
Eur, Cnncer Cl,n Oncol. Vol 20. No. 7. pp. W-903. 1984. 
Pnntrd in Great Bnraln 

0!277-5379.84$3.00+0.00 
0 1984 Pergamon Press Ltd. 

Exhausted Platelets in Patients with Malignant 
Solid Tumors without Evidence of Active 
Consumption Coagulopathy* 

BERNARD BONEU,-f ROLAND BUGAT,$ ANDREE BONEU,$ NICOLE ECHE,$ PIERRE SIEt and 
PIERRE-FRANCOIS COMBESS 

tLaboratoire d’Hitmostase, Cenlre de Transfusion Sanguine, 31052 Toulouse cedex, France and SGroupe de 
Recherches Canctrologiques, Centre Claudius Regaud, 31052 Toulouse cedex, France 

Abstract-Twenty-four patients with various types of tumorsand without evidence 
of consump,tion coagulopathy (normal routine coagulation tests) were investigated 
for intraplatelet ATP, ADP, serotonin, beta-thromboglobulinandplatektfactor4; 
the percentage of light circulating platelets was also determined. Evidence for an 
acquired storage pool defect was found in seven patients (29%) without any 
correlation with the clinical status, the.presence of metastases, platelet count or 
fibrinogen level. These results show that exhausted platekts are commonly 
encountered in cancerous patients even in the absence of consumption 
coagulopathy. The precise mechanism of this abnormality remains to be 
established. 

INTRODUCTION 
THERE is much evidence suggesting an activation 
of the platelets and coagulation in cancerous 
patients. Even in the absence of clinical 
thrombosis and overt consumption coagulopathy 
in such patients, several studies have reported an 
increased fibrinogen and platelet turnover [l-5] 
and an increased level of fibrinopeptide A [6-8]; in 
many instances these abnormalities can be 
improved or normalized by the administration of 
heparin [2] or platelet-function-inhibiting drugs 
PI. 

In decompensated as well as in compensated 
cases of consumption coagulopathy, circulating 
exhausted platelets which have undergone a 
release reaction phenomenon have been described 
[lo-121. The present study was aimed at 
determining whether it is possible to detect such 
platelet defects in cancerous patients without 
clinical symptoms of thrombosis or biological 
evidence of consumption coagulopathy accord- 
ing to the standard coagulation tests. The results 
show that exhausted platelets were found in about 
one-third of the investigated patients. 
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MATERIALS AND METHODS 
Patients 

Twenty-four patients hospitalized for various 
malignant t.umors were investigated. Their main 
clinical features are summarized in Table 1. No 
patients presented clinical evidence of thrombosis 
or of disseminated intravascular coagulation; no 
patients were submitted to radiotherapy or 
chemotherapy at the time of sampling, nor to any 
drug known to interfere with coagulation or 
platelet functions. The results were compared to 
those of an age-matched population (n = 16) 
composed of healthy blood donors and of elderly 
people without clinical evidence of cancer or 
vascular disease. 

Table 1. Patient population investigated 

No. of No. of 
Type of tumor patients metastases 

Rectum 4 2 
Bladder 3 3 
Breast 5 4 
Gynecological tractus 4 2 
Miscellaneous 8 3 
(digestive tact, 
lymphomas, lung) 

899 
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Methods 
Blood sampling. Blood was taken in titrated 

vacutainers (B.D. 676608) for routine hemostasis 
tests and in EDTA-KS vacutainers (B.D. 606452) 
for platelet count and estimation of platelet 
granule content. For platelet density distribution 
analysis, blood samples were taken in a hyper 
titrated medium (0.09 M sodium citrate*ZH,O, 
0.06 M citric acid and 0.11 M glucose, 1 vol. for 4 
vol. of blood). Platelet-rich and platelet-poor 
plasma was obtained by differential centrifuga- 
tion. 

plastin time, thrombin clotting time) were in the 
normal range in all the patients. No platelet count 
was found below 200,000/mm3 except in one case 
(135,000); plasma fibrinogen level was always 
above 2.5 g/l and high (>4.5 g/l) in nine cases. 

There was a significant increase in the 
percentage of circulating light platelets [57.6 + 14 

Routine hemostasis investigation. The pro- 
thrombin time, activated partial thromboplastin 
time, thrombin clotting time, platelet count and 
fibrinogen level were determined according to 
classical methods [13]. 

Platelet density distribution. This test allows 
an easy detection of exhausted platelets [12, 14, 
151. Platelet density distribution was studied 
according to the method of Corash and Gralnick 
[16]. The details of the technique have been 
reported elsewhere [12]; the results wereexpressed 
as the percentage of fractions I + II (the lightest 
platelets) with respect to the sum of the fractions I 
+ II + III + IV, according to Corash’s 
nomenclature. 

0 1 2 3 4 5 6 

Platelet dense-granule markers. Intraplatelet 
ATP and ADP were determined according to the 
method of Holmsen et al. [17] using a kit and 
reagents purchased for Boehringer Mannheim. 
The measurement of platelet serotonin was 
carried out using the fluorimetric technique of 
Drummond and Gordon [18]. 

Alpha-granule-specific proteins. Intraplatelet 
beta-thromboglobulin and platelet factor 4 were 
measured with the RIA-kits provided by 
Amersham and Abbott respectively. The total 
amount of specific proteins contained in the 
platelets and in the plasma was estimated after 
seven freeze-thaw cycles in 1 ml of EDTA- 
platelet-rich plasma with a known platelet 
concentration. After the final thawing the tube 
was centrifuged (3000g for 15 min) and the 
supernatant plasma kept frozen (-20°C) until 
assayed. Preliminary experiments demonstrated 
that the assay of each specific protein reached a 
plateau after the fifth freeze-thaw cycle. 
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ATP/ADP RATIO 
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Statistical evaluation. Means and standard 
deviations of the data were calculated; the 
comparison between each group of subjects was 
performed using Student’s t test. The correlations 
between ATP/ADP ratio and other platelet 
parameters were calculated using a linear 
regression model. 

RESULTS 
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The results of the routine hemostasis tests 
(prothrombin time, activated partial thrombo- 

Fig. 1. Correlations between ATPIADP ratio and intra- 
platelet ADP (a), percentage of circulating light platelets(b) 
and intraplatelet serotonin (c). Dotted lines indicate the 
normal range (mean control values f 2 S.D.). Solid lines 
represent the linear regression between the two parameters. 
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Table 2. Control and patient results classified according to normal or increased ATPiADP 
ratio (mean + SD.) 

Patients 
ATP/ADP ATPIADP 

>2.95 <2.95 
a b 

Controls P 
c a-b a-c b-c 

n 

Platelets 
(XlO’/mm’) 
Fibrinogen 

(g/l) 
Light platelet 

(%) 
Serotonin 
(pg/109 platelets) 
ATP 
(~mol/lO” platelets) 
ADP 
(~mol/lO” platelets) 
ATP/‘ADP 

PrG 
(pmo1/109 platelets) 
PF4 
(~mol/lOP platelets) 

7 
348 f 90 

4.2 f 1 

70.5 + 12.6 

0.51 f 0.37 

4.7 f 0.7 

1.3 f 0.5 

3.9 f 0.9 
30.4 + 11.2 

9.6 f 1.5 

17 
257 + I 

3.7 + 0.7 

51.2 f 10.7 

0.94 k 0.30 

4.6 + 0.9 

2.3 + 0.5 

2.1 I? 0.4 
31.4 f 7.7 

9.3 + 2.8 

16 

41.2 + 12.3 

0.79 * 0.19 

4.9 + 0.5 

2.5 * 0.5 

2.1 * 0.4 
30.6 + 6.8 

8.6 k 2.4 

NS 

NS ’ 

<O.OOl <O.OOl <0.05 

<O.Ol NS NS 

NS NS NS 

<O.OOl <O.OOl NS 

NS NS NS 

NS NS NS 

Abbreviations: flG and PF4: intraplatelet beta-thromboglobulin and platelet factor 4: NS: non- 
significant. 

and 41.2 + 12.3% (mean ?I S.D.) for patients and 
controls respectively, P < O.OOl]; the intraplatelet 
level of ADP (~mol/lO” platelets) was signi- 
ficantly decreased (1.9 + 0.6 and 2.5 * 0.5 for 
patients and controls respectively, P < 0.05). The 
differences for serotonin, ATP and alpha- 
granule-specific proteins were not statistically 
significant. The elevation of the ATP/ADP ratio, 
a good index to detect platelets which have 
undergone a release phenomenon [19], was not 
significant (2.6 ?I 1 and 2.1 kO.4 for patients and 
controls respectively, 0.05 <P < 0.10); however, 
seven patients presented an increased ATP/ADP 
ratio above the mean + 2 S.D. of the control 
values. Significant linear correlations were found 
between the ATP/ADP ratio and the intraplatelet 
ADP level (Fig. la), the percentage of light 
platelets (Fig. 1 b) and the serotonin level (Fig. 1 c). 

The patients’ results were classified according to 
the ATP/‘ADP ratio (Table 2); patients with an 
increased ratio also presented lower levels of ADP 
and serotonin, and a dramatic increase in the 
proportion of light platelets. The alpha-granule- 
specific proteins, platelet counts and fibrinogen 
levels were comparable in the two subgroups. 

DISCUSSION 
This study shows that in the absence of clinical 

thrombosis or of overt consumption coagulo- 
pathy, seven of the 24 investigated patients with 
malignant tumors presented qualitative platelet 
abnormalities: a reduced ADP and serotonin 
content and an increased proportion of light 

platelets. These abnormalities are highly sug- 
gestive of an acquired storage pool defect [12,19]. 
The intraplatelet levels of beta-thromboglobulin 
and of platelet factor 4 were found normal. This 
does not exclude an alpha granule participation 
to the release reaction but suggests that this 
phenomenon is moderate and that the assay of 
these proteins in total platelets, where their 
concentration is 3000-fold greater than in the 
plasma, is not sufficiently sensitive to detect the 
phenomenon. 

The cause of the platelet exhaustion we detected 
in cancerous patients has not been determined. 
Only a part of the investigated patients presented 
qualitative platelet abnormalities without cor- 
relation to either the clinical data (tumor 
histology, presence of metastases) or evidence of 
an overt consumption coagulopathy pheno- 
menon (an identical and normal or increased 
platelet count and plasma fibrinogen level in the 
two subgroups of patients). There are several 
possibilities to account for these platelet ab- 
normalities: as suggested by various studies [6-81 
indicating an increased level of fibrinopeptide A 
in cancerous patients, thrombin can be generated 
in the tumor area and induces a platelet release. 
Several cases of immune-mediated platelet 
destruction in patients bearing solid tumors have 
been recently reported [ZO]. Since an acquired 
storage pool defect is known to occur in imune 
thrombocytopenia [21, 221, what was detected in 
the present study could have been some minor 
consequences of such a phenomenon upon the 
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platelets. Finally, using an ex z&o model, 
Mar-cum et al. [B] described the interactions 
between the subendothelium, the tumor cells and 
the platelets; such mechanisms can operate in the 
vascular bed of the tumor, resulting in platelet 
degranulation. The same group and others [24, 
251 also reported an individual sensitivity of 
platelets from certain donors in their ability to be 

aggregated by various human tumor cells. This 
might also explain why platelet abnormalities 
were found in only a small proportion of the 
investigated patients. 
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