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Hemostatic Alterations are Unrelated to the Stage 
of Tumor in Untreated Malignant Melanoma and 
Breast Carcinoma* 
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Abstract--A study of hemostatic variables was carried out in 80 untreated patients 
Ullth breast adenocarcinoma or malignant melanoma, chosen as examples of 
tumors that can be accurately staged for localization or spread. The most marked 
abnormalities were hzgh levels of clotting factors V and VIII, plasminogen, von 

Willebrand factor and fibrogen-fibrin degradation products. These abnormalities 
occurred in both types of tumors, albeit slightly more markedly in melanomas, and 
were also present ln localized tumors. Our data indicate that in tumors, 
abnormalities of the hemostatic system are an early phenomenon unrelated to the 
presence oj ulidespread malignancy. 

INTRODUCTION 
7JTHERk have been several reports on changes of 
hemostatic variables occurring in patients with 
solid tumors [l-3]. The most frequent alterations 
are elevated levels of clotting factors (particularly 
fibrinogen, factors 1’ and VIII) and high 
fibrinopeptide A and fibrinogen/fibrin degrada- 
tion products, accompanied by changes in 
platelets ranging from thrombocytopenia to 
thrombocytosis. A state of low-grade intra- 
vascular coagulation with secondary fibrinolysis 
is thought to cause these alterations, the high 
levels of clotting factors being usually explained 
by an increased synthesis overcompensating an 
accelerated consumption [l-3]. Despite the 
abundance of reports, there are still a number of 
unresolved problems in this field. The great 
majority of studies, for instance, have been carried 
out in unselected series of patients with a wide 
range of tumor types that might affect the 
hemostatic system in various ways. Other causes 
of heterogeneity in these series were the frequent 
inclusions of patients with and without metastases 
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and chemotherapeutic or surgical treatment. 
Therefore, it is not well known how important 
variables such as metastatization or therapy affect 
the hemostatic system. 

In this study we elected to address these 
questions by studying a battery of hemostasis tests 
in a selected series of 80 untreated patients with 
local or widespread breast adenocarcinoma or 
malignant melanoma. These tumor types were 
chosen as an example of the mucin-secreting 
tumors (breast carcinoma) or the neuroectodermic 
tumors (melanoma) that can be accurately staged 
for localization or dissemination. The following 
hemostatic variables were studied: fibrinogen, 
factors V and VIII, clotting factors purportedly 
elevated in unselected tumor patients [l-3]; 
protein C (PC) and antithrombin III (AT III), the 
two main naturally-occurring inhibitors of blood 
coagulation; and fibrinogen-fibrin degradation 
products (FDP), plasminogen and antiplasmin, 
the indirect indexes of activation of the 
fibrinolytic system. Von Willebrand factor and 
fibronectin were also assayed as examples of 
adhesive proteins [4, 51 that might be involved in 
tumor formation and spread, and that are altered 
in state when accompanied by DIC [6,7]. Finally, 
platelets were counted as a rough index of platelet 
economy. 
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MATERIALS AND METHODS 
Patients 

Eighty patients were chosen among those 
referred to the National Cancer Institute of 
Milan0 between 1982 and 1983. Selection took 
place on the basis of the tumor type (breast 
adenocarcinoma or malignant melanoma). The 
patients were entered in this study providing they 
were surgically and medically untreated at the 
time of blood sampling. Tumor spread was 
determined by physical examination and ap- 
propriate laboratory and radiological tests. Local 
tumor was defined as a single tumor mass with no 
detectable regional or distant metastases. Spread 
tumor was defined by evidence of regional and/or 
distant metastases. The presence or absence of 
lymph node metastases was determined micro- 
scopically using pathological specimens of 
regional lymph nodes obtained at surgery. A 
diagnosis of liver metastases required at least a 
pathological ultrasound imaging of the liver. The 
presence or absence of lung metastases was based 
on chest films, those of brain metastases on CT 
scans. A diagnosis of bone metastases required 
evidence by X-ray films or a positive technetium 
bone scan. Using these criteria, we selected 21 
patients with local and 20 with spread breast 
tumor (11 with regional and nine with regional 
and/or distant metastases) and 19 patients with 
local and 20 with spread melanoma (13 with 
regional and seven with regional and/or distant 
metastases). None of the patients had clinical or 
laboratory evidence of liver disease, renal failure 
or thromboembolic complications. Liver and 
renal diseases were ruled out on the basis of the 
normality of standard liver and kidney function 
tests and on the absence of clinical signs. 
Thromboembolic complications were ruled out 
on the basis of a negative clinical history and 
absence of clinical signs. 

Controls 
Ninety-three blood donors, matched for sexand 

age with each subgroup of the tumor patients, 
were chosen as a control group. 

Test 
In addition to standard hemocytometry in- 

cluding platelet count (Coulter S Plus) and 
chemical profile including liver function tests, 
the following hemostasis tests were performed on 
plasma samples obtained by centrifugation of 
venous titrated (3.8%) blood samples. Fibrinogen 
(fibrin polymerization method) [8] and FDP 
(staphylococcal clumping test) [9] were measured 
with commercial kits (Boehringer-Stago, Milano). 
Antiplasmin [lo], antithrombin III [ll] and 
plasminogen [12] were measured spectropho- 

metrically using the chromogenic substrates S- 
2238 and S-2251 (Ortho Diagnostic System, 
Milano). Protein C and fibronectin were assayed 
by electroimmunoassay [ 131: anti-protein C 
antiserum was raised in rabbits as previously 
described [ 141 and anti-fibronectin antiserum was 
from the Istituto Behring (Scopitto, Italy). Von 
Willebrand factor was assayed by electro- 
immunoassay, using the Factor VIII Related 
Antigen Rocket EID Starter kit (Helena 
Laboratories, Milano). Factors VIII and V were 
tested with one-stage assays, using plasmas from 
congenitally deficient patients as substrates [15]. 

Statistical analysis 
For intergroup comparison of the results of the 

hemostatic variables, we carried out a multivariate 
analysis on log-transformed data. Values are 
reported in the tables as arithmetic means and 
standard deviations. 

RESULTS 
Hemostasis tests in tumor patients and controls 
(Table 1) 

When normal controls were compared with all 
patients irrespectively of tumor type and spread, 
statistically significant differences were found for 
platelets (lower in tumors, P <0.05), and for factor 
V, factor VIII, von Willebrand factor, plasminogen 
and FDP (higher in tumors, P values<0.02,0.001, 
0.01, 0.001 and 0.01 respectively). 

Hemostasis tests related to tumor type (Table 1) 
When patients with breast carcinoma were 

compared with those with malignant melanoma 
irrespectively of tumor spread, statistically 
significant differences were found only for 
platelets (lower in melanoma, P <O.Ol) and factor 
V (higher in melanoma, P <0.02). 

Hemostasis test related to tumor spread (Table 2) 
When all patients with local tumors were 

compared with normal controls irrespectively of 
tumor type, statistically significant differences 
were found for factor V, factor VIII, plasminogen 
and FDP (higher in local tumors, P values<O.OOl, 
0.001, 0.001 and 0.01 respectively). When all 
patients with local tumors were compared with 
those with spread tumors irrespectively of tumor 
type, only factor VIII, higher in spread tumors, was 
significantly different (P <O.OZ). When all spread 
tumors were considered, no test gave significantly 
different results between 24 patients with regional 
as opposed to 16 patients with regional and/or 
distant metastases (data not shown). When 
patients with localized breast carcinoma were 
compared with patients with the corresponding 
spread tumor, no test gave significantly different 
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Table 1. Hemostasis tests related to tumor type 

Normal controls All tumors Breast Melanoma 
Hemostasis tests (n: 94) (n: 80) (n: 41) (72: 39) 

Coagulation factors 

Platelets (X log/l) 

Fibrinogen (mg/dl) 

Factor V (%) 

Factor VIII (W) 

Adhesive proteins 

yen Willebrand factor (%) 

Fibronectin (X) 

Coagulation inhibitors 
Antithrombin III (%) 

Protein C (X) 

Fibrinolysis components 

Plasminogen (%) 

Antiplasmin (W) 

FDP (fig/ml) 

t-P < 0.05 7 
216* 201 

(39) (55 ) 
212 282 
(60) (71) 

rP < 0.02 1 
101 114 

(20) (29) 
yP < 0.0017 

100 156 

(23 1 (74) 

l-P < 0.01 1 
123 150 

(38) (58) 
101 99 

(25) (25) 

95 98 

(10) (15) 
108 108 

(19) (24) 

yP < 0.001 -l 
97 119 

(26) (21) 
94 92 

(14) (20) 
r P < 0.01 7 
2 8 

(1) (8) 

i-P < 0.01 -j 

211 188 
(57) (53) 
281 284 
(80) (62) 

,P < 0.02 --l 
107 122 

(22) (37) 

157 155 

(76) (72) 

160 137 
(71) (49) 
99 99 

(27) (21) 

99 97 
(18) (14) 
112 103 
(26) (22) 

120 118 

(22) (18) 
93 96 

(19) (20) 

7 10 

(7) (9) 
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*Values indicate means, with standard deviations in parentheses. 

results; conversely, factor VIII was significantly 
higher (P <O.OOS), protein C lower (P <0.05) and 
FDP higher (P <0.05) in spread melanomas when 
compared to local melanomas. 

DISCUSSION 
The differences in the results of hemostasis tests 

between all tumor patients and controls were 
small, with a high degree of overlap. However, 
our findings of significantly high levels of 
clotting factors V and VIII, the rate-limi ting steps of 
thrombin formation, and of FDP, an index of 
fibrinogen cleavage by proteolytic enzymes, are 
consistent with previous results in unselected 
series of patients with various typesof tumors (for 
reviews see [l-3]). Therefore we demonstrate that a 
hypercompensated DIC state with secondary 
proteolysis also occurs in selected and well- 
characterized patients with breast carcinoma and 
malignant melanoma. High levels of von 
Willebrand factor and plasminogen can probably 

be accounted for by the same mechanism. Acute- 
phase reactions to tissue injury and neoplastic 
growth appear to be less plausible causes, because 
fibrinogen, a sensitive acute-phase reactant, was 
not significantly increased. In this series we did 
not find the laboratory signs that usually 
accompany a more severe, decompensated DIC 
state in tumors, such as low antithrombin III, 
protein C, antiplasmin and fibronectin [16-211. 
The selected composition of our group, as well as 
the lack of patients with terminal neoplastic 
disease, might explain the less severe alterations 
in these hemostatic tests. The pathogenesis of 
thrombocytopenia, statistically significant in the 
entire group of tumor patients but especially in 
melanoma patients, is not fully consistent with a 
picture of hypercompensated DIC and remains 
unexplained. We postulate that thrombocytopenia 
is due to the direct ability of tumor cells to lower 
platelet count, well demonstrated in experimental 
animals [Z, 31, and that such an ability is more 
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Table 2. Hemostasis tests related to tumor spread 

Hemostasis tests 
All tumors Breast Melanoma 

Normal controls Local spread Local spread Local spread 

Coagulation factors 
Platelets (< 10Q/l) 

Fibrinogen (mg/dl) 

Factor V (96) 

216” 206 193 
(39) (58) (54) 
272 292 273 
(90) (74) (68) 

,P < O.OOl- 
101 111 118 

(20) (24) (37) 
,P < 0.001 -$ < o.02T 

Factor VIII (W) 

Adhesive proteins 
van Willebrand factor (%) 

Fibronectin (%) 

Coagulation inhibitors 
Antithrombin III (W) 

Protein C (W) 

Fibrinolysis components 

Plasminogen (%) 

Antiplasmin (%) 

FDP (pg/ml) 

100 143 

(23) (64) 

123 144 

(38) (61) 
101 98 

(25) (20) 

95 98 

(10) (17) 

108 100 

(19) (19) 

#-P<O.OOl~ 
97 118 

(26) (16) 
94 89 

(14) (22) 
T P < 0.01 7 
2 7 

(1) (5) 

169 

(81) 

154 

(64) 
100 

(27) 

106 

(32) 

121 

(24) 

($ 

214 

(60) 
285 

(89) 

162 

(69) 
98 

(20) 

118 

(17) 
91 

(23) 

7 

(5) 

208 

(54 ) 
277 
(70) 

108 

(29) 

156 

(79) 

116 

(34) 

123 

(27) 
95 

(14) 

7 

(6) 

196 179 

(55) (52) 
299 270 

(53) (68 ) 

116 127 

(30) (42) 
,P < 0.005, 

127 182 

(45) (83) 

123 150 

(43) (51) 
98 99 

(20 ) (22) 

97 97 

(9) (18) 
,P < 0.05, 

110 96 

(13) (27) 

118 118 

(46) (21) 
87 93 

(21) (20) 
yP < 0.05-l 
6 14 

(5) (10) 

*Values indicate means, with standard deviations in parentheses. 

pronounced in melanoma than in breast 
carcinoma. 

The main goal of this study was to evaluate 
whether the results of hemostasis tests are affected 
by the types or spread of tumors. Two different 
types of tumor, breast carcinoma and malignant 
melanoma, gave very similar results, with only 
two tests (platelet count and factor V) being more 
altered from normal in melanoma than in 
carcinoma. Moreover, we found that the extents of 
alteration of hemostasis tests (with the exception 
of factor VIII) were similar both in local and in 
spread tumors, and that only in the subset of 
patients with melanoma were a few tests (factor 
VIII, protein C and FDP) more altered in spread 
tumors than in local tumors. Within all the 
patients with spread tumors, there was no 
significant difference between those with local or 
distant metastases, but these subgroups were 

small. Hence it cannot be completely excluded 
that the failure to find more significant 
abnormalities in patients with spread tumors 
than in those with local tumors might simply 
reflect a relative lack of patients with distant 
metastases as opposed to regional metastases. 
Moreover, the use of less simple but more sensitive 
coagulation tests (fibrinopeptide A, fibrinogen 
kinetics) might be necessary to show any 
differences between local and spread tumors. 
However, our findings of significantly altered 
tests in the carefully defined group of patients 
with local tumors clearly indicate that activation 
of the hemostatic system occurring with tumors is 
an early phenomenon, unrelated to the presence 
of widespread malignancies. This finding might 
have general pathophysiological importance, 
because of the purported role of hypercoagulability 
in tumor growth and dissemination [l-3]. 
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