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Cancer Cells in the Circulating Blood
With Reference to Cancer Metastasis

HARUO SATO, M.D., D. Med. Sci.1

The author discusses the relation between the presence of cancer cells in the circulating
blood and the development of metastasis, as demonstrated by studies on animals with
experimentally induced tumours, by post-mortem studies on fatal human cases of cancer,
and by studies on patients operated upon for stomach cancer. Although the correlation
between the presence of tumour cells in the blood and the occurrence of metastatic lesions
was found to be less close in the human cases of cancer than in the experimental animals,
the author considers that it was sufficiently marked to justify the assumption that the
appearance of tumour cells in the circulating blood is an important link in the chain of
processes leading to cancer metastasis. In conclusion, the author puts forward the sugges-
tion, based on the results ofanimal experiments, that chemotherapy might have an inhibitory
effect on the liberated tumour cells in the blood, particularly if these cells are present only
in small numbers, and thus be instrumental in halting the course of metastasis.

The dissemination of liberated cancer cells in the
circulating blood has been observed by many
research workers to be the source of development of
metastatic lesions. The author and his co-workers
have also been carrying out a series of studies
(Kawashima, Kanno & Sato, 1958; Munakata et al.,
1958; Sato, 1 959a) on the entity of cancer metastasis,
designed particularly to determine the role and the
significance of the appearance of cancer cells in the
circulating blood.

In this paper, the findings with regard to the detec-
tion of tumour cells in the right heart blood obtained
at autopsy from cases of various types of cancer are
presented, together with the results of research on
metastasis in animals with experimentally induced
tumours and on the presence of cancer cells in the
blood of patients operated upon for stomach cancer.

DETECTION OF CANCER CELLS IN THE BLOOD

Collection of cancer cells from the blood
Although several methods, each with its own

characteristics, for collecting cancer cells from the
blood have been proposed by various workers
(Sandberg & Moore, 1957; Malmgren et al., 1958;
Munakata & Kurata, 1958a; Roberts et al., 1958;
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Sato et al., 1959a; Seal, 1959), there seems to be
little to choose between them as regards their ability
to detect cancer cells in the blood. Therefore, we
shall describe here two methods that have been
developed by the author and his co-workers and have
been used by us and other research workers.

(a) Glucose-acacia method. This is a modification
of the method of Sandberg & Moore (1957), a
mixture of glucose and gum acacia being used
instead of fibrinogen solution. The procedure is as
follows: 5 ml of heparinized or citrated blood are
mixed with 2 ml of a solution containing 25% glucose
and 30% gum arabic. The red cells are then sedi-
mented in a 10-ml syringe (see accompanying figure)
for 1-5-20 minutes, after which the supernatant
plasma layer is removed carefully from the syringe,
through the bent needle shown in the figure, and
centrifuged at 1000 revolutions per minute (r.p.m.)
for 5-10 minutes. From the centrifuged sediments,
3-5 smears are prepared and stained with Wright-
Giemsa stain.

(b) Haemolysation method. This method, which is
used to detect small numbers of tumour cells in the
blood, is a modification of the method of Malmgren
et al. (1958), a haemolytic enzyme-streptolysin-S2-
being used instead of streptolysin-O. The procedure

'Supplied by courtesy of Dr Koshimura, Kanazawa
University, Japan.
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SYRINGE USED IN GLUCOSE-ACACIA METHOD
FOR COLLECTING CANCER CELLS FROM THE BLOOD

The supernatant plasma layer containing white blood cells
and cancer cells is withdrawn through the bent needle after
sedimentation of the red cells.

is as- follows: 5 ml of the blood to be examined are

suspended in 45 ml of physiological saline to
remove the naturally existing antistreptolysin, and
are then centrifuged at 1000 r.p.m. for 5 minutes.
The packed cells are resuspended in 50 ml of saline
and 25 mg of streptolysin-S are added to the suspen-
sion, which is then incubated at 390C for 15-20
minutes. After incubation, the suspension is again
centrifuged at 1000 r.p.m. for 5 minutes. Smears
are prepared from the sedimented cells and stained
with Wright-Giemsa stain.
By this method, the erythrocytes are almost

completely lysed and the leucocytes and monocytes
are destroyed, while the lymphocytes and tumour
cells remain practically intact. Occasionally, how-
ever, poor staining and even cytolysis of the tumour
cells was observed after haemolysation.
The minimum number of tumour cells that was

detectable was about 1000 cells per ml by the glucose-
acacia method and about 50 cells per ml by the
haemolysation method. These figures were con-

firmed by a series of animal tumour experiments in
which a known number of tumour cells was added
to the blood and examined by the two methods.

Grading ofpresence of tumour cells in the blood
The extent of the presence of tumour cells in the

circulating blood was graded (Sato et al., 1959b) as

shown in Table 1. Each grade corresponds to a given
concentration of cells observed in the smears
prepared from the blood samples. The actual num-
ber of tumour cells per ml of blood in each grade
was confirmed experimentally. Thus, for example,
when one or a few tumour cells were observed on
every slide prepared from the blood sample by the
techniques described above, the sample was classified
as grade II, indicating that 1 ml of the original blood
contained more than 100, but less than 1000,
tumour cells.

TABLE 1
GRADING OF PRESENCE OF TUMOUR CELLS

IN THE CIRCULATING BLOOD

Grade No. of tumour cells No. of tumour cells
observed in the smears a per ml of blood

1-4 cells in total number of
smears examined < 100

I or a few cells in each
smear > 100- <1 000

Ill About 10 cells in each
smear 1 000 - < 10 000

IV I cell in several fields b 10 000

V I cell in each field > 10 000 - < 100 000

VI Several cells in each field 100 000

VIl About 10 cells in each field < 1 000 000

Vil Many cells in each field 1 000 000

IX Numerous cells in each
field > 1 0000O0

a Usually, 5 smears are prepared from 5 ml of the blood by
means of the sedimentation technique (Munakata & Kurata,
1958b).
b Microscopic field under 10 x 10 magniflcation.

PRESENCE OF TUMOUR CELLS IN THE BLOOD
OF TUMOUR-BEARING ANIMALS

The author and his associates investigated the
appearance of tumour cells in the blood of animals
in which various kinds of tumours had been experi-
mentally induced. For example, a transplantable
tumour (MH 134, the mouse ascites hepatoma),
which possessed a marked ability to metastasize,
was transplanted subcutaneously into C3H mice.
At various intervals after inoculation, the circulating
blood of the animals was examined for the presence
of tumour cells. As seen in Table 2, the longer the
interval after transplantation, the more frequently
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TABLE 2
APPEARANCE OF TUMOUR CELLS

IN THE BLOOD OF MICE (C3H STRAIN)
AFTER SUBCUTANEOUS TRANSPLANTATION

OF THE TUMOUR MH 134

Days after transplantation

1-5 | 6-15 | 16-25 26-35 Total

No. of mice
examined 11 50 34 10 105

No. with blood
positive for tumour
cells 0 13 22 8 43

Percentage with
blood positive for
tumour cells 0 26 65 80 41

tumour cells were observed in the blood. In this
experiment, the detection of tumour cells was based
not only on the morphological findings, but also on

the results of transplantation tests performed with
the blood-a type of bio-assay method. The animals
were then sacrificed and examined for the presence
of tumour growth and/or tumour emboli in the
lungs, as well as for lymph-node metastasis. As seen

in Table 3, metastatic growths and tumour emboli
were rarely found in the lungs in the first 10 days
after transplantation. The frequency of observation
of emboli increased gradually as the interval after
transplantation increased, representing marked meta-
static growth in the period 21-30 days after inocula-
tion. On the other hand, even after 21-30 days no

metastatic tumours were observed in the lungs of
the animals in which tumour cells were not detect-
able in the circulating blood. Lymph-node meta-

stasis was occasionally observed in such animals,
but its frequency was much lower than that noted
in the animals whose blood was positive for tumour
cells.
From these results, it may not be an exaggeration

to conclude that the appearance of tumour cells in
the blood is an indication of the presence of meta-
static lesions or, at least, of the forthcoming develop-
ment of such lesions.

PRESENCE OF TUMOUR CELLS IN RIGHT HEART BLOOD

OBTAINED AT AUTOPSY FROM CASES OF VARIOUS

TYPES OF CANCER

The results of post-mortem examination of fatal
cases of cancer for the presence of tumour cells in
the right heart blood are shown in Table 4. It can
be seen that cancer cells were found in the right
heart blood of 10 out of the 32 cases examined (31 %)
and that, of these 10 positive results, 4 were obtained
from the 7 cases with stomach cancer, 2 from the
5 cases with lung cancer, 2 from the 2 cases with
malignant chorionepithelioma, 1 from the case with
malignant endothelioma and 1 from the 2 cases
with reticulosarcoma. The grade of presence of
tumour cells in the heart blood varied from III
to VIII.

In the 10 positive cases and in 19 of the negative
cases, the spread of tumour cells and occurrence of
metastasis were investigated, various organs and
tissues such as the lungs, the liver, the spleen, the
kidneys, the adrenal glands, the brain, the lymph-
nodes, and the bones (the ribs, the sternum, the
vertebrae and the femurs) being examined both
macro- and micro-scopically (Table 5). The fre-

TABLE 3
CORRELATION BETWEEN PRESENCE OF TUMOUR CELLS IN THE BLOOD AND

DEVELOPMENT OF METASTASIS IN THE LUNGS OF TUMOUR-BEARING (MH 134) MICE

Period after Presence of No. Lung metastasis
inoculation tumour cells of mice Lymph-node

(days) in the blood examined Emboli Growth metastasis

1-10 + 11 1 1 2/8

11-20 + 18 10 1 7/18

21-30 + 8 7 6 6/8

1-10 _ 33 0 0 0/27

11-20 _ 23 1 0 4/23

21-30 _ 2 0 0 0/2
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TABLE 4
PRESENCE OF CANCER CELLS IN THE RIGHT HEART

BLOOD OF 32 FATAL CASES OF CANCER

Site or type No. of No. of pGradene No. of
of malignant cases positive of tumourI negative

tumour examined cases jfcells cases

Stomach 7 4 III-VIII 3

Lung 5 2 V-VI 3

Malignant chorion-
epithelioma 2 2 VI 0

Malignant endo-
thelioma I I Vil 0

Reticulosarcoma 2 1 IV I

Oesophagus 2 0 - 2

Pancreas 2 0 - 2

Mammary 2 0 - 2

Uterus 3 0 - 3

Bladder 2 0 - 2

Rectum 2 0 - 2

Cholangioma 1 0 - I

Bile duct 1 0 - I

Total .-... . 32 10 (31%) 22(69%)

TABLE 5
CORRELATION BETWEEN PRESENCE OF CANCER CELLS

IN THE HEART BLOOD AND OCCURRENCE
OF METASTASIS

Blood-positive Blood-negative_ ___fmeatai [ cases i
cse

(grades III-VIII) cases

Lung:

emboll 7/10 a 4119
growth 8110 8/19

Heart 4/10 0/19
Liver 7/10 8/19

Pancreas 3/10 1/19

Spleen 4/10 2/19

Kidney 4/10 2/19

Adrenals 3/10 1/19

Brain 1/3 1/12

Bones 5/10 5/18

Lymph-nodes 8/10 15/19

a Numerator = number of cases in which metastasis was
observed; denominator = number of cases examined.

quency of metastatic growth in the lungs was very
high (8 out of 10 cases, i.e., 80%) in the positive
group. Moreover, the number and size of the
metastatic lesions tended to be larger in the positive
group than in the negative group, in which lung
metastasis was observed in 8 out of 19 cases (42 %).
Tumour emboli were observed in the lungs of 7 of
the 10 positive cases, as compared with 4 of the
19 negative ones investigated. Liver metastasis was
found in 7 of the 10 positive cases (70 %), and was
relatively marked in 3 of them; while among the
19 negative cases, liver metastasis was observed in 8
(42 %) and was very marked in 4.

Heart metastasis was seen in 4 of the 10 positive
cases, but in none of the 19 negative ones. Meta-
static lesions in the pancreas, spleen, kidneys, adrenal
glands, brain and bones were more frequently
observed in the positive cases than in the negative.
There was no appreciable difference, however, in the
frequency of lymph-node metastasis in the positive
and negative groups. On the basis of the above
findings, it could be said that there appeared to be a
marked difference in the frequency and extent of
metastasis development between the cases with and
the cases without cancer cells in the blood. For
example, the average number of organs and tissues
in which metastasis was observed was 4.7 in the
positive group, as compared with 2.3 in the negative
group. The number of cases in which metastatic
lesions were observed in more than 5 of the 10 organs
and tissues examined was 5 in the positive group
(50 %), but only one in the negative group (5%).
The most remarkable case in the former group was
one in which metastases were seen in 9 organs; in
contrast, there were only 2 cases in which metastases
were observed in as many as 5 organs in the latter
group.

From the above results, it would appear that the
correlation between the presence of cancer cells in
the blood and the occurrence of metastasis is not so
close in human cancer as in experimentally induced
animal cancer. This may be because of the individual
differences exhibited by humans in the origin of
tumours, in the speed and stage of growth, and in
other morphological and biological characteristics.
This individuality can be recognized even in tumours
of the same type and of identical histogenesis. If
these points are taken into consideration, the above-
mentioned results of the post-mortem examination
of fatal human cases of cancer might justify the
conclusion that the appearance of cancer cells in the
blood is a forerunner of metastasis development.
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PRESENCE OF CANCER CELLS IN THE BLOOD OF
PATIENTS WITH STOMACH CANCER

Many studies have been reported on the presence
of cancer cells in the circulating blood of patients
with various types of cancer. The results of a study,
carried out by Dr H. Watanabe in Prof. Muto &
Maki's Surgical Clinic, Tohoku University Medical
School, Japan, on patients operated upon for
stomach cancer are described here (Watanabe, 1961).
Circulating-blood samples were obtained from the
cubital vein, from the regional vein draining the
tumour areas, and from the portal vein, during
the surgical interventions.
The frequency of the presence of cancer cells in

the peripheral blood was 6.2% (11 out of 178 cases
examined), as compared with 25.8% in the regional
blood (46 out of 178 cases) and 16% in the portal
blood (8 out of 50 cases). In his cytological classi-
fication, Watanabe included, besides the category
of " cancer cells ", a category of " probable cancer
cells ", in which he classified cells that were probably
neoplastic but whose nature could not be determined
definitely. Although the latter cells appeared to be
different from the so-called " atypical cells " de-
scribed by Sandberg, Moore & Schuberg (1959), it
was considered better not to include them in the
category of " cancer cells " (Table 6).
The extent of the presence of cancer cells was

assessed as grade I in all of the blood samples
obtained from the cubital vein except one, where it
was classified as grade IV. In this case, many tumour
cells were detected, but the stomach cancer was in
the terminal stage and the patient died 52 days after
the operation. Autopsy revealed marked metastases
in the lungs, the adrenal glands, the left ovary and
other organs.

TABLE 6
PRESENCE OF CANCER CELLS

IN THE BLOOD OF PATIENTS WITH STOMACH CANCER a

I Frequency of presence
Bloodource No. of cases

examined
Cace els Probable

Blood source jeoxaof Cnaesdes Cancer cells cancer cells

Cubital vein 178 11 (6.2 %) 22 (12.4 %)

Regional vein 178 46 (25.8 %) 25 (14.0 %)

Portal vein 50 8 (16 %) 2 (4 %)

a After Watanabe (1961).

In about 60% of the samples from the regional
and portal veins, the grade of presence was I; in the
remainder it varied from II to V.
The correlation between the presence of cancer

cells in the blood and the extent of cancer develop-
ment was also investigated. The findings with regard
to the extent of spread of the stomach cancer to the
peritoneum, the lymph-nodes, the liver, and the
ovaries were graded according to the scheme shown
in the tabulation below (Muto, 1956; Sato, 1958):

Grade ofperitoneal spread
PC 0: Carcinomatous infiltration not observable in

the surface of the stomach serosa either macro-
or micro-scopically.

PC I: Carcinomatous infiltration limited to the area
of the omentum surrounding the cancer lesion
of the stomach.

PC II: Carcinomatous infiltration extending to the
serosa of the adjacent organs and tissues, but
still resectable radically.

PC III: Carcinomatous infiltration spreading widely in
the abdominal cavity, and no cure expected by
surgical treatment.

Grade of lymphatic spread
L 0: Absence of lymph-node metastasis.
L I: Metastasis only in the primary lymph-nodes of

the stomach.
L II: Metastasis in the secondary lymph-nodes situ-

ated along the hepatic arteries or the proximal
portion of the gastric artery.

L III: Metastasis in distant lymph-nodes such as the
para-aortic, mesenteric and supraclavicular
nodes.

On the basis of the above grading-scheme, the
178 cases of stomach cancer were classified according
to the following stages of cancer at the time of
operation:

Stage Ia: PC O and L 0.
Stage Ib: PC I and/or L I.
Stage 2: PC II and/or L II.
Stage 3: PC III and/or L III, with metastasis in the

liver or ovaries.

As seen in Table 7, the more advanced the stage
of cancer, the more frequently cancer cells were
detected in the blood, particularly in the regional
and portal blood. Furthermore, the grade of pre-
sence was usually I in the cases in Stage la or lb,
while it was often as high as IIl-V in those in
Stage 2 or 3. It was also noted that cancer cells were
present in the blood of patients whose cancer was
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TABLE 7
FREQUENCY OF PRESENCE OF CANCER CELLS

IN THE BLOOD, ACCORDING TO STAGE
OF CANCER DEVELOPMENT

Presence of cancer cells
Stage No. of cases

Cubital blood portal blood

la 13 0 (0%) 1 (8%O)
l b 32 2 (6%) 5 (16 %)

2 85 1 (1 %) 22 (26%)
3 48 8 (17 %) 21 (44%)

still in an early stage and had been considered
curable by radical surgery. Watanabe observed that
both the frequency and the grade of presence of
cancer cells in the blood from the regional vein were
higher after surgical intervention in the tumour area
than before such intervention.

SIGNIFICANCE OF A SMALL NUMBER OF
CANCER CELLS IN THE BLOOD

The fact that cancer cells may be present in the
blood has been clearly demonstrated from studies
on animals with experimentally induced tumours,
from post-mortem studies on fatal human cases of
cancer, and from studies on patients operated upon
for stomach cancer. The phenomenon of the ap-
pearance of tumour cells in the circulating blood
should be considered as one of the links in the chain
of processes leading to the development of meta-
static lesions. There are, of course, several factors
governing metastasis formation. The necessary steps
in the development of a metastatic lesion may be
summarized as follows:

1. Liberation of tumour cells from the primary
lesion.

2. Movement of the liberated cells in the tissue
spaces around the blood and lymph vessels.

RIEE

Dans sa recherche des moyens de prevenir la formation
de metastases, I'auteur a etudie leur formation. 11 enumere
les divers processus qui y aboutissent: 1. liberation de
cellules de la lesion cancereuse primaire; 2. mouvement
de ces cellules dans les espaces tissulaires autour des vais-

3. Intrusion of the cells into the vessels.
4. Migration of the cells through the circulatory

system.
5. Lodgement of the migrant cells in an organ or

tissue.
6. Proliferation of the tumour cells to form a

metastatic lesion.

The search for cancer cells in the blood, therefore,
is a test for disclosing the fourth step in the develop-
ment of metastasis.
As pointed out earlier, the number of cancer cells

detected in the circulating blood is usually very small.
In a blood sample of grade I there are fewer than
100 cancer cells per ml of blood, whereas the con-
centration of white blood cells is normally of the
order of six to eight million per ml. Nevertheless,
it is not unreasonable to assume that even so few
cancer cells could be the seeds of metastasis and, if
they were viable, would in the course of time lead
to the development of metastatic lesions. This may
apply equally to haematogenous and lymphogenous
metastasis. The presence of cancer cells, even in
small numbers, in the circulating blood of cancer
patients should therefore be regarded as a prognostic
sign, particularly with regard to the existence or the
forthcoming development of metastatic lesions.

Cancer metastasis has been a problem of great
interest for a very long time, and is still a troublesome
hazard in cancer treatment. As Yoshida (1960) has
pointed out, the treatment of cancer would no doubt
become a comparatively simple matter if the neo-
plastic growth were deprived of its power of cell
dissemination. Cancer treatment will never be com-
plete unless the disseminated cancer cells can be
destroyed. The present author has carried out a
series of animal experiments on the possible role of
chemotherapy in cancer (Sato, 1959b, 1960, 1961).
The results of these experiments suggest that chemo-
therapy might have an inhibitory effect on the
disseminating cancer cells, especially if they are
present only in small numbers, and might thus
prevent the development of metastatic lesions.

sUM1

seaux sanguins et lymphatiques; 3. penetration des cel-
lules dans les vaisseaux; 4. migration des cellules par le
systeme circulatoire; 5. fixation des cellules migrantes
dans un organe ou un tissu; 6. proliferation des cellules
tumorales avec formation d'une metastase.
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L'auteur d6crit la recherche qu'il a faite de cellules can-
c6reuses dans le sang du cocur droit de sujets morts de
divers types de cancers, ses recherches exp6rimentales sur
les m6tastases d'animaux canc6ris6s, et le d6pistage de
cellules canc6reuses dans le sang de malades oper6s pour
cancer de I'estomac. La pr6sence de cellules dans le sang
correspond i la 46 des &tapes susmentionnees. Ces cel-
lules cancereuses se rencontrent en tres petit nombre.
On n'en compte gu6re que 100 par ml de sang- contre 6-8
millions de globules blancs - dans l'infiltration de la
r6gion de l'epiploon entourant la lesion cancereuse de
1'estomac. On peut cependant admettre que ces quelques

cellules, si elles sont viables, peuvent, avec le temps, pro-
voquer le d6veloppement de m6tastases, et qu'il en est de
m8me pour les cellules aboutissant a la formation des
metastases h6matog6nes et Iymphogenes. La pr6sence de
cellules cancereuses dans le sang circulant peut donc etre
consid6r6e comme un signe pr6curseur de la formation
de metastases. L'auteur se r6f6re ensuite a ses travaux
ant6rieurs qui permettent de penser que la chimioth6rapie
pourrait avoir un effet inhibiteur sur la diss6mination des
cellules canc6reuses, surtout si elles ne sont qu'en petit
nombre, ce qui permettrait de pr6venir la formation de
m6tastases.
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