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GENETICS AND HUMAN CANCER 

Among the many unsolved problems in medicine,·that 

of the etiology of cancer is one t�at probably remains 

most obscure. Closely associated with this problem is 

t�e .. quest1on: "Is cancer hereditary?" 

For a great many years it has been noticed that 

neoplastic dieeases in certain instances have seemed to 

occur more often in certain families than the law or 

chance would ordinarily allow. Nanoleon Bonaparte died 

of carcinoma of the stomach and three sisters, one 

brother, his father and grandfather were all supDosed 

to have died of gastric carcinoma. Blarik (1) cites the 

instance of two famous physicians, Broca and his father

in-law, Lugol, who, in 1856, made record of information 

concerning a family (which may well have been their own) 

which 1ndludea three members of the medical profession. 

Wolff in 1907 published their figures. There was a total 

of 16 cases. men were cancer or the breast and four were 

malignancy of the liver. Single examples such as these 

are sufficient to raise the logical question concerning 

the hereditary aspects of cancer - a question that has 

been and will be asked many times of every praot1c1ng 

physician. 

A great deal of work has been done 1n experimentation 

with laboratory animals and there is little or no ·doubt 

that a genetic factor has been shown to exist in.the 

etiology of neoplasms in the animals. Although the 
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results obtained from such animal experimentation 

cennot always be apulied to hw3an beings in every respect , 

the idea should not be maintRined that such information 

obtained from lower animals is of no value in the oncology 

of man. As Weller (2) puts it , "The problems of neoplasia 

Rre biological problems and the processes of life are so 

fundamentally similar throughout the Vertebrata and 

narticulerly in the Mammalia that we cannot afford to 

disregard knowledge ·which comes from animal experimenta

tion." This writing, in dealing with the genetic aspects 

of human CRncer is concerned primarily with such informa

tion, whtch has been obtained through studies limited to 

man himirnlf . 

In the search for the answer to the hereditary 

factors in human neoplasia many investigators h~ve turned 

to the studv of eo-called "cancer families" . Hauser and 

Weller (3) rnede follow-up studies on the cancer family 

of r.·ert11.in. At t11.e t ime of t"le first report mac!.e by '•Jarthin 

in 19)~, of the 48 ~raced descendants of a cancerous grand

father, 15 hed developed cancer and in two others neoplesms 

h8d appeared which had not been proved to be malignant . 

,...he rnor1e comnlete reuort mFide by Warthin in 1925 showed 

an incidence of ?8 neoplasms in a total of 146 individuals , 

tut of these only 88 had reached adult life. At the time 

of the follow-uu reDort made bJ Hauser and Weller the 

family oresented 43 carcinomata in 41 individuals from a 

t,otal nouula tion of 305. Since only 174 had attained an 

age of P5 years, this gives a cancer incidence of 23. 6 per 
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c~nt in those reaching that age . In two branches of the 

family cancer has never aoneared. ~hey found the ana

tomical location of the primary lesion to be more sig

nificant in this family than the total incidence, 26 

arcinomata having occurred in the ~astro-intestinal 

tract and 15 in the endometr1um. The authors make no 

concluqions as to the mendel1an implications but the 

family Drovides strong presumptive evidence for en 

inheritable organ-soecific predisposition to carcinoma. 

Finney (4) in a report on a cancer family states 

t'-la t the,...e was a mother , 4 daughters ana. 3 nieces , all 

but one of the~e having had cancer of the breast . Three 

of the daughters had a second carcinoma in the other 

breast and one of these later had a third cancer of the 

stomach. This reoort , although covering only 8 individ

uals in two ~enerations , 8lso noints toward an organ

specificity . 

RetinoblAstoma affords demonstrations of two closely 

linked tencencies - organ-snec1f1city and familial concen

tration. Oliver (5) states that the neoolasrn has a 

aorninant inherited tendency according to most investigators 

ana that familial records inaicate that the hereditary 

tendency for this cancer is transmitted directly from 

parent to c~ild but the gene does not always become 

manifested. Oliver also mentions the report cf Fall which 

mentioned one pair of twins both of whom were affected and 

two other pairs o~ twins in ~hich this also held true . 

veller (2) states that retinoblastoma has an incidence of 
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0.01 ner cent, not in the total pooulation but in those 

h8Ving diseases of the eyes end in pointing out the 

faMilial concentration of this disorder mentions the ~eoort 

of Newton whic~ states that 10 out of 16 children were 

involved, the article by Thompson which shows 5 out of 

4 children involved, and Wilqon's writing which reoorts 

8 out of 8 children with the neoplasm. Berrisford (6) 

reports the case of rnhornas G. 111ho survived enucleation 

rf his left eye when 5 months old. From his son, Frank, 

one eye was removed at 5 months of age. Beatrice, a 

aughter of ,,.,homas G., was aooarently normal; but of her 

8 children, 3 required bilateral and one unilateral 

exenteration for retinoblastome. 

Familial concentration a nd organ-specificity can be 

exemplified by the reoort of Macklin (7) which states 

th~t in 60 cases of retinal angioma (the total number of 

c3ses unto 1930), 6 cases were in one family and there 

1ere two families with 3 cases each. This is important 

in the genetic study of neonlasms as this serves as an 

exemole of 8 type of tumor that is so rare t ha t the 

probability of its chance cccu~rence more than once within 

he same family is very small. 

The genetic factor of neo9lasi a as well as a tendency 

towar~ familial concentration are well brought out in 

certain pre cancerous conditions that are inherited. Blank 

(s ) lists neurofibrometosis a nd tuberous sclerosis as 

appearing as family traits and lead often to the formation 

of cancer. Intestinal nolyposis has also been established 
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8S a freauent basis for nevelopment of malignant growths 

in members of families affected by this condition. In 

addition to the &bove, Blank states that xeroderma nig

mentosurn which is transmitted as an incomplete sex-linked 

recessive invariably leads to formation of cancer in the 

skin of all members of a family who have inherited the 

isease. 

Bauer (g) reviewed several reports on cancer families 

relating a particularly interesting history of a family 

compiled by Gerdner and Frazier covering five generations 

and including ?17 members , 38 of which suffered from 

deafness of both ears. Seven 01' them were diagnosed by 

physicel and neurological examina.tion as having bilateral 

tumors of the acusticus; in two others it was established 

t hrough autopsy: and several became blind through choked 

disc. mhe authors thought that this strange disease 

behaved as a dominant. Bauer ~lso refers to the incidence 

of certain rare neoolasms in many families , the conspicu

ous frequency with which cance!' of the same kind , afflicting 

the same organ or system of organs, occurs in numerous 

families 2nd in general agrees with He user and Weller (3) 

that in some families there undoubtedly occurs both an 

inheritable tendency to certain neoplasms and a tendency to 

aevelonment of cancer in specific organs . 

A renort rnaae by Ma cklin (10) gives the history of 3 

sisters in England who s imultaneously discovered that they 

~ad rectal cancer and serves to substantiate the idea of 

organ snec1f1c1ty. These s isters were 3?., 34, and 35 years 
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of age, respectively, 8t the time of nis covery of the 

rectel nPoplasm. It 1s intereAting to note that that 

year t~ere were 21 deaths from rectal c~ncer in the 

British Isles . 

Another apnroach made by several investigators in 

the study of the genetic aspect of cancer is the study of 

family histori~s of cancer PP.tients. 

~riffin (1]) conducted such a study 

Bargen , Mayo, and 

hich dealt with 438 

individuals Bnd their families. hey followed 176 netients 

with nroved cancer of the large intestine in whose 

families the incidence of cancer was marked. The cases 

ere studied not with reference specifically to the 

presence of gastro-intestinal cancer in the family but 

for the presence in relatives of cancer of any part of 

the body , including cases of cancers of unspecified site. 

~hey attempted to standardize the finaings in this 

group by comparison ~1th two equally uncontrolled groups 

of patients . mhree ?roups of patients and relatives 

that were observed at the Mayo Clinic were studied. Group 

A consisted of 176 patients treated on the en t erologic 

services for proved cancer of the large intestine . Group 

B was a control group consisting of 176 oatients observed 

in t~e years 1931 to 1936 inclusive for whom the diagnosis 

of hypertrophic arthritis ~as made but in whom cancer was 

not found. ' rouD C comorised 86 patients with proved 

cancer of the kidney that were observed in the years 1910-

1939 inclusive for whom a history of cancer of other members 

of the family could be elicited. ~he relatives of the 
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three groups were then divined into two groups: 1) those 

in ~horn cancer ~as affirmed to have been present; and 

2) those for whom no information of its oresence was at 

an0 . Those r r latives in whom cancer was affirmed to 

hPve been nresent were further divided into three groups, 

dependent on the alleged site of C8ncer: 1) cancer of 

stomach or large intestine; 2) cancer of soecified site 

elsewhere; ann 3) cancer of unsoecified site. If there 

Ps any doubt in the statement of the informant as to the 

actual existence of cancer in other members of the family, 

these were classed in the group without cancer. If there 

existed any doubt as to the site, i t was classed as 

unspecified site. 

The following table summarizes the results 1n the 

group of relatives with affirmed presence of cancer: 

Per Cent DistributiQn 
Total qelatives GI Other 

Group With Cancer ':: ract Than GI Unspecified 

A 290 42 36 22 

B 57 25 50 25 

C 104 29 48 23 

The number of relatives with cancer of unspecified. 

site is roughly one-fourth for all three groups. In the 

two control grouos Band C, cancer of the gastro-1nteet inal 

tract and cancer of soecified site other than gastro

intestinal tract occurs roughly in nronortion of 1 to 2. 

Grouu A shows a behavior tendency of gastro-intestinal 

cancer which serves to substantiate Bauer's idea of an 

orgPn-suscentibility. 
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From the above . information Bargen , Mayo Bnd. Griffin 

make the conclusion that a definite tendency is indicetea 

in the behavior of familial cancer of the colon and re ctum 

and that when multinle cancers occur in any family and 

one cancer at least is localized in the colon or rectum , 

there ie an appreciably greater chance that cancers i n 

other members of the family will be localized in the colon , 

rectum and also in the stomach than occurs in cancerous 

families 1n which colonic and rectal cancer ie not known 

to exist. 

mhey further make a comnarison of Groups A, B, and 

C with resoect to the total number of relatives more than 

40 years of age with and without cancer , the total relatives 

with cancer and the percentage of relatives with cancer. 

Theqe resu]ts are in their table : 

Total Relatives 
More Than 40 Years 
of Age - With and Total Relatives Per Cent 

Grouo Without Cancer With Cancer With Cancer 

A 1108 290 26 

B 10.'')3 5? 6 

C 4?1 104 22 

This table illustrates a greater incidence of cencer 

in families of oatients having cancer of the intestine 

then of those having hypertrophic arthritis, (B), also a 

greater incidence of cancer in families of patients with 

renal cancer than of those in Group B. 

Crabtree (12) obtained data of 1029 cancer patients 

~hich included 529 white femal8s and 50? white males . The 

females include 294 with cancer of t~e breast, 152 with 
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cancer of the uterine cervix and 76 with cancer of the 

exposed areas of the skin . Males included 256 pereons 

with cancer cf exposed sites of skin, 131 with cancer of 

the lower lip and 120 with cancer of the lung. He uro

Doses the following observations in his study: The 

incidence of fatal cancer in narents and siblings of 

•hite females with skin cancer is nearly twice that which 

~ould be exnected on a basis of normal experience; for 

patients with cancer of the breast and cancer of the cervix , 

the familial incidence is more than l½ times the normal; 

for males with cancer of the skin excessive familial 

incidence is noted only for those oersons whose skin 

cancer develooed at a relatively early age: for oatients 

vith cancer of the lip the familial incidence is only 

lightly in excess of normal; and for those T,•i th lung 

cancer it is consid.erably below normal. He notes further 

that where an excessive familial incidence is found it is 

elmost always limited to the oarent8 and siblings of those 

patients whose cancer developed early in life . This he 

found esoecially true in the cases of patients with 

cancer of the cervix, of t~e female breast and males 

1th cancer of the skin - the ~amilial incidence being 

from 1 3/4 to 2 1/2 times the normal, but for these same 

clinical groups whose cancer occurred relatively late in 

life, the familial incidence is altogether normal . 

Crabtree's interoretetion of these observations is that the 

familial fRctors when involved in the genesis of cancer 

tend to express themselves relatively early in the life of 
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the individual, while cancer of any of these specific 

sites which oevelops relatively late in life can more 

reasonably be ascribed to environmental factors. He 

states further that an e~cessive familial incidence of 

cencer does not neces9arily imoly Lhe presence of heredi

tery or genetic factors in t he genesis of the 0ise9se; 

e.g. - taking both male and female oatients with cancer 

of the ckin - there was a familial incidence of 126 

cancer deaths, the expected number being 90.6, 32 of these 

126 aeaths stated to be due to skin cancer. He argues 

th~t it is conceivable that the excessive mortality from 

skin cancer in parents and siblings may be due to certain 

environmental factors common to both pAtients and members 

f their femilies and thus in no way related to innate 

conditions of heredity. On the other hand, cancer of t he 

female breast and cervix are much less likely to ha ve 

origins from environmental factors which would be common 

to both patients and mP,mbers of their families. Hence, 

an excessive familial incidence of the disease in such 

CRse~ may be asguned to be somew~at more orobably of 

here~itary origin. He gives a normAl familial incidence 

in patients with cancer of the lip, cancer of the lung es 

resumntive evidence of ~he absence of heredity as a 

orectominant element in the eenesis of these two forms of 

he disease And therefore suggests for these two sites a 

relatively greater 1mnortance of environmental factors. 

Gross and Matte (13) in t erviewed 19 patients with 

leukemia, 10 of them had a family history of either tumors 
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or leu'kernia, a percentage of 53~&. Two families were 

reveAled in which more than one member develooed leukemia. 

~heir control groun consisted of natients suffering from 

conditions other than tumors and leukemia. 301 oatients 

suffering from various conditions were interviewed and 

no more thc1 n 12'' of these patients revealed history of 

tumors among members of their families. 

Smithers (14) analyzed the family histories of 459 

na tient s with cancer of· the breast and f oung, that the 

uatient questioned had to the best of her ~nowledge no 

evidence of a family history of cancer in 292 cases and 

renorted femily cancer in 167 instances. Of these 167, 

76 were said to have had cancer of the breast. In 54 

cases a history of cancer in mo~e than one member of the 

family was obtained. 

The 167 oatien+.s with a known fAmily history of cancer 

stated that they knew of this on their mother's side only 

in 88 instances and on their father ' s side only in c4 , 

amongst brothers and sisters in 33 and on both paternal 

and maternal sides in 12 cases. This gives a maternal side 

history of 100 cases to a paternal of 46. Of 459 mothers , 

66 were known to have died of cancer, and of these, 25 had 

cancer of the breast . Of 459 fathers , 30 were known 

to have died of cancer, none had breast cancer. There 

~ere 1008 sisters, 288 of whom had died , 59 in infancy 

and anothFr 200 of causes believed to have been other than 

cancer. Of the 0 9 known to have died of cancer, 11 had 

cancer of the breast. Mhere were also 11 sisters living 
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who h?d received treatment for ~reest cancer. There were 

1059 brothers , 425 of whom had died, 75 in infancy end 

qnother 332 of causes believed to h?Ve been ot~er than 

cancer, 18 had died of cancer, none with . cancer of the 

breast . Smithers' oreliminary analysis of the above data 

suggPsts that there is a significantly high death rate 

from cancer of the breast in families . of patients with 

that diseBse, but no higher death rate from other forms 

of cancer than would be expected in the general oopulation. 

Penrose, MacKenzie , and Karn (15) also made a genetical 

study of human mRmmary cancer and an~lyzed 510 such cases. 

The mothers of 408 of the natients had died And in 25 of 

these death was due to mammary cancer. Other types of 

malignancy accounted for 51 deaths. The number of deaths 

a_ue t o mammary cancer if the women had been subject to the 

mortality in the general population was estimated to be 

11.17. For other types of malignancy the mortality among 

the mothe - s showed no significant increase above the 

exoected total, i.e. - 51 obse~ved as comnared with 48.76 

expected. mhere were 102 motµers sttll living, 6 of these 

were under trentment for mammary cancer end 4 had some other 

type of melignency. 

~istories of these 510 cases of mammary cancer 

disclose a total of 1?55 sisters , 365 of whom had died, 

the cause being unkno,·m in 58 cAses. Of t he remaining 307 

~eeths, calculation of the expected number of deaths due 

to bregs t cencer gave P value of 6. 98. Actually 23 had 

died of this conditlon. Only 19 had died of other types of 
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malign2ncy against the expecten number of 25.?l . Among 

the 8qo sisters still living, 84 were known to have been 

under treatment for breast cancer and 7 for other types of 

maligncncy . These three investigators bring out another 

in t eresting correlation which concerns the sites affected 

in oairs of sisters and other ~elatives . Laterality of 

initial lesions sho~ed e strong tendency to similarity in 

sisters 8S shown in their table: 

PronositQe 

qight Side 

Left Side 

metal 

Rii:;;ht Side 

Right 

7 

2 

9 

12 

Mothers 

Both 

1 

1 

Left 

7 

10 

17 

Sisters 

10 

Unknown 

1 

3 

4 

3 

l'Tlotal 

16 

15 

31 

25 

Left Side 4 1 16 1 22 

~otel 16 1 26 4 47 

Informati on on fat½ers en~ brothers wes analyzed 

elso ana one C8se of male mPmmary cencer was found which 

w~s regarded e s eYceptiongl in so few families . 

Penrose, Ma cKenzie, and Karn indicate that the above 

analvs i s strongly suggests tha t the transmission of a 

specific f actorise major cause of mammary cancer. ~he 

hynothesiC\ of inheritance of SDecial organic disposition 

sug~estea by Ba uer is sunnorted by the homolateral familial 

fin~ings . The~e was no increase in the incidence of cancer 

generAlly , which might hBve suggested· a general hereditary 

nredlsoosition to malignancy o~ any type. ~he familial 
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incidence among siblings was not high enough_to . suggest 

any mendelian exnlanation of the inheritance. 

Deelman (16) conducted a study of relatives of CAncer 

pAtients b¥ using questionnaires and balancing a non-cancer 

c~se of the same age and sex against each case of cancer. 

He found cancer to be more than twice as frequent among 

t":le oarents and three times as freouent among the siblings 

of cencerous individuals as in the families of the non

cqncerous . ~his excess of cancer in families of cancer 

"atientB occurred in relatively few families . •H th these 

cancer families eliminatea. , there wes left a large group 

of cancer oPtients in whose families cencer was absolutely 

not mo!'e frequent than agrees with the normal chance of 

c:,ring of cPncer. 

~he evidence presented by Hunter (17) in his revie 

of family histories is somewhat contradictory to the 

evidence given in aforementioned studies. He reviewed 

the family histories from insurance applications of those 

,,•ho subseauently died of cancer, in comparison with those 

of insured uersons dying from other causes and _found no 

significant difference between the two R:roups . 

~here are several elements encountered in the study of 

femily histories of cancer pgtients which contribute more 

or less to the inaccuracy of such investigations. These 

elements cannot be entirely eliminated in soite of the 

most diligent efforts on the cart of those conducting the 

etudles. Lack. of accurate knowledge of other members of 

t11e fam11 y serves as an example of such 9-ifficul ties as 
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i•1elJ As the fact that t½.ere is a reluctance on the oar t 

of some peonle to adm~t deaths from cancer within the 

family . Wrcngiy diagnosed cases may also constitute a 

sou!"'c.e of error. 

Ir heredity is a factor in the etiology of neoplasm~ , 

the study of the occurrence of tumors in identical twins 

qh0uld be an aid in shedding some light on the question . 

Macklin (18) believes that if tumors are depend ent wholly 

or in oart upon hereditary factors , identical twins should 

resemble each other with respect to presence . or absence 

of tumor more often than they differ in this regard and 

they should exhibit the same type of tumor far more often 

than they she~ diverse tynes of tumor and that they should 

be much more alike in these two respects than are dizygous 

twins. In her analysis of tumors in monozygous and 

a izygous t"11n~, Ma c1clin collected from the 11 tera ture 53 

nRire of monozvgous twins and 35 pairs of dizygous t~ins 

n whom tumors hRd occurred in either one or both twins . 

As the result of en an~eal she· collected 14 more cases and 

to this lis~ added three pe~sonal cases . 

An initial pnalysis was made of these 17 . "new" cases 

consistinq of 9 identical twin oairs and 8 frRternal twin 

nairR . In the identical twin cAses both twins were affected 
4 in 6 c2ses - 66.6~ . In the frRternal twin series both 

,ere affected in 3 oeses , or 3? . 5% . In the identical twin 

series both were Rffected with the ~ame tyne of tumor in the 

same site in 5 c~ses , or 55 . 5% , while in the fraternal 

twin series both were so affected in~ cases - 37 . 5%. Age 
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of onqet was more nearly similar in the identical twins 

than in the fraternal. In the 6 identical twin pairs in 

which both twins were Bffected the average difference in 

Age of onset was 0.6 •rears while in the fraternal twin 

pairs with both twins affected , the average difference 

was 2 . 9 years . 

Mac~l1n 1 A study of the cases from the literature 

showed that of the 53 pairs of monozygous twins both 

twins showed tumors in 32 cages , 60 . 4%, and in 31 oairs 

the tumors were the same . In one pair the tumors were 

~ifferent. This gave a concordance in type of tumor in 

97 . 0%. There were 21 oairs with only one twin affected 

a nd one pair in ~horn the type of tumor was different, 

giving a concordance of 58.5% in the entire series . Of 

the 3b pairs of dizygous twins there were 12 pairs , 34. 3%, 

with both affected. One pair of twins with both members 

effected had the second twin showing a tumor dissimilar 

t o that which enpeared in the ~irst twin and 3 years 

later a tumor simila~ to that of the firsttwin . This 

pair was counted twice. In the 12 pairs with both twins 

affected 5 pairs, 4le 7%, showed similar tumors and 8 pairs, 

6R.6%, sho~ed dissimilar tumors. If all 35 pairs are 

considered , there is concordance in 14.3%, discordance in 

88.5%. 
·a + 

Macklin here raise s the possible objection that the 

reason for the high deqree of concordance in monozygous 

twins in the type of tumor as compared with the dizygous 

pairs 1s that half of t he dizygous twin pairs are apt to 

16 



be of different sex. If the female shows breast or uterine 

cance~ the male cannot s~ow the same type. To overcome that 

cbjection she compared pairs o~ dizygous twins both of the 

same sex and both affe cted with one-egg twins w~e~e both 

~ere af~ected. mhefte were 27 pai~s of li~e-sexed dizy-

gous twin~ wit~ l? ins~3nces, 44.4% , in which both were 

affected. Seven of these had similar and seven had dis

qimilar tumorR - this was due ~o the feet thPt there 

·ere O pairR of t~ins with both similarly effected end one 

twjn with a second dissimilar tumor. Thus, in the 11ke

gexea dizygous twins there was concordance in which both 

~win8 were affe cted in 58.31 as compared with 94.7% in 

nonozygous t~ins wit½ both affected. Concordance was 

~etermined for the whole series snd the twins were alike 

n 96 :, of +he like-sexed dizygous twins and in 58% in the 

monozygous twins. he difference in age of onset was 

9.5 yeRrs for like-sexed dizygous twins And 1.2 years for 

the monozvgouP twins. 

IR the 32 pairs of monozygous twins with both pffected 

Macklin found the a verag9 diffeftence in ~ge of onset to 

be 1.5 ypars and tbe corresoonding value for the di?.ygous 

1 wins to be 7.8 years . 

Macklin concludes from he~ comper ison of monozygous 

end dizygous twins thPt if one membPr of An 1dentic8l 

twin opir is Rf~ected ~1th cAncer, the second twin is 

more liAble to be affected wit!1 the same tumor in the 

PPme site than if t~e twins belong to a f~eterna l t~in 

nair qince her fi7ures qhowed that concor~ance, both with 

resuect to both twins being af~ected Rnd to the same tyue 
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o~ tumor ocrurring ~n both twins, was mo~e frequent in 

monozygnus twine than in dizygous twins. Her second 

conclusion is thet identical twins resemble each other 

much mo~e closely with respect to time of onset than do 

-"' raternal twin s . 

Bauer (g) states thrt on a genetic basis , identical 

twing should both suffer from tumor or cancer with 

especiRlly great frequency and reviewed several individual 

reports showing both twins in identical pairs having been 

efflicted with tumors. It i~ his belief that it does not 

follow without excention thet they must both be afflicted, 

because exogenous influences alg o play a certain . role in 

cencer inciaence. 

~·::immett (19) in his correlation of genetics, 

chemistrv end cancer states that the oresent ~roub of 

chemical elements is the oroduct of inorganic evolution 

aof a]t~ou~h +rensformations may occur, these . ei ther are 

produced by highly art if icial means or the rate of neturel 

occurrence is so slow thRt we may neglect them. He brings 

out along the same line that the present constellation of 

~enet ic elements is the oro~uct of organic evolution and 

he~e , too, change can . apparently be in1uced by artificial 

means ana natural saltations may occur - these letter 

even ts being too rare to be oertinent. ~his occasional 

muteb~lity of chemical and geneti c elements does not 

detract from the b 0 lief that a high degrpe of fixation has 

been arrived Pt insofar as our oarticular time range of 

bBervAtion is concerned and ~here~ore , according to 
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H!lmmet+ the chemical law of conservation and the geneti c 

lp.w thar like begets like are expressions of true 

succession and continuance. 

t:ramrnett brings out thAt the essence of the J21w of 

chemical con9eryation is thAt ~egaraless of multiplicity 

or kind of chemical combinRtions entered into or departed 

from by eny chemical eleMent, the identity, integritv, Rnd 

ransmissibility of the element as an entity remains 

unchPnged . He reviews , too , the law that like begets 

like which states that regardless of multiplicity or 

kina of genetic combinations entered into or departed from 

by any genetic element , the identity , integrity and t r ans

miss1b111ty of the element as an entity remains unchanged 

Pnd states thPt this common char~cteristic of persistence 

suggests a relation between the two laws . The author 

states that the~e could be no inheritance in living things 

if the constituent chemical elements and the properties 

inherited therein did not persist RS such and that 

inheritance in living things denends upon this property 

of chemical nersistence - perhaDs it even takes origin 

therefrom. He postul~tes that when chernicAl elements go 

from the non-11v1n~ to the living state they seem to 

exnress other ~o~entialitiPs anr pronerties than those 

they show 1n non-living substAnce and .states thAt the law 

that like begets like m~y be conceived as an expression 

in livin ~ things of the law of conservation of chem1c81 

inte grity. 

Bammett has formulated the Law of Contlnuance ·which 
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~e stetes may anDly to both the living 8nd non- living : 

nr;,he element- fall substance and their inherent 

uronerties ana functions t en~ :o persist and hold on in 

uninterrupted succession throughout their transmigrations. 11 

He reasons that chemical elemen~s 8re thus the building 

tools of heredity and heredity can be consiaered t he 

dominating force for continuance in the inorganic world 

as it is in thPt of living orvanisms. 

Bammett brin ws out that the neculair oroperties of 

the particular elements suitable for the substance, reac

tion basis Pnn form of living not only make possible the 

exercise of the no tential itie9 of hereaity in organisms, 

'hey also ~et the limits thereto . mhe ability of all cells 

to select those particular chemical groups which by the i r 

essociation act to characterize the cell tyoe is an endow

ment of heredity. The ordered production of a species

true organism is the property of heredity and thus the 

species specificity in chemical composition and the 

suoerimuosed specificity in organ and tissue composition 

are determined through heredity. Hered.i ty selects the 

characterizing chemical building materials of the develop

ing organism. In his correlation between cancer and the 

L PW of Cont inuance, the author states that cancer is an 

increas ing mass of self-reproducing cells for which the 

Lew of Continuance is a determinant, i . e . - the course 

of develonment and distinctive chemical nature of cancer 

cells is set by heredity. Be refers here to the heredity 

of cancer cells themselves and is not referring to heredity 
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in the host. ~he fact that cancer celJs proliferate true 

to tyue ana form other cancer cells HAmmett uses as 

ev1rtence for the nbove correlation. 

Ma ny theories have been formulated with respect to 

the role of genetics in the etiology of humen neoplasia , 

a few of these theories are recorded here . Bauer (g) 

believes that there exists an inheritable tendency to 

cancer, specifically to cancer in a certain organ or 

system of organs and that in addition to this there exists 

a general blastorna tendency , the general blastoma tendency 

nart of the theory being based on renorts of one or more 

neoplasms within the same individual . He has set up the 

following formulP showing nine genotypically fundamentally 

different types of in0iviauals with reference to an exi st

ing or non-existing constitutional tendency to cancer: 

1. NgN,ci;. NlNl 
2 . NgNg. NlCl 
3 . NgNg.ClCl 

N - Non-Cancer 
C - Cancer 

4 . NgCg. NlNl 
5 . Ngcg. !nc1 
6 . NgCg. ClCl 

7. CgCg. NlNl 
8 . CgCg. NlCl 
9 . CgCg. ClCl 

g - general neonl3st1c dispostion 
1 - Localization factor 

(1 , , L, l .1, ..• J. ,., ) 

The impregnated ovum from which the individual will 

grow which is later going to be afflicted with cancer 

contains an abnormal gene or an abnormal gene complex 

called C. Cancer immune individuals possess , instead of 

C, t~e normal gene N. N and C ~re allelomorphs . A new 

indi vid.ual receives one allelomoroh from each of his 

parents and mBy have the genetic formula NN , NC , or CC . 

If the abnormal ~ene C ie reces~ive only the homozygotous 

individual with the genetic formula CC would have the 
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tenaericy to cancer, but if C is dominant of N, the 

heterozyrous indiviaual NC would also inherit the tendency 

to cancer. 

In order to produce cancer in an individual, the two 

abnormal ~enetic factors Cg and Cl must be present and 

BRuer oictures the general blastoma tendency as expressed 

by the allelomorphs Ng and Cg, the specific organ suscep-

ibility by the alle lomorphs Nl and Cl, or Nl, or Cl, etc. 

He states that he c8nnot state concluPively whether Cg is 

dominant over Ng or recessive, and likewise whether Cl, 

Cl, etc., have recessive or dominant character with 

respect to Nl ,, Nl~, etc. 

If both abnormal genetic factors ere recessive only 

the last of these nine gene tic formulae, viz., Cg.Cg.ClCl, 

vould indicate a constitutional cancer candidate. If only 

one of the factors were dominant, e.g. Cg over Ng, nnd if 

the other ebnormpl factor were recessive, two of the nine 

indivi1uels, 6 and 9, would be ootentiRlly cancerous. If 

both abnormal fqctors tre dominant over the normal factors, 

four of t~e nine individuals, 5, 6, 8 and 9, would be 

constjtutional cancer candidates. 

Following along the general theoretical vein dealing 

with more or less strict men~elian ratios, Slye (20), as 

e result of her experiments on mice, has arrived at two 

conclusions: 1) the genetic difference between suscep

tibility ana insusceptibility to cancer involves one gene , 

that is, they are unit characters; 2) the susqeptibility 

to cancer behaves like a recessive, while insusceptibility 

behaves like a dominant cheracter. 
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Meny workers , although firmly convinced that genetics 

plays a very important oart in the etiology of neoplasia , 

qre of the oninion that other factor or factors are 

involved in the formation of cancer . Weller (2) states 

tha t th.e cause of diseese is never a single factor -

two elements alwRys enter into the etiology: one is 

inherent in the germ olasm of the individual and the 

other is brought to beer upon the or~anism from beyond• 

the confines of the germinal elements from which it has 

evelonea - the intrinsic a nd extrinsic factors . These 

two ingredient s may be combined in every possible propor

tion . He states tha t intrinsic factors are operating 

whether there be direct transmission of a predisposition 

to neonlas1a or ~hether the inheritable condition is a 

somatic structural or functional variation which makes 

t he affected individual more vulnerable to the cnncero

genic effect of extrinsic factors . In contrast with 

Bauer's formula, Weller states the t neither a gene for 

11 cancer 11 nor Fl "cancer-resisting" gene is essentiAl for 

exemolificat i on of intrinsic factors in the etiology of 

neoplasms - broad concentions of the t ransmission of cer

tain qualities must be entertained. In suooort of his 

theory, Weller brings in a very appropriate quotation 

mAde by Baur: 11 We have likewise reason to expect that 

hereditary t ransmission in accordance with o t her laws 

than mendelian will occur in the case of all social 

1ifferenceB which ere based, not upon peculairities of 

the chromosomes, but on those of some other oart of the 

idioolasm. Differences in the structure of the remainder 
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of the thread eauipment of the cell nucleus , in the 

structure of the chromosomes , etc ., must certainly pro

duce differences in the finished organism • • • • • Very 

numerous observations on olants combine to show that 

hereditary differences in their vitality are transmitted 

in accordance with other laws than the mendelian. The 

mendelian laws of sepa_rP.tion do not orevail universally , 

and .... in the c~Re of man , no less than in that of 

other organisms , we are likely to encounter phenomena of 

hereditary transmission which do not occur in accordance 

with these laws . " 

In further eubstantiation of his theory , Weller 

utilizes a quotation from MAcDowell: "It is highly 

regrettable thet , outAide the immediate circle of 

geneticists, thP~e seems to be an impression that the 

gene is self-sufficient and is either dominant or 

recessive . Especially as auolied to neoplasia this mis

understanding has led to erroneous conclusions both on the 

part of hostile critics and ardent believers . Dominance 

is only a special case at the end of a continuous series 

of interrelations between pairs of genes . No gene can 

oroduce its effect without the coope~ation of many other 

genes •.. • And genes and extr i nsi c conditions cooperate in 

all cases . " 

Macklin (10) illustrates her theory of causes other 

than heredity entering into the causation of neoplasms 

by the equation that heredity plus extrinsic factors pro

duces cancer. She states that this equation 1s flexible 
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so that as one of these variAbles become large the other 

may be nermitted to be corresnondingly small. When both 

heredity And extrinsic r~ctors are potent we should 

expect malignant changes early, when both are minimal we 

Rhould expect an individual to be relatively cancer 

resistant. As further explanation of her equation, 

Macklin states that one factor may be so oowerful as 

to render the other negligible - e.g., retinoblastoma 

occurring shortly after birth exhibits little ground for 

btlieving external factors to be ooerative, while the X

ray skin cancers of unorotected workers are an example 

of the other extreme. 

Blank (8) concludes that cancer is not a unit 

aisease as far as genetic behavior is concerned - tumors 

0f dif~erent tvnes ana sites differ in genetic behavior 

end thu~ it is unlikely that a heritable condition of 

cancer exists as such. He believes there eYists a 

gene rel inheri tea. dlsposi t ion, whether of susceptibility 

or refr~ctoriness, to formation of tumor and that in 

certain oersons , exist factors , nrobably inherited 

independently of a general dispostion , which govern the 

localization of the disease . He includes environmental 

fectors in his theory, indicating thet an inherited 

favorable internal environment may exist and this, com

bined with general susceptibility may lead to formation 

of CRncer in certain tissues . In ei:;sence he Agrees , too, 

with +~e equation stated by Macklin when he states that 

·hen general susceotihility is great in an indiviaual 
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even relatively slight irritation by agents of many kinds 

may lead to formation of cancer while on the other hand 

there are purely external cancerogenic agents which are 

strong enough to lea.d to formation of cancer i n certain 

tissues , even in persons in whom an inherited predisposi-

ion is not distinct or perhaps too weak to be detected by 

methods used at present in testing hereditary traits . He 

suggests , too , that the predisoosition to cancer may not 

have been inherited but rather acquired under conditions 

the nature of which 1s not yet known. 

Burdette (21) emphasizes environmental influences 

in his statement that the visible expression of a gene , 

the nhenotype, depends on the conaitions existing during 

the period of gene action and that the effects of a gene 

may vary with environmental conditions . He ~grees with 

Ham~ett when he states tha t the gene itself passes from 

generat jon to generation unchanged. He concludes the t 

the end ~esult of gene action in an organism does not 

necessarily indicate the nresence or absence of the gene 

on the chromosome, an~, applying this to cancer, the 

susce~tibility to cancer must be studied and the presence 

or absence of cancer must not be regarded a s necessarily 

indic?ting the nresence or absence of these genetic 

factors for susceptibility. 
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SUMMA'1Y 

In the consi~eration of the heredi~qry element in 

human oncology , three principal anoroaches to the 

auPstion heve been discussed: 1) The study of "cancer 

families"; 2) ~he family histo~ies of cancer patients, 

~nd; 3) Mhe study of tumor incinence in identical twins, 

including a comparison of such inci~ence in monozygous 

ana dizygous twins . 

Analyses of the histories of cancer families have 

brought out three important general noints: 

l . Neonlastic nroces9es have occurred in certain 

fPmilies mo~e frequently thAn wou1~ be expected according 

o the "normal" cancer incidence. 

?. ~he anatomical location of primary lesions in 

many instances is just as imno~tant, if not more so , than 

the incidence of such lPsjnns . For the most part, the · 

stua i es show a rather marked o~:-gan-specifici ty tendency. 

3. It has been definitely s~own that several condi

tions, known to be ore-cancerous , are hereditary. 

Studies of family histories of cancer heve demon

strated, in certain instance~, a tendency toward organ

specificity, and hPve general ly 1n1ica ted a greater 

incidence of cancer of various tyoes in families of cancer 

patients than in fg_milies of oatients without ·cancer. 

qowever, every investigation along this line has not 

demonstrated the above tendencies . 

Statistics derived from ~n analysis of tumors in 

twine ~oint out the following ~eneral oheracteristics: 
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1) Tumors affect both members of mono7ygous twin pairs 

mor 0 often than they do bot'l-i m,,rnbe:"s of dizygous twin 

eire; 2) The occurrence of tumo~s of the same type in 

he seme orfan takes place more often in both members of 

identicP.l twins than it does in both members of fraternal 

inr; 0) ~he ~ge of onset of neoplgsms is more nearly 

identical in monozygous twins than in 1izygous twins . 

l-Iammett (19) has drawn· a :"elationship between the 

lAW of chemical conservation and the 1~w of renetjcs and 

he.s formulated the "le:v! of con~inuance ." He has applied 

t'l-iis lRW to cancer cells stating that the course of 

develooment Pnd distinctive chemical nature of cancer 

cells c~ set by heredity. 

C0NCVJSION'3 

~he increase in incidence of cAncer in certain 

~Rmilies 0vPr ~hat would ordinarily be expected and the 

tendency in mAny cAses in those families toward organ

soecificity in such incidence ~urnishes strongly presump

tive evi~ence that a genetic factor or genetic factors 

are nresent in the etiology of neoplasms in men. Such 

oresumotive evidence is offered also by the greater 

incidence of cancer in families of cP.ncer patients and 

+he aooarent tenaency toward organ-specificity in these 

~rouos. nhe Rtudiee of tumd~s in identical twins further 

qerves to substantiate the evidence of nresence of 

hereditary factors in the cnusRtion of neoolastic orocesses. 

In certain conditions , kno~n to be ore-cancerous , 

there is no doubt t~at hereditary fRctors are involved. 
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Several theories hAve been advanced with reference 

to the method of inheritance but the exact mechanism of 

t r Rnsmipsion h9s not As yet been established. 

DISCUSSION 

\That is the practical value of oresumptive evidence 

of hereditarv factors being involved in the etiology of 

cancer? The informa tion so far obtained strongly indi

cates that genetic factors are -oresent in grea,ter or 

lesC\ degree and although such information, strictly speak

ing , can be cl2ssed only as circumstantial evidence, a 

great deal can be accomplished in the eradication of this 

scourge if sufficient effort is put forth. Careful 

histories of every natient can be taken, especially 

familial histories . Individuals can be forewarned to 

some degree if their families show a tendency toward 

either cancer of a oarticular organ or cancer in general. 

" hese neot'le can hc1ve more frequent exf!minations, making 

uossible very early diPgnosis in many c~ses should cancer 

occur. 
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