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ABSTRACT

Canine osteosarcoma is a preva-
lent bone neoplasm which has simi-
larities to the human disease. We
used a retrospective study to inves-
tigate the possibility that tumor
vascularity may provide useful
prognostic information, indicative
of the role of this parameter in pro-
gression of this cancer. We quanti-
fied microvessel density in 52 histo-
logical specimens of primary tumor,
immunostained for von Wille-
brand's Factor to identify vascular
endothelium. For the 20 cases not
euthanized at presentation or lost to
follow-up, we found significantly
higher tumor microvascular densi-
ties in animals presenting with
detectable pulmonary metastases
(5 of 20), and significantly lower
densities in animals without meta-
static disease at presentation, but
later surviving to develop pul-
monary metastases (7 of 20; P <
0.05). Animals with no evidence of
pulmonary metastases at time of
death (8 of 20) had intermediate
vascular densities in their tumors.
The results of this preliminary
study suggest that vascularity of the
primary tumor may be an indica-
tion of tumor progression. Future
studies with a larger number of cases
should establish whether vascular
density can be a useful prognostic
parameter for canine osteosarcoma.

RESUME

L'osteosarcome canin est un neo-
plasme osseux prevalent qui pos-
s'de des similarites avec son
pendant humain. Une etude retro-
spective fut entreprise afin de
determiner si l'e'valuation de l'e'tat

vasculaire de la tumeur pouvait
fournir une information predictive
et indicative du role de ce para-
metre dans la progression de ce
type de cancer. La densite de la
microvascularisation de 52 speci-
mens de tumeur primaire fut quan-
tifiee a l'aide d'une technique
d'immunocoloration pour le facteur
de von Willebrand present dans
l'endothelium vasculaire. Pour les
20 cas qui ne furent pas euthanasies
lors de l'examen initial ni perdus
lors des suivis, la densite de la
microvascularisation etait significa-
tivement plus e'levee chez les ani-
maux presentes ayant des metas-
tases pulmonaires detectables
(5/20), et une densite significative-
ment plus faible chez les animaux
presentes qui n'avaient pas de
metastase a l'examen initial mais
qui survtcurent et developp'erent
eventuellement des metastases pul-
monaires (7/20; P < 0,05). Les ani-
maux sans evidence de metastase
pulmonaire au moment de leur
d'ces (8/20) avaient une densite de
vascularisation intermediaire dans
leurs tumeurs. Les resultats de cette
etude suggere que la vascularisation
des tumeurs primaires serait un
indicateur de la capacite de pro-
gression de la tumeur. Des etudes
subsequentes avec un plus grand
nombre de cas devrait permettre
d'etablir si la densite de vasculari-
sation peut etre un parametre utile
de pronostic des osteosarcomes
canins.

(Traduit par docteur Serge Messier)

INTRODUCTION

Studies of several types of compan-
ion animal cancer suggest that most
malignant tumors respond poorly to

radiation or chemotherapy, and that
surgically removed tumors tend to
recur (1-5). Osteosarcoma cancer in
dogs consists of aggressive, invasive
and highly cellular tumors, account-
ing for more than 85% of canine
skeletal tumors. This tends to be a
highly variable lesion which may be
misdiagnosed by histopathology (6,7).
These tumors form most commonly in
the appendages of long bones (appen-
dicular lesions), but may also develop
in flat or cuboidal bones (axial
lesions). Appendicular tumors are
reported to be the most common, with
75% of all canine osteosarcomas
falling into this category (6). Limb
amputation or other surgical reduction
is the method of choice for controlling
the primary tumor, improving the
quality of life, but this generally has
little effect on long term survival.
In the absence of adjunct therapy
(e.g. chemotherapy) over 90% of dogs
with osteosarcoma will develop
metastasis within 1 y of diagnosis,
with greater than half showing
metastatic disease within 5 mo (6,8).
Mean survival time may be only
3-6 mo after surgery, and animals
which develop metastases early have
greatly reduced survival times (7).
Thus, canine osteosarcoma has a

variable natural history, and although
the outlook is universally poor, there
are important differences in tumor
biology which may lead to advance-
ments in our understanding of this
cancer. It has long been known that
tumor growth and spread is severely
restricted until a blood supply devel-
ops, and that the expression of angio-
genic molecules to induce new vessel
formation is a characteristic of highly
aggressive tumors (9). Recent studies
of several types of human cancers
have documented useful prognostic
indicators between the vascular
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TABLE I. Case characteristics of 52 osteosarcoma tumors grouped by sex and location

Male Female Axial Appendicular

% of all cases 58% 42% 38% 62%a
Mean age (mo) 84.7 (39.9) 89.8 (29.9) 104.4 (48.5) 83.4 (37.8)
Mean weight (kg) 37.6 (13.1) 33.9 (17.7) 28.1 (9.4) 41.2 (15.8)b
Mean vessel density 44.5 (21.2) 43.8 (18.5) 45.2 (21.4) 41.2 (18.0)
(number/field at
200 x magnification)
Values are Mean (Standard Deviation)
a Ratio between Axial and Appendicular cases significantly different from 1:1 (P < 0.05)
bWeight of Appendicular cases significantly different from weight of Axial cases (P < 0.05)

density of a tumor and its apparent
metastatic potential (10-14). Useful
prognostic indicators have not yet
been developed for canine osteosar-
coma; the general assumption is that
all tumors will behave in a very
aggressive manner. However, for
those dogs that present with no appar-
ent detectable metastatic disease at
initial diagnosis, there are no parame-
ters available to predict the rate of
development of metastases or local
regrowth (6). Clinical trials of thera-
peutic strategies can only be critically
analyzed and evaluated once the
biologic behavior of this tumor is
described (2).
The goals of this retrospective

study of canine osteosarcoma were to
characterize and quantify vascular
density in canine osteosarcoma pri-
mary tumors, and to evaluate the pos-
sible contribution of vascularity to
differences in disease progression and
metastatic behaviour.

MATERIALS AND METHODS

CASE SELECTION

The Ontario Veterinary College,
(OVC) patient base was examined,
and 76 cases of canine osteosarcoma
from 1985-1995 were identified
based on initial diagnosis and avail-
ability of specimens. Of these cases,
27 were located in the axial skeleton
and 49 in the appendicular skeleton.
Slides from available blocks were
examined and those showing a gener-
ous cross-
section of the tumor were selected for
further analysis (15). Hematoxylin
and eosin stained slides of these cases
were re-evaluated by an anatomic
pathologist, and immunostained for
von Willebrand Factor as described
below. Some specimens were removed
from this study due to incorrect diag-

nosis, or unsuitable specimen quality
(only fragments of tumor available in
block; poor immunostaining). The
remaining 52 cases, consisting of
20 axial and 32 appendicular tumors,
were analyzed as described below.
Followup information was obtained
by examining the records and contact-
ing the referring veterinarians where
necessary.

IMMUNOSTAINING

Specimens consisted of decalcified
tissue embedded in paraffin, and were
sectioned at 8 ,um. Slides were
deparaffinized and hydrated, then
treated with 0.05% trypsin in phos-
phate-buffered solution for 10 min at
room temperature, to expose antigen
epitopes. Endogenous peroxidase
activity was depleted by incubation of
slides with 3% H202 for 5 min at room
temperature. After blocking non-spe-
cific binding sites with 5% bovine
serum albumin (BSA), sections were
incubated with polyclonal antibody
raised in rabbits against human von
Willebrand Factor (Dako Corp.,
Carpinteria, California, USA), diluted
1:200 in 0.1% BSA, followed by goat
anti-rabbit IgG conjugated with biotin
(Sigma-Aldrich Canada Ltd., Oakville,
Ontario), diluted 1:20 in 0.1% BSA.
Sections were then incubated with
EXTRA-Avidin-Peroxidase solution
(Sigma-Aldrich), diluted 1:20 in 0.1%
BSA, and colour developed with AEC
(3-amino-9-ethylcarbazole; Sigma-
Aldrich) to produce a brick red reaction
product. Slides were then counterstained
with Meyer's haematoxylin and mounted
with Aquapolymount (Polysciences,
Warrington, Pennsylvania, USA).

SPECIMEN EVALUATION

Vascular density was determined
according to the method of Weidner
(15). Sections were scanned at a
microscope magnification of 20 X or
80 x to identify heavily stained vas-

cular "hot spots" within the tumor or
immediate peritumoral area (15).
Counts of the 3 most vascular areas
for each specimen were made at
microscope magnification of 200 X
(field area 0.74 mm2), and the maxi-
mum count obtained from each speci-
men was used for further analysis.
Positively stained endothelial cells in
microvessels were clearly seen in all
specimens. A visible vascular lumen
was not required for a vessel to be
included in the count. Very tortuous
microvessels were seen especially in
highly vascularized areas. In such
cases, each profile was counted as an
independent vessel, although they
may be considered sections of the
same microvessel as it travels through
the plane of section. This approach is
valid, as the tortuosity of newly
formed microvessels is related to the
strength of the angiogenic response in
many other tumors (15). Larger ves-
sels, consisting of small arteries and
veins, were very rare in these vascular
hot spots, and were not included in
the counts.

All assessments were made "blind";
details of tumor location, patient char-
acteristics, and outcome were not
revealed until all slides had been
examined. Some specimens were re-
evaluated at a later date, and counts
obtained agreed within 10%. Patient
records, radiographs, and contact with
referring veterinarians where appro-
priate, were used to obtain data on
patient characteristics, gross pul-
monary metastatic status, and even-
tual outcome. These data and vessel
density data were analyzed using sim-
ple linear regression, ANOVA, and
student's t-test.

RESULTS

IMMUNOSTAINING

We obtained intense staining for
von Willebrand Factor in both tumor
and peritumoral tissue in these canine
osteosarcoma specimens (Figure 1).
The pattern of staining was indicative
of endothelial location within easily
identified larger vessels, as well as
microvessels. Non-specific staining
by secondary antibody alone was neg-
ligible, and endogenous peroxidase
activity was completely eliminated by
pre-treatment of sections with hydro-
gen peroxide.
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CASE CHARACTERISTICS

Of the 52 cases examined in this
study, approximately equal numbers
were male and female (Table I). There
were significantly more appendicular
tumors than axial (P < 0.05; Table I).
There were no significant differences
in body weight at diagnosis between
male and female cases, but appendic-
ular cases were significantly heavier
than were axial cases (P < 0.05;
Table I). There were no significant
differences in age at diagnosis
between axial and appendicular cases,
nor between males and females
(Table I).
Cases were divided into groups

based on the metastatic status of the
animal. Group 1 consisted of dogs
that had gross pulmonary metastases
at the time of diagnosis, n = 5. Dogs
in Group 2 were apparently metastasis
free at diagnosis, but later developed
gross pulmonary metastases, n = 7.
The earliest development of meta-
static disease in this group occurred
within 2 mo of surgery. Group 3 was
the largest consisting of 40 cases
which did not have detectable gross
pulmonary metastatic disease at the
time of diagnosis. This group could be
further subdivided (12 cases eutha-
nized at presentation, 16 cases lost to
follow-up, and 12 cases with known
survival, apparently metastasis free at
death). Of the 12 dogs that were free
of gross pulmonary metastasis at
death, 4 had died less than 2 mo post
diagnosis and were considered lost to
follow-up. Therefore, of this group of
40 dogs there were 8 animals with
sufficient follow-up information for
further analysis. In total 20 dogs
(Group 1, n = 5; Group 2, n = 7;
Group 3, n = 8) were used for detailed
analysis of survival rates. There were
no significant differences in age at
onset for these 3 groups (P < 0.05;
Table II), while cases presenting with
gross metastases weighed signifi-
cantly less than cases that developed
metastases later (P < 0.05). Of these
20 cases, 5 were axial and 15 were
appendicular; approximately 25% of
cases at each tumor location presented
with metastases (1 of 5 for axial, 4 of
15 for appendicular). Approximately
50% of animals not presenting with
metastases later developed detectable
metastatic disease, again equally dis-
tributed by tumor location (2 of 4 for
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Figure 1. Photomicrographs showing vascular "hot spots" in osteosarcoma specimens after
immunohistochemical staining for von Willebrand Factor and counterstaining with hema-
toxylin. Microvessels can been seen as dark staining structures (arrowheads) embedded in the
tumor parenchyma. A: Tumor with low vascular density (12/field). B: Tumor with intermedi-
ate vascular density (33/field). C: Tumor with high vascular density (65/field). Scale Bar =
100 ,uxm.
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TABLE II. Case characteristics of osteosarcoma specimens with known outcomes grouped by metastatic status

Number Age at onset Vessel Weight at onset Mean disease free
of cases (mo) density (kg) interval (mo)

Gross pulmonary metastases 5 64 (33.4) 74 (20.O)a 26 (4.9)b
at presentation (Group 1)
Later development of gross 7 88 (31.5) 33 (15.5) 44 (12.7) 12 (9)
pulmonary metastases (Group 2)
No gross pulmonary metastases 8 95 (36.7) 42 (18.8) 31 (10.5) 20 (6)Y
at death (Group 3)
Data are shown as Mean (Standard Deviation)
a Significanlty higher vessel densities than animals with gross metastases at presentation (P < 0.025), and later development of metastases (P < 0.05)
bSignificantly different weight at onset than for animals developing metastases (P < 0.05)
c Signfiicantly longer disease free interval than animals later developing metastases (P < 0.05)

axial cases, 5 of 11 for appendicular
cases). Disease free interval was
nearly twice as long for dogs never
developing metastases than for ani-
mals later developing metastases
(Table II). This increased disease-free
interval was statistically significant
(P < 0.05). These 20 cases were also
divided into groups based on thera-
peutic approach: biopsy only, surgery
alone (amputation or local excision),
palliative radiation of primary lesions,
surgery plus chemotherapy plus aden-
ovirus-mediated interleukin 2 gene
therapy, and surgery plus chemo-
therapy. Only "surgery alone"
(7 cases) and "surgery plus chemo-
therapy" (9 cases) groups had suffi-
cient cases for meaningful survival
analysis, and we found no significant
differences in survival between these
2 groups (results not shown).

VASCULAR DENSITY

The vascular density of canine
osteosarcoma "hot spots" seen in this
study ranged from 9 to 104 profiles/
field at 200 X magnification. No sig-
nificant differences in mean vessel
density were found when comparing
male versus female cases, or appen-
dicular versus axial cases (Table I).
Vessel density at presentation for
cases treated with surgery alone
(57 ± 25) was significantly higher
than vessel density for cases treated
with surgery and chemotherapy
(37 ± 20; P < 0.05). There was also a
negative correlation between blood
vessel density at presentation and sur-
vival in animals treated with surgery
alone (r = 0.777), but no correlation
between vessel density and survival in
animals receiving surgery and
chemotherapy (results not shown).
When cases were divided based on

metastatic status, significant differ-

ences in vascular density were seen
(Table II). Animals presenting with
gross metastases had significantly
higher vessel densities in their pri-
mary tumors than animals which later
developed gross metastases (P < 0.05;
Table II). Animals without gross
metastasis at death had intermediate
vascular densities. These were signifi-
cantly different from animals present-
ing with gross metastases (P < 0.025),
but not from animals later developing
gross metastases (P = 0.16; Table II).

DISCUSSION

This study involved cases from the
OVC canine osteosarcoma patient
base, and shared similarities in popu-
lation characteristics with previous
studies of canine osteosarcoma (3,16,
17). Previous studies have also used
antibodies to von Willebrand Factor
to identify canine vascular endothe-
lium, both in studies of cultured cells
(18,19) and histological specimens
(20,2 1) as described here. We found
significant relationships between
tumor vessel density and tumor
behavior, as related to pulmonary
metastatic status on initial presenta-
tion. We were not able to identify dif-
ferences in survival rates or vascular
densities between different treatment
modalities, likely due to the small
number of animals with sufficient
follow-up.

Quantification of microvessel den-
sity in tumor sections is subject to the
same inter- and intra-investigator vari-
ability as other pathological assess-
ments (e.g., mitotic figure counting)
(15). None the less, microvascular
density has proven to be a powerful
predictor of tumor progression and
outcome in virtually all studies per-
formed to date. The original work

with human breast carcinoma estab-
lished the techniques (especially the
importance of microscope field size
and magnification, and the necessity
of scanning sections for "hot spots")
and found that microvessel density
was the best independent predictor of
both disease free interval and sur-
vival, especially in node negative
patients (10). Since this study, the
value of tumor microvascular density
in breast cancer prognosis has been
confirmed by other groups (22), and
established for many other solid
human tumors, including carcinomas
of the lung, digestive and urinary
tract, skin tumors, including mela-
noma, tumors of the nervous system,
and head and neck cancers (23-25).
However, to date there are no pub-
lished studies of microvascular den-
sity in sarcomas. This could be due to
the relative rarity of these tumors in
human beings leading to a paucity of
cases to compare, or to the fact that
human sarcomas have a general over-
all poor prognosis, with little stratifi-
cation of outcome (15). Both of these
factors make sarcomas less attractive
for such analysis, relative to other
solid tumors (15).
Canine osteosarcoma occurs at

approximately twice the rate as this
cancer in humans. This, coupled with
the large companion animal popula-
tion in North America makes canine
osteosarcoma a relatively common
bone lesion, with numerous cases
available for study (16). Although
prognosis for long term survival is
guarded, some therapies improve the
disease free interval and survival
times and most studies report a small
proportion of dogs with very good
post surgical survival (e.g. 1 y or
longer) (8,26,27). Currently, there are
no useful biologic indicators to iden-
tify the population of animals which
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will have the longest disease-free
interval, nor is there any way to assess
which of the many therapy modalities
might be most appropriate for each
case. This report of blood vessel den-
sity in canine osteosarcoma may pro-
vide direction for further study.
Our results suggest that for animals

treated by surgical removal of the
tumor alone, in the absence of any
adjunct therapy, blood vessel density
may be an important prognostic indi-
cator, with very high vessel density
suggesting a short survival, likely due
to the prior existence of metastatic
disease. There is a positive correlation
between tumor grade and microvascu-
lar density, and metastatic disease and
microvascular density in prostate car-
cinoma (28), gastric carcinoma (29)
and non-small-cell lung carcinoma
(1 1). There is also evidence from lung
carcinoma to suggest that metastases
have higher microvascular densities
than their primary tumors (30). These
studies of human cancers suggest that
a well vascularized canine osteosar-
coma may represent a metastatically
competent form (31). In addition to
provision of a route for metastases,
recent evidence suggests that tumor
vasculature is negatively correlated
with cancer cell apoptosis. Thus,
enhanced cancer cell survival due to
presence of blood vessels will con-
tribute to tumor progression (32).
Some studies of experimental

tumor systems also suggest that there
are important interactions between
primary tumors and distant micro-
metastases which affect tumor pro-
gression. Primary tumors may pro-
duce angiogenesis inhibitors (such as
angiostatin, endostatin; 33,34).
Removal of such primary tumors
leads to a decrease in circulating lev-
els of these inhibitors, and subsequent
explosive growth of dormant micro-
metastases. Such a mechanism might
explain the significantly shorter sur-
vival times seen in our cases which
present metastases free, but rapidly
succumb to metastatic growth after
primary tumor removal.

Since up to 90% of canine osteosar-
coma cases have undetectable micro-
metastases at the time of diagnosis
(3,17), identifying those cases
vulnerable to aggressive metastatic
disease based on tumor microvessel
density may allow for directed anti-
angiogenic therapies in addition to

cytotoxic approaches. A recent study
reported that 32% of dogs undergoing
amputation for treatment of osteosar-
coma developed overt lung metastases
less than 4 mo after surgery, despite
being treated with cisplatin chemo-
therapy (26). For those animals pre-
senting without detectable metastases,
we would like to have parameters
which could distinguish those that are
especially vulnerable to rapid devel-
opment of gross metastatic disease.
Our results indicate that vascular den-
sity is not able to distinguish these
2 groups in our study. What is not yet
known is whether primary tumor vas-
cular density is high prior to or after
shedding of cells which form micro-
metastases. Since we do not have
markers for microscopic metastatic
disease, we are as yet unable to differ-
entiate this state from "no metastatic
disease" in canine osteosarcoma.
However, animals in our study which
later developed metastases did have
the lowest blood vessels densities,
although not statistically significant
from animals that never developed
gross metastases. We consider this a
promising trend, and it may be that a
larger study with more cases will clar-
ify the issue. Given that dogs present-
ing with established metastatic dis-
ease prior to removal of the primary
tumor had significantly higher blood
vessel densities than any other group
in our study, concomitant anti-angio-
genic therapy would seem to be a pru-
dent and effective course for these
dogs. It is also likely that animals pre-
senting without detectable pulmonary
metastases would also benefit from
such adjuvant therapy, but further
study is required.

ACKNOWLEDGMENTS

We would like to acknowledge the
expert assistance and advice of
Dr. Brian Wilcock, Department of
Pathobiology, Ontario Veterinary
College, University of Guelph, for his
assessment of the osteosarcoma speci-
mens. We would also like to acknowl-
edge the assistance of the Department
of Pathobiology, for help in locating
specimens, and Dr. Katherine Lau,
Department of Clinical Studies, OVC,
for providing details of patient fol-
low-up. This work was supported by
NSERC and OVC Pet Trust.

REFERENCES

1. SCHWARZ PD, WILLER RL. Urinary
bladder neoplasia in the dog and cat. Prob-
lems Vet Med 1989; 1: 128-140.

2. MACEWEN EG. Spontaneous tumors in
dogs and cats: Models for the study of can-
cer biology and treatment. Cancer Metasta-
sis Rev 1990; 9: 125-136.

3. WITHROW SJ, POWERS BE, STRAW
RC, WILKINS RM. Comparative aspects
of osteosarcoma: Dog versus man. Clin
Orthopaed Rel Res 1991; 270: 159-168.

4. OLGIVIE GK, OBRADOVICH JE,
ELMSLIE RE, VAIL DM, MOORE AS,
STRAW RC, DICKINSON K, COOPER
MF, WITHROW SJ. Efficacy of mitox-
antrone against various neoplasms in dogs.
JAVMA 1991; 198: 1618-1621.

5. FLANDERS JA. Surgical therapy of the
thyroid. Vet Clinics N America Sm Animal
Pract 1994; 245: 607-621.

6. LA RUE SA, WITHROW, SJ. Tumors of
the skeletal system. In: Withrow SJ,
MacEwen EG, eds. Clinical Veterinary
Oncology. Philadelphia: JB Lippincott Co,
1989: 234-245.

7. HEYMAN SJ, DIEFENDERFER DL,
GOLDSCHMIDT MH, NEWTON CD.
Canine axial skeletal osteosarcoma. A
retrospective study of 116 cases

(1986-1989). Vet Surgery 1992; 21:
304-310.

8. O'BRIAN MG, STRAW RC, WITH-
ROW SJ, POWERS BE, JAMESON VJ,
LAFFERTY M, OLGIVIE GK, LA RUE
SM. Resection of pulmonary metastases in
canine osteosarcoma: 36 cases

(1983-1992). Vet Surgery 1993; 22:
105-109.

9. FOLKMAN J. Angiogenesis in cancer,
vascular, rheumatoid and other disease.
Nature Medicine 1995; 1: 27-31.

10. WEIDNER N, SEMPLE JP, WELCH
WR, FOLKMAN J. Tumor angiogenesis
and metastasis-Correlation in invasive
breast carcinoma. New Engl J Med 1991;
324: 1-8.

11. MACCHIARANI P, FONTANINI G,
HARDIN MJ, SQUARTINI F, ANGE-
LETTI CA. Relation of neovasculariza-
tion to metastasis in non-small-cell lung
cancer. Lancet 1992; 340: 145-146.

12. WEIDNER N, FOLKMAN J, POZZA F,
BEVILACQUA P, ALLRED EN, MOORE
DH, MELI S, GASPARINI G. Tumor
angiogenesis: A new significant and inde-
pendent prognostic indicator in early-stage
breast carcinoma. J Natl Cancer Inst 1992;
84: 1875-1886.

13. VACCA A, RIBANTI D, RONCALI L,
LOSPALLUTI M, SERIO G, CARREL
S, DAMMACCO F. Melanocyte tumor
progression is associated with changes in
angiogenesis and expression of the 67-
kilodalton laminin receptor. Cancer 1993;
72:455-461.

14. HAYES DF. Angiogenesis and breast can-
cer. Hematol Oncol Clin North Am 1994;
8: 51-71.

15. WEIDNER N. Current pathological meth-
ods for measuring intratumoral microves-
sel density within breast carcinoma and
other solid tumors. Breast Cancer Res
Treat 1995; 36: 169-180.

203



16. HAHN KA, BRAVO L, ADAMS WH,
FRAZIER DL. Naturally occuring tumors
in dogs as comparative models for cancer
therapy research. In Vitro 1994; 8: 133-143.

17. KIRPENSTEIJN J. Current veterinary
therapy in canine osteosarcoma. Vet Q
1994; 16: 24S-25S.

18. OGAWA Y, CHUNG Y-S, NAKATA B,
TAKATSUKA S, MAEDA K, SAWADA
T, KATO Y, YOSHIKAWA K, SAKU-
RAI M, SOWA M. Microvessel quantita-
tion in invasive breast cancer by staining
for factor-VIII-related antigen. Br J Cancer
1995; 71: 1297-1301.

19. WANG ZG, DU W, LI GD, PU LQ,
SHAREFKIN JB. Rapid cellular luminal
coverage of Dacron inferior vena cava
prostheses in dogs by immediate seeding
of autogenous endothelial cells derived
from omental tissue: Results of a prelimi-
nary trial. J Vasc Surg 1990; 12: 168-179.

20. VON BEUST BR, SUTER MM, SUM-
MERS BA. Factor VIII-related antigen in
canine endothelial neoplasms: An immuno-
histochemical study. Vet Pathol 1988; 25:
25 1-255.

21. TAKEDA T, MAKITA T, NAKAMURA
N, KIMIZUKA G. Morphologic aspects
and morphogenesis of blood cysts on
canine cardiac valves. Vet Pathol 1991;
28: 16-21.

22. FOX SB, TURNER GDH, LEEK RD,
WHITEHOUSE RM, GATTER KC,
HARRIS AL. The prognostic value of
quantitative angiogenesis in breast cancer
and role of adhesion molecule expression
in tumor endothelium. Breast Cancer Res
Treat 1995; 36: 219-226.

23. BOCHNER BH, COTE RJ, WEINDER
N, GROSHEN S, CHEN S-C, SKINNER
DG, NICHOLS P. Tumor angiogenesis is
an independent prognostic indicator of
invasive transitional cell carcinoma of the
bladder. J Natl Cancer Inst 1995: 87:
1603-1612.

24. MAEDA S, CHUNG YS, TAKASUKA S,
OGAWA Y, ONODA N, SAWADA T,
KATO Y, NITTA A, ARIMOTO Y,
KONDO Y, SOWA Y. Tumor angiogene-
sis and tumor cell proliferation as prognos-
tic indicators in gastric carcinoma. Br J
Cancer 1995; 72: 319-323.

25. WEIDNER N. Intratumoral microvessel
density as a prognostic factor in cancer.
Am J Pathol 1995; 147: 9-19.

26. KURZMAN ID, MACEWEN EG, ROSEN-
THAL RC, FOX LE, KELLER ET,
HELFAND SC, VAIL DM, DUBIELZIG
RR, MADEWELL BR, RODRIGUEZ
CO Jr, OBRADOVICH J, FIDEL J,
ROSENBERG M. Adjuvant therapy for
osteosarcoma in dogs: Results of random-
ized clinical trials using combined
liposome-encapsulated muramyl tripeptide
and cisplatin. Clin Cancer Res 1995; 1:
1595-1601.

27. WITHROW SJ, THRALL DE, STRAW
RC, POWERS BE, WRIGLEY RH,
LARUE SM, PAGE RL, RICHARDSON
DC, BISSONETTE KW, BETTS CW,
DE YOUNG DJ, RICHTER SL, JAME-
SON VJ, GEORGE SL, GILLETTE EL,
DOUPLE EB. Intra-arterial cisplatin with
or without radiation in limb-sparing for
canine osteosarcoma. Cancer 1993; 71:
2484-2490.

28. HANAHAN D, FOLKMAN J. Patterns
and emerging mechanisms of the angio-
genic switch during tumorigenesis. Cell
1996; 86: 353-364.

29. ITO T, KITAMURA H, NAKAMURA
N, KAMEDA Y, KANISAWA M. A com-
parative study of vascular proliferation in
brain metastases of lung carcinomas. Vir-
chows Arch A Pathol Anat 1993; 423:
13-17.

30. WEIDNER N, CARROLL PR, FLAX J,
BLUMENFELD W, FOLKMAN J. Tumor
angiogenesis correlates with metastasis in
invasive prostate carcinoma. Am J Pathol
1993; 143: 401-409.

31. TANIGAWA N, AMAYA H, MAT-
SUMURA M, SHIMOMATSUYA T,
HORIUCHI T, MURAOKA R, IKI M.
Extent of tumor vascularization correlates
with prognosis and hematogenous metasta-
sis in gastric carcinoma. Cancer Res 1996;
56: 2671-2676.

32. LU C, TANIGAWA N. Spontaneous
apoptosis is inversely related to microves-
sel density in gastric carcinoma. Cancer
Res 1997; 57: 221-224.

33. O'REILLY MS, HOLMGREN L,
SHING Y, CHEN C, ROSENTHAL RA,
MOSES M, LANE WS, CAO Y, SAGE
EH, FOLKMAN J. Angiostatin: A novel
angiogenesis inhibitor that mediates the
suppression of metastases by Lewis lung
carcinoma. Cell 1994; 79: 315-328.

34. HOLMGREN L, O'REILLY M, FOLK-
MAN J. Dormancy of micrometastases:
Balanced proliferation and apoptosis in the
presence of angiogenesis supression. Nat
Med 1995; 1:149-153.

204


