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Treatment of Spontaneous Tumours by Temporary
Local Ligation

A Comparative Study in Dogs*

FREDERICK M. ALLEN, M.D.,' MARTIN M. KAPLAN, V.M.D.'
DAVID R. MERANZE, M.D.3 & MORTON GRADESS, V.M.D.4

Previous work in some human cases and in laboratory animals has indicated that teni-
porary local ligation of spontaneous tumours has a selective destructive effect on these
tumours, with only temporary inflammation resulting in normal tissues. In the experiments
described in this paper, 49 spontaneous accessible tumours in dogs were treated by this
method, with periods of ligation offrom 4 to 11 hours. Success, as measured by selective
necrosis of tumour tissue as compared with normal tissue, was achieved in 29 out of 41
benign tumours, including lipomas, angiomas, adenomas and mixed mammary tumours.
Treatmentfailures were encountered in two cases each ofpapillomas andfibromas, six mixed
mammary tumours and two testicular tumours. Total necrosis oftumour cells occurred in all
eight malignant tumours encountered in this series.

The outstanding feature was the specific destruction of tumour tissue by a bodily
process without participation of any outside agent. Emphasis was placed on an adequate
inflammatory response following temporary anoxia, although a precise definition of this
inflammation could not be offered. Post-ligation bacterial multiplication, which may be
expected to occur in necrotic tumour tissue, is considered to be a secondary effect rather
than a possible primary cause ofregression and disappearance of the tumour.

If ligation treatment can be shown to be successful for a particular type of tumour, it
may be possible to apply it to human patients for the treatment of areas not amenable to
surgery.

The results reported here warrant new experimental approaches to the study of neo-
plasms at the cellular level to define more precisely the anoxic and inflammatory processes
involved in the selective lethal effect on tumour tissues; and the authors suggest that trials
should be undertaken of combinations of chemotherapy or irradiation with ligation to
reduce ligation time and extend the possible benefits.

INTRODUCTION

At a meeting of a WHO Scientific Group on
Cancer Research in March 1959 research on spon-
taneous tumours of domestic animals was recom-
mended, since it was felt that this might well
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of Veterinary Medicine, University of Pennsylvania, for their
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the institutions mentioned, it was not an institutional project
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provide material which would possibly throw
considerable light on analogous or perhaps iden-
tical conditions in man. A group of specialists
in human and veterinary cancer met in January
1960 under WHO auspices to recommend specific
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areas of research in neoplastic diseases of
animals, and this group pointed out the value of
the study of therapeutic measures against sponta-
neous tumours of domesticated animals, particu-
larly dogs and cats, as perhaps being of greater
validity than studies of transplanted tumours in
small experimental animals. This group further
suggested that since cancer in man and cancer in
animals appeared to be fundamentally the same,
it could be hoped, or even expected, that observa-
tions on the treatment of spontaneous tumours of
animals would be applicable (with all necessary
reservations) to the spontaneous tumours of
human beings. The following study was therefore
of interest as part of the WHO programme of
expanded research in comparative medicine.
Permanent ligation of the principal nutrient

arteries has long been familiar as a means of
retarding growth of tumours. A different method
-namely, temporary occlusion of the entire blood
supply to an area-was introduced some years ago
(Allen, 1940a, 1940b) and resulted in the com-
plete regression of malignant tumours in acces-
sible locations in human patients by such stoppage
of the blood supply for periods which the normal
tissues tolerated safely (Allen, 1940c, 1950). In
one clinical case the requisite time of ligation was
greatly reduced by simultaneous infiltration of a
chemotherapeutic drug (colchicine) (Allen, 1950).
The following study was designed to obtain

further evidence that the simple procedure of
temporary ligation alone exerted a specific effect
on spontaneous tumours as contrasted with nor-
mal tissue. Spontaneous canine tumours were
employed as test objects for the ligation pro-
cedure.

MATERIALS AND METHODS

Aniinals
Dogs with visible tumours were obtained from

several local suppliers and from veterinary prac-
titioners. Most of the animals were aged, homeless
mongrels in a poor state of health and nutrition.
Anorexia and severe respiratory and other sys-
temic infections were commonly found, which
often resisted therapeutic measures. Many of the
animals were consequently poor surgical risks,
and deaths occurred frequently from a few days
to weeks following the surgical procedure (see
the table). Autopsies were performed on all such
animals to search for persisting tumours or
metastases. Observations on surviving animals

were continued as long as possible to detect any
possible recurrence of the tumour.

Biopsies
Tissue specimens were taken at the beginning

of the ligation procedure, and in a few instances
a series of biopsies were made daily to study
progressive changes within the tumour tissue. To
eliminate the possible effect of infection in the
tumour resulting from the biopsy procedure,
several of the mammary tumours showing a
typical clinical appearance of the mixed type
were ligated without biopsies. This was done
also with what was clinically considered to be
a subcutaneous lipoma. Another lipoma was
biopsied through a skin incision several centi-
metres above the upper margin of the tumour, and
after allowing two weeks for healing of the small
wound, the ligature was placed so as not to
include the wound. Also, in one dog which had
multiple mammary growths, four were selected at
considerable distances apart; one was used for
biopsy, which proved it to be a mixed mammary
tumour, and the other three were ligated without
biopsies.

Surgical procedure
This was carried out under general anaesthesia

induced with pentobarbital sodium.
Thrombosis and pressure necrosis were avoided

by ligating with rubber instead of inelastic mate-
rials. According to conditions in individual cases,
the ligatures were rubber bands 0.5 cm to 1 cm
broad or highly elastic latex tubing 3 mm in out-
side diameter. The bands, with a string attached at
each end, were fastened by tying the strings to-
gether. The tubes were secured by tying the ends
together and then clamping them with a heavy
haemostat for further assurance. All ligatureswere
applied in several superimposed turns, not spread
out to crush a wide zone. The ligated area always
included at least a 2-cm margin of adjacent
normal tissue for comparison of effects. The
methods of application were as follows.

(1) For a pendulous or pedunculated tumour,
the rubber was used simply to encircle the base.
If the desired margin of normal tissue was not
thus included, the adjacent skin was transfixed
with two needles of spinal puncture type (18-14
gauge; 1.25-2.10 mm) 2 cm or more from the
tumour edge, and the ligature was wrapped out-
side these.
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(2) Cases of suspected infiltration beyond the
apparent tumour border were illustrated by the
peri-anal tumours. The tumour mass, together with
the terminal portion of the rectum, was drawn
out as far as possible and held thus for ligation by
needles inserted through the adjacent tissues on
each side. In two cases an additional ligature was
applied outside this to include the tail and a wider
area of perineum (see Fig. 1).

(3) The only leg tumour in this series (Fig. 2)
was situated low enough on the leg to permit
placing a tourniquet (rubber tubing) above it
for the requisite length of time without danger
of shock (see " Discussion" and Annex).

(4) For any flat or very large tumour on the
body surface, a small nick was made through the
skin a few centimetres from the tumour's edge
on each side. A long haemostat or clamp was
then passed well underneath the tumour from

FIG. I
PERI-ANAL ADENOMA, SHOWING TEMPORARY

LIGATURES AT BASE OF TUMOUR AND BASE OF TAIL

Ligation period: 8 hours. The tumour necrosed and sloughed
in one week, followed by healing of the residual ulcer. The
normal perineal tissue and tail were unaffected except for the
usual post-ligation inflammation.

FIG. 2
FIBROSARCOMA OF HIND LEG

Ligation of 8 hours resulted in gross necrosis of tumour
tissue within 36 hours with only the usual Inflammation of
normal tissue. The dog's death from general weakness pre-
cluded further observation.

one of these puncture holes to the other, any
deep knife incision being avoided to prevent
cutting blood vessels or nerves. A pair of rubber
tubes was then drawn through the track under the
tumour. A moderate-sized tumour was then
asphyxiated by tying one tube around one end and
the other tube around the other end, if necessary
with anchorage by a needle transfixing the skin
beyond each end of the tumour. For larger
tumours this procedure was repeated at two or
three spaced intervals, so as to ligate the tumour
in two or three portions.

(5) The one eyelid tumour (Fig. 3) in the series
was a technical exception. A perforationwas made
through a central point of the lid as far back from
the margin as possible, and two fine rubber bands
of about 1-mm thickness were drawn through it.
A spinal needle was passed through the lid near
the inner canthus and another near the outer
canthus. When one of the two rubber bands was
tightened around one needle and the other band
around the other needle, the entire lid was deprived
of circulation (see Fig. 4).
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FIG. 3

SQUAMOUS CELL CARCINOMA OF EYELID

Arrow points to tumour in upper eyelid.

FIG. 4
SQUAMOUS CELL CARCINOMA OF EYELID

Spinal needles through Inner and outer canthus of eyelid
to fix rubber ligatures and deprive upper eyelid of all circulation
for 8-hour ligation period.

The biopsy specimen was taken from the tumour
immnediately after ligation, the absence of bleed-
ing being evidence of the necessary complete
occlusion of blood supply. The small wound was
sutured to prevent the free bleeding which other-
wise follows release of the ligature.
The duration of blood stoppage was varied

experimentally from 4 to 11 hours, the effective
period for practical purposes being usually 7-9
hours (see the table). The removal of the ligatures
completed the procedure.

Post-ligation infections were treated with mix-
tures of penicillin and streptomycin; occasionally
prophylactic inoculations of anti-distemper serum
were given. Feedings were given by stomach tube
when they could be retained. Otherwise sufficient
fluid was supplied in the form of saline solution
subcutaneously. In two instances blood trans-
fusions were given.

RESULTS

The accompanying table summarizes 49 thera-
peutic trials. These results show that success of
the ligation treatment, as measured by selective
necrosis of tumour tissue in comparison with

FIG. 5

SQUAMOUS CELL CARCINOMA OF EYELID

Healed eyelid, showing small tissue deficit at former site
of tumour.
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SPONTANEOUS TUMOURS IN DOGS TREATED BY TEMPORARY LOCAL LIGATION

TumourNo. Hours Total tumour necrosis Number of dogs Period ofTumour css lgtdobservationcases ligated Achieved Failed Dead Survived (months)

Papilloma 2 8 and 10 0 2 0 2 Upto3

Fibroma 2 7 and 10 0 2 1 1 3

Lipoma 6 7-9 6 0 0 6 4

Angioma 3 7-9 3 0 0 3 4

Testicular (Sertoli cell) 2 7-10 0 2 1 1 3
(accident)

Peri-anal adenoma 3 7-8 3 0 2 1 1

Mammary adenoma 1 8 1 0 0 1 4

Mammary adenofibroma 1 4 and 8 a 1 0 0 1 2

Mixed mammary 21 6-11 b 15 6 4 17 6

Sebaceous cell adenocarcinoma 1 4-11 c 1 0 0 1 5

Pen-anal adenocarcinoma 3 7-9 3 0 2 1 8

Mammary adenocarcinoma 1 4 and 8d _d _d 0 1 3

Squamous cell carcinoma of eyelid 1 6 1 0 0 1 6

Reticulum cell sarcoma of abdomen 1 8 1 0 1 0 1 week

Amelanotic melanoma of jaw 1 9 1 0 1 0 1 week

Total - 49 f _ 36 12 j 12 37

a This tumour measured 8.5 x 6 x 6 cm. Two ligations of 4 and 8 hours respectively were done 5 days apart to reduce toxic
effects which might have resulted if the entire tumour had become necrotic after the first ligation.

b In three instances a ligation of 8 hours had to be repeated to obtain a successful result.
c After two previous unsuccessful ligations of 7 and 8 hours each a ligation of 11 hours' duration finally resulted in disappearance

of the tumour.
d See Annex for description of this tumour.

normal tissue, was achieved in 29 out of 41 benign
types of tumour, and all eight of the malignant
tumours encountered in this series.' The failures
of treatment were encountered in two cases each
of papillomas and fibromas, six out of 15 mixed
mammary tumours (see under "Discussion ") and
in the two testicular (Sertoli cell) tumours.

In the successfully treated cases, i.e., where
" cure" was obtained, the usual course of events
following ligation was as follows. After the
temporary ligature was released, oedema and
inflammation began immediately in the ligated
area. Gross softening and necrosis of the tumour
occurred within periods varying from several
hours to several days, the more malignant tumours

1 Histories are given in the annex to this paper of cases
which are of interest but the study of which could not be
completed.

listed in the table responding earliest. Microscopic
evidence of degeneration and necrosis of tumour
cells was obtained within 12 hours of release of
ligation in one of the mixed mammary tumours
studied to ascertain these changes. The necrotic
material exuded either through openings already
present in the skin or through the biopsy wound
for a period of days. Healing with scar formation
then occurred over a period of 2-4 weeks (see
Fig. 5). The normal tissue incorporated in each
ligation did not necrose except in one instance.
This was a case of fibroma of the lower jaw,
when a second ligation was done in the same
track as a preceding unsuccessful ligation, and this
irregular procedure apparently caused arterial
thrombosis and infarction of the normal tissues.

Grossly visible post-ligation reactions as des-
cribed above usually presaged successful results.
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However, regression and disappearance of some
of the benign tumours of the mixed mammary
group occurred with less obvious reactions, and,
conversely, failures of treatment were encountered
despite considerable post-ligation reactions. The
latter failures occurred in the fibroma, testicular
and mixed mammary groups of tumour.
The high mortality indicated in the table will

be considered under " Discussion ". However, the
survival period in most of the fatal cases was
long enough to ensure the validity of the contrast-
ing results in normal and neoplastic tissues by
gross and histo-pathological examinations.

CASE RECORDS

The following summarized case-histories are
given to illustrate usual and unusual features of
the ligation treatment.

Amelanotic melanoma

This was a large dog of the hound type, weigh-
ing 30 kg. The malignancy measured 7.5 X 3 cm
and was protuberant and partly ulcerated in the
anterior part of the floor of the mouth, including
the gingiva of the lower canine teeth (Fig. 6).
The tumour had a very foul odour and was appa-
rently very painful. The animal was in a weak
condition, no doubt partly because of inability
to eat. X-ray examination showed erosion of the
anterior part of the mandible by a soft tissue
mass, and the histopathological diagnosis was
amelanotic melanoma.
A hole was drilled into the side of the mandible

posterior to the tumour area on each side to reach
the artery in the mandibular canal. The arteries
were blocked by packing with gauze. Three
interlocking rubber ligatures were applied, one
around the bone and cheek on each side and one
across the floor of the mouth, easily stopping
circulation in the soft tissues. The ligatures were
removed after 9 hours. During this period the
tissues became extremely dark without swelling,
indicating that the necessary blockage of circula-
tion had been effected.

Intense oedema and inflammation occurred on
the following day, and this was further evidence
of successful anoxia produced the previous day.
The dog was not greatly affected otherwise, the
operative shock apparently not being serious. On
the second day, while the normal tissues remained

extremely inflamed, the tumour showed darkening
and softening, the pre-existing bad odour was
increased, and the dog became gravely depressed.
On the third day the tumour showed liquefaction,
the putrid odour was extreme, and the dog was
progressively weaker. On the fourth day, though
the mouth was somewhat cleaner because of
sloughing of all visible tumour, the dog was
unable to stand and was evidently moribund.
Despite feedings by stomach tube, parenteral
injection of fluids and antibiotics and a transfusion
of blood, the dog died on the fifth day. Necropsy
revealed gross and microscopic evidence of
extreme inflammation of normal tissues and
absence of tumour.

Peri-anal adenocarcinoma

This was a 12-year-old male cocker spaniel,
with a long-standing protuberant and ulcerated
tumour about 8 cm in diameter, mostly on the
left side but infiltrating the entire anus and
sphincter. The tumour and surrounding tissues
were drawn out as far as possible and encircled
with a rubber ligature anchored with spinal punc-

FIG. 6
AMELANOTIC MELANOMA PROTRUDING BETWEEN

CANINE TEETH OF LOWER JAW OF HOUND

Ligation of 9 hours resulted in complete necrosis of tumour
with only the usual inflammation of normal tissue Included
in the ligated portion.
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ture needles. To ensure the inclusion of all
possible ramifications of the tumour, another
ligature was applied very tightly around the base
of the tail to include a wide perineal area. The
ligation was continued for 7 M hours. Histo-
pathological examination of a biopsy specimen
revealed an adenocarcinoma.
For the first few days the only perceptible

change was local swelling, but after five days
considerable necrotic tissue could be extruded
through the ulcer. There was a partial sphincter
paralysis. All food was refused, severe respiratory
infection supervened, and the dog was severely
depressed and apparently moribund. However,
after a stormy convalescence of ten days, the
appetite was regained and the animal improved
rapidly. Meanwhile, an ulcer which had replaced
the tumour was nearly healed. The surrounding
normal tissues, including the terminal portion of
the rectum, were unharmed and the sphincter
paralysis proved to be only temporary. The dog
has remained healthy during eight months of
observation.

Squamous cell carcinoma of the eyelid
A thin old hound weighing 19 kg presented a

tumour near the centre of the margin of the right
upper eyelid (Fig. 3). This tumour was composed
of two portions, each about 3 X 2 X 2 mm in
dimensions, one part sessile and the other part
projecting slightly from it. A small biopsy
specimen taken at the time of ligation proved it
to be a squamous cell carcinoma. For ligation,
two small rubber bands were passed through a
stab wound as far back as possible in the middle
of the lid. One needle was inserted near the
inner and one near the outer canthus. Tightening
of the respective bands around these anchors
created a triangle of asphyxia comprising prac-
tically the entire eyelid (Fig. 4). The constriction
was released after 6 hours. The resulting inflam-
mation was small and gave no appearance of
important discomfort. A small ulcer at the site of
the tumour healed with scarcely noticeable tissue
deficit, and with no impairment of lid function
(Fig. 5). The eye remained normal until death
from extraneous causes after six months.

DISCUSSION

The principal aim of the work described here
was to enlarge upon observations made some
years ago in several human patients that tempo-

rary ligation alone exerted a specific and selective
lethal effect on spontaneous tumours in distinction
to normal tissues. This problem was studied in a
series of spontaneous tumours encountered in
dogs.'
The present series included two types of tumour

which require special mention because of their
differences from tumours seen in human beings.
These are the mixed mammary and peri-anal
tumours.
Mixed mammary tumours (Fig. 7 and 8) are

the commonest tumours of dogs (Bloom, 1954;
Smith & Jones, 1957). Typically, they are hard,
demarcated, slow-growing, sometimes large and
often multiple. In their mixture of epithelial,
fibrous, myxomatous, chondroid and osteoid tissue
they are usually clinically benign and curable by
simple excision. The less frequent mammary
carcinomas are of various degrees of malignancy,
tending to spread locally by the lymphatics, but
rarely showing widespread metastases similar to
human breast carcinomas. Failure of treatment
occurred in six out of 16 mixed mammary
tumours. These failures were in cases of extre-
mely dense and fibrous tumours, one of which
contained bony tissue. The successfully treated
tumours were at least partly soft and cellular,
and these broke down completely under ligation,
as shown in the table.

Peri-anal tumours as encountered in dogs arise
from the rectal mucosa or skin and, most com-
monly, are adenomas (or adenocarcinomas) origi-
nating from the anal glands. The peri-anal
tumours treated in this series, while protruding

I An incidental aim of the study was to obtain prelimi-
nary information on the effect of the ligation procedure when
large nerve trunks were included. Four special experiments
in the present series confirmed the reported tolerance of dogs'
legs for ligations up to 11 hours without necrosis (Allen,
1938a, 1938c, 1939b). Broad or pneumatic tourniquets were
avoided and narrow tourniquets (rubber tubing-see under
" Materials and Methods") were used and their position
changed once after three to five hours, with the result that
ulcerations or muscle contractures were not enountered
(Allen, 1945b). Paralysis was a regular consequence of leg
ligations of three hours or longer. The injury was less in
hind legs than in forelegs because of the muscle padding.
Slow recovery of function ensued in the course of three or
four months. This is in harmony with the interpretation of
anoxic degeneration of nerves followed by regeneration
(Allen, 1938b). The full recovery of function after ligation
of a human leg for seven hours (Allen, 1950) was better than
our results in dogs, in which the functional restoration after
1 -hour ligations was sometimes imperfect. The shock
danger was avoided by not ligating over-large tissue masses,
pursuant to experience in the original introduction of liga-
tion as a standardized method for producing shock (Allen,
1939c)-namely, that asphyxia of one entire hind leg of a dog
or rat for more than five hours is fatal.
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FIG. 7 (a) Before ligation, bacteria are undoubtedly
MAMMARY ADENOFIBROMA. abundant in the ulcerated tumours and are pos-

sibly present in non-ulcerated ones, but they do
not cause regression of the dog tumours.

(b) Following ligation, with or without a wound
or break in the skin, both saprophytic and patho-
genic organisms may be assumed to multiply
luxuriantly in the necrotic tumours of dogs, and
also to invade the adjacent inflamed normal tissues
to various degrees.

(c) While bacterial action is theoretically im-
probable as a primary cause of regression or
disappearance, although it is an expected secondary
result of the post-ligation necrosis, the survival of
the normal tissues with complete death of the
tumour at least signifies a selective breakdown of
resistance in the tumour.

A can be seen from the table, resistance to the
effects of ligation was encountered only in certain
benign- tumours, which may be regarded as having
relatively slight departures from normal. Suscep-
tibility was the rule for the malignant tumours in

Tumour before ligation. the present series, which were regularly destroyed
(see Annex). The postulate of a broad clinical

fairly rigidly (see Fig. 1), were highly cellular and
responded to the ligation treatment. FIG. 8
The relatively high number of deaths (12 out MAMMARY ADENOFIBROMA

of 49) is noteworthy. This can be explained
partly by the weak condition in which many of
the dogs were received. Mortality seemed to be
related to the size rather than the kind of tumour.
For example, deaths were encountered during the
sloughing of a large benign mixed mammary
tumour measuring 11 X 8 X 7 cm and from a
reticulum cell sarcoma with a diameter of 10 X 10

fying tissues some of the dogs showed marked 5 ;- - S
intoxication. It is improbable that the profound v <
intoxication and deaths could be attributed to thew

Teonydffetroencri tissu talone.hShesondar bacte-

rial infection plus the alsrealdy eaken condibti
of many of the animals undoubtedly contributed
appreciably to the mortality.
The evident presence of micro-organisms in the

decomposing tumour may suggest a question
whether the role of bacteria was primary or
secondary. Pertinent facts are as follows. Same case as Fig. 7, seen one month later, showing healingsecondary.Perinent facts ar as follows. Rftimr npt'rnqi,e snel eIniinhinn' hnitt nrre'smraerI
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distinction between normal and malignant tissues
by means of temporary ligation is discussed else-
where with reference to the published human
cases (Allen, 1950, 1959). The pre-eminently
important feature of those observations and of
the present experiments in dogs has been the
selective breakdown of tumours through bodily
processes alone, without participation of any out-
side agent. Because of the limited times of obser-
vation no definite statement can be made con-
cerning the permanency of the " cure " effected.

Hypothetical explanations of this phenomenon
cannot be discussed in the space available beyond
brief mention of two possible theories which
overlap in certain features while in others they
may appear to be contradictory.

First, a theory of direct anoxic death finds
provisional support as follows. (a) Tumours may
be equated with viscera and young granulation
tissue as having higher metabolism and oxygen
requirement than muscle or subcutaneous tissue
and thus being more easily susceptible to injury
and death from anoxia. This would oppose
Warburg's classic observations (1930, 1956a, 1956b)
that tumour cells are better equipped for anaero-
bic existence than normal cells. Moreover, the
special vulnerability of tumour cells to ligation
exists even with an abundant supply of glucose
made available for glucolysis (Allen, 1959). The
above comparison with viscera breaks down when
it is realized that tumour cells are known to sur-
vive for more than eight hours outside the body
(Hart & Hrba, 1954; Roczkowski et al., 1953;
Patterson & Patterson, 1957), while liver or intes-
tines dies in less time. (However, the published
times at room temperature must be considerably
shortened for higher temperatures (Selawry &
Carlson, 1958; Woeber et al., 1960; Barth & Gar-
kisch, 1960).) (b) Selective injury of respiration
of rat tumour cells in comparison with leg muscle
during ligation has been demonstrated (Letnansky
& Allen, 1959). (c) Old scars, papillomas, fibro-
mas and perhaps other structures of low metabo-
lism are not thus killed, notwithstanding severe
inflammation around them. (d) When a narrow
tourniquet is placed between two closely adjacent
tumours, considerable inflammation spreads to
the one outside but only the one inside the tour-
niquet is selectively damaged (Allen, 1940a).

Secondly, a theory of indirect reaction likewise
has some provisional support, in addition to the

points mentioned in (a) above which indicate
an operative factor apart from direct anoxia.
(a) Inflammation is the natural local heightening
of defence against all kinds of attacks. (b) Inflam-
mation alone is known to destroy some tumours
and also to prevent tumour formation from car-
cinogens (Allen, 1950). (c) The reactive inflam-
mation following ligation has in most instances
been inseparable from tumour destruction. (One
example may be cited where in a leg of a human
patient with such extreme arteriosclerosis that an
inflammatory reaction was absent a 7-hour liga-
tion had no effect on a squamous cell carcinoma
(Allen, 1950).) (d) Cures of rat tumours by
infiltration of epinephrine or arterenol are limited
to parts of the body (foot or tail) where an ade-
quate tissue reaction is excited (Allen, 1959).
(e) The reported resistance of tumour cells to
freezing (Frohberg et al., 1955; Fletcher & Pat-
terson, 1957 ; Casal, 1957 ; Gross, 1957 ; Klein-
et al., 1957) suggests inflammation as the mecha-
nism of tumour cure by freezing (Hall, 1942;
Allen, 1945a). (f) An inflammatory action of heat
is the assumed basis of its selective synergism with
X-ray against tumours (Allen, 1959). (g) The re-
ported accumulations of plasma cells and histio-
cytes around some regressing tumours (Berg,
1959) may be included as evidence of inflam-
mation.

Conceivably, mechanisms involved in both
theories may be superimposed.

Ligation was first introduced to duplicate the
historical regressions of tumours with infections,
by means of a simple mechanical process uncom-
plicated with any extraneous substances and
depending on bodily processes alone. Previously
(Allen, 1950, 1959) and in the present series
emphasis has been placed on an adequate inflam-
matory response following temporary anoxia.
This concept predicates a common factor in infec-
tion without anoxia and in anoxia produced by
ligation-namely, inflammation. A precise defini-
tion of this inflammation, however, can still not
be offered.
The potential practical value of the ligation

procedure described lies in the hope that it can
destroy certain tumours in certain locations which
are incurable by other known means. Also, some
other tumours are curable in human patients by
ablative surgery which the ligation treatment, if
successful for a particular tumour, may be able to
avoid.
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The present experiments indicate that sponta-
neous canine tumours furnish experimentally
valuable reproduction of the published observa-
tions in human cases (Allen, 1940c, 1950). In order
to concentrate on the one fact of effect by ligation
alone in this series, there has been no trial of
combinations of chemotherapy or irradiation to
reduce the time of ligation and extend the possible

benefits, as previously reported (Allen, 1939c, 1950,
1955, 1959).

Finally, the results reported here warrant new
experimental approaches to the study of neoplasms
at the cellular level to define more precisely the
anoxic and inflammatory processes involved in the
selective lethal effect on tumour tissues.

RtSUMI

Au cours des discussions d'un groupe scientifique
d'etude du cancer reuni par l'OMS en mars 1959, il avait
ete recommande de faire des recherches sur les tumeurs
spontanees des animaux domestiques, pour les analogies
qu'elles pouvaient presenter avec celles de l'homme.
Donnant suite a ce vceu, et dans le cadre du programme
de recherches en medecine comparee, encourage par
l'OMS, les auteurs ont entrepris les experiences relatees
dans cet article.
Des observations anterieures avaient montre que la

ligature locale des tumeurs spontanees pouvait provoquer
leur destruction, avec une inflammation locale passagere
des tissus normaux consecutive a la ligature. Dans les
essais qu'ils decrivent, les auteurs ont ligature 49 tumeurs
spontanees du chien, durant des periodes de 4 a 11 heures.
Le resultat a et positif dans 29 cas sur 41 tumeurs
b6nignes - lipomes, angiomes, adenomes et tumeurs
mixtes de la mamelle. Ont resiste au traitement 2 cas
de papillomes et de fibromes, 6 tumeurs mixtes de la
mamelle et 2 tumeurs testiculaires. La necrose totale a e
observee dans les huit cas de tumeurs malignes comprises
dans cette serie, soit cinq adenomes, un carcinome pavi-
menteux, un reticulosarcome et un melanosarcome
achromique.
Le caractere essentiel de ces essais est la destruction du

tissu tumoral par un processus physiologique, sans parti-
cipation d'un agent externe. L'inflammation, suivant
I'anoxie passagere, est un phenomene important, dont
l'action n'est pas encore definie de faron precise. La
multiplication des germes bacteriens dans la tumeur en
voie de necrose est consideree comme une consequence
plut6t qu'une cause de la regression et de la disparition de
la tumeur. Le temps d'observation limite n'a pas permis
d'etablir si des reeidives pouvaient se produire.
Deux hypotheses peuvent etre proposees pour expliquer

cette destruction des tumeurs par ligature: la mort des
cellules directement par anoxie; une action indirecte de la
ligature, dans laquelle l'inflammation intervient comme
reaction de defense de l'organisme, et la sensibilite parti-
culiere des cellules tumorales a la ligature, malgre le fait
qu'elles sont mieux adaptees a l'anaerobiose que les
cellules normales. 11 est possible du reste de combiner ces
deux hypotheses.

I1 y a donc lieu d'approfondir l'etude des phenomenes
d'anoxie et d'inflammation, au niveau cellulaire, dans
l'effet necrotique specifique de la ligature sur les tumeurs.
Les auteurs suggerent en outre que soient entreprises des
recherches combinant la chimiotherapie ou l'irradiation a
la ligature, afin de reduire le temps d'application de cette
derniere et de tirer de ce procede le meilleur parti possible.
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Annex

FURTHER CASE-HISTORIES

The following two cases are of interest, but for
various reasons study of them could not be
completed.
One was a mammary adenocarcinoma which

was studied to determine the effect of a series of
short ligations in an attempt to reduce toxic
sequelae which appeared following ligation of
large tumour masses. The tumour measured
4.5 X 3.5 X 3 cm. Three ligations of four hours'
duration each were performed about three weeks
apart. Following the third ligation the tumour had
shrunk to 2.5 X 1.5 X 1.5 cm. Two ligations of
four hours each were then performed on the same
day with a thee-hour interval between ligations.
One week later the tumour had shrunk to a thin
flabby remnant, histologically still showing an
adenocarcinoma, but the experiment unfortunately
had to be terminated.
A second dog (not included in the table) had

a fibrosarcoma on the hind leg (Fig. 6). The dog
was very weak and was not expected to live long.
A ligation of eight hours was performed, and at
the end of 36 hours liquefaction necrosis of the
tumour tissue was obvious (with only the usual

inflammation of the normal tissue of the leg), but
the dog died, preventing longer observation.

Also, during the course of these studies, two
cases of malignancies, one each in a cow and a
horse, were treated by the ligation method. The
horse had been suffering for over three years with
a highly compact neurofibroma involving a large
area of one of its legs and smaller areas of the
neck and nostril. Ligation of the lesions of the
neck and nostril for six to eight hours resulted in
some regression and sloughing of superficial
aspects of the tumour, but the base of the tumour
remained alive. The cow was affected with
advanced lymphosarcoma, and the left prescapular
lymph gland, measuring 20 X 10 X 10 cm, was
chosen for ligation for a period of eight hours.
No effect was obtained. The animal, which had
generalized lymphosarcomatosis, was slaughtered
several weeks later, and autopsy revealed almost
complete necrosis of most of the affected lymph
glands, including the ligated one; thus a post-
ligation inflammatory ligation could not have been
expected to occur.


