY PRI 7L T

Ven o N No 1 ke 1R

PRVIROSMINIAL CALSES OF CANGCIER K2

ave hsted e bl 70 Samme of these agents, pariienboly
whestos amd o duse, extalie svieoste elfecns
with ongaretie smole, thns wereasiags o smobaor's nsk ol
long cancer Both wramiun dust aned ashe sios exposine
g dead tocnen mcidences i the absence of siob g
Other agents i tabile Tare abvo mdependent Gaana-
penid.

Cencrally, the ity reponed on ocenpationaebaed
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