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SPECIAL ARTICLE 

SMOKING AND LUNG CANCER 

A STATEMENT OF THE PUBLIC HEALTH SERVICE 

Leroy E. Burney, M.D., Washington, D. C. 

The Public Healtl1 Service is tlceply concer11ed 
with the increasing deatl1 rate ft on1 \upg cancer i11 
tlie Uhitea States and i11 other parts of tl1e ,vorld. 
Cailcet' of tl1e !ting is increasi11g more rapidly and 
ca.~sing more deatl1s tl1a11 any otl1er form of cancer 
tn the adult male population. In tl1e United States, 

e dec'l.tb rate from lung cancer among ,,,hite 
en (a,_ge;.aclj1~sted) ,vas 3.8 per 100,000 popt1lation 

jn l~O; by 1956, tl1e rate had risen to 31.0, 1 a11d 
mo.re tt\an 29,000 perso11s died of lu11g ca11cer in 
that yeEn: (fig. 1, table 1). A rising death rate of 
this 1nagllf h1ne arrests tl1e attention of every phy
sician, private practitioner and pt1blic l1ealtl1 offi
cer ~ .se. 

Many ii;tvestigat0 l·s l1ave ir1dicted cigarette smok
ing R$ t-e$.pOusible in large part for the increasing 
lun_g ca~cer death rate. Otl1ers l1ave denied this, 
saying, that increased volt1mes of automobile ex
~ust .fumes and i11dustrial vapors polluting tl1e air 
. e largely, responsible for tl1e cat1sation of lt1ng 

cer.-z ~he p<Jsstbility tl1at tbete·are c>th.er £actors 
-,et 1mkne\vn ~'> al$~ bee.11 strggested. 

'l\vo )'ears ag9 l made tb~· fo}lowing state~e nt: 
••. The Publi e Health Ser,4c:e feels fh~ weJgl1t 

the evidence is •incr eas in gly pointin g in one· 
' •tiol'i: th ~tt exeessive sm:0l<lng is one of th e 
mative £act01~s in lung· oan c~r ." 3 Otrr belief then 

based 011 .reports t.ha~ )1ap been accumulating 
more than 30 years. Since 1957, additional 

dies, s0me from our own staff, have contributed 
iW inf~limation . I wish, in tl1is paper, to revie,v 

~a in those publicat ions the Public Health 
ee Jias felt to be of partict1lar valt1e and to 

&. our interp1·etation of the material presented. 

The Smoking Hypothesis 

h their classic stt1dy in 1928, Lombard and 
· g • n0ted an association between l1eavy 

king and bt1ceal cancer. Later, examination of 
trends in mortality showed that the death rate 
luoi cancer was rapidly increasing. Tl1is im-

~ tely raised tl1e question of a possible asso
tion of smoking witl1 broncl1ial malignancy. 
~ studie ~ 5 i11 different countries showed a 

. Pt0p0rtion of smokers in lt1ng cancer groups 
· Jll Clontrol groups. 

Ci!n.11rnl, United States Public Health Service. 

Lo1ribard and Snegireff .-The latest paper 6 in tl1e 
j\ifassacht1setts studies on lung cancer and smoking 
deserves particular mentio11. The documenti11g ()f 
each case is t111ust1ally thorough, covering a ,vide 
range of factors. An extensive series of co11trols 
was subjected to tl1e same scrt1tiny. In a series of 
patients known to have died of lung cancer, fottr 
variab les showed sig11ificant correlation and asso
ciation: frequent or chronic respiratory conditions, 
l1eavy cigarette s1noking, heavy consumption of 
alcol1ol, and outdoor work. Of these four variables, 
l1eavy cigarette smoking l1ad by far the strongest 
relationsllip to lt1ng cancer. ''About four-nftl1s of 
the persons witl1 lung cancer were l1eavy cigarette 
smokers (more than 9,125 packages), ... about one
third had frequent or cl1ronic respiratory co11di
tions, about one-fifth ~1ere engaged in outdoor 
occupations, and abot 1t one -seventh were users of 
alcohol in excessive amounts." 

However, there W•as criticism of the retrospective 
(l1istorical) method, on which tl1is paper and tl1e 
earlier 011es were based, as being subject to u11-
avoidab le bias. The following tl1ree studies, recently 
published, were designed therefore with a pro
spective ( continuing) approach . Doll and Hill ., 

• 
reported from England, Hammond and Horn 8 for 
the American Cancer Society, and Dorn 9 from tl1e 
National Cancer Institute of tl1e Public Healtl1 
Service (fig. 2 and 3). 

Doll arid Hill.-The Doll and Hill study 1 is a 
continuing analysis of 40,701 British physicians. 
An1ong male physicians 35 years of age and over, 
in the initial four and one-half years of observa
tion, 1,714 deaths have occurred, including 84 from 
lt1ng cancer. Deaths from lung cancer increased 
steadily with increasing amounts smoked; for non
smokers the age-adjusted death rate was 7 per 
100,000 of this population; for light smokers, 47; 

' 
for moderate smokers, 86; and for heavy smokers 
(more than 25 cigarettes daily), 166. Giving up 
s1noking reduced the susceptibility of a smoker tQ 
subseqt1ent developme11t of lung cancer. The de
crease was greatest in those who had given up the 
l1abit for a decade or more. Those who continued 
to smoke more than 25 cigarettes daily from the 
beginning of the study had a mortality from lung 
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cancer J1ea:rl)' 40 times tl1at <>f the n ousn)oker s. Pi_pe 
sn1okit1g ,vas associa ted ,v,tl1 11 Lng can cer to a 
losser degree tl1an ,vas oigarette sruclking. 

Ha·n1rndnd <1t1cl H or1i.-.:E-I.1mmoncl and Horn 11 ]1ave 
been conducting a longih.1dinal stu dy of 187,783 
white men aged 50 to 69. Analyses ~,it}1 tegara 

TABLE l.- Cancer Ot¾lth Rat~ ·0 per 100,000 Wli l te ll1en, 
by Specifier] Sites 011d Selett ed 1' ears, 1930-:1.!)56 

Year 
Ganeer Site )0311 1r,a.; )940 194:i l!li\O 19:i.5 10:\11 

Stomach . . . . . . . . . . 33.8 31.i\ 27.8 24.9 20.3 16.2 16.1 

[ntestioe . . . . . . . . . . 11.1 12.9 1~.(l 16.2 14.7 14.8 15.3 
Rectun1 ...... -.... G.3 7.(j 8.8 8.8 8.3 7.8 7.7 
Luog, trachea, Rnd 

bron .cbus . . . . . . . . 3.8 11.5 10.2 14.2 20.8 28.9 31.0 

Esop hagus ...... . 3.3 3.1 3.8 3.8 3.9 3.7 3.8 
~kin • - •••••• ♦ ••••• 4 .(l -1.6 ~-2 a.a 2.() 2.7 2.7 

• .<\.ge-adj usted to the Gnlte<l St11 te~ 19:;o ,vhite 1nale populatfoo. 47 

to lt tp.g cancer in tl1is age grot1p at the end of 44 
mQnt;b~ support the finding~ of Doll an.d Hi.J]. TJl'e 
82,892 rrieri w.ho neve:t· srn ol:ed had an l:'\ge-adju~ted 
death -r ate &om all types of 11mg cance r of 12.8 per 
100,000 map-years. On th e oilier li;md the 63,332 
men wl10 gave a l1ist0r y of smoking c~are ttes ex
clusively sl1owed an age -adjust~ deatl1 r-nte :Et0n1 
this cancer of 127.2, a r~ti~ 0f 10 to 1. 

This study of Hammon~ .mcl Roxn is of 11a:rticular 
interest since the reports 0£ fhe jncili~ dt1al d·eatb s 
due. to lung eaneer were carefully ·cbeck<:d and i:J1 
m0st p~ses verified by mi~ Qsc0pi e diag,,10sis. Tl1e 
t\l'lfl.0'1' death s proved by tissue section co.ostitatecl 
\--Vgat the at1:thors callecl tl1e '"',vell-establ'is1led 
cases,'' on wbielr £m1b.er detailed studies '\l\.,erc 
mad e. Aaen o~ reinoma of the lung w~s excl11ded 
fr.om $s gt;o\1p and treated s~parnt~}' b~cau.se 0£. 
tlte small :number of eases (82) an<il ils0 because. 
of the general · feeling that adenocarcinoma may 

35 .....---_;__;_-,-..,....,-------- -=----___,:::.,__---e 

. ~ 
j 
o 25 -&. · 
8. 20 
§ 
' 8 15 -.. 
l 

-- ~ 

- - ~Stomach 
' - - -- .... 

lnte,tine, . - · 

--. ,,.-, . --- ·+ - • ,,. - . 
~Rectum 

-- ·---·-·-· 

J! 10 
3: ------ - -- - ---- -.... - ---

5 F ,;:'~==::::-::~~-""7:!:u:!;:L•.::. .. ~• • ~~•~~•~~"::~!:a;_~~~-::;:•:_::• •.:.:••.:..:"-:::•=•w-d P'-·-·········-·· ··-··· kin " 0 ____ ....., _______ ......, ___ ,._ __ """"""__, 

}9~ 1935 19'40 1945 1950 1955 

Fig. !.-Tr end in age-adjusted eitncer death rates among 
white men, for specified sites and years, 1930-1956. 22 

be less associated witl1 smoking than are 0ther 
forms. Tabl e 2 summariz es much of the -Harrunond . - . 
and Hqrn study. 

Witlun the grot1p of ",vell-established cases" th e 
diff~.reia.ce .in death rat es 'between the nonsro 0ker. 
and the heavy smoker wa~ striking. th.e .1·atio being 

• 

64 to 1. For t hose "vho l1ad previ oasl)' smoked 
cig aret tes but had sto pp ed tl1e death rat e was 
sigi1.ifioa1rtly redu c~cl, and, as tl1e peric>d witl1out 
smoki11g length ened > th e d ea tl, rat e b ecame pro
gr essively lo,, ,er, aJth<>ngh il neve r re ached tl1e 
rate of th ose ,ivl10 l1ad never s1n oked (fig. 3). 

Dorn .-Th e D orn sluc)y p opulation ° consist ed of 
24~,000 U. S. g<>\1ernment life ins tu:ance policy 
hoJders. At the en d <)f ~ 10 and one-half years of 
tl1is cc>11tinui:I1g study tl1ere l1ad been 7,_382 dentl1s 
in tl1e group . Tl1e increasecl pror)ortion c>f d eatl 1s· 
:fro1n any cause arnor1g the i5mokers as compar e d 
,1vith the nonsmokers wa~ greate-st for cru1cer of.the 
]11ng. The death .rate from tltis malignancy a.r11ong 
regula r smokers of ci_garettes vvas about 10 times 
tllat in the nou~moku1g group. Regular cigare tte 
sm0k~rs wl10 lla d st<>pp~ed smo kin g 0igaret tes be
fore tl1e st11d}1 b ega n in 19$4 had ;i lo,ver n1ortality 
tllan those ,vl10 ~ontinuecl t<l s1nol<o: bo,v.e,·el'., this 
rate ,vas sl1.1l 30o/c great<'r t ha11 &,r r1onsn1okers. 

Doll and Hill 

Hammond and Hom 

• Dom 

0 s 10 
Number of Death$ 

F;.g. 2.-Number of cl~at'hs from lung cancer in smokett 
for encl, death in nonsn1ok·el"S, by study. 48 

C-ritici.s,n of tlie Sn10lc.itig. H y7>otl1esis.- ot 
investig~tors are i11 ~greei.11et1t with the ceoclusiOJJS 
renched b.¥ these 11es·eru:che1·s·. 

Berkson ti) noted that the data of .Hammond 
rlotn and of Doll and Hil] pojnt not 01)ly to 
ass<,cia.tiO':!) b etween sm01-in g . and lung d\ J'lcer b 
also to a wicie variety of diseases ne, ,er 1,tes:um 
t o nave th e same etiol0ro; as cancer. He SU 

-eh~tf som~ other explana 1ti 011 ~ ust be so,~gl1t. 
ing , "l . ·TJie obser, ,ed asS<>ciatic~ns ru-e 'si,uri 
th at js, th ey have no bie:>logi~ai signilic.1,nce, 
a.Fe the 1·~ uJt oI· the interplay df v-ario tl.S s-u.btle 
c~>roplicated 'biases.' The C!lefimtive vm·rables, n'1 
ly a 1rl~tory of smoking and tlre .eause of death, 
tls observations, subject to censid(}rable error~ 
tJ1e smi1Jles, not having been Qptained (t>r o 
able) by scientific snmpling met11ocls. are 
lected.' ... 

"2. Tl1e observed associations have ll 00 

ti0na.l basis. Persons who are nonsn1o~ers. gr 
tive]y ligl1t s~ok~1·s, are the kind of peopl~ 
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are biologically self-protec tive, and biologically 
this is c0rrelated witl1 robustness in meeting mortal 
stress fro.tn disease generally. 

"3. Smoking increases the 'rate of liviJ.1g' (Pear l), 
aad s1nokers at n given age are, biological ly. at :.u1 
age oJder than their cl1ronologic.: ctge. As a result , 
smokers (in pa1·ticrtlar, l1eavy smokers) .. u·e subject 
to the deatlJ rate of nonsmoky1·s or relatively lig11t 
s1nokers ,,vho are chron.ologicnlly older .. .. " 

Little 11 speaking for the scientific advisc>r)' 
board of the tobacco ind t1stry researc 11 committ ee, 
questioned "the existence of st1fficie11t definitive 

Hammond and Horn 

groups would be expected to differ in cancer inci~ 
dence. . . ." He quoted a stud) ' of tl1e smolin ·g 
l1abits of identical and frat ernal t,vins in st1pport 
of his thesis. 

Brooke, 13 after an extensive statistical study of 
deatl1s from lung cancer in England, concluded 
tl1at tl1e initial development of cancer of tl1e lung , 
or some predisposing condition, occw·s many years 
before the overt disease, probably during the 
"teen" ages, a11d that tl1e ca11cer of the lung 110w 
seen may have been at least partly deter mined 
dt1ring tl1ese younger years. He believed tl1at early 
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.Fig. 3.-Age~adjusted Jung cancer death rates for smokers, exsmokers (persons who had given up spioking for 10 years 
m-more irhen intcrviewecJ),~ and nonsmokers, by study.49 

evidence to establish a simple cause-and-effect ex
pla1ratio11 of the complex problem of lung cancer." 
~e also said, "Many experiments on inhalation of 
ctg_atet te smoke in animals l1ave failed to produce 
8 single cancer similar to the most prevalent type 
of lltng cancer in htrmans." 

ll'ris11er 12 questioned ,vhether the genetic factor 
can be dismissed. "There can therefore be little 
dotibt that the genotype exercises a considerable 
infliteu(:e on smoking and on the particular habit 
of smoking· adopted . . . genotypically different 

in tl1e present centt1ry there was an "explosive 
increase in broncl1ocarcinogenetic forces." He did 
not attempt to identify these forces but suggested 
that they were environmenta l, st1ch as motorcar 
exhaust or radiation. He believed that smoking 
cannot be considered an etiological factor in the 
initial stages of the cancer, if the disease does 
commence as early as he has suggested. "On the 
other hand," he said, ''it would not be entirely 
unreasonable to suppose that bronchial or pul
monary changes produced by other factors them-
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selves e11cousage a desi re to sLnoke:'' The re may be 
secondary agei1ts respons ible in t11.e ":final effior.es
cenee'' 0£ tl1e disease in later years. 

E erdan, "1 also in En gland, noted th at dea tJ1 
rates fr om tub erculos is•a1J<:l l l:i-ng cancer seem bound 
toge tl1er as a constant. As on e h as gone dow n t11e 

TABL J!; 2.-N "n1ber of Deaths and Age-St and ardized Death 
Rates 0 from Lting Cancer by Sniok ing IfabU.si 

Death~ 

Well-Es tab • 
lished Cases 

(Exelud -
ing Adeno- Adeno-

AJI u11se,; carcinoma) carcinoma 

l. Smoking Habits Xo. Rate ~o. Rate No. 
Ne\'er smoked . .•.•.. • , • • • lo 12.8 4 3.4 <) -
Occasional only . . . . . . . . .. . 8 19.2 5 11.9 1 
Cigars only . . . . • . .. . . • • .. 7 13.1 6 11.4 1 
Pipes only .............. , • 18 38.5 13 28.9 2 
Cigars and pipes . • .. .. . • . 3 i .3 2 4.9 0 
Cigarettes and other . , . -~ 148 97.7 103 67.0 12 
Cigarettes only ... _.. . • . . 249 12'7 .2 162 78.6 14 

Rate 
1.8 
2.3 
1.7 
4.4 
... 
7.S 
6.1 

Tota l • .• .. .. . .. • .. • . . • . . 448 68.0 295 44.5 32 4.7 
2. Current Da lly Oigarett-e Smokl ngt 
-:-lever smo ked . . . . .. • . . • . • lii 12.8 4 3.4 
Less than ½ pack .....• , , 24 9a.2 13 51.4 
½·l p ack .. . . . .. • .. . • • . .. . . 84 107 .8 50 59.3 
1-2 packs . • . . . . . . . . . • . •. • . • 90 229.2 110 143.9 
2+ paclcs .. . . • .. .. .. . . . . •• • 27 261.2 ~2 217.3 

2 
1 
5 
7 
0 

1.8 
3.3 
5.1 

11.6 
... 

• DOl\tili ra bl ,pe.i' J00,000 m flD •YOft.TS :iiand11rd ized to the age dl s t rll1~1-
t100 (rf the \\'blt0c 1110Jt' flCll'>llllttfQll o-f I he Unite d Sta te ~ as of ,jnJy , l Oil-f. 

t 'Da;t11 f:r6)1!.,R111nmon'd una Ho rn .I<~ 
l History of '('hl'til'llrto ~~11.o ld o~ only. 

otbw; l1as risen, so tb at the "prq,l>ability th at a 
p_e!SQD should die of eith er r espirat 0r y tuber culosis 
or C .L. [ caneer of the lun g] re main s sen sibly c6,n
s ta-n.t .in the _p0p;i.i.latiGn." H e b elieves that i t i s tl, e 
antibiotic therapy o.£ :t~bercul0sis "resulting in the 
r ed11ction of the combined mortalit y of males an~ 
£'~m ales due to pneumonia and tubeJlculosis of the 
lung, whicl1 is res p onsible for bringing to tl1e fore 
a disease wliieh has its roots , partly at least, in the 
genetical make-up of man." 

Suppartir.,.g @pin.i rms.--On the other hand, two 
gr0t l_Ps Gf eqt;tally _p;ro minent autlJ 0riti es hav.e ti)me 
to an QpposJte, conclusion. In Jun e, 1956,· the A~ er
i~ n Qaneer So~Jety, th e .Ameri~fi H ear{ Assqoia
tion, the Nation al .Cancer Ins titut e, and the N~:ti@nal 
Heart Institute, by joint acti~n, 0.r:g~nize<il ·the. Stt1dy 
Group on Smoking and H ealth to ,:review the effec ts 
of tobacco smo'k:ifug on heal tb ansl t 0 rec0mm end 
further needed research. Aftcer six. two- day eon
ferences, exhaustive ex;amination of the literature, 
and discussion with scientists represe nting spe
cialized areas of rese arch con cerne d witl.1 the 
sab ject, the Study Grou p ,nade tl"ll$ o.fficial state
n1ent 15: "The sum total (;)f seientifi.e evi dence es
tablishes beyond reasonable doubt that cigarette 
s1nokiJ1g is a caus ative factor in the raj;)icily in
cre..:}sing incidence of hl.1man epidermoid catcino ma 
of the lung." 

The second group , the British Medical Researcl1 
Council, in 1957 published the following conclu
sions .18 "1. A ver-y great increas e has occtrrred dur-

ing the p ast 25 years in th e dea th r ate fi·om )t mg 
~cance r in Great .Brit ain and oth e1· coun tri es . 2. A 
re latively small numbe r of the total cases can be 
.1ttribi1ted to s1Jeci.6c ind ·1..1stri nl h azar ds. 3. A pr Cl
portion of cases , t l1e ex:act exteJft of which cannot 
yet be defined, 1n ity be due to atmos phe ric p oll1.l
tion . 4. Evicle n(.-e from 1naoy- investiga tions in d if
fere.nt eoun tti es ind ic~tes tl1at tt major part <)f tl1e 
increase is assocja ted wit h tob acco smoking, p ar
ticularly in th e for m of cigare t tes. In th e opini ot1 
of the Coun cil> the m ost reasona bl e in ter pr eta .tion 
of this evidence is th at fue relati onship is one of 
dir ec t cal1se and effect . 5. the id entifi cati011 of 
several ca:rcin oge nic Sltbst a11ces in tob acco smoke 
pr 0vid es a r ational basis f<>r suc h a causal r-ela
tionship ." 

Other Factors 

Sin ce carcinon1a of the lun g is a disease th-at also 
oecu.rs in 11ons1no.kers, it is evident tl1at fac tor s 
oth er thru1 t0b acco con trib1ite to i ts etiology. Tl1e 
m ajor e."<ogenous fa.ct0rs are air _p0llutien ancl occ1,1-
p~tional exp osirre to ea.rcinoge ~s. The latte r ac
co1u1ts for only a small p erc·enta ge: 0£ lp ng c;,mcer 
deaths . 

.Air 1?0llution.-A.i1; po.l}trtion may b e t h.e ·~w·ban 
factor'' which ~vould J1el_p explain the higl)e,r death 
ra te from l ~ g cance r in urb an as com pare o with 
r.ural are~s (fig. 4).111 Tl1e maj or soU1·9e5 9£ .air :pol
lt1tion ,1re exh:a11st p rodu ets of gasoline- and diesel 
.e11gines, incomp1ete c(impus tion pr odu cts of pe ·o
Jeum and c9rt.l many ~ phal t and bitum ino lIS pr od-
1.ipts used in ~01:istr_uo ti.011 ancl roa0 _paving, and 
cer tain ind ustria l effit1en ts. Th e c~ _cin_Qgepip sob-

100 

~ 75 

~ 
I 
c; 

l 
§ so -8 -
~ 
D 

"" 2S 

• 

14,7 ........... . . . . . .. . ........ 
• • • • • • • • ........... ~-, 

91i .2. 
:•:•::·:: Never Smoked Regvlorly 

- Smoked Re9ulorly 

70.9 71.7 

•::-::.·~·.• 
0 ··~·: :,:~ ............... ·~·.:.l""""-.. .... ____...-,...___ 

City of City of Suburb or Town 
50,000- 10,000 -50,000 

Fig . 4.- Age--adju sted lu11g cancer death rates -for cf~ 
rette smokei,-s and n onsmokers- m·hao-rur 11J comp 
(based otL da.ta from H anilnond and B.oro8

), 

stances conta ine d in . th ese p ollu tants inclu 
_polycyclic arom·atic hydrocarbons suel1 ~s· ~.4 xid 
pyrene, 3;4 benzf!u or antbe ne, som e alipb ~t:ic. h 
and vari0\1s inorganic c0.mpounds. 1 

s- Wit~ t e 
cep tion of coal all sources of air _pollution d 
increased -in ,r ecent years and therefor e coul 
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environmental factors contributing to the rise i11 
lu11g cancer (fig. 5).19 There are also noncarcino
genic pollutants whicl1 are irritants a11d may affect 
the body ·s defense mech anism against irihaled 
carcinoge11s. 18 

Socioeco1iomic Status.-Some investigators 20 have 
found that lo,v socioeconomic grot1ps hav e a11 in
creased incidence of lt1ng cancer. How ever, tl1e 
low incom e group, by economic 11ecessity, is apt 
to live near industrial centers wl1ere the air is 
more heavily contaminated with pollutants and 
airborne carcinogens than it is in peripheral res i
dential areas. It is also trt1e that tl1e low socio
economic group, as a whole, receives less adequate 
medical care and lives in a less hygienic enviro11-
ment than tl1e more fortu11ate portion of society . 
Thus, it is difficult to measure any direct effect of 
soeioeeonomic factors alone. 

Lower Morta.lity in Wo1ne1i.-Unti1 1926 lung 
cancer deatl1 rates among me11 and women in 
Massachusetts 21 (and, presumably, in the rest of 
the United States), were approximately equal. As 
lung cancer rapidly increased, its distribution be
tween the sexes changed. In 1956, in both Massa
cl\usetts and the United States, the mortality in 
men was more than five times that in women. 22 

This difference is not easily explained. There ma), 
be a true sex difference in susceptibility to the 
causes of increase in lung cancer, but the data are 
~t conclusive. 50 

Studies of apparent differences in smoking habits 
also have not accounted adequately for the varia
tion in death rates between men and wome11. But 
there is conclusive evidence 5

r that nonsmoking 
women have about the same lung cancer death 
rate as nonsmoking men; that among women, the 
light smoker carries a risk of lt1ng cancer twice 
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• 
t of~e nonsmoker; and for the woman smoking 
~~ th~ one pack a day, the hazard is five times 
6'.uater. 

PhyBical Facto__,·s-P ·ipe a·nd Cigar Sm oki-ng.
ii ond and Horn 1h' have shown that a pei:son k Sino~es <cigarettes has alm0st thre e tim es the 
· of dymg from lung cancer as the pipe smoker 

(fig. 6) and seven times tl1at of tl1e cigar smoker. 
It is possible tl1at this relatively favorable status 
of pipe or cigar sn1okers may be due to tl1e more 
adve rse physical characteristics of cigarette smoke. 
Cigarett es burn at considerably l1igher tempera
tures than pipes or cigars. 23 Undoubtedly, too, deep 
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Fig. 6.-Age-adjusted lung cancer death rates by type of 
smoking (data from Hammond and Horn8

). 

inhalation of smoke is associated almost entirely 
witl1 cigarette smoking. 24 Others 25 maintain tl1at 
the lower death rates of persons who do not smoke 
cigarettes exclusively merely reflect their less ex
tensive t1se of cigarettes. 

A Concept of Pathogenesis of Lung Cancer 

The association between the use of tobacco and 
buccal and lung cancer has been supported largely 
by statistical evidence until relatively recently. 
This in itself has seemed conclusive to many in
vestigators, althougl1 the mechanism of cancer 
growth · in the lung has never been demo11strated . 
If the smoking hypothesis is valid, it should be 
possible to show a sequence of events, started by 
cigarette smoke, which leads to the development 
of lung cancer. The same course could be initiated 
by the inhalation of carcinogens from polluted air . 
Several recent investigations lend st1pport to such 
a concept of pathogenesis. It should be noted that 
this concept is theoretical, for the full course from 
causative agent to £nal tumor is not known in man. 
Furthermore, the statistical and experimental as
sociation between smoking and lung cancer applies 
essentia lly to the epidermoid type. The incidence 
of adenocarcino1na and undifferentiat ed carcinoma 
of the lun g ha s changed little. 26 

Carcinogenic Substances.-It has long been known 
that certain polycyclic hydrocarbons are carcino
genic for animals and man. Those present i11 tl1e 
tobacco leaf are fragmented at the burning tem
perature of the cigarette ·into incomplete combus
tion products and are included in the tar portion 
of the smoke. Wynder 27 has shown that cigarette 
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tar produces c1..1taneous papillomas and carci11omas 
,vl1en applied for prolonged periods to tl1e skins 
of Jabora.tory arrimals. Confirmation of these studies 
bas been reported from other la.boratories.~8 Tl\ere 
is little doubt tl1at benzpyi-ene and other €a1·cin<>· 
ge11ic hydrocarbons fou11d in s00t are responsible 
for the classic l1uman _ exan1ple of oceupationa1 
oa11cer. P0tt 's epidermoid carcinoma of the scro tum 
in clrimne.y sweeps. Cooper 20 in 1955 first demon
strated the prese11ce of 3,4 benzpyrene in cigarette 
smoke. Benzpyrene is p11obably not tl1e only car
cinogen involved. ao 

Al,so1'ption by, Cells.-Mellors 31 demonstrated that 
cetls can aJ1s0rb carcinogenic substances. When 
l1e gently scraped human squamous epitl1elial cells 
from the bu.coal mucosa and placed th em in million
fold dilt1tions of· cigarette tars, these same eells be
came «staine.d" by the products of cigarette tars and 
:fluoresced cliaram:eristically when ~amined with 
t11e fluorescent mibJ:oscope. 

The !Rlotv of M.u4'tlS a.nd Giliary Action.-Rooel't
son 32 bas .1·.epo):ted on tl1e ph.:\goeytic action of 
hisliqcytes extruded into the ltrmen of-the alveolus. 
Macl<lin :i:, 11o~ed tlu t tbe alveolus is the point at 
,,rhich inhaled smoke eomes :int0 ;intii;nate contact 
,,Tith the rich capillary· b ed of th e ltlllg . The phago
cytes appear to move out of the ·alveoli; along wlth 
a t11in, muc¢id coatip.g, until th~ ciliated areas of 
the sub-broncliioles are Ieached. By the p,ropelling 
£orc:e of ojliary ~ action th e mucous blank et_, laden 
wi~ f0reig_n parti cles such as insoluble tobac co 
tars, moves slowly toward the trachea. From the 
relatively great tot al area of the alveolar regions 
the mtic6't1s str eam follow$ a steadily narrowing 
patl1 to ti_l'e hilar r~gi0I}S where, by comparison, the 
cross-s_ectional ar~ of the. large br..onchi is v~ry 
small Durin g this passage lhe muc<>.os blank e.t 
apparently becomes thicl<.ened a·o:d l~s fluid, Thus, 
the mucus is funn eled aa.d c;Qncentr-~ted> .along, with 
its. adherent tar.s,.·i11to tbe bilar areas, where -there
are additional ine¢.banieal reasons for stasis: 

G01icentrration.-Qccu~.ci:n.g normally in the hil;u_ 
brontib.~ are the n11mer0us aper tur es ·of emerging 
brondhioles anp patchy islands of noncilia _t~ 
epit,h~li1nn. Hildmg 3" produced deciliated areas 
by injuring the oronchial mucosa and showed that 
the :flow: of the mu60us blanket hesitates at these 
deciliatecl areas. In his ~tud:y of the bronchi of 
fresbly killed calves both Indi a ink and, -again, 
smoke were, iintrodnce<il into, the mucous stream 
and 0bse.rved f9r varying ,periods. When f_oreign 
1natetial sh•uck either the I)©rmallv nonciliated # ' 

•region6 (i)t th e areas of .injured cilia, tbe particles 
collected on the "upstream' side and la gged pehind, 
remaining in contact \.yith the bronchial epitlielium 
for prolonged periods bef0re b eing swept on. There 
is no repc>Ft as yet o{ a sj.mi.lar study ,in man . 

A1,topsy $t1,clies.-Auerbach and co-worke.rs a:i 

rea~oned that lungs of smokers sbould reveal both 
destructive lesi0ns and precursors of maljgnant 

c.hange in the epitheli11m of the tra cl1eobronohial 
tree. Their conclusions are based on some 25,000 
sections from autopsies of 117 patients in whom 
tl1e at1tl1ors fotmd cl1anges th ey described as basal 
cell l1yperplasia, stratification, squamotlS metapla
sia, and carcinoma in situ. Tl-1.e cellular cl1anges 
s)1owed a statistically sigi1ificant, increasing grada
tion. Sixteen nonsmokers l1ad the fewest abnormal
ities. A higher percentage of abnorm~l slides ,vere 
noted in the 20 patients who l1ad smoked less than 
one packag~ of cigarettes a day. Still m0re atypiqal 
were the findings in 47 patients who had smoked 
more than one package a day. Thirty-four patients 
dying of broncliial cancer (all sm(>kers) showed 
tl1e greatest number of areas of cellular aberratio n. 

The Concept of Pat7ioge,iesis.-Tars containing 
benzpyrene and probably other carcinogens present 
in cigarett e smoke ( or contaminated air) are ab
sorbed by tne cells of the respiratory tract ; espe
cially in the alveoli. Here these fo reign particles 
are picked up by phagocytes and transported 
toward the trachea in the mucous blanket of the 
brQncbi. En route~ conc entr ation occurs where the 
cilia of the bronchial mucosa are injured or absent, 
and the motion of the mucQus blank et is stop2ed 
for appreciable lengths of tim~. Dw:ing this period 
the carcinogens contained in ''tar" particl es ana in 
tl1e mu cus are afforded prol~nged con ta ct witli the 
underlying broncbial cell~, which react by malig
nant change . 

Expe,7imental Proof .- Experimental proof of this 
concept, to date, has not been supplied. The. ulti-

.mate experiment would produ~e in laboratory ani
nials, by the saine type of exposure that occUJis in 
humans, the sanie typ·e of terminal tumor, prefer
ably thro'-'gh the same sequence of preliminary 
changes -as has been postulated abov~. 

'R9ckey and bis associates ~11 applied tobacco "tar': 
directly to th e bronchi al mucosa of dpgs and found 
that \vithin thr ee· to six weeks the tar-treated sur-. 
faces became granular and later develo.ped wart• 
like elevations. In the study of Leuchtenber~ 
and co-workers 37 mice were exposed to cigar . 
smoke and examined after varying period!f, 
long es t being 200 days. In most animals th& b 
ciliial epithelium show.ed inflammation and stropl 
,md atypical b-asal cellbyp erplasia. Pa"Ssey !tfl st.a 
l1owever, "Our failure durin g the past nve y•eaJ 
[reex>rded in previous publications] to induee 1 
tumeurs in mice, rats , and bamsters l?y ~'Pdsore 
str ong concentratipns of cigarette -Smoke is a s. 
ing negative result." 

The findings of such experiments, i,i tf.lJtO., • 
i11conclusive. Whether this is due t'o inherent difB 
culti~s of the experimental µiethocils ;i&employed 
or _to tlie pi:oblem of adequat~ co~o;ol., or w. eJJf 
this :represents a true negative :is not ~_Qat 

present. 

TO~AC(O A 
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Future Possibilities for Prevention 

There can be no doubt tl1at a significa11t propor
tio11 of the increase in lu11g cancer is real. This rise 
l1as not been cat1sed solely by improvements i11 
diagnostic techniques , better reporting on deatl1 
certificates, or an increase of older persons in the 
population. 40 If we accept as valid the sequence of 
patl1ological changes given above, the preventio11 
of lung cancer, to a large extent, becomes possible. 
This will be accomplished if carcinogenic sub
stances from any source can be kept out of the air 
inhaled into tl1e lt1ngs. 

Use of Filter Ti1:,s.-Filter tip cigarettes, which 
accounted for 1.4% of the market in 1952, now 
constitute approximately 50%.41 This suggests that 
both the public and the manufacturers are con
cerned that some avoidable toxic agent may be 

· contained in the tobacco smoke. Because the public 
has widely accepted filtered cigarettes, .it is neces
sary to examine the effectiveness of the filtration. 

Present knowledge ' 2 indicates th .at is not possi
ble to filter, selectively, specific components such 
as earcinogens. Since the evidence from both 
human .and animal studies shows that the risk of 
developJug cancers is related to the amount of ex
po~ure· to tar, the problem is to design a filter that 
will permit the minimu .m How of whole tobacco 
srno'ke t0 pass, consistent ,vitb smo1dng safisfaction. 
The· filters _prese11tly in use do not eliminate , but 
merely. reduce, the tar. It is questionable whether, 
&o,m a health point of view, any so-called minimum 
e~ .o~ut~ to such a hazard should be accepted. 

Table S gives the status of filters today, as found 
in tw0 recent independent studies. 43 In both studies 
cigarettes were smoked to a standard butt length, 
at. a standard rate, volume, and duration of puff. 
An;y reduction in tar content of the smoke is ac
eompliB'h_ed only if the consumer does not smoke 
JOOre-than formerly and if the manufachrrers do 
not altei; the tobacco selection, cut, or packing to 
eo\ln:teraot any deficiency in taste ca:used by the 
filter. 

It has been shown also that, whereas the major 
porti0n of carcinogenic substances is present jn 
~e tar., others may be found in the paper of the 
Qlgar_ette or in the tobacco additives used. "4 

Tobacae Treatment.-The possibility e,tjsts, iii 
the0ry at least, of treating the tobacco before it is 
paeked into cigarettes so as to eliminate the hazard 
~:~n aer. In practice, however, this has not been 
~~Pllstrated. 

Air Filiration.-Most investigators agree that air 
rllutan.t s probabl y contribt1te to tl1e elevated 
~ Qaneer Beath .rate. Cancer-produci 11g agents 

~e ID the-air we breatl:le. Cancer can b e pr oduc ed Th an.imals1 ,v:itb use of· concent ra tes of urban smog ·. 
as hi <:role.er d~a~ rate in th~ largest cities is twice 
et gb as that lil nonurban areas. The ease- is not hea ptr<>vecl_. but the weight of evidence grows 

Vle,r .as research progresses. 

• 

It should be possible to reduce the amount of 
noxious material being discharged into the atmos
phere by industry a11d by internal combustion en
gines.4~ Most of the major cities in this country 
l1ave well-established smoke-control programs. In
dustry has done much already to institute better 
methods of combustion in manufacturing processes 
and to develop means of extracting pollutants from 
smoke and vapors before they are discharged into 
the air. Automobile makers now have devices in 
the laboratory stage tl1at show promise of control
ling the exhat ist pollutants produced by the new 
fuels and the modern high-compression at1tomobile 
engine. Further study and effort are required, but 
marked reduction in the future of carcinogenic air 
contamination is technically and practically feasible. 

Change in Smoking.-Approximately 60% of the 
men and 30% of the women in the United States 
over 18 years of age smoke cigarettes. 46 Slightly 
higher Incidences are found in the United King
dom. 

Recently two persons on the staff of the Public 
Health Service contributed to a review of the im
portant studies in .this field, including, among other 
papers, those listed above as critical of tl1e smoki11g 

TABLE 3.-Comparison of "Tar" from Filter-tip and Regular 
Cigarette~ Smoked Under Standard Conditions41 

• 

"Tar" Obtained, Mg. 

Length of Cigarette Filter Nonfilter ' 
Regular (70 mm.) . ... ......... ............ 2'1 (8 brands) 86 (6 brands) 
Long (80 mm.) ................ .. . ... .. .... 35 (10 brands) 38 (2 brands) 
King (Bii mm.) ................ , .•• , . ... , .. 85 (14 brands) 4G (4 brands) 

hypothesis. The group of statisticians and epidemi
ologists reporting this study 24 recognized that 
"there are areas where more research is necessary" 
and that "no single cause accounts for all lung 
cancer." However, they concluded that "the mag
nitude of the excess lung cancer risk among ciga
rette smokers is so great that the results ·cannot 
be interpreted as arising from an indirect associa
tion of cigarette smoking with some other agent 
or characteristic." If cigarette smoke carries carcino
gens, control of smoking, no matter how difficult 
it may be, becomes a major factor in prevention ~ 
of bronchial carcinoma. 

Conclusions 

It is a statutory responsibility of the Public 
Health Service to inform members of the medical 
profession and the public on all matters relating 
to inlportant public health issues. The relationship 
between smoking and lung cancer constitutes such 
an issue and falls within this respoI_lsibility of the 
Public Health Service. 

The Public Health Service believes that the fol
lowing statements are justified by studies to date. 
1. The weight of evidence at present implicates 
smoking as the principal etiological factor in the 
increased incidence of lung cancer. 2. Cigarette 
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s1noking particularly is associated with an increased 
oba11ce of developing lun g cancer. 3. Stopping ciga
rette smokin g even after 1ong exposur e is bene£cial . 
4. No method of trea ting t o bacao or filterjng the 
smoke has been demonstrated to be effective in 
materially reducing or eliminating the hazard of 
ltmg cancer . 5. The nonsmoker has a Io,;ver in ci
dence of ltn1g cancer t;han the smoker i11 all con
trolled stt1die.'), ,~b-ether analyzed in term s 0£ rural 
areas , urban regio ns, ind usn·ial occupations. or sex. 
6. Persons who have.-neve1· s.moked at all (cigarettes, 
cigars, ox pip e) h ave the b.est chruiee of escaping 
lung canc~r.. 7. Unless the t1se of tobac co can b·e
mad e -s;ue; tl1e individual per son's risk of lun g can
cer can bast be redu ced by th e elimination of 
smoking. · 
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