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Fig. 1 

Tumour cells seen within a venule of a patient operated for 
infiltrating and intraductal carcinoma of the breast x 200 

11 ••••••••• theee (cancer) germs are probably carried sometimes 
through the lymphatic vessels to absorbent glands in the vicinity 
of the primar,y growth; but there can scarcely be a doubt that the 
blood is the main channel by which the seeds of this dreadful malady 
ar e conveyed from its first to its subsequent sites. 11 

Thomas Watson, 
Lectures on the Principles and 
Practice of Pnysic. 

Vol. 1, p. 207, Parker, London1 1843 
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P R E F A C E 

In my second year in the McGill University Post-Graduate Diploma 

Course in Surgery, being interested in the mechanism of cancer metastasis, 

I was assigned by Doctor Donald R. Webster, Professor of Surgery, McGill 

University and Surgeon-in-Chief, Royal Victoria Hospital, to do one year 

as a Research Fellow in a project of much interest at the present time, 

the identification of tumour cells in the blood stream of patients with 

cancer. This project had been started at McGill University in 1958 by 

Doctors D.R. Webster, A.C. Ritchie, s. Ritchie, J.F. Kopkirk, R.C. Long 

and I. Salgado and a first report of the findings had been published in 

the Canadian Medical Association Journal in October of 1959. The present 

work is a continuation of that endeavour and, at the present time, 

investigation in this field is still being pursued by others. 

The investigations reported in this thesis were conducted 

between July 1959 and June 1960 and the thesis was written between 

July 1960 and April 1961. A grant by the National Cancer Institute 

of Canada made this research project possible and for this we are 

most grateful. 

Many have contributed towards the accomp1ishment of this work. 

Doctor Webster apart from suggesting that I participate in this venture 

which has been very interesting and enlightening, also obtained the grant 

for me and kindly accepted me in the Experimental Surger,y Department of 

McGi11 University. Dr. G.C. McMillan, Strathcona Professor of Pathology 

and Chairman of the Department at McGill, kindly permitted me to use the 
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facilities of the Pathological Institute to carry on my work. 

Doctor A. C. Ritchie, Miranda Fraser Associate Professer of 

Comparative Pathology, in his capacity as director of this research project, 

contributed most actively towards the accomplishment of this work. By his 

continued interest, professional knowledge and ready co-operation, he has 

guided me with a fir.m and friendly hand and, inevitably, his suggestions 

cannet be clearly separated from my own work. It was he who rendered the 

final diagnosis of malignancy of the tumour cells. He also reviewed all 

the slides of carcinoma of the breast for histological gradation and 

supervised the preparation of this thesis. But for him, this work would 

have had little sense of direction. 

Doctor Susan Ritchie, Lecturer in Pathology, introduced me to 

the subject and was especially instrumental in helping me perfect the 

technique that we used for the isolation of tumeur cells from the blood. 

Her competency in cytology made her opinions concerning the inter

pretation of various cells invaluable and her keen interest and 

enthusiasm were always a source of encouragement. 

Doctors J. F. Hopkirk and R. C. Long, Demonstrators in Surgery 

at McGill University and Assistant Surgeons, Royal Victoria Hospital 

contributed greatly by giving clinical orientation to this project. From 

their clinical experience, they would suggest the practical aspects of 

our result s and I shall never f orget our regular 11Friday meetings 11 frcm 

which I benefited so much. 

Many members of the Department of Pathology helped by convers

ati on and co-operation. The advice of Doctor J. W. Stevenson concerning 

bacteriological questions and that of Doctor B. I. Weigensberg concerning 
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problems of a chemical nature were much appreciated. Miss Marcia Eldridge 

did all the staining and mounting of the slides and much of the screening 

was done by Miss Irene Shepshensky. All the photographie work was done by 

Mr. H. Coletta and Mrs. M. Paasuke very ably did the typewriting of the 

thesis. Mrs. Anna Zushmanis, Miss H. O'Brien and Mr. H. A. T. Nye have 

been especially helpful. 

Finally, my association with the Royal Victoria Hospital, the 

Donner Building, the Department of Anatomy and the Medical Library of 

McGill University has been a happy one and I shall always cherish fond 

memories of my research year. The work done so far is, I hope, just a 

beginning and will be a spur to further work. 

Edmond D. Monaghan 

April, 1961 
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NOTE ON THE ARRANGEMENr OF THE THESIS 

The thesis is divided into four parts: 

Part I - Review of Medical Literature Pertaining to Tumeur Cells 
in the Blood Stream 

Part II - Materials and Method 

Part III - Results 

Part IV - Discussion and Conclusions 

The Bibliography and four Appendices are at the end of the thesis 

In the bibliography of this thesis, the authors are listed in 

alphabetical order. In the text, the references are given by the name 

of the author or authors and the year of publication. When the same 

author or authors published two or more papers in the same year, to 

avoid confusion, the papers are indicated in their order of publication 

by adding to the year small letters of the alphabet. Thus Moore, 

Sandberg and Watne published two papers in 1960. The first is listed 

as MOore, Sandberg and Watne (1960 a), and the second as Moore, 

Sandberg and Watne (1960 b). 

-xi ... 
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PART I 

REVIEW OF MEDICAL LITERATURE PERTAINING TO TUMOOR 

CELL9 IN THE BLOOD STREAM 



CHAP'l'ER I 

REVIEW Œ THE DEVELOP~T OF KNaaiLEDGE OF BLOOD-BOliNE 

METASTASIS 

A. Early Concepts 

-2-

It is interesting to review the evolution or thinking concerni.Dg 

the propagation of metastases via the blood stream. Tha t tum.our emboli 

are sanetimes carried in the blood stream is to us a familiar and obvious 

conception but, surprisingly, it is only recentl.y' that this phenomenon 

came to light. Up lDltil the nineteenth cent ury, the mecha.nism of cancer 

metastasis was not understood (Long, 1928). Though pathologiste taugbt 

that local and lymph node metastases were lymph-bom•, they could not 

explain distant metastases. Gradually, however, they began to indict 

the blood stream.. Thus in 1808, Christopher Johnson in the prize essay 

ot the Royal College of Surgeons of England referred to those who contended 

tha.t cancerous matter entered the ttcirculato17 system" before bringing 

about "a taint of the whole habit". Macfarlane in 1852 could not under-

stand how tar tlung metastases eould be establiehed "through the mediua 

of the absorbants" (lymphatics). He favoured b1ood spread. So did 

Hodgkin (1856) who surmised that blood vessels were "in some way comected 

with tbe ext.eœion of the disease". Watson wrote in 1843 •• " ••• these 

(cancer) germs are probably carried sometimes through the ly.m.pba.tic 

vessels to absorbent glands in the vicinity of the primar;y growth; but 

there can scarcely be a doubt that the blood is the main channel by 

which the seeds of this dreadtul malady are conveyed from its first to 

its subsequent sites". 
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A significant contribution indeed waethat of Joseph Claude 

Recamier who described the local infiltration of cancer and the invasion 

of veins by cancer. He was the first to use the term 11metastasis". In 

1829, finding seconda.ry tumour growths in the vessels of the brain of a 

patient with mammar,y carcinoma., he called these "des m6tastases canc,reuses 11 • 

It is interesting to remember that at that tim.e the term 11metastasis" vas 

used to indicate transportation ot any substance from one part of the body 

to the ot:œr. For example, Virchow in 1858 lectured on the subjeet of 

peripheral thranbi producing "metastatic deposits" in the lunga (Virchow, 

1860 b). To-dq the term is usually used to denote only secœdar,y growt;hs 

of tumours, though it is still occasioaa.lly used to denote the spread of 

non-neoplastic disease. 

At any rate, as Onuigbo (1958) points out, subsequently it be came 

accepted that "local and lymph node spread is lymph-borne, remote spread 

blood-borne", and this view was taught b;r auch authorities as Sir James 

Paget (1853), Rokitansk;r (1854) 1 Campbell de Morgan (1874) 1 Pepper (1884) 

and Coats (1895). 

However 1 the tirst half of the nineteenth century was a period 

of conjecture and speculation concerning the pathogenesis of haematogenous 

metaatasis. The mechanism was mt clearl.y understood. At that t:ime 1 the 

humoral }\ypotheses of the nat ure of metastases held the field. For 

example, in 1829, CruveUhier, impressed with the association of twaour 

invasion of blood vessels and the formation of distant secondary growtbs 1 

concluded that cancer was essentially an intranscular disease, liberating 

a specifie "cancerous juice" which was carried in the blood and could give 

rise to tumours in various parts. Though Mtlller published his classical 
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study of malignant tumours in 1858, and Schwann described his doctrine ot 

cellular structure in 1839, the concept, •o familiar to us to-day, that 

haema.togenous metastases are produced by tumour cell emboli travelling in 

the blood stream, was not accepted. 

In his tenth lecture at the Pathological Institute in Berlin on 

March 17th, 1858, Virchow (1860 a) taught that tumours give ott 

"parenc}Vmatous juices11 which travel Yia the blood stream earryi.ng the 

disease to more distant parts. It is diffieult to see wh;y Virchow was 

one of the advocates of the huaoral method of cancer metastases when one 

considera that this learned man was the ver,y founder of cellular patholog;y. 

But he exerted great influence and the humoral bypothesis was slow to 

disperse. Willis (1952 b) relates that, as late as 1874, there was a 

vigorous debate at the meeting of the Pathologieal Society ot London, 

between those advoeating the humoral bypothesis of metastasis and those 

upholding the conception of the transter ot tumour cells. 

At any rate, V1rehow 1s theories did not remain unchallenged 

for long. Indeed, Wilder (1956) reports tmt Alfred Hannover had stated 

even betore Virchow published his book that cancer cella circulated in 

the bloocl streaa and were re8ponsible tor metastasis. But the tirst 

real refutation of Virchow1s theories came in 1865 when Thiersch, 

having observed invasion of cancer oua tissue into veina and lymphatics, 

adTocated the embolie phenoaenon as the cause of secondary depoeits • 

He recognized that. cancer elements travelled in the blood and said of 

these 11 Ich sehe nicht ein, warum sie diese Flhigkeit dureh einem kurzen 

Transport in den Stralll des Lymphe oder dee Blutes einbikssen sollten11 

(I do not see why they should lose this ability ((to reproduce)) by a 
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brie! passage tbrough the l;ymphatics, or blood stream). Waldeyer (1872) 

supported Thiersch and it was their writings which finally led to the 

rejection of Virchow•s views on metastases (Wilder, 1956). From then on, 

most of the investigators in the late 19th century came to adept this 

"meci:Bnieal theory" - tumour celle wyaging in the blood stream and causing 

metastases wherever they stop and grow. 

It was only natural, then, that attempts be made to prove this 

theory by actually identifying tumour cells in the blood. The ear1iest 

report is tha.t of Ashworth who in 1869 demonstrated tuaour cella in the 

blood of a patient after death. He described the ce1ls as being of the 

same size and appearance as those round in the patient's umultiple 

malignant skin tumours 11 • Ritchie (1960) surmises that these latter Jlight 

ha.ve been subcutaneous metastases from a chordoma. Subsequently1 Edical 

literature began to ~ the groundwork for our present concepts of 

metastasis. In 1889, Zahn wrote about metastases arising from tumour 

emboli lodging in capillaries. Stephen Paget (1889), concemed about 

the anomalies of tum.our dissellination, likened twaour embo1i to .,seeds" 

falling in "soils" of different degrees of' f'ertllity and thereby 

estab1ished the f'amous 11seed-soi1 11 theory. Goldmann (1897) studying a 

well 1ocalized carcinoma of the tongue f'ound tbat it had already broken 

into a non-thrombosed vein and therefore postulated that the finding of 

tumour cella in the b1ood stream was not restricted to ad:vanced cases, 

since venous invasion can take place, as in this case, at an ear1y stage. 

Sebllidt in 1903 examined the 1ungs of' 41 patients with advanced malignant 

disease but without visible pulmonary metstases and in 15 round tumour 

embo1i in the pulmonary arteries. He concluded tha.t the majority of these 
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cells perish by thrombotic orga.niza.tion but that others may pass through 

the pulmonary circulation and disperse throughout the body without the 

presence of visible metastases in the lungs. 

Bu.t at the beginning of the twentieth century, though the 

ha.ematogenous sprea.d of cancer was wel.l recognized, there bad been onl7 

Ashworth's paper to report their a.ctua.l identification in the circula.ting 

blood. Then came what was proba.bl7 the first description of a technique 

for their isolation in blood samples. In 1904, Loeper and Louste, b7 

hemolysing red blood cells with l% a.cetic acid, were able to isolate 

tumour cells. In 19051 they repla.ced the acetic a.cid b7 33% alcohol. 

Though they were unable to demonstrate tumour c ells in the blood of 

patients ha:ving carcinoma, they found malignant cells in 3 cases of 

sareoma.. They described the cella judged to be ma.ligna.nt 1 they were 

larger tha.n the polymorphonuclears and the monocytes; tbe7 stained 

differentl7 to the other cells of the smear; the nucleus was larger, 

densely stained and rich in chromatin and finall7, the nucleus appea.red 

irregular, sometimes double. To conf:lrm that the tumour cells found in 

the blood were trul7 tumour emboli, they compared them with a smear of 

the primary neoplasm. Lastly, they :toresaw the value of finding tumour 

cells in the circulatiœ as regards the diagnosis of the disease and the 

prognosis. The same year, Ba.bés and Pa.nea (1905) reported the finding 

ot aarcoma. cells in the blood. of two patients, cne with a sarcoma of the 

knee and one who ha.d died of generalized metastases fl'Oil a sarcoma of 

the ovary. Now in te rest was stimulated and reports be gan to appear more 

frequently in the journals. Schleip (1906) described a.bnomal cells 

vhich he presumed to be cancer oells in smears of the periphera.l blood 
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of one patient dying of gastric carcinoma and of another patient who died 

5 months later of generalized sareomatosis of the bone and lymph nodes. 

Autopsy of the patient with gastric earcinoma revealed widespread metas

tases and neoplastic masses in the right atrium. Also in 1006 œyeloma 

celle vere round by' Aschoff in the post-mortem blood of a patient with 

myelomatoeis. 

Not everyone was successful. Menetrier (1909) looked for 

cancer cells in the blood. stream and reported his resulte to be negative. 

He therefore concluded tbat their presence must be exeeptional. 

Parturier (1913) agreed with hilll, aai:ntaining tha.t they were identified. 

in the blood only rarely, even in patients with widespread malignancy. 

"La constation n'est pas toujoUI"B facile!" 

But reports con tinued. Reporting his findings in the blood of 

4 patients with advanced earcinoma and bone metastases, Ward (1915) was 

impressed by the presence of large celle (20-50 micra in diameter) in 

smears or the peripheral blood from a patient dying of gastric carcinoma. 

Though he did not describe these celle except to say that they reseabled 

the smaller giant cells seen in bone marrow films atter death, he telt 

tha.t they were neoplastic. Investigathg post-m.ortem ma.terial in humans, 

Iwasaki (1915) verified Scbaidt 1s (1903) finding that tumour cells were 

rarely free in the blood stream being, as a rule, he said, destroyed 

int ravascularly by thranbus formation and by the direct action of tœ 

plasma. Krokiewics (1919) countered that 11Galloping" cancer could onl.y 

be explained b7 assuming an acute dis pe real of tumour cells tbroughout 

the organisa. Marcus, the same year 1 reported "abnomal celle 11 in the 

blood taken from the !inger of a patient with bronchogenic carcinoma 
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five days before death. These eells were e.xtremely polymorphous in 

appearance and varied in aize from that of a lymphocyte to tha.t of a 

giant cell. As in one of Schleip's cases, autopsy revealed invasion of 

the right atrium. Basing himself on this last factor, Quensel (1921) 

extracted, at autopsy, blood from the right atrium of 50 patients barlng 

died of malignant disease in various organs. He then attempted to con

centra te the cells by hemolyzing the erythrocytes with distilled water. 

This being done, he examined the centrifuged sediment. He discovered 

cancer cella in the circW.ating blood in 4 cases of gas tric carcinoma., 

in one of carcinoma. of the lung and one of malignant hypernephrana, ali 

with numerous metastases. In his opinion, this method woW.d demonstrate 

neoplastic cells in the blood only in advanced cases in which there were 

gross Jœtastases. At the same t:ime he supposed that the cancer cella 

which passed into the blood sttieam were destroyed there in large numbers 

and that this probably eontributed considerably to the "cancer cachexia~ 

Unlike previous investigators, he is probably the first to use large 

amounts of blood and publish a specifie report on a large number of 

cases. 

In the early twnties, doctors be gan to worry about the signifi

cance of these tumour cells in the blood. Knox (1922) warned medical men 

to avoid diagnostic or operative manipulati ons by underlining the i.Japortance 

of massage as a means of inducing metastases of tumour cella. Jolly, in 

his "Traite d'~tologie" (1923), doubted if the demonstration of tumour 

cella in the blood had. any value in clinical ciiagnosis. Though he 

admitted tha.t they could be observed in the peripheral blood, he considered 

tbat they were found only rarel;r, mostly in cases of generalized careinoma

tosis, only in very small quantities and that they did not always have 
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enough distinctive characteristics to be distinguished from leukocytes. 

However, interest in the subject did not wane. Jeann~e in 1925 

found multiple small metastatic growths in almost all viscera following 

invasion of a large pulmonaey vein by a bronchial carcinoma. Durante 

(1929) describing the tissue sells, supposedly tixed, whieh may be found 

travelling in the blood stream, included chorio-epitheliOJB& eells. 

Mauelaire published an interesting article in 1929. This surgeon bad been 

quite worried beeause one of his patients ha.d aecidentally received an 

emergency blood transfUsion fran her mother who had a pleural recurrence 

three years after operation for a carcinoma of the breast. Mauclaire 

.teared tha t the patient transtused would develop a tumour secondar.r to 

cella transplanted by means o.t the blood transfusion. Five years af'ter

wards, however, the patient was still &live and asyaptœu.tic even though 

the mether had since died of her metastases. 

cne report otten cited in the modern literature is tha.t of 

Pool and Dunlop (1934). They found atypical cells in the peripberal blood 

ot 17 of 40 patients having adT&nced cancer but coul.d not be sure that 

these were tumour cella. They empbasized that i t was difticul t to establish 

the t.rue identity of atypical cella within the blood. A year later, Oertel 

of McGill University, emphasized the distinction between "tumour cell 

transportation 11 by the blood. and 11metastasis 11 • He pointed out that cancer 

cella cireulating in the blood are not bound to stop and "take 11 and there

fore should not be conf'used with metastasis. 

From 1955 to 1954 little interest was shown in this aubject. 

T}lat tumour cella circulated in the blood remained unchallenged but, 

because their demonstration was so technieall.y dif'ficult and because no 
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clinical application had been contirmed, investigators concentrated on 

f'inding tumour cells elsewhere, partieularly in other body .fluids. 

Nevertheless, in 1942, Gruner of Montreal, studying bl.ood smears fran 

787 cases of' earcinoma and 89 cases of sarcana reported finding a 9. "1% 

frequenc1 o.f occurrence of' "cells like tumour cells in the blood streaa"• 

He believed that one was more likely to find tumour cells in the blood 

stream in the presence of sarcoma due to its weil recognized intimate 

relation to its vascular channels, than in carcinoma which reputedly 

spread via the lymphatics. 

The onl7 report published between 1935 and 1954 seems to be 

that of Holland, who ,in 1949, gave an aecount of' a case in which mother, 

placenta and foetus were involved with alignant melanoma and tumour cells 

were found in both materna1 and foetal b1ood vesse1s. 

B. Contemporarz Work 

Major credit .for re-awakening interest must be given to Enge11 

who wrote an extensive monograph on the subjeet in 1955. He used saponin 

to bemo1yze the erythrocytes of 274 blood samples .from 140 patients with 

cancer. He discovered tumour cells or atypical tumour-1ike cella in the 

blood of' 90 of the se patients, that is in 65%. Endeavouring to reproduee 

Pool and Dunlop's- resulta, Engell studied bl.ood from the cubital veina of 

14 patients with inoperable careinom.a and round 7 of' the sam.ples (50%) to 

be positive f'or tumour cells. Using blood drawn during surgieal inter

vention, he discovered tumour cells in the peripheral blood in 10 of' 79 

patients (15%) with various malignancies. But aost1y, he coneentrated 
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on searching for tumour cells in blood drawn at operation from the vein 

draining tlE tumour site. In a group of 107 cases of cancer of the rectum 

and colon, Engell found m.alignant cells in the blood draining from the 

tumour in 63 cases (5~). An out standing feature of his work is that Engell 

related the findings of ttunour cells to the histological grading of the 

tumour in these patients with cancer of the rectum and colon. TUmour cells 

were round in 35% ot Broders grade II tumours, 78% of grade III tumours and 

in all grade IV tumours. Also, significantly, Engell round a larger number 

or cells per unit volume of blood in the more anaplastie tumours. Engell 

also correlated his cytological rindings with Dukes' classification (1932) 

or carcinoma of the rectum and colon. In group A, the re were 41% of cases 

with twaour cells in the blood stream; group B included 5'7% cases with 

tumour cells and 7CJ1, of group C bad tumour cells in the ir blood. However, 

Engell did not wish to draw any conclusions from this. He mamtained that 

the above differences migbt be explained by tœ tact that the number of 

undifferentiated tumours increased from group A to C. 

His conclusions were .four.fold; firstl7, the spread of cancer 

cells in the blood. depends chie.fly on the histological grade of di.ffer

entiation or the tumour; seeondly, cancer cella are too seldom round in 

the peripheral blood to be of any diagnostic value; thirdly, no prognostic 

importance should be derived from the presence of these celle in the blood, 

and lastly, that manipulation of the tumour during surgical intervention 

does not lead to an increase in the escape of malignant cells. 

To prove his third point concerning prognosis, Engell (1959) 

followed-up 125 patients with cancer, aost or them. intestinal carcinomas, 

for !ive to nine years a.fter operation. At operation, tumour celle bad 
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been found in either the peripheral blood or in the venous blood from the 

tumour area in 61% of the cases. As he expe.cted, 51% of the long-tem 

survi vors had had tumour celle in the bl.ood be fore, during or after sur gery. 

Engell therefore concluded that in these cases the disseminated cells must 

have perished intravaseularly and reiterated his conclusion that the 

presence of tumour cells in the blood was not of prognostic significance. 

Fisher and Tumbull (1955) were also interested in the vas cul ar 

dissemination of colorectal carcinoma. Having isolated part of a mesen

teric vein during operations for cancer of the colon or rectum, they 

extraeted the blood trapped between 2 ligatures and in this fashion 

recovered tumour celle in 8 of 25 specimens (32%). They were also concerned 

with the inconsistencies between histological . evidence of venous extensiœ, 

the presence or absence of tumour cells in the bl.ood streaa, and metastases. 

They explained this by saying that just as UAngi.oinvasive neoplasme in other 

regions of the body, particularly the encapsulated angioinvasive carcinoma 

(angioinvasive adenana) of the thyroid gland, do not consistently •etas

tasize", so, too, the presence of intravascular tumeur thrombi does not 

necessarUy mean tl'Bt tumour emboli will result, or œtastases will 

develop. 

Like Engell, Wlang (1958) also used saponin to isolate tumour 

ce ils , but; was lesa success tul. He was unable to demonstrate ma.lignant 

cells in the periphere.l veins of 26 cases or in the femoral arteries of 

11 patients. On the otœr hand, he did observe tumour emboli in the 

blood from the tumour are a in 7 of 26 cases, maldng 11.1% positive find

ings out of 65 cases. He recœmended that pressure and tension should be 

avoidtd during operations to prevent dissemination of cancer cells in the 

blood. 
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Tbere were other less orthodox reports in 1958. Though Taylor 

and Vellios admitted that the large immature-looking cells f'ound in the 

blood strea.JR looked like and had the f'eatures of tumour cella, they felt 

that proof wa.s lacldng. Consequentl.y, they set out to prove that these 

alleged tumour cella reall;r were tumour cella. To do this, they ga the red 

blood. sarnples fran 4 patients with advanced cancer, and in whose blood 

tumour cells had previously been demonstrated. They then re-injected 

subcutaneously into the donors, the buff'y layers prepared from these 

blood samples. No secondary grovths resulted. Among the reasons they 

gave to expl.ai.n tbair f'ailure to reprod.uce secorxlar;r tumours by this 

method was that too f'ew tumour cella must have been present in the buf'fy 

layera of' their preparatioos and secondly, the injected cella IIUSt have 

been destroyed by the natural resistance of the host. Peckholz and 

B6ehll. (1958) examined blood taken from the heart in a series of 74 autopsies 

of' patients who had died of malignant tumours. Tumour cells in groups of' 

from lese than 10 to more than 50 were f'ound in 10 of the 74 cadavers. 

Coutts et al. (1959), though they used only a very small quantity 

of blood (2 ml.), round tumour cella in blood from the ante cubital vein in 

2 out of 5 patients orchiectomized for advanced prostatic carcinoma. Diddle, 

Sholes, Hollingsworth and Kinlaw (1959) , e.xamining the blood for tumour 

cells in patients with carcinoma. of the cervi.x uteri, found none in the 

peripheral blood but 8 of 14 aliquote of' blood from regic:mal veins were 

positive. Fletcher and Stewart (1959) found tumour cella more frequently 

present in the regiœal veina (15 positive of 38 cancer cases) than in the 

peripheral veina (4 positive out of 24 cancer cases). Morley of Toronto 

(1959) identif'ied tumour cells and cell clumps in blood. samples drawn from 
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the superior sagittal sinus of three patients with brain tumours. One 

was a case of metastasis to the brain from a bronchogenic carcinoma and 

the ether two were gliomata. It is particularly interesting that he 

found glioma cells in the venous blood since metastases from such tumours 

are extremely rare, if they occur at all. 

Seal (1959), using his silicone flotation technique, examined 

5 ml. samples of blood from 86 patients with advanced cancer and found 

tumour cells in :39. 

c. The Three Main Schools 

And so it is quite evident from the foregoing that there has 

been very keen interest in many centres concerning this subject in recent 

times, since Engell 1 s monograph in 1955. But the prevalent medical 

opinions to-day concerning the haematogenous spread of tumeur emboli 

have mostly been influenced by three large centres of investigation 

whose contributions of the medical literature have been numerous. 

Since 1954, they have each published a series of both clinical and 

experimental reports on the subject. These three important schools 

are: firstly, that of Warren N. Cole and Stuart s. Roberts and their 

associates of the University of Illinois College of Medicine, Chicago; 

secondly, that of George E. Moore and Avery A. Sandberg of Roswell Park 

Memorial Institute, Buffalo, and thirdly, the National Cancer Institute 

group of Bethesda, Maryland, under Doctor Richard A. Malmgren. 

Unfortunately in the various reports of these workers there is a good 

deal of repetition, and so it is not always easy to determine clearly 

the number of cases they have studied. 
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Cole (1954 a),impressed by the rate of recurrence of carcinoma 

of the colon and rectum,studied the mechanism of dissemination of cancer 

cells. Cole, Packard and Southwick (1954 b) found cancer cells in the 

fluid perfused through the artery and collected from the vein of a 

cancerous segment of colon reJ&)ved at operation. Because they 1'elt that 

these malignant cella had become detached intravascularly during mobiliz

ation of the tumour, they advocated ligation of both the l.uaen of the 

colon (several inch es above and· below the tumour) and the arteries and 

veina supplying the involved segment of colon BEFORE mobilization of the 

involved intestine. Their findings stimulated them to turther attempts 

to demonstrate tumour cells in tœ circulating blood and in 1958 they 

published their technique for isola ting cancer cells, and tbeir 

preliminary resulta. For the purposes of their study, they divided their 

patients into "curable 11 and "incurable 11
• In this as in a1l their subse

quent reports, they indicate finding higher incidence of mal.ignant cells 

in "incurable" cases than in 11curable" cases. To them, this indicated 

a direct relationship between the advancing stage of the disease and the 

percentage of positive blood samples (Roberts, Watne, McGrath, McGrew 

and Cole, 1958 a). They also compared blood sam.plee talœn from the 

antecubital vein, the major venous trunk draining the twaour area and 

the vein actually draining the tum.our site and found tum.our cells more 

frequently in the Teins draining the tumour site tha.n in the peripheral 

blood. This seemed especially evident in malignancies of the gastro

intestinal tract whieh only manifested cancer cells in the peripheral 

blood when they were 11incurable 11 • They sunnised, consequently, that 

the liver might be a fairly effective filter of tumour cells . 
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(Roberts, Watne, McGrew, McGrath, Nanos and Cole, 1958 b). A possible 

corroboration of this last hypothesis is the observatiœ tha. t clUJBps of 

tumour cells are found more often in blood dra.ining the tumour a.rea than 

in the systemie blood where single tumour cells are more conunon. (Cole, 

Roberts, Watne, McDonald and McGrew, 1958 c). Until 1959, this group 

used the albumin-flotation method for the isolation of tumour cells, but 

they have si nee changed to a modification of Malmgren t s ••streptolysin

filtration method (Long, Roberts, MeGra.th, and McGrew, 1959). Reeently, 

they published the sum total of their resulte since 1954 (Long, Jonasson, 

Roberts, McGrath, McGrew am Cole, 1960 b). They have examined the blood 

of 475 patients with malignant disease. They report that 20% of 90 curable 

patients and 29% of 207 incurable patients were positive by the albumin

tlotation method whlle 25% of 59 curable patients and 59% of 119 incurable 

patients were positive b.1 their simplified streptolysin method. 

An interesting special report of this group was that of Grove, 

Watne, Jonasson and Roberts (1959) who isolated cancer cells from the 

cireulating blood of 11 of 20 paediatrie patients with malignancies. The 

incidence (55%) was approximately twice that (23%) of a series of 200 

adulte with .alignant disease reported in a previous paper (Roberts a.nQ 

Cole, 1959 b). Another significant finding mentioned by Grove et al. is 

tbat they were able to demoœtrate histological evidence of blood vessel 

invasion in 9 of the 11 patients baving cancer celJs in their blood. 

Colombo, Rolfo and Maggi (1959) compared the results of their 

findings of tumour cella in the peripheral blood with those of Roberts, 

Watne, McGrew, McGra.th, Nanos and Cole (19&8 b) and found them to be 

simila.r. The Italian group examined 42 patients with earcinomatosis and 
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using a technique derived from that of Goudsmit and Van Loghem (1953), 

reported 10% of their operable cases to be positive as well as 30% of their 

inoperable cases giving a total of 16% positive. 

Another important group is that of Mal.llgren and his associates 

of the National Cancer Institute in Bethesda, Maryland. Having described 

their "Streptolysin-filtration metbod" for the eytologieal detection of 

tumour celle in whole blood in 19581 they went on to study a large group 

of cases. Later, they published prelimina.:ry resulta (Pruitt, Hilberg and 

Kaiser, 1958; Pruitt, Hilberg and Kaiser, 1959) before beginning to draw 

conclusions. One of the important deductions resulting fran their study 

of the correlation between the type of tumour and the incidence of cancer 

cells concerned "biologie activity" of the tumour. T}tey round tha.t patients 

with sarcomata and melanomata were more frequently positive than patients 

with adenocarcinoma and epidermoidcarcinoma (PGtter and Malmgren, 1959 a). 

In the same paper, they observed as did Engell (1955; 1959) and Roberts, 

Watne, McGrath, MeGrew and Cole (1958 a) a direct relationship between 

the degree of extension of the patient 1s disease and the recovery of 

tumour cella. They also agreed with Engell (1955) and Long, Robert;t, 

McGrath, McGrew and Cole (1960 a) that the percentage of bl.ood specimens 

containing tumour cells was greater when blood was taken from veins 

draining the tumour than from the peripheral blood (Malmgren and Pot ter, 

1959 b). Their latest statistics were derived from 981 blood speciœent 

taken from 376 patients (Potter, Longenbough, Chu, Dillon, Romsdahl and 

Malmgren, 1960). These patients were divided, as those of the illinois 

group, in two groups - "resectable lesions" and "non-resectable lesions". 

They were able to demonstrate malignant cells in the peripheral blood 
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o! 79 (28%) o! 285 patients. Of 117 patients with resectable lesions, 

19 or 16% were found to be positive and of 168 patients with non

reseetable lesions 60 were positive or 36% indicating a marked increase 

in advanced patients. They examine·d b1ood fran tœ veina dr&ining the 

tumeur areas in 91 patients and round malignant cel1s in 59 or 43%. Tbese 

91 patients yie1ded the following statistical break-down: 30 or 40% were 

positive among 75 with reseetable tumeurs and 9 or 5~ of 16 were positive 

in 16 with non-resectable lesions. Further, in this same most recent 

paper, the Bethesda group found the following ove rall incidence o! 

positive results by tumeur type: me1anomata gave the highest incidence 

of twnour cells in the blood (of 40 patients, 19 were positive !or 

tumour cella, tha t is 4 7%) followed by breast adenocarcinoma (14 patients 

out of 36 were positive or 59%); choriocarcino:œa. (10 patients of 29 were 

positive or 34%); sarcoma (5 positive of 17 or 29%); epidermoii carcinana 

o! the eervix (9 positive patients out of 40 or 25%); genito-urinary 

adenocarcinoma (5 positive out of 22 or 25%); careinoma. of the head and 

neck (9 positive out of 55 patients or 16%), and last1y, adenoearcinoma 

o! the gastro-intestinal tract (4 positive out of 26 patiEilts or 15%). 

Mal.mgren's 11streptolysin-filtration 11 method has been adepted 

for the study being earried out here at McGill UniTersi ty. Prel:imilœry 

reports of this work have been publisbed (Salgado, Hopkirk, Long, 

Ritehie, Ritchie and Webster, 1959; Ritehie and Webster, 1960) but 

discussion o! the findings will be deferred to the body of this thesis. 

The third of the most influential schools is that of Sandberg 

and Moore of the Roswell Park Memorial Institute in Buffalo, New York. 

They began by describing tbeir n.ribrinogen" method for the isolation 
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of blood-borne tumour emboli in 1957 (Sandberg and Moore, 1957). Since 

then, they have published many reporta in various medical journals. Though 

at first, like Engell, they found no difference in the incidence of tumour 

cells in veins d.raining the t\Diour before or after surgical manipulation 

(Sandberg and Moore, 1957; Moore, Sandberg and Schuburg, 1957 a) they later 

surmised that there was unverified evidence tha t the frequency of tumour 

cella in the regioaal veins was increased by surgical manipulation (Moore, 

Sandberg, Burke, Johnston and Katz, 1958). In an early paper (Moore, 

Sandberg and Schuburg, 1957 b) they found almost the same percentage ot 

tumour cells in the regional blood (55%) as in the peripheral blood (52%). 

Later, they affirmed that tumour cells were found JIK)re frequently in 

regional veins than in peripheral blood in curable lesions because the 

lungs, the liver and the terminal capillaries ·act as filters (Moore, 

Sandberg, Burke, Johnston and Katz, 1958). Here they specified "curable" 

lesions because in advanced cases of malignancy, they speculated that the 

liver would be illundated by cancer cella and these would 11overfiow11 into 

the peripheral blood circulation. 

One point whieh shows the importance of compUing a large 

number of statisties before concluding fran: the resulta is tha.t in an 

early report (Moore, Sandberg, Burke, Johnston and Katz, 1958) they found 

the occurrence of tumour eells in bath resectable lesions and non.

resectable lesions to be similar (5~). However, in a later pa.per, ot 

44 patients with coloreetal carcinoma, they noted a higher incidence of 

tumour cells (37%) in patients with non-resectable lesions than in 

patients with resectable lesions (16.%) (Moore and Sako, 1959). 
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In editoriale, Moore (1957; 1960) warned against 11nihUistic 

attitudes" which surgeons might adopt secol3dary to the distreasing reports 

of tum.our cells found circul&ting in the blood even atter "curative surge17"· 

Though i t has been demonstrated une qui voeally: tha. t blood-borne metastases 

do occur and that some of the tum.our cells are viable and capable of produc

ing metastatic growths, nevertheless, he agreed wi th Engell (1955); Roberts 

and Cole (Long, Roberts, McGrath, MeGrew and Cole, 1960 a) and Potter and 

Malmgren (1959 a) that the significanee of tumour cells W&s not known and 

that not ~ cancer cells which embolize produce metastases. Also, since 

it takes ma117 hundreds of thousands of tumour cells travelling in the blood 

stream to give rise to a few metastases and since there is little doubt 

that up to 9~ of blood-borne cells released from the primar,y tumour are 

destro;red by host resistance (Moore, Sandberg and Watne, 1959), Moore 

ma.intains tœt no prognostic import can be attached,at present, to the 

presence of cancer cells in the blood nor can theraw be governed by sueh 

findings (&ore, 1900). 

If the fears of surgeons were allayed by tbese last conclusions, 

they would find very little reassurance in the following figures. In cases 

of carcinoma of the lung tumour cells have been recovered from the pulmonary 

vein of 7 out of 12 patients upon wham a curable operation was done (Moore, 

Sandberg, Burke, Johnston and Katz, 1958). In a follow-up stuey of 817 

patients vith various types and stages of malignancy after palliative 

treatment or curative surgery, the 18-aonth survival was 25% for patients 

with tum.our cells in their blood before treatment and 51% for those with

out demonstrable tumour cel ls (Watne, Sandberg and Moore, 1960). In their 

la test article, the Roswell Park investigators publis hed significant 
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findings. Of 179 patients with adTanced cancer, 50% of peripheral blood 

samples contained tum.our cells. Also they correlated the presence of 

tumour cells in the blood with histological evidence of direct invasion 

of veine by malignant growths. It will be seen that the figures match 

impressively; in lung tumours tbere was venous invasion in 71% and tumour 

cells were found in the regional veins in 78%; in stomach tumours there 

was 5'7% venous invasion canpared with tum.our cells in tœ blood of 53% 

and in colorectal carcinomata 53% of the veina were invaded whilst tumour 

celle were present in the regional veina of 50% of the patients (Moore, 

Sandberg and Watne, 1960). 

From the .foregoing, it must be immediately app9.rent tha.t the 

resulta of Tarious etudies carmot be compared directly. Not only are 

thère differences in isolation techniques and diagnostic criteria, but 

each work has var.ying numbers of diverse kinds of tumours at different 

stages. Tumour cells have been identified in the circulating blood of 

from 9. 7% (Gruner, 1942) to m (Engell, 1955) of cancer patients. They 

were found on an average in 51% of cancer patients. This last figure 

was calculated taking only the statistics of the reports of large series 

o.t cases. It would seem. tha t the number of cancer cells in tœ blood of 

patients with lung cancer is much greater than that found in the blood 

of patients with colorectal carcinoma - even in terminal stages of the 

disease (Moore, Sandberg and Watne, 1959; Engell, 1955). On the other 

hand, Delarue (1960) searched for maligna.nt cells in lung, breast and 

colon cancers camparing their incidence in the blood taken pre-operatively, 

during operative manipulation and post-operatively. Though he does not 

mention the total number of cases studied, he reports that tumour cells 
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were f'ound in a greater percentage of patients with cancer of the colon 

before operation than in patients with cancer of' the breast and lung. 

The re was an increase in the findings of tumour cells in all three groups 

during operative manipulation but after operation, cancers of the lung 

led ca~~cers of the colon by 58% to 4~. 

Many contradictions and discrepancies become evident from even 

a cursory look at the various reports on this subject and so one JllUSt not 

be too quick to draw conclusions fran sueh unevaluated observations. 



CHAPTER II 

CLINICAL AND EXPERD1El'll'AL EVIDENCE TO ESTABLISH THE PRDPERTIES 

OF TUMOUR CELLS AS REGARDS THEIR PASSAGE 'ID THE BLOOD STREAM, 

IN THE BI..OOD STREAM AND FROH THE BLOOD STREAM 

A. How Do Tumour Cells Get Into the Blood? 
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A tumour cell has invasive properties, and the most significant of 

these according to Willis (1952) are its power of progressive multiplication, 

its motility, and its loss of adhesiveness. Let us now consider these 

properties in order: 

Power of progressive multiplication. The continuous anarchie 

multiplication of tumour cells by a neoplasm resulta in an overpopulation of 

deformed cells which extend into the surrouncting tissues by sheer volume or 

by increased intratumour tissue pressure and so infiltrate at the margins of 

the tumour into every nook and cranny. 

Motility and decreased adhesiveness of tumour cells. Certainly a 

main factor responsible for tumour invasion is that cancer cells can migrate 

into surrounding tissues by their own ameboid motility (Coman, 1942). This 

aspect of invasiveness has been extensively reviewed by Coman (1953). It 

would seem that cancer cells, to become invasive, must become loosely attached 

to one another so that they can easily separate and migrate into the surrounding 

tissues (Coman, 1944; McCutcheon, Coman and Moore, 1948). One reason for the 

decreased adhesiveness of cancer cells may be that they are deficient in 

calcium (DeLong, Coman and Zeidman, 1950). Another is that there are 

structural macromolecular abnonnalities on the sur faces of cancer cells 

(Coman and Anderson, 1955). 
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Power to interpenetrate normal tissues. These factors do not,however, 

explain the invasive growth of malignant tumours in any satisfactory way. 

Another factor of importance is that in tissue culture, one colony of normal 

tissue will not invade another, while a colony of malignant cells readily 

invades a colony of normal tissue (Abercombie and Heaysman, 1954). 

Now keeping in mind these three invasive properties of tumour cells, 

it will be seen that there are three mechanisms by which they can enter the 

blood stream. 

(i) By direct vascular invasion. A tumeur may grow into a vein by 

destroying its wall and forming a thrombus from which tumour emboli disperse 

(Ackerman and del Regato, 1954). As early as 1863, Virchow had taught that 

the walls of veins and lymphatics could be invaded by malignant cells 

(Virchow, 1863 c). Two years later, Thiersch also reported cancerous in

vasion into veins and lymphatics (Thiersch, 1865). There have been many 

reports of venous invasion by carcinomata of the rectum and colon (Dukee and 

Bussey, 1941; Dukes, 1944; Grinnell, 1950; Sunderland, 1949; Fisher and 

Turnbull, 1955). Fisher and Turnbull claimed that their histopathologic 

criteria for judging vascular extension was the elastica of the vessel (1955). 

Meissner reported that blood vessel invasion was 'present in 57% of resected 

gastric carcinomas (1949). In a study of 45 specimens of carcinoma of the 

large intestine removed at operation, roentgenograms were taken after inject

ing the veins with an opaque medium. This was done to compare macroscopic 

and microscopie venous invasion. There was venous occlusion by roentgeno

gram in 51% of the cases and 36% showed microscopie infiltration (Barringer, 

Dockerty, Waugh and Burgen, 1954). 

If the mind pictures a tumeur encroaching upon the wall of a blood 

vessel and penetrating lnto its lumen, one can easily understand how tumeur 



- 25-

cells, fragments of tumour tissue or fragments of thrombus bearing tumour 

cells may become detached and circulate in the blood stream. But there are 

discrepancies and the following should be borne in mind. The size of the 

vein sustaining neoplastic infiltration is important. For instance, if a 

tumour grows into a small vein, it might cause the venule to become immediately 

occluded and thus the dissemination of tumour amboli would not be favoured. 

A tumour proliferating into a large vein, however, might cause a thrombus, 

fragments of which could be detached by the rapidly passing blood. Jeannée 

(1925) described innumerable small metastatic growths in almost all viscera 

following invasion of a large pulmonary vein by a branchial carcinoma. 

It has also been found histologically thRt a rapidly growing ana

plastic tumour has more chances of causing tumour emboli than does a slow~ 

proliferating highly differentiated tumour because in the former case there 

would be rapid destruction of the vein wall, no occlusion of the lumen and 

minimum thrombus formation whilst in the latter case there would be slow 

neoplastic involvement of a vein wall, occlusion of the vessel and abundant 

thrombus formation (Willis, 1952). This has been confirmed by Engell (1955) 

who related t he findings of tumour cells in the blood st~eam to the histol

ogical class of the tumours in patients with carcinoma of the rectum and 

colon. As has already been mentioned, he found grade II tumours to yield 

55% positive results, grade III 78%, and grade IV 100%. Thus Engell concluded 

that the haematogenous spread of tumour a~boli depended on the grade of differ

entiation of the tumour. Brown and Warren had concluded similar~ in 1958. 

If the tendency to venous invasion and consequent haematogenous 

spread depend greatly on the grade of differentiation of the tumour, the role 

of the stage of advancament of the dise&se is less obvious. Goldmann pointed 



- 26 -

out in 1897 that the finding of tumeur ce11s in the blood stream was not 

restricted to advanced cases since venous invasion could usually be demon

strated at an early stage. Sunderland considered a combination of factors 

important. 11The occurrence of vein invasion by cancer of the rectum is 

directly related to the depth of cancer penetration of the bowel wall, the 

presence of 1ymphatic extension and the degree of microscopie anaplasia11 

(Sunderland, 1949). Engell (1955) studied the incidence of tumeur cells in 

the blood occurring in 107 cases of cancer of the rectum and colon distributed 

into three groups acccrding to Dukes 1 classification (Dukes, 1932). There 

were 41% positive in group A, 57% positive in group B, and 70% positive in 

group C. He felt that the increase in incidence was not due to the advancing 

spread of the disease but to an increase in the number of undifferentiated 

tumeurs from A to C. However, in another report published in 1959 he admitted 

that 11venous spread is to some degree related to local extension of the 

tumourll (Engell, 1959). 

At any rate, venous invasion is considered paramount by most authors 

for consequent haematogenous spread of cancer cells. Though there have been 

experimental studies (Baserga and Saffiotti, 1955), the following clinical 

data is more impressive. Moore, Sandberg and Watne (1960) correlated histol

ogical evidence of direct invasion of veins by malignant growth with the 

presence of tumour ce1ls in the blood. In 1ung tumeurs, they found venous 

invasion in 71% and there were tumeur cells in the regional veins of 7fJ/,. 

Fifty-seven per cent of the stomach tumeurs showed venous invasion and there 

were tumeur cells in the regional vein of 53%. In t~~ours of the colorectal 

region, venous invasion was demonstrated in 55% as compared with tumour cells 

in 50%. Gagnon and Ge1inas-Mackay (1959) studying carcinoma of the lung found 

that the histological type of neoplasm did not seem to influence the prognosis 
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but they agreed with Sunderland (1949) that the prognosis was less faveur

able in patients whose cancers showed microscopie blood vessel invasion. 

Fisher and Turnbull (1955) noted amongst tbiir findings that of 

7 cases in which venous invasion bad been his tologically observed, they 

were unable to find blood~bome tumoar cella in three. They explained such 

an incoœistency by the premise that the presence of neopl.astie infiltration 

of blood vessels does not necessarily imply that embolization will result. 

So far only neoplastic invasion of veina has been mentioned and 

nothing has been said about arteries. Arteries do sustain invasion by 

cancer but more rarely. Although the carotid arteries and the femoral 

arteries are occasionally ul.cerated by tumours, the aorta is penetrated 

only rarely. This may be beeause tUilour eells eannot penetrate the media 

(Ackerman and Regato, 1954). La.rge tumour eells earried away in an artery 

are usual.ly quickly arrested in the first arterioles or capillary system 

encountered (Willis, 1952). The role of capillaries will be mentioned 

la ter. 

(ii) Vi§ the lDpmtics. It has long been recognized that cancer may 

spread through the lymphatic system. As mentioned earlier, local and lymph 

node metastases were considered to be through the medium of the "absorbants" 

whereas distant metastases were explained by the haemotogenous route 

(<nuigbo, 1958). However, recentl.y it bas been shown that tumour cells 

may enter the blood stream by first pe.ssing through the lptpha.tie eystea. 

This mode of spread bas been aspe eially investigated by Zeidlllan (1956). 

There are essentially three routes by which tumour cella may enter the 

blood stream from the lymphatics. Firstly, ha.ving been perhaps temporarily 

arrested by the regional lymph nodes and lyapha.tics, they uy pass into 
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the thoracic duct and thus are transported into either the innominate vein, 

the intemal jugular vein, the subelavi.an vein or the vertebral vein -

whiehever receives tœ thoracic duct (Zeidman, 1955 b; Willis 1 1952). 

Cancer eells have actually been identified in the thoracic duct lymph 

(Watne, Hatiboglu and Moore, 1960). Secondly, tumours may invade the 

thoracic duct directly givi.ng rise to tumour emboli dispersing into the 

blood stream via the thoracic cluct as described previously. Willis (1952) 

observed 18 cases of thoracie duct invasion in 500 necropsies. Lastly, 

lymph nodes may act as barriere arresting tumour eells which may grow and 

for.m metastases but after a time tumour cella may escape directly from 

the nodes into the blood by invading blood. vessels near the involved 

node (Zeidman and Bu.ss, 1954). Thus the passage of tumour eell emboli 

via the lympha tic system into the circulating blood. is an important mode 

of cancer dissemination. 

(iii) By modifications of blood pressure. Cbe mechanism suggested 

to explain the 11porte d 1 entri"e 11 of eells in to tœ blood stream is that of 

capillary distension (Durante, 1929). He proposed that by the influence 

of modifications of blood pressure, capillaries distend, causing not only 

the layers of cells in the walls of capillaries to separate but also the 

endothelial cells the~œelves to separate one from the other leaving invit

ing interstices for the migration of tumour cells into the blood stream. 

This theory has been verified and confinned by Young and Griffiths (1950) 

who applied the principle to the spread of tumour emboli. They experimented 

with plastic modela and showed tbat differences in h;ydrostatic pressure 

within and without vessels could explain the int~avascula.r penetration of 

malignant celle. A contributing factor could be added by invoking 
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Bernouillie's principle of suction. The rapid passage of blood in a blood 

vessel could aspirate tumour eells from the neighbouring parenc}Vma into 

the vassel. At any rate, it has been suggested that sporadic findings of 

tum.our cells in the blood stre&ll could be explained by 11des élcoups de 

répl,tion et de dépression vasculaire ou par des pouss,es congestives 

successives separees par des phases de décongestion11 • (Durante, 1929). 

It has also been suggested that sudden changes in venous pressure 

auch as those eaused by coughing may dislodge cancer cella into the blood. 

stream (Zeidman, 1957). 

B. The Metastasizability of Tumour Qells 

The !act that blood-borne metastases do occur demonstrates un

equivoeally that so:me tum.our cells in the blood stream are capable of produc

ing metastatic growth. But there are many conditions affecting the tumour 

cell's ability to fonn metastasis. A few of these will now be reviewed. 

(i) Viability of tum.our cella. To cause metastatic growth, a nec

plastic cell must be viable and able to overccme the patient 's na tural 

defences. Experimental evidence testifying to tbe viability of tumour 

cella in t:œ blood stream is slim. As previously mentioned, Thiersch in 

1865 wrote 11 ! do not see why cancer cella should lose their abUity to 

reproduee by a brier passage tbrough the lymphatics or blood stream••. 

Reiss (1959) wrote "Only further experime:rt.al studies ean enlighten us 

whether the single cancer cells obser11ed (in the blood) are living cella, 

capable of multiplication under certain cireumstances rather than dead 

cella shed by the tumour'1• Dr. F.w. Taylor in the discussion following 

Grove's report (1959) asks "Here are tumour cella whieh we see circulating 
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in the peripheral blood, and they are ail good bealthy cells, weil preserved. 

Wby don 't we see some of the cells that are dying? Certain1y, most go thrœgh 

the periphera1 capillaries and do not form metastases, and yet we never have 

identified a degenerating form". 

Attempts haTe been made to demanstrate this Tiability. Antologous 

tumour cell implantations resul ted in a low incidence of "takes 11 even in 

patients with advanced disease when fragments of tuaour were re-implanted 

in the donor (Grace and Kondo, 1958), but, as has been mentioned, no "takes 11 

were f'ound when blood from patients with cancer was re-injected into the 

donor (Taylor am. Vellios, 1958). However, thie eould have been due to 

natural "host reeistance" as will be seen 1ater. Jonasson (1958) identif'ied 

tu.m.our cells in the circulating b1ood of C57 black 1ine mice beari.ng T-150 

Lewis bladder carcinamata or I-241 f'ibrosarcamata and in white rats with 

the W&1ker 256 tumours. She injected either the whole blood, or cancer 

cells isolated from the b1ood, of these animals into normal animale. This 

resul ted in tum.our growths in the normal animals. She then concluded that 

cancer cells in experimental animals are viable and capable of' producing 

metastatic growt.h. Zeidman, McCut che on and Coma.n (1950) and Korpassy, 

Kovacs and Tiboldi (1955) grew tum.our cells fran the blood of animals in 

a similar way. 

Attempts have been made to grow truman tumour cella in tissue 

culture. Using the number 199 culture medium which has as ingredients a 

mixture of' amino aeids, vitamines, purines, pyra.midines, cholesterol, 

ATP, adenylic acid, sodium acetate, glutamine, ribose, desoocyribose and 

f'errie nitrate (Morgan, Morton and Parker, 1950), Moore, Mount and Wendt 

(1959) added l"" calf' or foetal calf serum but f'ound the growt.h of' tumour 
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cella isolated from the blood difficulte or 64 blood sampl.es from cancer 

patients, they is ol.ated tumour cella in 15 but were able to grow tumour 

celle in only 3. They concluded that better media were required. McDonald, 

Chan and Cole (1960) took blood specimens from 50 patients with cancer and 

attempted to cul ture the cancer cells recovered from them, They were able 

to grow m.a.lignant eells in the cultures of only 4 specimens. 

Thus it i.e clear th at at least s otœ of the t umour cells in the 

blood are viable. 

(ii) Biological activity of the cell. It has been said that the more 

biologically active is a maligna.nt cell the more likely is i t to cause 

secondary growth (Delarue, 1960) • This rather vague concept may explain 

the findings of various authors tbat the incidence of tumour cells observed 

in the blood is greater in patients afflicted with the more malignant types 

of cancers such as sarcanata and melananata (Sandberg and Moore, 1957; 

Potter and Malmgren, 1959 a; Moore, 1960). Though not proven, this factor 

may al.so explain the higher incidence of tuœour cella found in the blood 

in cases of highly anaplastie tum.ours {Engell, 1955; Moore, Sandberg and 

Schuburg, 1957 a). 

(iii) The number of circulating cancer eel1s, If numerous tumeur cells 

can be observed in a 5 ml, blood specimen, it is interesting to consider the 

millions of caneer cella that must be released daUy into the cirula. tion. 

Experimental evidence (Zeidman, McCutcheon and Coman, 1950; Baser ga and 

Saffiotti, 1955) has sha-m that, though tumours ean rarely be transplanted 

by a single cell, it usually takes many, sometimes eTen thousands, of cells 

to cause even a few metastatic growths (Moore, Sandberg,and Watne and 

Coman, 1959; Moore, Sandberg and Sèhubarg, 1957 b), Using the Walker 
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carcinosareoma 256 of rats, Overstreet and McDonald (1957) have shown that 

the more cancer cella are injected. the greater the number of metastatie 

"takes". Fisher and Fisher (1959 b) injected tumour cella in numbers var.y

ing from 50 to 250,000 cells into the portal vein of Spragne-Dawley rats. 

'1'wo weeks later, the a.nimals were exami.ned and it was found that only 15% 

of animal.s deTeloped hepatic growths after injection of 50 cells whereas 

82% of the animals showed metastases after injection of 2501000 cella. 

It bas also been claimed that a diserete single twnour cell 

travelling along in the blood stream is lesa likely to be arrested in 

the tissues and cause metastatio growth tha.n are tum.our cella in clumps 

(Watanabe, 1954). As tumour cells are found more frequently in blood 

samples taken from veina draining the tumour site than in tre perihperal 

blood. (Malmgren and Potter, 1959 b) and as tumour oeil clumps are fwnd 

more f'requently in veina draining the tumo'!lr sites (lloore, Sandberg and 

Watne, 1960; Roberts and Cole, 1959 b), it would appear then tha.t regional 

venous blood may have a greater tendency to produce metastases than does 

peripheral blood. 

Tumour o&ll embolism may occur repeatedly so that metastases will 

be f'ormed sporadically thereby increasing with time or tum.our eells may be 

emitted "in showers" so that there wlll be an acute dispersal of tumour 

emboli causing the organism to be studded quickly with metastatic growths 

(Zeidman, 1957). 

C. Arrest of Tumour Cella. 

It bas been said that the majority of tumour cella are of too large 

size to traverse the capillary blood vessels and as a result are arrested by 

the first arterioles or capillaries encountered (Willis, 1952). There is much 
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clinical evidence for this concept as haematogenous metastases are found 

most often in the lunga and liver, the organs in whicb tumeur cella travel

ling in the blood usually meet their first capillary bed. It was fomerly 

believed that orù.y very small tumour emboli auch as those fr011. lymphomata 

or sarcomata coul.d pa.ss thrcugh vascular capillary networks. But these con

cepts need new assessment in the light of recent experimental work. 

Prinzmetal, Ornitz, Simldn and Bergman (1948) introduced glass 

spheres of different sizes into the arterial vessels of various organs of 

experimental animale and recovered them from the efferent veina. They 

found that spberes measuring from 50 to 180 micra in diameter could pass 

through the liver, spheres of from 160 to 3?0 micra through the spleen 

and spheres of from 100 to 390 micra through the lunga. Tobin and 

Zarquiey (1950) were able to pass glass spheres of up to 500 micra in 

aize through the vascular tree of fresh huaan lungs obtained at ~topsy. 

La.rger spheres lodged in the arter::l..al vascular system. Parker, Andresen 

and Smith (1958) were able to pass, at physiologica~ pressures, Lucite 

spheres of from 75 to 80 micra in diameter through the lungs of do.gs, but 

Mflller (1953) did not agree that such transpul.monary passage could take 

place at p~siological pressures. From his studies, he concluded that 

arterio-venous shunts opened to let such spheres bypass the vascular bed 

only when there were intrapulmonary pressure changes subsequent to blocking 

or spasm of the pulmonary arterioles. The other workers considered that 

such shunts were always patent. 

With transplantable tumeurs in rabbits and rats, it has been shown 

that sane tumeur cells may pass imlllediately through the circulation of the 

li ver and kidney (Zeidman, Gamble and CJais , 1956), the lunga (Zeidman and 
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Buss, 1952) and the spleen (Korpa.ssy, Kovacs and Tibo1di, 1953). 

Art.erio-venous shtmts such as postulated by the workers with 

spheres ma.y weil explain the passage of tumour celle and tumour cell clumps 

into the peri.pheral circulation. Tumour cells emanating from a neoplasm of 

the gastro-intestinal tract and recovered in the antecubital vein have 

obvious1y passed through three capilla.ry beds, the 1iver, the 1ung and the 

1imb, or arterio-venous anastanoses in these beds, if the tu.mour em.bo1i 

have taken origin in the portal system or two oapillary beds, the lung 

and the 1imb if the tumour embo1i reached the blood thrrugh the thoracic 

duct. 

It is conceivable that the passage t.hrough capillary networks 

is made easy by the plasticity of the tumeur cells (Zeidman, 1959) in the 

capillary lumen and by the distensibility of the capillary wall 

(Delarue , 1960) • 

If tumour cells are capable of pass ing through three vascular 

til ters, the re is theoretically nothing to preTent them fran su rn Ting 

appreciable periods of time in the free circulation. Relatively enor.aous 

ascites tumour cella have been shown experimentally to recirculate for 

long periode of time (Ambruss and Ambruss, 1956). 

But how long tumour cells can circulate is indefinite. Delarue 

(1960) ma.intains that if the tumour cells do not lodge and continue to 

circula te, "the trauma alone attendant upon such repeated passage through 

channels nomally narrower than the cells themselves might be expected to 

produce degenerative changes if not complete destruction"• 

But it seems unlikely that arterio-venous shtmts are the sole 

detttminant of whether tumeur cells will pass without interruption through 
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capillary beds 9 The type of tumour seems to be a contributory factor. 

Zeidman and Buss (1952)injected suspensions of Brown-Pearce cells or 

V2 carcinome. cells into the marginal ear veins of rabbits and immediatel;y 

afterwards took blood samples from the aorta of the se animals. These 

blood samples were then injected into other rabbits. They observed that 

50% of the recipient animale injected withthe Brown-Pearce carcinoma 

developed tumour growth and onl;y 15% injected with the V2 carcinoma did 

likewise. They thus eoncluded that the cells from both types of tumours 

had passed through the lungs of the donor animale but that the Brown

Pearce carcinoma cells bad a greater ability for transpulmonary passage 

than did the V2 careinoma cells. In another experiment, it was demon

strated that immediate transhepatie and transrenal passage occurred in 

both rabbits and rats with all tumours ,except the Flexner-Jobling, 

thereb;y manifesting another difference due to tumour type (Zeidman, 

Ge.mble and Clovis, 1956). 

The tact that tumour emboli can pass uninterruptecl through 

capillary beds is ma.nifestly of clinical interest. It may weil explain 

unusual distribution of metastases. For example, seconiary tumours ma;y 

be absent from the lungs but present in organs farther downstream. 

D. Fate of Tumour Cells, 

The possible destinies of tumour cells which have ente red the 

circulating blood are three: 

(i) They may grow and form metastases. As bas been menticned above, 

tumour cells may encounter arterioles or capillaries where they suffer 

arrest and being viable may utake 11 and grow. This power of growth is 
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attributed by Willis (1948) more to clumps of cells or masses of thrombus 

containing cells tba.n to isolated cells. This is the m.echani.sm of blood

borne metastases. 

(ii) Tum.our cells may be destrozed. About 100 years ago Thiersch (1865) 

said, "Out of the numerous tWilOlJI" cells that reach the blood stream, only a 

few are viable and able to form metastases" • This opinion is still held 

to-day. Of the hundreds of thousands of t umour eells tha t may be released 

in the blood stream daily from a primar.y tumour, it bas been estimated that 

99.9% !ail to survive and form metastases (Moore, Sandberg and Watne, 1960). 

Dockert;r (1958) described this phenomenon well when he said many tumour cells 

11wi. ther on the vine 11 • 

Histologie sections of lungs have soown that many tumour cells have 

been eaught in the eapill.a.ries and are undergoing degeneration (Moore, 

Sandberg and Watne, 1959). This had been shown as early as 1903 by Schmidt 

who, finding tumour emboli embedded in pulmonar.r arteries, concluded that 

the majority of such cells perished. Iwasaki (1915) found that tumour cells 

from ail malignant tumours could be destroyed in the blood vessels of both 

man and animals by thrombus formation and by the direct action of the plasma. 

Takahashi (1916) ver.ified Schmidt's findings of tumour cell destruction in 

the lungs of humans by observing the destruction of tumour cells in the lungs 

of experimental anima.ls. Since Quensel (1921) found tumour cells in the 

blood of only 6 patients out of 50 who ha.d died of cancer, he concl. uded that 

the tumour cells in t œ other patients must have perished. 

Many mecha.nisms have been incrimina ted to exp1ain this destruction 

of intravascular m.a1ignant cells. It bas been suggested that the 1ytie pro

parties of the blood stream and tissues prevent the tumour cells from lodging 

and forming metastases (Pool and Dunlop, 1934). 
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But the most important factor responsible for the "in vivo" 

destruction of neoplastie cells is the yet unexplained resistance of the 

host. This resistance is better explained indirectly or in a positive 

way. By producing a diminution of the body 's nat ural defences by va ri oua 

measures, for e:xample, stress, it has been foond that such a diminution 

in host resistance will increase the number of "takes" of implanted cancer 

cells (Grace and Kondo, 1958). Conversely therefore, the destruction of 

cancer cells may be due in large p3.rt to the body's natural resistance to 

tumour embolism. The inTestigations of Taylor and Vellios (1958) may be 

reealled here. They were unable to reproduce tum.our growth by autologous 

tumour eell inoculations. They attributed this !allure to the natural 

abUity of the host to destroy the injected eells. Yet disc:ussing another 

paper ( Grove, Watne, J onasson and Roberts , 1959) Dr. Frederi ck Williaa 

Taylor wondered., 11Why don 1t we see some of the cells d.ying? Ail the cella 

we see eirculating in tre peripheral blood are health;y cells and we have 

never identitied a degenerating form". He perhaps overlooked the diffi

culty of identif.ying dead or dying cells. 

Delarue (1960) suggested that the lympho-reticulo-endothelial 

system bas an important role in the developaent of resistance in a patient 

with cancer. He reminds us of the rarity of metastatie carcinoma in the 

spleen. <he should, however, perhaps rem•ber the commonness of metastases 

in the lymph nodes. Delarue's suppositicn, however, supports Fould's (1952) 

who a1s o suggested a possible resistant action on the part of the reticulo

endothelial system to blood-borne metastases. 

It is this large destruction of tumour cells wi.t hin the blood 

vessels that has made Moore (1960) question the prognostic import of their 
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isolation in the blood stream and that explains Engell 1s conclusion (1955) 

"Cancer cells were found with about the same frequency in patients who are 

surviving without evidence of metastases as in those who have developed 

metastases or recurrence". 

It should also be rem.embered that even clumps of tumour cella 

which succeed in establishing a metastasis may still die leaving no per

sisting disease. Clinical reports of the regression of metastases are 

weil known (Allen, 1955; Penner, 1953; Sumner, 1953) and it has been 

clearly shown experimentally that tumour emboli which lodge in the lung 

(Baserga and Saffiotti, 1955) or li ver (Guha, 1960) .may grow for a time, 

but .t'ail to establish permanent metastases. 

(iii) Tbey mav lie dormant in the tissues for years. This third 

possibility was recently stressed by Roberts and Cole (1959 b). Dormancy 

implies "malignant cells which, al.though remaining alive in the tissues 

for relatively long periode, show no evidence of multiplication during 

this time, yet retain ail their fonner and vigourous capacity to multiply" 

(Hadfield, 1954). That cancer cells may lie dormant is well known. For 

example, Rohdenburg (1920) observed small groups of living cells from a 

gastric carcinoma in the liver and omentua 10 years after the operation 

on the primar,y tumour with clinical cure. A cerebral metastasis bas been 

found in a patient operated 20 years previously for a bilateral breast 

carcinoma (Crouzon, 1920). Fisher and Fisher (1959 a) found that Walker 

256 carcinosarcoma cells coul.d remain in th& liver of rats in a viable 

but dormant state until made to grow by surgical trauma.. Many other 

examples could be quoted. 
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There appears to be two facets of surger.r which may affect intra

vascular liberati<n of tumrur cells - manipulation of tumaur and operative 

stress. 

1. Role of Surgical Manipulation of a TumOUr. 

(a) Clinical Evidence. Lawrie in 1906 was perhaps the first to 

wam surgeons of the danger or implantatiœ of cancer cells into a wound, 

and as early as 1908 Ryall advised changing of the drapes, instruments, 

gloves, etc. arter a biopsy was performed before proceeding with a radical 

resection of cancer. Practieal studies since that time on the contamin~ 

ation or operati ve wounds by cancer cells provoke thought. There has been 

increasing evidence tha.t up to 50% of local recurrences (Smith and Hilberg, 

1957) are due li.n large part to the 11seed.ing" of cancer cella on the raw 

surfaces of the wound and on the suture lines at time of operaticn. 

McGrew, Laws and Cole (1954) showed tha.t surgical manipulation could cause 

dissemiœ. tion of cancer eells sin ce occlusive ligatures placed around the 

colon early in tœ operative procedure prevented their spread. Aekeaan and 

Wheat (1955) cited many instances of tumour cell illplantation followi.ng 

certain surgical procedures; needle biops7, skin grart:i.ng for malignant 

tumours, rupt, ure of capsule during attem.pts at enucleati on of the tumour, 

transplantation of tumour cella from one bronchus to anotber during biopsy 
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of a bronehial adenoma using a eautery, rupture of ovarian cancer with 

implantation on the peritoneal surfaces, and eumting through tumour. 

Saphir (1956) bas identified "fiable tumour cells on knives used in biopsy 

or excision. A case is reported of inoculation metastasis caused by intu

bation anaesthesia in surgiea1 therapy of earcinama of the larynx 

(Glaninger, 1959). But more direct1y there have been ma.ny contributions 

attesting to the inoculation of wounds at time of surgery (Meadows, 1957; 

Smith, Thonas and Hilberg, 1958) and a good number of investigators han 

concerned themselves pa.rticularly to the problem of local recurren'bes 

following resection of tumours of the colon, sigaoid and rectum 

(Galigher, Dukes and Bussey, 1951; Southwick and Cole, 1955; Morgan, 1955; 

LeQuesne and Thomas, 1958). 

Though it is we1l aceept;ed to-day tbat surgical manipulation 

does cause local implantation of tumour cells, the role of operati Te 

trauma as regards intravascular dissemination of cancer cells is still 

the subject of much ciebate and conjecture. Engell in 1955 found little 

reason to belie"Ye that the incidence of ~~&lignant ce11s in the eirculat

ing b1ood wa.s higher after surgery than before. However, in 19591 he 

admitted that operative manipulAtion played a minor role in intestinal 

carcinoma. Reiss (19b9) agreed that there was no significant increase 

after surgical manipulation. In his series, 11% of 56 cancer patients 

showed tumour cella in the blood stream before operation and 15% of 14 

cancer patients did so after operaticn. Sandberg and Moore (1957) did 

report that the frequency of tumour c ells in the regional veina was in

creased by operation (e.g. gastrecta.y) but otherwise their findings 

parallelled those of Engell - the:re was no apparent increase in the 
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frequency of tumeur cells in the peripheral blood after surgery (Moore, 

Sandberg, Burke, Johnston and Katz, 1958). 

Conversely, ethers have found a significant increase in circulat

ing neoplastic cells after operative trauma. In 55 patients operated for 

carcinoma of the colon, cancer cells were found in the blood of the regional 

veins in 38% after the tumeur had been manipulated but they were found in 

only 15% of 76 patients when the tumeur had not been handled (Turnbull11957). 

Ross (1958) studying carcinoma of the lung found that in 15% of the cases 

in which blood was drawn pre-operati vely 1 tumour cells were present in the 

blood stream, whereas they were found in 70% of the cases in which blood 

was drawn during the operation. 

Probably the most comprehensive study of this problem has been 

made by Cole and his associates of the University of minois. By taki~ 

frequent blood samples preceding, during and after various surgical pro

cedures, they concluded to three basic types of response to operation: 

Firstly, a transitory appearance of tumour cells in the blood during re-

section of the tum.our in 11 curable 11 patients in whom pre-operative and 

post-operative samples were negative; secondly, a disappearance of tumour 

cells from the blood following a curative resection of a neoplasm in cases 

in which tumour cells had been found in the blood of the patient pre

operatively; and thirdly, a post-operative transient decrease of tumour 

cells in patients whose blood samples had been positive prior to surgery 

and in whom the tumours were found to be unresectable at celiotomy 

(Roberts, Watne, McGrath, McGrew and Cole, 1958 a; Roberts, Watne, 

McGrew, McGrath, Nanos and Cole, 1958 b; Roberts, Watne, McGrath, McGrew 

and Cole, 1959 a; Roberts and Cole, 1959 b; Long, Roberts, McGrath, 

McGrew and Cole, 1960). What is deemed especially significant in the 
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above is that removal of a tumour eurgically may reeult in disappearance 

of the blood-borne cancer cells, but not if metastases are present (Cole, 

Roberts, Watne, McDonald and McGrew, 1958 c). H0Wever, this same group 

have recently found an increase in blood-borne emboli during uterine 

cu:bettage of 5 of 5 patients with malignant disease of the endometri.um 

(Roberts, Long, Jonasson, McGrath, McGrew and Cole, 1960), a finding 

more in keeping with Turnbull. 'e work. 

(b) Experimental Erldenoe. The role of massage as a means of 

inducing metastases of tumour cells could not be established in humane by 

Knox (1922) but in animals he showed that gentle massage for short periode 

each day for a few days set free numerous tumour particles which embolized 

to the lungs. Others agreed that massage of tumours faveurs metastasis. 

Tumeur eells were found in the blood aspirated from the hearts of mice 

with transplanted sarcomata by Jonescu (1931) more readily following massage 

of the tumour. Ide, Harvey and Warren (1959) studied the Brown-Pearce 

rabbit careinoma in rabbit ear chambers. They observed tba.t eapillari.es, 

damaged by slight traUJII.&, would permit entrance into the blood stream of 

sma.ll detached islets of tumour cells which were then earried awa:r by the 

blood stream towards the bigger veins. 

2. Role of Operative Stress. 

(a) Clinical Evidence. In so far as operation causes alterations 

of host resistance, it may eonceivably faveur the haamatogenous dissemin

ation of cancer cells. Various factors have already be en mentioned and 

other factors surro~nding operation such as anaesthesia and metabolic 

alterations will be discussed in a later chapter. Some interesting 

experimental work can be mentioned. 
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(b) Experimental E!idenee. Lewis and Cole (1958) found tbat 

the frequency of pulmonary metastases was increased in aice after operati~ 

stress. They injected 100,000 cancer cells in the hindfoot of mice and two 

to three weel:œ later, arter having placed an elastic band around the thigh, 

they amputated the tumour-bearing limb. Tttey reported the incidence ot 

pulmonary metastases to be much greater in tœ operated group than in the 

animals simUarly inoculated but not amputated. The elastic band placed 

proximall7 to the tumour in the operative group acted as a tourniquet 

preventing per-operative dissemination of tumour cells and led to the pre

sumption that tum.our cells were already in the blood stream before amput ... 

ation. Thus the authors' purpose was not to prove thB. t surgical manipul

ation ea.used intravaseular uspillage 11 of cancer cells but that the stress 

of operation decreases the resistance of the host to the cancer cells des

quamating from a tumour. 

The experimenta of Ketchum (1959) were in direct contradiction 

to those of Lewis and Cole. S-91 melanOIII& cells were injected into the 

thigh of mice and the tumou.r-bearing limbs of one group were amputated 

after three weeks. Thirty-five days after inoculation, he examined the 

lungs of these and of the non-amputated control group for metastases. 

He observed tha.t complete removal. of the primacy tumour ha.d resulted in 

a decreased nlD!lber of metastases although the average size of the metas

tatic foci in the amputated group was larger tban in the control group. 

He concluded that since the metastases that he observed in the lungs of 

the amputated group were larger and older tban those in the non-operated 

group, then these must have been present pre-operatively and surgecy 

theretore must prevent or reduce the occurrence of new metastases. 
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Schatten (1958) found that it is not the surgical act 11per se" 

which results in the establishment of metastases because in a mouse with a 

tumour-bearing leg, amputation of the contra-lateral leg does not affect 

the frequency, size or number of pulmonary metastases, but he explains its 

role as follows: A pdJII.ary tumour of sufficient size inhibits the develop

ment and growth of distant metastases. Many metastases that occur in mice 

become established and grow prior to the time the primary tumour becomes 

large. Working with 591 melanoma and DBA sarcoma 49 in mice, he observed 

that complete removal of the primary growth 3 weeks after implantation 

11unleashed11 as it were these secondary foci and resulted in the rapid 

growth of large numbers of latent pulmonary metastases. 

Buinauskas, McDonald and Cole (1958) injected 25,000 Walker 256 

cells subcutaneously into 164 rats of which 85 were subjected to celiotomy 

just before inoculation of the cells. The remaining 79 rats were used as 

controls. They found 61.1% 11takes11 in the rats having had celiotomy com

pared to 31.6% in the rats not having had celiotomy. Two corollaries were 

thought to be significant. One, the control group of animals lived long er 

than the operated group and, two, there was slightly faster and larger 

growth of the tumour in the group having been submitted to surgery. Their 

experiments suggest that operative stress reduced the resistance of the 

animals to inoculated Walker 256 cells. 

Fi sher and Fisher (1959 a) found that tumour cells could remain 

in the liver in a viable but dormant state until made to grow by surgical 

trauma with its attendant metabolic alterations. 

Thus the evidence would seem to indicate tha t both surgical 

trauma and alterations in host resistance due to operative stress may 

contribute to cancer cell dissemination. 
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B. Ro1e of the Liver. 

1. ~rim.ental Evidence. Though tumour cells have been shown to pass 

unarrested through the liver (Zeidman, Gamble and Clovis, 1956), the pre

valent opinion to-d.ay is tha.t the liver acts in some way as a barrier to 

tumour celle. 

Patey (1936) injected Brown-Pearce careinoma cell emulsions into 

the portal circulation of 41 rabbits and into the systeadc circulatiœ ot 

44 rabbits. Ch examination of the tissues 3 to 5 weeks after injection, 

he found 17% metastatic deposits in the "portal system" rabbits and 68% 

deposits in the "syatemic circulation11 rabbits. It seemed then that tumour 

cella reaching the blood stream rla a portal vein were •rkeàly lese likely 

to give rise to metastatic deposits than tumour cells entering through a 

systemic vein. There was clinical evidence which parallelled these observ

ations. Blood-bome metastases were reportedly much more frequent in 

tumours of the systemic territor,r sueh as carcinana of the breast and 

naevo-careinoma than in tumours of the port.al. territoey such as carcinana 

ot the large intestine. How to explain this? Patey believed tha.t the 

li ver, by means of its abundant content of cella of the retieulo-endo

thelial system, acts to sone extent as a barrier to blood-bome metastases 

by the portal route. 

Abbott and Krementz (1957) using the Brown-Pearce and V2 

earcinanas, injected fixed hema.toxylin-stained tumour celle into the 

portal tributaries ot one group of 40 rabbits and did likewise with 

rlable tum.our cella in another group ot 40 rabbits. Later, they deter

mined the fate of these cells by autopsy. In the first group, microscopie 

e.xamination reveal.ed that, while maJ17 cella, especially single cells and 
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those in small clumps, bad passed unarrested through the li ver, the ma.1ority 

were arrested in the liver. In the 40 rabbits sacrificed 5 weeks atter 

injection of saline suspensions of viable cancer cells, the authors observec:l 

four interesting facts: 

(a) despite large numbers of celle injeeted, very few resulted in growin! 

' metastases; 

(b) but the metastatic growth that did occur took place m.ostly in the liver; 

(c) tumour ellboli in general followed the axial streams of the portal vein 

as ind.icated by growth in particular liver lobes; 

(d) the size and extent of blood-bome Mtastases were depenà.ent on inherent 

characteristics of the tumours, that is, tho se ·from tœ Brown-Pearce 

carcinoma grew more frequently and rapidly than those fran the V2 

carcinoma. 

Fisher and Fi.Bher (1959a and 1959 b) studied experimentally the 

factors influencing hepatic metastases. Firstl;r, they discovered that the 

greater the number of tumour cells injected into the portal vein of 

Sprague-Dawley rats, the more metastatic growths could be demnstrated 

in the liver. Secondly, they found an increased incidence of hepatic 

metastases over control animale when intraportal injection ot varying 

doses of Walker 256 carcinosarcoma was iœmediately followed by partial 

hepatectomy. They suggest tbat, for a transient period after partial 

hepa.tectomy, tumour cells are more readily converted to 11etastases. 

2. Clinical Evidence. Fletcher and Stewart (1959) gave special 

attention to pre- and post-hepatic blood. They examineà blood from both 

sources in 9 patients having malignant tqours of the gastro-intestinal 

tract and :round tumour cells in the portal vein blood of 4 cases and in 
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the hepatie vein 'blood in only one case. They surmi.sed therefore that the 

liver was a highly but not completely efficient filter of t'-our celle 

reaching it by the portal vein. They also believed that the liver 11releases 11 

tumour cells sporadically and tl'at the finding of them in the hepatie vein 

depended on chance timing. 

Roberts and Cole (1959 b) incriminated the li ver to explain why 

they had found no cancer cells in the antecubital vein blood of 30 patients 

with 11curable" ma.lignancies of the digestive tract. en the other ha.nd, 

since cancer cells had been isolated in the antecubital vein blood of 10 

out or 36 patients with 1tincurable 11 maligna.nt tUilours or the digestive 

tract, they postulated that whenever tumour cella do show up in the peri

pheral blood or a patient with a cancer of the digestive tract, tben the 

patient lllUst have an "incurable 11 lesion. 

It would seem then that tumour emboli liberated in the portal 

venous system are caught in the liver. 

C. Role of Chemotherapz. 

Chemotherapy as an adjunct for surgical treataent of cancer is 

eurrently under study (Shimkin and Moore, 1958). Investigators are 

especially directing their efforts towards the effect of chemotherapy on 

small amounts of residual tumour and on unestablished tumour cells. If 

cytotoxic agents can prevent or delay such free tumour cells or clumps 

forming tum.our "colonies", their administration to patients bef'ore, 

during and after surgical resection would be rational. Shapiro and 

Fu€lllann (1957) have shawn experimentally that with a sensitive tumour 

and ef'fecti ve chemotherapeutic compound the combined use of surgery and 

chemotherapy resulte in many more cures than the use of' either singly 

But there are many problems. 
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1. To.xicity of anti-cancer agents. 

Experimental etudies have indicated that s o:rœ canpounds su ch as 

nitrogen lllustard, Actinomycin D and Dakin 's solution are the most effective 

for the local destruction of tumour cells on surgical. wound.s. These and 

relatively inef'fective agents such as saline, dilute antisepties and 

distilled water have been used by surgeons to irrigate surgical wounds. 

Clorpaclin (2% monoxyehlorosene), a chemical for topical use, has been 

found effective exper.imentally but cannot be used clinically because of 

its toxicity. Hawever, irrigation of wounds with some ineffective sub

stances may actually be dangerous. Saline, we.ter, heparin, Neomycin, 

Terramycin and other solutions will not damage tumour cells bu.t instead. 

will carry them away to crevices in the wound where they may readily grow. 

The first three compounds mentioned above can destroy tumour cells in con

centrationa that will not impair wound heal.ing. But given systematically, 

bigher concentrations must be used resulting in adverse affects to the 

organism. General toxic reactions are appreciably less when chemothera

peutic agents are a pp lied di rectly to tumour cella in surgi cal wounds 

and in the body cavities than when they are given systemieally (Moore, 

Sandberg and Watne, 1960). The suecess.ful application of' the proper anti

cancer agent will depend on balancing its cytotoxic activity in malignant 

tissue against coineident injury to host factors. There is experimental 

evidence that toxic compounds may indirectly accelerate tum.our growth by 

inhibiting normal de!ence mechanisms (Moore and Kondo, 1958). Delarue 

(1960) maintains that this diminisheci resistance is due to the cytotoxic 

e!fect on the lympho-reticulo-endothelial syst~ 



2. Soecificity of the Chemotherapeutic Agent and Sensitivity of 

the Tumeur. 
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Not all chemotherapeutic compounds are equally effective against 

different kinds of tumeurs, individual tumeurs of the same type, or even all 

metastases of a single tumour. It will be necessary to assess the effect

iveness of each compound against each kind of tumeur cell. Dipaolo and 

Moore (1959) recorranend 11 in vitro11 tests of anti-cancer activity similar to 

those used for determining bacterial sensitivity to antibiotics. Admini

stration of a non-effective chemotherapeutic agent followed by intravenous 

inoculation of ascites tumeur cells in mice has been reported to actually 

increase the percentage of "takes11 fonning pulmonary metastases (Kondo 1 

Moore and Bohn, 1958). 

Moore, Sandberg and Watne (1960) have reported that 40,000 chemo

therapeutic compounds are being tested yearly by the Cancer Chemotherapy 

National Service Center of the National Cancer Instituts. Most are found 

to be toxic or ineffective. The value of this work is doubtful because 

there is such a narrow specificity of each agent - tumeur reaction that 

the agents may not be tested against the right tumeur (Kondo, Moore and 

Bohn, 1958). 

5. Effectiveness Against Primary and Secondary Tumeurs. 

Experiments have shown that unattached tumour cells in the blood, 

body cavities or in surgical wounds are much easier to destroy than the 

established tumeurs. It has been shown that in breast carcinoma in mice, 

the larger was the tumeur, the less was the chemotherapeutic effect of 

6-mercaptopurine. Not only was a larger tumeur less responsive but it 

appeared to be able to protect smaller tumeurs in the same animal from 



- 50 -

damage by chemotherapy (Shapiro and Fugmann1 1957). 

However, the primary tumour having been removed, cytolytic agents 

seem to show more effe~tiveness. Kramer and Schatten (1958) found that TSPA 

(triethylenethiophosphoramide) was effective in reducing the number of 591 

melano.ma pulmonary metastases when administered after removal of the primary 

tumour. In sorne mice, metastases were even completely prevented. They were 

surprised at this effectiveness taking into consideration the reputed increased 

growth of distant metastases that occur after removal of a primary tumour. 

Also, it has been demonstrated that compounds which are ineffective 

against solid tumeurs might completely destroy snall numbers of the same 

tumour cells injected intravenously (Kondo, MOore and Bohn1 1958). But in 

general, the activity of anti-cancer agents against unestablished tumour 

cells parallel their effects on the same cells, growing as solid tumours. 

(Kondo, Moore and Bohn, 1958). 

4. Clinical Trials 

A review of reeant pertinent experimental work in this field re

veals that sane investigators have been successful in their preliminary 

clinical trials with some anti-cancer agents. Cruz, McDonald and Cole 

(1956) having discovered that nitrogen mustard, administered intravenously 

or intraperitoneally, was effective in reducing 11 takes11 in rats after the 

intraportal injection of Walker 256 carcinosarcoma cells , decided to try 

this agent in cancer patimts at time of operation hoping to prevent both 

haematogenous metastases and metastases via the lymphatics. After having 

used HN2 without incident on 60 patients, they reconnnended certain pre

cautions and refinements to the technique (Morales, Bell, McDonald and 

Cole, 1957). They also advocated the intraperitoneal instillation of HN2 
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as a safe procedure at the conclusion of curative operations for cancer of 

the stomach, colon and rectum, provided certain precautions were utilized 

(Economou, Mrazek, McDonald, Slaughter and Cole, 1958). Another chemo

therapeutic agent which they investigated was triethylenethiophosphoramide 

(Thio TEPA) (McDonald, Livingston, Boyles and Cole, 1957). This chemical 

bad previously been found more usetul than amino-teropteri11 in reducing the 

spontaneous implantation and growth of free tumour from the ascitie tluid 

ot tumou:r-bearing mice (Goldie, Walker, Graham and Mitchell, 1957). Tbey 

found the effects of nitrogen IIUStard and thio TEPA to be about the same 

providing that each agent had been selected for its specifie action against 

a specifie twaour in a given patient (Roberts and Cole, 1959 b). In 2 patienta 

one with a non-resectable sarcoma of the uterus and one with a non-resectable 

carcinoma of the stomach, no cancer cells were found in the blood stream with

in 72 hours following administration ot nitrogen m.ustard in the first case 

and Thio TEPA in the second, but the ll8lignant eells reappeared in the 

circulation 14 to 28 days later (Roberts, Wa.tne, McGrath, McGrev and Cole, 

1959 a). They advised that prophylactie and adjuvant therapy could be 

instituted w.ith best adva.ntage at time of surgery in curable patients 

having no tumour cells in their blood pre-operatively. (Long, Roberts, 

McGrath, McGrew and Cole, 1960 a). 

The eTOlution of therapy for cancer bas been compared to tba.t of 

osteomyelitis (Moore, Sandberg and Watne, 1960) and so the reeoumend.ed treat

ment at present combines perfusion ot cheaotberapeutie eompounds into isolated 

segments of the body, use of radioactive agents -and excisional surgery 

(Moore, Sandberg and Watne, 1959). Roberts and Cole (1959 b) f'eel that if 

cancer cells are deJOOnstrated in the blood of a patient be fore operatiœ 1 

then chemotherapy should be mandatory apart tram operation. 
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D. Role of Host Rest,tance 

The vascular disseminati<:n of tumour eells resembles tha.t en

countered in bacterial infections. As established, infection becomes 

apparent only when an overwhelming nUilber of organisms are inoculated, 

when the organisms are extremely virulent or when the ability of the hcet 

to aobilize the normal defenee aechanisms is lost, so too, it would appear 

tha.t the development of metastatie foci depends not only upon the nature 

of the cells disseminated, but also upon the reaction of the host 

(Delarue, 1960). 

Many factors contribute to the resistance shown by animals and 

humans to metastases. Some have been discassed already. Willis (1952) 

points out the natural cCIIlponents of resi.s tance - 11a constitutions.! 

attribute embracing ail tissues", age, heredity, and good bealth. 

Delarue (1960) suggests that the lympho-reticulo-endothelial also plugs 

a large part in the organisa's nor.aal defences against metastases. Any 

factor then causing decrease in host resistance is apt to pranote in

creased "takes 11 of tumeur celle. Operative stress bas already been 

mentioned (Lewis and Cole, 1958). Haemorrhage and anaesthesia have been 

shown experirœntally by Gaylord and Simpson (1916) to produce an augment

ation of metastases in mice. Chemotherapy by its cytotaxic effect on the 

lympho-reticulo-endothelial system has also been reported to cause inerease 

of metastasis (Dela rue, 1960). Possibly general X-irradiation (Cirio and 

Balestra, 1930) acta in like manner. 

Malnutrition will contribute to the increased developaent of 

metastases from circula ting tum.our eells. Acute starvation is one form 

and the cachexia resulting from the depletion of nitrogen and protein 
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from the tissues by a large primar,y tumour utilizing these substances for 

its growth is another (Delarue, 1960). 

Any stress affecting an organism 1s general health is 1ikely to 

potentiate 1t to deve1op secondary twnour growths. Extremes of temperature 

have been demonstrated to promote metastases. Griffiths (1959) demonstrated 

an increased take of Walker 256 carcinosarccma in rats fol1owing b.ypothennia 

and cold stress. Luck' and SchlUlllberger (1949) found that metastases from 

renal carcinoma in frogs were increased after keeping the animals at high 

tempe rat ures. 

Cortiscne which simulates operative stress was also reported by 

Moore and Kondo (1958) to increase the "take" of inoculated tum.our eells 

in Jlice. Pomeroy (1954) injected cortisone acetate into Swiss mice con

comitant with intravenous injection of tumour cell suspensions. He observed 

the production of widespread metastases be;yond the 1ung filter and surmised 

that this phencaenon bad probabl;y been caused by the temporary destructive 

effect of cortisone upon the 1ymphoid tissues and reticulo-endothelial 

cells causing changes in the resistance of these tissues. 

final.ly, it should be pointed out that not all investigators 

are in agreement with the above. In their experimental studies of post

operati ve tUJR.our metastases, Schatten and Kramer (1958) found !!2 signi

ficant effect of operative stress, anaesthesia or cortisone administration 

on the number of artificial pulmonar,y metastases of S-91 melanoma in mice 1 

and the number of dissenters could readily be increased (Guha, 1960). 

E. Role of Body Movem.ent. 

Peristaltic activity, general muscular moveœnt (Moore, 1957), 

sudden changes in venous pressure as ma.;y occur in coughing (Zeidman1 1957), 
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respiration (Moore, Sandberg, Burke, Johnston and Katz, 1958) and body 

movement have all been cited as possible aetiological factors eausing 

tumour cells to dislodge and float away in the blood stream tœreby in

creasing the probability of seeondary tumour deposits. 

F. Role of Radiotherapy. 

As far as could be ascertained, there has been no evidence 

pramulgated regarding the effect or radiation against circulating tumour 

cells. It is generally lmown that the direct action of radiation is ma.in

l;r on the genetie apparatus of a cell but it also affects cell metablism, 

growth and dif'ferentiation (Upton, 1958). It would be technically diffi

cult to attempt to destroy radiologi.call;r tumour cella circulating in the 

blood as this would mean irradiation of the whole patient, using large 

doses and for lengthy period.s of time. More practicall;r, the use of pre

operative radiotherap;r bas been suggest-ed to supplement the role of 

surgery in the extirption of a primary tuaour. Sma.ll doses were reeom

mended direeted on tumours in an effort to kill the tlllllour eells so tœt 

Tiable eells would not enter the circulatiœ or cause recurrences by 

implantation at operation. But brial tests of pre-operative radio

therapy in cases of primar,r mammary earcinoma gave queationable resulte 

(Delarue, 1960). 

Several forms of irradiation have been used against local and 

systemie cancer celle. Keetel and Elkins (1956) supplemented the 

surgical and X-ray treatment of ovarian malignancy with the intra-

abdomi nal instillation of radioactive gold. Moore, Sand berg and Amos 

(1957),experimenting with large doses of gamma and ether globulins as 

anti-eancer agents, foresaw the use of specifie carriers of radioactivity 
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satisfactor,r method of combating blood-borne tumour cells by radio

therapy has been evolved. 
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Though this work pertains to tWilour cella in the circula ting 

blood1 its scope often impinges upon the field of exfoliative cytology. 

Consequently, for interest and completeness this section will be devoted 

to the mention of but a few examples of the various other sites in the 

organisa where tumour eells have been isolated.. 

In recent years, the science of exfoliati ve cyt ology has ad

n.nced rapidly to the forefront of medical technology by its advantages 

as a method of detection of cancer. Its scope penetrates into many areas 

of cyto-pathology and it is widely used to-day as a method of screening 

large numbers of the populatiœ in an effort to detect early cancer. 

Maas cytologieal screening of the population bas been carried out mostly 

in the United States as a means of detecting early cervical careinoma in 

women by examining endocervical. smears (Nieberg, 1957). 

Its effectiveness has been made possible in recent years 

espeeially by G. N. Papanicolaou of Cornell University who in 1954 

described a method for the staining of cancer cells in his "Atlas of 

Exfolia ti ve Cytology". Since then this and other methods have be come 

increasingly popular to identify tumour cella in various sites in the 

human organism. 

We will first consider the bone marraw. Reich in 1955 deseribed 

the presence of cancer cella in bona marrow specimens obtained by needle 

aspiration of the sternum and it is believed' that he was the first to do so. 
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Jaimet and Amy (1956) thought tha.t the diagnosis of cancer could be made 

by bone marrow smears. However, Gimm. and Kr6nke (1958) saw cytological 

differentiai diagnostic diffieulties caused mainly b,y cells eaaily con

fused with tumour cells such as reticulum ce1ls and megakaryoblasts. 

Also, they did not believe that the presence of tumour cells in the 

sterna1 punctate necessarily meant tha.t a metastasis was present because, 

although their presence in the bone marrow indicated that there were seme 

cireul.ating in the blood stream, they reealled that most tumour emboli 

were destroyed, Though they encountered technical difficulties -

individual ~~alignant cells are harder to identify in t.œ bone lll&lTOW' 

than in the b1ood because of the presence in tœ tomer of a great 

number of immature ha.ematopoietic cells - Sand berg, Moore, Crosswhite 

and Schubarg (1958) suceeeded in iso1ating cancer cells in the bone 

marrow of 8% of 600 patients with cancer, Surprisingly, in 305 patients 

in which both periphera1 b1ood samples and sternal marrow aspirations 

were examined, they found the incidence of tumour ce11s, though law, to 

be about the saae in both ma.rrow and b1ood. 

Tumour cells have also been identified in the thoracic duct 

l:ymph. It has been reported that patients with carcincma of the stomach, 

lung -and breast appeared to have a high incidence of tumour cells in the 

1ymph (Watne, Ha.tiboglu and Moore, 1960), Further, it has been found that 

tumour emboli may pass directly from the thoracie duct to nearby lymph 

nodes. This has been thought to explain Virchow's node in cases of ab

dominal cancer in man (Zeidman, 1955 a). 

Neoplastic cella have been identified in cerebrospinal fluid, 

Studying the C,S,F, of 320 patients presenting neuro1ogical diagnostic 
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di!ficulties, McCormack, Hazard, Belovich and Gardner (1957) found malig

nant ce11s in 25. 

Neoplastic cel1s have also been frund in operative wound washings 

(Smith, Thomas and Hilberg, 1958); sputum (Wandae1, 1944); pleural and 

peritoneal transudates in patients with neop1astic diseases of the serosae 

(Graham, 1955; Juniper and Chester, 1959); urine (Solo.on, Aaelar, fb'man, 

Chaiban and Europa, 1958); and prostatic secretions (J6nsson and Fajers, 

1950). 

Exfo1iative cyto1ogy has been extensive1y used in the diagnosis 

of bronchogenic carcinœa. Positi'ft bronchial wasbings have been recognized 

to be of great value in substantiating a diagnosis of 1ung carcinoma (Jackscm, 

Bertoli and Ackerman, 1951; Ross, McGill, 1949). Pleural cavity wyhings 

have also revea1ed carcinoma cella (Spjut, Hendrix, Ramirez and Roper, 1958). 

Cyto1ogica1 examination of breast secretions bas als o been round 

useful. for diagnosis or JlaDIRary carcinana (Saphir, 1950). Specimens ob

tained by aspiration of breast tumours bave also been studied. Cornillot 

and Verha.eghe (1959) consider that diagnosis by this means is more reli

ab1e for so1id than for cystic tumours, but the Russian team Shiller-Volkova 

and Agamova (1960) claia 96. 7% accuracy in the diagnosis. 

Mucb more difficult technically is the cytological examination 

of fiuids from the pancreatic duct of Wirsung, duodenUlll, :biliary tract 

and stomach. However, aspiration of duodenal contents has shown t.wnour 

cells in cases of carcinoma of the pancreas and biliary tract (Lemon 

and Byrnes, 1949). Ex.f'o1iated pancreatic cancer cells have also been 

found in the duct or Wirsung (Bowden and P apa.nicolaou, 1959) and, by 

gastric lavage and gas tric mueosa 11swabbing", Witle (1959) made the 

eytodiagnosis of a eareinoma of the stomaeh. 
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Cole (1952) demonstrated,in washings from the colon, the presence 

of viable tumour eells wa.shing awa'T from the surface of colorect&l growths 

by the passage or the faeeal stream. Dukes and Galvin (1956) supportecl 

this f'inding and added that tumeur eells were more likelT to be shed from 

an ulcerating growth, and that frequentlT these cancer cells would iaplant 

at a lower level in the bowel wall. Cole (1952) even demonstrated tWRour 

cella in enemata! 

FinallT, medical litera ture conceming exfoliative cytolog is 

abundant with reports referring to diagnosis of uterine, vaginal and 

ovarian earcinau. by aeans of endocervical and vaginal smear. 
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For tœ sake of interest, it was thought. pertinent at this t:ime to 

mention briefly that non-neoplastic elesents, supposaily fixed in the tissues, 

li&Y also be found travelling in the blood. stream. 

Normal adipose tissue cella may be liberated int o venous blood 

following trauma to bone (Zenker, 1862; Busch, 1866). Both nonnal paren

ehymatous liver cells (SchDI.orl, 1887-1888) and phagocytic Kupffer cells 

deriveci from tœ endothelium lining the eapilla.ries of the liver 

(Durante, 1929) have been demonstrated in the circulating blood. Placenta! 

elements may tra.vel in the blood stream. Douglas, Thanas , Carr, Cullen 

and Morris (1959) round trophoblastic cells in veins draining the uterus 

during pregnancy but could find none in the periphere.l blood. Even brain 

tissue cells have been seen in venous ebannels of the lung (Krakower, 1936). 

Durante (1929) made a study of tùsue cella 11 .foreign" to the bl.ood and 

reported observing .fatty cells, placental elements, chorio-epithelioma 

cells, phagoeytic Kup.f.fer cella, renal. eells and smooth auscle cells. 

A further example is that cited by Rapoport, Raum and HoiTell 

(1951) who saw bone marrow metastases in the lung. 
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As may weil be imagined1 the recognition of tumour cells amongst 

the various elements of a routine blood smear is very difficult though it 

has been done (Finkel and Tishkoff1 1960). The early investigators using 

only blood smears got low percentages of positives, and only in patients 

with advanced disease. Consequently, for a long time most studies of the 

blood in cancerous patients were directed towards the discovery of better 

means of identification of tumour cells. At first, changes in the blood of 

cancerous patients were studied. In 1905, Kurpjuveit thought that the 

presence of a severe anaemia with an increased amount of myelocytes in the 

blood of a patient was significant of a primary tumour with metastases to 

the spinal bona marrow. Likewise Ringold (1928) suggested that the 

finding in the blood of bizarre monocytes with irregularly shaped nuclei 

was an indication of cancer. And recently1 hypercoagulability has been 

demonstrated to be a constant finding in neoplasia of the digestive tract 

and of the respiratory apparatus (Fumurola and Del Buono 1 1958). 

Morphological variations in granulocytes (Broye, 1959) and eosinophilia 

(Isaacson and Rapoport, 1946; Murray, 1955; and Nagel, 1954) have also 

been proposed as being suggestive of cancer. The significance of haematol

ogical changes (shifting of leukocytes to the left1 presence of myelocytes, 

nor.moblasts and thrombopenia) as an indication of extensive metastases in 

the bone marrow in patients suffering from malignant disorders has been 



stressed by Den Ottolander, Pelt, Hellendoorn and Gerbrand.y_(l958). 

Gruner (1942) wrote an extensive monograph on the subject. 

Nevertheless, investigators were still intrigued by the 

challenge of findmg circulating tumour cells. The first problem was 

to find a suitable method for their detection. Clearly, the ideal 

technique should fulfil the following criteria: -

- 62-

(1) As large a volume of blood as practicable should be used in order to 

increase the chance of finding tumour cells. 

(2) The technique should not destroy the tumour cells or alter their 

appearance. 

(3) All other cellular elements of the blood ehould be removed or 

destroyed, leaving the tumour cells intact. 

(4) The tumour cells should be concentrated in a small area suitable for 

microscopie examination. 

(5) The preparation should permit the calculation of the number of 

tumour cells per unit volume of blood. 

These ideals proved hard to achieve. Many methods were tried, 

and it is perhaps fitting at this time to give an account of some of the 

more important of these. 

One of the first techniques devised to haemolyze red blood cells 

so as to concentrate the white blood cells and the tumour cells was that 

of Loeper and Louste (1904). They collected 15 drops of blood from a 

finger into a centrifuge tube containing 15 ml. of l% acetic acid. After 

haemolysis 1 they centrifuged for 10 minutes and then made a smear of the 

"culot de cellules11 • Fixation and staining were carried out in the usual 

way. In 19051 they modified their method substituting 19 ml. of 33% alcohol 
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for the 1% acetic acid. Quensel in 1921 used distilled water to cause 

haemolysis. Extracting blood from the right atrium at autopsy, he haemo

lyzed the erythrocytes with distilled water and examined the centrifugal 

sediment. Pool and Dunlop (1934) used a variation of a method described 

by Mandlebaum (1917), in which the cells remaining after haemolysis were 

embedded in paraffin. They haemolyzed 5 ml. of oxalated venous blood with 

15% acetic ac id, centrifuged the specimen at high speeds for one half-hour 

and then fi.xed the cells. by over-laying them with 10% formalin in alcohol. 

After dehydration1 the specimen was embedded in paraffin and sections were 

made for microscopie study. The same year a warning was issued by Shear 

and Fogg (1934) that tumour cells themselves mq sustain morphological 

changes by the direct influence of various fluids. They found that in 

vitro, swelling of tumour cells occurred in isotonie as weil as in hyper

tonie and hypotohic solutions. In fact, distilled water did damage the 

tumour cells, and acetic acid often was difficult in practice, as it 

coagulated the proteins of the red cells (Engell 1 1955). 

In 1955, Engell described a means of concentrating tumour cells 

by haemolyzing red blood cells with a weak solution of saponin. He removed 

the plasma from 2 to 5 ml. of heparinized blood by adding saline, centri

fuging and pipetting off the supernatant fluid. After adding more saline, 

the red cells were haemolyzed by the addition of 1% saponin in the same 

volume as was the original blood sample. Then the products of haemolysis, 

any excess saponin and the heparin were removed by repeated saline washings 

and centrifugings. The resultant cone of c elis was then detached from the 

bottom of the test-tube by the addition of citrated plasma and 10% calcium 

carbonate. The disc-shaped clot was fix.ed in fonnalin, embedded in paraffin 



and sections were made for staining. This method was also used by 

Whang (1958. 
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With this method the quantity of blood used was small and not 

all the sediment was prepared for histologie al study. Engell himself 

recognized that 15% to 20% of the cancer cells were lost. The micro

scopie screening of the slides took a very long time, because of the 

presence of the leukocytes which are not affected by the saponin. In 

addition, the cancer cells were distorted so that their identification 

was rendered more difficult. 

In 19571 Sandberg and Moore published a description of their 

11Fibrinogen11 method. This was based on a finding by Buckley, Powell and 

Gibson (1957) that when fibrinogen was added to whole blood, rouleaux 

formation of the erythrocytes took place, and there followed rapid 

sedimentation, leaving the leukocytes and other nucleated elements in 

the supernatant plasma. Sandberg and.Moore mixed 5 ml.of blood with 

80 mgm. of bovine fibrinogen dissolved in 2 ml. of water containing 1 mgm. 

of heparin. Saline was added to reduce the concentration of the red 

blood cella and thus accelerate sedimentation. The supernatant was then 

removed. The nucleated cells left in the supernatant were concentrated 

by centrifugation and smears made. 

While this method was simple to perform, inexpensive and produced 

well-stained slides in which the tumour cells were not distorted, it had 

serious disadvantages. A relatively small amount (5 ml.) of blood was used; 

only part of the final sediment was used to make the slides; and there were 

probably some tumour cells discarded with the remainder of the sediment. 
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Other substances have been used to obtain rapid sedimentation 

of the red blood cells. One of these is Dextran (Klein, Eridani1 Djerassi 

and Resnick, 1958). Colombo, Rolfo and Maggi (1959) concentrated the tumour 

cells in the blood by a method derived from that described by Goudsmit and 

Van Loghem (1955) for the separation of leukocytes with a Dextran solution. 

To 9 ml. of blood (which was kept from coagulating by the addition of 1 ml. 

of Plexocrom A) they added 2 ml. of a 5% solution of Dextran of molecular 

weight of 179,000. The test-tube was inclined at 45° and incubated at 57°C 

for 50 minutes. The supernatant fluid was aspirated, and centrifuged at 

1000 revolutions per minute for 50 minutes. Three smears were prepared 

from the sediment and stained by the May-Grunwald Giansa method. 

Reiss (1959) tried to haemolyze red blood cells by means of a 

combination of acetic acid and hydrochloric acid but obtained slides of 

poor quali ty. He was able to ob tain only incomplete haemolysis witb 

Engell' s saponin method, and so he adopted the fibrinogen method of 

Sandberg and Moore. 

But attempts at the isolation of tumour cells in the blood have 

not been directed only towards the haemolysis or sedimentation of red blood 

cells. In 1959, Seal proposed a very interesting method. It was based on 

the theory of flotation which maintains that, on centrifugation, cellular 

elements in a liquid medium will resolve themselves into different layers 

deperding on their specifie gravity. He advocated, therefore, using 

silicone, a fluid available commercially in carefully graded densities, 

to float off cancer cells. When blood cell samples are added to the 

adjusted silicone medium and centrifuged, the cancer cells float to the 

top where they can be collected, counted and studied under the microscope. 
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Seal explained the mechanism as follows: if one overlays silicone (specifie 

gravity 1.075) with blood, upon centrifugation, the cancer cells (specifie 

gravity 1.056), lymphocytes (specifie gravity 1.065), and platelets (spec. 

gravity 1.052) being higher than the medium come to lie on the surface of 

the silicone. The red blood cells (specifie gravity 1.092 to 1.097) and 

polymorphonuclear neutrophilic leukocytes (specifie gravity above 1.075) 

being heavier than the medium collect under the silicone. The big dis

advantage of this method is, as Seal admits, that one cannot assume that 

all cancer cells have a specifie gravity of 1.056. 

Another technique for the separation of cancer cells based on 

the theory of flotation was that described by Roberts, Watne, McGrath, 

McGrew and Cole in 1958. Using 10 ml. of heparinized blood, they sedi

mented the red cells with bovine fibrinogen as did Sandberg and Moore (1957). 

The supernatant fluid containing the leukocytes and tumour cells was then 

decanted and layered over 5 ml. of a 35% isomotic solution of bovine serum 

albumin (Ferrebee and Geiman, 1946) adjusted to a specifie gravity of 1.065 

according to the formula of Agranoff, Vallee and Waugh, 1954. Thus the 

plasma of specifie gravity 1.055 to 1.060 (Mitchell, 1950) rested on the 

albumin solution of specifie gravity 1.065 which is less dense than most 

of the for.med elements of the plasma. On centrifugation, the tumour cells, 

being of specifie gravity less than the 1.065 of the albumin collected on 

top of the albumin at the plasma-albumin intersurface (Fawcett, Vallee and 

Soule, 1950; McGrew, 1950). The majority of the white cells, however, were 

of specifie gravity greater than the 1.065 of the albumin (Vallee, Hughes 

and Gibson, 1947; Fawcett and Vallee, 1952) and so passed through the 

albumin to lie at the bottcm of the test-tube. The tumour cells thus isolated 
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over the albumin layer, were aspirated, washed in saline and stained. 

Roberts and his associates also made smears of the heavier layer below the 

albumin in case some tumour cells had been carried into it. 

The advantage of this method is that the nuclei and cytoplasm of 

the tumour cells were well preserved. Its main disadvantage is that it is 

not quantitative sin ce many tumour cells may be lost in the initial sediment

ation of erythrocytes. Consequently1 Roberts, Cole and their colleagues 

have changed their method, adopting the streptolysin method described by 

Malmgren1 Pruitt1 Del Vecchio and Potter in 1958. This is the method used 

in the present stud.y and is considered in detail in the nex.t chapter. 

Sorne authors have preferred simpler or more complicated methods 

of isolating cancer cells. Morley (1959) anu Coutts, Silva-Inzunza, Bulnes 

and Rosenberg (1959) simply centrifuged their 2 to 5 ml. heparinized blood 

samples, pipetted off the supernatant plasma and made smears of the thin1 

white filmy 11buffy11 layer covering the red blood cells. But, on the other 

hand, Rosengren (1959) has developed an integrating apparatus, based on 

the absorption of X-rays, which is capable of determining cell mass and 

so counting the large t tunour ce ils. 



CHAPTER VII 

THE STREPTOLYSIN TECHNIQUE FOR THE IOOLATION OF TUMOUR 

CELLS FIDM THE WIDLE BLOOD 

A. Description. 
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The method used for the detection of tumour cells in the blood 

was essentially that described in 1958 by Malmgren1 Pruitt 1 Del Vecchio 

and Patter of the National Cancer Institute of Bethesda, Maryland. 

Experience with the method suggested improvements which were gradual~ 

incorporated into the original method. Sorne of these modifications are 

our own and others were described in later publications by the Bethesda 

group. The method will now be described. Further details concerning each 

step will be given in Appendix A. There are sevan main steps. 

1. Collection of the Blood. 

Seventean to twenty ml. of whole blood are taken from an ante

cubital vain through a size 20 needle into a non-siliconized 20 ml. syrL~a 

and mixed with 3 ml. of Heparin sodium contained in the syringe. (1,000 

U.S.P. units or 10 mg. per ml.). The bl ood is then placed in a stoppered 

test-tube. Ideally1 it should be processed immediately although it may be 

kept under refrigeration for a few hours. 

2. Removal of Plasma. 

The naturally occurring anti-streptolysins in the plasma must be 

removed by centrifuging and washing. 

(a) The blood is placed in a 40 ml. pyrex centrifuge tube and 

centrifuged at 300 x g. (1500 revolutions on a Madel PR- 1 Portable Inte~ 

National Refrigerated centrifuge) for 25 minutes ta separate the cells from 

the plasma. 
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(b) The plasma is removed by means of a Pasteur pipette attached 

to a suction apparatus. The plasma is then replaced with 30 ml. of normal 

saline. The cells in saline are stirred by means of a glass rod and the 

resultant mixture is centrifuged again at 500 x g. for 25 minutes. 

(c) The supernatant fluid is removed as previously. The cells 

are resuspended in 50 ml. of normal saline, and again centrifuged at 500 g. 

for 25 minutes. The supernatant fluid is again removed and discarded. 

5. Streptolysin Digestion 

The erythrocytes and most of the polymorphonuclear leukocytes are 

lysed with Streptolysin-0, an enzyme of the streptococcus. 500 mg. of dried 

Streptolysin-û reagent are dissolved in 30 ml. of 0.85% saline (Potter and 

Malmgren, 1959 a), then added to the packed cells remaining after the last 

washing. The whole is then incubated in a water bath for 10 minutes at 

59°C. wi th gentle shaking from time to t ime. 

4. Fixation 

The digested blood is centrifuged for 15 minutes at 300 x g., and 

the supernatant fluid is aspirated ani discarded. This leaves a small cone 

of packed cells (lymphocytes, monocytes and tumour cells) at the bottom of 

the centrifuge tube. To this are added 10 ml. of normal saline and the 

mixture is agitated by aspirating it through a size 18 needle into a syringe 

and then expelling it until the cells are uniformly suspended. Then 10 ml. 

of 10% formalin are added (Seal, 1959) an:i the mixture left for 30 minutes 

for preliminary fixation. The specimen may, however, be left overnight at 

this stage (Seal, 1959). 

s. Filtration 

The entire preparation is then filtered through Millipore filters 
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(Seal, 1956; Solomon, Amelar, Hyman, Chaiban and Europa, 1958; Del Vecchio, 

De Witt, Borelli, l'lard, Wood and Malmgren, 1959; Juniper and Chester, 1959). 

The filters are mounted on ~tllipore filter holders, connected to filter 

cups which in turn are fttted into 1000 ml. Buchner flasks. Four filtration 

units are connected in series to a mercury manometer and to a vacuum source 

(Seal, 1956). Filtration is carried out under 20 mm. Hg. of negative 

pressure. A greater pressure should not be used as the cells become distorted 

on the filter and air bubbles appear. The filtration is ideally done as soon 

as the 30 minute period of fonnalin fixation is completed. 

Only yery small quantities of the preparation should be placed on 

each filter at any one time and the rate of filtration should be watched. 

When the passage of the fluid through the filter slows down, this means 

that the filter has become almost ·impermeable and should be changed to 

provent clogging. It may take anywhere from two to eight filters (depend

ing on the density of the preparation) to filter one sample of blood but, 

on the average, four are required. 

During filtration, tumour cells present are 11 caught 11 on the 

surfaces of the Millipore filters because their usual diameter is greater 

than 10 JU (Moore, Sandberg and Watne, 1960). 

6. Staining. 

The cell containing filters are then placed in numbered metal 

filter holders which in turn are promptly immersed in modified Carnoy1s 

fixative for 30 minutes (De Witt, Del Vecchio, Borelli and Hilberg, 1957). 

to remove the retained haemoglobin and make microscopie examination easier. 

The filters in their filter holders are then transferred to 7o% alcohol 

and are sta.ined by a modification of the Papanicolaou technique 

(Papanicolaou, 1954). 
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Each filter is then mounted in Permount on a 52 x 77 mm. slide 

using a 48 x 60 mm. coverglass. It is important to place Permount on both 

the slide and the coverslip to seal the filter completely. This avoids the 

formation of air bubbles between the slide and the coverglass and prevents 

dehydration of the smear. 

7. Screening 

Each slide is then exanûned meticulously and completely for the 

presence of cancer cells. This was done as follows: A trained cytology 

technician scanned a slide by starting at the top and by moving the 

mechanical stage of the microscope horizontally and vertically so swept 

back and forth across the whole of the filter area at a power of one 

hundred diameters (10 x lens and 10 x objective). Any cell which aroused 

suspicion was examined at a higher power and marked. The circling deviee 

for marking cells described by Del Vecchio, Siegler and Hilberg in 1956 

was found unsatisfactory in our hands. These slides were then secondarily 

reviewed by the research fellow. Again, any suspicious cell was invest

igated at a higher power (720 x or under oil immersion). But the final 

decision as to malignancy was made by a cyto-pathologist and confir.med b,y 

a pathologist. 

The screening procedure took twenty to thirty minutes per slide 

or an average of two hours per entire specimen. 

B. Advantages and Disad~antages of This Technique 

After reviewing all techniques described for demonstrating tumour 

cells in the blood (see Chapter VI), the Streptolysin-Filtration Method of 

Malmgren was chosen because it has the following advantages: -



(a) A relatively large volume of blood is used in order to 

increase the chance of finding tumeur cells. 
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(b) The tumour cells are concentr&ted on the transparent Milli

pore filters with miuimal cell loss and morphologie damage. 

(c) All the erythrocytes, fibrin and most of the polymorphonuclear 

leukocytes are destroyed leaving the remainder of the cellular elanents of 

the blood evenly distributed on microscopie slides for relatively easy 

scneening. 

(d) This technique has also proved satisfactory for processing 

other body fluids (such as pericardial, pleural and ascitic fluids) for 

cytologie examination (Seal, 1956; De Witt, Del Vecchio, Borelli and 

Hilberg, 1957; Solomon, ~aelar, Hyman, Chaiban a~d Europa, 1958; Del Vecchio, 

De Witt, Borelli,Ward, Wood and Malmgren, 1959; Juniper and Chester, 1959). 

(e) It permits, if desired, quantitating the number of tumour 

cells per unit volume of blood (~~ren, Pruitt, Del Vecchio and Pott er, 

1958a; Pruitt, Hilberg and Kaiser, 1958; Potter and Malmgren, 1959a; 

~~lmgren and Potter, 1959b). 

(f) Malmgren, Pruitt, Del Vecchio and Potter in 1958 i ncubated 

f ilters oo nt aining LAC tumour cells obtained fran a blood specimen 

processed by the Streptolysin-0 technique. Af ter 21 hours incubation at 

37°C in Eagle 1s (1955) basal tissue-culture media, they observed ~y of 

t he tumour cells in various st ages of mitotic ~ctivity. They took this 

to signify that the technique had not altered the vitality nor~ 

viabili ty of t umour cells . 
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Disadvantages 

(a) The preparation of the slides is time consuming. The pro

cedure takes appro.ximately two hours from the time the blood is drawn till 

the slides are ready for staining. The staining and mounting of the slides 

takes approxirnately 90 minutes. The procedure can only be interrupted after 

the for.malin fixation stage before filtration and after fixation in modified 

Carnoy's fluid before final staining b~r the Papanicolaou method. 

(b) It is expansive. The filtration apparatus is costly ($75.00 

for each filter eup with holder and there are four of them). Each blood 

sample requires two 25 ml. size bottles of Streptolysin-0 reagent($5.00) 

and an average of four filters ($2.00). In addition, there is the cost 

of the staining and the salary of the technician. 

(c) The screening is formidable. Because of the large volu~e of 

blood u~ed, four large slides are prepared for each specimen and up to 

twelve slides may have to be screened for one patient at any one time 

(four slides each for pre-operative, per-operative arrl post-operative 

blood specimens). Since it takes approximately 30 minutes for micro

scopie study for each slide, patience is imperativel 

(d) One of the reasons why the screening is so difficult is that 

while the erythrocytes and most of the polymorphonuclear leukocytes are 

lyzed by the streptolysin, the lymphocytes and monocytes are not. 

(e) It is erratic. At times for reasona unY~own in our 

experience a blood speciiJlen wa.s lost because of various vagaries of the 

method such as incomplete digestion, difficult filtration or faulty 

staining. In this manner, blood specimens from 10 patients were lost 

out of the 110 done or a total of 9%. 
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CHAPTER VIII 

IDENTIFICATION OF MALIGNANT CELLS 

A. DlFFERENTIATIO.N FROM O'Ji'lŒR CEI..l.S. 

The problem that one faces in any attempt to demonstrate tumour 

cells on blood smears is the possibility of mistaking an 11 atypical 11 cell 

or cells normally present in the blood stream for a cancer cell. This was 

amphasized by Pool and Dunlop (1934) who found atypical cells in the 

peripheral blood of 17 of 40 patients having advanced cancer but were 

uncertain that these were tumour cells. Taylor and Vellios (1958) felt 

that definite proof was lacking that the immature-looking cells found in 

the peripheral blood really were malignant cells and so they attempted to 

establish their identify by injecting than into humans. Having failed to 

reproduce tumour growths, they suggested that attempts be made to grow 

tumour cells in tissue culture. This was done by Moore, Mount and Wendt 

(1959) but these authors found the task difficult and fraught with error. 

Grace and Kondo (1958) investigating host resistance in cancer patients 

carried out autografts of tumeur to hosts with advanced mal.ignant disease. 

They found that these tumour cell implantations resulted in a low incidence 

of 1!takes 11 • Jonasson (1958), however, by injecting cancer cells isolated 

from the blood of animals with far advanced disease, into normal animals, 

was successful in showing that thése were viable tumour cells and capable 

of reproducing secondary growths. 
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The positive identification of tumour cells in the blood stream 

remains a technically difficul.t problem. The slides contain rel.a.tively few 

tumour cells scattered among a large number of blood elements arxl their 

differentiation is not always easy. Sandberg, Moore and Schubarg (1959) 

pointed out that the following cells may confuse the observer: immature 

cells of haematopoietic origin, myeloblasts, large-sized promyelocytes1 

macrophages, megakaryocytes, plasma cells at various stages of differ

entiation, cells in mitosis, and the occasional osteoclast. They also 

mentioned among the wide variety of atypical cells to be found in the blood, 

epithelial, endothelial and fibroblastic cells but since these are not 

usually seen in the blood and since they are more easily identifiable, they 

are less bothersome. Severely ill patients are apt to have an increased 

number of immature bone marrow cells in the blood (Sandberg and Moore, 1957). 

Abnormally large or immature lymphocytes and monocytes may also be confused 

for tumour cells (Pruitt, Hilberg and Kaiser, 1959). Wandering histiocytes 

may also be occasionally seen (Pruitt, Hilberg and Kaiser, 1958). Sandberg, 

~ore, Crosswhite and Schubarg (1958) found it easier to identify tumour 

cells when they were in clumps. Particul.arly troublesome in blood smears 

according to Sandberg, Woernley and Crosswhite (1959) are plasmoblasts and 

immature lymphocytoid cells. They are difficult to distinguish because of 

their dark staining cytoplasm, dark nuclei and ability to divide while in 

the blood stream. Also 1 to make mat ters more difficult there are unusually 

large numbers of plasma cells in the blood stream of cancer patients. 

Engell (1955) found megakaryocytes, premyelocytes and polychromatophil 

erythroblasts easily distinguishable from tumour cells but Raker, Tafl 

and Edmonds (1960), using Malmgren 1s technique, thought the presence of 
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megakaryocytes confusing. In a series of blood samples from 144 patients 

with cancer, they found only two patients whose blood specimens contained 

definitely positive tumour cells. Megakaryocytes were found in the peri

pheral blood of 60 patients (42%) by these authors and the.y report having 

mistaken the se for tumour cells at the beginning of their study. 

As supportive evidence of the accuracy of the identification, 

some investigators compared the tumour cells isolated from the blood with 

a direct cellular imprint-smear of the original tum.our (Fisher and Turnbull, 

1955; Sandberg and Moore, 1957; Roberts, Watne, McGrew, McGrath, Nanos and 

Cole, 1958b). 

The identification of tumour cells in the blood must be based 

mainly on the morphological features of the individual cells. The diagnostic 

criteria of malignancy that we have employed are an application of the usual 

features used to recognize and detect mal.ignant cells in other types of 

cytology. 

B. CRITERIA OF MALIGNANCY. 

These were considered to be divisible into two degrees of importance: 

1. Primacy Importance. 

The abnormal pattern of nuclear chromatin was considered of major 

significance (Papanicolaou, 1954). The irregular arrangement and increase 

in amount of nuclear chromatin were considered to be the most important 

signs. 

2. Secondary Importance 

(a) An increase in the nucleolo-nuclear ration was looked for. This 

was emphasized by Engell (1955) and MacCarty and Haumeder (1934). Zadek felt 
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that one could prove the diagnosis of a cancer cell by direct measure

ment of nucleolus/nucleus ratio. A disproportionately large nucleolus 

was considered to signify malignancy. He esti.ma.ted the usual ratio to 

be from 0.22 to o.so for tumour cells. 

{b) Several irregular nucleoli may be present. MacCarty and 

Haumeder {1934) studied 4000 cells to compare reparative regenerative 

and malignant regenerative cells and found that both possess one or 

more nucleoli but as a rule, those of the malignant cell are much 

larger in proportion to the nucleus than those of the reparative cell 

{fibroblasts, endothelioblasts and other immature cells). 

{c) Tumour cells are usually large menacing-looking cells. 

They are 11visual strangers" among the normal haematopoietic elements 

{Sandberg, Moore, Crosswhite and Schubarg, 1958). Moore, Sandberg and 

Watne {1960a) studied the comparative size and structure of tumour 

cells in the blood and found their average diameter to be 19 micra. 

The minimal diameter found was 10 ;U and the ma.x:i.mal 50 !J-· Though the 

sizes of tumour cells varied according to the type of tumour and accord

ing to whether they were found in the peripheral blood, veins draining 

the tumour site, bone marrow or tumour im.prints, these variations were 

found to be minimal and the average tumour cell measuraments did not 

vary significantly regardless of their origin. 

They reported the average diameter of circulating breast 

carcinoma cells to be 18.5 Jü· 
{d) Immature appearance of cells. Tumour cells may have a 

sharp nuclear border and a pale foamy indistinctive cytoplasm with 

little or no cell border. 
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(e) Increased nucleo-cytoplasmic ratio. This factor was 

emphasized by Engell (1955), Reiss (1959) and Moore, Sandberg and Watne 

(1960a). Sometimes the observer sees a large nucleus with only a fringe 

of cytoplasm. around it. Moore, Sandberg and Watne (1960) partly explain-

ed this by suggesting that large cells are fragile and susceptible to 

damage to their cytoplasm. dur:ing procedures. 

(f) Though clumps of tumour cells are more easily identifiable 

in blood smears, we did not rely on this factor nor find any on our 

preparations.partly because clumps of tumour cells are rarely found in 

peripheral blood samples (Moore, Sandberg and Watne, 1960b) but also 

because our method for the isolation of tumour cells with its centri

fugings and washings would reduce the likelihood of findi.ng clumps. 

(g) For the most part tumour cells usually found in blood 

smears are quite undifferentiated • Certain cells show vacuoles, as in 

those arising from an adenocarcinoma, but in most cases their origin is 

difficult to recognize. However, Moore, Sandberg and Schubarg (1957a) 

claim that with experience, it is sometimes possible to diagnose the 

type of tumour, e.g. lymphosarcoma. 

C. C9MMENTS ON THE PREPARATIONS USED IN THE PRESENT WORK. 

The great majority of cells seen in our preparations were lympho

cytes and monocytes. These were well preserved and weil stained. There 

were also a few poly.morphs to be seen on the slides. These were mostly 

neutrophils which presented with a greenish hue from the stain, but the 

odd eosinophil was also to be seen. The polymorphonuclear leukocytes 

which are of average diameter 12.5JU (Moore, Sandberg and Watne, 1960a) 
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were easily distinguishable from the other cells by their morphological 

and staining characteristics. 

Megakaryocytes were sometimes seen but their large size, multi

lobula ted nuclei, granular chroma tin, absence of nucleoli and 11foamy11 

cytoplasm made them relatively easy to differentiate fran twnour cells. 

The stratification resulting from the centrifugation and 

filtration was at times a nuisance on the slides because of the constant 

necessity to adjust and readjust the focus. 

Rarely clusters of red cells persisted and most slides contained 

seme carbon debris which at times would resemble the dense chromatin of a 

tumour cell nucleus. 

However, most of the difficulty encountered was in differentiating 

tumour cells from large lymphocytes and large monocytes. The average dia

mater of lymphocytes is 10 ;u but larger forms are common (10 to 20 )1) 

(Wintrobe, 1951). Also, the average diameter of monocytes is 14JU. 

(Ma.x:iiaow and B1oom, 1952). But it may be larger - up to 20 fU· (Wintrobe1 

1951). Consequently, it was found very difficult to diagnose tumour cells 

of minimal diameter under low power during screening. Only very careful 

scrutiny and secondary revision of ail s1ides might have minimized the 

11 escape 11 of a tumour cell of the same size or smaller than lymphocytes 

or monocytes. 

When, despite examination under oil inunersion on a high power 

microscope by severa! independant observera, the positive identification 

of a tumour cell remained doubtful, this cel1 would be classified as 

"atypical11 or 11suspicious 11 but it woul.d be considered negative and woul.d 

not be entered in the category of tumour cells. 
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Only cells which fulfilled the criteria of malignancy were called 

t u mo u r c e 1 1 s (see Reiss, 1959). 

Like Engell (1955) 1 we sometimes saw stratified squamous epithelial 

cells on our blood smears and these were considered to ·have been aspirated in 

the needle while piercing the skin on drawing the blood sample. 

Finally1 the identification of the various cellular elements of 

the myelocyte, lymphocyte and monocyte series and the differentiation of 

tumour cells from than remains a difficult problem, and it would be a very 

arduous task indeed to positively assert the presence of tumour cells in 

the blood of patients suffering from certain blood dyscrasias. 



P A R T III 

RESULTS 
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CHAPTER ]X 

RESULTS 

As this work is a continuation of a project started at McGill 

University in 1958 and previously reported by Salgado, Hopkirk, Long, 

Ritchie, Ritchie and Webster in 1959 and Ritchie and Webster in 1960, it 

is perhaps fitting to summarize the complete findings to date. These 

will be found in Table I. 

Table I 

Tumour Cells Found in the Circulating Blood. 
Summary of Findings to Date. 

Total (number Positive 
of) cases. 

Controls (patients without 
cancer) 50 0 

Cancer patients 125 66 

Negative 

50 

59 

This table includes as controls, the 30 patients with sorne non-neoplastic 

disease reported by Salgado, Hopkirk, Long, Ritchie, Ritchie and Webster 

(1959) and 20 patients with benign breast disease studied by the present 

worker. Tumour cells were found in the blood of 66 of the 125 cancer 

patients studied or in 52. 8%. Tumour cells were found in none of the 50 

control cases without cancer. 

In 10 of the 125 cases of cancer, the blood was drawn from the 

vein draining the tumour site, ard, as is shown in Table II, tumour cells 

were found in the blood in 4, or 4()%. 
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Table II 

TUMOUR CELLS FOUND IN THE BLOOD 

DRAINING THE TUMOUR SITE 

TYPE OF TUMOUR CASES POS. NEG. 

CARCINOMA OF THE COLON 4 3 

CARCINOMA OF THE RECTUM 0 

CARCINOMA OF THE STOMACH 0 

GENERALIZED ABDOMINAL 

CARCINOMATOSIS 0 

FIBROSARCOMA OF THE THIGH 0 

MALIGNANT MELANOMA 

{FOOT) 0 

CARCINOMA OF THE LUNG 0 

TOTAL 10 4 6 

In the other 115 cases of cancer, the blood was drawn from a 

peripheral vein, nearly always the antecubital vein. In these, tumour 

cells were found in the blood in 62, or 53.9%. As can be seen in Table 

IU, twnour cells were found in the peripheral blood in many different 

kinds of malignancy. 



Table III 

Tumour Cells Found in the Peripheral Blood 

Type of Tumour Number of Positive Negative 
Cases 

Carcinoma of the breast 80 43 37 

Carc:i.noma of the large bowel 9 5 4 

Carcinoma of the rectum 1 0 1 

Carcinoma of the stom.ach 8 3 5 

Carcincma of the lung 6 2 4 

Carcinoma of the kidney 2 2 0 

Retroperitoneal fibrosarcoma 1 0 1 

Carcinoma of the pancreas 1 1 0 

Seminoma of the testicle 1 1 0 

Carcincma of the thyroid 1 0 1 

Malignant melanoma 1 1 0 

Alveolar rhabdomyosarcoma 1 1 0 

Carcinoma of unknown origin 2 2 0 

Carcinoma of the cervix 1 1 0 

Total: ll5 62 55 

Table III differs from the similar table in the report of 

Salgado, Hopkirk, Long, Ritchie, Ritchie and Webster (1959) in that 
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56 cases of carcinoma of the breast and 7 new cases of malignancy other 

than carcinoma of the breast have been added. Since the present work 
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is a report on 80 cases of carcinoma of the breast, 56 of which were studied 

by the writer and 24 of which were studied by Salgado, Hopkirk, Long, Ritchie, 

Ritchie and Webster (1959), there would seem to be a discrepancy if one con

siders that, in their results, the above authors reported 32 cases of carci

noma of the breast. That is because, since the first published findings by 

the McGill Group, we have changed our method of campiling results. Whereas, 

at first, patients were counted positive as many times as their blood 

samples were found to be positive for tumour cells, presently we count a 

patient positive only once no matter how many times malignant cells are 

found in different blood samples. 

After preliminary studies with various types of tumour, we decided 

to confine ourselves to cases of carcinoma of the breast. This was done 

because, although several centres of Cancer Research have reported the 

detection of malignant cells in the peripheral blood of cancerous patients, 

these experiments were not reported in such a way as to be easily applied 

to clinical medicine because a great variety of tumours were studied with

out adequate follow-up and without sufficient numbers of any one type of 

tumour. We therefore thought it was very desirable to confine our 

attention to one type of tumeur and ensure that the patients were followed 

adequately and for a long time. Since our studies were begun, Engell 

(1959) has reported a series of carcinoma of the large intestine with 

good follow-up. 

Carcinoma of the breast was cho!en for study for the following 

reasons: -

(1) It is a fairly common carcinoma, 80 to 100 new cases being seen each 

year in the Royal Victoria Hospital. 
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(2) It is subject to many possible methods of treatment, i.e. surgery1 

radiotherapy1 chemotherapy. 

(5) It can be traced from its early beginning (breast biopsy) and may be 

followed-up for 5 years or more 

(4) It is a surface tumeur, the diagnosis of which can be made with 

relative ease. 

(5) It seemed to yield a satisfactory percentage of blood samples positive 

for tumeur cells (Salgado 1 Hopkirk, Long, Ritchie1 Ritchie and Webster, 

1959). 

For several reasons, we decided to use,in this st~peripheral 

blood rather than blood from the vein draining the tumeur site. Firstly1 

because, though our series was small, the incidence of tumeur cells found 

in venous blood draining the tumeur site (40%) did not sean to be signifi

cantly different from that found in the peripheral blood (57%) (Salgado, 

Hopkirk, Long, Ritchie1 Ritchie and Webster, 1959). Secondly, because in 

carcinoma of the breast, it is not clear what is the vein draining the 

tumeur site. Thirdly, because we desired to draw samples of blood from 

our patients repeatedly over a period of weeks or months, and this would 

rarely be possible if we used blood from a vein draining the tumeur. 

And finally, because we hoped to devise a method which would be useful 

clinically, and in practice it would rarely be possible to draw blood 

from the vein draining the tumour site. 

Frequently, in assembling this series of cases of carcinoma 

of the breast, blood samples were taken more than once fran a patient. 

This was done for the purpos e of following up the cases and determining 

whether there was any pattern to the presence or persistance of tumeur 
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cells before, during and after the time of mastectomy. It follows there-

fore that a difference is obtained by the compilation of the results as 

the proportion of positive samples in the total number of blood samples 

rather than as the proportion of patients in which tumour cells were found 

in the blood. 

Blood samples were taken from 80 patients with carcinoma of the 

breast. Twenty-four of these were studied by Salgado et al., and 56 by 

the present writer. Tumour cells were found in the peripheral blood of 

43, or 53.7%. As mentioned previously, 20 patients with sorne benign 

disease of the breast were studied as controls and in not one case were 

tumour cells found. Table Dl sUIIIIMrizes the findings. 

Table rl 

Tumour Cells Found in the Peripheral Blood of Patients with 
Carcinoma of the Breast: Summary of Findings. 

Total (number 
Positive Negative posi~ive of) Cases 

Controls (patients 
without cancer) 20 0 20 '$ 

Patients with carcinoma 
of the breast 80 43 37 53.7% 

In these 80 cases of carcinorna of the breast, 214 blood samples 

were taken from the peripheral blood, and tumour cells were found in 641 

or 29.9%. These results are shown in Table V. 



Table V 

Difference in Incidence of Tumeur Cells According to whether the 
Number of Patients or the Number of Blood Samples is Considered. 

Total Positive % 
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number 
Negative 

positive 

Patients with carcir.oma 
of the breast 00 45 57 55.7% 

Blood samples 214 64 150 29.9% 

In 5 blood samples, cells suspicious of malignancy were observed, 

but as it could not be positively affirmed that they were canee cells, they 

were counted as negative. 

Tables VI, VII, VII A, and VIII are presented to give the reader 

a detailed list of the 80 patients with carcinoma of the breast studied. 

It will be noted that both the stage of advancement of the disease and 

the histological gradation of the tumeur are given. The classification 

used for the degree of clinical progression of the carcinoma of the 

breast is that of Portmann (1950). It was preferred because it is based 

on both clinical criteria and the histo-pathological evaluation of the 

metastatic involvement of axillary lymph nodes. In it the stages are 

defined as follows: -

Stage I The tumeur is limited to the mammary gland. It is movabl e, ) 

the skin is not involved and there are no metastases. 

Stage II - Same as Stage I, but the axillary lymph nodes show second-

ary metastases as established by axamination of the surgical 

specimen. 
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Stage III - There may be a diffuse infiltration or oedema of the breast, 

fixation of the chest wall to the tum.our, extensive ulcer

ation, inflammation, secondary nodules in the skin, or 

voluminous, numerous or fixed axillary lymph node 

metastases. 

Stage IV - Regardless of local ex:tent, there are supraclavicular or 

distant metastases. 

The histological gradation of the surgical specimens used was 

according to the degree of anaplasia (Broders, 1926). For purposes of 

consistency all the slides were reviewed by the same person, Doctor 

A. c. Ritchie. 

A histological diagnosis of the type of tumour and a column 

for 11follow-up11 have also been included in these tables. When only the 

word 11 carcinoma11 appears, this should be taken to mean a polymorphous 

tumour but of predominantly scirrhus nature. 

Each patient was given a number (A-5; B-17; etc.) which appears 

on the patient 1 s record, slides, etc. The let ter 11A11 was given to 

patients studied during the first year of this project and 11 B11 to 

patients studied during the second year. When a patient has two deno

minating letters, it is because blood samples were drawn twice with 

long intervals in between. 

Perhaps sorne of the abbreviations used in the tables should 

be clarified: -

pos . = positive = tumour cells f ound in peripheral blood 

neg. • negative = tumour cells not found in peripheral blood 

susp. • suspicious cells found in peripheral blood. 
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Blood samples were drawn from 57 patients with carcinoma of t he 

breast at time of mastectomy and a record of this is listed in Table VI. 

No. 

1 

2 

3 

4 

5 

6 

7 

Table VI 

Record of Patients wi th Carcinoma of the Breast from Whom Blood was 
drawn at Time of Mastectomy 

Occurrence of 
Ex.tent No.of tumour cells 

Case of Histological times before (b) 1 

No. t'W!lour diagnosis blood during ( d), & Follow-up 
(Portmann was after (a) 
classifi- drawn oQeration 
cation) b d a 

A-4 I Adenocarcinoma 2 (+) neg.l7 days later 
Grade III 

A-5 I Scirrhous car- 3 (+) pos. 5 days 
cinoma post-op. 

Grade II neg. 10 days 
(intraductal wit post-op. 
invasion) 

A-6 I Scirrhous 1 (+) 
carcinoma 

Grade II 

A-8 III Scirrhous 2 (-) (+) 
carcinoma 
Grade II 

A-9 n Carcinoma 1 (+) 
Grade III 

A-10 I Car cinema 1 (+) 
Grade III 

A-11 III Adenocarcinoma 2 (+) pos. 9 months 
B-50 Grade II 1ater, 30 mins. 

before patient 
died of carcino-
mato sis 
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Table VI - Cont'd 

8 A-12 'N iarcinoma 2 (+) neg. 1 year 
B-87 Grade II la ter 

9 A-15 I Carcinoma 5 (-) (-) neg. 1 year 
B-86 Grade II 1ater 

10 A-14 I Bilateral sim.ul- 2 (-) (-) 
taneous breast 
intraductal 
carcinoma. 

Grade Ill 

11 A-15 II Scirrhous 5 (-) (+) ~· 1 year 
B-88 carcinoma lat er 

Grade II 

12 A-16 I Intraduct.al 2 (-) (+) 
scirrhous 
carcinoma 
Grade II 

15 A-18 I Scirrhous and 1 (-) 
intraductal 
carcinoma 
Grade Ill 

14 A-19 III Carcinoma 1 (-) 
Grade II 

15 A-20 I Carcinoma 2 (-) neg. 15 months 
B-95 Grade III 1ater 

16 A-21 II Scirrhous 1 (-) Died 8 months 
carcinoma 1ater 
Grade III 

17 B-14 II Carcinoma 1 (+) 
Grade IV 
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Table VI- Cont 1d 

18 B-21 I Carcinorna 2 (-) (-) 
Grade III 

19 B-22 I Carcinoma,1eft 1 (-) Patient also had 
breast had right radie~ 
Grade III al mastectomy 

for carcinoma 
so1idum 8 years 
previous1y 

20 B-25 I Scirrhous 2 (-) (-) 
carcinoma 
Grade II 

21 B-26 I Carcinoma 2 (-) (-) 
Grade II 

22 B-27 II Carcinoma 2 (+) (+) 
Grade II 

-
23 B-28 I Intraductal 1 (-) 

carcinoma with 
invasion 

Grade II 

24 B-54 I Scirrhous 1 Susp. 
carcinoma 
Grade II 

25 B-38 II Carcinoma 3 Susp. (+) Susp. 5 weeks 
B-54 Grade III 1ater 

26 B-39 II Carcinoma 1 (+) 
Grade III 

27 B-40 I Intraductal 1 (+) 
carcinoma with 
invasion 
Grade Ill 
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Table VI- Cont 1d 

28 B-41 I Carcinoma, 1 (+) Patient had had 
ri.ght breast, left radical 
Grade III mastectomy for 

carcinoma 16 
years previously 

29 B-42 II Scirrhous and 2 (+) (-) 
intraductal 
carcinoma 
Grade II 

30 B-44 II Adenocarcinoma 2 (-) (-) 
Grade II 

31 B-45 II Adenocarcinoma, 2 (-) (-) Patient had had 
left breast left radical 

Grade II mastectomy 2 
years earlier 
for carcinoma 

32 B-46 I Scirrhous 2 (-) (-) 
carcincma 
Grade III 

33 :B-49 II Scirrhous 5 (-) (+) Neg. 5 months 
B-89 car cino ma lat er 

Grade II 

34 B-52 I Partly scirrhous 14 (+) (-) (+) See Case No. 1, 
partly medullary Table XII. 
carcinoma Pos. on 16th day 

Grade II po~-operatively 

35 B-55 II Carcinoma 5 (-) (-) (-) 
Grade II 

36 B-58 I Carc:inoma 12 (-) (-) Pos. on 4th and 
Grade III lOth days post-

operatively 
See Case No. 2, 
Table XII 
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Table VI- Cont 1d 

37 B-61 I Carcinoma 7 Neg. from 4th to 
Grade II lOth days post-

operatively 
See Case No. 3, 
Table XII 

38 B-62 I Intraductal 2 (-) (+) Patient had. been 
carcinoma with receiving hormo-
no invasion nes for 10 years 
Grade N 

39 B-64 III Carcinoma 9 (+) (+) (-) ~.on 2nd, Sth1 
Grade II 9th & 12th days 

post-operatively 
See Case No. 4, 
Table XII 

-
40 B-67 I Carcinoma 9 (-) (-) (-) Pos. on lOth day 

Grade II post-operatively 
See Case No. 5, 
Table Xll 

41 B-68 II Carcinoma 6 (-) (-) Pos. on 2nd day 
Grade II post-operatively 

See Case No. 6, 
Table XII 

42 B-69 I Carcinoma 9 (- ) (-) (+) Pos.on 9th day 
Grade III post-operatively 

See Case No. 71 
Table XII 

43 B-70 I Scirrhous and 4 (-) (-) (-) Neg. 3 days 
intraductal la ter 
carcinoma Had Had 4 breast 
Grade II biopsies pre-

viously for bi-
lateral manunary 
fi bro-c ys tic 
dysplasia 
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Table VI- Cont'd 

44 B-71 rv Scirrhous 4 (+) (-) Neg. :3 days 
B-77 carcinoma with lat er 

invasion. Pos. 20 days 
Changes of la ter 
pregnancy 
Grade II 

45 B-72 III Adenocarcinoma 8 (-) (+) (+) Pos. on 5th & 
Grade III lOth days post-

operatively 
See Case No. 9, 
Table XII 

46 B-7:3 I Adenocarcinoma 5 (-) (-) (-) Pos. on 2nd day 
Grade III post-operativel~ 

Susp. on 4th day 
post-operatively 

-
47 B-74 II Carcinoma 7 (-) (-) (-) Pos. on 2nd,4th 

Grade III and 7th days 
post-operative~ 
See Case No. 8, 
Table XII 

48 B-75 II Large scirrhous 2 (-) (-) 
carcinoma 
Grade III 

49 B-78 II Scirrhous 2 (+) (+) 
carcinoma 
Grade TI 

50 B-79 I Markedly atypical 2 (+) Neg. on 9th day 
intraductal car- post-operativelJ 
cinoma with in-
vas ion 

Grade II 
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Table VI - Cont 1d 

51 B-81 I Scirrhous and 3 (-) (-) (-) 
intraductal 
carcinoma 
Grade II 

52 B-82 II Encephaloid 2 (-) (-) 
carcinoma 
Grade III 

53 B-83 II Carcinoma 3 (-) (-) (-) 
Grade III 

54 B-90 III Carcinoma 10 (-) (-) (-) Neg. from lst 
Grade III till 8th days 

post-operatively 
See Case No. 10, 
Table Xll 

55 B-91 I Scirrhous 1 (-) 
Carcinoma 
Grade III 

56 B-92 II Scin-hous 2 (+) (-) 
carcinoma 
Grade II 

57 B-95 I Intraductal and 2 (-) (-) 
infiltrating 
carcinoma 
Grade II 
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Blood samples were drawn from 25 patients with carcinoma of the 

breast from one month to severa! years after mastectomy. A list of 16 of 

these patients is given in Table VII. 

Table VII 

Record of Patients with Carcinoma of the Breast from whom Blood 
was Drawn fran One Month to Several Years after 

Mastectomy 

Interval 
Extent between Occur-

of Histological mastect- renee 
No. Case Tumour diagnosis orny and of Commenta 

No (Portmann drawing Tumour 
classi- of blood Cells 
i'ication) sample 

1 A-1 J)[ Scirrhous (1) 4 yrs.& 2 mos. Sus p. Died 9 months lat-
carcinoma of er of carcinomato-
both breasts (2) 4 yrs.& 4 mos. (-) sis. Also tii'eated 
Grade III by radiotherapy 

and androgens 

2 A-2 IV Carcinoma (1) 7 yrs.& 5 mos. (+) Treated by radio-
B-94 Grade II therapy, thyroid, 

(2) 8 yrs.& 9 mos. (+) corticosteroid and 
oestrogenic 
hormones 

3 A-3 J)[ Carcinoma 5 yrs.& 4 mos (+t Treated by radio-
solidum therapy. Died 6 
simplex months later of 
Grade III carcinomato sis 

4 A-7 III Invasive (1) 5 months (+) Treated by radio-
B-85 carcinoma therapy 

Grade II (2) 1 yr. & 8 mos. (-) 

5 A-22 Ii Scirrhous (1) 2 yrs. & 2 mos (-) Had bilateral 
carcinoma oophorecto~, hypo 
Grade III (2) 2 yrs . & 3 mos (-) physectomy,radia-

tion and hormono-
therapy. Died 5 
weeks later of 
carcinomatosis 
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Table VII - Cont 1d 

6 B-2 JJl Carcinoma 7 months (-) Treated by 
Grade II radiotherapy 

7 B-5 IV Carcinoma 14 years Susp. Had a right radie-
Grade II al mastecbomy for 

carcinoma in 1945. 
Had carcinoma of 
left breast since 
1956. Treated by 
radiotherapy, co-
balt therapy and 
chemotherapy. 
Died Nov.l, 1959 

8 B-4 I Medullary 6 weeks (+) Also treated by 
carcinoma radiotherapy 
Grade II 

9 B-6 JJl Carcinoma 6 months (-) Had also had bi-
Grade III lateral oophorect-

omy and adrenal-
ectomy and had 
been treated by 
radiotherapy 

10 B-7 I Infiltra ting 5 yrs. & 4 mos. (+) Also treated by 
duct carci- radiotherapy 
noma 
Grade II 

11 B-15 II Infiltra ting 2 months (+) 
duct carcino-
ma exhibi ting 
invasion of 
vas cul ar 
channels 
Grade II 

12 B-16 I Sclerosing & 4 yrs. & 6 mos. (+) No clinically 
medullary evident recurren-
carcinoma ces at time b1ood 
simp1ex was drawn 
Grade III 
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Table VII- Cont 1d 

13 B-17 I Infiltra ting 1 year & 10 mos (-) No clinically 
duct carcinoma evident recurrenc-

Grade IV es at time blood 
was drawn. Patient 
had had bilateral 
mastectomies 

14 B-29 III Scirrhous 8 years b=(-) These blood samp-
carcinoma les were drawn 
Grade II a::a(+) before (b) and 
Lobular after (a) the pa-
carcinoma tient sustained a 

bilateral oophor-
ectomy 

15 B-33 IV Carcinoma 4 years (-) 
Grade III 

16 B-84 IV Adenocarcinoma 5 months (-) Died 2 weeks 

1 
lat er 

As there were 7 patients who had blood samples drawn at both 

time of mastectomy and from one month to several years after mastectomy 

and as these patients had been previously entered in Table VI, to avoid 

confusion, they have been entered separately in Table VII-A. 



No. 

1 

2 

3 

4 

5 

6 

7 
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Table VII-A 

Record of Patients with Carcinoma of the Breast from Whom Blood was 
Drawn from One Month to Several Years After Mastectamy. 

(N,B. Since these patients had previously had blood drawn at time 
of Mastectomy, they are also included in Table VI). 

Interval 
Extent between Occur-

of mastect- renee 
Case Tumour Histological omyand of Comments 

No (Portmann diagnosis drawing Tumeur 
classi- of blood Cells 
fication) sample 

A-li IV Adenocarcinoma 9 months (+) See Table VI, 
B-50 Grade II No. 7. 

A-12 IV Carcinoma 1 year (-) See Table VI, 
B-87 Grade II No. 8 

A-13 I Carcinoma 1 year (-) See Table VI, 
B-86 Grade II No. 9 

A-15 II Scirrhous 1 year (+) See Table VI, 
B-88 carcincma No. li 

Grade II 

A-20 I Carcinoma 13 months (-) See Table VI, 
B-93 Grade III No. 15 

B-38 II Carcinoma 5 weeks Susp. See Table VI, 
B-54 Grade I:;r No. 25 

B-49 II Sc:irrhous 5 months (-) See Table VI, 
B-84 carcinoma No. 53 

Grade II 

Table VIII gives a record of 7 patients with advanced carcinoma 

of the breast who have never submitted to mastectomy. 



No. 

1 

2 

5 

4 

5 
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Table VIII 

Record of Patients with Advanced Carcinoma of the Breast Who Have 
Never Submitted to Mastectomy 

Ex.tent 
of No. of 

Case No. Tumour times Tumour Follow-up Comments 
(Portmann blood Cella 
classi- was 
:flication) drawn 

A.-17 Stage IV 2 (+) Pos. 7 months Treated by androgenic 
B-55 la ter and oestrogenic hor-

mones and radio-
therapy 
Biopsy showed Grade 
III carcinoma 

A-25 Stage roJ 1 (-) Patient died 5 Hypophysectomy was 
weeks later of perfor.med 6 months 
carcinomatosis before blood sample 
Autopsy reveal- was drawn 
ed Grade II 
carcinoma of 
breast with 
histologie al 
venous in-
vas ion 

A-24 Stage rl 1 (-) Died il months Biopsy showed Grade IV 
la ter carcinoma. Treated by 
No autopsy radiotherapy 

B-8 Stage rl 1 (+) Biopsy showed infil-
trating fibrosing 
carcinoma. Grade III 
Treat ed by radio-
therapy 

B-12 Stage IV 1 (-) Biopsy showed infil-
trating duct carcino-
ma. Grade II. Treated 
by radiotherapy 
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Table VIII- Cont'd 

6 B-15 Stage IV 1 (+) Biopsy showed carci-
noma Grade Ill. 
Treated by radio-
therapy 

7 B-51 Stage rJ 1 Susp. Treated by radio-
therapy. Biopsy 
showed carcinoma 
Grade il 

As mentioned in Chapter III, several writers have reported tbat 

operation, or even manipulation of a tumour, increases the number of tumeur 

cells in the blood. We therefore devided to verify this in our cases of 

carcinoma of the breast by drawing blood samples pre-operatively, per-

operatively and post-operatively at time of mastectomy. The pre-operative 

blood sample was usually drawn after the patient was anaesthetized, the 

per-operative sample was usually drawn during manipulation of the ttunour 

arxi the post-operative sample in the recovery room an hour or so after the 

end of the operation. Table IX shows our findings. 

Table n 

Tumeur Cells Found in the Peripheral Blood of Patients with 
Carcinoma of the Breast When Blood was Drawn at the Time of 

Mastectomy 

Positive Negative % Positive 

Blood drawn pre-operatively 6 24 20.~ 

Blood drawn per-operatively 3 19 13.6% 

Bl ood drawn post-operatively 29 24 54.7% 
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Tumour cells were found in 20. C% of the 30 samples drawn pre-

operatively, 13.6% of the 22 samples drawn per-operatively and 54.7% of 

the 53 post-mustectomy samples. Unfortunately, there is a certain lack 

of consistency in this table because pre-operative, per-operative and 

post-operative samples were not all drawn in every case. Therefore a 

further table (Table X) was drawn up showing the results in the 27 

patients in whom both pre-operative and post-operative samples were 

drawn. 

Table X 

Tumour Cells Found in the Peripheral Blood of Patients with 
Carcinoma of the Breast at the Time of Mastectomy When Blood 

When Blood was Drawn b o t h Pre-operatively and 
Post-operatively 

Number 
of Positive Negative 

Cases 

Pre-operatively 27 5 22 

Post-operatively 27 14 13 

% Positive 

18.5% 

51.8% 

The results shown in Table X are similar to those shown in 

Table IX. Tumour cells were identified in 18.5% of the 27 blood samples 

drawn pre-operatively and in 51.8% of the 27 blood samples drawn post-

operatively. 

We bacame interested in the hazards of incisional biopsy versus 

excisional biopsy. Though defended by Haagensen (1954), incisional biopsy 

has been attacked by sorne authors, notably Ryall (1908), Saphir (1936), 

and Ackerman and Wheat (1955) because it is thought more apt to cause 

dissemination of tumour cells. 



Table XI 

Incidence of Tumeur Cells Found in the Peripheral B1ood of 
Patients with Carcinoma of the Breast at time of Mastectomy 

After Incisional and Excisional Biopsy 
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Positive Negative % Positive 

Incisiona1 biopsy 3 3 50.0% 

Excisional biopsy 5 10 33.3% 

The operative reports were reviewed and when it was noted whether 

a patient had had an excisiona1 or incisional biopsy, this patient's record 

was studied to see if tumeur cells had been found in a sample drawn after 

the biopsy but before the major operation. In only 21 cases were blood 

samples drawn immediately after the breast biopsy. The per-operative 

blood samples have not been counted because a positive result could be 

interpreted as being due to manipulation of the tumour during the main 

operation. Three of 6 blood samples taken im.mediately after an incision-

al biopsy showed tumour cells in the peripheral blood and 5 of 15 blood 

specimens taken immediately after an excisional biopsy were positive for 

tumour cells. 'The numbers are, of course, too small to allow any con-

clusion. 

We have also attempted to determine how long after mastectomy 

tumour cells remain detectable in the blood. We took 10 cases of 

carcinoma of the breast and tried to get from each a sample of blood 

daily for 10 days post-operatively. Table XII shows the findings. The 

gaps are due to difficulties in obtaining samples. 
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Table XII 

TUHCiUR CEL-1.5 FvUND I.: 'l'fL P.;llii'J! "!AL BlJ.)(jD OF PATL:lïTS >IITi! Cil.RCiiWl·A OF 'fftl B.iEAST •;/HEN SI\JIPIES 

',/i>lU iJR;,;m P"-''f'..;'l,;,·rv:;LY 1 P.>ROP,:JL.'l'IV.;LY 1 AND N!:PJ::A'fii)LY FCR TIE FIRST lQ lJAYS OR Jl)f!E POST
op:.:;a;.·i'IV:.;LY 

Day Postoperatively 
Case No. Preoperativel,y Peroperativel,y 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

0 l 2 3 4 5 6 7 8 9 lü ll l2 13 l4 15 16 17 lB 19 20 

+ + - - + 

-·----- + 

0 0 0 0 0 0 -

+ + - - + + + + 

+ 

+ 

+ - - + 

+ + + 

+ + - + + 

As can be seen some specimens were found to be positive for 

tumour cells on the 9th1 lOth, 12th and even the 16th day after 

operation. Of the 91 blood samples shown in Table XII, 22 were 

positive for tumour cells or 24.1%. But 8 of the 10 (so,t) patien6s 

studied showed tumour cells in the ir circula ting blood at one time or 

other. Of the 75 blood samples (shown in this table) drawn post-

operatively, twnour cells were found in 18 or 24.~. Again in the 16 

blood samples drawn pre- and per-operatively, tumour cells were found 

in 4 or 25.~. In the 7 pre-operative blood samples, 2 were found to 

contain tumour cells or 28.5%. Finally in the 9 per-operative blood 
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samples, 2 were found to contain tumour cells or 22.2%. The constancy 

of the percentage of positive blood samples is striking especially when 

one considere that, as shawn in Table V, tumour cells were found in 

29.9% of the over-all total of 214 blood samples. 

This provoked us to collect the lOB blood samples which were 

drawn before and after mastectomy in the 27 patients mentioned in 

Table X, and the results were compiled for comparison with those given 

in that table. 

Table XIII gives the incidence of tumour cells found in all 

the blood samples taken pre-operatively and post-operatively in the 27 

patients mentioned in Table X. Whereas Table X gave the number of 

patients with carcinorna of the breast who were found to be positive for 

tumour cells, Table XIII gives the number of blood samples found to be 

positive for tumour cells. 

Table XIII 

Incidence of Tumour Cells Found in the Peripheral Blood of 27 
Patients with Carcinoma of the Breast When Blood was Drawn both 
Before Mastectomy and One or More Times Until One Month After 
Mastectomy. The Number of "Positive Blood Samples11 is Considered 

and not the Number of 11Positive Pati.ents11 • 

Number Number 
of of Positive Negative %Positive 

Patients Blood 
Samples 

Blood samples taken 
before mastectomy 27 27 5 22 18.5% 

Blood samples taken 
after mastectomy 27 76 24 52 31.5% 
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Of the 27 blood samples drawn before mastectomy, 18.5% were 

positive whereas tumour cells were found in 31.5% of the 76 specimens 

drawn after mastectomy. It should be noted that this percentage, 31.5%, 

is similar to that (29.9%) mentioned in Table V when a1l 214 blood samples 

were being considered. 

We thought also that we might gain sorne indication of the prog

nostic significance of tumour cells in the blood by comparing the frequency 

with which we found them in a group of cases of carcinoma with relatively 

poor prognosis with their frequency in a group of cases of carcinoma with 

a _relatively good prognosis. As is well known, the prognosis is worse in 

cases of carcinoma of the breast in which there is axillary involvement 

at the time of operation. than in cases in which the axilla is not involved. 

Therefore, if the presence of tumour cells in a sample of blood were to be 

of value in prognosis, tumour cells should be found more frequently in 

cases of carcinoma of the breast with axillary metastases than in those 

without. First of all, this possibility was studied in patients at time 

of mastectomy. Table XIV is a composite table showing the incidence of 

tumour cells found in the peripheral blood of patients with carcinoma 

of the breast with ~ without metastases when blood was drawn before, 

during and after mastectomy. 
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Table XIV 

Tumour Cells Found in the Peripheral Blood of Patients with 
Carcinoma of the Breast With and Without Metastases When 

Blood was Drawn at the T:ime of Mastectorny 

Number Blood drawn Blood drawn Blood drawn 
of pre-operatively per-operatively ~ost-oJReratively 

Cases Pos. Neg. % Pos. Po s. Neg. % Pos. Po s. Neg. % Pos. 

Without 
axillary 50 1 13 7.1% 0 10 0.0% 14 14 50.0% 
metastases 

With 
axillary 27 5 li 31.2% 3 9 25.Cf/, 15 10 60.0% 
metastases 

Total: 57 6 24 20.0% 3 19 13.6% 29 24 54.7% 

In ail three circumstanc es were tumeur cells found more frequently in 

patients with axillary metastases than in those without. The differences 

are, however1 probably too small to be significant. 

In patients from whom blood was drawn from one month to several 

years after mastectomy, tumour cells were found in 50.0% of the 10 patients 

without evident metastases whereas they were found in only 38.4% of the 13 

patients with widespread metastases. This finding is shown in Table XV. 
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Table XY 

Tumour Cells Found in the Peripheral Blood of Patients with Carcinoma 
of the Breast With and Without Metastases When Blood was Drawn fran 

One Month to Several Years after Mastectomy 

No. of Cases Positive Negative % Positive 

Without evident 
metastases 10 5 5 50.0% 

With widespread 
metastases 15 5 8 58.4% 

Seven patients with advanced carcinoma of the breast who had 

never submitted to mastectomy were also studied. If the presence of tumour 

cells in the blood were to be of prognostic importance, we would expect a 

very high percentage of positive blood samples in these advanced cases. 

The results will be found in Table XVI. 

Table XVI 

Tumour Cells Found in the Peripheral Blood of Patients wit h 
Advanced Carcinoma of the Breast Who Have Never Submit ted to 

Mastectomy 

Number of Cases Positive Negative %Positive 

7 5 4 42.8% 
1 

i 

Despite the fact that all 7 of these patients had distant metastases 

(see Table VIII), tumour cells were found in only three giving a 42.8 

percentage. 

As we were interested in establishi~ whether the frequency of 

the finding of tumour cells was directly proportional to the degree of 
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advancement of the disease, we collected all of our 80 cases of carcinoma 

of the breast and divided them into 4 stages according to Portmann 1s (1950) 

clinical classification. The occurrence of tumeur cells in patients of 

each stage was then compared. The results are given in Table XVII. 

Table XVII 

Tumeur Cells Found in the Peripheral Blood of Patients with Carcinoma 
of the Breast According to the Clinical Advancement of the Disease 

Using Portmann 1s Classification 

Degree of Advancement No. of Cases Positive Negative % Positive 

Stage I 54 17 17 50.~ 

Stage II 20 15 7 65.0% 

Stage III 9 7 2 77.7% 

Stage rv 17 6 il 55.2% 

Total: 80 45 57 55.7% 

Tumeur cells were found in the blood samples of 50.0% of the 54 cases of 

Stage I, 65.0% of the 20 cases of Stage II, 77.~~ of the 9 cases of Stage 

III and 55.2% of the 17 cases of Stage IV. Once again, the differences 

are probably not significant. 

Though the degree of progression of a carcinoma of the breast 

does not necessarily follow the duration of the disease, we thought it 

interesting to relate the incidence of tumeur cells found in the peri-

pheral blood to the length of time the patients presented clinical 

symptoms. Though these r esults are fraught wi th error because of t he 

uncertainty in many pati ents concerning the time of onset of their 
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illness and due to the different interpretation of symptoms by different 

patients, Table XVIII was drawn up. 

Table XVIII 

Tumeur Cells Found in the Peripheral Blood of Patients with Carcinoma 
of the Breast According to the Duration of Clinical Symptoms (pre

sence of lump in breast, etc.) 

Interval between onset of Number 
Symptoms and wi thdrawal of of Positive Negative % Positive 
the Blood Sample Cases 

Less than 1 month 24 13 il 54.1% 

One month to three months 12 8 4 66.$ 

Thtee to 6 months 6 4 2 66.6.' 

Six months to 1 year 4 2 2 50.0% 

More than 1 year 10 6 4 60.0% 

Twenty-four patients were not included in t his table either 

because their history was one of long duraticn with intervening mastect-

omy or radiotherapy or because they had previously had bilateral mammary 

cystic dysplasia and the onset of their malignancy was unsure. 

As can be seen, tumour cells were found in 54.1% of patients 

with symptoms of less than 1 month's duration; and in 66.6% of patients 

presenting symptoms from one month to 6 months' duration. Fifty per cent 

of the patients whose symptoms ranged from 6 months to 1 year presented 

tumour cells in the blood and of those with com:Paints of more than 

1 year, 60.0% were positive for tumour cells. Again, there is little 

difference between these figures. 
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We also attempted to confirm or disprove the contention of 

Brown and Warren (1938) that venous invasion and consequent haematogenous 

spread of tumour cells depend greatly on the grade of differentiation of 

the tumour. Consequently, the slides of 79 of our breast carcinoma cases 

were reviewed, graded histologically according to Broders' (1926) classi-

fication and the relationship between the incidence of tumour cell find-

ings and the degree of differentiation of the tumour was studied. The 

result s are shown in Table XIX.. 

Table XIJC 

Tumour Cells Found in the Peripheral Blood of Patients with Carcinoma 
of the Breast According to the Broders 1 Histological Gradation of 

Tumours 

-
No. of Cases Positive Negative % Positive 

Grade I 0 0 0 0 

Grade II 44 25 19 56.8% 

Grade III 31 16 15 51.6% 

Grade r.J 4 2 2 so.O% 

Total: 79 45 56 

The tumours were predominantly of grades II or III differen-

tiation there being no grade I tumour and only 4 grade IV tumours. 

Tumour cells were found in 56.8% of patients wi.th grade II tumours and 

in 51.~ of patients with grade III tumours. It was not possible to 



obtain the slides of one patient (Case No. B-84), hence the total 79 

instead of 80. 
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Finally, like Potter, Longenbaugh, Chu, Dillon, Romsdahl and 

Malmgren (1960), and Sandberg and Moore (1957), it was desired to 

establish the relationship of tumour type and the incidence of cancer 

cells in the blood. It was thought possible that the more biologically 

active the tumour, the larger would be the percentage of positive blood 

specimens. Consequently, the occurrence of tumour cells was related to 

the various types of carcinoma of the breast. The usual general classi@ 

fication was used. There were 65 cases of carcinama solidum simplex, 

7 cases of adenocarcinoma and 10 cases of papillary duct carcinama. Of 

the 10 cases of intraductal carcinoma, 8 were, as expected of the in

filtrating and invasive type buttwo were markedly atypical. Case No. A-14 

had had bilateral breast biopsies and each had revealed intraductal 

carcinoma. The patient subsequently submitted to bilateral radical 

mastectomies. Case No. B-62, on histological section, had shown intra

ductal carcinoma with n2 invasion. (Tumour cells were not found in Case 

No. A-14 but they were found post-operatively in Case No. B-62). 

Table XX shows the relationship between the occurrence of 

tumour cells in the blood and the type of tumour. 
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Table XX. 

Occurrence of Tumour Cells According to the Various Types 
of Carcinoma of the Breast 

Type of Carcinoma No. of Cases Positive Negative % Positive 

Carcinoma simplex: 
(1) Scirrhous 60 32 28 53.3% 

(2) Medu11ary or 
Encephaloid 3 2 1 66.6% 

Adenocarcinoma 7 4 3 57.1% 

Papil1ary carcinoma 
of duct 10 5 5 5o.O% 

Total: 80 43 37 53.7% 

Summary of Results 

(1) Tumour ce1ls were found in the blood of 66 of the 125 cancer 

patients studied or in 52.8%. Ma1ignant cells were found in none of the 

50 control patients without cancer. 

(2) In 10 of the 125 cancer patients, the venous blood draining the 

tumour site was studied for tumeur cells and these were found in 4 cases. 

(3) In the ether 115 cases, the peripheral blood was studied for 

tumeur cel1s and these were found in 53.9% of the patients. Many different 

kinds of malignancy were studied but attention was focussed on 80 patients 

with carcinorna of the breast. 

(4) Tumour cells were identified in the peripheral blood of 53.7% of 

the 80 patients with carcinon~ of the breast. Of 214 b1ood samples drawn 
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at various times from these 80 patients, 64 or 29.9% were found to be 

positive for cancer cells. 

(5) Though our series is small, the incidence of tumour cells found 

in post-mastectomy blood samples seemed to be higher than in those drawn 

before operation. 

(6) In 10 cases, blood samples were drawn pre-operatively, per

operatively and repeatedly for the first 10 days or more post-operatively 

and this experiment revealed the presence of tumour cells at one time or 

other in 8 of the 10 patients. 

(7) In attempting to establish the prognostic significance of the 

occurrence of cancer cells in the blood st~eam, blood samples were taken 

from patients with carcinoma of the breast at various stages of their 

disease at time of operation, from one month to several years after 

mastectomy and even when the cancer was widespread. The differences 

found are probably not significant. 

(8) The incidence of tumour cells according to histological grad

ation and type of t~our was also studied and again, though our figures 

are small, very little difference was observed. 



P A R T 

DISCUSSION, CONCLUSIONS AND SUMMARY 
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CHAPTER X 

D I S C U S S I 0 N 

A. Carcinoma vs, Sarcoma 

The first finding which is striking on consideration of the 

resulta given in Chapter IX is the frequent isolation of carcinoma cells 

from the blood stream. It has long been held that the distant spread of 

a sarcoma takes place by the blood vessels and its spread by the lymph 

stream is reputedly uncommon, occurring only in 5 to 10% of the cases. 

In the case of a carcinoma1 however, most pathologists teach that though 

spread by the blood stream is common, lymph node involvement is generally 

the rule, the tumour spreading primarily by the lymph spaces and lymphatic 

vessels, Though it is admitted that the finding of carcinoma cella in the 

bloOd stream does not necessarily mean that the tumour will establish 

haematogenous metastases, the high incidence of tumour cella found in the 

blood stream of our cases of carcinoma of the breast is certainly of 

sufficient import as to arouse some caution, Perhaps our present d~ 

concepts concerning the spread of carcinoma should be reviewed, especially 

when one considera that the modern approach to any surgical procedure for 

carcinoma is the wide excision of all local and regional lymph nodes and 

pathways. It is rather frightening to consider that 18,5 to 20.0% of our 

cases of carcinoma of the breast already had tumour cells in their 

circulating blood prior to mastectomy (See Tables IX and X). So it would 

seem insufficient in cases of carcinoma to consider only lymph spread 

and not apportion enough importance to blood spread, 
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Also, if the result s shown in Table III were to be extended so 

as to obtain a larger series, perhaps more types of tumeurs would be in

cluded in the category of those which spread commonly by the blood stream. 

Fifty per cent of our cases of carcinoma of the large bowel were found to 

have tumour cells in the blood, and both cases of carcinoma of the kidney 

had likewise. This certainly agrees with the claims of Ackerman and del 

Regato (1954) and others that carcinomata of the colon and kidney metas" 

tasize mostly by the blood stream. But it must be pointed out that the 

following tumours, as shown in Table III, also revealed in various 

incidences tumour cells in the blood; carcinoma of the stomach, carcinoma 

of the lung, carcinoma of the pancreas, and carcinoma of the cervix uteri. 

It is suggested then that perhaps greater attention should be given to 

the haematogenous spread of these types of carcinoma. 

B. Interpretation of Our Negative Control Cases. 

As shown in Tables I and IV, we have never found what we thought 

was a tumour cell in the blood of a patient without cancer. In our 50 

control patients, not a single tumour cell was found. Sorne might firxl it 

surprising that we found no false positives. It must be remembered that 

the slides were each reviewed several times and by several observers and 

ohly cells which met the criteria of malignancy were diagnosed as tumour 

cells. Any atypical, doubtful or suspicious cell found was classified 

as negative. That is why we elected not to have a 11 suspicious cell11 

category in our results. More important, this probably means that we 

have missed sorne cells that were tumour cells in the blood of patients 

with cancer. 
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C. Are Tumour Cells Found More Frequently in the Blood 

of Patients with Advanced Cancer? 

Though Roberts, Watne, McGrath, McGrew and Cole (1958 a), finding 

a higher incidence of turnour cells in the blood of patients with 11 incurable 11 

disease than in those with 11 curable 11 cancer, saw a direct relationship 

between the advancing stage of the disease and the percentage of positive 

blood sam.ples, our findings show no such correlation. 

As shown in Tables XV, XVI, XVII ani XVIII, we found tumour cells 

in no greater frequency in patients with Stage IV carcinoma than in those 

with Stage I. As a matter of fact it is when considering the stage of 

advancement of the patient's cancer that we met the greatest nurnber of 

discrepancies. For example, case No. B-79 (No. SO, Table VI) had a very 

small carcinoma of the breast, 10 mm. at its greatest diameter and was 

excised completely at biopsy, there being no residual tumour in the 

mastectomy specimen. Yet tumour cells were found in the peripheral blood 

after operation. However, case No. B-3 (No. 7, Table VII) had extensive 

Stage IV metastases and the patient expired of carcinomatosis only one 

month after the blood sample had been taken, yet tumour cells were not 

found in this patient. 

Others have also studied this matter. Engell (1955) in cases 

of carcinoma of the large bowel found t unour cells in 41% of group A 

(Dukes 1 classification,l932) carcinoma of the colon and rectum, in 57% 

of group B and in 7CJI, of group C. He refrained from drawing any conclusions, 

becaUse he maintained that the differences might be explained by the fact 

that the number of undifferentiated tumournincreased from group A toc. 

Potter, Longenbough, Chu, Dillon, Romsdahl and Malmgren (1960) demonstrated 
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malignant cells in the peripheral blood in le% of 117 patients with re

sectable carcinomata and in 36.% of 168 patients with non-resectable 

lesions indicating a marked increase in advanced patients. Moore and 

Sako (1959) stuqying 44 patients with colorectal carcinoma, noted a higher 

incidence of tumour cells (37%) in patients with non-resectable lesions 

than in patients with resectable lesions (16%). 

Experimentally, in 36 hamsters bearing malignant melanoma trans

plants, circulating tumour cells could be detected in the blood stream 

only after gross metastases had appeared. By that time, the tumour had 

been growing for 59 days (Wilson, 1959). 

Finding no correlation between the tumour's extension and the 

presence of tumour cells in the blood, we, like Engell (1955), Moore, 

Sandberg, Burke, Johnston and Katz (1958), and Moore (1960), can only 

conclude that no prognostic significance can be attached to the presence 

of tmnour cells in the blood. 

Also, it must be remembered that if tumour cells are more 

frequently encountered in advanced lesions, this could be the result, 

rather than the cause of the widespread dissemination. We were par

ticularly impressed by the slides of one patient, case No. B-50 (see 

Tables VI and VII-A). A blood sample was drawn from this patient 50 

minutes before she died of carcinomatosis secondary to a carcinoma of 

the breast. The slides were literally full of carcinoma cells. 
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D. Significance of Degree of Differentiation of the Tumour. 

Brown and Warren in 1938 proclaimed that the tendency to venous 

invasion and consequent haematogenous spread depended greatly on the grade 

of differentiation of the tumour. Engell in 1955 concluded that the spread 

of cancer cells in the blood depended chiefly on the histological grade of 

differentiation of the tumour. He found 34% of specimens positive in 

grade II, 76% positive in grade III and lOO% positive in grade IV lesions. 

Our findings do not support these conclusions. Our series of patients 

with carcinoma of the breast included 44 with grade II tumours, 31 wi th 

grade III tumours and 4 with grade IV tumours. Though our figures are too 

small to be conclusive, the incidence of tumour cells was in the vicinity 

of 50% in each category (see Table XIX). 

E. Relationship of Tumour Type and Biological Activity 

of a Tumour. 

Sandberg and Moore (1957) supposed that the more biologically 

active the tumour (e.g. malignant melanoma) the more likely were tumour 

cells to be found in the blood. This view was endorsed by Delarue (1960). 

Again our series is too small to confirm or disprove these opinions but 

we did study the relationship of tumour type in carcinoma of the breast 

to the incidence of blood-borne tumour cells. As expected, there was a 

slightly higher incidence (66. ~) of tumour cells in t he blood of patients 

afflicted with a medullary or encephaloid type of mammary carcinoma than 

in those with scirrhous carcinoma (53.3%). Surprisingly, 57.1% of the 

patients with adenocarcinoma of the breast revealed tumour cells in their 

blood. This tumour, of supposed.ly slow growth and lower malignancy, 
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perhaps should have shawn a lesser incidence of malignant cells. Fifty 

per cent of our 10 cases of intraductal carcinoma were found to have 

malignant cells in the blood. As expected, 8 of these were of the in

filtrating and invasive type but two appeared to be confined to the duct. 

(see Page 112). 

It appeals to one 1s sense of logic to suppose that the more 

anaplastie the tumour, the longer it has been growing, the greater its 

degree of advancement, the more virulent its biological activity, the 

more likely would we be to find its cells circulating in the blood and 

the more sombre would its prognosis be. However, our findings support 

none of these suppositions. '1'here are conceivably a multitude of reasons 

why this is so. Perhaps our series is too small, perhaps we have not 

drawn enough blood samples, perhaps the quantity of blood drawn has been 

too small, perhaps we have failed to find tumour cells in some of the 

samples or failed to recognize the cells for what they were. This last 

factor is especially noteworthy. Often, only one tumour cell is found 

in a blood sample and rarely do we find many. It could easily be, 

therefore, that they are present in such small numbers that we failed to 

catch any in some samples. But it seems to this writer that if these 

errors could be corrected, the proportional increase in the incidence 

of tumour cells would be relatively the same in each category and, 

though the figures would show a greater frequency of tumour cells, there 

would still be very little difference in the results regardless of whether 

the stage of advancement, the degree of anaplasia, the duration of 

symptoms or the type of tumour is considered. 
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F. Diagnosis of Cancer from the Identification of Can~ 

Cells in the Blood. 

What about diagnosis? Could the diagnosis of cancer be made as 

a result of the identification of neoplastic cells in the blood? It has 

been suggested that this could be possible. Because of our conservative 

attitude in diagnosing a cell as malignant and because of our very strict 

application of the criteria of malignancy, it is felt that the negative 

finding of neoplastic cells in the blood is inconclusive but the positive 

identification of these certainly would give strong indication of a 

malignancy. 

A good illustration of this can be found in one report which 

relates the case of a patient suffering from an undiagnosed lung ailment. 

Malignancy was suspected but could not be proven even after the standard 

array of laboratory tests. The patient could not tolerate bronchoscopy. 

But a routine blood smear was found to contain a single clump of bizarre 

spindle-shaped cells cytologically compatible in appearance to oat-cell 

carcinoma cells. Later, a pathology report of a vertebral metastasis 

after decompressive laminectomy verified this by announcing 11 Undiffer

entitated carcinoma consistent with metastatic oat-cell carcinoma of the 

lung 11 (Finkel and Tishkoff, 1960). 

G. Significance of Tumour Cells Found in the Blood at 

Time of Operation. 

Tables IX, X, XII, XIII and XIV all show the results of blood 

samples taken before and after mastectomy. In all cases, a higher incidence 

of tumour cells was found in patients after mastectomy than before the 
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surgical procedure. Twenty per cent of the patients in whom blood was 

drawn before mastactomy had neoplastic cells in the blood whereas 

54.7% of the patients had positive blood samples drawn after mastectomy 

(see Table IX). T~is shows a significant increase in tumour cells in 

the blood during mastectomy. Again, in 27 patients from whom blood was 

drawn both before and after mastectomy, 18.5% had positive blood samples 

pre-operatively and 51.8% post-operatively (See Table X). 

The presence or absence of axillary metastases was observed 

to have sorne significance when considered at time of operation. Of 30 

patients without axillary metastases, 7.1% had tumour cells in the 

blood before operation and 50.0% were positive after mastectomy. In 

the 27 patients with axillary metastases, 31.2% had positive blood 

saraples before operation and 60.0% had tumour cells in the blood after 

operation. However, because blood samples were not taken consistently 

before, during and after mastectomy in ail these patients it is felt 

that no conclusions can be drawn from Table XIV. 

Consequently, we cannot suggest that a prognostic significance 

can be given to the finding that a higher incidence of tlUilour cells was 

found both pre-operatively and post-operatively in patients with 

axillary metastases. 

But our findings of an increase in the incidence of tumour 

cells after surgical manipulation might be significant. These results 

parallel those of Roberts and Cole (1959b),Turnbull (1957) and Ross 

(1958). Engell, who in 1955 found little reason to believe that the 

incidence of malignant cells in the circula ting blood was higher after 

surgery than before, later (1959) admitted that "operative manipulation 
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played a minor role in intestinal carcinoma". Likewise Sandberg and 

Moore (1957) who rnaintained that there was no apparent increase in the 

frequency of tumour cells in the peripheral blood after surgery1 re

ported that the frequency of tumour cells in the regional veins was in

creased by operation (e.g. gastrectomy). 

An interesting thought cornes to mind on considering the fact 

that in sorne patients with carcinorna of the breast, tumour cells were 

found immediately before operation. One wonders if pre-operative 

palpation of the breast tumour had anything to do with dislodging 

tumour cells so that they became detectable in the blood. Tables II 

and X show that 18.5 to 20% of patients with carcinorna of the breast 

had tumour cells in the ir peripheral blood before operation. One 

wonders then, had there been no palpation or physical examination 

whatsoever, if the percentage might have been rnuch lower since tumour 

cells would not have been dislodged by pre-operative palpation of the 

tumour. Consequently1 the results of post-operative blood samples would 

loom larger and be of more significance. However1 if surgical manipul

ation were to be an important factor in the dissemination of tumour cells~ 

we find it somewhat surprising that blood samples taken during mastecto~ 

did not more frequently reveal tumour cells. As Table IX clearly 

illustrates, only 13.6% of pati ents were shown to have circulating 

cancer cella during mast ectomy. We cannot explain t his. Perhaps ther e 

is a delay between the dislodging of tumour cells from the primary 

tumour and their appearance in the peripheral blood. Perhaps because 

of this delay1 tumour cells are found mainly an hour or two after 

final excision of the tumour. Perhaps this delay is caused by the 
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fact that tumour cells must pass through the liver and lungs before 

reaching the antecubital vein and the liver has been shawn to be a 

fairly effective filter of tumour cells (Roberts, Watne, McGrew, 

McGrath, Nanas and Cole, 1958 b). It has also been shown by Roberts 

and Cole (1959 b) who took frequent blood samples from bath the vein 

draining the tumour site and from the peripheral blood before, during 

and after various surgical procedures that there were three types of 

response to surgical measures (See Page 41) but in all three cases, 

they found a high incidence of tumour cells during operative manipul

ation of the tumour. This could be because they were studying blood 

samples from veins in the region of the tumou~ a study which we did not 

do in our series. 

It would seem then that bath surgical manipulation and operative 

stress would have sorne role in the dissemination of tumour cells in the 

blood stream. Though there seems to be an increase in tumeur cells after 

operative trauma, again we can attach no prognostic import to this fact. 

For example, we found tumour cells in the samples of blood drawn post

operatively in 60.0% of the cases of carcinoma of the breast with axillary 

metastases treated by radical mastectomy (See Table XIV) and even the most 

gloomy prognosis would not suggest that 60.0% of these cases will develop 

distant metastases. 

Yet we cannat help but heed the warning of Moore (1957) who 

cautioned surgeons not to adopt 11nihilistic attituies11 in view of the 

many reports of the post-operative findings of tumour cells in the blood. 

He advised that surgeons should not abandon curative and palliative 

operations because of these unevaluated observations. 
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It has been only logica1 then, that certain authorities recommend 

c11nical applications of these findings and so they suggested that tumeurs 

be gent1y examined, that they be not needlessly palpated, that afferent 

and efferent blood vesse1s be 1igated before any surgical manipulation 

and lastly, they deemed per-operative chemotherapy a useful adjunct to 

the teeatment of malignancy (Cole, Packard and Southwick, 1954 b; Cole, 

Roberts and McDonald, 1959 c). 

H. Tumour Cel1s Found in the Peripheral Blood of Patients 

with Carcinama of the Breast when Samples Were Drawn 

Pre-operatively. Per-operatively and Repeated1y for 

the First 10 Days or More Post-operatively (Table XII) 

How long tumour cells can continue to circulate is indefinite 

(See Page 34). In attempting to determine how long after mastectamy tumour 

cel1s remained detectab1e in the blood, several points of interest arose 

from our study of the 10 cases of carcinoma of the breast from which blood 

samp1es were taken daily for 10 days or more post-operatively. First~, 

in no case were the tumour cells found in the blood consistent1y, though 

in 2 they were consistent1y absent, if we presume so to interpret our 

failure to find them. There seems to be two reasons why tumour cells were 

found only intermittently. It could be that they were present in the blood 

only inter.mittent1y, but it is perhaps more probable that we failed to find 

them in sorne of the samples. Secondly, sorne contradictions seemingly arise. 

Cases Nos. 1, 2 and 7, though patientewith only Stage I were each positive 

several times whereas in case No. 10 who had Stage III degree of tumour 

spread, not one positive blood sample was found. Case No. 4 followed more 

closely the pattern expected in that this was a patient with a Stage III 
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carcinoma of the breast and 6 out of 9 blood samples were positive for 

tumeur cells. Finally, it seemed quite clear that the tumeur cells re

mained in the blood for at least 10 days in several of thelO cases. It 

could be that the persistance of tumeur cells in the blood would prove 

to be of more importance than their presence in the immediate post

operative period. 

But one possibility seems to emerge out of even a cursory 

perusal of Table XII and that lis that the intermittent finding of 

positive blood samples could be explained by the supposition that though 

tumeur cells may be always present in the circulating blood of a patient 

with cancer, they might be identified only sporadically. Several 1ines 

of reasoning allow one to arrive at this conclusion. First1y, if blood 

samples had been drawn (as in the case of the 27 patients listed in 

Table X) from the 10 patients with carcinoma of the breast 1isted in 

Table XII, only before and immediately after operation, we would have 

found only 4 patients to be positive for tumeur cells. As it was, by 

drawing many samp1es from each of the 10 patients, more b1ood samples 

were found to be positive and the number of positive patients rose to 

8, double the number that would have been found had b1ood samples been 

drawn only pre-operatively and post-operatively. Had blood samples been 

drawn from these 10 patients only on post-operat ive day number 1, not a 

single positive blood sample would have been found and these patients 

would have been c1assified as not having tumeur cells in their blood! 

It would seem then that the more frequently are blood samples 

taken from patients with carcinoma, the higher will be the incidence of 

tumeur cells found in the circulating blood. As shown in Table V, 



- 127 -

214 b1ood samp1es were taken from 80 patients with breast cancer and 64 

blood samp1es or 29.9% were found to contain tumour cells. These 64 

positive b1ood samp1es were found in 45 of the breast carcinoma patients 

making 55.7% of the 80 patients positive for tumour ce11s. It seems sur

prising that such a 1ow percentage of positive b1ood samp1es (29.9%) 

yie1ds such a high percentage of positive patients. What would it have 

been if 514 b1ood samp1es had been taken from these 80 patients? Or 500? 

Or 1000 b1ood samp1es? One can imagine a doub1e-1ine graph with one line 

ascending paral1e1 to a subjacent curve. The superior curve would be the 

number of 11positive patients" increasing in proportion to the inferior 

curve representing increasing numbers of 11positive b1ood samples11 • 

Another 1ine of reasoning that may be considered is that to 

anyone engaged in attempting to demonstrate tumour cells in the circulat

ing b1ood, the most difficult fact to understand is why patients with 

very small and early cancers can sometimes be shawn to have ma1ignant 

cells in the blood whereas sometimes, patients with extensive tumours 

and wideepread metastases cannat. One wonders then if this fact cannat 

also be expla:i.ned by the possibility that any patient with a ma1i.gnant 

tumour must at seme time or other have tumour cel1s in the circulating 

blood and tha t only frequent sarnplings of the blood would reveal this. 

If tumour cells are not found in patients with advanced disease, the 

explanation may lie in the possibility that (a) an isolated blood 

samp1e just he.ppened not to contain any, (b) they might not have been 

recognize~or (c) they might have been missed throughout the screening 

procedure. 
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This brings us to the conclusion tha.t in the great majority of 

cases of carcinoma of the breast, tumeur cells are present in the blood 

at sorne time, at least temporarily. But it should be emphasized that 

the presence or absence of tumeur cells in a sample of blood in cases of 

carcinoma of the breast is of little or no prognostic significance. In 

this we are in accord with Engell (1959) who came to a similar conclusion 

from his follow-up study of cases of carcinoma of the colon and reet~ 

We also doubt whether the determination of the presence of 

tumeur cells in the blood is a good guide to therapy. If there is little 

or no correlation between prognosis and the presence or absence of tumeur 

cells in the blood, or if they are present in the blood at sorne time in 

most cases of carcinoma of the breast, and if they are not found in all 

cases which do develop blood-borne metastases, there seems to be no 

reason to select for special treatment those cases in which the cells 

are found. 

Finally, the presence of tumeur cells in the blood does not 

mean that haematogenous metastases will inevitably follow. 
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CHAPTER XI 

CONCLUSIONS 

1. The finding of carcinoma cells in the cjrculating blood in such 

bigh frequency suggests that carcinoma may spread more commonly by 

the blood stream than previously supposed. 

2. Tumour cells were found in no greater frequency in patients with 

advanced carcinoma of the breast than in those with early lesions. 

Nor were they demonstrated more often in patients with clinical 

symptoms of long duration than in patients with comparatively short 

duration of symptoms. 

3. Because this series is small, only tentative conclusions can 

be drawn but it does seem likely that the presence or absence of 

tumour cells, as shown by this technique, is not related to 

prognosis, and so is not a good guide to trea~ment. 

4. There seems to be no relationship between the degree of 

histological differentiation of a tumour and the incidence of 

blood-borne tumour cells. 

s. Because we have not compiled a sufficiently large number of 

cases, a conclusion cannet be reached concerning the relationship 

of tumour type to the incidence of cancer cells in the blood. 
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6. To date, the negative finding of neoplastic cells in the 

peripheral blood is inconclusive, but the positive identification 

of these certainly would give a strong indication of the presence 

of malignancy. 

7. A higher incidence of tumour cells was found in patients after 

mastectomy than before the surgical procedure. It would seem, then, 

that physical palpation, surgical manipulation and operative trauma 

have a significant role in the dissemination of malignant cells into 

the venous blood directly or by way of the lymphatics. 

8. In the great majority of cases of carcinoma of the breast, 

tumour cells are present in the blood at sorne time, at least 

temporarily. We have reason to believe that they would be found 

even more frequently if we took repeated blood samples. 

9. The presence of tumour cells in the blood does not mean that 

haematogenous metastases will inevitably follow. 

10. The results reported in this work are too small to permit other 

than tentative conclusions. It must be realized that the stuqy must 

be continued for many years in order to obtain a large enough number 

of cases to be significant and that these must be carefully followed. 



- lBl -

CHAP1ER XII 

S U M M A R Y 

The present study was designed in the hope that if the presence 

of malignant cells in the peripheral blood of patients having cancer could 

be found with any consistency, this could lead to (a) new methods of 

making the diagnosis of malicancy; (b) a convenient method of making 

follow-up studies on cancerous patients; (c) the opportunity to be able to 

predict the probability of metastases; (d) the evaluation of cancericidal 

agents, and (e) their therapeutic use in selected cases. In Part I, the 

medical literature pertaining to tumour cells in the blood stream is 

reviewed. In Part II, a description of the Malmgren Streptolysin-Filtration 

technique for the isolation of tumour cells from the blood is given. 

The results are given in Part III of the thesis. Two hundred and four

teen peripheral blood samples were drawn from 80 patients with carcinama 

of the breast and tumour cells were demonstrated in SB.?% of the patients. 

In Part IV, the significance of these findings is discussed. 
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NOTES CONCERNI.NG 'IHE STREPTOLYSIN-FILT'n.AT ION METHOD 

Supplementary details concerning our experience with the isolation 

of tumour cells from the blood using the method described in the text (cf. 

Chapter VII) may be of interest and thus will be considered here: 

(A) GENERAL: 

(1) The blood should be stirred frequently with a glass rod during the 

technique. This permits a better cellular suspension and may prevent clump

ing of the tumo,lr cells. 

(2) Because our apparatus could only centrifuge 8 tubes at once, the 

maximum number of blood specimens that we could process at any one time was 

eight. 

(5) Care must be taken during the procedure to a.void 11 contaminating" 

the blood specimen with tumour cells from another. Thus a single glass 

stirring rod should not be used for more than one specimen. 

(4) Between bloods, the stirring rods, test-tubes, rubber stoppers, 

centrifuge tubes and filter caps are all washed with dis tilled water. 

Before placing a blood spec~en in a pyrex centrifuge tube for processing, 

the latter is rinsed with a 0.85% saline solution. Periodically the centri

fuge tubes and test-tubes are wa.shed with concentrated sulphuric acid. All 

these are measures taken to prevent tumour cell transfer from one specimen 

to the next. 

(5) One of the advantages of this method is that the blood is kept in 

the same centrifuge tube up until the time of filtration, lessening chances 

of losing twnour cells. 



(B) COMMENTS OONCERNING EACH STEP OF THE TECHNIQUE. 

(1) Collection of the Blood 
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(a) In this series, blood was taken from either antecubital vein. 

(b) It is advisable to process the blood as soon as possible after 

venopuncture because it undergoes changes which make it difficult to filter 

and to screen. 

(2) Removal of Plasma. 

It is better to use a refrigerated centrifuge (0 to 5°) because 

the blood sediment forms a better 11 block 11 and it is easier to pipette off 

the supernatant fluid without removing the buffy layer containing the cancer 

cells. Particular care must be taken if a mechanical suction pipette is 

used. 

(3) Streptolysin Digestion 

(a) Streptolysin-0 reagent cornes as a dry powder and is processed 

and standardized by the manufacturers for the titration of streptolysin-0 

antibody occurring L~ the serums of persons with group A streptococcal 

infections. It is meant by the manufacturers to be reconstituted in 

distilled water and used in the presence of Streptolysin-Q Buffer Concen

trate, an isotonie phosphate buffer solution at pH 6.6, which is employed 

for making serum dilutions and for preparing red blood cell suspensions. 

However, Malmgren1 Pruitt, Del Vecchio and Potter (1958 a) took 

advantage of the haemolytic and leukocidal properties of streptolysin-0 as 

described by Todd in 1942 and in this Method it is used to lyse the 

erythrocytes and polymorphonuclear leukocytes. 

(b) We have used both the Bacto-Streptolysin 0 Reagent of Difco 

Laboratories (Detroit, Michigan, U.S.A.) and the Streptolysin-0 Reagent of 
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Hy1and Laboratories (Los Angeles, California) and find no difference. 

(c) It is important to,note that both laboratories prepare their 

streptolysin by unit activity and not by weight and there is not a constant 

relationship between activity and weight. Therefore the activity of 

500 mgms of streptolysin varies from sample to sample. Now we found as 

did Malmgren, Pruitt, Del Vecchio and Potter (1958 a) that there was a 

moderately wide range of both weight and concentration of the Streptolysin-0 

reagent which was effective in producing haemolysis and leukolysis. To 

Malmgren and his associates (1958 a) it therefore seemed simpler to express 

the quantity of Streptolysin-0 to be used in terms of milligrams rather 

than the biologie nomenclature of test dose. He recommended that 500 mgms. 

of Streptolysin-0 be used to lyse the erythrocytes and polymorphonuclear 

leukocytes of a 20 ml. blood sample. 'l'he amount of streptolysin required 

for digestion may also be calculated by using 30 mg. per ml. in the 

original specimen (Potter and Malmgren, 1959 a) or 50 mg. per ml. of 

packed cells after the third washing by centrifuge. The 500 mgms. of 

Streptolysin-0 usually required are approximately contained in two 25 ml. 

size bottle or in one-half a lOO ml. size bottle of dried Streptolysin-0 

reagent. 

(d) Re: Phosphate Buffer. Instead of reconstituting the reagent 

with distilled water, we reconstitute with 50 ml. of normal saline. In 

our experience, the use of the isotonie phosphate buffer is unnecessary. 

Its presence is theoretically required to make a pH of 6.4 to 6.6 because 

that is the optimum pH for the action of the haemolysin on the red cells 

and the leucocidin on the leukocytes (Todd, 1942). 
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When Malrngren, Pruitt, Del Vecchio and Potter recommended the use of an 

isotonie phosphate solution in their first paper on this subject (195é a), 

presumably it was to rnaintain the pH of the blood specimen at 6.4 while 

undergoing "digestion" during the incubation period. In later reports, 

(Pruitt, Hilberg and Kaiser, 1958; Potter and Malmgren, 1959 a) they 

abandoned the use of this buffer and replaced it with saline. The same was 

done in our laboratory. Normal saline seems to produce as satisfactory a 

"milieu" for haemo1ysis as does the isotonie phosphate buffer solution and 

its pH is not as critical, its preparation is easier and it is more easily 

used. 

The pH of the 0.85% solution of sodium chloride used in our 

laboratory was 6.8. This seemingly produced a medium of sufficient acidity 

for satisfactory haemo1ysis. The differences of 0.4 pH that it has with 

Malmgren 1s (1958 a) isotonie phosphate solution of pH 6.4 and of 0.2 pH 

that it has with the Streptolysin-0 isotonie phosphate buffer of pH 6.6 as 

prepared by Hy1and Laboratories are probably nesligib1e. 

However, it must be noted that the pH of an isotonie normal 

saline solution is dependent on its C02 content and the above findings 

may only hold true for the specifie preparation that we used in our 

laboratory (1000 ml. bottles of 0.85% normal . saline by Baxter Laboratories). 

It is, nevertheless, interesting to note that others are now using normal 

saline solutions instead of phosphate buffers (Pruitt, Hilberg and Kaiser, 

1958; Potter and Malmgren, 1959 a). 

(e) Streptolysin-0 is very 11 ox,ygen labile", that is, it leses 

all haemolytic power when oxidized. Consequently, to maintain its full 

activity, it should a1ways be used in the presence of reducing agente 

like Na2S204 (Todd, 1942). 
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However, if one is careful to dissolve the dried streptolysin-0 

reagent (which is stable in powder form) only immediately before using and 

if one is careful not to agitate the solution toc vigorously or make bubbles 

while pouring the solution, then there seems to be little or no danger of 

inactivating the streptolysin by oxidation. 

Also, the manufacturers may have included in their commercial 

preparations of dried streptolysin-0 reagent sorne reducing agents like 

cysteine. But this cannet be verified due to individual company trade 

secrets. 

(f) Re: Water Bath. To avoid the growth of fungi in the water 

bath and to avoid deposits caused by creating a 11Battery Cell11 , the use 

of distilled water is recommended and the application of a gram or two of 

benzoic acid in the water every four or five days will keep the water 

nicely clear. 

(4) Fixation. 

(a) The 19% formalin solutiçn is prepared by adding 1 ml. of 

100% neutral formalin to 9 ml. of distilled water. 

(b) The 10 ml. of saline are added to the packed cells and the 

mixture is aspirated into and expelled from a syringe through a size 18 

needle so as to obtain a unifonn cellular suspension. The saline should 

be added first to the packed cells and the cells uniformly suspended by 

agitation before adding the 10% formalin. This sequence is necessary 

because the packed cells are in a block and if the formalin is added 

before the saline, the forrnalin will fix the cells in cltunps. Consequently, 

it i s necessary to suspend the cells in saline first. 
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(c) The formalin must be filtered before using. There was no 

need by our method to filter the distilled water nor the normal saline. 

(d) The sample of blood may be allowed to fix overnight in the 

l~fo buffered formalin. This is one stage where the method can be delayed. 

(e) Because the tumour cells are fi.xed and hardened as a result 

of formalin fixation, one needs to be less strict concerning pressure 

regulation upon filtration as there is less chance of distorting the cells. 

(f) Cells fixed in formalin, when stained, have a rather general

ized hazy appearance but do preserve good differentiai staining. However, 

for those who prefer sharp, crisp nuclear detail, ethyl alcohol fixation 

is preferred (Seal, 1959). 

(5) Filtration. 

(a) Millipore Filters. Filtration of the preparation after 

fixation takes place through Millipore filters (Millipore filter No. SM, 

Millipore Filter Corporation, Bedford, Mass.). This filter is a membrane 

of cellulose ester which is 150 micra thick. The tumour cells are collected 

on this membrane and are stained directly on it. There are several types 

of filter membranes available whose average pore diameters range from 10 

millimicra to 5 micra. The membranes used for this study were the white 

plain SM type of constant pore size 5 ;u, were 47 mm. in diameter and each 

presented a total filtering area of 9.6 sq.cm. 

These filter membranes are mounted on white porous dises to 

support them throughout filtration. It has been said that the glossy 

surface of the millipore filter should be placed superiorly but, in our 

experience, it does not matter which side faces upwards. 
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(b) To Avoid Debris on the Filter Membranes. To avoid debris on 

the filter membranes, the following points are noteworthy: -

(i) The filters and filter pads must be placed on the apparatus only 

at the last minute to prevent the settling of dust on their surfaces. 

(ii) The formalin solution should be freshly prepared using filtered 

pure neutral formalin and distilled water. 

(iii) The centrifuge tubes and glass rods must be well cleansed and 

rinsed in saline before use. The filter apparatus must be well rinsed. It 

is suggested that the centrifuge tubes be washed in acid after they have 

been used in order to prevent any transfer of cancer cells to the next blood 

sample processed. 

(c) Clumping. As mentioned elsewhere in this work, the blood 

should be stirred frequently with a glass rod during the technique to avoid 

the formation of clumps. 

(d) An equal volume of water may be placed in each filtration 

flask to collect the filtrate. 

(e) It is preferable not to attempt to 11 force 11 a suspension of 

blood cells through the filter membranes either by using too few filters 

or by using unreasonable negative pressures. If a cellular suspension is 

forcefully filtered, this resulta in the formation of air bubbles, the 

multi-layering of the cells, the distortion of the tumour cells and 

clogging or crowding of the filter membranes. 

(f) As much as possible, the filter membranes should not be 

allowed to dry after filtration before placing them in Carnoy 1s fixative. 

(g) It was found throughout our experimenta that post-operative 

samples of blood were more difficult to filter because of their increased 
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denseness and cellularity. This would agree with the findings of Pepper 

and Lindsay (1960) who observed a marked increase in 1eukocytes during 

and fo1lowing surgical procedures. 

(h) It should be noted here that sorne investigators comp1etely 

bypass this step in the procedure. As mentioned earlier in this work1 

Roberts, Cole and their colleagues have changed their method of iso1ating 

tumour cells from the b1ood (the albumin flotation method described by 

Roberts, Watne, McGrath, McGrew and Cole, 1958 a) adopting the strepto

lysin method described by Malmgren, Pruitt, Del Vecchio and Potter (1958 &). 

However, they modified it by substituting a centrifuge process for the 

filtration method of collecting cells for examination. Instead of fixing 

the cells in formalin after the post-incubation centrifuge and then fi1ter

ing them, they simp1y add 10 ml. of isotonie sodium ch1oride to the packed 

cells, recentrifuge, decant the supernatant f1uid and the remaining 

sediment is placed on 12 ordinary glass s1ides and fixed immediately in 

ether-alcoho1 solution (Long, Roberts, McGrath and McGrew, 1959). The.y 

consider their version to be comparatively simplerthan Malmgren 1s. In 

their last paper (Long, Jonasson, Roberts, McGrath, McGrew and Cole, 

1960 b), they claim to have processed blood samples from 178 cancer 

patients by the new method compared to 297 patients using the discon

tinued albumin flotation method. 

( 6) Staining. 

(a) Numbered Metal Filter Holders. Following filtration the cel1 

containing filters are mounted in numbered metal filter holders which in 

turn are placed in glass carriers for immersion into the Carnoy' s fixative 

and Papanicolaou stain. Polyethylene millipore filter holders manufactured 
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by the Duke Bontz & Co., (8409 2nd Avenue, Silver Spring, Maryland) have 

also been described by Del Vecchio, De Witt, Borelli, Ward, Wood and 

Malmgren (1959), but we have found the metal ones to be most satisfactory. 

(b) Modified Carnoy 1s Fixative. Carnoy in 1887 described his 

fixative as comprising 60 ml. of 100% alcohol, 30 ml. of chloroform and 

10 ml. of glacial acetic acid. According to Lillie (1952) this fixative 

gives excellent nuclear fixation. The Nissl granules are weil preserved 

and many cytoplasmic structures are adequately fixed. However, Carnoy1s 

fluid occasions a considerable shrinkage of the cells and dissolves acid 

soluble cell granules and pigments (Lillie, 1952). 

De Witt, Del Vecchio, Borelli and Hilberg (1957) modified Carnoy 1s 

solution and adapted it for use in the isolation of tumour cells. They mixed 

70 ml. of 95% ethyl alcohol with 25 ml. of chlorofo~ and 5 ml. of glacial 

acetic acid. They suggested that it be stored in a tightly stoppered brown 

bottle at room temperature. It was considered by these investigators that 

their modification of Carnoy 1s fluid gave better cytological detail. 

(c) Papanicolaou Stain. In 1954, Papanicolaou of Cornell 

University described a technique for the staining of cancer cells 

especially those of vaginal, endocervical and endometrial smears or 

aspirations. His three objectives were to obtain (i) definition of 

nuclear details, (ii) transparency of the cells, and (iii) differentiation 

of the cells. 

The following is a description of the Modified Papanicolaou tech

nique as used for staining the filters in their filter holders throughout 

the present work: 
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(1) After fixation in Modified Carnoy' s fluid, the filters are transferred 

to a series of alcohol rinses for rehydration. They are dipped 10 times 

in 7CJ/, alcohol, 10 times in 50% alcoho1 and 10 t:imes in distilled water. 

(2) The cells are then stained in undiluted Harris haemotoxylin for one 

minute. This is the basic stain for the nuc1ei. 

(5) The excess dye is then washed off in distilled water. 

(4) The cell containing filters are then dipped in 0.25% HCl (0.5% aqueous 

HCl + 70% alcohol) for decolorization. This removes sorne of the dye 

thereby differentiating the nuclei. 

(5) The filters are then washed in tap water the pH of which is on the 

alkaline side. 

(6) The filters are then dipped for a few seconds in saturated Lithium 

carbonate which is a faster alkalizing agent than tap water. 

(7) The filters are then run in 10 dip rinses through a series of alcoho1s 

which gradually increase in concentration as follows: 50%, 70%, 80%1 

and 95%. 

(8) The cytoplasm is then stained by a 50-second immersion in O.G. 6 

solution. This is composed of 0.015 grams of phosphotungstic acid 

dissolved in 100 ml. of 0.5% Orange G solution in 95% alcoho1. 

(9) The excess stain is then removed in two rinsings of 10 dips each in 

95% alcoho1. 

(10) The cytoplasmic stain is then supplemented by a 45-second immersion 

in E. A. 50 solution (prepared and marketed by the Ortho Ph•rma

ceutical Corporation, Raritan, N.J.). 

Its composition is: -
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Light Green SF yellowish- O.l% solution in 95% alcohol •.•••• 45 cc. 

Bismark Brown - 0.5% solution in 95% alcohol . . . . . . . . . . . . . . . . 10 cc • 

Eosin yellowish (water and alcohol soluble) - 0.5% solution 
in 95% alcohol •••••••••••••••••••••••.• 45 cc. 

Phosphotungstic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.2 gm • 

Lithium carbonate, saturated aqueous solution •••••••••••••••• 1 drop 

(11) Dehydration is then accomplished by two rinsings of 10 dips each in 

95% alcohols, and two washings of 10 dips each in absolute alcohols 

(100%). 

(12) The filters are then passed through a solution made up of one part 

absolute alcohol and one part toluol or xylol. 

(lB) After two cleansings of ten minutes each in toluol or xylol to remove 

the alcohols, the Millipore filters are ready for mounting. 

Note: This method of staining differs from the original as described 

by Papanicolaou (1954) in that concentrated Harris Haemotoxylin is used 

and there are shorter immersions of the filters in o. G. 6 and E. A. 50. 

(d) To Mount the Filters. The filter is allowed to dry slightly 

upon removal from the xylol or toluol. It is mounted as described in 

Chapter VII. However, it should be added that a minimal amount of Permount 

should be used and the sides of the Millipore filter should be trimmed so 

that it fits snugly between the slide and the coverslip. This precaution 

avoids the formation of air bubbles between the slide and the coverglass 

and prevents dehydration of the smear. 
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The mouse melanoma S91 was rubbed on a stainless steel screen 

of 60 or 80 wires to the inch and the cells were collected in a beaker by 

washing them from the screen wi th normal saline. The cellular concen

tration was then estimated using a haemocytometer. Samples of the cellular 

suspension were then tested as follows: -

1. Controls 

Seventeen ml. of the cells in saline were added to 3 ml. of 

heparin and the whole was processed in the normal manner by the technique 

described in Chapter VII. Another 5 ml. was added to 12 ml. of human 

blood mixed with 3 ml. of heparin and again processed in the usual mannar. 

Both these samples were used as controls and in both cases, complete re

cover.y of almost all the cells was accomplished. 

2. Durability of Cancer Cells. 

Various concentrations of the suspension were kept under refri-

geration in stoppered test-tubes and samples were taken at regular inter

vals, filtered, stained and examined in arder to investigate the durabi

lity of the cancer cells. 

Cells were found to be intact even after one month 1 s refri-

ger at ion. 

3. Preservation in Haparin. 

Five ml. samples of the cellular suspension were added to four 

aliquots of 15 ml. of whole human blood each mixed with 5 ml. of heparin 

sodium (10 mg. per ml.). The mixtures were kept in stoppered test-tubes 
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Unfortunately after more than five to eight days, a thick rust-

coloured jelly-like substance was observed to fonn rendering filtration 

almost impossible. The slides showed a thick reddish substance and were 

unscreenable. This was considered to be due to the fixed products of 

haemolysis (on placing the filters in Carnoy's fluid, much of the brown 

chocolate-like fluid would be removed from the filters and would turn 

Carnoy1s fluid dark brown). There was a moderate amount of debris on the 

slides and in not one case were the cancer cells recovered. 

4. Preservation in Formalin 

Four mixtures were prepared each cons isting of 5 ml. of mouse 

melanoma cells added to 15 ml. of whole human blood mixed with 3 ml. of 

heparin. These were processed by the streptolysin method until the 

formalin stage. They were then kept under refrigeration in stoppered 

test-tubes for increasing intervals of time before filtration and stain

ing to find the length of cellular preservation in 10% formalin. 

After one week1 the slides prepared from specimen number one 

were quite satisfactory and the tumour cells 1 lymphocytes am monocytes 

were weil preserved. After two weeks refrigeration, the slides of the 

specimen were quite screenable although the celle were not so weil pre

served and presented a paler appearance. After three weeks, there was 

a considerable decrease in cellular detail arrl definition. There was a 

considerable amount of debris on the slides and screening was rendered 

cumbersome by the vagueness aalld 11foggy" appearance of the cellular elements. 

The cells were pale and never seemed to be in focus. However, one could 



still recognize the odd melanoma cell. 

even to get past the filtration stage. 
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After one month, it was difficult 

The filtration was long and 

tedious and required eleven filter membranes. The slides were poor in 

quality and were unscreenable. 

S. Effect of Streptolysin on Cancer Cells. 

Four 5 ml. samples of the malignant cellular suspension were sub

jected to the streptolysin digestion procedure each sample undergoing in

cubation in the presence of various doses of the Streptolysin-0 enzyme. 

This waà done to test the possible affects that high concentrations of 

streptolysin would have on the cancer cells. 

On screening the slides after they had been stained by the 

Papanicolaou technique, the tumour cella seemed to be unha:nned. Even the 

sample that had been subjected to 2000 mg. of Streptolysin-0 seemed intact. 

There would seem, then, to be considerable variations possible of strepto

lysin dosage without harm to the tumour cells. This was also observed by 

Malmgren, Pruitt, Del Vecchio and Potter (1958a). 

6. The Use of Staphylococcie Toxin in the Technique for the Isolation 

of Tumour Cells from the Blood. 

Because haemolysis by Streptolysin-0 was found to be incomplete 

(it only lyses the erythrocytes, part of the polymorphonuclear leukocytes 

and only a few of the monocytes and lymphocytes), it was desired to find 

a better haemolytic agent. The first to be considered was the toxin of 

the Staphylococcus. Staphylococci are weil known to produce a variety of 

toxins and a few of these were studied. Alpha-Haemolysin is described as 

being active against rabbit erythrocytes but not againt human red cells. 

Beta-lysin acts on the red cella of sheep, oxen and humans, and perhaps 
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might also have a leucocidal effect. Gamma-lysin causes a rapid lysis 

of red corpuscles in a variety of animals. There is direct microscopie 

evidence of the destructive action of leucocidin on human leukocytes. 

Whether leucocidin, Beta-lysin and Alpha-lysin are all one same faction 

or three separate toxins is a subject of much debate and confusion. 

(Topley and Wilson, 1946). Enterotoxin and staphylocoagulase are further 

toxins of this micrococcus. 

Because of its haemolytic capabilities it was therefore decided 

to attempt to use staphylococcal toxin both in conjunction with Strepto

lysin-o and separately, to isolate cancer cells from the blood. 

A strain of high toxigenic capacity was chosen and the prepar

ations consisted of 5 ml. of staphylococcie toxin in the dry for<m pre

served in glass ampules. Ten samples of 15 ml. of human whole blood 

mixed wi th 3 ml. of heparin and 5 ml. of the mo use melanoma cellular 

suspension were prepared for processing with the staphylococcie toxin. 

One, two, three, four and five ml. samples of staphylococcie toxin were 

each dissolved in 30 ml. of saline and each of these five dilutions of 

staphylococcie toxin was incubated at 39°C for 10 minutes with a sample 

of blood and tumour cells as previously mentioned. 

The dilutions of one, two and three ml. of staphylococcie 

toxin in 30 ml. of normal saline gave very unsatisfactory resulta. There 

was very poor digestion of the red cells rendering filtration impossible. 

A smear done before filtration showed many half lyzed erythrocytes bound 

together by a yellow, transparent substance which could have been coagul

ated plasma caused by the toxin staphylocoagulase. There were many poly

morphonuclear leukocytes, monocytes and lymphocytes in clumps. 
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The more concentrated solutions of four and five ml. of 

staphylococcie toxin in 30 ml. of normal saline required an extra saline 

washing by centrifugation before filtration. The 4 ml. of staphylococcie 

toxin specimen yielded a very cellular slide with very few erythrocytes 

and the polymorphonuclear leukocytes, lymphocytes and monocytes were of 

good definition and detail and stained well. The cancer cells could not 

be outlined amongst the multicellular mass. 

The slides of the specimen digested by 5 ml. of staphylococcie 

toxin were very beautiful. There were no erythrocytes, only rare poly

morphs and the lymphocytes and monocytes were of good definition and well 

stained. The cancer cells were identifiable, well preserved and well 

stained. These slides were indistinguishable fran slides of samples of 

blood lyzed by streptolysin. 

1t is possible that the reason why the weak solutions of one, 

two and three ml. of staphylococcie toxin were ineffective in lyzing the 

erythrocytes is that the incubation period was too short. Topley and 

Wilson (1946) mention that Beta-haemolysin is active against red cells 

only if the tubes have stood at room temperature overnight. However, 

since the 5 ml. strengths were satisfactory, no other experiments were 

done with weaker dilutions. 

Finally, 5 ml. of staphylococcie toxin and 500 mg. of strepto

lysin were dissolved together in 30 ml. of normal saline for use in the 

lysis of blood samples but no significant advantage was found. 

In conclusion, staphylococcie toxin appears no better than 

streptolysin. Both are haemolytic and polymorphonuclear leukocytic but 

their le~cocidin leave the monocytes and lymphocytes unhar.med. 
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Fig. 2 

FILTER APPARATUS 

From left to right: The water bath; the mercury manometer connected 
to a series of four 1000-cc. filter flasks each mounted with a filter eup 
and filter holder. The filter eup on the right has been removed to show 
the filter holder. The water taps on the right provide the vacuum source. 

Note the clamps on the tubing of each filter flask. These are used 
when it is desired to discontinue negative suetion in an individual flask. 
Note also the water in each flask. 

The tubing shown eoiled on the table in front of the filter apparatus 
is eonnected to a Pasteur pipette (not shown) and is used to aspirate the 
supernatent fluid. 



----

Fi.g. 3 

Some of the materials used in the manipulation of the filter membranes 
are shown 

- A box of lOO SM Millipore Filters and filter pads 

- The numbered metal filter holders 

The tray for carrying the filter holders through the various 

fixation and staining dishes 

- The dish used to immerse the filter holders in modified 
Carnoy' s fluid. 

- Tbree campleted slides 

- A pair of tissue forceps for the handling of the filter man'branes. 



Fig. 4 

Carcinoma of the oral mucosa invading venule x 200 

Fig. 5 

Law grade fibro-sarcoma shawn invading an artery x 100 



Fig 6. 

Twnour cells seen in the pleural fluid of a patim. t with mesothelioma 
of the lung X 400 

• 

Fig. 7 

Tumour cells in the pleural fluid of a patient with mesothelioma 
of the lung X 500 



Tumour cell found in the venous blood draining the tumour site 

in a patient with adenocarcinoma of the left colon X 200 

F~. 9 

Tumeur cell found in a vein draining the tumour site in a patient 
with adenocarcinoma of the sigmoid colon X 400 



1 

Tumeur cell in the peripheral blood of a patient with carcinoma 

of the kidney with metastases to the lungs X 500 

• 

Tumeur cell in the peripheral blood of a patient with carcinoma 
of the stomach X 500 



Fig. 12 

Tumour cell in the peripheral blood of a patient who sustained a radical 
mastectomy for stage I carcinoma of the breast 2 years previously and 
who, at the ttme of taking the blood sample, had local skin recurrences 

• 

Case number A-7 X 400 

Fig. 15 

Another tumour cell found in the peripheral blood of the same 
patient (See Fig. 12) X 500 



Fig. 14 

Tumeur cell found during the immediate post-operative period in the 
peripheral blood of a patient with scirrhous carcinoma of the breast 
involving 7 of 22 axillary lymph nodes. Case number B-49 X 1000 

Fig . 15 

Same tumeur cell as i n Fig. 14 but at a higher power x 2000 



Fig. 16 

Tumour cell found in the periphera1 b1ood of a patient who had sustained 
a radical mastectomy one year previous1y for an infiltrating duct carci-
noma exhibiting invasion of vascu1ar channe1s and secondary carcinoma in 
the axil1ary 1ymph nodes. Case number B-13 X 1000 

Fig. 17 

Same tumour cell as in Fig. 16 but at a higher power x 2000 



Fig. 18 

Two tumeur cells seen in a samp1e of periphera1 b1ood drawn during the 
immediate post-operative period from a patient with carcinoma of the 
breast invo1ving axi11ary 1ymph nodes. Case number A-9 X 500 

Fig. 19 

Tumeur cell found in the periphera1 b1ood of a patient with advanced 
infiltrating fibrosing carcinoma of the 1eft breast. Case number B-8 

x 2000 



Fig. 20 

Tumour cell in the periphera1 b1ood of a patient who underwent a radical 
mastectomy 11 days previous1y for a carcinoma of the breast with second-
dary carcinoma in the axillary lymph nodes. Case number B-14 X 1000 

Fig. 21 

Tumour cell found during the post-operative period in t he peripheral blood 
of a patient who had a simple mastectomy for intraductal carcinoma of the 
lert breast. The axillary lymph nodes were not involved but the exfoliative 
cytology smears made from the nipple discharge had shown adenocarcinoma. 
Case number B-62 X 1000 



Fig. 22 

Two tumour cells are shown. These were found in a peripheral blood 
sample taken from a patient who, 3 days previously, had sustained a 
right radical mastectomy for stage I carcinoma of the breast. 
Case number B-41 X 2500 

Fig. 23 

Tumour cell shown under high power. This tumour cell was found in the 
peripheral blood of a patient who had had a radical mastectomy 3 years 
previously for a stage I infiltrating duct carcinoma of the right breast. 
When this blood sample was drawn, the patient felt weil and there were 
no signs of recurrence. Case number B-7 X 2500 
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A ut hors 

Ashworth 

Schmidt 

Loeper & Louste 

Babes & Panea 

Schleip 

Aschoff 

Ward 

Ma reus 

Quensel 

Pool & Dunlop 

Grun er 

Holland 

Engell 

Table XXI 

Suwmary of the Findings by Various Investigators of 
Tumour Cells in the Circulating Blood of Patients 
with Cancer. The Differences in the Incidence of 
Tumour Cells in Peripheral Blood and Regional Blood 

are shawn 

Peripheral Blood Regional Blood 
~o. of % 

rPositive 
% 

Date Cases No. of Positive Positive No.of Positive 
Total Cases Cases 

1869 l l 100% 

1903 41 4l 15 36% 

1904 ? ? 3 ? 

1905 2 2 lOO% 

1906 2 2 10~ 

1906 l 1 lOO% 

1913 4 4 l 25% 

1919 l l lOO% 

1921 50 50 6 12% 

1934 40 40 17 42% 

1942 876 876 85 9.7% 

1949 2 2 lOO% 

1955 140 93 17 18.2% 125 75 6CJI, 

Fisher & Turnbull 1955 25 25 8 32% 

Whang 1958 63 37 0 0% 26 7 27$ 

Taylor & Vellios 1958 ? 4 

Peckholz & Boehm 1958 74 74 10 13.5% 

Colombo, Rolfo, 
& Maggi 1959 42 42 7 16.6% 

Seal 1959 86 86 39 45% 



Table XXII - Cont t d 

Peripheral Blood Re_gional Blood 

No. of % % 

A ut hors Date Cases No. of Positive Positive No.of Positive Positive 

Total Cases Cases 

Cout ts et al. 1959 5 5 2 40% 

Morley 1959 3 3 3 lOQt 

Didd1e 1959 14 8 57% 

Fletcher & 
Stewart 1959 62 24 4 16.6% 38 15 39% 

Reiss 1959 50 50 6 12% 6 3 5Qt 

Finkel & Tishkoff 1960 1 1 lOO% 

Potter et al. 1960 376 285 79 28% 91 39 43% 

Long et al. 1960a 328 297 78 26% 69 22 32% 

Moore et al. l957b 288 179 93 52% 109 60 55% 

Sa1gado et al. 1959 70 60 34 57% 10 4 40% 



Table XIII 

Summary of the Findings by Various Investigators of Tumour Cells in the Circulating 
Blood of Patients with Cancer. The Differences in the Incidence of Tumour Cells in 

the Blood of Patient~ with "Incurable" and "Curable" Lesions are Shown 

T o t a 1 C u r a b 1 e I n c u r a b 1 e 
Au thors Date No.of. % No. of % No. of % 

Cases Positive Positive Cases Positive Positive Cases Positive Positive 

Ashworth 1869 1 1 lOO% 1 1 10~ 

Schmidt 190:3 41 15 :36,t; 41 15 :36% 

Loeper & Louste 1904 :3 

Babes & Panea 1905 2 2 100% 2 2 10~ 

Schleip 1906 2 2 lOO% 2 2 lOO% 

Aschoff 1906 1 1 100% 1 1 10~ 

Ward 1915 4 1 25% 4 1 25% 

Marc us 1919 1 1 100% 1 1 1()()% 

Quensel 1921 50 6 12% 50 6 12% 

Pool & Dunlop 19:34 40 17 42% 40 17 42% 
' 

Grun er 1942 876 85 9.7% 

Hol1and 1949 2 2 100% 2 2 100% 

Engell 1955 140 90 6:3% 126 83 65% 14 7 5~ 

! 



Table XXII~ Cont 1d 

T ota 1 Curable Incurable 

A ut hors Date No.of ~ No.of % No.of % 
Cases !Positive Positive Cases Positive Positive Cases !Positive Positive 

Fisher & Turnbull 1955 25 s 32% 

\fua.ng l95S 63 7 u.l% 

Taylor & Vellios 1958 4 4 

Il 
Peckholz & Boehm 1958 74 10 13.5% 74 10 13.5% 

Colombo, ftolfo, 
& Maggi 1959 42 7 16.6% 20 3 15% 22 4 18.1% 

Seal 1959 S6 39 45% S6 39 45% 

Coutts et al. 1959 5 2 4o% 5 2 4~ 

Horley 1959 3 3 lOO% 3 3 lOO% 
; 

Diddle 1959 14 s 1 57% 

Fletcher & Stewart 1959 62 19 1 30% i 
1 

Reiss 1959 50 6 12% 50 6 12% 

Finkel & Tishkoff 1960 l 1 loO% l 1 lOO% 

Potter et al. 1960 376 ilS 31.4% 192 49 25% lS4 69 37% 

Long et al. l960b 475 142 29% 149 33 22% 326 109 33% 

Moore & Sako 1959 44 16% 37% 

Salgado et al. 1959 70 3S 54% s 2 25% 



Table XXIII 

Summary of Findings by Various Investigators of Tumeur 
Cells in the Circulating Blood of Patients with 

Carcinoma of the Breast 

% 
Au thor Date Nwnber of Cases Positive Positive 

Grun er 1942 207 12 6% 

IEngell 1955 6 3 50% 

Colombo, Rolfo, 
& Maggi 1959 5 1 2($ 

Seal 1959 18 6 33% 

Fletcher & Stewart 1959 25 6 24% 

Reiss 1959 21. 3 14% 

Potter et al. 1960 36 14 3% 

Long et al. 1960a 62 15 24% 

Salgado et al. 1959 32 17 53% 


