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FROM time to time there have been reports of secondary tumour deposits at
the site of injured or inflamed tissues (Ewing, 1935 ; Toth, 1944; Willis, 1952),
recent examples being those of Crowley and Still (1960) and Raichev and Andreev
(1960). A case within the writer's experience concerned a middle-aged man who
had an elective left inguinal herniorrhaphy and developed a wound infection
which delayed complete healing for a month. Seven months after the operation,
a swelling appeared close to the scar followed by ulceration. A chest radiograph
showed a left upper zone opacity consistent with bronchial carcinoma and a
biopsy of the inguinal lesion contained metastatic anaplastic carcinoma. The
patient died at home and an autopsy was not obtained.

Vasiliev (1958) reviewed the role of proliferating connective tissue in the
invasive growth of normal and malignant tissues. He concluded that such pro-
liferation was probably essential for invasion and referred to the formation of
metastases at the sites of chronic inflammation. It seemed possible that granula-
tion tissue was an important factor in the formation of metastases at the site of
trauma of inflammation. Therefore, it was decided to investigate this possibility
experimentally using the active granulation tissue surrounding a healing abscess.

MATERIALS AND METHODS

Using a lumbar puncture needle, a fragment of fresh Brown-Pearce carcinoma
was implanted into each testis of 38 young, adult, male rabbits. On the same
day, a subcutaneous injection of 0-25 ml. of oil of turpentine was made into each
of four sites on the animals' backs. Three animals died unexpectedly, the re-
mainder being killed at intervals ranging from 40 to 161 days after the tumour
implantation. At autopsy, a careful search was made for metastases, particular
attention being paid to the skin and subcutaneous tissues. The abscess sites were
dissected out and blocks taken for histological examination. The tissue was
fixed in corrosive-formol, and paraffin sections stained by haematoxylin and
eosin were prepared.

RESULTS

The injection of turpentine resulted in necrosis of subcutaneous tissues some-
times extending to involve underlying muscles. A marked inflammatory res-
ponse was seen, followed by the formation of granulation tissue peripherally and
progressive phagocytosis and fibrosis. In five animals no trace of tumour was
found at autopsy, due either to failure of growth or total regression. Most other
animals showed varying degrees of tumour regression in the testes and some
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ietastases. Therefore, only tumour identified with certainty was accepted as

evidence of a metastatic deposit at an abscess site. Thus it is possible that the
incidence reported is a slight under-estimation. Five animals showed metastases
at the site of abscesses, and in all cases the tumour was growing in active granula-
tioni tissue. Of these, four animals showed involvement of only one abscess site,
while in the fifth all four sites contained tumour. Four of these animals also
showed widely disseminated metastases in the abdomen and thorax. A further
six animals showed metastatic deposits in various organs. without involvement
of the abscesses.

The incidence and pattern of metastases following intratesticular implantation
of the Brown-Pearce tumour has been reported by Pearce and Broiwn (1923).
Th-ey found tumour deposits in subcutaneous tissues in 7 per cent of animals
withl metastases, while the skin and muscles were involved in 9-6 per cent and
14 per cent respectively. These findings were confirmed by Casey (1939). In
the present experiment eleven animals developed metastases, and five of these
had deposits at the site of subcutaneous abscesses. Furthermore, each animal
serves as its own control, for in only one case (the animal with involvement of all
four abscesses) were tumour deposits present in the skin or subcutaneous tissues
other than at an abscess site. In another animal the sole metastasis found was
at an abscess site. It may be concluded that, under the conditions of this experi-
ment, there is a definite tendency for tumour metastases to form in active
granulation tissue.

DISCUSSION

Burrows (1932) discussed the possible causal relationship of trauma to the
localisation of metastatic tumours and thought that judgement should be reserved,
a view with which Willis (1952) concurred. Ewing (1935), with some reservations,
thought that favourable conditions for the growth of a tumour embolus might
exist at a site of trauma. Toth (1944) described two cases, but considered that
definite evidence of a causal relationship was absent in recorded examples. Cer-
tainly, with the methods of investigation currently available, it is impossible
to exclude the chance association of metastases with trauma or inflammation in
human pathology. Experimental approaches to the problem have produced
contradictory results. Lubarsch (1912), using mice, found that secondary tum-
ours would form in the vicinity of splinters implanted in the liver but not at
fracture sites. Saphir, Appel and Levinthal (1945) also failed to obtain localisation
of metastases at fractures or sub-periosteally implanted vitallium screws, using
the Brown-Pearce tumour. On the other hand, Jones and Rous (1914) found
that preliminary irritation of the peritoneum facilitated the implantation of a
mouse tumour. Foulds (1934) described secondary tumours in fowls induced by
the injection of a variety of substances. Hepatic trauma has been shown to
result in an increased incidence of liver deposits when Walker 256 carcinosarcoma
is injected intraportally (Fisher and Fisher, 1959). Using the Brown-Pearce
carcinoma, Podilchak (1955, 1956) observed increased numbers of metastases in
the spleen and stomach following production of a chronic granulomatous process
in these organs. Thus, under certain circumstances metastases may be produced
at the sites of injury or chronic inflammation. Furthermore, the work of Podil-
chak (1955, 1956) and the present experiment suggest that the presence of granula-
tion tissue may be an important factor.
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Vasiliev (1958) thought that actively proliferating connective tissue might favour
tumour growth because it provides both mechanical support and a suitable uni-
form chemical milieu for proliferating cells. It may also be that some substances
liberated by the connective tissue attract tumour cells. However, Shivas,
Black and Finlayson (1963) investigating the growth of Brown-Pearce carcinoma
in the medullary cavity of the rabbit femur, found that granulation tissue may
on occasion act as a barrier to invasive growth, possibly due to physical factors
preventing penetration. Once tumour has entered granulation tissue growth
occurs. It seems likely that so far as metastasis production is concerned, the
rich network of capillaries, some ending blindly, which forms an integral part of
granulation tissue traps circulating tumour cells in a favourable environment.

SUTMMARY

Brown-Pearce carcinoma was implanted intratesticularly in 37 rabbits in
which subcutaneous abscesses were induced with turpentine. Eleven animals
developed metastases, and five showed deposits in granulation tissue at the
abscess sites.

The occurrence of metastatic tumours at the site of injury or chronic inflam-
mation and its relation to granulation tissue formation is discussed.
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