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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. (1)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) 

 

 

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.  

FIGURE 2: MECHANISM OF ACTION OF 

IMATINIB 
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EVOLUTION OF TREATMENTS 

IT WAS BECAUSE OF THE IDENTIFICATION OF THE PHILADELPHIA 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 SIGNALLING 

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 

SIGNALLING PATHWAYS.(4) 

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) 

 

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 

 

FIGURE 4: 6 YEAR FOLLOW UP 

OF IMATINIB ARM OF IRIS 

TRIAL. THIS DEMONSTRATED 

66% PATIENT STILL ON STUDY 

TREATMENT AND OF THESE 

63% STILL HAD A COMPLETE 

CYTOGENETIC RESPONSE 

(CCYR) WITH 88% OVERALL 

SURVIVAL. (9) 

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) 

 

FIGURE 5 : MUTATION FREQUENCY 

WITHIN THE KINASE DOMAIN  OF 

BCR-ABL BY AMINO ACID LOCATION 

IN IN VITRO KINASE ASSAYS IN CML 

PATIENTS. (11) 

CONCLUSION 

mailto:dominicworku@Hotmail.co.uk

