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INTRODUCTION 

Carcinoma of the breast is reaponsi.ble for the 

death of 17,000 women annually.(l) In spite of the many 

advances in surgical technique, adjuncts to surgery, and 

education of the lay public concerning the cancer pro.blem 

and its early diagnosis, there h~ been vezy little im

provement in the cure rate in the pa.at thirty years. 

Historically, many contributions have been made 

in an effort to increase the cure rate. Some of these 

have been exc i s ional biopsy, frozen section technique, re

draping, reprep·ing, the use of new instruments after the 

biopsy and many more, all of whioh have :cut down the in

cidence of local recurrence and consequently have saved 

more lives. Extended operations, sueh as the supra-radi

cal mastectomy of Urban (2), have been designed in an ef

fort to salvage those ~ople with internal mammary node 

metastases. 'fhe use of irradiation therapy in combination 

with surgery has be en tried, again a lightly improving the 

cure rate. 1lore recently the use of biologicals, such as 

nitrogen mustard, thiotepa., and others, have been trled. 

Kormone therapy, oophorectomy, a.nd adrenalectomy have been 

proven to be usefu l palliative agents. None of these 

forms of therapy, with their added positive results, would 

have been developed if a fatalistic viewpoint had been ac

cepted in the pas ... . 



If the cure rates are to continue to improve, even 

if by only a few percent age points, results of treatments 

must continually be reviewed and other adjuncts to therapy 

contemplated and tried. Also, more extensive studies of 

breast cancer and its mode of spread must continually be 

made. 

We know that breast carcinoma usually arises aj:i a 

single focus in a duct, that it spreads locally along the 

ducts, faacial strands, and into the less resistant mammary 

fat, and that it metastasizes by lymphatics and the blood 

stream. The primary fo.cu.s is quite radioree1stant (3), 

but the metastases are much more radioaensit i ve and capable 

of sterilization. (4) The tumor is most likely under hor

monal influences as it never occurs prior to puberty.{5) 

Some stage I and about one-half of stage II carci

noma patients will develop metastases or die of the disease 

within fi.ve years of surgery. U the operation had removed 

all the tumor and its lymphatic metastases this should not 

occur. This, therefo. re, indicates that the original stag

ing was incorrect and that some patients already had blood 

bome metastases, while others had internal mammary and/or 

supraclavicular nodal involvement. Handley (6) rep0rted 

that 46 per cent of patients with axillary nodal involve

ment will have dep0s~ts in the internal mammary chain; 

33 per cent will metastasize only to the internal mammary 
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chain; and 60 per cent of inner quadrant lesions (20 per 

. cent for lesions in the outer quadrant) have spread to the 

anterior mediastinum when treatment is begun. 

Treatment of the internal mammary chain has been 

by two methods: 

1. The Urban s upra-radical mastectomy removing these 
lymph nod es • 

2. Poat-operat i ve irradiation to the internal mammary 
lymph node c hain. 

It is, the ref ore, proposed that the internal mam

mary chain of lymphatics is a primary lymphatic drainage 

of the breast and must be eradicated either surgi.cally or 

by irradiation if the cure rate for breast cancer treated 

by radical mastec t omy i a to be increased. The purpose o.f 

this paper, theref ore, to review the effects of irradi-

ation on the breas t cancer cells and postulate expected 

results o-f irradiation t o the internal mammary chain of 

lymph nodes. 

The conclusions drawn will be applied a olely to 

potentially curabl e carc inoma of the breast and not to 

inoperable or widely dis seminated disease. 

ANATOMY OF THE INTERNAL. llAJDIARY 
LYMPH NODE CHA m 

The internal mammary chain of lymph nodes liea 

deep to the plane of the costal cartilages and is plexiform 
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around the inte m al mammary blood veesele. Lymph glands 

are usually present opPOs1te the first, second, third, and 

sixth intercostal epacee ; the second intercostal sr:ace 

gland is usually t he mo at constant. The e:hain drains the 

anterior chest wal l, breast, and anterior mediastinum, a.nd, 

it is presumed, t he uppe r abdominal wall and periphery of 

the diaphragm. I t commonly empties itself into a gland 

situated just abo ve the medial end of the clavicle and 

from there into t he gre a t veins; however, this gland is 

not always present . In addition to macroscopic nodes, 

there are in the i nternal mammary lymphatic network many 

small nodes, and e ach compOaed of only a few lymphoid fol

licles. ( 6, 7) 

HISTOLOG:tC EF:FECT OF IRRADIATION ON 
NORMAL TIS SUE 

Irradiation in excessive amounts when a pplied to 

living tissue produces damage to the various components of 

cells. This dani>- ge is greater the nearer the source ot 

irradiation is to the t i ssue, but it affects indiscrimi

nately all living cells in the field with what has been 

termed a ncytoaaustic• e ffect. This effect is similar to 

that which is due to an excessive application of any hea t, 

cold or caustic s ubstance. On the contrary, appropriate 

amounts of irradiation of the proper quality may 1&sa 
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through the supertici.al layers of tissues without any ad

verse effects and have an effect only on cells more deeply 

situated. This i s r~fe r red to as the selective cytolethal 

effect and is util ized i n the treatment of malignant tu

mors by radiotherapy.(8 ) 

The lethal effec t of irradiation on living cells 

is the final resul t of t he ionizations produced 1n the.ir 

collision with the components of living cells. Although 

the immediate effe ct in some instances may be the death of 

the cell, the dama ge done may become manifest only after 

the cell undergoes mito s is, and still in other insta.nces 

it is only apprec i able i n the cell's descendants. The ex

pression "lethal dose" has no significance 1n radiobio logy. 

Cells of the same specie s simultaneously irradiated die 

after receiving extreme l y variable amounts of irradiation. 

Working with diffe rent unicellular o rganiams, it was noted 

that irradiation induce d several ty pee of lesions and that 

the relative Proportions of these leslons varied with the 

dose. Interpretin g the s e facts according to the quantum 

theory (corpuscula r nat ure of irradiation), these leai.ons 

were attributed t o diffe rent qualitative and quantitative 

actions of irradia tion on the individual cells. These were: 

1. The immediat e deat h of the cell due to the absorp
tion simult aneous l y of large numbers of pa,rtie lea 
in the cell produc ing the destruction of the dif
ferent cellular comp,onents. 

2. Delayed growth due to Partial destruction of 
protoplasm. 
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3 . Suppression ot motility due to its actions on the 
motor center of the cell. 

4. Suppression of repmduction due to destruction of 
the centrio le. 

5. Abortive anomaliee of cellular division due to de
struction of varying quantities of nuclear chromatin. 

6. Hereditary malformation due to a lesion of a , Particu
lar segment of c hromoeom1c substance {g&ne). 

The effects so far mentioned can be attributed to 

the ionization of molecules in the path of the ionizing 

particles, but it has been shown that the biologic effect 

is not solely detennined by the total number of ions but 

that it is also conditioned by the spat~al d1stribut 1on 

of the ions. 

The effec t s of irradiation on living cells cannot 

be explained, however, on the basis of physical trauma 

alone, nor can the complicated or~n1zation of normal tis

sues be considered , for the unders~and1ng of radiobiology 

as the equivalent of an aggregate of unicellular organisms. 

The chemical effe cts of ionization of cellular components, 

the posaible changes of the permeability of the cellular 

membrane, the ion i zation of circulating minerals and their 

effect on the inte rchange of fluLds, and the effects of 

irradiation on the connective t1ssue and on blood supply 

contribute, in all Probability, in a lesser or greater ex

tent to the final result.(9) 

Living tis sues r eact very differently to irradiatioD.. 
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Thoee tissues forme d by unifonn cells, not ueually ar

ranged in layers, general.ly sho:w very little radio,sens1-

t i vity ;. t.ne ir inj ur ie a due to i.rradia t ion are us ual.ly an 

indirect consequence from the resulting f1bm.a1s or im

paired vascular1ty. Tiaauea composed of multiform cells 

in continuous transformatLon , usually arranged in several 

layers (epidermis, seminife roua tubules, etc.), present 

marked radiosensitiv1ty. But the ind~vidual cells of these 

complex tissues show a very variable degree of response to 

irradiation, the germ cells (spermatogon1a, lymphobla.sts. 

eto.) being considerably more affected than their somatic 

descendants; this results in an apparent latency of the 

eff ects which may not make themselves evident for several 

weeks . 

The intens ity of the effects of irradiation and 

their permanency depends up0n various intrinsic or ex

trinsic factors . The q uality and quantity of irradiation 

has an obvious be a ring on the results; the greater the 

dose and the lesae r the quality of the radia t1ons, the 

lesa selective i s its a c t1on and the more marked and di.f

f ua e is 1 ta effec t a and the le a a revers 1 b le a re the a e e f

f'ect s. The elongation (fractionation) of irradiation re -

sults in exactly t he op posite effects. 

The iI!lIJJ3d i ate r eaction and the ultlmate effects 

of radiation on t he dif f erent tissues and organs greatly 
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depends upon the quantity and character of the radiations 

and the circumstances of their application.(5) 

HISTOLOGIC EFFECTS OF X-RAY 
ON MALIGNANT TUMCRS 

Irradiation of neoplastic cancer c:ella may produce 

almost immediate destruction of those cells in mitosis, 

and shortly after , an abnormally large number o~ degenera

tive mitoses foll owed by death of the cells from acceler

ated maturation. Whene ver this result can be accompli.shed 

repeatedly by new irradi ation, complete destruction of the 

tumor can be accompl1ahed. However, a large number of ma

lignant tumors eve n unde r intense irradiation may no.t re

spond in such a manner and may con.tinue to grow. This dif

fe re nee in respons e to irradiation is primarily an attribute 

of their oe ll of origin . 

Individual. cells within a tumor may Present a 

widely different s usceptibility to irradiations. In tu

mors composed main ly of radiovulnerable cells (lymphosar

comas, myelomas, etc.), the administration of a small dose 

of irradiation results in immediate destruction of a great 

proportion of these eells and in grossly evident reduct1on 

in size of the tumor, although a recurrence of gro wth may 

rapidly follow. I n tumo r s composed of a variety of cells 

in different stages of differentiation (epidermal care i

noma), even a large dose of irradiation may not affect the 
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moat differentiated cells (horny layer). There ma.y. be no 

grossly noticeable effects for days or even weeks, yet the 

destruction of the germinal cells eventually results 1n 

complete disappearance of the malignant tumor. In tumors 

composed mostly of cells which are not radiolab1le (malig

nant melanoma), the moat intensive irradiation may not pro

duce any immediate or delayed effect. These ~ amples il

lustrate that the radiosenaitiv1ty of a tumor de~nds pr1.

marily on the radiosensitivity of the cell of origin; that 

the gross reduction in s 1ze of a tumor de fa nda on the pro

portion of cells t hat are imnediately affected by the ir

radiation; that t he lack of immediate resPOnse does not 

necessarily indica te ra.dioreaiatance; and that radioaenai

t i vi ty is not synonymous w 1th radiocurabili ty although the 

radiocurability of a tumor depa.nds, above all, on its ra

diosensiti vity. (1 0 ) 

The numbe r of mi totic figures or the proportion of 

undifferentiated cells may be indicative of the 1mmediate 

response of a so-called radio sensitive malignant tumor, but 

anaplasia and reproduct i ve activity are not in themselves 

signs of ra.diosens itivit y in any or all malignant tumors. 

The main r equisLte of radiocurability is radiosen

sitivity. Radio re sistant or fairly ra.diosensitive malig

nant tumors are no t radi ocurable since their destruction 

by means of irradi ation requires a doae so intense that it 
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produces a diffuse cytoc austic effect which im.plies necro

sis of surrounding structures. A relatively small dose of 

irradiation may r esult 1n a rapidly noticeable effect in a 

lymphosarcoma of t he tonsil, while it may not apprecia..bly 

affect an epidenno 1d car cinoma in the same area. Yet all 

other conditions being e qual. the total dose required for 

the sterilization of either tumor does not differ greatly. 

¥oreover. one ty pe of tumor may be cured by administration 

of rather differen t amounts of irradiation, depending on 

several variable f actors, including the period of time 

over which the the rapy i a given. Thus, the total dose 

necessary to ster i lize d ifferent tumors is not necessarily 

an index of their radios ensitivity.(10) 

The total steril ization of a tumor requires a 

minimum total dos e of i r radiation capable of destroying 

all germinal cells within a tumor and consequent,ly dis

continuing reproductivity of malign.ant cells. Radiocur

abie tumors are t hose i n which the administration of each 

minimum doses is compatible with sufficient recovery of 

surrounding normal tissues to assure the integrity of the 

tiaauea. This mar gin between the destruction of the tumor 

and the untoward e ffect on neighboring norm.al tissues de

creases aa the tumor becomes less radiosenait 1ve; it be

comes a negative quantity in non-ra.diocurable tumors, for 

the quantity of x - ray necessary for the tumor destruction 
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is incompatible wit h the life of the a urrounding t1saue·a 

and implies irreparable i nJury or death. If the required 

amounts of irradiat ion are delivered in a single doae, the 

margin of safety ia narrow.(ll) 

Effect of X•r& on Breast Carcinoma _Cells_, 
Both Pri.marz and Metastatic 

The histologic findings reported following serial 

section of breast and nodes removed for carcinoma and 

which had previously been treated with high voltage ir

radiation (between 2000 rand 4000 r) are as follows: 

The most s triking change noticed was the actual 

disappearance of malignant cells following irradiation, 

which seemed to t a ke place in one of' the following ways: 

(a) Acute ce lla d i ssolut ion, immediate or delayed; (b) 

Alteration of c·ell structure followed by death. 

Cel-1 dissolution 

In different tumors varying numbers of malignant 

cells die and disappear from the tissues according to the 

sensitivity of the indiv idual neoplasm. A certain number 

of cells are kille d and removed, while others remain with

out showing any s I2cific microscopic changes unti.l at a 

higher dosage or after a longer period of time they also 

undergo necrosis. These changes were noted by atudying 

multiple biopsies taken from the same tumors after varying 

dosages. 
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An important point which may be stressed is that 

some malignant cells seen remaining in a biopsy specimen 

taken soon after irradiation therapy has f in1shed may dis

appear after a time interval even though no :further irradi

ation has been given. Clearly such cells must be fully 

differentiated and incapable of further reproducti.on. 

It would appear to be significant that in all the 

ca.sea studied rece iving a dosage higher than 3500 r very 

considerable tumor dest r uction occurred. In 4 out of 11 

cases there was complete diSappearance of malignant cells, 

and in the 7 remaining cases only grossly altered cells, 

of a type which will be considered later, were demonstrated 

hiatologically after careful search. (12) 

The actual mechanism of acute cell dissolution seems 

to be principally b y lysis of both nucleus and cytoplasm, 

although some examples of pyknosis and karyorrhexia of the 

nucleus we re seen. 

Alteration of cell struct ure 

{a) Degene r ative changes whic-h al'8 felt to be a 

mutation-like alte r ation . 

(b) Nuclear changes include a tendency to pyknosis 

on the one han.d and enlargement with or without vacuolation 

on the other. A type of nuclear enlargement seen where 

there is a conglomeration of chromatin to produce an in

tense hyperchromatic appearance with loss of normal 
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pattern. vacuola tion of the nucleus is occasionally seen. 

(c) Cyto p lasmic and cell membrane changes. Vacuo

lation in the cyt oplasm together with a foamy transformation 

of the cytoplasmi c substance. The permeability of th.e cell 

membrane is altered and there 1e a constant tendency for 

the cells to run together to form a syncyt ium, a further 

evidence of cell membrane damage. 

(d) Giant cells were seen commonly, either as large 

cells with a single dense hyperchromatic nucleus, usually 

without a clear-cut chromatin network, or as multinucle

ated cells. (12) 

Lumb disagrees with Melnick (13) who stated that 

nuclear calcificat ion was the most significan.t mechanism 

of p0at-irrad1ation death other than acute dissolution be

cause they found areas of calcification in only 50 per 

cent of the cases and in those it was not constant through

out the tumor. 

The connective tissue change noted was that the 

fibrous stroma is laid bare and small capillaries dilate 

-following the disappearance of the malignant cells. The 

ensuing stromal changes c losely followed the normal courae 

of repair, in that a gra.-dual increase in fibroblastic ac

tivity occurred wit h the appearance of collagen strands, 

and gradual ob lite ration of small vessels. Of the remain

ing blood vessels i t was common to find evidence of some 
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intimal prolifera tion, but only occasionally did this pro

duce lumen obstruction and only in two cases was vascular 

thrombosis found . (3) 

S'lJlDWtY 

The fact that s ome Stage I and one -half of Stage 

II carcinoma of t he breast patients die of the disease or 

its metastases is noted . This is in spite of radical mas

tectomy which i s intended to remove the primary focus and 

ita lymphatic drainage . Therefore, it 1s f'e lt that the 

original staging was wrong and that many of the Patients 

have blood 1aome or internal mammary nodal involvement. 

The internal mammary ch ain as a prima:cy lymphat.ic drainage 

of t he breast may be eradicated in two ways, thereby sav

ing patients with involvement limited to these nodes. The 

methods are (a) the Urban supra-radical ope rat ion and (b) 

post-operative irradiation to the area of the internal 

mammary chain. 

The effec t s, his tologically, of irradiation in nor

mal tissue and mal ignant tissue is discussed with Part1eu

lar reference to breast cancer cells. 

OONCLUSION 

The previous statements made are the facts as 

known to date. The problem arises because of: 
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(a) The many conflicting reports by various 

authors concerning the degree of regression and sterili

zation of the primary focus and metastatic involvements 

of breast cancer when t r eated by 1rradiat ion. 

(b} The varying dosages of irradiation g,iven both 

pre-operative and poat-operat ive to, metastatic lesions in 

the past , thus ma.k ing evalue.tion of their results very 

difficult. 

(c) The l a.ck of series of sufficient duration in 

which post-operat i ve irradiation of adequate quantity was 

given to the inte r nal mammary nodal chain so .that an e valu

ation of its effeots might be noted. 

Al.though i rradiation treatment both pre-operative 

and post -operative has been used for years, moat series 

reported used what today 1s considered to be a very inade

quate do·se . The present day concept i.S that at least 

4500 r or more is necessary if any :real attempt at ateril1-

zat ion of metastatic lea ions is tq be ma.de. 

Because of this lack of controlled studiies of the 

effect of post-ope ra.tive irradiation to the internal ma.m

nary chain, it is not jus tified to, draw a conclusion as 

such. However, a premis e may be proposed, on the basis o,f 

the known facts, wh ich may be proven or diaproven in the 

future but which ma.v serve as a b~is for expe ri.mental 

work at the present . 
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The hiatologic changes noted in mamnary cancer 

cells following irradiation, as reported by the various 

authors, would su ggest t hat in genera. 1 mammary cancer 

cells are ra.dioae nsitive in themselves and are able to be 

destroyed. Howeve r, it has alao been ahown that in the 

primary focus of t umors even when irradiated by adequate 

doses of x-ray, vi able t umor cells remain. This, however, 

is not the case wi th all metastatic lesions. They have 

been shown to be re susoeptib le to sterilization by ir-

radiation. The r e ason f or this is not known. 

:Because of these facts it therefore seems quite 

reasonable to assume that metastatic involvement of the 

internal mamnary lymph node chain if treated by adequate 

amounts of irradiation c ould be destroyed. If, therefore, 

this treatment were used in conjunction with radical mas

tectoiey we would be eradicating the primary focus of tumor 

a.long with the tw o prima x.y lymphatic pathways, 1.e., axil

lary and internal mammary. In those patients with tumor 

limited to those a reas and treated in this way a cure 

should be effected . Thi s then should add to the cure rate 

those patients who up t o now have been considered to have 

either no lymphat i c invo lvement or only axillary involve

ment, while in rea lity t hey had involvement of the inter

nal mammary chain . 
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