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Abstract

Inflammatory oncotaxis is the term used to describe the phenomenon whereby mechanically

injured tissues are predisposed to the development of metastases. Normal tissue injury elicits an

inflammatory response, and it has been found that the microenvironment created is similar to

that of the tumour microenvironment. Subsequently tumours have often been described as

‘‘wounds that do not heal’’. Here we present the first reported case of inflammatory oncotaxis in a

patient with cholangiocarcinoma in whom the cancer preferentially metastasized to the site of a

healing fracture; the underlying mechanisms are discussed.
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Introduction

In 1863, Rudolf Virchow hypothesized that cancer originated at sites of chronic inflammation[1].

The link between inflammation and cancer is well established in cholangiocarcinoma. Primary

sclerosing cholangitis, infection with parasitic liver flukes and thorotrast exposure are all

associated with long-standing inflammation in the biliary tree that predisposes to the

development of cholangiocarcinoma[2]. Normal tissue injury elicits an inflammatory response.

The microenvironment at the site of tissue injury is similar to the tumour microenvironment and

tumours have often been described as ‘‘wounds that do not heal’’[3]. The concept of inflammatory

oncotaxis implies that tumour cells may be attracted to sites of normal tissue injury and exhibit

preferential metastasis. Here we present the first case of inflammatory oncotaxis in a patient with

cholangiocarcinoma in whom the cancer preferentially metastasized to the site of a healing

fracture.
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Case report

The patient, a 73-year-old woman, sustained a mid-shaft spiral fracture of the right humerus in

August 2009 after a mechanical fall at home (Fig. 1a). The fracture was managed conservatively

over a period of 10 months by the orthopaedic team and appeared to be healing gradually

(Fig. 1b). Nine months later (May 2010), the patient underwent an elective left knee replacement

for osteoarthritis. Postoperatively, the patient developed multiple pulmonary emboli. A computed

tomography (CT) pulmonary angiogram, in addition to showing multiple pulmonary emboli, also

revealed a lesion in the left lobe of the liver. Further radiologic evaluation (CT chest/abdomen/

pelvis) demonstrated a lobulated mass within segments 2, 3 and 4, and a liver biopsy confirmed

Fig. 1. (a) Initial radiograph after a fall in August 2009 demonstrating a mid-shaft spiral fracture of the right humerus. (b)
Radiograph of the right humerus performed in February 2010 found the fracture was beginning to unite. (c) CT showing a
lesion within segments 2, 3 and 4 of the liver.
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infiltrating cholangiocarcinoma (Fig. 1c and Fig. 2a). There was no evidence of metastases and a

left hepatectomy was performed in August 2010. Histopathology confirmed moderately

differentiated cholangiocarcinoma, with clear surgical margins. Subsequently, in view of ongoing

discomfort at the site of the healing fracture and associated paraesthesia and weakness in the

right arm, a fracture non-union was suspected and confirmed radiologically. An elective fixation

was planned. At surgery, unexpectedly, the site of the fracture was found to be infiltrated by

cancer, which was confirmed histopathologically to be identical to cholangiocarcinoma (Fig. 2a–e).

The site of non-union was fixed internally. A subsequent bone scan found that this was a solitary

skeletal metastases from cholangiocarcinoma (Fig. 3). The patient was referred to oncology for

Fig. 2. (a) Section shows adenocarcinoma (left) with liver tissue (right). Haematoxylin and eosin stained section (H&E), �4.
(b) Decalcified section showing trabecular bone with metastatic adenocarcinoma. H&E, �4. (c) The surrounding striated
muscle tissue showing metastatic, moderately differentiated adenocarcima with marked desmoplastic changes. H&E, �4.
(d) Immunohistochemistry from the metastatic tumour shows positive staining of tumour cells with CK 7. �20.
(e) Immunohistochemistry from the metastatic tumour shows positive staining of tumour with CA 19.9 indicating
metastatic cholaniocarcinoma.
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palliative radiotherapy to the right humerus. A restaging CT scan in January 2011 showed the

development of disseminated progressive disease with peritoneal nodules and multifocal lytic

bone metastases. The patient received a 6-month course of cisplatin/gemcitabine[4] chemother-

apy. Post-treatment CT scan showed stabilization of disease and the patient achieved good

palliation of symptoms including optimal pain control and improvement in quality of life.

Histopathology and immunohistochemistry

The primary tumour was a moderately differentiated adenocarcinoma. The tumour comprised

glandular structures with desmoplastic stroma. The uninvolved liver tissue showed no evidence of

fibrosis or cirrhosis (Fig. 2a). A decalcified section from the site of fracture (Fig. 2b,c) and a

section from the surrounding muscle tissue showed metastatic, moderately differentiated

adenocarcinoma with marked desmoplastic reaction similar to that seen in the primary tumour.

Immunohistochemistry from the metastatic tumour showed positive staining of tumour cells with

CK 7 and CA 19.9, indicating metastatic cholangiocarcinoma (Fig. 2d,e).

Discussion

This patient had an unusual spread for cholangiocarcinoma and demonstrates a case of

inflammatory oncotaxis. Given that imaging of the humerus at the time of fracture showed

normal bone, the initial tumour staging found no evidence of metastases and cholaniocarcinoma

does not tend to metastasize to long bones, it is unlikely that the humeral metastasis was present

before the fall; however, it is not possible to demonstrate this definitively. Although inflammatory

Fig. 3. Bone scintigraphy in October 2010 shows increased activity along the length of the right humerus. No abnormal focal
skeletal activity elsewhere and no other metastases identified.
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oncotaxis has been reported previously in other tumours, this is the first report in

cholangiocarcinoma[5]. Injured tissues have been identified as likely sites for metastasis for

more than a century[6]. The inflammatory process triggered by injury creates a favourable

microenvironment for tumour growth. Animal studies show that tissue injury increases the

chance of implantation of tumour cells, and although this does not necessarily follow a metastatic

model, it does illustrate that injury creates an environment that favours tumour establishment[7].

This link between cancer and inflammation is not a new one; it was proposed as far back as 1863

when Rudolf Virchow hypothesized that cancer originated at sites of chronic inflammation[7]. The

inflammatory response involves the complex interaction of coagulation factors, epithelium,

endothelium and leukocytes with the release of numerous other elements such as growth factors

and cytokines. Many individual factors now have recognized pro-tumour effects. These include a

variety of specialized leucocytes, cytokines and chemokines. Of the inflammatory cells, the most

well-characterized of those involved is the tumour-associated macrophage. Their mechanism of

action includes production of growth and angiogenic factors as well as helping degrade the

extracellular matrix through release of protease enzymes. Therefore, they play a critical role in

promoting proliferation, angiogenesis and metastatic invasion[8]. Various cytokines have been

identified as promoting tumour development. For example, vascular endothelial growth factor

and transforming growth factor b released by platelets stimulate angiogenesis, vascular

permeability and accelerate generation of the extracellular matrix required for tumour stroma

formation[9]. Interleukin 1 induces adhesion molecules and supports angiogenesis, facilitating

metastatic progression[10]. When action of this cytokine has been inhibited in mouse models of

metastasis, tumour development was found to decrease significantly, and mice deficient in

interleukin 1b appeared resistant to the formation of experimental metastases[11]. The similarity

between the cellular behaviour seen in wound healing and cancer progression is also reflected at a

molecular level by their gene expression profiles. The pattern of gene expression of serum-treated

fibroblasts (simulating a wound-healing scenario) shows a striking parallel to that of some human

carcinomas. When the wound-like phenotype was present, it was also found to predict an

increased metastatic risk in lung, breast and gastric tumours[12]. Although the

underlying mechanism of inflammatory oncotaxis appears to be creation of a favourable

microenvironment, it may be that in addition to providing a fertile soil for establishment of

metastasis, chemotactic agents could actually be attracting malignant cells. Studies by Muller

et al.[13] using a mouse model have found that the chemokine CXCL12, highly expressed in tissues

prone to breast cancer metastasis, can trigger chemotaxis of malignant mammary cells in vitro

through interaction with the CXCR4 receptor present at high levels in breast cancer cells. The

activity was negated by use of anti-CXCR4 antibodies. These receptors are expressed not only in

cases of breast cancer but by a variety of tumour cell lines including prostate carcinoma and B-

cell lymphomas.

Teaching point

There is increasing evidence that inflammation is a critical component of tumour development.

This may provide a mechanism to explain the phenomenon of inflammatory oncotaxis. Here we

present the first case in a patient with cholangiocarcinoma and a reminder that we should be

aware of the possibility of metastasis to sites of trauma when managing patients with malignancy.
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