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Abstract
Many effective therapeutic options are available for patients with 
chronic myelogenous leukemia (CML). Imatinib, a first-generation 
tyrosine kinase inhibitor (TKI), is one of several options for patients 
who present with CML, whether in chronic phase, accelerated 
phase, or blast crisis. Although CML is very responsive to the selec-
tive TKIs, with response rates in chronic phase of greater than 90%, 
unusual presentations have been documented. Response rates for 
patients with CML in accelerated phase and blast crisis are notably 
lower to both first- and second-generation TKIs. This report pres-
ents a recent case of a young woman with newly diagnosed CML 
who presented with an accelerated phase isolated central nervous 
system (CNS) relapse after standard imatinib therapy, who initially 
experienced a complete hematologic response. Further treatment 
options, and monitoring of disease response, are discussed. Ag-
gressive strategies, such as intrathecal chemotherapy, change in ty-
rosine kinase inhibitor to one with increased CNS penetration, and 
consideration of allogenic stem cell transplantation, are potential 
therapeutic modalities. Prophylaxis of the CNS in patients deemed 
at risk is an area requiring further study. (JNCCN 2013;11:745–750)
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Many effective therapeutic options are available for 
patients with chronic myelogenous leukemia (CML). 
The disease is a clonal myeloproliferative neoplasm 
characterized by a reciprocal rearrangement and fu-
sion of the BCR and ABL genes. The driving factor 
for disease progression is the fusion gene product, 
the BCR/ABL tyrosine kinase.1 Imatinib, a first-
generation tyrosine kinase inhibitor (TKI), is one of 
several options for patients who present with CML, 
whether in chronic phase, accelerated phase, or blast 
crisis.2 Although CML is very responsive to the se-
lective TKIs, with response rates in chronic phase 
of greater than 90%,3 unusual presentations have 
been documented.4 Increased efficacy of TKI thera-
pies in chronic phase CML has resulted in higher 
levels of molecular response compared with more  
advanced disease. Patients with newly diagnosed 
CML are noted to experience a 40% to 70% rate 
of major molecular response (BCR/ABL transcript 
level <0.1%).5 The more potent second-generation 
TKIs (ie, nilotinib and dasatinib) produce higher 
molecular response rates than imatinib. Response 
rates to TKI therapy are notably lower for acceler-
ated phase CML, with major molecular response 
rates reported at 20% to 30%, and less than 10% in 
blast phase CML.6 This report presents a recent case 
of a young woman with newly diagnosed CML who 
presented with an isolated central nervous system 
(CNS) relapse after standard imatinib therapy with 
good response. Further treatment options, and moni-
toring of disease response, are discussed.

Case Report
A 24-year-old otherwise healthy Caucasian woman 
presented with several weeks of progressive fatigue, 
bruising, and eventually the development of fe-
vers. She had no prior medical problems and took 
no medications. Physical examination revealed 
only moderate splenomegaly, measuring 14 cm. 
On initial laboratory evaluation, she was found to 
have a WBC count of 385,000/mm3, a hemoglobin 
level of 8.2 g/dL, hematocrit 24%, and a platelet 
count of 1.23 million/mm3. Differential revealed 
25% neutrophils, 3% bands, 10% lymphocytes, 
0% monocytes, 7% eosinophils, 1% basophils, 7% 
metamyelocytes, 24% myelocytes, 15% blasts, and 
8% promyelocytes. Her lactate dehydrogenase level 
was 1938 U/L.

A bone marrow biopsy revealed accelerated phase 
CML. Additional studies included flow cytometry, 
which was consistent with an increase in myeloid 
blasts, with approximately 5% of total cells CD34+, 
CD117+, CD13 low, CD33+, CD15 –, CD64–, CD2–, 
CD56–, and HLA-DR variable. Peripheral blood 
flow cytometry revealed an increased population of 
myeloid blasts, with approximately 3.6% of the cells 
staining positive for CD34, CD117, and CD7. Bone 
marrow PCR for the BCR/ABL1 fusion transcript re-
vealed a ratio of 3.240 compared with the internal 
control transcript (ABL). Chromosome analysis of 
bone marrow revealed 46,XX,t(9;22)(q34;q11.2) in 
15 of 15 unstimulated bone marrow cells. Fluores-
cence in situ hybridization (FISH) analysis using the 
LSI BCR/ABL1 fusion probe (Abbott Laboratories; 
Abbott Park, Illinois) revealed that 97% of cells in 
the bone marrow contained the gene fusion.

Based on the high white count presentation, the 
patient was admitted to an outside hospital where cy-
toreduction consisting of hydroxyurea and imatinib 
at 800 mg/d was initiated. Similar major molecular 
response rates at 1 year have been reported with ima-
tinib at doses of both 800 and 400 mg/d; however, 
rates of major molecular response and complete cyto-
genetic response have been reported to occur earlier 
with the 800-mg/d dose. The clinical significance of 
earlier responses on high-dose imatinib has not been 
definitively established.7 The patient tolerated ini-
tial cytoreduction with excellent response in counts. 
Based on initial response to therapy, consideration 
of upfront allogeneic hematopoietic stem cell trans-
plantation was deferred. The patient was discharged 
and followed up as an outpatient, where imatinib was 
decreased to 400 mg/d. Hydroxyurea was discontin-
ued soon after discharge.

Over the next several months, the patient un-
derwent regular follow-up. At 1 month from diag-
nosis, an excellent response was noted, with WBC 
counts decreasing to 1600/mm3 with no left-shifted 
forms and no blasts. A complete hematologic re-
sponse was obtained by 2 months from diagnosis, 
with a WBC count of 2600/mm3, hemoglobin level 
of 12 g/dL, and a platelet count of 224,000/mm3. The 
differential failed to show a left shift or any immature 
forms in peripheral blood.

However, 3 months after initiation of therapy, 
despite a hematologic response, the patient began to 
develop fatigue. At this time, the patient presented to 
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the emergency department for new headache evalu-
ation. A CT scan of the head was normal. However, 
because of worsening symptoms, the patient was ad-
mitted to the hematology inpatient service for more 
definitive evaluation and diagnostics.

An MRI of the brain showed increased signal in-
tensity in the periventricular area of the third ven-
tricle on T2 imaging, although artifact could not be 
ruled out. A diagnostic lumbar puncture revealed the 
presence of CML. The WBC count in the cerebro-
spinal fluid (CSF) was 468 cells/mm3. The cytology 
report described this finding as consistent with CML 
blast crisis. Flow cytometry performed on the cytospin 
specimen was found to be entirely consistent with im-
mature blasts in the CSF, which were of myeloid lin-
eage. FISH analysis also revealed that 100% of cells in 
the CSF contained the BCR/ABL fusion. Cytogenetic 
results were also consistent with CML (Figure 1).

Treatment was initiated, consisting of therapeu-
tic lumbar puncture with intrathecal cytarabine and 
hydrocortisone. The patient tolerated this well with 
fairly immediate resolution of symptoms. Also, given 
the patient’s CML involvement of the CNS, the 
patient was changed from imatinib to dasatinib, be-
cause it was reasoned that the dasatinib would have 
better CNS penetration.

As part of the patient’s restaging, a bone mar-
row biopsy with aspirate was performed, which was 
morphologically described as showing no evidence of 
disease. Flow cytometry likewise showed no evidence 
of disease. FISH analysis of the bone marrow failed 
to show any BCR/ABL fusion. Karyotype analysis 
revealed that 1 of 20 cells was 46,XY,t(9;22), Phila-
delphia chromosome–positive (Ph+), despite negative 
FISH results noted earlier. Peripheral blood PCR for 
the BCR/ABL fusion transcript revealed a ratio of 
0.02 compared with an internal ABL control tran-
script. Mutational analysis of the TKI domain was 
performed on the bone marrow and failed to show any 
significant or known mutations of the TKI-binding 
domain. One week later, the patient received intra-
thecal methotrexate and hydrocortisone. CSF from 
this procedure revealed that the WBC count in the 
CSF had decreased from more than 460 to 99 white 
blood cells, although 39% of these still were blasts. 
The patient was subsequently discharged after place-
ment of a Holter-Rickham shunt. The patient subse-
quently received scheduled intrathecal chemotherapy, 
primarily with liposomal cytarabine (Table 1).

Based on subsequent clearing of the CSF with 
initial intrathecal liposomal cytarabine, the patient 
was scheduled to receive monthly liposomal cytara-
bine for a year as part of her ongoing therapy.

The patient was thereafter maintained on 140 
mg/d of dasatinib. She tolerated dasatinib well with 
the exception of a presentation to the emergency 
room complaining of new-onset chest pain and 
shortness of breath, which resolved with ibuprofen. 
Evaluation did not show fluid retention in the form 
of edema, pleural effusion, or pericardial effusion.

Subsequently, the patient was referred to the bone 
marrow transplant program to discuss whether an al-
logeneic transplantation under these circumstances 
would be a reasonable option compared with long-du-
ration therapy using intrathecal therapy, plus or minus 
whole-brain radiation, for her unusual CNS involve-
ment with CML. The patient’s care plan included 
once-monthly intrathecal cytarabine for 1 year. The 
patient was referred for allogeneic stem cell transplant 
from an unrelated donor 10 months after diagnosis. 
The preparative regimen included total body irradia-
tion along with etoposide and antithymocyte globu-
lin, with tacrolimus and methotrexate for graft-versus-
host disease prophylaxis. Plans were made to reinitiate 
TKI therapy 100 days after stem cell transplant. 

Figure 1 Cytospin preparation of the cerebrospinal fluid showing 
blasts (top left and bottom center; Wright-Giemsa stain, original 
magnification x100).
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Discussion
Despite achieving an initial hematologic response to 
imatinib at the 3 month milestone, this patient was 
found to have significant CNS disease at that time, 
consistent with CNS relapse. She was then treated 
with intrathecal chemotherapy using liposomal cyta-
rabine, a therapy shown to provide good local disease 
control, specifically in patients previously on ima-
tinib.8 The imatinib was changed to dasatinib, a sec-
ond-generation TKI with demonstrated efficacy,9,10 
based on dasatinib’s superior CNS penetration.11 

CNS involvement is not typical for CML, al-
though it has been well described.12 Seeding of the 
CNS by leukemia cells is seen more often with high 
WBC counts at presentation.13 In this patient, any 
leukemia cells present in the CNS could have elud-
ed initial imatinib therapy because of the relatively 
poor CNS penetration of imatinib itself.14

CML in blast crisis has been shown to have a 
propensity for CNS involvement.15 Although also 
seen in Ph+ acute lymphoblastic leukemia, an iso-
lated CNS presentation of CML in chronic phase 
while on adequate TKI therapy has been less well 
described.16 Standard therapies for CNS leukemia of-
ten result in significant toxicities and nonsustained 
responses. These interventions include high-dose 
systemic therapy, either with methotrexate or cy-
tarabine; intrathecal chemotherapy with the same 
agents; and radiation to the craniospinal axis.8 With 
the advent of TKIs, with imatinib as the prototype 
for BCR/ABL tyrosine kinase inhibition, efforts 
have been made to incorporate them into the treat-
ment strategies of patients with Ph+ leukemia with 

CNS disease.17 CNS relapses have been documented 
in approximately 20% of patients with CML in blast 
crisis or Ph+ ALL already treated with imatinib.17,18 
As in this patient, these cases often showed complete 
responses in the bone marrow and peripheral blood 
before relapse. This finding bolsters the case for the 
CNS as a sanctuary site for CML on treatment with 
imatinib.19,20 

Imatinib has been shown to produce a com-
plete cytogenetic response in approximately 90% 
of patients in chronic phase CML,3 and is currently 
included in the NCCN Guidelines for CML along 
with the second-generation TKIs as an option for 
first-line therapy21 (to view the most recent version 
of these guidelines, visit NCCN.org). Porkka et al11 
showed the inability of imatinib to prevent CNS re-
lapses, resulting from poor drug penetration across 
the blood–brain barrier. Using a preclinical mouse 
model, treatment with imatinib and the second-gen-
eration TKI dasatinib was compared in intracranial 
Ph+ leukemia. In this experiment, imatinib failed 
to inhibit intracranial tumor growth, whereas treat-
ment with dasatinib induced clinically meaningful 
responses and resulted in increased survival. CNS 
disease showed both stabilization and regression on 
dasatinib. These results translated into a small hu-
man trial of 11 patients with Ph+ ALL or blast crisis 
CML with CNS involvement. On diagnosis of CSF 
disease, treatment was initiated with oral dasatinib 
at 140 mg or 70 mg twice daily, with dose escala-
tion in patients showing lack of response. A lumbar 
puncture was performed every 1 to 4 weeks to assess 
patient response via quantitative PCR analysis of the 
BCR/ABL transcript. All evaluated patients showed 

Table 1 Representative Response to Intrathecal Therapy as Measured in the Cerebrospinal Fluid 
While on Dasatinib

Days of 
Therapy

Intrathecal 
Chemotherapy WBC/mcL

Blood (BCR/ABL-to- 
ABL Ratio)

Bone (BCR/ABL–to-
ABL Ratio)

1 Cytarabine 258 0.998 3.24

4 Methotrexate 99 0.062

20 Liposomal cytarabine 0 0.020

27 Liposomal cytarabine 8 (CSF negative by FISH for 
BCR/ABL)

0.002

34 Liposomal cytarabine 15 0.000

41 Liposomal cytarabine 6 0.003

63 Liposomal cytarabine 4 (CSF negative by flow for 
BCR/ABL)

0.000 0.000

Abbreviations: CSF, cerebrospinal fluid; FISH, fluorescence in situ hybridization.
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a response. In addition, dasatinib was shown to have 
significantly greater CNS penetration than imatinib, 
as noted by pharmacokinetic measurement and plas-
ma and CSF.11 

Conclusions
The possibility of isolated CNS disease in patients 
with CML previously treated with imatinib should 
be considered. This may be more important in pa-
tients who initially present with hyperleukocytosis, 
particularly those in blast crisis. As in this patient, 
isolated CNS relapse may present even in those who 
have shown a complete hematologic and at least a 
major cytogenetic response to imatinib therapy. This 
patient was noted to be in blast crisis, with blasts 
of myeloid lineage present in the CNS. Aggressive 
strategies, such as intrathecal chemotherapy, change 
of TKI to one with increased CNS penetration, and 
consideration of allogenic stem cell transplantation, 
are potential therapeutic modalities. CNS prophy-
laxis in patients deemed at-risk requires further study.
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choice questions. Credit cannot be obtained for tests complet-
ed on paper. You must be a registered user on NCCN.org. If you 
are not registered on NCCN.org, click on “New Member? Sign 
up here” link on the left hand side of the Web site to register. 
Only one answer is correct for each question. Once you suc-
cessfully answer all posttest questions you will be able to view 
and/or print your certificate. Software requirements: Internet.

Instructions for Completion
To participate in this journal CE activity: 1) review the learning 
objectives and author disclosures; 2) study the education con-
tent; 3) take the posttest with a 70% minimum passing score 
and complete the evaluation at http://education.nccn.org/
node/24439; and 4) view/print certificate. After reading the 
article, you should be able to answer the following multiple-

a. True 
b. False

3.  For patients in blast crisis with blasts 
of myeloid lineage present in the CNS 
who have had previous response to 
imatinib therapy, which of the follow-
ing are potential therapeutic options? 
a. Intrathecal chemotherapy 
b. Switch to a TKI with increased CNS penetration
c. Radiation therapy to the craniospinal axis 
d. all of the above

PostTest Questions
1.  CNS relapses have been documented in approximately __% 

of patients with CML in blast crisis or Ph+ ALL already treat-
ed with imatinib. 
a. 30%
b.  20%
c. 10% 
d. 5%

2.  Dasatinib is more active than imatinib for the treatment of 
isolated CNS disease in patients with CML. 


