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ABSTRACT
Background: Anaemia is a common complication of cancer and its treatment. Red blood cell transfusion is an 
important supportive care element for the treatment of anaemia in cancer patients. Red cell alloimmunization and its 
associated effect can increase disease morbidity and outcome in cancer patients. This study is aimed at determining 
the frequency, pattern and risk factors associated alloimmunization in multiply transfused cancer patients.

Methodology: This was a hospital-based cross-sectional study at the University of Benin Teaching Hospital, Benin-
City, Edo State. Seventy-five cancer patients including 15 with haematological malignancies and 60 with solid organ 
cancers who have been multiply transfused were recruited consecutively into the study. A structured questionnaire 
was used to obtain subject demographics, information on the type of cancer, transfusion history. Blood sample was 
collected from consenting participants for blood counts, blood group determination, alloantibody screening and 
identification. All serological tests were performed using a standard protocol. Data was analyzed using Statistical 
Package for Social Sciences (SPSS) version 22. 

Results: The frequency of red cell alloimmunization was 13.3%. Thirteen alloantibodies were detected in 10 patients. 
The majority 8 (61.5%) were against the Rhesus blood group antigens, 3 (23.1%) anti-Kell, 1 (7.7%), anti-Lewis and 
one (7.7%). There were no significant associated risk factors in the study population.

Conclusion: There a high rate of red cell alloimmunization in multiply transfused cancer patients in our environment 
Age below 40 years, female gender, non-O ABO blood group status, and initiation of chemotherapy were associated 
with increased odds of alloimmunization.
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INTRODUCTION
Cancer is the second leading cause of death globally, and was 
responsible for an estimated 9.6 millon deaths in 2018 [1]. Its 
burden has continued to rise. An estimated 18.1 million new cases 
were recorded in 2018. About 1 in 6 deaths globally is attributed 
to cancer. In Nigeria, about 115,950 new cases and 70,327 cancer 
associated deaths were recorded in 2018 [2,3].

Cancer is an abnormal proliferation cells and have the ability 
to invade surrounding normal tissues, spread to distant sites 
including the bone marrow to cause disease and death [4]. invasion 
of the bone marrow may lead to bone marrow suppression causing 
anaemia. Other mechanisms of anaemia in cancer patients include 
bleeding from the tumor, poor nutrition, infection, inflammatory 

disorders, and chemotherapy/radiation therapies. The prevalence 
of anaemia in cancer patients at different stages of treatment is 
estimated to range from 39-68% and may be severe enough to 
require blood transfusions [5]. Red cell alloimmunization is a 
complication of RBC transfusion support.

Alloimmunization is an immunological response by an 
immunocompetent host against donor or non-self-antigens, 
resulting in various clinical consequences depending on the 
type of blood cells and specific antigens involved [6].Red cell 
alloimmunization is the formation of alloantibodies, against non-
self-antigens on Red Blood Cells (RBCs) [7]. 

RBCs express self-antigens on its surface which determines its group 
specificity. Antibodies against RBC antigens are either naturally 
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occurring or immune-based [8]. Naturally occurring antibodies 
appear in the serum at about 3-6 months of age and are implicated 
in some cases of alloimmunization. They include Anti A, Anti B, 
Anti P and Anti Le which are antibodies into the ABO, P, and Le 
blood group systems.8. Immune antibodies are elicited following 
exposure to non-self-antigens following transfusion, pregnancy 
and birth. The blood group systems associated with like Rh, Kell, 
Duffy, Kidd, Lutheran and MNS and they are mainly implicated 
in RBC alloimmunization [9]. Alloimmunization is one of the 
most relevant post-transfusion complications as it is associated 
with transfusion delays, shortened in vivo survival of donor 
blood, and hemolytic transfusion reactions which can be fatal in 
some cases. RBC alloimmunization was recently identified as an 
independent predictor of HLA alloimmunization in HSCT with 
possible clinically significant adverse consequences [10].

In Nigeria, there is a paucity of data on the frequency and pattern 
of RBC alloimmunization in multiply transfused cancer patients. 
However, studies abound on RBC alloimmunization in multiply 
transfused sickle cell disease patients [11,12]. Other non-Nigerian 
based studies have estimated the risk of alloimmunization to 
range from 0.3%-29% [13-16]. 

The objective of this study is to the prevalence and specificities 
of immune red cell alloantibodies in multiply transfused cancer 
patients, to identify possibly associated risk factors.

MATERIALS AND METHODS

Study design

This was a hospital-based cross-sectional study.

Study area

The study was conducted at the University of Benin Teaching 
Hospital, Benin–City, Edo State. The hospital is a tertiary health 
facility located in Benin City, the state capital of Edo State. The 
hospital is an 800 bed capacity facility and serves as a regional 
referral centre for oncology diseases. It serves the neighbouring 
states (Delta, Kogi, Ondo and Bayelsa states). It has a well 
establish oncology unit.

Study population

The study population consisted of adult (18 years and above) 
patients on treatment for malignancies who have been multiply-
transfused. Multiply transfused was defined as patients who have 
been transfused with ten or more units of blood [17]. The patients 
were recruited from the oncology ward of the hospital. Patients 
with autoimmune diseases such as systemic lupus erythematosus 
and those known circulating RBC antibodies unrelated to 
transfusion were excluded.

Sample size estimation

The sample size was calculated using the formula for cross-
sectional study. The estimated sample size was later adjusted for 
the population size using the formula: 

                                     [18].

                                   [18].

Where    =the desired sample size when the population is less 
than 10,000;

N=the estimate of the population size (about 100 patients per 
year). 

n=desired sample size when population is more than 10,000 and 
calculated using the formula: 

z=standard normal deviation (1.96)

Using 17.4% prevalence of haematological malignancies in 
UBTH [19]

q=1-p, 0.826

d=degree of precision to be used (0.05)

n therefore is 267.3=267

The adjusted sample size was 72.7=73

The working sample size for the study was 75 participants.  

Sampling technique: consenting patients who met the study 
inclusion were recruited.

Study procedure

Each participant was interviewed with a structured, interviewer-
administered questionnaire to obtain and document relevant 
biodata including age, sex and ethnic group. ABO and Rh 
(D) blood groups of the participants were retrieved from their 
hospital file records and confirmed in the course of the study.

Five millilitres (ml) of blood was collected from each participant by 
antecubital venipuncture after obtaining due consent. Three ml 
of the blood was dispensed into a plain bottle, while the remaining 
two millilitres was dispensed into an EDTA anticoagulant bottle. 
The EDTA anti-coagulated blood samples were used for ABO/
Rh D blood group phenotyping and haematological blood count 
test. The serum was used for alloantibody studies. Samples in the 
plain tube were allowed to clot at room temperature, centrifuged 
at 3000 rpm for 5 minutes and the serum was separated into 
another plain tube and stored frozen at -20°C. Maximum storage 
time was 14 days for each sample. All specimens were labelled 
with a personally generated identification number and recorded 
in stored in datasheet. 

Test procedures

Tests were carried out in the following order: Basic haematological 
count determination, alloantibody screening test, and 
alloantibody identification test.

Blood count estimation: Complete blood count which includes 
haematocrit, haemoglobin concentration, total white cell count 
and platelet count was carried out from the EDTA sample, 
using an automated blood cell counter (Sysmex Haematology 
Autoanlyzer model KN21). The basic principles underlying these 
techniques are electronic impedance and light scatter. This was 
done in the main haematology laboratory, UBTH.
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Alloantibody screening and identification

Screening cells and panel of cells (Albacete reagent red cells) 
for detection and identification of unexpected alloantibodies 
(procured from Lorne Laboratories UK) was used to screen 
patients’ sera for RBC alloantibodies and identification test using 
standard protocol [20].

Data analysis: Data was analyzed with the Statistical Package 
for Social Sciences (SPSS) version 22. Normally distributed 
continuous variables including the age of participants, 
haematological parameters, number of blood units received by 
study subjects was summarized using mean, standard deviation 
and ranges while the skewed continuous variable duration of 
illness was summarized as median and interquartile range. 
Categorical variables including age group, sex, ethnicity, 
occupation, comorbidity, type of malignancy, blood group of 
participants, frequency of alloimmunization, the pattern of 
alloantibody were summarized using simple frequencies and 
percentages.

The difference in mean age and number of units transfused 
between alloimmunized and non-alloimmunized was tested 
using the Student t-test. Chi-square statistics and odds ratio 
was used to estimate the association between alloimmunization 
with age group, gender, parity, blood group, comorbidity, cancer 
type and treatment status for underlying malignancy. Statistical 
significance was set at 0.05. 

Ethical consideration: The study was approved the Institutional 
Ethics Committee All information given by participants was kept 
confidential.

RESULTS
Seventy five patients with a history of multiple blood transfusions 
including 15 (20%) patients with haematological malignancies 
and 60 (80%) with solid organ cancers participated in the study.

Demographic and clinical characteristics of the study 
population 

The mean age of the subjects was 52.0 ± 15.2 years with a range 
of 22.0-84.0 years. The mean ages of subjects with haematological 
and non-haematologic malignancies were 55.4 ± 16.0 and 51.1 ± 
15.1 years respectively. The difference in their mean age was not 
statistically significant (p=0.332). The peak ages of the subjects 
were 50–59 years.

There were 24 (32.0%) males and 51 (68.0%) females. There 
were more males than females with haematological malignancies 
(7, (46.7%) vs. 8 (53.3%)) but those with non-haematologic 
cancers were predominantly females. The difference in gender 
distribution of subjects was statistically significant (p=0.048). 
Table 1 shows the sociodemographic and clinical characteristics 
of subjects based on the type of malignancy. 

Table 1: Demographic and clinical characteristics of study subjects.

Haematological 
malignancy

Non-haematologic 
cancer

Total Statistics P-value

n (%) 15 (20%) 60 (80%)
Age (yrs.)

Mean ± SD
Range

55.4 ± 16.0
25.0-76.0

51.1 ± 15.1
22.0-84.0

52.0 ± 15.2
22.0- 84.0

      t=0.977   0.332

DOI (yrs.)
Median (yrs)

Interquartile range
1.0

1.0–2.0
1.0

1.0-2.0
1.0

1.0-2.0
Man Whitney U 0.966

Age group 
<40 2 (13.3) 13 (21.7) 15 (20.0)

40-49 2 (13.3) 12 (20.0) 14 (18.7)
50-59 5 (33.3) 19 (31.7) 24 (32.0) *χ2=0.329 0.987
60-69 3 (20.0) 9 (15.0) 12 (16.0)

70 and above 3 (20.0) 7 (11.7) 10 (13.3)
Sex 

Female 7 (46.7) 44 (73.3) 51 (68.0) χ2=3.922 0.048
 Male 8 (53.3) 16 (26.7) 24 (32.0)

Occupation 
Professional 1 (6.7) 0 (0.0) 1 (1.3)

Skilled worker 8 (53.3) 21 (35.0) 29 ((38.7)
Unskilled worker 3 (20.0) 23 (38.3) 26 (34.7) *χ2=1.939 0.747

Retiree 2 (13.3) 9 (15.0) 11 ((14.7)
Dependent 1 (6.7) 7 (11.7) 8 ((10.7)

Comorbidity 
Diabetes 3 (20.0) 15 (25.0) 18 (24.0) *χ2=0.005 0.943

Number on therapy 13 (86.7) 33 (55.0) 46 (61.3) *χ2=3.827 0.050
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Duration of illness

The median duration of illness of subjects in both groups was 1 
year with an interquartile range of 1.0-2.0 years.

Comorbidity

Eighteen subjects including 3 (20.0%) with haematological 
malignancies and 15 (25.0%) with solid organ cancer were 
diabetic. The difference in the proportion of diabetics in both 
groups was not statistically significant.

Treatment status

13 (86.7%) of subjects with haematological malignancies 
compared to 33 (55.0%) of those with non-haematologic 
cancers had commenced therapy for the underlying malignancy 
(p=0.050).

Distribution of haematologic and solid organ 
malignancies   

The most common haematological malignancy was multiple 
myeloma which accounted for 7 (46.7%) followed by Non-
Hodgkin’s lymphoma 4 (26.7%), Chronic Lymphocytic 
Leukaemia (CLL) 2 (13.3%), chronic granulocytic leukaemia 1 
(6.7%) and acute myeloid leukaemia n (6.7%) (Figure 1). Non-
haematologic cancers had the following distribution: breast (17, 
28.3%), colorectal (7, 11.7%), ovarian (6, 10.0%), cervical/vulva 
and sarcoma (5, 8.3%) each, pancreatic and gastric (4, 6.7%) 

each, endometrial (3, 5.0%) among others (Figure 2). 

Haematologic parameters of the study population

The mean haematocrit of the study population was 27.0 ± 
5.7% with a range of 9.0-41.7%. The haematocrit did not differ 
significantly between patients with haematological malignancies 
and those with non-haematologic cancer (24.7 ± 7.1 vs. 27.6 ± 
5.2%; p=0.988). 

The mean White Blood Cell Count (WBC) was 7.6 ± 4.3 (range, 
1.50-28.0). The WBC count did not differ significantly between 
those with haematologic and non-haematologic cancers (7.6 ± 2.5 
vs. 7.6 ± 3.8, p=0.079). 

The mean platelet count of the study population was 243 ± 127.2 
with a range of 24.0–558.0 × 109/L (Table 2). The difference in 
mean platelet count was significantly increased in subjects with 
non-haematologic cancers compared to those with haematological 
malignancies (266.7 ± 127.3 vs. 151.7 ± 76.5, p=0.001).

Blood group distribution of study population

Regarding blood group distribution, the observed blood group 
antigen frequencies were O (66.7%), A (17.3%), B (10.7%), AB 
(5.3%) of the ABO blood group system. Seventy-two (96.0%) 
were positive for the Rhesus D antigen while 4% were negative 
(Table 3).

Figure 1: Types of haematologic cancers. Note: (   ) MM; (   ) NHL; (   ) CLL; (   ) CGL; (   ) AML.

Figure 2: Types of non-haematologic cancers. Note: (   ) Breast CA; (   )Colorectal;  (   ) Ovarian; (   ) Cervical/Vulva; 
(   ) Sarcoma; (   ) Pancreatic; (   ) Gastric; (   ) Endometrial; (   ) Prostate; (   ) Larymgeal; (   ) Others.
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Table 2: Haematologic parameters of the study population.

Haematological 
parameters

Haematological 
malignancy

Non-haematologic 
cancer

Total T-test P-value

Haematocrit 

Mean ± SD 24.7 ± 7.1 27.6 ± 5.2 27.0 ± 5.7
-0 0.988

Range 9.0-35.0 15.9-41.7 9.0-41.7

WBC

Mean ± SD 7.6 ± 2.5 7.6 ± 3.8 7.6 ± 4.3 
-2 0.079

Range 2.3-28.0 1.5-18.6 1.50-28.0

Platelets 

Mean ± SD 151.7 ± 76.5 266.7 ± 127.3 243.7 ± 127.2
-3 0.001

Range 24.0-303.0 74.0-558.0 24.0-558.0

Table 3: ABO and Rhesus D blood group pattern and average unit of blood transfused.

 
Haematological 

malignancy
Non-haematologic 

cancer
Total Statistics test P-value

Blood group

ABO

O 9 (60.0) 41 (68.3) 50 (66.7)

χ2=5.136 0.162
A 1 (6.7) 12 (20.0) 13 (17.3)

B 2 (13.3) 6 (10.0) 8 (10.7)

AB 3 (20.0) 1 (1.7) 4 (5.3)

Rhesus D

Positive 15 (100.0) 57 (95.0) 72 (96.0)
χ2=0.022 0.882

Negative 0 (0.0) 3 (5.0) 3 (4.0)
No of units transfused

Mean ± SD 12.0 ± 3.5 10.5 ± 1.7 10.8 ± 2.2
t=2.358 0.021

Range 10-21 10-22 10-22 

Number of blood units transfused

The average number of blood units received by the study subjects 
was 10.8 ± 2.2 units with a range of 10-22 units. Subjects 
with haematological malignancies received a significantly 
higher number of blood units compared to subjects with non-
haematologic cancers (12.0 ± 3.5 vs. 10.5 ± 1.7, p=0.021).

Alloimmunization status of the study population 

A total of 10 (13.3%) of the study subjects had a positive 
alloantibody test. These include 2 (13.3%) of subjects with 
haematological malignancies and 8 (13.3%) of those with non-
haematologic malignancies. There was no significant difference 
in the proportion of alloantibody seropositivity between subjects 
with haematological and those with solid organ cancers (p=1.000).

Three subjects (30.0%) had double alloantibodies detected and 
7 (70.0%) had single alloantibodies. In one of the subjects with a 
single antibody, the antibody specificity could not be established.

A total of 13 alloantibodies were detected in 10 subjects. The 
majority 8 (61.5%) were against the Rhesus blood group antigen, 

3 (23.1%) against Kell, 1 (7.7%) against Lewis and the remaining 
1 (7.7%) could not be identified. The most prevalent alloantibody 
is anti-Cw with 4 (30.8%) anti-E with 3 (23.1%), anti-Kpa had 2 
(15.3%), anti-C, anti-K and anti-Lea were 1 (7.7%) each (Figure 3).

Risk factors for RBC alloimmunization

The association between alloimmunization and potential 
risk factors including the age group of subjects, number of 
transfusions, sex, parity, ABO blood group, Rhesus antigen, 
diabetes, nature of cancer and use of chemotherapy were tested 
(Table 4). 

Female gender was associated with increased odds of 
alloimmunization but this was not statistically significant. Odds 
ratio (OR; 1.11, 95% CI, 0.26 – 4.74). Parity (, 3) was associated 
with reduced risk of alloimmunization OR=0.12 (0.02-0.77). 
Non-O blood had a high Odds of alloimmunization (OR=3.63, 
95%CI: 0.92- 14.34). The use of chemotherapy use was associated 
with higher odds of alloimmunization but this did not reach 
statistical significance 1.56 (0.37–6.57).
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Figure 3: Alloantibody specificity. Note: (   ) Anti Cw; (   ) Anti E; (   ) Anti Kpa;  (   ) Anti K; (   ) Anti Le; (   ) Non-
specific.

Table 4: Factors associated with alloimmunization.

Risk factors Allo-immunized Non-alloimmunized Statistics P-value OR (95% CI)

n 10  65

Age 46.0 ± 16.1 52.9 ± 15.0 t=-1.336 0
No of transfusion 10.7 ± 1.1 10.8 ± 2.4 t=-0.193 1

Age group

<40 4 (40.0) 11 (16.9)

χ2=1.632 1

1
40-49 2 (20.0) 12 (18.5) 0.45 (0.06-3.01)
50-59 2 (20.0) 22 (33.8) 0.25 (0.04-1.58)

60 and above 2 (20.0) 20 (30.8) 0.28 (0.04-1.14)

Sex 

Female 7 (30.0) 44 (67.7)
χ2=0.048 1 1.11 (0.26-4.74)

Male 3 (70.0) 21 (32.3)

Parity 

≤ 3 4 (66.7) 7 (18.9)
χ2=3.929 0 0.12 (0.02-0.77)

>3 2 (33.3) 30 (81.1)

Blood group

ABO   

Non-O 6 (60.0) 19 (29.2)
χ2=2.437 0 3.63 (0.92-14.34)

O 4 (40.0) 46 (70.8)

Rhesus 

Positive 10 (100.0) 62 (95.4)
χ2=0.030 1

Negative 0 (0.0) 3 (4.6)

Diabetes 

Yes 2 (20.0) 16 (24.6)
χ2=0.006 1 0.77 (0.15-3.98)

No 8 (80.0) 49 (75.4)

Nature of CA

Haematologic 2 (20.0) 13 (20.0)
χ2=0.180 1 1.00 (0.19-5.28)

Non-haematologic 8 (80.0) 52 (80.0)

Use of chemotherapy

Yes 7 (70.0) 39 (60.0)
χ2=0.065 1 1.56 (0.37-6.57)

No 3 (30.0) 26 (40.0)
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DISCUSSION
The overall prevalence of alloantibodies in multiply transfused 
cancer patients was observed to be 13.3%. The prevalence 
observed in this study falls within the range reported in some 
studies on the subject.15, 16 El Fetouh et al. [15] reported a rate 
of 9.16% amongst multiply transfused Egyptians with various 
cancers including haematological and non-haematological 
cancers. In another related study, Ahmed Ali et al. [16] reported 
a rate of 29% among Sudanese patients with cancers. The 
prevalence of alloantibody in a population may vary depending 
on the definition of multiply transfused used in a study, the local 
transfusion policy and practice especially concerning extended 
blood group typing amongst others. The index study used a value 
of at least 10 units for the definition of multiply transfused. 

The majority of alloantibodies identified in this study were those 
against the Rhesus and Kell blood group systems which accounted 
for 65.1% and 23.1% respectively. Others were of the Lewis blood 
group with 7.7%. This is consistent with existing studies which 
reported alloantibodies predominantly against Rhesus and Kell 
blood group systems. These include studies by Elrahman et al. 
and Mohsin et al. [21,22] Their high prevalence may be as a result 
of the diverse and highly immunogenic nature of antigens of 
these blood group systems leading to the production of clinically 
significant alloantibodies. Anti-Lewis antibody was identified in 
one patient and it not clinically significant.

The relationship between the number of blood transfusions and 
the rate of alloimmunization was not significant. Some studies 
reported that increasing number of alloimmunized patients 
dependent on the number of RBC units transfused yet others did 
not confirm this association [23-26] Our findings is in keeping 
with a study by Zalpuri et al. [23] which showed no significant 
difference in the risk of alloimmunization in intensively 
transfused patients and non-intensively transfused patients. 
However studies by Papay et al. [24] and Schonnewille et al. [25] 
have shown otherwise. The conflicting results can be explained 
by the number of transfusions, the interval between transfusion 
events, the frequency of antibody testing, the specificity of the 
antibodies (whether clinically significant versus non-significant 
and low-incidence) and the practice of extended red blood 
cell phenotyping by different centers involved in the different 
studies. Besides, for most studies all transfusions administered to 
the patients were considered until antibody was detected. After 
transfusion with an incompatible antigen, a primary immune 
response needs time to result in a serological detectable antibody 
and additional transfusions can be given during this period. As 
a consequence, the number of transfusions needed to elicit an 
antibody response can be overestimated. Based on the frequency 
of common RBC antigens in the Caucasian population, most 
patients will theoretically encounter alloantigen during the first 
3-4 transfusions. Blumberg et al. on the other hand showed that 
the rate of antibody formation per transfusion decreases with 
increasing numbers of transfusions (e.g. 7.9 per 1000 transfusions 

when less than 15 units were transfused compared to 2.5 when 
more than 44 units were transfused). This is in agreement with 
studies who reported that the majority of alloimmunized patients 
have made the antibodies early during the transfusion course and 
probably after the first few encounters with the foreign antigen 
[26,27]. 

The age of the patients was not significantly associated with the 
risk of alloimmunization. This study in keeping with reports by 
Schonnewille et al.26 However, studies by Murao et al. [28] and 
Samarah et al. [29] revealed a significant association between age 
and alloimmunization. In the index study patients in the age 
group less than 40 years had a higher rate of alloimmunization 
than the other age groups. This is similar to the observation 
by Karaffin et al. [30]. The reason for this is not entirely clear 
however it may be that patients in this age group are more 
immunocompetent compared to the older age groups. They may 
also lack comorbidities and other age-related factors that may 
reduce immunocompetence. 

There was no statistically significant association between gender 
and risk of alloimmunization in this study despite a slightly higher 
odd in females. This is in keeping with the findings of Samarah et 
al. [29]. However, studies by Verduin et al. [31] and Karafin et al. 
[30] showed that the female sex is more at risk of alloimmunization 
compared to men. It is biologically plausible that women having 
been exposed to several sensitization episodes especially through 
pregnancy and/or transfusion should be more alloimmunized 
however, sensitization through pregnancy is dependent on the 
degree of antigen compatibility between mothers and their 
fetuses. Zalpuri found that the alloimmunization rate was 
comparable for males and females over the age of 45 years and 
lower alloimmunization frequency among women below 45 years 
of age [32]. Increasing age-related factors may have played a role 
in affecting the alloimmunization rate as the majority of the study 
population were of the older age group in this study even there 
was a significantly higher number of females compared to males. 

Blood group O is the dominant ABO blood group in the study 
population. The distribution of ABO blood group in the study 
population is consistent with the blood group pattern in the region 
as described by Enosolease et al. and Egesie et al. [33,34] There 
was no significant association between risk of alloimmunization 
and ABO/Rh D blood group systems, however non-O ABO blood 
groups had higher odds of alloimmunization. This is consistent 
with the observation of Al-Joudi who found that there was no 
significant association between alloimmunization and ABO and 
Rh (D) blood groups [35] The possibility of subjects with blood 
group ‘O’ having reduced highly immunogenic antigens or having 
genetic factors that may make them resistant to alloimmunization 
may account for their low rate of alloimmunization despite 
accounting for a higher number of subjects in this study.

There was an inverse relationship between parity of the female 
patients and the rate of alloimmunization. Female patients with 
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parity of 3 or less had higher risk of alloimmunization. This is 
inconsistent with the observations of Patel et al. that reported 
increased risk of alloimmunization with increasing parity [36] 
Pregnancy supposedly exposes mothers to fetal RBCs during 
pregnancy and around the time of delivery, however, only a few 
get alloimmunized. Several factors including the immunogenicity 
of the antigen they were exposed to and possibly other genetic 
and/or environmental factors play some roles in pregnancy 
related risk of alloimmunization [7].

The risk of alloimmunization was similar between patients with 
haematologic malignancies and those with solid organ cancers. 
Some studies have reported a higher risk of alloimmunization 
in patients with solid organ cancers including studies by Arora 
et al. and Hendrickson et al. [37]. The role of the nature of the 
underlying disease in alloimmunization have been highlighted 
perhaps via associated inflammation or genetic polymorphisms 
[38,39]. The heterogeneity of these disease conditions involved 
in this study may contribute to the inability to establish any 
associations.

Patient with comorbidity such diabetes has reduced risk of 
alloimmunization. This is consistent with a study by Higgins 
et al. [40]. However, on the contrary, Bauer et al. reported 
diabetes mellitus as a risk factor for red cell alloimmunization 
[41] Generally diabetes may impact negatively on the immunity 
of affected individuals and thus impair immunological response 
associated with the process of alloimmunization. 

The use of chemotherapy was not associated with significant 
risk of alloimmunization, however the use of chemotherapy 
was associated with increased odds of alloimmunization. 
Different studies have shown varying reports. Studies by Sanz et 
al. [42] and Mangwana et al. [14] showed diminished immune 
responses most likely reflect the intensity of treatment-associated 
immunosuppression while that by Leisch et al. [43] revealed 
two-fold higher alloimmunization rates for patients treated with 
immunomodulating therapies compared to patients not receiving 
immunomodulating therapies [14,42,43]. It is also possible 
that the use of steroids as part of the chemotherapy regimen 
may have contributed to reduced immunity and the rate of 
alloimmunization found in this study.

The study has some strengths and limitations. This is among a 
few studies on alloimmunization in multiply transfused cancer 
patients in the region. The definition of multiply transfused 
patients for this study was a reception of at least 10 units of 
blood. It is a strength for the study as a high benchmark provides 
a better platform to evaluate the association of transfusion 
with alloimmunization risk. This is unlike some studies where 
reception of at least two units of blood was used to define 
alloimmunization [11]. The study had a fair representation of 
different types of common malignancies prevalent in the region. 
However, the study is limited by the fact that the proportion of 

various malignancies represented was small and thus limited the 
capacity to test the association of specific malignancies with the 
risk of alloimmunization.  Though a majority of the alloantibodies 
detected, were identified, however, the identification of one of 
the alloantibody was not possible. This may be attributed to the 
limited capacity to specify all detectable alloantibodies with the 
panel of cells available. However, it is also commonplace in some 
studies not to be able to specify all detectable alloantibody [23].            

CONCLUSION
In conclusion, there is a high rate of RBC alloimmunization in 
multiply transfused cancer patients in our environment. The rate 
of alloimmunization is similar for patients with haematological 
and non-haematological cancers. Alloantibodies against the 
Rhesus and Kell blood group antigen systems were the most 
prevalent alloantibodies. Age below 40 years, female gender, 
non-O ABO blood group status, and initiation of chemotherapy 
were associated with increased odds of alloimmunization.
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