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Abstract

Patients with hematological malignancies (HMs) and that undergoing hematopoietic stem cell transplantation
(HSCT) for HMs or other disorders require multiple blood product transfusions. Approximately 30% of these patients
develop platelet transfusion refractoriness (PTR), which increases the risk of serious and potentially fatal bleeding
complications. The incidence of PTR in the Saudi population is unknown.

To determine the occurrence of PTR in adult HMs and HSCT patients at King Abdul-Aziz Medical City (KAMC),
Riyadh, we performed a study of 29 HMs and HSCT patients. Platelet counts were determined prior to and one hour
after each platelet transfusion event. Four (13.8%) patients qualified for PTR, as they had corrected count increment
of less than 5000 following two consecutive platelet transfusions. PTR was detected following 17 of the 102 (16.7%)
platelet transfusion events. Subgroup analysis showed a significant association between the patient’s diagnosis and the
development of PTR (75.0% CML, 18.9% NHL, 16.7% AML, 7.1% ALL, 0.0% HL p=0.011). No significant correlations
between the development of PTR and either age, history of HSCT or previous exposure to blood products were found.
Our observed incidence of PTR in Saudi HM and HSCT patients is significantly lower than the reported worldwide
incidence (24-34%), which might be attributable to consanguinity within the community. Patients with AML and NHL

might be at a higher risk of developing PTR.

Keywords: Hematological malignancies; Hematopoietic stem cell
transplantation; Platelet transfusion refractoriness

Introduction

Patients with hematological malignancies (HMs) and those
undergoing hematopoietic stem cell transplantation (HSCT) often
receive high-dose chemotherapy and are therefore at risk of developing
severe thrombocytopenia, requiring long term transfusion support.
Many of these patients (18-34%) develop platelet transfusion
refractoriness (PTR) [1-3].

PTR increases the demand for platelet concentrates which are not
always readily available by hemotherapy services. PTR increases the risk
of transfusion related complications. It also increases the risk of serious
and potentially fatal bleeding complications in patients with HMs,
while their cancers are in complete remission [4,5]. Despite all these
significant consequences, this medical problem is often overlooked,
and updated management guidelines are not available [6,7].

Data about PTR incidence in the Middle East region is missing.
Using patients derived from the King Abdulaziz Medical City (KAMC)
in Riyadh, the objective of this study was to determine the incidence of
PTR in patients with HM or those undergoing HSCT, and to identify
associated demographic and clinical factors.

Materials and Methods
Patient demographics and clinical setting

This is a cross-sectional study conducted in from January to
December 2015 at KAMC, Riyadh. After obtaining the approval of the
King Abdullah International Medical Research Center Institutional
Review Board, a cross-sectional study was conducted in the period
from January to December 2015 in KAMC, Riyadh. All patients over
18 years of age with a confirmed HMs diagnosis including Acute
Myeloid Leukemia (AML), Acute Lymphoblastic Leukemia (ALL),

Hodgkin’s Lymphoma (HL), Non-Hodgkin’s Lymphoma (NHL) and
Multiple Myeloma (MM) who were admitted to the hematology ward
of the KAMC were invited to participate. Patients undergoing HSCT
for HMs or other diagnoses, such as hemoglobinopathy and solid
tumors, were also invited to participate. We excluded febrile patients
and those known to have on-going sepsis, Disseminated Intravascular
Coagulopathy (DIC), Venoocclusive Disease (VOD) or Graft Versus
Host Disease (GVHD) and those with splenomegaly. All participants
were consented for the study after local IRB approval.

Platelet preparation

Indications for platelet transfusion were a platelet count of less
than 15 x 10°/L, active bleeding, and prior to invasive procedures
such as central line insertion or removal. Platelet pools were generally
composed of 6 units of platelet concentrate. They were either buffy
coat-derived platelets pools or apheresis platelets (from a single
donor) collected using the Gambro  Trima™ ABC Collection System
(Lakewood, Colorado, US). Both products were processed to yield
minimums of 3.0 x 10" platelets (> 6 random platelet concentrates)
and residual leukocyte counts of < 5 x 10%/platelet concentrate. The
platelet pools are gamma irradiated using acesium-135 irradiator that
delivered a central dose of 2500 cGy. In all cases, transfused platelets
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were either ABO-identical or compatible with the recipients ‘blood
group.

Evaluation of the platelet transfusion response

Blood samples were collected from each patient prior to and
one hour after platelet transfusion. The response to transfusion was
evaluated by calculating the corrected count increment (CCI) 1 h after
each platelet transfusion as follows [8,9].

CCI=[(A-B) x BSA]/C x 10"

A: platelet count one hour post transfusion
B: pre-transfusion platelet count

BSA: Body Surface Area

C: number of transfused platelets

Patients were considered refractory to platelets when they show a
post transfusion platelet CCI value of less than 5000 in two consecutive
platelet transfusions.

Statistical Analysis

Descriptive data are presented as mean + standard deviation (SD)
for the continuous variables. Categorical variables are presented as the
frequencies and percentages. Chi-squared tests were utilized to identify
correlations and associations between the variables. Differences
exhibiting p values of <0.05 were considered statistically significant.

Results

A total of 29 patients were recruited; 23 (79.3%) were males and
the age was 37.5 + 14.1 years old (mean + SD). The most common
diagnosis was AML at 9 (31.0%) followed by NHL at 8 (27.6%) and
ALL at 6 (20.7%) (Table 1). Fourteen participants received HSCT. A
summary of the participant characteristics are illustrated in Table 1.

During the study period, four patients (13.8%) were diagnosed
with PTR, defined as having CCI of less than 5000 following two
consecutive platelet transfusion events. In 102 evaluated platelet
transfusion events, PTR was detected in 17 (16.7%). Subgroup analysis
showed significant association between PTR and the patient’s diagnosis
(75.0% CML, 18.9% NHL, 16.7% AML, 7.1% ALL, 0.0% HL), p=0.011.
In an adjusted analysis, after controlling for gender as a confounding
factor, the association between diagnosis and PTR remains significant
(p-value=0.008). No significant correlations between the development
of PTR and either age, history of HSCT or previous exposure to blood
products were found (Table 2). Bivariate analysis investigating the
relationship between events’ characteristics and platelet transfusion
refractoriness is illustrated in Table 2.

Discussion

Despite the widespread use of leukoreduction (the removal of
white blood cells) and ultraviolet gamma irradiation of blood products
to reduce alloimmunization in HMs and HSCT patients after The Trial
to Reduce Alloimmunization to Platelets (TRAP) trial results became
available; PTR remains a significant problem occurring in up to 34% of
patients [1,2,10,11].

In this study, we observed a PTR prevalence of 13.8%, which
is considered to be relatively lower than the reported international
rates. This difference might be explained by the high prevalence of
consanguinity in the Saudi community, reaching up to 60% of all
marriages. Since first degree cousins and double first degree cousins

marriages are very common in the Saudi community, the inbreeding
coefficient, which represents a measure for the proportion of loci at
which the offspring is expected to inherit identical gene copies from both
parents, can reach up to 0.125 [12]. Due to the genetic homogeneity,
Saudi HM:s patients have higher chance of having a full HLA matched
donor within the family, including parents and off springs and possibly
within the blood donor community [13]. Transfusing HLA matched
platelets, unintentionally, may have contributed to the lower incidence
of PTR in our study. Consanguinity may also lead to less variability in
the minor histocompatibilty genes known to elicit immune response
and therefore decrease the incidence of alloimmunization, hence less
PTR [14].

Another factor that might contribute toward the low incidence of
PRT at the KAMC is the way platelets are treated prior to transfusion.
All blood products that are transfused to HM and HSCT patients
undergo leukoreduction and ultraviolet irradiation. Furthermore, most
of the patients enrolled on our study received ABO matched apheresis/
single donor platelets, which proven to reduces PTR rates [1,11].
Although in TRAP study there was no additional benefit in apheresis
compared to pooled platelets [10]. We did not look specifically at the
difference in CCIs among recipients of the 2 different platelet products.

Characteristics N (%)
Gender
Male 23 (79.3)
Female 6 (20.7)
Diagnosis
AML 9(31)
ALL 6 (20.7)
HL 3(10.3)
NHL 8 (27.6)
CML 1(3.4)
Others 2(6.9)
HSCT
Yes 14 (48.3)
No 15 (51.7)
Number of prior transfusions - mean + SD 29.6+22.2

Table 1: Demographic and clinical characteristics of participants.

ALL: Acute Lymphoid Leukemia; AML: Acute Myeloid Leukemia; CML: Chronic
Myeloid Leukemia; Hodgkin’s Lymphoma (HL), HSCT: Hematopoietic Stem Cell
Transplantation; NHL: Non-Hodgkin’s Lymphoma; Others: Testicular Cancer and
Multiple Myeloma.

Non-refractory | Refractory events

Characteristic events N=85 N=17 p value
Age (mean + SD) 36.6 + 14.2 42.2+13.0 0.138
Diagnosis N (%)
AML 25 (31.6) 5(38.5)
ALL 13 (16.5) 1(7.7)
HL 11 (13.9) 0 (0.0)
NHL 30 (38) 7 (53.8)
CML 1(3.4) 3 (75.0%) 0.023
Others 5 (83.3%) 1(16.7%)
HSCT N (%)
Yes 52 (61.2) 12 (70.6)
No 30 (38.8) 5(29.4) 0.464
Previous transfusions
N (%)
<15 29 (34.1) 5(29.4)
1_6-30 31(36.5) 8 (47.1) 0.711
>30 25 (29.4) 4 (23.5)

Table 2: Bivariate analysis investigating the relationship between events’
characteristics and platelet transfusion refractoriness.

AML: Acute Myeloid Leukemia; ALL: Acute Lymphoid Leukemia; CML: Chronic
Myeloid Leukemia; HL: Hodgkin’s Lymphoma; HSCT: Hematopoietic Stem Cell
Transplantation; NHL: Non-Hodgkin’s Lymphoma; Other: Testicular Cancer and
Multiple Myeloma.
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We recommend studying the difference in PTR incidence when pooled
vs. apheresis platelets are used in our patients’ population in the future.

The presence of antibodies against human platelet antigen (HPA)
or against human leukocyte antigen (HLA) class I (PRA-HLA) due
to prior exposure from pregnancy, blood products or stem cells
transfusion, indicate alloimmunization and is associated with the
development of PTR [7,11,13-16]. Anti-HPA antibodies are present in
one-third of HM patients who developed PTR after receiving multiple
blood product transfusions [15,17]. Anti-HLA antibodies are more
common, occurring in up to 67% of refractory patients. Anti-HLA
antibodies are thought to be the primary cause for immunological PTR
[14,16,18]. Anti-HPA antibodies are more common in patients who
have Anti HLA antibodies secondary to multiple transfusion exposures
compared to those who PRA-HLA negative [17,19].

The combined use of HLA- and ABO-matched platelets, rather than
ABO-matched platelet concentrates alone, is usually recommended for
the management of PTR patients who test positive for anti-HLA and
anti-HPA antibodies [7]. However, the use of HLA-matched platelets
in HM patients with PTR is not always feasible in many tertiary centers
worldwide. Moreover, HLA-matched platelets in allogeneic HSCT
candidates should be avoided due to the increased risk of graft rejection
[18-21].

In our study, we did not test for the presence of either PRA-HLA
or anti-HPA antibodies. This is however to be planned as part of a
future multicenter study in Saudi Arabia. If the association between
PRA-HLA positivity and PTR is proven in our patients’ population,
recommending using HLA matched platelet transfusion in refractory
patients will be appropriate provided that the patient is not a candidate
for HSCT.

Non-immunological PTR causes include sepsis, DIC, VOD, Graft
versus host disease GVHD, splenomegaly and medications [11,20-23].
In our study, we excluded thrombocytopenic patients with established
DIC, VOD, GVHD or splenomgaly. We did not exclude participants
only based on their medication history.

Our data did not indicate significant association between PTR and
the patients’ age or prior history of HSCT. Unexpectedly, we also did
not find a significant association between PTR and the prior exposure
to blood products, which we find hard to explain.

We found clear associations between diagnoses of AML and NHL
and the development of PTR. Similar results have previously been
reported by Ferreira et al. [1]. We believe that the small sample size
in both of our studies (16 patients in Ferreira et al. [1]) is a limiting
factor; however, we were able to replicate their findings. In Ferreira et
al. a higher incidence of PTR was detected among females, particularly
in those with prior pregnancies [1]. In Slichter et al. PTR was more
common in males, however, 2 or more pregnancies was associated with
higher incidence of PTR in females [11]. We were unable to test these
correlations due to the small number of female patients enrolled in our
study; however this can be further explored in a future multi-center
study.

It is interesting that PTR is more common in AML and NHL
patients compared to other HMs such as ALL. Although ALL patients
require high dose chemotherapy leading to severe suppression of
hematopoiesis necessitating multiple transfusions of blood products,
PTR is less common in those patients. This suggests a possible role for
different epigenetic mechanisms resulting in more alloimmunzation in
AML and NHL patients.

Emerging evidence indicates that epigenetic modifiers might serve
as the promising therapeutic targets for the treatment of cancers. For
instance, in patients with HMs, inhibition of histone methyltransferase
G9a has been found to facilitate the treatment of AML [24]. As the main
epigenetic roles of G9a is depositing of H3K9me?2 at euchromatin and
maintenance of DNA methylation at imprinted control regions [25,26].
Aberrant distribution of G9a-associated epigenetic markers might be
the causes of HMs in humans. Apart from histone methyltransferase,
mutations within DNA methyltransferase 3A (DNMT3A) gene is also
strongly associated with poor prognosis in de novo AML patients
[27]. Therefore, abnormal gain or loss of DNA methylation might
also lead to the initiation and development of AML and mutations
within DNMT3A may be a potential biomarker for the diagnosis of
this disease.

Our data did not indicate significant association between PTR and
the patients’ age or prior history of HSCT. Unexpectedly, we also did
not find a significant association between PTR and the prior exposure
to blood products, which we find hard to explain.

To manage HMs patients with PTR, multiple strategies are used
including: transfusing bigger dosed of platelets, using steroids, using
intravenous immunoglobulin or anti-D in patients who are Rh-positive
and using ABO matched platelets concentrates. Using HLA A and B
antigen matched platelets concentrates is the mainstay of managing
such patients, however it leads to satisfactory increments in only half
of alloimmunzed patients [28]. Platelet cross-matching is a simple and
rapid procedure that can be used to select suitable donor platelets for
alloimmunized patients [29,30].

Conclusion and Recommendations

Given the significant incidence of PTR in Saudi Arabia, although
lower than international reports, the implementation of preventative
and therapeutic measures for the management of PTR in HMs and
HSCT patients must remain a focus. We recommend that larger, multi-
center studies be conducted to further probe the incidence of PTR,
and to analyze the correlations of PTR with demographic and clinical
factors, different blood products and also to evaluate the presence of
PRA-HLA and anti-HPA antibodies in patients who develop PTR. We
also recommend investigating the potential benefit of HLA-matched
platelets in the management of patients who qualify for PTR.
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