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ABSTRACT 

 Background & objectives: Acute non- lymphoblastic leukemia (ANLL) is a 

devastating hematological neoplasm. Recently, the World Health Organization 

(WHO) developed a cytogenetically based classification system for ANLL. 

Although A, B and Rhesus (D) blood group antigens are cheap and widely 

available genetic markers, they are not included in this classification. This study 

investigated the possible inclusion of A, B and D blood group antigens in WHO 

classification of ANLL.  Patients & methods: Hospital records of patients with 

ANLL who were admitted at hematology and BMT unit, Assiut University 

Hospital, in the period Jan 2007- Dec 2010, were reviewed. Results:  The study 

included 118- ANLL patients and 75 gender and residence matched controls, 

the mean ±SD of their ages were 41.7±16.8 and 28±9.5, respectively. Males 

were 61.9% of patients and 60.2% of the controls. 65.3% &61.9% of patients 

and controls were from Assiut Governorate, respectively. FAB M4, M3 and M2 

were the most frequent FAB subtypes among patients. The distribution of ABO 

blood groups among patients and controls were A (44.9% Vs 24%), B (24.6% 

Vs 36%), O (17.8% Vs 32%) and lastly AB (12.7% Vs 8%). Rh positivity was 

9&8 times higher than Rh-negativity in patients and controls, respectively. All 

patients who achieved complete remission (CR) were with type ARh+ve blood, 
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while 53% & 47% of those who died were with types ORh-&+ve blood, 

respectively. Conclusion: Subjects with blood type A are more likely to develop 

ANLL and is associated with favorable prognosis while type O carries very poor 

prognosis. 
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1. INTRODUCTION 

ANLL is a hematopoietic stem cell disorder that possesses clinical and 

cytogenetic heterogeneity.1 there are two main classification systems for ANLL, 

the older French-American-British (FAB) classification system and the recent 

World Health Organization (WHO) system. 2,3 The FAB classification depends 

mainly on morphologic and cytochemical studies of malignant cells while the 

WHO classification takes in consideration specific risk factors, nevertheless 

cytogenetic and molecular analyses of  malignant cells are the cornerstone for 

the WHO classification. The WHO classification was updated in 2008, where 

more molecular genetic markers were added.4  

  The recent approach in management of ANLL depends on identification of 

specific risk factors that judge the choice of effective therapy for each individual 

patient. These risk adapted treatment protocols depend on both patient's and 

disease's characteristics. Nevertheless, the cytogenetic and molecular profile of 

ANLL is the most important determinant of response to treatment. 5-7 

Laboratory techniques for cytogenetic and molecular analyses in patients with 

ANLL are not widely available, expensive and complex. Furthermore the 
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laboratory techniques that are needed for determination of some molecular 

markers are not established yet. 8  

A breakthrough in immunohematology was achieved in 1901 when Karl 

Landsteiner discovered the ABO blood groups; this was completed with the 

discovery of Rhesus (Rh) antigen (D) 40-years later. Individual's ABO 

phenotype is determined by a gene located at chromosome 9. 9-11Nevertheless, 

distribution of ABO and Rhesus phenotypes is different from one race to 

another and from one geographic region to another. 12 

  Although, A, B and D blood group antigens are the earliest genetic markers 

reported, their inclusion in the WHO classification and/or treatment protocols of 

de novo ANLL was not investigated. Owing to the worldwide availability and 

feasibility of ABO determination, this study was conducted to investigate the 

possibility of considering ABO/Rh antigens in the WHO classification of 

ANLL. This in turn included studying the relationship of ABO/Rh phenotypes 

with ANLL, and analyzing their prognostic impact. 

 2. METHODS 

2.1. Study design and study population 

A retrospective case control study was conducted at the Hematology 

and BMT Unit of Internal Medicine Department at Assiut University 

Hospital, Assiut, Egypt. In this study hospital records of AML patients 

who were admitted in the Hematology Unit in the period Jan 2007 to Dec 

2010 were reviewed. Data were then collected from these records; the 

collected data included demographic, clinical, hematologic, FAB 

subtype, ABO and Rhesus phenotypes. Type of treatment and treatment 

response were also gathered. However both immunophenotypic and 

cytogenetic data were not included, as they were not available in many 

records. Records with incomplete data were excluded from the study. 

Accordingly, a total of 118 AML patients and a 75-gender and residence 
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matched healthy volunteers, were enrolled in the study as a control 

group. Controls were recruited among students, physicians and 

coworkers. Patients with de novo AMLs only were included in the 

study.  

2.2 Definitions 

AML patients were diagnosed according to the WHO criteria for diagnosis of 

AML, 3 then treated with induction or induction and consolidation treatment 

regimens. Evaluation of response was conducted after first induction. We 

followed the criteria developed by the International Working Group to define 

response to treatment.13Accordingly, complete remission was defined as 

neutrophil count >1000/ul, platelet count >100.000/ul, absent extramedullary 

disease and independence from red blood cell transfusion. Bone marrow 

aspiration or biopsy reveals <5% blast with absent Auer rods and normal 

cellular maturation of all elements. Partial response was defined as 

normalization of peripheral hemogram and >50% reduction of bone marrow 

blasts. If patient developed complications either of the disease or the treatment 

he/she was categorized in the group of complicated disease. 

2.3. Analysis of ABO and Rh blood groups 

  ABO and Rh blood typing was performed with the classical serological slide 

or tube agglutination test, using the commercially available A, B and D antisera. 

This was done for both patients and controls as a prerequisite for either blood 

transfusion or donation. Thus ABO/Rh phenotypes of patients were extracted 

from their hospital records while those of the controls were performed at the 

blood bank, Assiut University Hospital. Family history of the control group was 

analyzed; those who have relatives with ANLL were excluded from the study to 

avoid genetic susceptibility.  
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2.4. Statistical analysis 

The collected data were analyzed with SPSS V. 17.0, Inc, Chicago, USA, 

software for windows. Data were presented as median, mean ± SD or 

percentages from the total number. Association between ABO/Rh phenotypes of 

patients and response to treatment was done using chi-square test. Spearman's 

rank correlation co-efficient was used to assess the association between 

categorical variables. The same test was used to analyze the relationship 

between A, B and D blood antigens and different FAB subtypes of the patient 

group. P value ˂ 0.05 was considered significant.   

2.5. Ethical consideration 

The study design, method and objectives were consistent with the world 

medical association (WMA) declaration of Helsinki 2013. 14 Collection of AML 

patients' data was approved by the research ethical committee of Faculty of 

Medicine, Assiut University.  However, due to the retrospective nature of the 

study patient's written informed consent was not required. All the control 

participants were volunteers. The research protocol and research objectives were 

discussed briefly to the control group. Only those who were willing to 

participate in the study were involved in the study.  

3. RESULTS 

3.1. Demographic characteristics of patients and the control group 

A total of 193 subjects were enrolled in the study, 118- patients with ANLL 

and 75 healthy controls. Since age has no influence on the ABO and Rh blood 

types, accordingly age matching between ANLL patients and the controls was 

un-necessary. Nevertheless both were perfectly matched in respect to gender 

and geographic distribution. Ages of patients ranged  from 18-77, 61.9% were 

males  and the male to female ratio was 1.6:1, while the age range of the 

controls was 61-51, and 60.2% were males. The vast majority of patients and 

controls were from Assiut Governorate (65.3% V. 61.9%). Socially only 50.8% 
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of patients were from urban community, in the contrary urbanized environment  

was detected in most of the control group 89. 3%, table 1 showed demographic 

data of patients and the control subjects. 

Table 1. Demographic characteristics of ANLL patients (n=118) and the 

control group (n=75). 

ontrols(n=75) ANLL patients (n=118) Variable 

 

 

28±9.5 

16-51 

 

 

41.7±16.8 

18-77 

Demographics 

Age(years) 

  -Mean±SD 

  - Range 

 

45(60.2%) 

30(39.8%)  

 

73 (61.9%) 

45(38.1) 

Gender 

   - Male 

   - Female  

 

48(61.9%) 

12(16%) 

14(18.6%) 

1(1.3%) 

 

77(65.3%) 

18(15.3) 

23(19.5) 

Governorate 

   - Assiut 

   - Below Assiut 

   - Above Assiut 

   - Missing         

 

67(89.3%) 

8(10.7%) 

 

47(78.3%) 

13(21.7%) 

Social environment  

          Urban    n (%) 

          Rural      n (%)   

 

4(5.3%) 

41(54.7%) 

6(8%) 

24(32%) 

 

29(24.6%) 

29(24.6%) 

36(30.5%) 

24(20.3%) 

Occupation 

       Housewife    n (%) 

       Employed     n (%) 

       Farmer          n (%)       

      Unemployed  n (%)         

Data was expressed as mean ± SD, median (interquartile range), or as 

percentage from the total number as appropriate.  

3.2. Clinical and hematologic characteristics of ANLL patients 

A considerable proportion of ANLL patients presented with symptoms and 

signs of bone marrow (BM) failure (69.5% &65.3%, respectively). 

Hepatosplenomegaly was detected in 28 patients (23.7%), while 

lymphadenopathy in 18 patients (15.2%). Analysis of the peripheral hemogram 

showed that approx. half of the patients had leucopenia (51.7%) and (44.1%) 

leucocytosis and only 4.2% had normal WBCs count. 

FAB M4, M3, and M2 were the most common FAB subtypes among the 

patient  group (21% &20%, respectively), while FAB M1 and M7 were the least 

frequent subtypes (2% &4%, respectively), as demonstrated in figure 1.  
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72 % of patients received anthracycline or non- anthracyclin based induction. 

Assessment of response after first induction showed that less than 50% of 

patients (44%) achieved complete remission (CR), and a considerable 

proportion died (14.4%) the etiology of their death was out of the scope of the 

study, table 2 showed clinical, hematologic, treatment and response to treatment 

data of the patient group. 

Table 2. Clinical and hematologic characteristics of ANLL patients 

(n=118). 

Percent Frequency  Variable 

 

 

70.3% 

18.6% 

5.9% 

5.1% 

 

 

 

65.3% 

19.5% 

11% 

4.2% 

 

 

83 

22 

7 

6 

 

 

 

77 

23 

13 

5 

Clinical characteristics 

Complaint: 

       Manifestations of BM failure 

       BM failure and bone pains 

       BM failure and others 

       Manifestations of BM failure, 

       bone pains & others        

On Examination 

        Signs of BM failure 

        Signs of BM failure & HSM 

        Signs of BM failure& lymphadenopathy 

        Signs of BM failure, HSM& 

         Lymphadenopathy 

 

 

51.7% 

44.1% 

4.2% 

 

 

61 

52 

5 

Hematologic characteristics 

WBCs 

      Leucopenia       

      Leucocytosis 

      Normal WBCs  

7.05±1.89 

89.36±73.66 

59.67±22.61 

Hemoglobin (mean± SD) 

Platelets(mean± SD) 

Blast% (mean± SD) 

 

85 (72%) 

23 (19.5%) 

10 (8.5%) 

Type of treatment 

      Induction 

      Induction and consolidation 

      Others 

 

52 (44%) 

37 (31.4%) 

12 (10.2%) 

17 (14.4%)  

Treatment response 

      Complete remission 

      Partial remission  

      Complications 

      Death      
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Figure (1) Frequency of FAB subtypes among the study patients. 

 

3.3. Distribution of ABO and Rh blood groups among ANLL patients and 

the control group 

ABO blood groups were analyzed for both ANLL patients and the control 

groups. The obtained results showed that the commonest blood type among  

patients was blood group A (44.9%), followed by B (24.6%), O (17.8%) and 

lastly AB (12.7%). This was not the case with the control group where the most 

common blood group was blood group B (36%), followed by O (32%). Blood 

type A came the third in frequency in the control group (24%). On the other 

hand AB blood type was the least common type in both patients and the control 

group, as shown in figure 2. 

Rh +ve blood type was detected in 91.5% of AML patients compared to 80% 

of the controls. On the contrary Rh –ve blood type comprised 20% of the 

controls and only 8.5% of AML patients, figure 3. 
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Figure (2) Distribution of ABO blood groups among ANLL  patients and 

the control group. 

 

 

 

 

 

 

 

Figure (3) Distribution of Rh blood groups among ANLL patients and the 

control group. 

3.4. Association between ABO/Rh blood types and different FAB subtypes      

in patients with ANLL 

Both the Chi square test and Spearman’s rank correlation co-efficient were 

used to assess the relationship between the ABO/Rh phenotypes and FAB 

subtypes in the study patients. The obtained results showed a significant 

association between ABO/Rh blood groups and the FAB subtypes (r= 0.92  & 

P= 0.000** for ABO and r= 0.49 &P=0.000** for Rhesus phenotype). The 

distribution of FAB subtypes in relation to ABO/ Rh phenotypes of patients was 

as following, patients with group A+ have M2, M1, M3 & M1-2, those with B+ 

blood had M3& M4, group AB +ve had M4&M5, O+ve have M5& M6, and 
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lastly patients with O -ve blood type have M6& M7 FAB subtypes in order of 

frequency, as in figure 4. 

 

 

Figure 4. Relationship between ABO/Rh phenotypes of ANLL patients and 

their different FAB subtypes.                

 

3.5.  Relationship between ABO/Rh blood types and response to treatment 

in patients with ANLL 

The possible prognostic impact of A, B and D blood group antigens in 

patients with ANLL was analyzed with Spearman’s rank correlation co-

efficient, after adjustment for other risk factors. The obtained result showed a 

highly significant association between ABO/Rh phenotypes and response to 

treatment in the study patients (r= 0.97 & P= 0.000** for ABO, and r= 0.48 

&p= 0.000** for the Rhesus phenotypes). All ANLL patients who achieved 

complete remission after first induction were with A Rh +ve blood type, while 

most of those (78.4%) who were in partial remission have B Rh +ve blood type. 

On the contrary all patients who died before, during or right after first induction 

were of O Rh–ve & +ve blood types (53% & 47%, respectively). Patients with 

ANLL who develop disease or therapy related complications have  blood types 

AB Rh+ve  and O Rh-ve (66.7% & 33.3%, respectively), as illustrated in figure 

5.    
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Figure 5. Association between ABO/Rh phenotypes and response to 

treatment in ANLL patients. 

 

Discussion 

Since the discovery of the ABO and Rh (D) blood group antigens and their 

clinical applicability is limited to blood transfusion, organ donation and research 

purposes. The use of ABO/Rh in diagnosis/prognosis of various health problems 

is limited. On the other hand many researchers had proven the association 

between blood group type and certain disease conditions such as the association 

between incidence of peptic ulcer and blood group O and group A with gastric 

carcinoma.15, 16 However the link between A, B  and D blood group antigens and  

ANLL is still a matter of debate, also their citation in the recent  WHO 

classification of myeloid/lymphoid neoplasms have not been investigated . The 

current study investigated the role of ABO/Rh phenotypes in the 

diagnostic/prognostic work up in patients with ANLL, in a trial to study the 

possible inclusion of A, B and D blood group antigens in the WHO 

classification of the disease 

The median age of ANLLL patients in this study (42-years) was significantly 

younger than what was reported by others (65-years), 17, 18 nevertheless these 

studies were based on western registry data. On the other hand this study was 

consistent with the work of others in respect to male predominance and the male 
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to female ratio in the patient group, also most of the patients were presented 

with manifestations of bone marrow failure and bone pains. 17 

In this study type B blood group was the most frequent type in the control. 

These findings were contradictory to the findings of Eissa et al. who 

investigated blood group type among healthy Egyptian blood donors , they 

found that blood group A is the most common blood type followed by  O, B and 

lastly AB whether the subject is Rh +ve or –ve. 19 Also our findings were albeit 

different from those of Awny and his co-workers who investigated distribution 

of ABO blood groups among normal Nubians subjects and found that blood 

group A is the most common blood type.20 furthermore our results were 

contradictory to a study in Saudi Arabia, in which blood group O was the most 

prevalent blood group.21 These differences could be explained by the difference 

in geographic distribution of the subjects in both studies, also the wide time 

difference between this study and similar studies. 

On the other hand our results were albeit consistent with the results of a study 

in India in 2012 where the order of  ABO blood types among normal Indians 

was B, O, A and lastly AB.22These conflicting results could be explained that 

the current Egyptians are the result of merging of different ethnic groups and 

genetic backgrounds. Egyptians were found to be genetically linked to Middle 

Eastern, North African and European populations.23, 24This genetic diversity will 

be reflected on distribution of ABO blood groups among Egyptians. 

The distribution of Rh- blood type among the control group of the current 

study was consistent with the work of Shaik et al., who found that Rh+ve blood 

is approx.  8- times commoner than Rh-ve one.25 

The frequency of different FAB subtypes among ANLL of this study was 

albeit consistent with other studies. Results of this study showed that patients 

with blood type A Rh+ve have the FAB subtypes M1, M2, and M3; these 

subtypes were found associated with good prognosis. Furthermore after the 
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introduction of all-transretinoic acid in treatment of M3, M3 is currently has the 

best prognosis among all FAB subtypes. On the contrary blood type O +ve and -

ve were find linked to FAB subtypes M5, M6, M7. M7 ANLL was reported to 

have a significantly lower rate of CR compared to other FAB subtypes; also 

FAB M5&M6 have a relatively unfavorable prognosis. 27-29 

On the other hand blood types B +ve and AB +ve were found associated with 

FAB subtypes that carried favorable to intermediate prognosis, apart from M5 in 

patients with AB +ve that was linked to unfavorable prognosis. 30    

The current study showed a strong association between type A blood group 

and incidence of ANLL. This is contradictory to the work of Afrose who found 

significant association between type O blood and ANLL, mean while her study 

proven the presence of an association between group A and incidence of 

malignancy in general.31 However our results were consistent to a work on 

childhood leukemia that showed higher incidence of ANLL in children with 

type A. 32 

Consistent with the findings of others nearly 50% of our patients achieved 

complete remission after first induction.33 Strikingly blood type A Rh +ve was 

found associated with favorable prognosis, while  strong association between O 

Rh-ve  and poor prognosis was observed. How blood group phenotype affected 

the therapeutic response in patients with ANLL? This could be explained with 

the possible implications of A, B and D blood group antigens in pathogenesis of 

the disease. Another explanation would be lack of efficient supportive measures 

for patients with O –ve blood. Supportive treatment in ANLL is very crucial for 

the start of chemotherapy and response to treatment thereafter. A variety of 

supportive measures were recommended for patients with ANLL such as 

platelets or red cells transfusion, antibiotics and antifungal treatments. Although 

blood type O was not uncommon in the general population however O Rh -ve 

blood type is very rare, accordingly it will be hard to supply patients with O Rh-
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ve matched blood transfusions. This in turn rendered the patient susceptible to 

fatal thrombocytopenia or acute anemia.  

CONCLUSION AND RECOMMENDATIONS 

 Several risk factors have been identified in ANLL, findings of the current 

study demonstrated that the diagnostic/prognostic parameter in ANLL, may 

need to be revised. In conclusion, the current study showed a  higher association 

between ANLL and blood group A +ve, whereas patients with blood group AB 

are the least susceptible to develop ANLL. Fortunately A+ve blood type was 

associated with good prognosis unlike O blood group, which found linked to 

very poor prognosis. Based on these results we assumed that A, B  and D blood 

group antigens play an important role in pathogenesis of ANLL. We 

recommend  further studies at the molecular level to unmask the mystery of the 

association between ABO blood groups and ANLL. 

Although the association between ABO/Rh blood groups and ANLL is  

controversial, this study urges the need for further large scale clinical studies 

with long term follow up to decide the possible inclusion of blood group 

antigens in the WHO classification of ANLL. However, their applicability may 

be faced with racial and geographic variations. Accordingly the expected 

ABO/Rh phenotypes have to be set for each racial group/region separately. 

ABBREVIATIONS 

ANLL: acute non lymphoblastic leukemia, WHO: World Health Organization, 

CR: complete remission, PR: Partial remission, 
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  الملخص العربى

عناصر محتملت في تصنيف منظمت الصحت العالميت لمرض لوكيميا الذم :  وريساسABOمجاميع الذم 

الحادة الال ليمفاويت 

  :الخلفيت واألهذاف

حذٌثاً قايج يُظًت انصحت .حؼخبز نىكًٍٍا انذو انحادة انالنًٍفاوٌت أحذ طزغاَاث انذو انًذيزة

ورغى أٌ يىنذاث . انؼانًٍت بئصذار حصٍُف نًزض نىكًٍٍا انذو انحادة انال نًٍفاوٌت ػهى أطاص وراثً

 هى يؤشزاث وراثٍت واطؼت االَخشار و سهٍذة انثًٍ إال أَها غٍز A,B , Dانخاصت بًجايٍغ انذو  انًعاد

وقذ حققج هذِ انذراطت فً احخًانٍت حعًٍٍ يىنذاث انًعاد انخاصت بًجايٍغ . يعًُت فً هذا انخصٍُف

 . نىكًٍٍا انذو انحادة انال نًٍفاوٌت يُظًت انصحت انؼانًٍت نًزض حصٍُف في A,B , Dانذو 

  :المرضى وطرق البحث

انذٌٍ حجشوا بىحذة أيزاض انذو  حًج يزاجؼت طجالث يزظى نىكًٍٍا انذو انحادة انال نًٍفاوٌت

  2010 دٌظًبز  إنى2007وسرع انُخاع بًظخشفى جايؼت أطٍىغ خالل انفخزة يٍ ٌُاٌز 

 : النتائج

يجًىػت ظابطت  75 و بًزض نىكًٍٍا انذو انحادة انال نًٍفاوٌت  يزٌط118شًهج انذراطت 

وكاٌ انىطػ انحظابً واالَحزاف انًؼٍاري . يخىافقاٌ يٍ حٍث انجُض ويحم اإلقايت

 يٍ %60.2 يٍ انًزظى و  %61.9ويثم انذكىر .ػهى انخىانً (  (9.5±28&16.8±41.7ألػًارهى

 يٍ انًزظى وانًجًىػت انعابطت يٍ يحافظت أطٍىغ %61.9& %65.3انًجًىػت انعابطت وكاٌ 

- األيزٌكى- أكثز أَىاع انخصٍُف انفزَظى FAB M4, M3 and M2  ويثهج أَىاع. ػهى انخىانى 

كاٌ حىسٌغ يجايٍغ انذو انًخخهفت بٍٍ انًزظى و انًجًىػت انعابطت .انبزٌطاًَ شٍىػا بٍٍ انًزظى

  كاألحى

 A (44.9% Vs24%), B (24.6% Vs 36%), O (17.8% Vs  32%) ,وأخٍزا AB (12.7% 

Vs 8%) .

كًا كاٌ يؼايم رٌظاص انًىجب حظؼت و ثًاٍَت أظؼاف انظانب فً كال يٍ انًزظى وانًجًىػت 

 بًٍُا يثهج A Rh+veجًٍغ انًزظى انذٌٍ شفىا كاَج يجًىػت انذو نهى  .انعابطت ػهى انخىانً

  . يٍ يجًم حاالث انىفاة O Rh-ve &O Rh+ve 53% & 47% يجًىػت انذو

 :الخالصت

  نىكًٍٍا انذو انحادة انال نًٍفاوٌت أكثز ػزظت نإلصابت بًزضAاألشخاص انذٌٍ يجًىػت ديهى 

 طًء يزحبطت بخكهٍ O  وانخكهٍ انحظٍ نهًزض بًٍُا يجًىػت انذو  Aوٌىجذ ػالقت بٍٍ يجًىػت انذو

. نهًزض

  :الكلمت المفتاح

  .يُظًت انصحت انؼانًٍت-  ABOيجايٍغ انذو– نىكًٍٍا انذو انحادة انال نًٍفاوٌت 


