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Abstract

Bleeding is a common side-effect in hemato-oncology patients and
assumed to be due to chemotherapy-induced thrombocytopenia, a problem
observed in many cancer patients. Current guidelines demand that patients
receive prophylactic platelet transfusions when their platelet count drops below
the threshold of 10x1079 platelets/L to preserve hemostasis. However, there is
ample evidence from large clinical trials that platelet count correlates poorly with
bleeding risk in this group of patients as bleeding occurs both above and below
the transfusion threshold.

Hence, platelet count cannot reliably predict which thrombocytopenic
patient develops a bleeding tendency and requires platelet transfusions. Hence,
administering platelet transfusions based on platelet count alone is not sufficient.
Consequently, there is a desperate and immediate need for a novel diagnostic
parameter that will predict the bleeding risk in thrombocytopenic patients and
discriminate between those patients in need of a platelet transfusion and those
who are not.
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Introduction

Platelets are anucleate blood cells that play a key role in the
maintenance of vascular integrity. They continuously monitor the
vascular wall for breaches and are able to respond rapidly upon
encountering defects. In case of such an event, platelets will adhere
to the site of injury despite the shear forces of the circulating blood to
form an aggregate. The resulting primary haemostatic plug prevents
blood loss and remains in place to be reinforced with a strong fibrin
network [1]. Failure to form an adequate platelet plug may result in a
bleeding tendency [2].

Clinically significant bleeding is a frequent and often major
complication in patients with hematological malignancies such as
acute leukemia. The link between bleeding and chemotherapy induced
thrombocytopenia has been described as early as 1962 [3]. Shortly
after this landmark study, bleeding was described to be the leading
cause of death in those patients with haematological malignancies
who did not receive platelet transfusions [4].

Consequently, transfusion regimens gradually switched from
being therapeutic towards being prophylactic in nature, in an
attempt to prevent bleeds by increasing the platelet count in patients
at risk, which was supported by three small-randomized trials in
patients undergoing high-dose chemotherapy for acute leukemia
[5-7]. These studies showed that the number of bleeding events were
lower and periods between events were shorter in patients receiving
prophylactic platelet transfusions below a platelet count threshold of
20x109 platelets/L [5,7]. Such studies were the basis of the current
platelet transfusion guidelines that are meant to prevent and treat

bleeding complications in patients with thrombocytopenia due to
myelosuppressive treatment [8-10].

Platelet count — the current guide for platelet transfusion

The platelet count in healthy individuals is high, lying between
150-400x109 platelets/L, and signs of bleeding are not expected before
the platelet count falls to a number below 30-50x109 platelets/L. Over
time, the platelet count threshold to guide transfusion was lowered to
10x109 platelets/L, which markedly reduced the platelet transfusion
demand, without compromising safety when considering incidence,
severity and fatality of bleeding [11-13].

However, over time it became apparent that patients may become
refractory to platelet transfusions, progressively decreasing the post-
transfusion platelet count increments as well as the time interval
between transfusions [14].

Interestingly, there is ample evidence from several large clinical
trials thatbleeding occursboth belowand above the platelet transfusion
threshold, and that not all patients experience bleeding episodes at
low platelet counts [10,15,16], indicating that bleeding risk correlates
poorly with platelet count and questioning the benefit of prophylactic
platelet transfusions for patients with severe thrombocytopenia [17-
19]. A number of randomized controlled trials addressed this issue
by comparing bleeding risk in patients receiving prophylactic platelet
transfusions with bleeding risk in patients subjected to a therapeutic
strategy. The outcome was contradictory, with some trials concluding
that a policy of giving platelet transfusions only as treatment for
bleeding should become the new standard of care for selected patient
groups only [8,20,21], while other trials showed that prophylactic
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platelet transfusions were still likely to prevent bleeding [22].
Strikingly, the rate of bleeding events of World Health Organisation
(WHO) grade II, III, or IV [17,23] remained high (43%), despite
administration of prophylactic platelet transfusions.

Consequently, the absence of a clear relation between severity of
thrombocytopenia and the occurrence of significant bleeding episodes
has resulted in a debate on the appropriateness of platelet count in
guiding platelet transfusion policy. Adding to the debate is the fact
that transfusions are not harmless [24,25], and carry multiple risks
for the receiving patients [26]. The associated adverse events range
from mild to moderate reactions to platelet transfusions including
rigors, fever, and urticaria. These reactions are not life-threatening
but can cause extreme distress for the patient. Rarer, but more serious
sequelae include anaphylaxis, transfusion-transmitted infections,
transfusion-related acute lung injury, and immunomodulatory effects
[27]. Because of these side-effects, unnecessary transfusions should be
avoided.

Platelet function — a better predictor of bleeding?

Bleeding in patients with immune mediated destruction of
platelets depends on platelet function, rather than count [28].
Moreover, acute coagulopathy after trauma was observed to be the
result of platelet dysfunction [29]. These observations underline
the need to also focus on platelet function, in addition to platelet
count to guide the administration of platelet transfusions to prevent
bleeding episodes. However, qualitative analysis of platelet function
in thrombocytopenic samples has long been impossible with the
currently available diagnostic tools. For instance, the gold standard
in platelet diagnostics, light transmission aggregometry, is unable to
accurately assess platelet function in samples with a platelet count
below 50x1079 platelets/L [30]. Similarly, despite indications of a
possible correlation with bleeding events, feasibility of Multiplate®
impedance aggregometry is also debatable at low platelet count
[31]. We improved and standardized a flow cytometry based platelet
function test that can readily detect platelet function defects in patients
with a bleeding tendency, including thrombocytopenic patients.
The test is therefore superior to the current gold standard, light
transmission aggregometry [32,33], and makes it a suitable test for
platelet function diagnostics in leukemia patients on chemotherapy.
Using this test, we established an inverse relation between platelet
function and the risk of bleeding in a phase I single center study
amongst 21 leukemia patients with a platelet count below 30% of
normal due to chemotherapy. Results showed that patients with a high
platelet function score were 5 times less likely to bleed than patients
with a low platelet function score, providing evidence that platelet
function is a better predictor of bleeding risk than platelet count in
thrombocytopenic patients [34]. We are currently confirming these
observations in a phase IT multicenter trial.

Additional factors influencing bleeding risk

Several factors contribute to hemostasis: in addition to platelets,
the vascular endothelium is increasingly being recognized for its
important role in this process. Endothelial cells covering the vessel
wall release inhibitors that prevent platelet activation and aggregation
when the vessel wall is intact. Moreover, the endothelium expresses
proteins that inhibit the coagulation system, and synthesizes
components that stimulate the degradation of a fibrin clot. Damage to

the vascular endothelium can occur as a result of chemotherapy [35],
and markers of vessel wall damage, such as von Willebrand factor, are
likely to influence the bleeding tendency [1,36]. This way, the degree
of damage to the vascular endothelium may affect the incidence and
severity of bleeding in a manner independent of platelet count, and
may explain the differences in bleeding outcomes between patients. It
is therefore necessary to keep in mind to also evaluate and correct for
other factors that may put patients at risk for bleeding independent of
platelet count and platelet transfusions.

Concluding Remark

Using platelet function as a transfusion parameter rather than
or in combination with platelet count will lead to a more efficient
use of resources by safely decreasing the need for prophylactic
platelet transfusions in hemato- oncological patients, which will
concomitantly have significant clinical (fewer donor expositions/
side effects of transfusion) and economical (fewer transfusions/costs)
consequences.
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