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INTRODUCTION
Chronic myeloid leukaemia is a chronic clonal myelo-
proliferative disorder. The disease is characterised by an
inappropriate increase in granulocytic series cells.1 It is
caused by reciprocal balanced translocation between
chromosome 9 and 22, t (9, 22) (q34; q11), leading to
formation of Philadelphia chromosome. The resulting
BCR- ABL 1 fusion gene leads to formation of BCR-ABL
oncoprotein with enhanced tyrosine kinase activity. This
unprovoked tyrosine kinase activity is responsible for
morphological and clinical features of chronic myeloid
leukaemia.2 The incidence is 1-2 /100000.3 The disease is
characterised usually by three phases: chronic phase,
accelerated phase, and blastic phase; but sometimes, it
can be biphasic skipping the accelerated phase.4

Majority of patients are diagnosed in chronic phase in
which there is raised TLC (>11,000/microlitre), normal or
raised platelet count on CBC examination, and
hypercellular marrow with normal or slightly left shifted

myeloid maturation. In accelerated phase, leukocytosis
is usually accompanied by increase in myeloblasts,
basophilia, thrombocytopenia or thrombocytosis; and
progressive splenomegaly is seen even with treatment.
Clonal evolution leading to cytogenetic abnormalities
other than the Philadelphia chromosome are also seen.
In the third, i.e. blast phase, blast count rapidly rises and
marrow failure occurs. The morphological picture at this
stage resembles that of acute leukaemia.5,6

Myelofibrosis, seen in CML, is characterised initially by
increased number of reticulin fibres and then collagen
fibres. It occurs due to cytokine release and activation of
fibroblasts. In the early stage of myelofibrosis in chronic
phase CML, atypical small mega karyocytes secrete
PDGF, possibly PDGF-AB, along with other growth
factors. As the disease progresses to accelerated or
blast phase, a larger quantity of PDGF-AB or PDGF-BB
is released from blast cells . In addition, some fibroblasts
are attracted by the PDGF and multiply, and deposit
collagen as well as fibronectin in the bone marrow
stroma.7 Increased reticulin and collagen fibrosis is seen
in all phases of disease and has been considered as
important prognostic marker. In the beginning of imatinib
therapy, one study had negated its significance;8 but
recent studies have again emphasised this fact that
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grading of fibrosis has played a significant role in
morbidity and mortality related to CML.9

Fibrosis is best identified by using special stains (silver
stain for reticulin and trichrome stain for collagen).10 It is
graded according to WHO guidelines based on extent of
fibrosis. In majority of the studies done so far, dense
fibrosis was seen mostly in accelerated phase. In this
study, we have aimed to find patterns of fibrosis in CML
in chronic phase at the time of presentation. This will
highlight the significance of bone marrow biopsy and will
identify patients with advanced fibrosis at the time of
presentation so that their treatment can be modified,
accordingly.

The objective of the study was to determine the frequency
and grading of myelofibrosis in patients of chronic myeloid
leukaemia in chronic phase, and the association of
cytopenias/cytosis (anemia, thrombocytopenia, thrombo-
cytosis and leukocytosis) with the degree of fibrosis.

METHODOLOGY

It was a descriptive cross-sectional study, carried out in
King Edward Medical University, Lahore, from March
2015 to April 2017. Inclusion criteria were patients of
both genders and all age groups with Philadelphia
chromosome/BCR- ABL positivity and in chronic phase.
Exclusion criteria were patients of CML getting
treatment, in accelerated phase or blast phase. After
informed consent, a detailed medical and personal
history was taken. Peripheral venous blood in EDTA for
complete counts was drawn and was run on automated
haematology analyser. Manual verification was done for
high white blood cell and platelet counts. Bone marrow
aspirate and trephine biopsy was done from posterior
iliac crest. Bone marrow aspirate slides were stained
with Giemsa stain. The trephine biopsy was processed
in standardised manner and stained with hematoxylin
and eosin. Silver and trichrome staining was done on
trephine biopsy to assess the degree of fibrosis. Bone
marrow fibrosis might be a hidden condition in CML
patients, which may be negative due to the use of H&E
stain only.10 Grading of fibrosis was done according to
WHO revised classification 2016.11

SPSS version 21 was used to analyse the data. Frequen-
cies and grades of myelofibrosis were determined.
Qualitative variables, i.e cytopenias/cytosis (anemia,
thrombocytosis and leukocytosis) were analysed to
determine their association with grades of fibrosis using
descriptive statistics and crosstabs, keeping the
confidence interval of 95% and p-value of <0.05.

RESULTS

A total of 82 cases were included in the study. Out of
these, 44 (53.6%) were males and 38 (46.4%) were
females. Age group range was from 11 to 80 years.

Majority of patients belonged to age group from 21-30
years (Table I). Fibrosis of varying degree was seen in
all patients. Grade 1 fibrosis was seen in 53 (65%)
patients, grade 2 in 22 (27%) patients and grade 3 fibrosis
was present in 7 (8%) patients. The cross tabulation
between age and severity of fibrosis is given in Table I.

CBC counts were analysed to assess any association
between anemia, thrombocytosis and leucoytosis with
advanced fibrosis. There was no significant association
of these abnormalities with advanced fibrosis (p=0.148,
0.413 and 0.174, respectively, Figures 1 and 2).

Myelofibrosis in patients of chronic myeloid leukemia in chronic phase at presentation

Table I: Frequency and severity of fibrosis in different age groups.

Fibrosis Total

Grade 1 Grade 2 Grade 3

Age

11-20 3 (3.7%) 1 (1.2%) 1 (1.2%) 5 (6.1%)

21-30 17 (20.7%) 7 (8.5%) 1 (1.2%) 25 (30.4%)

31-40 13 (15.8 %) 4 (4.8%) 2 (2.4%) 19 (23.1%)

41-50 11 (13.4%) 9 (11%) 2 (2.4%) 22 (26.8%)

51-60 7 (8.5%) 0 0 7 (8.5%)

61-70 1 (1.2%) 0 0 1 (1.2%)

71-80 1 (1.2%) 1 (1.2%) 1 (1.2%) 3 (3.7%)

Total 53 (65%) 22 (27% ) 7 (8.5%) 82

Figure 1: White cell count (x109/L) in different fibrosis grades of CML(n).

Figure 2: Patient count (x109/L) in different grades of CML(n).
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DISCUSSION

Chronic myeloid leukaemia is a clonal malignancy and is
uncontrolled proliferation of myeloid series cells and
megakaryocytes leading to bone marrow fibrosis.12,13

This study included the patients of chronic myeloid
leukaemia, in chronic phase at presentation with positive
BCR-ABL fusion gene. In this study, a total of 82 patients
were included. Majority of them (n=44) were males.
Females were in lower proportion (n=38). Similar findings
were also reported by Bhatti et al.14

Majority of our patients (n=66) were in the age group
between 21 - 50 years (80.5%) and in this group peak
incidence is in 21 - 30 years group. The study conducted
by Bhatti et al. in Northern Pakistan and by Chang et al.
in Sindh has shown peak age in the same group and is
in accordance with this study.13,14 The data from UK and
USA has shown peak incidence in older age group.15,16

Bhatti et al. attributed this fact to demographic
differences between nations; in the present report, there
were greater number of younger subjects and a much
smaller number of subjects beyond 60 years.

Mild to severe fibrosis was seen in all patients of CML.
In this study, 65% out of 82 patients (n=53) had mild
(grade 1) fibrosis. While grade 2 and grade 3 fibrosis
was seen in 35% (n=29). In a study conducted by
Kantarjian et al. on 198 patients, severe bone marrow
fibrosis was seen in 38% cases.17 While Tanrikulu et al.
found severe bone marrow fibrosis in 33% of patients of
CML at presentation.18 The findings of this study are in
concordance with the studies conducted internationally.

In chronic stage, grade 2 and 3 fibrosis was also seen in
addition to grade1. In this study, it was seen that grade 2
and 3 fibrosis was more common in younger age group
(11-50 years) as compared to older age group (51-80
years). In younger age group, 27 out of 71 (38%) had
grade 2 and 3 fibrosis while in older age group 2 out of
11 (18%) patients had advanced fibrosis. Advanced
stage is a sign of progression of disease; and if present
at initial presentation then it is suggestive of aggressive
disease.19 These facts indicate that CML is more
aggressive in younger age group as compared to older
age group. A cohort study conducted by Castagnetti et
al. in 2014 on 2,784 patients of CML has analysed this
fact. They have studied differences in spleen size, blood
counts, Sokal and EUTOS score in young adults, adults
and elderly over period of 40 years. They clearly demons-
trated that clinical presentation, disease progression and
response to tyrosine kinase inhibitors are more severe in
young adults.19 Hijiya et al. have suggested that pediatric
CML is more aggressive than adult CML; and there are
genetic differences among two groups so the children
should be offered more definite treatment to avoid long
term complications of TKI drugs.20

In this study, observations regarding different haemato-
logical parameters and degree of fibrosis were also

made. Anaemia was observed in 71% of cases; and 44%
were in grade 1 fibrosis. Anemia was not associated
(p=0.148) with advanced fibrosis as majority of the
patients with anemia had grade 1 fibrosis. Saleem et al.
found anaemia more with advanced fibrosis.21 In that
study, patients of all phases were included; whereas, the
present authors included only chronic phase and patients
in accelerated and advanced phases were excluded.

In this study, high leucocyte count was not observed with
increased degree of fibrosis, (Figure 1, p=0.413). This is
in concordance with study conducted by Saleem et al.,
who did not find rising leucocyte count with increased
degree of fibrosis.21

In this study, 54% patients had platelet count in normal
range (150,000 - 400,000/ul), majority of them (35%)
were in grade 1 fibrosis (Figure 2, p=0.174). The finding
is supported by a study conducted by Ernesto Vigna who
did not find any significant association between rising
platelet count and fibrosis.22

Above findings indicate that anemia, leukocytosis and
thrombocytosis are not indicative of advanced fibrosis,
and trephine biopsy is essential in each case to
determine degree of fibrosis. It has been considered
as an independent prognostic marker as it played a
significant role in morbidity and mortality related to CML
as explained by Hussein et al.23

Myelofibrosis is an ominous sign and impairs drug
penetration and can affect outcomes.24 A study
conducted by Kantarijan et al. in 2005 compared the
results of imatinib therapy on patients with mild to
moderate, and those with severe fibrosis. He observed
similar response, complete cytogenetic response, in two
groups and failure-free survival were also same. He
proposed that bone marrow fibrosis was not prognostic
marker in CML in the era of imatinib therapy.7

In another study by Kantarijian et al., effects of fibrosis
on prognosis of patients in chronic phase of CML treated
with imatinib were noted. It was seen that advanced
fibrosis improved with the therapy. However, 15% still
had worse outcome.18 A study by Buesche et al.
conducted over a period of 5 years on 59 patients of
CML showed that pretreatment fibrosis was bad
prognostic sign, Imatinib therapy reduced and reversed
the degree of fibrosis, but in longer follow up period,
many patients developed severe fibrosis.7 They stated
that imatinib therapy was not effective in eliminating
unfavourable prognosis of MF and did not offer complete
cytogenetic response in all patients with fibrosis.

A study done by Eliacik assessed the pretreatment and
posttreatment fibrosis and dysplasia in CML patients
receiving first generation (imatinib) or second generation
(dasatinib and nilotinib) tyrosine kinase inhibitors
(TKI).25 He suggested that bone marrow fibrosis was an
independent marker of prognosis and indicator of
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response to TKI drugs in CML. The author emphasised
that fibrosis should be considered as important and
critical parameter regarding decision of treatment.

All above data favours myelofibrosis as an important
prognostic indicator of CML; and its detection at the time
of diagnosis helps in decisions regarding treatment of
the patient.

CONCLUSION

Bone marrow fibrosis is seen in all patients of chronic
myeloid lekemia; and among these cases, advanced
fibrosis are also seen. Peripheral blood counts are not
predictor of increased fibrosis; therefore, bone marrow
biopsy with special staining should be done in all cases
of chronic phase of CML.
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