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ABSTRACT

Platelet Transfusion Refractoriness (PTR) can be defined as failed to elevate the level of platelet after receiving 
repeated platelet transfusion. PTR can be seen in normal patients as well as haemato-oncology patients when 
treating thrombocytopenia and it’s related to increased morbidity and mortality rate. Various risk factors can lead 
to PTR development, including both immune and non-immune factors. There was no comprehensive review of 
risk factors associated with PTR in haemato-oncology patients previously. Therefore, this study aims to determine 
the significance of both immune and non-immune causes associated with PTR in patients with haematological 
malignancies. The systematic review was conducted with relevant articles searched from five databases from 2003 
to 2023. The meta-analysis was conducted using Open Meta Analyst software with one-arm proportion (arcsine 
transformed proportion) under binary random effects model with maximum likelihood method. A total of nine 
studies were analysed. Statistically significant results were indicated in forest plots with levels of heterogeneity. 
Results demonstrated significant correlation between bleeding (44.33%; 35.04%), infection (68.04%; 17.95%), 
fever (67.01%), and PTR in haemato-oncology patients (39.34%; 8.26%). Small to moderate correlation between 
splenomegaly (28.21%), HLA alloantibody (17.40%) associated PTR in haemato-oncology patients. This study 
illustrated PTR was an important adverse condition, as well as bleeding, infection, and fever were strongly associated 
with PTR development in patients with haematological malignancies. Such conditions required monitoring 
throughout clinical management to ensure better outcomes for the patients.

Key words: Platelet Transfusion Refractoriness (PTR); Haematological malignancies; Oncology; Bleeding; Infection; 
Fever; Splenomegaly; HLA alloantibody

INTRODUCTION

Platelet refractoriness

Individuals who failed to elevate the platelet count to expected level 
after platelet transfusion could have potentially developed Platelet 
Transfusion Refractoriness (PTR). Scientifically speaking, PTR can 
be defined as either the Corrected Count Increment (CCI) 1 hour 
is less than 7.5*10^9/L or CCI 24 hours is less than 4.5*10^9/L post-
transfusion [1,2]. Around 30%-70% of patients who received platelet 
transfusion because of various clinical conditions of Thrombocytopenia 
(TP) have developed PTR [3]. Evidence shows PTR associated bleeding 
and haemorrhage can be fatal as it increases both morbidity and 
mortality rate, which makes understanding the mechanisms behind 
PTR vital and essential for clinical management to improving patients 
outcome [4]. The causes of PTR can be categorised into Immune cause 

and non-immune cause. Studies have advised that over 70% of PTR 
cases are associated with non-immune cause and around 25% of cases 
are related to immune cause [5,6]. 

Immune causes of PTR

Human Leukocyte Antigen (HLA): The HLA system plays an 
important role in the blood product transfusion setting as it is able to 
stimulate immune responses upon identify self from foreign antigens 
through direct and indirect recognition by the immune system [7]. HLA 
Class I consist of three classical alleles: HLA-A, HLA-B and HLA-C, 
which HLA-A and HLA-B are predominantly involved in immune 
caused PTR as they expressed almost on all nucleated cells including 
platelet. HLA antigens are highly immunogenic due to the consist 
of high degree of polymorphism among all populations around the 
world, which increases the risk of developing allo-immune antibodies 
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Aster has demonstrated the accumulation of platelets posttransfusion 
in the spleen was fast in about 10 mins [27]. When individuals who 
have splenomegaly, the proportion of transfused platelet accumulating 
in the spleen increased, resulting around 50%-90% of transfused 
platelet harboured in the spleen which decreased the circulated 
transfused-platelet [27]. R L Hill-Zoble et al. have also proved that more 
transfused platelets have been destroyed in splenomegaly patients 
compared to normal individuals, and splenomegaly patients have 
doubled the amount of transfused platelets sequestrated in the spleen 
compared to normal individuals [28].

Haemato-oncology patients with Platelet Transfusion Refractoriness 
(PTR): Around 28%-30% of haemato-oncology patients has developed 
severe TP and require platelet transfusion [29,30]. A study conducted 
in 2016 stated that around 67% of all platelet transfusion is related 
to the clinical management of haemato-oncology patients [31]. As the 
patients have huge demand in managing TP via platelet transfusion, 
the impact of PTR induced in haemato-oncology patients can be 
profound and life threatening. 

Overall, HLA and HPA allo-immunity can be seen in the haemato-
oncology patients with PTR [18,19]. Symptoms and complications 
such as bleeding, splenomegaly, fever, and infection are always related 
to haematological cancer, which could potentially correlate with the 
development of PTR [32,33]. 

In this systematic review and meta-analysis, we aim to investigate the 
significance of PTR in patients with haemato-oncology disorders 
including leukaemia, lymphoma, myeloma and their variants and 
subtypes. We are going to study the correlation between PTR and 
numerous of immune and/or non-immune causes in the haemato-
oncology patients to elaborate the understanding of what to expect 
during the platelet transfusion for these patients. Therefore, better 
clinical management can be put in place with certain symptoms, 
providing better outcomes for the patients. We hypothesise that PTR in 
haemato-oncology patients is significant, and it has strong correlation 
with various causes including bleeding, splenomegaly, fever, infection 
and HLA/HPA alloimmunisation. 

MATERIALS AND METHODS

Study design 

The Preferred Reporting Item for Systematic Review and Meta-analysis 
(PRISMA) has been conducted to assist collecting the relevant studies 
in this systematic review [34]. The Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) checklist has been 
assessed against the included studies to evaluate their quality and 
completeness [35].

Search strategies

The relevant articles are systematically researched from database 
PubMed, Scopus, ProQuest, Embase and Web of Science ranging from 
2003 to 2023. Key search terms used across all databases including 
“Platelet refractoriness” and “Haemato-oncology”, “leukaemia”, 
“lymphoma”, “myeloma”; “alloimmunised”, and “HLA alloantibody”. 
A manual search was implemented from the reference list with three 
extra studies found and included.

Inclusion and exclusion criteria

The eligibility of the included studies was assessed based upon 
PRISMA flow chart started from duplicates removal, followed by 
titles and abstracts screening, and full text articles assessment against 
inclusion and exclusion criteria. Studies focused on the risk factors of 

that targeting HLA antigens on the platelet surface as consequence of 
incompatible blood product transfusion [8]. Investigations have shown 
that HLA Class I allo-antibody contributes majority of the immune 
caused PTR cases, thus, transfusion using HLA matched platelet 
could potentially reduce the risk of inducing HLA allo-antibodies and 
further improve patient outcomes [9,10].

Human Platelet Antigen (HPA): Similar to HLA, HPA can also 
expressed on platelet surface and inducing immune response when 
encounter foreign platelets with different HPAs and producing 
alloantibodies to the non-self-platelet antigens, it attributes to around 
8% of the alloimmunisation caused PTR [5]. To date, HPA system has 
35 recognised antigens and the majority of them are on the platelet 
membrane glycoprotein GPIIb/IIIa complex on the platelet surface 
[11]. According to the previous study, HPA-1 is strongly associated with 
PTR and is the most immunogenic HPA antigen [12]. Investigations 
have represented that HPA alloantibody is not only be sufficient to elicit 
PTR by itself, but also can be found more frequently in combination 
with HLA alloantibody in development of PTR [13,14]. As HPA 
system is a newly discovered system and the clinical significance of 
developing immune-mediated PTR is high, platelet transfusion with 
HPA matched platelet has been introduced and can be successfully 
supported with HPA-alloimmunised patients with PTR [15].

Non-immune causes of Platelet Transfusion Refractoriness 
(PTR)

Bleeding and haemorrhage: Bleeding and haemorrhage are 
responsible for necessary platelet consumption, leading to inadequate 
platelet transfusion with low CCI [16]. Previous studies have described 
the consequent PTR is more likely following developing bleeding 
and haemorrhage, and the patients suffered from bleeding and 
haemorrhage related PTR reflected drastically decreased survival rate 
[4,17,18]. Thus, the clinical management is critical in treating the PTR 
along with the active bleeding and haemorrhage to improve the clinical 
outcomes for the patients.

Infection and sepsis: Infection and related sepsis associated PTR have 
been reported by numerous of studies [4,18,19]. The mechanisms are 
mainly based on platelets directly interact with exogenous pathogens, 
interactions between neutrophils to form extracellular traps, platelet 
desialylation, and CD169 positive macrophages-mediated PTR 
in sepsis, which increasing transfused platelet destruction and 
consumption significantly and resulting infection related PTR with 
low CCI [20-22].

Fever: Platelet is heat-dependent system and only works in a specific 
spectrum of temperatures. Either hypothermia or hyperthermia could 
effectively impact on both the platelet function and platelet counts [23,24]. 
Fever (body temperature greater than or equals 38ºC) related PTR is 
revealed by Kerkhoffs et al., Kumawat et al., and Comont et al., all three 
studies illustrated positive correlation between fever and PTR development 
[4,18,19]. It is known that one of the classical platelets clearance mechanisms 
is involving monocytes and macrophages [22]. Thus, in PTR patients 
with fever, the low CCI count would not only due to unbearable high 
temperature mediated by interleukin-1, but also because of monocyte and 
macrophage induced platelet phagocytosis stimulated by overproduction 
of pro-inflammatory cytokines (IL-1, IL6, Tumor Necrosis Factor (TNF) 
and Interferon-gamma (INF)) [25,26].

Splenomegaly: The spleen plays an important role in controlling levels 
of platelet circulation as it normally stores around 25% of platelet in a 
healthy individual [27]. It is the most vital organ that could impact the 
platelet CCI posttransfusion and elicit PTR. Study conducted by R H 
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PTR including either non-immune or immune causes in Haemato-
oncology patients considered eligible for this review. Studies exclusions 
are due to: a) Articles didn’t look at platelet refractoriness; b) Articles 
didn’t look at Haemato-oncology patients; c) Case report articles/not 
primary study or irrelevant, d) Articles are not available in English; e) 
Abstract are not available or full-text is not available, f) Articles with 
insufficient data; g) Review articles, and h) PTR is not primary study.

Data extraction

Data extracted from eligible studies with their author, publication 
year, study design, country of the study conducted, population size of 
the study including total number of patients and number of patients 
developed PTR and their characteristics, parameters of the study 
including PTR definition, and risk factors (Bleeding, infection, fever, 
splenomegaly, and HLA alloantibody).

Statistical analysis

Open Meta Analyst software from Brown University website was used 
to conduct the meta-analysis [34]. Total of nine one-arm proportion 
analysis were performed using arcsine transformed proportion for 
overall proportion of PTR in haemato-oncology patients which 
defined by either CCI (Corrected Platelet Count Increment) or PPI 
(Posttransfusion Platelet Increment), bleeding related PTR, infection 

related PTR, fever related PTR, splenomegaly related PTR, and HLA 
alloantibody related PTR. All analysed under binary random effects 
model with maximum likelihood method and presented with six sets 
of forest plot. The results produced by the software contains overall 
P-value to elaborate statistically significant, 95% confidence intervals 
and I square value with P-value for heterogeneity to determine results 
variation between studies. P-value<0.05 was defined statistically 
significant for both overall and heterogeneity.

RESULTS

Study selection

The study selection is represented in PRISMA (Figure 1). There are 
6389 articles obtained initially from the five databases mentioned 
above. Total of 2358 duplicates were then removed, the remaining 
4031 articles underwent titles and abstracts screening with 3909 
articles excluded based on various reasons. There were 122 articles 
assessed for eligibility, 116 were excluded mainly based on PTR is not 
primary study and studies with insufficient data to analyse. Couple 
of meta-analysis studies were also excluded and that leaves six eligible 
studies along with three manual searched studies from reference 
included in the meta-analysis.

Figure 1: PRISMA flowchart: Research articles gathered from five databases ranging from 2003 to 2023. Nine studies were preceded to the assessment 
of eligibility through the process of duplication removal, titles and abstract eligibility assessment, and full-text eligibility assessment.
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patients. To be noted, HLA alloantibody data from study conducted 
by Hu et al is derived from a part of the total patient sample (133 out 
of 560) and 10 PTR patients tested positive for HLA alloantibody from 
that part of the sample [36]. This data is only analysed in line with 
other HLA alloantibody data, which cause no effects towards other 
risk factor group.

Study quality assessment

STROBE checklist was used to assess the quality and completeness 
for the included studies shown in Table 3. for the included studies 
shown in Table 3. All studies have provided sufficient details in title 
and abstract, introduction, and results section. Most of studies had 
a high-quality methods section with two studies failed to describe all 
statistical methods and one study only described a part of statistical 
methods [18,32,35]. Three studies failed to addressed exclusion criteria 
in eligibility criteria selection [32,35,37], and one study didn’t provide 
sufficient information for exclusion criteria [19]. A few studies provided 
detailed summary for key findings but failed to state any limitations 
[4,18,19,38]. Overall, the assessment of STROBE checklist has 
suggested that studies included for meta-analysis have relatively high 
quality which would minimise the risk of inaccuracy and unreliable of 
this meta-analysis.

Study characteristics

The characteristics of all nine studies included in this study are 
demonstrated in Table 1. Studies separated into two groups by 
difference PTR definition: 24h CCI defined, and PPI defined. Four 
studies in the CCI group are mainly prospective ranging from 2008 
to 2020 in four different countries. The sample size contained total 
number of haemato-oncology patients from 23 to 114, along with total 
number of PTR patients from 10 to 58. Five studies in the PPI group 
are mainly retrospective within the last five years across four countries, 
with one exception published in 1995 that is from manual search [35]. 
The sample size included total number of haemato-oncology patients 
from 87 to 897, the total number of PTR patients from 10 to 66. Most 
studies emphasised the risk of PTR related to bleeding, infection, fever, 
splenomegaly, or HLA alloantibody.

The eligible investigation data used in meta-analysis (Table 2). Sample 
size is the total number of haemato-oncology patients involved in the 
study. The 24 hours CCI, or PPI is the definition of PTR which reflects 
the overall PTR proportion presented by numbers of patients with 
PTR over the total numbers of patients? Fever, infection, bleeding, 
splenomegaly, and HLA alloantibody is calculated by the total PTR 
patients with certain risk factor over the total numbers of PTR 

Table 1: Characteristics of eligible investigations for the meta- analysis of immune and non-immune factors associated PTR in Haemato-oncology patients.

Study Study design Country Study period Sample size* PTR definition** Risk factors

Kerkhoffs et al. [4] Retrospective Netherlands 2003-2005 58/114 24h CCI Bleeding, infection, and fever.

Kumawat et al. [18] Prospective India 2015 17/30 24h CCI Bleeding, infection, and fever.

Chen et al. [38] Prospective China 2016-2018 22/105 CCI Bleeding, infection, and fever.

Murtasyidah et al. [32] Prospective Indonesia 2019 10/23 24h CCI /

Comont et al. [19] Retrospective France 2001-2014 41/897 PPI
Bleeding, infection. Fever, 

splenomegaly, and HLA alloantibody.

Lieberman et al. [33] Retrospective Canada 2009-2013 10/87 PPI Bleeding, infection, and splenomegaly.

Hu et al. [36] Retrospective China 2012-2018 66/560 10/133*** PPI
Bleeding, infection, fever, 

splenomegaly, and HLA alloantibody

Cheok et al; [37] Retrospective Australia 2003-2017 29/341 PPI HLA alloantibody

DeCoteau et al. [35] Prospective Canada 1987-1990 23/162 PPI HLA alloantibody

Note: *PTR/Total patients; **CCI: Corrected count increment; PPI: Post transfusion Platelet Increment; ***Numbers of patients with HLA-I antibody/
Number of patients screened for HLA-I antibody.

Table 2: Data of eligible investigations for the meta-analysis reporting immune and non-immune risk factors associated with PTR in haemato-oncology 
patients.

Study Sample size
24 hours CCI, or 

PPI
Fever

Infection 
(sepsis)

Bleeding 
(haemorrhage)

Splenomegaly
HLA 

alloantibody
HPA 

alloantibody

Kerkhoffs et al. [4] 114 58/114 43/58 41/58 17/58 / / /

Kumawat et al. [18] 30 17/30 13/17 12/17 15/17 / / /

Chen et al. [38] 105 22/105 9/22 13/22 11/22 / / /

Murtasyidah et al. [32] 23 10/23 / /  / / /

Comont et al. [19] 897 41/897 17/41 7/41 29/41 9/41 31/41 HLA /

Lieberman et al. [33] 87 10/87 / 7/10 7/10 6/10 / /

Hu et al. [36] 560 (133)* 66/560 10/133* 40/66 7/66 5/66 18/66 10/66 HLA /

Cheok et al. [37] 341 29/341 / / / / 29/341 HLA /

DeCoteau et al. [35] 162 23/162 / / / / 12/23 HLA /

Note: *133 patients have screened for HLA-I antibody.
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CCI and PPI defined infection related PTR analysed by a one arm 
proportion was resulting both P-value<0.001 and they were statistics 
significant. Incidence of CCI-PTR was 68.04% (Figure 2E), compared 
to PPI-PTR of 17.95% (Figure 2F). Interestingly, for CCI, the I² value 
is 0 with heterogeneity P-value of 0.604 which demonstrated fairly low 
variability in the data (Figure 2E). However, for PPI, the I² value is 
88.39% with P-value<0.001, it reflected high heterogeneity of the data 
(Figure 2F). The risk of infection related PTR defined CCI (95% 
C.I. 0.586, 0.770) is greater than the PPI (95% C.I. 0.061, 0.560) 
defined.

A one arm proportion analyse conducted for fever related PTR defined 
by CCI (Figure 3A). The incidence was 67.01% and it’s statistically 
significant with P-value<0.001. This dataset had I² value of 64.14% 
with heterogeneity P-value=0.015 which illustrated high heterogeneity 
(Figure 3A). The results indicated a relatively high risk for fever related 
PTR (95% C.I. 0.471, 0.810).

Analysis of splenomegaly related PTR defined by PPI was also conducted 
by one arm proportion, which showed statistically significant with a 
P-value<0.001 (Figure 3B). The I² value of 0.06% with heterogeneity 
P-value=0.077 suggested a slightly raised heterogeneity with some 
degrees of variation (Figure 3B). The incidence of splenomegaly 
related PTR was 28.21% which illustrated relatively high risk (95% 
C.I. 0.202, 0.364).

HLA alloantibody related PTR defined by PPI was also analysed by 
one arm proportion (Figure 3C). It had incidence of 17.4% along 
with P-value<0.001 which can be considered statistically significant. 
The I² value of 96.2% with heterogeneity P-value<0.001 stated high 
heterogeneity with large variability in the data (Figure 3C). Overall, 
HLA alloantibody related PTR has the lowest risk among all other risk 
factor analysed above (95% C.I. 0.104, 0.646).

Meta-analysis of overall PTR proportion in haemato-
oncology patients

Meta-analysis and six sets of forest plot are conducted on overall PTR 
incidence, bleeding related PTR, infection related PTR, fever related 
PTR, splenomegaly related PTR, and HLA alloantibody related PTR 
which all indicated in respectively using the eligible data in Table 2, 
Figures 2 and 3.

One arm proportion analyse performed on overall PTR defined by CCI 
and PPI, the PTR incidence for CCI was 39.34% (Figure 2A), whereas 
for PPI was 8.26% (Figure 2B). Both can be considered statistically 
significant with P-value<0.001. The I² value for CCI was 81.65% with 
heterogeneity P-value<0.001, it demonstrates high heterogeneity which 
there are variations in the data (Figure 2A). Similar to CCI, I² value 
for PPI was 81.81% with a heterogeneity P-value<0.001 (Figure 2B). It 
also reflects a relatively high heterogeneity and variability within the 
dataset. Both results illustrated PTR can be seen in 8-40% of haemato-
oncology patients who require platelet transfusion. In comparison, 
CCI (95% C.I. 0.272, 0.567) defined PTR shows higher incidence 
than PPI (95% C.I. 0.064, 0.130). 

Bleeding related PTR defined by CCI and PPI also analysed by 
one arm proportion. The incidence for bleeding related PTR was 
44.33% for CCI defined (Figure 2C), and 35.04% for PPI defined 
(Figure 2D). They can all be considered statistically significant as 
their P-value<0.001. Bleeding related PTR defined by CCI had I² 
value of 87.02%, P-value<0.001 (Figure 2C), whereas PPI had I² 
value of 93.44%, P-value<0.001 (Figure 2D), which both indicated 
high heterogeneity and variations between these data. In comparison 
between CCI defined and PPI defined bleeding related PTR, CCI 
(95% C.I. 0.266, 0.831) had slightly higher risk than PPI (95% C.I. 
0.116, 0.822).

Table 3: Evaluate the quality of investigations included in meta-analysis using Strengthening the Reporting of Observational Studies in Epidemiology 
(STROBE) checklist.

Study

Title and 
abstract

Introduction Methods Results Discussion

Title or the 
abstract clearly 
demonstrated 
study design

Expressed 
the scientific 

background and 
the investigation 

purpose

Described the 
detailed study 

method

Indicated 
eligibility 
criteria 

selection

Described 
all statistical 

methods

Explained 
how the 

study size was 
arrived at

Stated 
characteristics 

of study 
participants

Summarised 
key findings 

and discussed 
study 

limitations

Kerkhoffs et al. [4] Y Y Y Y Y Y Y Yd

Kumawat et al. [18] Y Y Y Y N Y Y Yd

Chen et al. [38] Y Y Y Y Y Y Y Yd

Murtasyidah et al. [32] Y Y Y Ya N Y Y Y

Comont et al. [19] Y Y Y Yb Y Y Y Yd

Lieberman et al. [33] Y Y Y Y Y Y Y Y

Hu et al. [36] Y Y Y Y Y Y Y Y

Cheok et al. [37] Y Y Y Ya Y Y Y Y

DeCoteau et al. [35] Y Y Y Ya Yc Y Y Y

Note: Y-Criteria fulfilled; N-Criteria not fulfilled; a Inclusion criteria only, no exclusion criteria; b Only limited exclusion criteria mentioned; c Not all 
statistical methods have been described; d Summarised key findings without limitations.
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Figure 2: One-arm proportion forest plots on risk factors associated with PTR incidence, "Overall PTR incidence (A) CCI defined; (B) PPI defined 
bleeding related PTR; (C) CCI defined; (D) PPI defined infection related PTR; (E) CCI defined; (F) PPI defined". Note: The proportions of 
estimated PTR defined by corrected count increment (CCI) and Posttransfusion Platelet Increment (PPI) were expressed using binary random effects 
and maximum likelihood with 95% confidence intervals. P<0.005 considered to be statistically significant, heterogeneity displayed with I square 
value and P value. Weighting of each study depends on sample sizes.

Overall PTR incidence 

Bleeding related PTR

Bleeding related PTR 
(CCI defined)

41/117

Infection related PTR
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Figure 3: One-arm proportion forest plots on risk factors associated with PTR incidence. (A) Fever related PTR (CCI defined); (B) Splenomegaly 
related PTR (PPI defined); (C) HLA alloantibody related PTR (PPI defined). Note: The proportions of estimated PTR defined by Corrected Count 
Increment (CCI) and Posttransfusion Platelet Increment (PPI) were expressed using binary random effects and maximum likelihood with 95% 
confidence intervals. P<0.005 considered to be statistically significant, heterogeneity displayed with I square value and P value. Weighting of each 
study depends on sample sizes.

DISCUSSION

PTR is often developed within the haemato-oncology patients 
as they have high platelet transfusion demand in treatment of 
thrombocytopenia secondary to malignancies [31,39]. Platelet 
transfusion failure could leads to tragic outcomes for the patients, 
Kerkhoffs et al, revealed that only 39.7% of PTR patients with 
haematological malignancies survived compared to 55.9% survival 
rate for non-PTR patients [4]. To define PTR, there are several 
measures have been used: CCI, PPI and Platelet Recovery Rate (PR) 
[5]. In this meta-analysis, studies with CCI and PPI defined PTR are 
included to discuss the importance and correlation between PTR 
and related immune, non-immune risk factors in haemato-oncology 
patients, who are PTR vulnerable groups rarely investigated by other 
systematic reviews.

The overall PTR incidence among patients with haematological 
malignancy explored in this study. In one hand, the CCI defined PTR 
proportion was statistically significant with overall 39.34% (107/272) 
patients developed PTR (95% C.I. 0.272, 0.567. P<0.001). I² 
value=81.65% with P<0.001 represented a high heterogeneity-caused 
variability across four studies. Small numbers of studies included 
in this meta-analysis could be the cause, differences in sample size 

could also explained the variability of the data. Chen et al, had the 
lowest PTR incidence compared to other studies, this might be due to 
differences in definition of the PTR and small sample size among other 
studies [38]. In another hand, the PPI defined PTR had an overall 
8.26% of incidence among haemato-oncology patients (169/2047) 
and was statistically significant (95% C.I. 0.064, 0.130. P<0.001). High 
heterogeneity also describes the variability of the data with I²=81.81% 
and P<0.001. This is mainly due to Comont et al, with the most sample 
size but had the lowest incidence [19]. It was found that in this study, 
they have implanted a stricter measure when describing PTR which 
was looking at the total post transfusion platelet count rather than 
increment only [19]. Overall, the results suggested that CCI defined 
PTR has higher incidence than PPI, that might be due to platelet 
count for PPI is normally recorded one-hour post transfusion which 
the platelet consumption or destruction has not initiated. Therefore, 
the impact on platelet count cannot be revealed by that time. It could 
be suspected either immune or non-immune cause based on the 
platelet count increment, the variation of the sample size could also 
contributes to the incidence difference (272 for CCI and 2047 for 
PPI) [1]. PTR incidence ranging from 8%-39% represented it is not 
to be neglected in haemato-oncology patients. Risk factors of PTR are 
needed to be understood for further clinical management.
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Splenomegaly

Meta-analysis of splenomegaly related PTR defined by PPI consisted 
of three studies which was statistically significant. 28.21% (33/117) 
of PTR occurrences rate is relatively low compared to other risk 
factors (95% C.I. 0.202, 0.364). However, spleen is not only the 
most important organ that harboured platelet and controlled platelet 
sequestration, but splenomegaly also involves in haematological 
malignancies, which can potentially induce PTR in those patients who 
require platelet transfusion [27,41]. The data has no heterogeneity with 
I²=0.06% P=0.077, which represented data variation in this analysis is 
not due to heterogeneity but chance or difference sampling. Data from 
Lieberman et al with small sample size compared to others was mainly 
the cause [33].

HLA alloantibody

The immune-mediated PTR are normally contributing to a large 
portion of the PTR occurrence specially the HLA alloantibody 
which has drawn attention since they were discovered [9]. However, 
immune-mediated PTR are not predominantly found in haemato-
oncology patients because they have impaired immune system and 
immunosuppressed due to the malignancy which reduces the ability 
of producing antibodies [42]. In this meta-analysis, four studies were 
included, and the results were statistically significant. Really high 
heterogeneity was observed with I²=96.2% P<0.001, which described 
the variation of the data. There were 17.41% (82/471) of PTR patients 
found to be related to mainly HLA class I alloantibody (95% C.I. 
0.104, 0.646) which has the lowest incidence among all risk factors 
mentioned in this review. Comont et al, had the highest incidence 
than others, this could be due lack of identification of the HLA 
alloantibody as they could be induced by other underline conditions 
rather than PTR [19]. Although HLA alloantibody induced PTR had 
the lowest proportion, HLA matched platelet transfusions are still 
required for the best outcome of the patients [8,43].

Limitations

There are several limitations in relation to this review. Other than the 
risk factors analysed above, Disseminated Intravascular Coagulation 
(DIC), drug-related, HSCT (Hematopoietic Stem Cell Transplantation), 
ABO incompatible platelet transfusion, and other immune-mediated 
platelet destruction were not included in this review [39]. HPA was 
discovered recently to be a risk factor related to PTR, however, it was 
not discussed in this review due to lack of adequate articles and data 
[15,44]. Statistical heterogeneity overall in this study is high, this can be 
explained by limited number of studies included and small sample size 
in some of the studies. Some studies didn’t indicate all the selection 
criteria or expressed the limitations of the study. Also, some studies 
included are retrospective which could potentially contained bias and 
confounding factors that cannot be controlled. Lastly, PTR occurrence 
comparison between 1 hour and 24 hours platelet increment wasn’t 
included due to inadequate studies. 

CONCLUSION

This systematic review and meta-analysis identified that PTR was an 
important adverse condition in haemato-oncology patients. Bleeding, 
infection, and fever was significantly correlated with PTR in haemato-
oncology patients. Splenomegaly and HLA alloantibody was less 
significant, but precautions are still needed when encountering 
patients with these conditions. Given the high heterogeneity, limited 
number of studies and sample size consisted in this review, further 

Bleeding

Bleeding related PTR was analysed between CCI and PPI defined. Both 
were statistically significant (P<0.001) with high heterogeneity, CCI 
defined with I²=87.02%, P<0.001 and PPI defined with I²=93.44%, 
P<0.001.The numbers of studies included in the meta-analysis could 
explain the data variation caused high heterogeneity. CCI defined 
bleeding related PTR occurred in 44.33% patients (43/97) (95% C.I. 
0.266, 0.831), which is slightly higher than PPI defined with 35.96% 
(41/117) (95% C.I. 0.116, 0.822). This analysis contained the studies 
indicated bleeding have positive correlation with the development of 
PTR [4,18,19], it would increase platelet consumption and decreases 
platelet count [16,33,36,38]. Kerkhoffs et al, suggested that PTR 
patients with bleeding had lower platelet count for a longer period of 
time than non-bleeding PTR patients, they have showed lower survival 
rate as well [4]. Their findings also align with results from Comont et 
al, 24.4% of PTR patients dead from bleeding (P<0.001) [19]. 

Infection

Infection plays an important role in developing PTR in haemato-
oncology patients. This analysis reviewed infection related PTR for 
both CCI and PPI defined and indicated that infection is statistically 
significant with P<0.001. Interestingly, drastically different proportion 
explored when comparing two groups of patients, 68.04% (66/97) 
(95% C.I. 0.586, 0.770) CCI defined PTR patients were complicated 
to infection, whereas PPI defined PTR was 17.95% (21/117) (95% 
C.I. 0.061, 0.560). As two groups had similar numbers of sample size, 
the possible cause of this difference could be infection caused platelet 
destruction and consumption driven by neutrophils, macrophages and 
exogenous pathogen can only be observed in more than one hour after 
platelet transfusion [20-22]. Possible cause for low incidence in PPI 
group could also be studies included are all retrospective that some bias 
may potentially affect the statistics and sampling. Data from all three 
studies in CCI group had no heterogeneity with I²=0% P=0.604, which 
represented variability in this data are due to difference in sampling or 
chance. In infection related PPI defined PTR, a high heterogeneity 
demonstrated by I²=88.39% and P<0.001 explains the variability of 
the data is due to heterogeneity rather than chance or sampling error. 
It could be due to Lieberman et al, has smaller sample size than others 
which presented the highest proportion [33]. Even though there are 
significant PTR occurrences differences between CCI and PPI groups, 
averaging 40.65% of PTR patients along with previous study have 
suggested strong positive correlation between infection and PTR that 
can be induced by several mechanisms including pathogen interaction, 
phagocytosis, platelet desialylation and spleen sequestration that could 
lead to enhanced platelet clearance [21]. 

Fever

Three studies were included in the meta-analysis to evaluate the fever 
as an important factor for fever related PTR defined by CCI [4,18,38]. 
This analysis was statistically significant (95% C.I. 0.471, 0.810) and 
incidence of 67.01% (65/97) illustrated fever had positive correlation 
with the development of PTR among haemato-oncology patients, the 
result supported by Legler et al, finding [40]. Fever induced platelet 
clearance and destruction sometimes can be associated with infection, 
increasing levels of IL-1, IL-6 and such pro-inflammatory cytokines 
would activate the monocytes and macrophages, enhancing platelet 
clearance through phagocytosis and Fc gamma receptor mediated 
clearance [39]. High heterogeneity reflected by I²=64.14% P=0.015, 
which explains the variation of the data, and it could be due to the 
small numbers of articles included in the analysis.
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