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Chapter 111 

Carcinogenesis of the Lung: Environmental 
and Host Factors 

PAUL ROTIN 

Despite the vanintions in the gross ol histopathologie eliacteristies of 
pevmaey caneces of the dung, vietually all avise from the epithelinn of 
trachen, bronehi, bronelioles or mneous slands The diveet continaity of th lining 
of the teaeheohronehinl tree with the extermal respivitory envivonment provides 
ancovntereapted pathway for the divvet contaet, of environmmental eareinosens 
with the rvespiratory epithelial eells One ean conelode, therefore, that plimo- 
nary careimogens ape offeetive o their envivonmental, ehemien! awl physien] 
state nocontrast to umerous other eareinogenie agents whiel requuire an o 

metaholie transformation into their active or proximat form, This exisfenee in 
the environment o proximal form has greatly faetlitated onr ehemieal and 
physieal ehavacterization as well as bionssay of suspeet. substzmecs, In addition, 
His nonmetaholized, velatively stable state is compatible swith smvival for o <nf- 
fierent interval to appose and wltimately enter the weli protecte:d basal faver of 
celle of the respivatory traet from which cancers avise. ‘These coneepts are evnvial o 
attempts at elueidating the mechanisms that may e operative in the genesis of 
lung eoaneer 

Indisenssing the several factors coneerned with an understanding of pul- 
monary caveinogenesis, one ean arbitravily divide the data into three eategories: 

Lo Ewvironmental s the colleetion and analysis of epidemiologic data as well 
as Ahe eharacterization of physieal and chemieal propertios of substances sne- 
peeted of an etiologie role i lung eancey, 

2. Pathogenetie: determination of the sequential vesponse of the ling to en- 
viremunental agents with particular cuphasis on those changes which appear 
eritieal to Hlt' caremogeme proeess, 

. Pathoioaie: histopathologie study of the overt neoplasms to identify ehar- 
aeteristies that may he speeifie reflections of the earcinogenie agents o proe- 
[C 

I oconclude with an attempt to combine the fimlings from these thiee mens 
mto a coberent explanation for the genesis of hing eanee 

ENVIRONMENTAL FACTORS AND PATHOGENESIS 

The major paction of the inercase in mortality from eancer of the fange (hat 
s been demonsteated in various parts of the world during the past half-centwry 
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las been absolute, not merely velative, snd 1= consistent with the imtradietion of 
new chiologic influenees into the vespiratory envivonment early in the twentioth 
contmry (e TS and 119, The exaggerated mmendence has heen eharaes 
tevized by 

LA sigmitieant association of o lnstory of eleretfe siokange waith the ri-k 
related an paet to the daration and mtensity of simok e Vi 

20N wrenter halahity to the developunent of hing cancer in urban residents (han 
il residents even after correction for smoking ! 

B bxtreme vavintions iorates when the eommtries of the world oo COMpPTce 
A greater frequeney of lung eaneer in mndes than i females ' 
Fhese obsorvatiums serve the dual ptpose of dweetimg attention (o <peeific 

chimeal smd experiiental stadies ta wlentily the yesponsihile meehanions sl 
g as henchmgokos o determming how el ol present knowledae of cor 

cmosenesas ean e apphied to one wederstanding af these phesosens . B ldin 
o the cutrent state of knowledge, stadies have been undertabon fo 

Carcinogenesis of the Lung: Environmental and Host Factors
ACL Doc 25439 · Page 2 of 23

Published by AsbestosClaims.Law

asbestosclaims.law/library/25439/2

https://asbestosclaims.law/library/25439/2


Carcinoge nesis "5 

MALIGNANT NEOPLASM OF LUNG, BRONCHUS AND TRAC HEA 

(MALE) 

. 
| 

| 

FNOUAND AND WA l 

f 
! 

o 
| 

! , | 
aus1eA | ] ) 

| 
| 

v 
| 

| 
| 

| — 

{ i 

15 WON W 1 

WITZER L AN 
[ 

3 | 
- " | I | 3 | 

TR | ; 
BELAND 1‘ 

ANADA { I | i i " France | ] [ 1980-19%2 ) } : . ’ — ) 
| 1960-1961 

weren ’ i 
eniLe l 171 

NOHwAY 1 
i 

Ja0AN ] ) 

RATE PE® 100,000 POrUL a710N 

Fre, 119 Aw Busted ta dosth v [ wand weaphveams of Iang, broneha il trachen. Note variation by eonntre and + wahion in rate of inepena 

I. Charneterize the exaet n e and velevimee of the vinntons "]H']'l‘ll“‘l‘ti“' 
nssoemtions (e, spunions, eavse and effeet. ofe)) 

‘ 
2 Klentify envivemmental wwents likely 1o bhe of chiologie sigmficanee and their subseguent Tnonsaay 
B Eheidate the hiologie meelianisims responsibile for and compatible with (e 

ologme, elivieal sl wperimental eharaetorvisties of Lings enneer 
o Annlvze stames i o pathowenesis of tl neoplasins to determine (e 

existenee ob sy erucial sssoeintion hetween morphogenesgs morphiology sl 
peertie enveromment al {aetors 

Fhe veality of the inevense ean no longer be serionsdy questioned, Predieted 

Carcinogenesis of the Lung: Environmental and Host Factors
ACL Doc 25439 · Page 3 of 23

Published by AsbestosClaims.Law

asbestosclaims.law/library/25439/3

https://asbestosclaims.law/library/25439/3


- =T P I g e u g 

200 The Lung 

. s et YY1 R TaE N 1.0 L P4 AN 1ir AN e 

EPIDEMIOLOGICAL 

GENERAL ENVIRONMENT 

cigen 

OCCUPATIONAL ENVIRONMENT 

UrariOn AGIAY 

BADIGACTIVE OHE MINE AN 
BOIA i 

. 1osALY 

PETee] 

“ONT ORDER o0 

EXPOSURE YO GH TEMPEEATURE TUMES 
CRANE 0P BATON 

Fre 1200 Enviconmental faetors and agents imphicated in the etioloey of g ey 

ETIOLOGICAL FACTORS - LUNG CANCER 
EXPERIMENTAL 

srecues AGENTS 

HAMSTE e SVan 
HYDROC ARIONS AND 

NTLUENZA vims 
wice 

WYDROCARRONS A 
RATS - 

FLUROCARONE 

116, 121, Experimental studies on eareinogenesis atihzing cnvisommental neonl< 

rates of inerease made as far baek as 19546% have in general matevialized, and 
such possible confounding factors as hotter dingnosis, mereasing awareness and 
mereasing longevity have all had their small influence diluted during the past 
quinaguenninim, 

Delineation of environmental factors vespon=ible for the incrense has foensed 
on three major areas of apparent etiologie stenificainee: ergrette smokine, wrlioan 
residence and oceupational environment, as shown in Figures 120 amd 121 
Although perhaps the smallest contribution in terms of munhers of enses derives 
from the last mentioned, the more precisely eivenmserilied ocenpational en- 
vironment, the greater exposure in terms of dose and the restricted nature of 
the popmlation make this group a rvich resonree for (he study of meehanisms aml 
chicidation of prineiples, The initiation of enreinogenesic in fhe spivatory traet 
can only he postulated on the basis of earcinogen-cell interaction. 1 therefore 
becomes neeessary to identify a continuum which ineludes Lost entry of the tidn 
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RETENTION OF SOOT IN LUNG AS REFLECTION OF PARTICLE SI12€ 

A % 1o 20 0 clo ;np 
PARTICLE $IZ€ 

Foi 122 Revention of paticulate in b in relation to pattiche size 

careinogen, depasition aud retention on the respivatory mucosa, eclinfar penetra- 

s almormally 
devoid of wvens aned finally inteaeellular loealization. The constellation of 
faetors eritienlly governing this sequenee embraces sige vange of partienlates in 

tion adter passage thongh the nncous blanket or diveetly in 

the respivatory covivonment, stability of the ehemical or physieal careinogens, 
the inteprity of the eiliney wmeons barrier and mode of aeecss to the hasal eclls 

Asthe pathogenesis is detailed, the mltidiseiplingr approsch to stidying the 
faetors eommerated and their evolution beeonics evident, and hopefully o model 
for enreinogenesi< of the lung will evolve with specifie appheation s well as 
whentifieation of principles, 

Pruvsiean Facrons 

Careinogonie agents enter the respivatory el as parfienlates cither in a pure 
state o adsorbed oninert waelei, The dynamies of their passage through the 
arhovizations of the hacheabronehial tree and the pattern of deposition and 
retention vnderhie three observations fundamental to an understanding of their 
"l""'l!lllil"l “‘ u'll‘“()". 

Lo Parhiele size, swhich determines to a major degree (he extent. to which Pene- 
tration af the tracheohionehial tree will ocenr, is eritieal in the range 125 & fo 
25 (P 1220, Those Lovger than 25 5 ave for the most part arvested i the 
o, aeecssory eal simes, phavyns and ol eavily, nssuming they pain 
entry anto e host ot allo At the other extreme, « lesser but <till significant seg- 
ment of exeeedingly small pavbieles (ess than 125 X) remains suspended in 
tidal e exeept for the minusende particles that are preeipitated by Brownian 

T e vt 
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Fypreal vesponse of niniens fow folloswing exposine (o nutant<. Inlalntion s " tonsent bl <timmtation and follows d by recover 

Hon of expose, total cessation of movement ean follow, and ultimately the <ife mav develop n orpholosie abnorminlities el neoplastie transformation 
How sy the experimental observations gl prineiples deseribed e operative 

ental pmlmonary ear HIOZCNESIS 31 L what evidenee is there that 
meoman? Move specifieally, low i« the 

<ontlted sty turally as well 

sl e mechanisms fanetion 
proteeted target laver of basal eolls o is physiologic illy? 

Frirmenian Respoxsy 
Fhe ethaey imneons pparatns s o highly sensitive component of the vespiratory 

epithelimm, and its phvsiolosi mntenance appears to cinelly ander para- ssmpathetio control, althoneh numerons factors, serotonin mong others, alo lect ats function TM "2 e ambient eonditions, ritand gases il par- tenlates oeetmrvmg i elearett smoke, polluted weban o el certian oceapn - toval envivomments ean alter e vate of eiliney action and mnens seeretion » 
cal propertios of (he latte 

clivet ean he seen as part of the e 

well as the ehiemieal and physt \nessentially similar 
ponse to certam hacterial and vigal micetions of the i The evneial peet of the response is slowing or cessation of niens 

mtevtevence with eihary aetion i aualifativ 
quantilative variations i e 

low both as o vesult of 
il 

muens seeretionTM The nel ofleet of this o s pons e o the endinecd retention of partieh ms shown in Fignre 126 1o physiolome tesponses heiyve gy morphiologieally demon<trable connterpant when the insults are tepebitive, The sequenee s schemationlly shown in Figures 127 10 129, Repre- 
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