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Summary
Chronic Myelogenous
Leukemia
(CML) is a myeloproliferative
disorder.
characterized by the presence of Philadelphia chromosome and affects a good number of
Africans and African-American
population. The aim of this review is to highlight the
aetiophysiology, clinical/laboratory characteristics and treatment options, especially the new
and emerging treatment modalities of CML. The review was sourced mainly from internet
(pubmed). Relevant Oncology journals and textbooks of haematology were also consulted.
There are reported cases of relapse/resistance to imatinib which is the current drug of choice in
CML treatment. Research has reached advanced stage on the use of qlternative drugs (eg
Nilotinib and Desatinib) especially in resistant cases. It is hoped that these new drugs will
become the treatment of choice and first line drugs for the treatment of C;ML. We recommend
that these new drugs should also be made available and free (just like Imatinib) to resourcepoor African countries like Nigeria.
'l.'
Key words: Chronic Myelogenous Leukemia, Pathophysiology,

Introduction

C

hronic Myelogenous Leukemia (CML) also
known as Chronic Granulocytic Leukemia
(CGL) is a form ofleukemia eharacterized by an
increased and unregulated growth of predominantly
myeloid cells in the bone marrow and the accumulation of
these cells in the blood. It is a clonal bone marrow stem
cell disorder in which proliferation
of mature
granulocytes (neutrophils, eosinophils and basophils) and
their precursors is the main finding. It is a type of
myeloproliferative
disease
associated
with a
characteristic chromosomal
translocation called the
Philadelphia chromosome. I CML has three distinct
phases, namely, the treatable steady/chronic phase, the
relatively drug resistant accelerated phase and the almost
incurable blastic phase. 2
CML has an annual worldwide incidence of
11100,000 with male: female ratio of 1.5: 1. The incidence
. rises slowly with age to reach a median of about 60years.3
The median age of patients with CML in Nigeria and other
African countries with a similar demographic pattern is
38years"'s More native African patients under age 40years
suffer from CML than any other group in the world; this
differential age incidence pattern of the disease is believed

Treatments .•,

to be due to the age distributibn of African populations
rather than any inherent biological characteristic." In the
USA, however, the incidence of CML in the age group
under 70years is higher among the African-Americans
than among any other racial/ethnic group.' It is probable
that a combination of environment and yet unidentified
biological factors may account for the differential age
incidence pattern of CML between the blacks and the
other races in USA. CML represent about 15-20% of all
cases of adult leukemias in western populations" and the
only well-described risk factor is exposure to ionizing
radiation ,for example increased rates of CML were seen
in people exposed to the atoniic bombings of Hiroshima
and Nagasaki.':"
: ~~
This article, therefore,. aims at highlighting the
pathophysiology, clinicalllaboratory characferistics and
treatment, especially the new and emerging drugs, the
knowledge of which will assist health care providers,
especially Haemato-oncologists in the management of
this important blood cancer.
PATHOPHYSIOLOGYIMOLECULARBIOLOGY
The most consistent chro'mosomal abnormality
associated with a haematological malignancy is the
Philadelphia (Ph) chromosome (see fig. 1). It was first is
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described by Nowell and Hungerford in 1960. The Ph is a
chromosome number 22 from which the long arms are
deleted in chronic myeloid leukemia. It is part of a
reciprocal translocation between chromosome 9 and 22,
t(9;22)( q34;q 11) in which part of22 is clearly visible on 9
but the part of 9 on 22 is too small to be distinguished
cytogenetically. II This translocation is found in 92% of
patients. However, the presence of Ph chromosome is not
sufficiently specific to diagnose CML since it is found in
Acute Lymphoblastic Leukemia. 12 The pathogenetic
significance of Ph chromosome remained unclear until the
identification of the BCR-ABL chimeric gene in the
1980s. Thus the Ph translocation results in juxtaposition
of 5' sequence from the BCR gene with 3 ABL sequences
derived from chromosome 9. It produces a chimeric gene,
designated BCR -ABL that encodes a protein of molecular
weight 21OKDa that has greater tyrosine kinase activity
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chromosome." Some patients may already be in the
accelerated phase or blast crisis by the time they are
diagnosed. 21
CHRONIC PHASE:
Approximately 85% of patients with CML are in
chronic phase at the time of diagnosis. During the phase,
patients are usually asymptomatic or have only mild
symptoms of fatique or abdominal fullness and early
satiety.":" There is leucocytosis in excess of 100 x 109 per
litre and predominance of immature myeloid precursors in
peripheral blood with basophilia and eosinophilia' The
immature white blood cells in the blood and bone marrow
are less than 10% . The symptoms are vague, non-specific
and gradual in onset (weeks to months). Splenomegally is
nearly always present and is frequently massive, atimes
down to the pelvic region. In some patients splenic
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than the normal ABL gene product. 13 The tyrosine
phosphoprotein kinase activity of the p210b,,,.,bl has been
causally linked to the development of Ph-positive
leukemia in man.14,15 The p210bc','bl interacts with several
components of signal transduction pathways,":" binds
and or phosphorylates more than 20 cellular proteins in its
role as an oncoprotein." BCR-ABL activates a number of
cell-cycle-controlling proteins and enzymes, speeding up
cell division. Moreover, it inhibits DNA repair, causing
genomic instability and potentially causing the feared
blast crisis in CML. 19
CLINICO-LABORATORYFEATURES
CML is often divided into three phases based on
clinical characteristics and laboratory findings. In the
absence of intervention, CML typically begins In the
Chronic phase, and over the course of several years
progresses to an accelerated phase and ultimately to a
blast crisis." Blast crisis is the terminal phase ofCML and
clinically behaves like an acute leukemia. One of the
drivers of the progression from chronic phase through
accelerated and blast crisis is the acquisition of new
chromosomal abnormalities, in addition to Ph
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enlargement is associated with considerable discomfort,
pain and indigestion. The patient may have features of
anaemia which include weakness, pallor, dyspnoea and
tachycardia. As a result ofleukostasis, patient may present
with rare symptoms such as deafness, priapism and visual
impairment. Chronic phase may last for years before
entering the accelerated phase.
\

ACCELERATED PHASE:
Criteria for diagnosing transition into the accelerated
phase are somewhat variable, the most widely used
criteria are those put forward by investigators at M.D
Anderson Cancer Center, 24 by Sokal et al " and the world
health organization. 26;17
The world health organization criteria are perhaps the
most widely used, and define the accelerated phase by any
ofthe following:
* 10-19% myeloblasts in the blood or bone marrow
* >20% basophils in the blood or bone marrow Platelet
count
* > 1,000,000 per mm3, unresponsive to therapy.
* Cytogenetic evolution with new abnormalities in
addition to the Philadelphia chromosome.
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Increasing splenomegally or white blood cell count
unresponsive to therapy.
The patient is considered to be in accelerated phase if any
of the above is present. The accelerated is significant
because it signals that the disease is progressing and
transformation to blast crisis is imminent. 27

are either resistant to or intolerant ofimatinib in 2007.
Bone marrow transplantation is also used as initial
treatment for CML in younger patients before the advent
of imatinib, and while it can be curative, there was a high
rate of transplant-related mortality. The transplant related
mortality rate in the present is now less than 5%.31

BLAST CRISIS:
This is the final phase in the evolution of CML, and
behaves like an acute leukemia, with rapid progresson
and short survival. 21Blast crisis is diagnosed if any of the
following is present in a patient with CML. 28
* > 20% myeloblasts or lymphoblasts in the blood or
bone marrow.
* Large clusters of blasts in the bone marrow biopsy.
* Development of a chloroma (solid focus of leukemia
outside the bone marrow)

T3151 MUTATION: desatinib and nilotinib failed to
overcome the imatinib resistance caused by the T3151
mutation.":" One drug to overcome this resistance is
being developed by Merck (MK-0457, formerly known as
VX-680). However, enrolment in this clinical trial are
currently suspended, pending a full analysis of all efficacy
and safety data." Another drug in development for the
T3151 mutation is Omacetaxine (formerly known as
Ceflatonin). Clinical data from the first 21 patients
enrolled in a phase 2/3 trial were presented at the
American society of Hematology (ASH) annual meeting.

TREATMENT
CHRONIC PHASE
Chronic phase CML is treated with inhibitors of
tyrosine kinase, the first of which was imatinib mesylate
(marketed as Gleevec or Glivec, previously known as
STI-571). In the past, antimetabolites (eg cyarabine,
hydroxyurea), alkylating agents, interferon alfa 2b, and
steroids were used, but these drugs have been replaced by
imatinib. Imatinib was approved by the United State FDA
in 2001 and specifically
target BCR-ABL,
the
constitutively activated tyrosine kinase fusion protein
caused by the philadelpha chromosome translocation. It is
better tolerated and more effective than previous
therapies. In a study carried out on Imatinib in Ile-ife,
Nigeria, Durosinrni et al showed a complete cytogenetic
response (CCR) rate of 59% and major cytogenetic
response (MCR) of 35%, achieved in six months in a
median follow up of 25months.29 They also demonstrated
that achievement of cytogenetic response at six months is
associated with significantly better survival. During their
four-year study, Irnatinib mesylate (Glivec) was made
available free of charge at no cost to patients courtesy of
Novartis , Max foundation and Axios International." In
the long-term, only 70% ofCML patients taking imatinib
maintain a perfect response, so other therapies are needed.
A number of newer drugs are being used to treat the
minority of patients who develop imatinib resistance .
One of such drugs is Nilotinib (Tasigna) which is
currently approved only for 2"" line use in patients who
have become resistant or intolerant to imatinib. New
results from a phase 2 trial with nilotinib used first line in
patients with early chronic-phase CML showed responses
that were superior and faster than those seen with the
current standard of care, imatinib (Gleevec). Nilotinib
showed a CCR of96% at six months." Clearly, the results
with nilotinib in CML show that the response is superior to
imatinib in terms of rapidity and molecular quality. In
addition to nilotinib, another novel TK inhibitor is
desatinib which blocks several oncogenic proteins and has
been approved by the US FDA to treat CML patients who

3S

BLAST CRISIS
Blast crisis carries all the symptoms
and
characteristics of either acute myelogenous leukemia or
acute lymphoblastic, and has a very high mortality rate.
This stage can most effectively be treated by a bone
marrow transplant after a high dose chemotherapy. In
young patients in accelerated phase, a transplant may also
be an option. However, the likelihood of relapse after a
bone marrow transplant is higher in patients in blast crisis
or in the accelerated phase as compared to patients in the
chronic phase. 36
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