ORIGINAL ARTICLE

Megakaryocytic Clustering in Chronic Myeloid Leukemia:
Can it be a Predictor of Clinical Outcome?
Zunairah Mughal1, Hira Babar2, Sobia Ashraf1, Ambareen Hamid1, Abbas Khokhar3 and Samina Qamar1
1

2

Department of Pathology, King Edward Medical University, Lahore, Pakistan
Department of Haematology, King Edward Medical University, Lahore, Pakistan
3
Department of Oncology, King Edward Medical University, Lahore, Pakistan

ABSTRACT
Objective: To compare clinical outcome in patients of chronic myeloid leukemia (CML) with and without megakaryocytic clustering.
Study Design: Cross-sectional comparative study.
Place and Duration of Study: Pathology Department and CML Clinic Oncology Department, King Edward Medical University
from March 2018 to March 2019.
Methodology: Ninety-four patients diagnosed with chronic phase of CML were included. Complete record of complete blood
count, splenomegaly, ﬁndings of bone marrow aspirate and trephine biopsy was noted. Bone marrow trephine biopsy was
reviewed for megakaryocytic clustering. Sokal scoring was done; and follow-up data for clinical outcome, i.e complete hematological response (CHR) at 3 months and major molecular response (MMR) at 6 months and 1 year (as per Institute's protocol) was
obtained. All the data were analysed using SPSS version 25.
Results: Megakaryocytic clustering was present in 57 (60.6%) patients and absent in 37 (39.4%). In patients with megakaryocytic clustering, CHR was absent in 12 (21.1%), MMR at 6 months was absent in 21 (36.8%) and MMR at 1 year was absent in 25
(43.9%) patients. In patients without megakaryocytic clustering, absent CHR, MMR at 6 months and MMR at 1 year were seen in 1
(2.7%), 2 (5.4%) and 2 (5.4%x), respectively. The correlation of megakaryocytic clustering and high sokal score was found to be
statistically signiﬁcant with a p-value <0.001.
Conclusion: Patients with megakaryocytic clustering have poor clinical outcome as indicated by their sokal score, absent CHR,
MMR at 6 months and 1 year.
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INTRODUCTION
Chronic myeloid leukemia (CML) is characterised by 5’ promotor
on chromosome 9 translocation to 3’ exon on chromosome 22,
resulting in constitutive activation of JAK-STAT pathway leading to
uncontrolled proliferation of myeloid series.1 The disease is more
common in males aging 55-60 years. The prominent clinical
features of disease include fatigue, anorexia, weight loss, massive
spleen. Complete blood counts show abnormally high total leucocyte count with presence of myeloid series cells in all stages of
maturation. It is often accompanied by anemia and/or thrombocy2
topenia in blood.
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The disease is characterised by 3 phases: chronic, accelerated,
and blast. Majority of the patients present in the chronic phase,
around 10% present in the accelerated phase, and another 10%
in the blast phase.3 Bone marrow trephine ﬁndings range from
hypercellular marrow with minimal ﬁbrosis to advance ﬁbrosis,4
with or without megakaryocytic clustering. These ﬁndings help
in deciding about appropriate choice of treatment.
Megakaryocytic clustering is deﬁned as a cluster of 3-5
megakaryocytes in trephine biopsy. They are pleomorphic with
topographic disorganisation. The clusters may be present in
sheets.5
Several scores are used for staging of this disease. These
include Hashford, EUTOS and sokal score.
Sokal score is widely used in patients for risk stratiﬁcation at the
time of presentation. It takes into account four clinical variables:
age,size of spleen, percentage of blast cells, and platelet count.
The hazard ratio (Sokal score) is calculated by entering data in
the following equation: 11 Exp [0.116 (age-43.4)] + 0.0345
(spleen size-7.51) + 0.188 [(platelets/700) 2 -0.563] +0.0887
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(blast %-2.10). Based upon score, patients are divided in three
groups: low risk group (sokal score <0.8), intermediate group
(sokal score 0.8-1.2), and high risk gourp (sokal score >1.2).6
Patients are followed up for complete hematological response
(CHR) and major molecular response (MMR). CHR is deﬁned as
total leucocyte count of less than 10 × 10*9/ L, platelet count of
450 ×109/L, absence of immature cells (blasts, promyelocytes,
or myelocytes) in the peripheral blood, and disappearance of all
clinical signs and symptoms including splenomegaly . MMR is
achieved when BCR-ABL fusion gene cannot be demonstrated in
the cases.7,8
Tyrosine kinase inhibitors (TKI’s) are a novel approach in
management of CML.9 There are three generations of TKI’s,
10
Imatinib is ﬁrst line drug, given to patients in chronic phase. It is
given in a dose of 600 mg. It cause complete hematological
response in 89% patients and complete cytogenetic response in
10%. Median survival rate is 7 months.11
According to WHO guidelines, megakaryocytic clustering and
ﬁbrosis are taken as presumptive evidence of accelerated phase
in the absence of any other criteria of accelerated phase.12
The objective of this study was to determine frequency of
megakaryocytic clustering in patients of CML in chronic phase at
the time of presentation and comparison of response to treatment with Imatinib in patients with or without megakaryocytic
clustering.

METHODOLOGY
It was a retrospective study conducted at Mayo Hospital, Lahore
in collaboration with CML Clinic Mayo Hospital and Hematology
Section of Pathology Department, King Edward Medical University, from March 2018 to March 2019. All the diagnosed patients
of CML in chronic phase with positive BCR/ABL fusion gene were
included in the study regardless of the gender and age, and who
were taking treatment with ﬁrst line drugs and were compliant
with a regular follow-up. All those diagnosed patients of CML with
some additional chromosomal mutation or with JAK2 positivity,
were excluded from the study.
After obtaining permission from University Ethical Review Board,
all the data regarding personal information, medical history,
physical examination, and investigations of included patients
were recorded. The complete blood count for hemoglobin levels,
total leucocyte count, diﬀerential leucocytic count, and platelet
count done at the time of presentation, were reviewed. Findings
of abdominal ultrasound/CT abdomen, for the presence of
splenomegaly and size of spleen as per patient’s record were
also recorded after keeping full conﬁdentiality.
Bone marrow trephine biopsy stained with hematoxylin and
eosin done for diagnosis of disease, were re-examined for the
presence of megakaryocytic clustering by two independent
observers to minimise inter-observer bias. Megakaryocytic clustering is said to be present, if three or more clusters of ﬁve or
more megakaryocytes are seen in an area of 1 cm.

Treatment and follow-up response of all the patients were
retrieved. The initial therapy in all patients was tablet Imatinib
400mg. After three months, the patients were followed up for
CHR. As per institutional policy, assessmet for CHR is done by
complete blood count, peripheral smear, and ultrasound/CT
abdomen. Those who failed to achieve CHR were prescribed an
increased dose of 800 mg of Imatinib. At 6 months and one year,
all the patients were assessed for major molecular response.
Ideally, cytogenetic analysis is to be done at 6 months and molecular analysis at 1 year as per the guidelines; but due to economic
constraints, only molecular analysis is done both at 6 months and
1 year as per institutional policy.
The results were recorded and data were analysed using SPSS V
25. Continuous variable like age, Hb, TLC, spleen size, were
described in terms of minimum and maximum values with mean
± S.D and categorical variables like gender, were presented as
frequencies.
Chi-square test was applied to determine correlation among qualitative variables and a p-value of <0.05 was considered statistically signiﬁcant.

RESULTS
A total of 94 patients of CML in CP were identiﬁed during the
deﬁned study period of 6 months. There were 51 (54.3%) male
patients and 43 (45.7%) female patients with a mean age of
47.02 ± 9.3 years. Other characteristic variables are shown in
Table I.
The bone marrow trephine biopsy slides of all the patients were
evaluated for megakaryocytic clustering. It was present in 57
(60.6%) of the patients. Bone Marrow trephine biopsy ﬁgures
without megakaryocytic clustering and with megakaryocytic
clustering are shown below (Fig 1a and 1b, respectively).
The sokal score of each patient was calculated according to the
formula mentioned above. A total of 18 (19.1%) patients had
high sokal score, 33 (35.1%) had intermediate sokal score and
43 (45.7%) had low sokal score. The correlation of megakaryocytic clustering and high sokal score was found to be statistically signiﬁcant (p <0.001, Table II).
The percentage of patients with megakaryocytic clustering and
absent CHR, MMR at 6 months and 1 year is illutrated in Figure 2.
All the patients were followed up to assess complete hematological response at the end of three months and MMR after 6
months and 1 year. The cytogenetic response is not done owing
to institutional policy. It was observed that CHR was achieved in
81 (86.2%) and absent in 13 (13.8%) patients; out of which, 12
(92.3%) patients had megakaryocytic clustering (p-value =
0.012). Similarly, MMR at 6 months was absent in 23 (24.5%)
patients. Out of them, megakaryocytic clustering was observed
in 21 (91.3%, p-value = 0.001). At 12 months, MMR was absent
in 27 (28.7%) patients, out of which 25 (92.6%) (p-value
<0.001) had megakaryocytic clustering (Table II).
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Table I: Demographic and hematological variables of CML-CP patients.
Variables

Mean ± S.D.

Minimum

Age (years)

47.02 ± 9.3

28

Maximum

67

Hb (g/dl)

9.97 ± 1.8

5.5

13.1

TLC (103 uL)

126.34 ± 42.1

34

212

Platelets (109 uL)
Blast count (%)

386.95 ± 161.7

112

890

3.80 ± 4.48

1

9

Spleen size (cm)

15.22 ± 1.8

9

23

Table II: Relationship of megakaryocytic clustering with gender, sokal score, CHR, MMR at 6 months and 1 year.
Gender
Female
N = 43
Megakaryocytic
clusters

Male
N = 51

Sokal
High
N = 18

Absent

19 (44.2%) 18 (35.3%)

Present

24 (55.8%) 33 (64.7%) 17 (94.4%)

p-values

0.379

1 (5.6%)

MMR at 6 months

MMR at 12 months

Absent
N= 13

CHR
Present
N= 81

Absent
N=23

Present
N= 71

Absent
N = 27

Present
N = 67

27 (62.8%)

1 (7.7%)

36 (44.4%)

2 (8.7%)

35 (49.3%)

2 (7.4%)

35 (52.2%)

16 (37.2%)

12 (92.3%)

Intermediate
N = 33

Low
N= 43

9 (27.3%)
24 (72.7%)
<0.001

45 (55.6%) 21 (91.3%) 36 (50.7%) 25 (92.6%) 32 (47.8%)

0.012

Figure 1a: CML chronic phase without bone marrow clustering.

0.001

<0.001

Figure 1b: CML chronic phase with bone marrow clustering.

DISCUSSION
CML involves malignant transformation of multipotent progenitor cells including granulocytes and megakaryocytes,
erythroid cells and macrophages at a variable extent. In this
study, 94 patients of CML in chronic phase were included.
Mean age of the patient was 47.02 ± 9.3 years with male
predominance. Average hemoglobin level was found to be 9.9,
and anemia was seen in 47 patients, mean platelet count was
386,000/ul, and was found to be normal or slightly on the
lower side. Mean WBC count was 126,000/ul. These ﬁndings
are in accordance with study by Hamid et al.13
Average spleen size was 15 cm and splenomegaly was seen in
23 patients. In a study by Kumar, no signiﬁcant splenomegaly
was found among the patients and they also found platelet
count to be slightly higher in the patients having CML.14

36

Sokal Index for CML predicts survival based on clinical and
laboratory investigation, done before the commencement
of treatment. Sokal score was high in 18 (19.1%) patients,
intermediate in 33 (35.1%), and low in 43 (45.7%) patients.
Similar results were found in the study conducted by Laskshmaiha in India.15
Megakaryocytes were the main focus of this study. The
megakaryocytic number and clustering was closely
observed in the trephine biopsy slides. The megakaryocytic
number was raised in 57 (60.6%) of cases observed.
Megakaryocytic clustering was seen in all these patients;
whereas, dwarf forms were seen in 20% of the cases.
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outcome. In that study, females were found to have far
better outcome (MMR 80 vs. 45%). Similar results were
found in our study as males had more megakaryocytic clustering than females. Bad response was seen in 33 males and
24 females and good response was seen in 18 males and 19
females.21

CONCLUSION

Figure 2: Relationship of poor treatment response with megakaryocytic clustering.

Arun et al. has studied the number and morphologic features
of megakaryocytes in CML patients. The number was raised
in 67% patients and 32% patients had megakaryocytic clustering. They divided patients according to classiﬁcation of
CML by Burkhardt into CML-GM (granulocytic megakaryocytic) and CML-G (granulocytic). Increased number and clustering was seen exclusively in CML-GM group.16
All patients were followed for at least 1 year and treatment
response was noted. Good response in the form of complete
CHR, MMR1 and MMR2 was seen in 57 patients and bad
response in the form of failure of either one or all CHR, MMR
1 and MMR 2 was seen in 37 patients.
The cytogenetic response is not done owing to institutional
criteria. However for the correlation of responses as shown
by Jabbour et al. in updates of CML, instead of repeated
bone marrow biopsy, a complete CCyR is equal to negative
FISH test and BCR-ABL<1% and partial CCyR is equal to
BCR-ABL <10%.17 It was observed that CHR was achieved in
81 (86.2%) and absent in 13 (13.8%) patients, out of which
12 (92.3%) patients has megakaryocytic clustering (p
=0.012). In a study by Hagop Kartarijan, CHR was observed
in 89% of the patients.18
Similarly, MMR at 6 and 12 months was absent in 23 (24.5%)
and 27 (28.7%) patients in which megakaryocytic clustering
was observed in 21 (91.3%, p = 0.001) and 25 (96.2%, p
<0.001) patients.
The correlation of sokal score with megakaryocytic clustering was done, which showed that nearly all the patients
with high sokal score had megakaryocytic clustering seen in
their trephine biopsy. Those with intermediate sokal score,
72% of those had clustering, showing a signiﬁcant correlation. Similar results were seen in a study by Theil el al., in
which increased CD 61 positive megakaryocytic cells were
associated with increased tumor burden and advanced stage
of disease.19

Patients with megakaryocytic clustering have poor clinical
outcome as indicated by their sokal score, absent complete
hematological response (CHR), molecular response at 3
months and 1 year. Trephine biopsy of all the patients with
chronic CML should be assessed for megakaryocytic clustering, as it is presumptive of poor prognosis in CML
patients.
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Similar correlation was seen in a study by Forrest et al., in
which CHR and MMR correlated with the sokal score.20 Nachi
et al. has conducted study on eﬀect of gender on treatment
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