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Summary

The anti-aggregating effect of acetylsalicylic acid (ASA 100 mg/day and 200 mg/day) was monitored in platelets of
351 solid tumor patients. As ASA increases the aggregation time, its anti-aggregating effect plays an important role in the
prevention of thrombosis. Measurements were performed using the Siemens PFA-100 aggregometer with a collagen/EPI
test cartridge. The mean age of patients was 64.33 + 11.67 years. Among them, there were 74 (21.08%) male and 277 (78.91%)
female patients suffering from head and neck tumors - 34 pts (9.69% ), breast cancer - 222 pts (63.2%), lung cancer - 4 pts
(1.14%), abdominal cancer - 54 pts (15.4% ), urinary - 4 pts (1.14%), and genital tract cancer - 33 pts (9.4% ). Aggregation
levels >160 seconds show the ASA effect on circulating platelets. The anti-aggregating effect of ASA 100 mg/day reported
in 142 (40%) pts was absent in 209 (60%) pts. The mean anti-aggregating effect of ASA 100 mg/day for male and female
patients was 169.29 + 79.54 and 168.51 + 69.71 seconds, respectively. No statistically significant difference was found be-
tween the male and female platelet aggregation results (p = 0.759). Interindividual variability in aggregation profiles was
observed with the coefficient of variation CV = 41-47%. From the group not responding to ASA 100 mg/day, 40 patients
were singled out to receive ASA 200 mg/day; of them 17 (42%) were responsive, and 23 (58%) patients were not responsive.
No statistically significant difference was found between the two measurements carried out on samples from the same 38
patients with a 1-month interval (p = 0.063) to show the intraindividual stability of platelet aggregation. Whereas the anti-
aggregating effect of both ASA 100 mg/day and 200 mg/day has been shown in only 40% patients, dose tailoring based on
the individual aggregation result is recommended.
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REZISTENTNOST TROMBOCITA BLESNIKA SA SOLIDNIM TUMORIMA
NA ANATIAGREGACIJSKI UCINAK ACETILSALICILNE KISELINE

Sazetak

Praden je antiagregacijski uc¢inak acetilsalicilne kiseline (ASK 100 mg/dan i 200 mg/dan) na trombocite 351 bolesnika
sa solidnim tumorima. ASK produZuje vrijeme agregacije, pa je njen antiagregacijski u¢inak vazan u prevenciji tromboze.
Koristen je agregometar Siemens PFA-100 s kolagenskim /epinefrinskim uloskom. Prosje¢na dob bolesnika bila je 64,33 +
11,67 godina. Muskaraca je bilo 74 (21,08%), a Zena 277 (78,91%). Bolesnici su bolovali od tumora glave i vrata 34 (9,69% ),
dojke 222 (63,2% ), pluca 4 (1,14%), trbuha 54 (15,4% ), mokrac¢nog 4 (1,14%) i spolnog sustava 33 (9,4%). Vrijednosti agrega-
cije >160 sekundi pokazuju djelovanje ASK na trombocite. Antiagregacijski u¢inak ASK 100 mg/dan bio je u 142 (40%) bo-
lesnika, a nije ga bilo u 209 (60%). Prosje¢ni antiagregacijski uc¢inak ASK 100mg/dan za muskarce bio je 169,29 + 79,54
sekundi, a za Zene 168,51 * 69,71 sekundi. Statisticki znacajne agregacijske razlike izmedu rezultata muskaraca i Zena nije
bilo (p = 0,759). Interindividualna varijabilnost agregacije pokazuje koeficijent varijabilnosti CV = 41-47%. 1z skupine koja
nije reagirala na ASK 100 mg/dan izdvojeno je 40 bolesnika i lije¢eno primjenom ASK 200 mg/dan. Reagiralo je 17 (42%), a
nije 23 (58%). Nije bilo statisticki znacajne razlike dvaju mjerenja uzoraka 38 istih osoba, u razmaku od mjesec dana (p =
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0,063), sto pokazuje intraindividualnu stabilnost agregacije. S obzirom na to da se samo u 40% osoba uocava antiagregacijski
ucinak ASK 100 mg/dan i 200 mg/dan, preporucuje se individualno doziranje oslonjeno na agregacijski nalaz.

KLJUCNE RUECTL: tumori, agregacijska rezistencija, acetilsalicilna kiselina, agregometar PFA-100

INTRODUCTION

Acetylsalicylic acid (ASA) has been a useful
medicine for more than 110 years. It is best known
in the management of headaches, rheumatism, in-
flammation, and in the prevention of thrombosis
and tumors (1). In our parts, ASA is most com-
monly used in a dose of 100 mg/day. The ques-
tion is whether ASA in this dose exerts the same
antiaggregating effect on platelets of all humans
and protects them from thrombosis? Studies show
that 8-45% of the population are resistant to the
anti-aggregating effect of ASA (2). There are dif-
ferent types of aggregometers and different prin-
ciples of aggregation available. Some produce
platelet aggregation in plasma, some in whole
blood. In the absence of standard test method, the
reported data of ASA resistance range from 5.5%
to 60% (3-6).

MATERIAL AND METHODS

Blood samples were taken from 351 solid tu-
mor patients consuming ASA 100 mg/day. The
mean age of patients was 64.33 + 11.67 years (Fig.
1). Among them, there were 74 (21.08%) male and
277 (78.91%) female patients (Fig. 2). The patients
suffered from head and neck tumors - 34 pts
(9.69%), breast cancer - 222 pts (63.2%), lung can-
cer - 4 pts (1.14%), abdominal cancer - 54 pts
(15.4%), urinary cancer - 4 pts (1.14%), and genital
tract cancer - 33 pts (9.4%) (Fig. 3). From this group,
40 patients resistant to ASA 100 mg/day were sin-
gled out and their daily dose was increased to 200
mg/day. To investigate the intraindividual stabil-
ity of platelet aggregation, the test was carried out
two times at a 1-month interval on the same 38
patients. Blood from the cubital vein was collected
in 4.5mL glass vacutainer coagulation tubes using
buffered sodium citrate 0.105 M (=3.2%) as an an-
ticoagulant. Platelet aggregation in whole blood
was measured using the Siemens PFA-100 System
(Platelet Function Analyser) with a collagen/EPI
test cartridge. The cut-off value was 160 seconds.
Values above 160 seconds were considered to be

caused by the effects of ASA on platelet aggrega-
tion. Statistical analysis was performed using the
Mann-Whitney Rank Sum Test and Wilcoxon
Signed Rank Test to calculate mean values (mean),
standard deviation (SD), coefficient of variation
(CV), percentage (%) and probability (p).
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Figure 1. Age distribution of patients receiving ASA. The mean
age of 351 patients is 64.33 + 11.67 years. The coefficient of
variation (CV) of age is 18.4%.
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Figure 2. Gender respresentation. Males accounted for 21.08%,
and females for 78.91% of the study population.
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Figure 3. Representation of tumor sites. The most common site
is the breast (63.2%), followed by the abdomen (15.4%), head
and neck (9.69%), reproductive system (9.4%), lungs (1.14%),
and urinary system (1.14%).
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Figure 4. Gender-adjusted mean value of platelet aggregation
levels. The relatively high coefficient of variation (CV), ranging
from 41 to 47%, reveals a wide interindividual variation of
platelet aggregation. There is no gender difference in the effects
of ASA on platelet aggregation. Cut-off = 160 sec. Mann-Whit-
ney Rank Sum Test T = 12960, (p = 0.759).

DISCUSSION

A comparison of platelet aggregation in male
and female subjects showed no statistically sig-
nificant difference between the two (p = 0.759, Fig-
ure 4). A wide interindividual variation in aggre-
gation values was also found (CV 41-47%, Fig. 4).
The anti-aggregating effect was not reported in
60% of the patients receiving ASA 100 mg/day
(Fig. 5). A similar response pattern was seen in
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Figure 5. Values of platelet aggregation in 351 patients taking
ASA 100 mg/day. The anti-aggregating effect was present in
142 (40%), and absent in 209 (60%) pts. Cut-off = 160 sec.
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Figure 6. Values of platelet aggregation in 40 patients taking
ASA 200 mg/day. After the patients not responding to ASA 100
mg/day had received ASA 200 mg/day, the anti-aggregating ef-
fect was present in 17 (42%), and absent in 23 (58%) pts. Cut-
off = 160 sec.

ASA 100 mg/day-resistant patients after their
dosage had been increased to 200 mg/day. They
showed resistance of 58% (Fig. 6). The results are
similar to those observed worldwide. Only for
PFA-100 testing, 7 different cut-off values have
been used around the world (7-13). In addition,
aggregation has been demonstrated to depend on
the type of test used. A comparison of the results
obtained by the PFA-100 and light transmittance
aggregometry (LTA) showed resistance up to 60%
and 4%, respectively (14).

In the same 38 patients in whom aggregation
was measured two times with a 1-month interval,
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Fiqure 7. Intraindividual stability of platelet aggregation. Plate-
let aggregation of the same 38 patients was measured two times
with a 1-month interval. Aggregation <160 seconds, in both
measurements, remained under the cut-off line. Aggregation
>160 seconds, in both measurements, remained above the cut-off
line. There is no statistically significant difference between the
first and second measurement. Wilcoxon Signed Rank Test W=
228, T+ =429, T-=-201 (P = 0.063).

the intraindividual stability of the parameter was
observed. The majority of patients whose aggre-
gation values were under the cut-off line before
and 1 month after mostly remained under the cut-
-off line. Likewise, those who were above the cut-
-off line mostly remained above this line, too.
There was no statistically significant difference
between the two measurements with a 1-month
interval (p = 0.063).

Mechanisms that lead to different anti-aggre-
gating effects of ASA have not been fully elucidat-
ed yet. Resistance to ASA may be due to the fol-
lowing: reduced accessibility of aspirin to receptor
site due to concomitant intake of other NSAIDs
(15), genetic polymorphism of enzymes like COX-
1, COX-2 or thromboxane A2 synthase (16), in-
creased reactivity of platelets towards other ag-
gregating factors (17), increased rate of entry of
new platelets into the circulation (18), alternate
pathways of thromboxane synthesis (19), poor pa-
tient compliance (20). Overweight people and
those with type 2 diabetes also show resistance to
ASA (21).

CONCLUSION

This paper demonstrates ASA-resistance in
60% of solid tumor patients, which complies with

data on other diseases reported in the literature. It
also demonstrates a wide interindividual variabil-
ity of aggregation with the coefficient of variation
CV 41-47%. However, the intraindividual levels of
aggregation are stable and not statistically signifi-
cant (p = 0.063). No statistically significant differ-
ence in platelet aggregation between genders is
shown (p = 0.759). Despite the development of
ASA resistance, ASA treatment is considered a
useful therapeutic tool. Long-term aspirin admin-
istration in patients at high risk of occlusive vas-
cular events reduced up to 34% of nonfatal myo-
cardial infarction, 25% of nonfatal stroke, and 18%
of all-cause mortality (22). The dose should be ad-
justed according to the individual results of the
platelet aggregation test.

REFERENCES

1. Banovi¢ M, VelikiI, Stanec M, Lesar M. Acetylsalicylic
acid (ASA) and non-steroidal anti-inflammatory drugs
(NSAID) for prevention of thrombosis and cancer. Li-
bri Oncol 2005;1-3:61-72.

2. Macchi L, Sorel N, Christiaens L. Aspirin resistance:
definitions, mechanisms, prevalence, and clinical sig-
nificance. Curr Pharm Des 2006;12:251-8.

3. Sanderson S, Emery J, Baglin T, Kinmonth AL. Narra-
tive review: aspirin resistance and its clinical implica-
tions. Ann of Int Med 2005;5:370-80.

4. Macchi L, Sorel N, Christiaens L. Aspirin resistance:
definitions, mechanisms, prevalence, and clinical sig-
nificance. Curr Pharm Des 2006;2:251-8.

5. Shantsila E, Watson T, Lip GYH. Aspirin resistance:
what, why and when? Thromb Res 2007;5:551—4.

6. Poulsen TS, Jorgensen B, Korsholm L, Licht P.B, Hagh-
felt T, Mickley H. Prevalence of aspirin resistance in
patients with an evolving acute myocardial infarction.
Thromb Res 2007;5:555-62.

7. Grau AJ, Reiners S, Lichy C, Buggle F, Ruf A. Platelet
function under aspirin, clopidogrel, and both after
ischemic stroke: a case-crossover study. Stroke 2003;
4:849-54.

8. Ziegler S,Maca T, AltE, Speiser W, Schneider B, Minar
E. Monitoring of antiplatelet therapy with the PFA-
100 in peripheral angioplasty patients. Platelets 2002;
8:493-97.

9. Grundmann K, Jaschonek K, Kleine B, Dichgans J,
Topka H. Aspirin non-responder status in patients
with recurrent cerebral ischemic attacks. Journal of
Neurology 2003;1:63-6.

10. Macchi L, Christiaens L, Brabant S. Sorel N, Allal J,
Mauco G, Brizard A. Resistance to aspirin in vitro is
associated with increased platelet sensitivity to ade-
nosine diphosphate. Thromb Res 2002;1-2:45-9.



Libri Oncol., Vol. 37 (2009), No 1-3,1 -5

11.

12.

13.

14.

15.

16.

17.

ten Berg JM, Gerritsen WBM, Haas FJLM, Kelder HC,
Verheugt FWA, Plokker THW. High-dose aspirin in
addition to daily low-dose aspirin decreases platelet
activation in patients before and after percutaneous
coronary intervention. Thromb Res 2002;5:385- 90.
Gum PA, Kottke-Marchant K, Poggio ED, Gurm H,
Welsh PA, Brooks L, Sapp SK, Eric ], Topol EJ. Profile
and prevalence of aspirin resistance in patients with
cardiovascular disease,” Am J Cardiol 2001;3:230-5.
Andersen K, Hurlen M, Arnesen H, Seljeflot I. Aspirin
non-responsiveness as measured by PFA-100 in pa-
tients with coronary artery disease. Thromb Res 2002;
1:37-42.

Lordkipanidze M, Pharand C, Schampaert E, Turgeon
J, Palisaitis DA, Diodati JG. A comparison of six major
platelet function tests to determine the prevalence of
aspirin resistance in patients with stable coronary ar-
tery disease. Eur Heart ] 2007;14:1702-8.

FitzGerald GA. Parsing an enigma: the pharmacody-
namics of aspirin resistance. Lancet 2003;361:542-4.
Schafer Al Genetic and acquired determinants of in-
dividual variability of response to antiplatelet drugs.
Circulation 2003;108:910-1.

Cattaneo M. Aspirin and clopidogrel resistance: clini-
cal issues. Arterio throm Vas Biol 2004;24:1980-4.

18.

19.

20.

21.

22.

Eikelboom JW, Hirsh J, Weitz J, Johnston M, Yi Q, Yu-
suf S. Aspirin resistant thromboxane biosynthesis and
the risk of myocardial infarction, stroke, or cardiovas-
cular death in patients at high risk for cardiovascular
events. Circulation 2002;105:1650-5.

Hankey GJ, Eikelboom JW. Aspirin resistance. Lancet
2006;367:606-17.

Cotter G, Shemesh E, Zehavi M, Dinur I, Rudnick A,
Milo O, Vered Z, Krakover R, Kaluski E, Kornberg A.
Lack of aspirin effect:aspirin resistance or resistance to
taking aspirin? Am Heart ] 2004;147:293-300.

Cohen HW, Crandall JP, Hailpern SM, Billett HH. As-
pirin resistance associated with HbAlc and obesity in
diabetic patients. ] Diabet Compl 2008;3:224-8.
Baigent C, Sudlow C, Collins R, Peto R. Collaborative
meta-analysis of randomised trials of antiplatelet
therapy for prevention of death, myocardial infarc-
tion, and stroke in high risk patients. Br Med ] 2002;
7329:71-86.

Author’s address: Miroslav Banovié, M.D., Ph.D., Uni-
versity Hospital for Tumors, Department of Transfusion
Medicine, Ilica 197, 10000 Zagreb, Croatia



	libri oncologici_1-3_2009.pdf

