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Despite the advances in platelet component preparation and transfusion support over the years, platelet products
remain a limited resource due to their short (5 day) shelf life, and therefore their optimal use in the non-bleeding
thrombocytopenic patient continue to draw much attention. There have been a number of national and international
guidelines for platelet transfusion therapy in patients with hematologic diseases, some within the last 1-2 years that
have incorporated key randomized controlled trials (RCTs) which address issues, such as the optimal platelet dose, the
most appropriate threshold for prophylactic platelet transfusions, and whether prophylactic platelet transfusions are
superior to therapeutic-only platelet transfusion practices for the prevention life-threatening bleeding in patients with
hypoproliferative thrombocytopenia. This review highlights key RCTs and recent systematic reviews focused on
optimal platelet transfusion therapy in adult and pediatric patients with hypoproliferative thrombocytopenia secondary
to chemotherapy or hematopoietic stem cell transplant (HSCT), discuss how recent innovations in platelet component
processing may affect transfusion efficiency, and introduce renewed concepts on adjuvant therapies to prevent
bleeding in the hypoproliferative thrombocytopenic patient.

Learning Objectives

● Review measures of bleeding propensity, platelet transfusion
efficacy, and bleeding patterns in adult and pediatric oncology
patients receiving chemotherapy or hematopoietic stem cell
transplant (HSCT)

● Review key randomized controlled trials (RCTs) that have
influenced recent guidelines on optimal platelet dose, the most
appropriate threshold for prophylactic platelet transfusions,
and whether prophylactic platelet transfusions or therapeutic-
only platelet transfusion practices should be used in adult and
pediatric patients with hypoproliferative thrombocytopenia

● Discuss how recent innovations in platelet component process-
ing may affect transfusion efficiency

● Introduce renewed concepts on adjuvant therapies to prevent
bleeding in the hypoproliferative thrombocytopenic patient

● Highlight a practical approach to the diagnosis and manage-
ment of patients with platelet transfusion refractoriness

Since the first demonstration in 1910 by W. W. Duke of hemor-
rhagic disease relieved by transfusion of platelets in 3 individuals
with thrombocytopenia, platelet transfusions have become standard
treatment for thrombocytopenic patients.1 The invention of plastic
blood bags enabled the platelet component to be separated from
whole-blood collections by centrifugation and stored at room
temperature with agitation in the 1950s and 1960s. This allowed for
increased utilization of platelet transfusions to support the expanded
use of high-dose chemotherapy regimens and hematopoietic stem
cell transplantation (HSCT) in the 1970s and 1980s. Apheresis
techniques introduced in the 1980s allowed for collection of
apheresis platelets, which enabled much more efficient platelet
yields per donor; apheresis techniques were refined in the 1990s
facilitating collection of leukoreduced platelets. Most recently,

advances have given rise to platelet additive solutions (PASs), and
pathogen-reduced platelet products, which are designed to reduce
platelet transfusion-related adverse effects.

The most common indication for platelet transfusions today is for
supportive care of patients with bone marrow failure secondary to
primary marrow dyscrasias, chemotherapy, or HSCT, with over
one-third of platelet transfusions in the US issued to hematology/
oncology patients.2 The majority of these platelet components are
issued prophylactically to prevent bleeding.3,4 Prophylactic (and
therapeutic) platelet transfusion practices have grown and continue
to expand as a result of increased use of high-dose chemotherapy
and HSCT, and as supportive care of these patients continue to
improve.

Because platelet products are a limited resource, their optimal use in
the non-bleeding thrombocytopenic patient needs to be practical yet
judicious. A number of guidelines for platelet transfusion therapy
in patients with oncologic diseases address issues such as the
optimal platelet dose, the most appropriate threshold for prophylac-
tic platelet transfusion, and whether prophylactic platelet transfu-
sion practices are preferred to therapeutic-only platelet transfusions
for the supportive care of patients with hypoproliferative thrombocy-
topenia. The majority of the data contributing to the development of
these guidelines are from studies in adults with very few random-
ized controlled trials (RCTs) including significant numbers of
children (ie, Platelet Dose “PLADO” study).5 Inherent differences
in bleeding patterns in children and adults exist, which may
influence platelet transfusion management decisions and highlight
the need for the development and validation of pediatric-specific
bleeding scales in order to determine the incidence of and better
define clinically significant bleeding in this population.6 Adjuncts to
platelet transfusions such as the lysine analogue anti-fibrinolytics
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[tranexamic acid (TXA) and epsilon aminocaproic acid (EACA)],
and recombinant human thrombopoietin (rhTPO) and thrombopoi-
etin (TPO) agonists have been used to prevent bleeding in oncology
patients, as well as in other patient groups. Although limited, the
available results using these agents in this setting are promising and
deserve future consideration.

Measures of platelet transfusion efficacy
Assessment of platelet transfusion efficacy may include direct
measures of bleeding severity and frequency, laboratory testing of
platelet increment, or indirect surrogate markers such as intervals
between transfusion and red blood cell transfusion use. Although
hemostatic assays, such as thromboelastography (TEG) have been
shown to be valuable in implementing goal-directed transfusion
therapy in bleeding surgical, trauma, and select hemophilia pa-
tients,7 no single test has yet been validated to reliably predict
impending clinically significant bleeding in the thrombocytopenic
patient.

The most commonly used grading system for measuring bleeding
severity in platelet transfusion trials has been the standardized
5-point grading scale proposed by the World Health Organization
(WHO) in 1979, where grade 0 � no bleeding; grade 1 � petechiae;
grade 2 � mild blood loss; grade 3 � severe blood loss requiring
transfusion; and grade 4 � debilitating blood loss. Although the
definition of “clinically significant bleeding” had been inconsistent
among older studies,8-10 it has been defined as WHO grade 2 or
above in the majority of recent platelet transfusion trials. Despite
this, the WHO grading system is imperfect because the grades are
broad and subjective with poor inter-rater reliability. For example,
more recent studies with trained bleeding assessors, detailed
documentation, and expanded grading system evaluations have
reported higher overall levels of bleeding than older investiga-
tions.11 Furthermore, WHO grades 2 through 4 are grouped together
to define clinically significant bleeding despite a lack of evidence
that grade 2 bleeding predicts future grade 3 or 4 bleeding, or that
grade 2 bleeding predicts a worse clinical outcome than grade 1
bleeding.6,12 As such, these imperfections in grading bleeding
severity make study comparisons difficult, which needs to be

considered when reviewing meta-analyses on the effectiveness of
different platelet transfusion strategies.

Despite limitations, the (morning) platelet count has been able to
estimate the risk of clinically significant bleeding in hematology
patients with hypoproliferative thrombocytopenia. The PLADO
Trial, which enrolled 1272 patients (pediatric and adult) and
included 24,309 days when both the morning platelet count and
the bleeding severity were reported, demonstrated that the risk of
WHO grade 2-4 bleeding was 25% when morning platelet counts
were �5000/�L versus 17% at platelet counts �5000/�L which
remained fairly consistent up to a platelet count of 80 000/�L
(Figure 1).5 It should be noted that although all patients received
prophylactic platelet transfusions for platelet counts �10 ,000/
�L, they were stratified into three platelet dose groups but that
the morning platelet count did not differ significantly between
the treatment (dose) groups. These findings are consistent with
prior data which suggested that a minimum of 5000-7000
platelets/�L are critical for maintaining hemostasis and endothe-
lial support, and with previous findings that with �10 000
platelets/�L bleeding rates are fairly consistent over a wide
range of platelet counts.13-15

The type of disease treatment and patient age are also important
factors to consider when assessing risk of clinically significant
bleeding. As demonstrated in the PLADO Trial, the risk of grade 2
or greater bleeding in patients receiving an allogeneic HSCT was
79% versus 73% in those receiving chemotherapy for hematologic
malignancies, and 57% in those receiving an autologous HSCT
(P � 0.001 for the auto HSCT vs the first 2 groups).5 Secondary
analysis of the PLADO trial conducted to determine whether
bleeding outcomes differed among pediatric age groups (ages 0-5,
6-12, and 13-18 years) and adults demonstrated that pediatric
patients (0-18 years) had a higher incidence of grade 2-4 bleeding
than adults [86% (ages 0-5), 88% (ages 6-12), 77% (ages 13-18),
and 67% (age �18)]. Similarly, the percentage of days with grade
2-4 bleeding was higher in pediatric patients compared to adults
given a similar morning platelet count (Figure 2A). Among patients
who received HSCT, all 3 of the pediatric cohorts had significantly

Figure 1. Relationship between morning platelet count and days with grade 2 or higher bleeding. Results of PLADO trial illustrating percentage
of days with bleeding of grade 2 or higher in all 3 platelet dose groups, according to morning platelet count categories, along with the associated 95%
confidence intervals (dashed lines). Reprinted from Slichter et al5 with permission.
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shorter times from transplant to grade 2-4 bleeding than adults
[median 3.0 days (ages 0-5), 5.5 days (ages 6-12), 6.0 days (ages
6-12), and 11.0 days (age �18); P � .001; Figure 2B). In addition,
pediatric patients were more likely to have oropharyngeal and
gastrointestinal bleeding and hemodynamic instability associated
with bleeding compared to adults.6,16

Therefore, in addition to the platelet count, other factors clearly play
a significant role in determining the likelihood of clinically signifi-
cant bleeding such as the type of disease, the treatment used, and
patient age. There are most certainly additional factors yet to be
definitively proven which are likely to contribute to bleeding risk in
the hypoproliferative thrombocytopenic patient. These may include
intrinsic or acquired differences in various clotting factors, anemia-
induced platelet axial redistribution within the vascular compart-
ment,17 as well as the degree of vascular endothelial integrity, which
may be compromised by many disease-specific treatment perturba-
tions (infection, graft versus host disease, veno-occlusive disease,
thrombotic microangiopathy, etc). These additional factors likely
influence each patient’s propensity to bleed and should be consid-
ered when individual patient transfusion management decisions are
made. As an example, patients with multiple myeloma and related
plasma cell disorders may have platelet dysfunction due to circulat-
ing monoclonal proteins , which may warrant platelet transfusions at
higher platelet counts.18

Prophylactic versus therapeutic platelet transfusions
A Cochrane Collaboration meta-analysis of data from 3 small RCTs
conducted in the late 1970s and comprising �100 patients com-
pared the advantage of prophylactic to therapeutic platelet transfu-
sions. The investigation revealed that there was a non-significant
trend towards an increased risk of significant bleeding in the
therapeutic transfusion arm (RR 1.66; 95% CI 0.90-3.04), no
difference in the number of days with bleeding, and no differences
in mortality.3

Following the Cochrane Collaboration meta-analysis, 2 large
RCTs were completed which compared prophylactic to therapeu-
tic-only platelet transfusions in patients with hematologic malig-
nancies receiving high-dose induction chemotherapy or undergo-
ing HSCT.19,20 The TOPPS Trial, which was a randomized,
open-label, non-inferiority trial, randomized 600 patients, 16
years of age or older, to either no-prophylactic (therapeutic)
platelet transfusions or prophylactic platelet transfusions (using a
morning platelet count trigger of 10 000/�L). They found a
higher rate of WHO grade 2-4 bleeding events in patients
receiving therapeutic platelet transfusions (50% vs 43%; P � .06
for non-inferiority), and post hoc superiority analysis demon-
strated that the difference in grade 2-4 bleeding was significant
(P � .04).20 Subsequent subgroup analysis found that the reduc-
tion in grade 2-4 bleeding seen in the prophylactic transfusion
arm was of greater magnitude in patients receiving high-dose
chemotherapy or allogeneic HSCT than in patients undergoing
autologous HSCT (interaction p � .04). In fact, there were
similar rates of WHO grade 2- 4 bleeding in the no-prophylaxis
(47%) and prophylaxis groups (45%) in patients undergoing
autologous HSCTs21

The RCT reported by Wandt et al entailed a similar trial design,
with comparable minimum age cutoff (�16 years of age),
disease categories, and platelet count trigger in the prophylactic
transfusion arm. This study reported a significant increase in the
proportion of patients with grade 2-4 bleeding (42% vs 19%;
P � .0001) and grade 4 bleeding (5% vs 1%; P � .0159) in
patients receiving therapeutic-only platelet transfusions. In sub-
group analysis, grade 2-4 bleeding in the AML and autologous
HSCT groups were reported at 51% (no-prophylactic transfu-
sion) versus 24% (prophylactic transfusion; p � .0001) and 28%
versus 8% (p � .0005), respectively. The risk of grade 4 (mostly
CNS) bleeding was increased in patients receiving intensive
chemotherapy for AML, with 6 minor and 2 fatal intra-cerebral

Figure 2. (A) Relationship between morning platelet count category and the occurrence of same-day grade 2 or higher bleeding. Pediatric patients had
a higher incidence of bleeding at the same platelet count as their adult counterparts except at platelet counts �5 000/�L (P � .001). (B) Relationship
between age and time to first bleed in HSCT patients among adult and pediatric patients. Pediatric patients (18 years of age) had a shorter time from
day of HSCT to day of first bleed than adult patients (P � .001). Reprinted from Josephson et al6 with permission.
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bleeds in the therapeutic-only transfusion arm and no intra-
cerebral bleeding in the prophylactic transfusion arm. However,
no increased risk of major hemorrhage was noted in patients who
had undergone autologous HSCT; there was no grade 4 bleeding
or significant differences in grade 3 bleeding in either the
prophylactic or therapeutic transfusion groups.19 Not surpris-
ingly, both trials showed significant reductions in platelet
transfusions with a therapeutic-only platelet transfusion strategy.
The 2 trials had different time frames in which reported bleeding
rates were measured (14 days for the Wandt study vs 30 days for
the TOPPS trial), and slightly different bleeding grading systems
and assessment methods, which may account for lower bleeding
rates reported in the Wandt study.21

The data from both studies support that there exists a protective
effect at reducing clinically significant bleeding with prophylac-
tic transfusions, but that the effect was less compelling in
patients undergoing autologous HSCT compared to patients
receiving high-dose chemotherapy or allogeneic HSCT. The
International Collaboration for Transfusion Medicine Guidelines
(ICTMG) recommends for a transfusion policy in patients with
hypoproliferative thrombocytopenia to include prophylactic plate-
let transfusions to decrease the risk of WHO grade 2-4 bleeding.
Analogous recommendations were made for pediatric patients,
although it was recognized that pediatric data are limited.

Separate recommendations for patients undergoing autologous
HSCT were not made because of the dissimilar bleeding rates in
the Wandt study and TOPPS trial.22

In addition to the ICTMG report, an AABB guidelines panel
performed a systematic review aimed at synthesizing the current
evidence for many common situations in which platelet transfusions
are considered. In this review, a meta-analysis was performed to
address the question of whether prophylactic platelet transfusions
should be used to prevent bleeding in patients with hypoprolifera-
tive thrombocytopenia. These results were in agreement with the
ICTMG report and are illustrated in Figure 3.23 Although the data
are not shown, all-cause mortality and mortality from bleeding
showed trends toward a protective effect of a prophylactic transfu-
sion strategy; however, this effect was not significant.

The appropriate threshold for prophylactic platelet
transfusion
Several studies have evaluated the appropriateness of various
platelet transfusion thresholds in oncology patients with hypoprolif-
erative thrombocytopenia. Four RCTs have evaluated 10 000/�L
versus 20 000/�L,8,9,24 or 30 000/�L.25 These studies consistently
have demonstrated no significant increases in bleeding risk or red
cell transfusion requirements using the lower platelet count thresh-
old of 10 000/�L, and 3 of the RCTs showed substantial decreases

Figure 3. Relationship between number of patients with clinically significant bleeding event and prophylactic versus therapeutic-only platelet
transfusions. Results of meta-analysis performed by AABB guidelines panel to address the question of whether prophylactic platelet transfusions
should be used to prevent bleeding in patients with hypoproliferative thrombocytopenia. Reprinted from Kumar et al23 with permission.
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in number of platelet transfusions.8,9,25 The AABB guidelines
panel’s recent meta-analysis of these four RCTs which included
data on 658 patients reported that there was no significant difference
in major bleeding or mortality from bleeding between a platelet
count threshold of 10 000/�L versus 20 000/�L or 30 000/�L
(Figure 4).23 The ICTMG report also endorsed the platelet count
threshold of 10 000/�L.22

Platelet thresholds of 5000/�L have been reported to be relatively
safe but have not been rigorously assessed.26,27 Although it has been
suggested that this may be the critical platelet level based on earlier
studies of thrombocytopenic patients not being supported by platelet
transfusions,13,15 embracing a platelet count threshold of 5000/�L is
challenged by reports of lack of reliability of platelet counts at very
low levels.28 However, the data suggesting a similar hemostatic
effect at 5000/�L compared with 10 000/�L should reinforce the
safety of the 10 000/�L platelet-count threshold for non-bleeding
patients with hypoproliferative thrombocytopenia.

The optimal platelet transfusion dose
Platelets may be prepared by 1 of 2 methods: whole blood (WB)
collection and separation via centrifugation, or apheresis. WB-
derived platelets (often referred to as random-donor platelets)
contain at least 5.5 � 1010 platelets per unit, whereas apheresis
platelets (often called single-donor platelets) contain a minimum of
3 � 1011 platelets per collection. The typical dose for prophylactic
platelet transfusions in adults ranges between 4 and 8 units of
WB-derived platelet units (2.2 � 1011 and 4.4 � 1011 platelets,
respectively). Assuming that the average body surface area (BSA)
for adult men and women is 1.9 m2 and 1.6 m2 respectively, the
typical doses of platelets administered range between 1.1 � 1011

and 2.3 � 1011 per m2 for the average adult male and 1.4 � 1011 to
2.8 � 1011 per m2 for the average adult female. The 2 most common
ways platelets are administered in children are based on volume
(mL/kg) or based on equivalent units/kg, which is more accurate
and preferred. An equivalent unit or “EU” is the volume of a platelet
aliquot that has a minimum platelet content of 5.5 � 1010 (1
WB-derived platelet unit). The standard dose using this method is 1
EU per 5-10 kg, which approximates to 1.6 � 1011 to 3.3 � 1011

platelets per square meter. Based on these estimates, various RCTS
have developed different platelet dosing comparisons based on the
number of platelets per BSA to determine the optimal dose for
prophylactic platelet transfusions in patients with hypoproliferative
thrombocytopenia.

Over the past 15 years, multiple RCTs have examined the effect of
different platelet doses for prophylactic platelet transfusions on
bleeding outcomes in patients with hypoproliferative thrombocyto-
penia.5,29-31 The PLADO study is by far the largest, and enrolled
1272 adult and pediatric patients with hypoproliferative thrombocy-
topenia secondary to chemotherapy for acute leukemia (25%),
autologous HSCT (34%), or allogeneic HSCT (41%). In this trial,
patients were randomized to receive low-dose (1.1 - 1011/m2),
standard-dose (2.2 - 1011/m2), or high-dose (4.4 - 1011/m2) prophy-
lactic platelet transfusions using a morning threshold platelet count
of 10 000/�L. There was no significant effect of platelet dose on the
incidence of WHO grade 2-4 bleeding (71%, 69%, and 70% in the
low-dose, medium-dose, and high-dose group, respectively), nor
was there a significant effect of dose on bleeding of any grade.
However, there were statistically significant differences in days to
next transfusion (1.1 days vs 1.9 days vs 2.9 days in the low-dose,
medium-dose, and high-dose group; P � .001), number of platelet
transfusion episodes (5 vs 3 vs 3 in the low-dose, medium-dose, and
high-dose group; P � .001), and total number of platelets transfused
per patient (9.25 � 1011 vs 11.25 � 1011 vs 9.63 � 1011 in the
low-dose, medium-dose, and high-dose group; P � .002 for both
comparisons).5

The AABB guidelines panel’s recent meta-analysis also ad-
dressed optimal dosing of platelet transfusions for patients with
hypoproliferative thrombocytopenia. The meta-analysis, which
included data from 5 RCTs in 1660 patients, was heavily
weighted by the PLADO study. Because platelet doses were
reported differently in different studies, the panel converted
different dose metrics into the number of platelets per square
meter and categorized low-dose, standard-dose, and high-dose as
1.1-1.3 � 1011/m2, 2.2-3.0 � 1011/m2, and 4.4-6.0 � 1011/m2,
respectively, to allow meaningful comparisons. The meta-
analysis demonstrated no significant differences in incidence of
clinically significant bleeding, all-cause mortality, or bleeding-
related mortality between standard-dose and low-dose platelet
groups, or between high-dose and standard-dose platelet groups
(Figure 5).23 Further, the ICTMG recommended the use of low-
or standard-dose prophylactic platelet transfusion as opposed to
high-dose platelet transfusion for hospitalized patients with
hypoproliferative thrombocytopenia based on its independent
systematic review of the same available published data.22

Figure 4. Relationship between number of patients with a major bleeding event and platelet count thresholds of 10 000/�L versus
20 000/�L or 30 000/�L. Results of meta-analysis performed by AABB guidelines panel to address the question of which platelet count threshold is
most appropriate for prophylactic platelet transfusions. Reprinted from Kumar et al23 with permission.
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New platelet products and adjuvant therapies
Blood transfusion safety has continued to improve in recent years
because of improved donor screening/testing processes for transfu-
sion-transmitted infections; however, risks remain due to both
newly emerging blood-borne pathogens and bacterial contamination
of blood products, especially platelet concentrates due to their
higher storage temperature (22°C). Photochemical pathogen-
reduction technologies, which have been developed and imple-
mented over the past decade, inactivate or significantly reduce a
wide range of infectious agents within cellular blood components,
including platelet concentrates.

There are 2 pathogen-reduction systems commercially available for
the treatment of platelet concentrates, which use either the synthetic
psoralen amotosalen (Intercept) or riboflavin (Mirasol) in the
presence of ultraviolet light. Although these pathogen-reduction
technologies have proven to be very effective in reducing infectious
agents in platelet concentrates, there have been uncertainties
regarding the hemostatic effectiveness of pathogen-reduced plate-
lets compared with standard platelets and how this may affect future
transfusion effectiveness when using these platelet products.

Multiple trials have compared pathogen-reduced platelets with
standard platelets; however, only 6 non-crossover trials have
assessed both platelet response and bleeding outcomes in patients
transfused numerous times (via either pathogen-reduced or standard
platelets). Despite heterogeneity of their study designs including the
pathogen-reduction system used (5 Intercept, 1 Mirasol), the platelet
transfusion threshold applied, definitions and methods of outcome
assessment, and duration of follow-up, 4 recent meta-analyses have
been conducted assessing the hemostatic efficacy of pathogen-
reduced platelets compared to standard platelets.32-35 The most
recent meta-analysis performed by the Cochrane Collaboration
assessed various bleeding outcomes including “any bleeding”
(WHO grade 1-4), “clinically significant bleeding” (WHO grade
2–4) and “severe bleeding” (WHO grade �3),35 in addition to
platelet response, overall platelet usage, adverse reactions, and
mortality. Similar to preceding reviews, this investigation found no
difference in the rates of “clinically significant” or “severe”

bleeding, adverse events, or mortality between pathogen-reduced
and standard platelet treatment groups. However, 1-hour, 24-hour,
and corrected-count increment (CCI) were significantly less, and the
rate of “any bleeding” and overall platelet usage were higher in
pathogen-reduced platelets compared to standard platelets.32-35

Recognizing that pathogen-reduction technologies may affect plate-
let dose, and that participants in at least 3 of the trials received a
10% lower platelet dose in the pathogen-reduced platelet arm, it
remains unclear whether the inferior platelet increments observed in
these trials can be overcome by issuing higher platelet doses.

The PLADO trial demonstrated that thrombocytopenic patients had
fairly uniform rates of bleeding (17%) with platelet counts between
6000 to 80 000/�L5 suggesting that a significant number of bleeding
episodes are not effectively prevented by prophylactic platelet
transfusions. Therefore, adjunct (or alternative) treatments to prophy-
lactic platelet transfusions aimed at other parts of the coagulation
system may therefore improve bleeding outcomes. Two large
systematic reviews have recently shown anti-fibrinolytics (TXA and
EACA) to be effective in decreasing both blood loss and the need
for blood transfusions in surgical patients.36,37 In addition, the
CRASH-2 trial published in 2010 demonstrated that when adminis-
trated within 3 hours of injury, TXA reduced the risk of death due to
bleeding in trauma patients with significant hemorrhage.38 Based on
these recent results showing a beneficial effect of anti-fibrinolytic
agents in other patient groups, there has been renewed interest in
using these drugs as adjuvant therapy to prevent bleeding in patients
with hematological disorders.

A Cochrane Collaboration review designed to establish the efficacy
and safety of anti-fibrinolytics in patients with hematologic disor-
ders included outcome analysis of 3 trials containing 87 patients
(TXA, 2 trials, 68 patients; EACA, 1 trial, 18 patients).39 All three
studies compared the drug with placebo in adults receiving chemo-
therapy for acute leukemia. Because of the limited sample size
combined with heterogeneity of outcome measures and study
design, meta-analysis was unable to be performed. However, all the
studies showed a reduction in bleeding (although not for patients in

Figure 5. Relationship between number of patients with a major bleeding event and platelet transfusion dosage. Results of meta-analysis
performed by AABB guidelines panel to address the question of which platelet dose is most appropriate for prophylactic platelet transfusions.
Reprinted from Kumar et al23 with permission.
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consolidation therapy), and a reduction in platelet usage. Thrombo-
embolic events were assessed in two of the studies. Although there
were no reports of thromboembolic events reported in either study
(68 patients), the sample size was too small to assess thromboem-
bolic risk of anti-fibrinolytics in this population. Relatedly, system-
atic review of �25 000 surgical patients did not demonstrate that
the use of either TXA or EACA peri-operatively was associated
with an increased risk of myocardial infarction, deep vein thrombo-
sis, pulmonary embolism, stroke, or death.36 Nevertheless, it should
be recognized that anti-fibrinolytics may increase the risk of
disseminated intravascular coagulation (DIC), and that patients with
hematological malignancies are at increased risk for DIC. Ancillary
analysis of the CRASH-2 trial revealed that late treatment with TXA
(�3 hours from injury) seemed to increase the risk of death due to
bleeding which was hypothesized to have been from evolution of
DIC. Altogether, this highlights a serious need for caution in the use
of anti-fibrinolytic agents in patients with hematological malignan-
cies, and that larger trials are needed to determine whether
anti-fibrinolytics can be recommended for widespread use in
patients with hematological disorders.

Other adjuvant therapies aimed at decreasing the incidence of
thrombocytopenic bleeding have been suggested but deserve much
further clinical investigation. These include the use of pharmaco-
logic agents that either act at different parts of the clotting cascade
(recombinant factor VIIa; Desmopressin (DDAVP); fibrinogen
concentrate) or hasten bone marrow recovery (rhTPO; the TPO
agonists eltrombopag and romiplostim). Most noteworthy are the
rhTPO/TPO agonist therapies, which particularly have shown
promise in terms of minimizing platelet transfusion usage and
promoting platelet engraftment in patients undergoing allogeneic
(haploidentical) HSCT.40 In addition, artificial platelet substitutes
have been shown to be effective in vitro and in animal models;
however, there have yet to be any preclinical studies or clinical trials
assessing safety and/or efficacy of platelet substitutes for human
use.

Management of patients with platelet transfusion
refractoriness
Platelet transfusion refractoriness (PTR), defined as the repeated
failure to achieve satisfactory responses to platelet transfusions
from random donors,41 can result from immune and/or non-immune
causes. Non-immune etiologies such as ongoing infections, high
fevers, consumptive processes (eg, bleeding, veno-occlusive dis-
ease, DIC, splenomegaly), and concurrent treatment with various
antibiotics (eg, Vancomycin) or anti-fungal medications (eg, ampho-
tericin B) are more common than alloimmune causes, which
account for �20% of cases of PTR. Platelet alloimmune refractori-
ness results from prior exposure to human leukocyte antigens
(HLA) or less commonly human platelet antigens (HPA) from
pregnancy, transfusions, and/or transplantation. The Trial to Reduce
Alloimmunization to Platelets (TRAP) demonstrated that leukocyte
reduction of blood components reduces the frequency of HLA
alloimmunization and PTR. Nevertheless, chronic platelet transfu-
sion support using leukoreduced blood products still resulted in
18% of patients becoming HLA alloimmunized, and 3% of patients
developing immune-mediated PTR, defined as a 1 hour CCI of
�5 � 106/�L on 2 sequential occasions.42

When PTR is suspected, clinical assessment and treatment of
potential contributory non-immune factors, and provision of ABO-
identical apheresis platelet products with 1 hour post-transfusion
CCI assessment is recommended.22,41 If 1 hour post-transfusion CCI

is �5 � 106/�L on 2 sequential occasions, screening for HLA
antibodies by either cell-based (complement-dependent cytotoxic-
ity) or solid-phase (ELISA, microbead-based assays using Luminex
or flow) methods is indicated. If HLA antibodies are identified,
crossmatch compatible platelets, antigen-negative platelets, or HLA-
matched platelets can be provided. Decisions on which product is
most optimal depend on many factors including: the urgency of
need for compatible platelets; whether the patient has been HLA
typed (for HLA-A and HLA-B antigens); whether there is an HLA
laboratory on site; the degree of alloimmunization to HLA-A and
HLA-B antigens; and the availability of sufficient numbers of
HLA-typed platelet donors. If HLA antibodies are not identified,
consideration should be given to testing the patient for HPA
antibodies.43 Managing highly alloimmunized patients with refrac-
tory bleeding can be very challenging particularly when they do not
respond to any platelets, including crossmatch compatible, antigen-
negative, and HLA-matched platelets. In these cases, massive or
continuous transfusion of ABO identical platelets, use of high-dose
intravenous immunoglobulin, splenectomy, and plasma exchange,
have been tried with limited success. However, EACA and TXA
may be useful in reducing bleeding in these patients.41

Summary and future directions
Despite the advances in optimizing platelet transfusion therapy,
platelet products remain a limited resource, and therefore their
optimal use in patients with hypoproliferative thrombocytopenia is
critical. Based on a number of RCTs and subsequent systematic
reviews and meta-analyses, national and international guidelines
have been formulated for platelet transfusion therapy in patients
with hematologic diseases. As such, it is recommended that
prophylactic platelet transfusions should be administered to non-
bleeding adult and pediatric patients with hypoproliferative throm-
bocytopenia using a platelet count threshold of 10 000/�L. Low- or
standard-dose (1.1 � 1011/m2 or 2.2 � 1011/m2, respectively) plate-
let transfusions should be used in hospitalized patients; however,
low-dose platelet transfusion may be inappropriate for outpatient
management because it may increase the frequency of clinic visits.22

Pathogen-reduced platelets seem to be an acceptable alternative to
standard platelets based on their reducing risk of infectious compli-
cations, and their comparable efficacy of minimizing clinically
significant bleeding. However, with lower platelet count increments
at 1 and 24 hours post-transfusion their increased use may unfavor-
ably impact overall platelet usage and inventory management unless
their shelf life can be safely expanded beyond 5 days. Adjuvant
treatments to prophylactic platelet transfusions, such as anti-
fibrinolytics and rhTPO/TPO agonists may have a beneficial effect
at improving bleeding outcomes in patients with hypoproliferative
thrombocytopenia especially those with PTR; however, further
clinical investigation is needed before recommendations can be
made on their use in this population. Artificial platelet substitutes, if
proven to be safe and effective in humans, would be favorable to
offset the known drawbacks of standard platelet concentrates used
in transfusions for patients with thrombocytopenia. Lastly, better
laboratory-based assays to reliably predict bleeding propensity are
needed to implement goal-directed transfusion therapy in the
individuals with thrombocytopenia, especially the pediatric patient.

Correspondence
Cassandra Josephson, Pathology Department, Children’s Health-
care of Atlanta–Egleston, 1405 Clifton Rd NE, Atlanta, GA 30332;
Phone: 404-785-4553; e-mail: cjoseph@emory.edu.

468 American Society of Hematology

D
ow

nloaded from
 http://ashpublications.net/hem

atology/article-pdf/2015/1/462/1250302/bep00115000462.pdf by guest on 17 M
ay 2024



References
1. Duke WW. The relation of blood platelets to hemorrhagic disease.

JAMA. 1983;250(9):1201-1209.
2. Whitaker BI. The United States Department of Health and Human

Services 2011 National Blood Collection and Utilization Survey.
Bethesda, MD: National Institutes of Health, Department of Health and
Human Services; 2011.

3. Estcourt L, Stanworth S, Doree C, et al. Prophylactic platelet transfusion
for prevention of bleeding in patients with haematological disorders
after chemotherapy and stem cell transplantation. Cochrane Database
Syst Rev. 2012;5:CD004269.

4. Estcourt LJ, SJ Stanworth, MF Murphy. Platelet transfusions for
patients with haematological malignancies: who needs them? Br J
Haematol. 2011;154(4):425-440.

5. Slichter SJ, Kaufman RM, Assmann SF, et al. Dose of prophylactic
platelet transfusions and prevention of hemorrhage. N Engl J Med.
2010;362(7):600-613.

6. BercovitzRS, Josephson CD. Thrombocytopenia and bleeding in pediat-
ric oncology patients. Hematology Am Soc Hematol Educ Program.
2012;2012:499-505.

7. Bolliger D, Seeberger MD, Tanaka KA. Tanaka, Principles and practice
of thromboelastography in clinical coagulation management and transfu-
sion practice. Transfus Med Rev. 2012;26(1):1-13.

8. Rebulla P, Finazzi G, Marangoni F,et al. The threshold for prophylactic
platelet transfusions in adults with acute myeloid leukemia: Gruppo
Italiano Malattie Ematologiche Maligne dell’Adulto. N Engl J Med.
1997;337(26):1870-1875.

9. Heckman KD, Weiner GJ, Davis CS, Strauss RG, Jones MP, Burns CP.
Randomized study of prophylactic platelet transfusion threshold during
induction therapy for adult acute leukemia: 10,000/microL versus
20,000/microL. J Clin Oncol. 1997;15(3):1143-1149.

10. Nevo S, Fuller AK, Hartley E, Borinsky ME, Vogelsang GB. Acute
bleeding complications in patients after hematopoietic stem cell trans-
plantation with prophylactic platelet transfusion triggers of 10 � 109

and 20 � 109 per L. Transfusion. 2007;47(5):801-12.
11. Estcourt LJ, Heddle N, Kaufman R, et al. The challenges of measuring

bleeding outcomes in clinical trials of platelet transfusions. Transfusion.
2013;53(7):1531-1543.

12. Heddle NM, Arnold DM, Webert KE. Time to rethink clinically
important outcomes in platelet transfusion trials. Transfusion. 2011;51(2):
430-434.

13. Gaydos LA, Freireich EJ, Mantel N. The quantitative relation between
platelet count and hemorrhage in patients with acute leukemia. N Engl
J Med. 1962;266:905-909.

14. Hanson SR, Slichter SJ. Platelet kinetics in patients with bone marrow
hypoplasia: evidence for a fixed platelet requirement. Blood. 1985;66(5):
1105-1109.

15. Slichter SJ, Harker LA. Thrombocytopenia: mechanisms and manage-
ment of defects in platelet production. Clin Haematol. 1978;7(3):523-
539.

16. Josephson CD, Granger S, Assmann SF, et al. Bleeding risks are higher
in children versus adults given prophylactic platelet transfusions for
treatment-induced hypoproliferative thrombocytopenia. Blood. 2012;
120(4):748-760.

17. Valeri CR, Cassidy G, Pivacek LE, et al. Anemia-induced increase in
the bleeding time: implications for treatment of nonsurgical blood loss.
Transfusion. 2001;41(8):977-983.

18. Coppola A, Tufano A, Di Capua M, Franchini M, et al. Bleeding and
thrombosis in multiple myeloma and related plasma cell disorders.
Semin Thromb Hemost. 2011;37(8):929-945.

19. Wandt H, Schaefer-Eckart K, Wendelin K, et al; Study Alliance
Leukemia. Therapeutic platelet transfusion versus routine prophylactic
transfusion in patients with haematological malignancies: an open-label,
multicentre, randomised study. Lancet. 2012;380(9850):1309-1316.

20. Stanworth SJ, Estcourt LJ, Powter G, et al. A no-prophylaxis platelet-
transfusion strategy for hematologic cancers. N Engl J Med. 2013;
368(19):1771-1780.

21. Stanworth SJ, Estcourt LJ, Llewelyn CA, Murphy MF, Wood EM;

TOPPS Study Investigators. Impact of prophylactic platelet transfusions
on bleeding events in patients with hematologic malignancies: a
subgroup analysis of a randomized trial. Transfusion. 2014;54(10):2385-
2393.

22. Nahirniak S, Slichter SJ, Tanael S, et al. Guidance on platelet
transfusion for patients with hypoproliferative thrombocytopenia. Trans-
fus Med Rev. 2015;29(1):3-13.

23. Kumar A, Mhaskar R, Grossman BJ,et al. Platelet transfusion: a
systematic review of the clinical evidence. Transfusion. 2014;55(5):1116-
1117.

24. Zumberg MS, del Rosario ML, Nejame CF, et al. A prospective
randomized trial of prophylactic platelet transfusion and bleeding
incidence in hematopoietic stem cell transplant recipients: 10,000/L
versus 20,000/microL trigger. Biol Blood Marrow Transplant. 2002;
8(10):569-576.

25. Diedrich B, Remberger M, Shanwell A, Svahn BM, Ringdén O. A
prospective randomized trial of a prophylactic platelet transfusion
trigger of 10 � 109 per L versus 30 � 109 per L in allogeneic
hematopoietic progenitor cell transplant recipients. Transfusion. 2005;
45(7):1064-1072.

26. Slichter SJ. Relationship between platelet count and bleeding risk in
thrombocytopenic patients. Transfus Med Rev. 2004;18(3):153-167.

27. Sagmeister M, Oec L, Gmür J. A restrictive platelet transfusion policy
allowing long-term support of outpatients with severe aplastic anemia.
Blood. 1999;93(9):3124-6312.

28. Segal HC, Harrison JP. Methods for counting platelets in severe
thrombocytopenia. Curr Hematol Rep. 2006;5(1):70-75.

29. Tinmouth A, Tannock IF, Crump M, et al. Low-dose prophylactic
platelet transfusions in recipients of an autologous peripheral blood
progenitor cell transplant and patients with acute leukemia: a random-
ized controlled trial with a sequential Bayesian design. Transfusion.
2004;44(12):1711-1719.

30. Heddle NM, Cook RJ, Tinmouth A, et al. A randomized controlled trial
comparing standard- and low-dose strategies for transfusion of platelets
(SToP) to patients with thrombocytopenia. Blood. 2009;113(7):1564-
1573.
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