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Abstract Imatinib Mesylate, a Tyrosine Kinase inhibitor,
is presently the drug of choice for Chronic myeloid leu-
kemia (CML). During therapy, a few patients develop
myelosuppression and present with cytopenias. To study
the bone marrow morphology in imatinib treated CML
patients presenting with persistent cytopenias. The cases
were retrieved from the Hematopathology record files,
Department of Pathology; the study period being January
2008—June 2009. Cases of CML on Imatinib presenting
with grade 2 or more anemia, neutropenia and/or thromb-
ocytopenias with bone marrow studies, were included in
the study. The morphology of all cases was reviewed with
cytogenetic studies. Follow-up details were obtained from
the Medical Oncology records. During the study period,
683 Imatinib treated CML patients had bone marrow
studies as part of their follow-up investigations. Of these,
60 patients (9%) had some form of persistent cytopenia.
The patients ranged from 21 to 75 years of age with a
median age of 38 years. The male:female ratio was 1:1.
There were 46 patients with >grade 2 anemia, 25 patients
with >grade 2 neutropenia and 37 patients with >grade 2
thrombocytopenia. Of these, 18 patients had bicytopenia
and 13 cases had pancytopenia. The marrow evaluation
revealed morphologic response in 30 patients, persistent
marrow disease in five patients, marrow hypoplasia in six
patients, extensive stromal changes including fibrosis in
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five patients, megaloblastic erythropoiesis in 11 patients
and disease progression to accelerated or blast crisis in
three patients. Various degrees of cytopenias may occur in
few patients of CML on imatinib therapy. Regular hema-
tologic follow-up is required so that the drug may be
stopped or dose modified as per the individual’s needs.

Keywords Imatinib - Cytopenias - Marrow morphology

Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative
neoplasm that originates in an abnormal pluripotent stem
cell [1]. At diagnosis, 90-95% of cases of CML have the
characteristic t (9; 22) translocation that results in the Ph
chromosome. This translocation fuses sequences of the Bcr
gene on chromosome 22 with regions of the Abl 1 gene
from chromosome 9 resulting in the formation of Ber—Abl
chimeric protein with enhanced tyrosine activity. [2] The
enhanced tyrosine kinase activity is associated with
expansion of pluripotent stem cells, defective adhesion and
decreased apoptosis of the hematopoietic cells. Imatinib
mesylate (Gleevec, Glivec, formerly STI571) [3] is a
tyrosine kinase inhibitor, which binds to the ATP binding
site of the tyrosine kinases and maintains them in an
inactive form. Imatinib is now the gold-standard for first-
line pharmacotherapy of CML, in any phase.

Adpverse side-effects of the drug include edema, nausea,
vomiting, diarrhea, cramps and cutaneous reactions.
Adverse hematologic side-effects include anemia, neutro-
penia, and thrombocytopenia.

The aim of this study was to evaluate the marrow
morphology in diagnosed cases of CML on imatinib ther-
apy, presenting with persistent cytopenias.
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Materials and Methods

The cases were retrieved from the hematopathology record
files of the Institute, the study period being 1.5 years.
Diagnosed patients of CML (in any phase), who were on
Imatinib mesylate and presenting with grade 2 or more
anemia, neutropenia and/or thrombocytopenia with simul-
taneous bone marrow examinations, were included in the
study. The degree of cytopenia was graded as per National
Cancer Institute Common Toxicity criteria, version 1.
Giemsa stained peripheral blood smears along with bone
marrow aspirates were reviewed. In case of aparticulate
aspirates, trephine imprints for cell counts and trephine
sections were studied. The morphology of each case was
reviewed along with cytogenetic studies. The cytogenetic
evaluation was carried out on marrow aspirates or
unstimulated peripheral blood samples using conventional
G-banding techniques. For each case, 20 metaphases were
analyzed and percentage of metaphases positive for Ph
chromosome was counted. The patient management details
were obtained from Medical Oncology department.

Results

During the study period, 683 previously diagnosed patients
of CML, on imatinib therapy had marrow evaluation as part
of their follow-up studies. Of these, 60 patients (9.0%) had
some form of persistent cytopenia, which was grade 2 or
more. The patients ranged from 21 to 75 years of age with a
median age of 38 years and a male:female ratio of 1:1. The
patient characteristics are depicted in Fig. 1. The type
and grade of cytopenia are shown in Table 1. Anemia was
the commonest cytopenia followed by thrombocytopenia
and neutropenia. Lower grades of anemia were frequently
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Fig. 1 Patient characteristics of CML patients on imatinib, present-
ing with cytopenia (n = 60)

noted. There were 18 patients of bicytopenia and 13 patients
of pancytopenia. A combination of anemia and thrombo-
cytopenia was the most commonly noted bicytopenia.

The morphologic changes seen in imatinib treated CML
patients with persistent cytopenia were as shown in
Table 2.

The bone marrow showed a morphologic response or
near normal marrow in 30 patients (50%).A bone marrow
is said to show morphologic response when there is
reduction in marrow cellularity, reduction in myeloid to
erythroid ratio accompanied by erythroid hyperplasia,
reduction in numbers of blasts and megakaryocytes and
reduction in fibrosis [2, 4-6] (Figs. 2, 3).

An unusual finding noted was of megaloblastic eryth-
ropoiesis in 11 patients. The details of these patients are
given in Table 3 (Fig. 4).

Other morphologic changes that were noted were per-
sistent of disease (CML) in five patients, marrow hypoplasia
in six patients, extensive stromal changes in four patients,
marrow fibrosis in one patient and progression to acceler-
ated phase or blast crisis in three patients (Figs. 5, 6).

The cytogenetic results of all the patients at the time of
cytopenia are depicted in Table 4.

Discussion

The marrow morphology was different in the patients pre-
senting with various degrees of cytopenia. Untreated CML
patients generally showed marrows with increased cellu-
larity, increased M:E ratio, increased blasts and megakary-
ocytes with clustering and fibrosis [2, 4]. Post-imatinib
therapy, the changes reported are reduction in cellularity,
reduction in M:E ratio with relative erythroid hyperplasia,
reduction in blast count, fibrosis and number of megakary-
ocytes [2, 4].Accompanying changes that have frequently
been described are benign lymphoid aggregates (42%) and
clusters of sea-blue histiocytes (47%) [5, 6].It is also
reported that marrow morphologic response and cytogenetic
response may lag behind the hematologic response [5].

Myelosuppression in patients receiving therapy may
manifest as anemia, neutropenia and thrombocytopenia. Of
the 60 patients presenting with any form of >2 cytopenia,
30 (50%) showed good marrow morphologic response or a
histologically normal bone marrow.

Myelosuppression is significantly more common in
CML patients on Imatinib than in patients of gastroin-
testinal stromal tumors (GISTs) [3]. Patients of CML in
advanced phases are more prone for myelosuppression. It
is unclear why some patients develop myelosuppression
and some do not. Along with its potent inhibitory effect
on Bcr/Abl, imatinib also inhibits c-kit, which is involved
in early hematopoiesis. Hence myelosuppression may be
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Table 1 Grades of cytopenia in

. Grade Grade 2 Grade 3 Grade 4 Total

the patients (n = 60) as per

National Cancer Institute (NCD) A peia (gm/dl) 8.0-10.0 6.5-8.0 <6.5

common toxicity criteria

version 1.0 25 16 5 46
Neutropenia >1000 < 1500 >500 < 1000 <500
(ANC-/cmm) 12 9 3 24
Thrombocytopenia >50000 < 75000 >25000 < 50000 <25000
(platelet/cmm) 14 10 10 34
Bicytopenia
Anemia + Thrombocytopenia 9
Anemia + Neutropenia 7
Neutropenia + Thrombocytopenia 2
Pancytopenia 13

Table 2 Marrow morphology in Imatinib treated CML patients
presenting with cytopenia (n = 60)

Bone marrow morphology Number of
Patients

Marrow morphologic response/Normal marrow 30
Persistence of disease 5
Marrow hypoplasia 6
Extensive stromal changes 4
Marrow fibrosis

Megaloblastoid erythropoiesis 11

Disease progression/transformation 3

(blast/accelerated phase)

the result of undesired suppression of normal progenitors
[7]. Myelosuppression developing during therapy may
have an adverse effect on overall response because (1)
therapy being withheld for myelosuppression, decreases

Fig. 2 Erythroid hyperplasia following therapy (Giemsa X200)
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Fig. 3 Reduction in cellularity with benign lymphoid aggregates
(H&E X200)

the exposure to imatinib (2) myelosuppression may be a
manifestation of reduced normal stem pool which is
unable to manifest as full normal hematopoiesis after
suppression of the abnormal clone [7]. In addition to
advanced disease, factors associated with a greater risk of
myelosuppression include low hemoglobin, history of
interferon induced cytopenias and previous busulphan
therapy [3].

Myelosuppression has been identified as an independent
adverse risk factor for achieving a cytogenetic response [7].

Of the 60 patients in the study, 6 showed marrow
hypoplasia or replacement by fat. Marrow hypoplasia fol-
lowing imatinib therapy has infrequently been reported [7—
9].Bone marrow hypoplasia is a potentially fatal adverse
side-effect of imatinib and can present in any phase of
CML. In one of the studies [9], there were five patients
with severe hypoplasia (bone marrow cellularity between 5
and 10%) the Bcr/Abl was positive in all patients at the
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Table 3 Clinical details and follow-up of patients showing megaloblastosis in Imatinib treated patients with cytopenia (n = 11)

SNo  Age/sex  Cytopenia Past drug history Months of Imatinib ~ M:E ratio  Bj,/folate levels  Response to B,/folate
1 M/35 Pancytopenia  Nil, alcoholic 8 m 1:1.5 ND Response+
2 F/41 Bicytopenia Nil 9m 1:2 ND Response+
3 F/38 Bicytopenia Nil 13 m 3:1 ND Not treated
4 M/23 Bicytopenia Hydrea 19 m 1:3 ND Not treated
5 M/67 Bicytopenia Nil 11 m 1:1.5 ND Not treated
6 M/40 Pancytopenia ~ Hydrea, Interferon 13 m 1.5:1 ND Response+
7 M/35 Bicytopenia Nil 9m 1.5:1 ND Response +
8 M/36 Pancytopenia  Nil 6 m 1:1 ND Not treated
9 F/36 Bicytopenia Hydrea 7 m 1:1 Bi,1.folate N Treated— AP, expired
10 M/56 Pancytopenia ~ Busulphan 12 m 1.5:1 ND Response+
11 F/46 Anemia Hydrea 11 m 1.5:1 ND Not treated

m months, M:E myeloid:erythroid ratio, B;, vitamin B, levels, Response+ good response to therapeutic vitaminB, and folate supplements, ND
vitamin B, and folate levels not done due to financial constraints,{=increased levels, N normal levels, AP accelerated phase

Fig. 4 a Peripheral smear showing
macro-ovalocytes, hypersegmented
neutrophils and thrombocytopenia
(GiemsaX1000). b Marrow showing
megaloblastoid erythropoiesis
(GiemsaX1000)

time of hypoplasia. In this study also, all six patients were
positive for Ph chromosome at the time of diagnosis of
hypoplasia. This reinforces the observation that myelo-
suppression is an independent adverse factor for achieving
cytogenetic response.

One patient with cytopenia had secondary myelofibrosis
and four patients had marrow with extensive stromal
changes in the form of stromal edema (three patients) and
gelatinous transformation (one patient). Cytopenias are
noted when the marrow shows extensive stromal change

[10]. Gelatinous transformation (serous atrophy) is a
change where there is loss of fat cells and hematopoietic
cells with replacement by acid mucopolysaccharide. It has
been reported in severe malnutrition states, AIDS, renal
failure and rarely in imatinib treated CML patients [11, 12].

There were 11 patients with cytopenias, with the ery-
thoid precursors in the marrow showing megaloblastoid
change. The exact cause for this megaloblastosis is not
known as most of the patients could not afford investiga-
tions to estimate vitamin B, and folate levels. Of these,
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Fig. 5 a Peripheral smear
showing pancytopenia
(GiemsaX 200) b Trephine
biopsy with severe hypoplasia
(H&EX200)

Fig. 6 Stromal changes following therapy (H&EX200)

five responded to therapeutic doses of vitamin B, and
folate and hence nutritional deficiencies were thought to be
the cause for megaloblastosis. Unlike hydroxyurea, imati-
nib is not known to cause folate deficiencies [5]. There was
one patient who had high vitamin B, (>2000 pg/ml) and
normal folate levels. On follow-up, she went into acceler-
ated phase and expired (Fig. 7). There is a report of
myelodysplastic syndrome and acute leukemia developing
in three patients of CML on imatinib therapy [13] where
megaloblastoid change was described as part of the dys-
erythropoiesis. It is possible that the patient with high

@ Springer

Table 4 Cytogenetic results of Imatinib treated CML patients pre-
senting with cytopenia (n = 60)

Cytogenetic response Percentage of metaphases ~ Number of
(CR) positive patients
Complete CR 0% +ve 33

Major CR 1-35% +ve 13

Minor CR 36-65% +ve 10
Minimal CR 66-95% +ve 2

None 96-100% +ve 0

No dividing cells - 2

vitamin B, levels with megaloblastosis and subsequent
transformation may have had myelodysplastic syndrome
following imatinib. Only a good follow-up, correlation
with accurate vitamin Bj, folate levels and cytogenetics
could lead us to the cause of megaloblastosis in these
patients.

There were three patients presenting with cytopenias
with marrows showing transformation into accelerated
phase or blast crisis.

To conclude, various degrees of cytopenia may occur in
few patients of CML on imatinib. The cause of the cyto-
penia is varied and the marrow morphology could be dif-
ferent in each case. Regular hematologic follow-up with
blood counts and if necessary, bone marrow studies are
required for patient management; so that the drug may be
withheld or dose modified, as per individual needs.
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Fig. 7 a Dyspoietic erythroid
precursors with bilobed
megakaryocytes (Giemsa X1000),

b same patient on follow up showing
transformation to accelerated phase
(GiemsaX400)
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