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Introduction: 

Chronic myeloid leukaemia (cml) is a haematopoietic stem cell disorder characterised in >90% 

of cases by the presence of a reciprocal translocation between chromosomes 9 and 22 affecting 

the bcr and abl genes. This is termed the Philadelphia chromosome. This disorder represents 15% 

of adult leukaemia's. This was the first condition which showed proof that cancer is as the result 

of dna changes and confirmed boveris hypothesis that cancer originates from chromosomal 

changes (2). The two genes involved in this translocation have physiological roles (figure 2). The 

abl gene product is a nonreceptor tyrosine kinase which is thought to be involved in the cell 

cycle and cell signalling. Bcr protein encodes a serine threonine kinase at its n-terminus with 

gtpase activity at the c-terminus. 

The nature of the fusion protein produced by this translocation is dependent on the location of 

there respective breaks and can lead to different clinical phenotypes. The breakpoints within the 

abl gene can occur over a large area. While bcr occurs in 3 main areas termed the major, minor 

and molecular break cluster regions. The p210 molecular weight bcr-abl fusion protein is 

associated with cml although fusion proteins ranging from p210-250 have been described. (3) 

(figure 1) 

Figure 1: The various morphologies of the bcr-abl fusion protein. Underlying this is the     

changes in breakpoints at different points within the abl and bcr protein (3). 

 

Evolution of treatments: 
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It was because of the identification of the 2ignaling2ia chromosome that imatinib was created 

through rational drug design. Imatinib works by binding to the inactive conformation of the bcr-

abl protein close to the atp binding site thereby inactivating downstream 2ignaling pathways 

which include the ras-mapk, pi3k kinase, and mtor pathways. (figure 2) it however also has a 

roles in inhibiting several other proteins and does so in a highly selective manner and thus stops 

the leukaemia progression while leading to translocation of bcr-abl from the cytoplasm into the 

nucleus thereby affecting its ability to participate in 2ignaling pathways.(4) 

 

Figure 2: mechanism of action of imatinib 

Evidence for imtainib:  

Phase 1 trial (1998): 

Chronic phase patients (n=54) response seen at ≥140mg/day. Complete haematological response 

(chr) seen at 300mg with 13% achieving complete cytogenetic response (ccyr)n blast crisis 

patients less likely to respond and show durable responses. 

Phase 2 trial (1999): 

3 main patient groups (1) ifna resistant cp (2) accelerated phase (3) blast crisis for patients who 

received imatinib in the chronic phase 41% ccyr and 60% major cytogenetic response (mcr) 

versus 7% and 16% respectively in blast crisis. Progression free survival 89.2% at 18 months 

(6)(7). 

Phase  3:  iris  study  (intenrtional randomized  study  of interferon and sti571) (2003): 

 Prospective, multicentre, open label rct involving 16 countries and 177 hospitals. 

 Utilised 1106 patients with cp cml diagnosed 6 months previously split between imatinib 

(400mg) and interferon and cytarbine. 



 End points included both progression and rates of haematological and molecular response 

as well safety and tolerability. Intention to treat analysis was performed.(8) 

 

Figure 3: results of iris study demonstrated that rate of major cytogenetic response at 18 months 

87.1% v 34.7% in the combination group (p<0.001) which mirrored progression free survival at 

12 months (96.6% v 79.9%). Importantly when this was analysed according to sokal group (a 

pre-treatment prognostic tool factoring age, platelet count, % myeloblasts and spleen size) 

imatinib was better than combination treatment 

Resistance and suboptimal response: 

While imatinib has been shown to produce significant haematological and cytogenetic 

responses, primary drug resistance has been observed with up to ~25% of patients not achieving 

a ccyr with a much smaller number unable to achieve chr while on therapy. Indeed within these 

patients it is mutations in the abl kinase domain that provides the greatest risk of this by not 

allowing bcr-abl to adopt an inactive conformation which is necessary for imatinib binding. 

Indeed the Frequency of mutations appears to correlate with the phase of the disease. (10-11). 

Secondary resistance however implies loss of response in those who previously showed and 

occurs within 25% of patients.(12) mechanisms underpinning this include amplification of bcr-

abl transcripts , overexpression of drug efflux mechanisms such as p -glycoprotein and bcr-abl 

independent methods of haemopoietic stem cell transformation. (13) in those who relapse a 

particular point mutation t315i which affects imatinib binding has been most commonly found. 

T315i makes up part of the p-loop which lies between the two catalytic domains (n-lobe and c-

lobe) and adjacent to the a-loop of the c-lobe involved in activation of the abl kinase. The p-loop 

is important for phosphate binding and internalisation of imatinib. Mutations in this area lead to 

decreased sensitivity to imatinib of between 70-100 times (figure 5) (12,13). 



Conclusion: 

Imatinib was the first targeted treatment for a cancer and paved the way for future drug 

development. It can lead to high rates of chr and transition to ccyr depending on the phase of 

The disease it is started and lead to durable responses with discontinuation a possibility. 

However Imatinib resistance remains a real issue for cml patients. 

 


