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Summary .  In a retrospective study o f  172 patients 
with disseminated carcinoma in the skeleton, 54% 
were shown by radiography and scintigraphy to 
have vertebral metastases. Breast carcinoma was 
the most common primary tumour, occurring in 30% 
of  the patients, followed by lung (17%), prostate 
(10%) and kidney (9%). The lumbar spine was most 
often involved and some primary carcinomas 
showed a predilection for  particular spinal seg- 
ments. Cord compression occurred in 30% of  the pa- 
tients with vertebral spread and was a poor prog- 
nostic sign for  long-term survival. Hypernephroma 
was the most common turnout to cause spinal cord 
involvement. The thoracicsegment was the most 

frequent site o f  cord compression (43%), and patho- 
logical fracture-dislocation was the most common 
cause (50%). 

R~sum~. Une btude rbtrospective portant sur 172 
patients atteints de mktastases osseuses carcinoma- 
teuses montre que 54% d'entre eux ont des mbtas- 
tases vertdbrales dkcelbes ~t la radiographie et f la 
scintigraphie. Parmi celles-ci, le carcinome mam- 
maire est la tumeur primitive la plus frbquente 
(30%), suivi par le cancer du poumon (1 7%), de la 
prostate (10%) et du rein (9%). La distribution seg- 
mentaire des mbtastases vert~brales montre que la 
colonne lombaire est la plus fr~quemment atteinte, 
et qu'il existe une affinitb mktastatique sblective de 
certains carcinomes pour des segments vertdbraux 
particuliers. L'apparition d'un syndr6me de com- 
pression mbdullaire, qui survient dans 30% des cas 
de dissemination vert~brale, assombrit significative- 
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ment le pronostic des ces malades. L'hypernk- 
phrome a une propension marquee & entrafner une 
compression neurologique (4/8). C'est le segment 
dorsal qui est le plus expos~ ~ la compression mb- 
dullaire, secondaire dans 50% des cas gt une frac- 
ture-luxation du corps vertdbral. 
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Introduction 

Within the skeleton,  the spine is the mos t  f requent  
site for  metas ta t ic  c a r c i n o m a  [3, 4, 11, 12]. Autop-  
sy f indings have  ind ica ted  that  70% of  pat ients  
with skeletal  metas ta t ic  c a r c i n o m a  have  ver tebra l  
deposi ts  [7, 1]. In  mos t  series, breast ,  pros ta te ,  
lung and  renal  c a r c i n o m a  are the mos t  c o m m o n  
tumour s  to d isseminate  to the spine, but  their  re- 
spect ive ver tebra l  d is t r ibut ion has not  been  clear- 
ly defined.  Recen t  i m p r o v e m e n t s  in the t r ea tmen t  
o f  d i ssemina ted  cancer  have  mod i f i ed  at t i tudes 
towards  the surgical  m a n a g e m e n t  of  spinal  metas-  
tases. Therefore ,  it seemed a p p r o p r i a t e  to reassess 
the general  prof i le  o f  metas ta t ic  c a r c i n o m a  in the 
spine,  and  to descr ibe the pa t te rn  of  spinal  dis- 
semina t ion  in var ious  types  o f  p r i m a r y  carc ino-  
ma.  

Material and methods 
Records of 172 patients with clinical, radiological and scinti- 
graphic evidence of skeletal carcinoma, who were treated be- 
tween 1965 and 1985 at the Department of Orthopaedics of the 
University of Zfirich, were reviewed with particular attention 
to spinal lesions. Melanoma, lymphoma and sarcoma were not 
included. In the 92 cases (54%) with spinal metastases which 
form the basis of this investigation, the histological diagnosis 



346 

of the primary turnout was known except in I 1 patients where 
the origin remained undetected. Fifty-three patients had a bi- 
opsy of the spinal lesion and the findings were consistent with 
the known primary carcinoma. The extent of spinal dissemina- 
tion was assessed by scintigraphy and computerized tomogra- 
phy. Myelograms were undertaken when there was a neurolog- 
ical deficit. 

Results 

The average age of the 92 patients at initial pre- 
sentation was 57 years, with an equal proportion 
of  males and females. 

The sites of the primary carcinoma in cases of 
spinal and extra-spinal metastases are shown in 
Fig. 1. The breast was the primary site in 28 of  the 
92 patients (30%), followed in frequency by lung 
(17, 18%), prostate (12, 13%) and kidney (8, 9%). 
Other tumours included thyroid (3), gastro-intesti- 
nal tract (9) and genital tract (4). In 38 cases 
(41%), the primary carcinoma was not known 
when vertebral metastases were first diagnosed, 
and remained undetected in 11 of  them. In pa- 
tients without spinal involvement the distribution 
of  the primary carcinoma was similar, except that 
lung cancer occurred less than half as often. Pa- 
tients with spinal metastases had a mean survival 
time of 14 months, significantly less than patients 
without spinal dissemination (30,4 months, 
P < 0.02). 

The vertebral distribution of  metastases within 
the spine is shown in Fig. 2. The lumbar spine was 
involved in 52 of the 92 patients (56%), followed 
by the thoracic segment (43%), the cervical seg- 
ment (25%), and the sacrum (13%). Multiple in- 
volvement was common. The metastatic deposits 
had a predilection for the segmental junctions. 
The vertebral body of  T12 had the highest meta- 
static rate in the whole spine and the lumbar seg- 
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Fig. 1, Frequency distribution of the primary carcinomas with 
skeletal metastases 
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Fig. 2. Frequency distribution of spinal metastases (92 pa- 
tients) 

Table 1. Segmental distribution of spinal metastases from pri- 
mary carcinoma (74 cases). PC = primary carcinoma 

PC No. seg- 
(no. of cases) ments 

involved 

C-SPINE T-SPINE LS-SPINE 

no. % no. % no. % 

BREAST (28) 52 14 50 15 54 23 82 
LUNG (17) 24 3 18 6 35 15 88 
PROSTATE (12) 18 3 25 7 58 8 67 
KIDNEY (8) 9 1 12 5 62 3 37 
GI (9) 14 2 22 5 56 7 78 

ment had the highest metastatic mass. There was 
an overall increasing frequency of dissemination 
from cranial to caudal. The segmental distribution 
of spinal metastases from various carcinomas is 
shown in Table 1. The majority of primary carci- 
noma disseminated preferentially to the lumbar 
spine, except for kidney which showed a striking 
predilection for the thoracic spine (62%). Lung 
cancer had the highest metastatic rate to the lum- 
bosacral segment (15 of  the 17 cases, 88%), fol- 
lowed by breast, gastro-intestinal tract and pros- 
tate. 

The distribution of origin of the spinal metas- 
tases within each segment of  the spine is shown in 
Fig. 3. In the cervical segment, breast was the 
most common primary tumour. Kidney and lung 
cancer were mostly found in the thoracic spine 
and the lumbar spine respectively, whereas metas- 
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SEGMENTAL DISTRIBUTION OF SPINAL METASTASES (SM) 

FROM PRIMARY CARCINOMA (PC) 

PC SM % 

BREAST 27 I ' ~  

LUNG 12 

KIDNEY 11 

BREAST 29 t 
LUNG 25 

KIDNEY 56 

BREAST 44 J 
LUNG 63 " ~  

KIDNEY 33 

Fig. 3. Segmental distribution of spinal metastases (SM) from 
primary carcinoma (PC) 

Table 2. Causes of cord compression 

- Pressure due to pathological fracture-dislocation: 50% 
- Pressure due to enlarging extradural deposit: 39% 
- Spinal angulation following vertebral collapse: 11% 
- Intradural metastases: 0% 

tases of breast cancer had a greater tendency to 
spread to the whole spine. 

A neurological deficit occurred in 28 cases 
(30%) and was a poor  prognostic sign for long- 
term survival. The mean survival of patients with 
bone metastases in this group was 7.0+3.7 
months, and was significantly shorter compared 
to the patients without a neurological deficit 
(14.3+13.7 months, P<0.01). Hypernephroma 
was the most common tumour (4/8) to cause spi- 
nal cord  involvement which correlates well with 
the strong tendency for the thoracic spine to be 
the site of  cord compression (43%) in this study. 
Pressure due to pathological fracture-dislocation 
was the most frequent cause of  cord compression 
occurring in 50% of the cases (Table 2). Intradural 
metastases, which are rare, were not found in the 
present series. 

Discussion 

Several factors contribute to the high incidence of  
metastatic deposits in the vertebral column. Sec- 
ondary spread to the spine occurs mainly via the 
blood stream. The vertebral venous system, con- 
sisting of valveless veins running parallel to the 
vertebral column, forms extensive anastomoses 
with the venous channels of the chest wall, the 
pelvis and the thorax. Functional venous connec- 
tions with the vertebral system have been demon- 
strated for the prostatic venous plexus and the 
breast [2]. Similarly, the thyroid drains partly into 
the vertebral system by virtue of  tracheo-oesopha- 
geal anastomoses. It has been estimated that un- 
der physiological conditions, 5-10% of the blood 
derived from the organs of the caval and portal 
systems drains into the vertebral venous plexus, 
which functions as an intercaval shunt [15]. Retro- 
grade blood flow in these venous anastomoses is 
likely to occur during Valsalva manoeuvres [2], 
thereby facilitating the seeding of tumour micro- 
emboli in the vertebral body. Although this theory 
is supported by experimental studies with animals 
[8], there is currently no evidence which suggests a 
similar mechanism in man. 

It has been postulated that red marrow, mostly 
contained in the axial skeleton, provides a favour- 
able environment for the establishment of metas- 
tatic cells. Intrinsic properties of  the marrow ves- 
sel walls, as well as interactions between tumour 
cells and bone marrow cells in terms of  differen- 
tial adherence, are among the factors advanced to 
explain the enhanced susceptibility of bone mar- 
row to metastatic growth [6, 13]. Further evidence 
to support the role of  red marrow in secondary 
deposition is found in the increasing metastatic 
gradient from the cervical to the lumbar segments, 
correlating with the topographical distribution of  
bone and bone marrow mass in the spine [4, 20]. 

Some primary carcinomas seem to have a 
predilection for particular segments of the spine, 
kidney for the thoracic, lung for the lumbar and 
breast for the cervical segment. Although particu- 
lar haemodynamic and anatomical aspects of the 
vascular supply to the spine must influence this 
selective pattern of  spread, it cannot fully predict 
metastatic distribution within the spine. 

Like numerous other authors [1, 14, 16, 17, 18] 
we found that the thoracic segment was the com- 
monest site for cord compression in the present 
study. According to Tarlov [19] and Dommisse 
[10], the thoracic spine is the most vulnerable by 
virtue of the anatomical arrangement of its vascu- 
lar supply and the narrowness of  the spinal canal, 



348 

especially from T4 to T9, the so-called "critical 
vascular zone of the spinal cord". However, injec- 
tion studies by Louis [15] and Crock et al. [9] have 
demonstrated that the thoracic spine receives a 
well-developed regular segmental arterial supply, 
which does not support the concept of a limited 
blood supply, as previously reported. Biomechan- 
ical studies have shown that the load distribution 
within the spine places the thoracic vertebral bod- 
ies at high risk of fracture, particularly at the apex 
of  the thoracic kyphosis and at the thoracolumbar 
area. Clinical support for this concept is found in 
the high frequency of wedge fractures of the tho- 
racic segment in osteoporotic patients [20]. 

It therefore seems that biomechanical rather 
than vascular factors determine the likelihood 
that thoracic spinal metastases may cause cord 
compression. In such cases early surgical stabili- 
zation is warranted, in order to prevent spontane- 
ous progression of these lesions toward vertebral 
collapse and neurological impairment. 

References 

1. Alexander E Jr, Davis CH Jr, Fields CH (1956) Metastatic 
lesions of the vertebral column causing cord compression. 
Neurology 6: 103-107 

2. Batson OV (1940) The function of the vertebral veins and 
their role in the spread of metastases. Ann Surg 112: 
138-149 

3. Berrettoni BA, Carter JR (1986) Mechanisms of cancer 
metastasis to bone. J Bone Joint Surg [A] 68:308-312 

4. Bhalla SK (1970) Metastatic disease of the spine. Clin Or- 
thop 73:52-60 

5. Boland PJ, Lane JM, Sundaresan N (1982) Metastatic dis- 
ease of the spine. Clin Orthop 169:95-102 

6. Brookes, Murray (1971) The blood supply of bone: 
An approach to bone biology. Butterworth, London, 
pp 67-91 

7. Cadman E, Bertino JR (1976) Chemotherapy of skeletal 
metastases. Internat J Radiat Oncol Biol Phys 1: 
1211-1215 

M. Nottebaert et al.: Metastatic carcinoma of the spine 

8. Coman DR, Delong RP (1951) The role of the vertebral 
venous system in the metastasis of cancer to the spinal col- 
umn. Experiments with tumor cell suspensions in rats and 
rabbits. Cancer 4:610-618 

9. Crock HW, Yoshizawa H (1977) The blood supply of the 
vertebral column and spinal cord in man. Springer, Wien 
New York 

10. Dommisse GF (1974) The blood supply of the spinal cord: 
a critical vascular zone in spinal surgery. J Bone Joint 
Surg [Br] 56:225-228 

11. Jaffe WL (1958) Tumors and tumorous conditions of the 
bones and joints. Lea and Febiger, Philadelphia 

12. Johnston AD (1970) Pathol6gy of metastatic tumors in 
bone. Clin Orthop 73:8-32 

13. Kamenov B, Kieran MW, Barrington Leigh J, Greenberg 
AH, Longenecker BM (1984) A new model for leukemia 
lymphoma metastasis: differential growth and rejection of 
murine lymphoid leukemia cell lines in bone marrow. In: 
Nicolson GL, Luka Milas (eds) Cancer invasion and me- 
tastasis: biologic and therapeutic aspects. New York, 
Raven Press, pp 245-264 

14. Livingston KE, Perrin RG (1978) The neurosurgical man- 
agement of spinal metastases causing cord and cauda 
equina compression. J Neurosurg 49:839-843 

15. Louis R (1982) Chirurgie du rachis. Anatomie chirurgicale 
et voies d'abord. Springer, Berlin Heidelberg New York, 
pp 128-132 

16. Nather A, Bose K (1982) The results of decompression of 
cord or cauda equina compression from metastatic extra- 
dural tumors. Clin Orthop 169: 103-108 

17. Nicholls PJ, Jarecky TW (1985) The value of posterior de- 
compression by laminectomy for malignant tumors of the 
spine. Clin Orthop 201 : 210-213 

18. Roy Camille R, Saillant G, Lapresle PH, Mazel CH, Ma- 
riambourg G (1985) Fixation of spinal metastases using 
plates and pedicular screws. Rev Chir Orthop 71: 
483 -492 

19. Tarlov IM (1954) Spinal cord compression studies, III: 
time limits for recovery after gradual compression in dogs. 
Arch Neurol Psychiat 71:588-591 

20. Urist MR, Gurvey MS, Fareed DO (1970) Long term ob- 
servations on aged women with pathological osteoporosis. 
In: Barzel US (ed) Osteoporosis, Grune and Stratton 
New York, pp 3-37 

21. Willis RA (1973) The spread of tumors in the human 
body. 3rd ed. London, Butterworth, pp 229-250 


