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Leukaemias  

 What are Leukemias 

– Neoplasm of white blood cell and its 
precursor 

– Clonal proliferations and accumulation of 
cells in marrow  

– Classify as  

 Acute leukaemias(ALL,AML) 

 Chronic leukaemias(CML,CLL) 

 

 







Introduction- CML 

 Clonal malignant myeloproliferative disorder 
characterized by increased proliferation of the 
granulocytic cell line without the loss of their 
capacity to differentiate  

 Results in increases in myeloid cells, erythroid 
cells and platelets in peripheral blood and 
marked myeloid hyperplasia in the bone 
marrow  

 Originate in a single abnormal haemopoietic 
stem cell 





Introduction- CML 

 Incidence  :1 per 100,000 (UK) 

 Accounts for 7-15% of all leukaemia in 
adults 

 Median age  : 53 years 

 All age groups, including children, can be 
affected 



Leukaemogenesis 



Leukaemogenesis 

 Philadelphia 
chromosome is an 
acquired cytogenetic 
anomality  

 
 90-95% of CML pts have 

Ph chromosome 
 
 Reciprocal translocation 

of chromosome 22 and 
chromosome 9 
 



Leukaemogenesis 

 BCR (breakpoint cluster region) gene on 
chromosome 22 fused to the ABL 
(Ableson leukemia virus) gene on 
chromosome 9 

 Ph chromosome is found on myeloid, 
monocytic, erythroid, megakaryocytic, B-
cells and sometimes T-cell proof that CML 
derived from pluripotent stem cell 

 



Pathophysiology 

 CML is an acquired abnormality that involves 
the hematopoietic stem cell. It is characterized 
by a cytogenetic aberration consisting of a 
reciprocal translocation between the long arms 
of chromosomes 22 and 9 [t(9;22)].  

 The translocation results in a shortened 
chromosome 22, an observation first described 
by Nowell and Hungerford and subsequently 
termed the Philadelphia (Ph1) chromosome 
after the city of discovery. 



Clinical Features 

 Disease is biphasic, 
sometimes triphasic 

 40% asymptomatic 
 Chronic phase 
 Splenomegaly often 

massive 
 Symptoms related to 

hypermetabolism 
– Weight loss 
– Anorexia 
– Lassitude 
– Night sweats 



Clinical Features 

 Clinical features cont… 
 Features of anaemia 

– Pallor, dyspnoea, tachycardia 

 Abnormal platelet function 
– Bruising, epistaxis, menorrhagia 

 Hyperleukocytosis  
– thrombosis 
– Increased purine breakdown : gout 
– Visual disturbances 
– Priapism 



Lab features 

 Peripheral blood film 

– Anaemia 

– Leukocytosis (usu >25 x 109/L, freq> 100 x 
109/L 

– WBC differential shows granulocytes in all 
stages of maturation 

– Basophilia 

– thrombocytosis 





Lab features 

 Bone marrow 

– Hypercellular (reduced 
fat spaces) 

– Myeloid:erythroid ratio – 
10:1 to 30:1 (N : 2:1) 

– Myelocyte predominant 
cell, blasts less 10% 

– Megakaryocytes 
increased & dysplastic 

– Increase reticulin fibrosis 
in 30-40% 



Lab features 

 Other lab features : 

– NAP reduced 

– Serum B12  and transcobalamin increased 

– Serum uric acid increased 

– Lactate dehydrogenase increased 

– Cytogenetic : Philadelphia chromosome 



General Management 

 Aims of Management: In recent years remarkable 
advances in therapy have changed the natural 
history of the disease and the relentless progression 
to a more advance stage of the disease is greatly 
delayed if not eliminated  

 Discussion with family 

– The disease & diagnosis 

– Prognosis  

– Choices of treatment 
 Cytotoxic drug vs bone marrow transplant 

 Side effect 



CML - principles of treatment 

• The goals of treatment of chronic 
myelogenous leukemia (CML) are threefold 
and have changed markedly in the past 10 
years.  

• They are  
   1.Hematologic remission   
   2.Cytogenetic remission  
   3.Molecular remission  which represents an 

attempt for cure and prolongation of patient 
survival. 



CML - principles of treatment 

 Many of the treatment decisions in CML, 
including possible bone marrow or stem 
cell transplantation and investigative 
options for younger patients, are 
extremely complex and in constant flux.  

 Individualized decisions should be made 
in conjunction with consultation with 
physicians familiar with the recent 
literature. 



CML - principles of treatment 

 New agents that are currently under 
study may prolong the survival of patients 
with CML and offer the possibility of 
eventual cure. 



Imatinib Mesylate 

 Imatinib mesylate  is tyrosine kinase inhibitor that 
inhibits the abnormal bcr-abl tyrosine kinase created by 
the Philadelphia (Ph1) chromosome translocation 
abnormality. Imatinib inhibits proliferation and induces 
apoptosis in cells positive for BCR/ABL. 

 

 For patients with chronic-phase CML, imatinib at 400 
mg/day is the best candidate for primary therapy, 
because it induces a complete hematologic response in 
almost all patients and causes a high cytogenetic 
response rate.  



Imatinib Mesylate               contd…. 

 Resistance of CML cells to imatinib is emerging 
through multiple mechanisms such as 
overexpression of BCR/ABL and mutations of 
the abl gene.  

 Resistance can be overcome by increasing the 
imatinib dose, by developing more selective bcr-
abl kinase inhibitors, and developing new non–
cross-resistant drugs.  



Newer Tyrosine Kinase Inhibitors 

 Two newer BCR/ABL inhibitors, dasatinib and nilotinib are 
more potent inhibitors of BCR/ABL than imatinib, and 
moreover, they exhibit significant activity against all 
resistant mutations except the BCR/ABL/T315I mutation.  

 

 Both dasatinib and nilotinib have been approved by the US 
Food and Drug Administration (FDA) for the treatment of 

adult patients with newly diagnosed Ph1-positive chronic-
phase CML, as well as for chronic-phase CML resistant or 
intolerant to prior therapy that included imatinib. 

 



Newer Tyrosine Kinase Inhibitors                                       
                                               contd….. 

 Compared with these next-generation 
agents, imatinib has relatively low 
potency and inhibits its target at 
micromolecular rather than nanomolar 
concentrations, with increased 
susceptibility of resistance through a 
number of mutations in the BCR-ABL 
target. 

 



Myelosuppressive Therapy 

 Myelosuppressive therapy was formerly the 
mainstay of treatment to convert a patient with 
CML from an uncontrolled initial presentation to 
one with hematologic remission and 
normalization of the physical examination and 
laboratory findings.  

 However, it may soon fall out of favor as the 
new agents prove to be more effective, with 
fewer adverse events and longer survival. 



Hydroxyurea 

  Often used initially for white cell count reduction 

  Dose: 1-6g/d orally, depending on the hight of the white 
cell count 

  The dose should be decreased to 1-2g/d when the 
leukocyte count reaches 20000/µl 

  Drug should be stopped if the white count falls to 5000/µl 

  Side effects: suppression of hematopoiesis, often with 
megaloblastic erythropoiesis 

  It does not alter long-term prognosis 



Busulfan 

 Busulfan is an alkylating agent that has 
traditionally been used to keep the WBC counts 
below 15,000 cells/µL.  

 However, the myelosuppressive effects may 
occur much later and persist longer, which 
makes maintaining the numbers within normal 
limits more difficult.  

 Long-term use can cause pulmonary fibrosis, 
hyperpigmentation, and prolonged marrow 
suppression lasting for months. 



Interferon alfa 

 In the past, interferon alfa was the treatment of 
choice for most patients with CML who were too 
old for bone marrow transplantation (BMT) or who 
did not have a matched bone marrow donor.  

 With the advent of tyrosine kinase inhibitors, 
interferon alfa is no longer considered first-line 
therapy for CML.  

 It may be used in combination with newer drugs 
for treatment of refractory cases. 

 



Leukapheresis 

 Leukapheresis using a cell separator can lower WBC 
counts rapidly and safely in patients with WBC counts 
greater than 300,000 cells/µL, and it can alleviate acute 
symptoms of leukostasis, hyperviscosity, and tissue 
infiltration.  

 

 Leukapheresis usually reduces the WBC count only 
temporarily. Thus, it is often combined with 
cytoreductive chemotherapy for more lasting effects.  

 



Transplantation 

 Allogeneic bone marrow transplantation (BMT) or stem 
cell transplantation is currently the only proven cure for 
CML. Ideally, it should be performed in the chronic phase 
of the disease rather than in the transformation phase or in 
blast crisis. 

 BMT should be considered early in young patients (< 55 y) 
who have a matched sibling donor. 

 All siblings should be typed for human leukocyte antigen 
(HLA)-A, HLA-B, and HLA-DR.  

 If no match is available, the HLA type can be entered into a 
bone marrow registry for a completely matched unrelated 
donor. 



 The mortality rate associated with BMT is 10-20% or less 

with a matched sibling and 30-40% with an unrelated 

donor.  

 Transplantation has been relegated to patients who do 

not achieve molecular remissions or show resistance to 

imatinib and failure of second-generation bcr-abl kinase 

inhibitors such as dasatinib.  

 Previous exposure to imatinib before transplantation 

does not adversely affect post transplant outcomes such 

as overall survival and progression-free survival.  

 

Transplantation               contd.. 



Splenectomy 

 Splenectomy and splenic irradiation have been 
used in patients with large and painful spleens, 
usually in the late phase of CML. This is rarely 
needed in patients whose disease is well 
controlled.  

 Some authors believe that splenectomy accelerates 
the onset of myeloid metaplasia in the liver. In 
addition, splenectomy is associated with high 
perioperative morbidity and mortality rates 
because of bleeding or thrombotic complications.  

 



Long-Term Monitoring 

 The cytogenetic response is monitored every 3-6 months by 
karyotyping or by fluorescence in situ hybridization (FISH) to 
count the percentage of bone marrow cells with Ph1-positive 
cells in bone marrow.  

 

 The goal is 100% normal cells after 1-2 years of therapy. 
Patients with MRD (BCR/ABL positive) should be kept on 
maintenance therapy as long as they continue to have MRD. 



Therapeutic milestones 

 The standard therapeutic milestones to be achieved are 
as follows: 

– At 3 months: complete hematologic response (normal 
complete blood count and no evidence of 
extramedullary disease) 

– At 6 months: minor cytogenetic response (36% to 65% 
of cells Ph1+) 

– At 12 months: major cytogenetic response (0% to 35% 
Ph1+) 

– At 18 months: complete cytogenetic response (0% 
Ph1+) 

 



CML - prognosis 

 Median survival 3.5 yrs (range 2-8 yrs) 

 Interferon + chemotherapy :6 years  

 Transplant : 5+ years 

 imatinib mesylate ? 

 



Take Home Message 

 The medications used for patients with chronic-phase of 
CML included a myelosuppressive agent to achieve 
hematologic remission, 

                               

      but more effective drugs— 

 

     interferon alfa then and targeted therapy with tyrosine 
kinase inhibitors such as imatinib mesylate, have gained 
greater importance because of long term survival 
benefit.  
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