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ABSTRACT 

 
 

Despite high remission rate in acute myeloid leukaemia (AML) after chemotherapy, 

relapse of the underlying disease remains a major challenge and one of the most 

frequent causes of treatment failure. In this study, the presence of leukaemia-

associated phenotypes (LAPs) was first studied retrospectively using our standard 

diagnostic protocol with 3-colour flow cytometry. LAPs were present in 54 (64%) 

of 84 AML patients analysed between 2002 to 2004. The presence of LAPs was 

correlated with failure to respond to induction chemotherapy (p <0.05) in univariate 

analysis. Presence of LAPs was shown to be an independent predictor for failure to 

respond to induction chemotherapy with a relative risk ratio of 1.6 (p < 0.05, 95% 

CI, 1.0-2.6) in multivariate analysis. 

Subsequently, in a prospective study, we used 5-colour multiparametric flow 

cytometry (MFC) for detection of LAPs to determine if LAPs could be detected in a 

greater proportion of leukaemic patients and minimal residual disease (MRD) 

detection could therefore be applied in more patients. In 54 consecutive, newly 

diagnosed AML patients from 2005 to 2007, LAPs were identified in 51 (94%). 

Thus, MRD studies were potentially applicable to virtually all patients. The 

sensitivity and specificity of MFC technique was improved by analysing 10 normal 

and 5 regenerating bone marrows (BM) for the presence of these LAPs and by 

determining maximum log difference (LD). CD7, CD19, CD2, CD11b and CD56 

were the most sensitive and reliable markers for MRD studies. LAPs were rarely 

detected in either normal or regenerating BMs. Through dilutional experiments from 

50% LAPs to 0.001%, it was determined that 1 leukaemic in 104 and 105 normal 

cells could be detected using the improved techniques.  
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Of the 54 patients, 31 received chemotherapy, with 27 achieving complete 

remission (CR). Two were LAP negative and thus 25 were evaluable for MRD post 

induction and 22-post consolidation chemotherapy. Detection of MRD >0.15% was 

able to distinguish between two groups of patients according to relapse status. 

Although, the number of patients was small, detection of MRD post induction > 

0.15% was shown to be an independent predictor of adverse prognosis for both 

relapse free survival (RFS) and overall survival (OS) in a multivariate analysis [p = 

0.037 and 0.026, 95% CI (1.1-20.5 and 1.2-22.2), hazard ratio 4.7 and 5.2 

respectively]. Post consolidation, there was a trend for patients with higher MRD 

values to show shorter RFS (p = 0.06). 

MFC using 5-colour allows us to detect LAPs in virtually all AML patients and our 

preliminary results suggest the technique is a suitable approach for MRD analysis. 

However, 5-colour MFC is technically challenging, resource intensive, and may not 

be feasible in a routine diagnostic laboratory. This led us to assess whether we could 

identify other potential markers for LAPs. 

Interleukin-3 alpha receptor- chain IL-3� (CD123) has been suggested to be a 

marker of leukaemic stem cells (LSC). These cells are thought to be responsible for 

initiating and maintaining leukaemic cell growth post chemotherapy and hence to 

give rise to relapse of the disease. Therefore, we analysed 34 AML patients for 

expression of CD123 in the blast population and defined a population containing 

leukaemic stem cells using the immunophenotypic markers CD123+/CD34+/CD38-. 

Thirty-two (94%) of AML patients expressed CD123. We then used a molecular 

marker to determine whether CD123 expression was confined to the LSC. Thirty-

nine patients were screened for the presence of FMS-like tyrosine kinase 3 - internal 

tandem duplication (FLT3/ITD) as the most common molecular abnormality in 
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AML patients. Of those, 12 (31%) were FLT3/ITD positive. In seven of them, 

CD34+/CD38-/CD123+ and CD34+/CD38-/CD123- populations were sorted to 

homogeneity by Fluorescence Activated Cell Sorting (BD FACSAriaTM Cell Sorter) 

and tested for FLT3/ITD. In six of seven patients with FLT3/ITD positive AML, we 

could not detect the mutation in the CD34+/CD38-/CD123- fraction, but the 

mutation was detected in the CD34+/CD38-/CD123+ fraction in all seven patients.  

This novel finding demonstrates that, the oncogenic event occurs in CD123 positive 

cells, thus supporting the concept that CD123 is a marker of the LSC in CD123 

positive AML. This observation suggests novel treatment approaches employing 

surface marker CD123-targeting antibodies may be of use in the treatment of AML. 

In conclusion, we demonstrate that using five-colour MFC improves LAP detection 

in AML and enables MRD studies using immunophenotyping to be applied to 

virtually all AML patients. Additionally, it increases the sensitivity of the technique 

for detecting LAP populations. Moreover, evaluation of MRD post induction 

chemotherapy is the most sensitive time point for detection of MRD, with MRD 

levels >0.15% predicting relapse and worse prognosis. As an alternative to using 

individualised LAPs specific to each patient, CD34+/CD38-/CD123+ cells may in the 

future serve as a better marker for MRD studies. This marker identifies the putative 

LSC, which is responsible for regrowth of leukaemia and relapse of the disease. 

Thus, instead of looking at whole “blast” population which results in huge data 

analysis and interpretation for the different LAPs which may have different 

underlying biology, it may be more informative to look at the frequency of LSC 

after achieving CR using CD34+/CD38-/CD123+ as the single LAP for MRD 

studies.  
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