
Abstract. We describe two patients with break point cluster
region-Abelsen (BCR–ABL)-positive acute leukemia who had
an isolated relapse in the central nervous system (CNS)
while receiving a next-generation BCR–ABL inhibitor. The
first had B-cell acute lymphoblastic leukemia which relapsed
in the CNS while maintaining molecular remission in the
bone marrow on nilotinib. The second patient had an
isolated CNS myeloid blast crisis of chronic myeloid
leukemia while maintaining complete cytogenetic remission
in the bone marrow on dasatinib. Mutation analysis of the
kinase domain revealed 35 base pair insertion (35INT)
between exon 8 and 9 in both cases.

The central nervous system (CNS) is a sanctuary site for
acute lymphoblastic leukemia (ALL). Amongst patients with
break point cluster region-Abelson (BCR-ABL)-positive ALL,
the incidence of CNS involvement is between 8% and 17%
(1, 2). CNS involvement is rare in CML during the chronic
phase, however the risk increases during blast crisis.

Imatinib was the first tyrosine kinase inhibitor (TKI)
approved for treating BCR-ABL-positive leukemia. However,
it achieves low concentrations in the CNS and is unable to
prevent CNS relapses (3, 4). The next-generation BCR–ABL
inhibitors include nilotinib, dasatinib, bosutinib and ponatinib.
The first three are considered second-generation while
ponatinib is considered a third-generation TKI. They are
exponentially more potent than imatinib in inhibiting

BCR–ABL and some, like dasatinib, are reported to achieve
levels in the cerebro spinal fluid (CSF) which may be
therapeutic (5). 

We report on two patients with BCR–ABL-positive acute
leukemia who had an isolated CNS relapse while
maintaining remission in the bone marrow while receiving
next-generation TKIs. Intermittent non-compliance with
consistent TKI use was felt to contribute to the relapse in
both cases. Both patients were found to have 35 nuclotide
insertion (35 INT) mutation in the ABL kinase domain.
Cranio-spinal irradiation, intrathecal cytotoxic chemotherapy
and continued BCR–ABL inhibition led to resolution of
symptoms and eradication of leukemia in both cases.

Case Reports

Case 1. The first patient is a 26-year-old male who was
diagnosed with BCR–ABL-positive, B-ALL in 2012.
Cytogenetic studies on bone marrow aspirate at diagnosis
had shown t (9;22) (q34; q11.2) and del(6)(q21) in all
metaphases. Fluorescent in situ hybridization studies
confirmed BCR-ABL translocation. CSF was not involved.
He was treated per CALGB 8811 protocol and also received
daily dasatinib (6). After three months of therapy, the patient
became non-compliant with chemotherapy but continued
taking dasatinib. He experienced relapse in 2013. Dasatinib
was discontinued and he was started on ponatinib (45 mg
daily). In addition, the patient received multiple cycles of
hyper-fractionated cyclophosphamide, vincristine,
doxorubicin, dexamethasone alternating with high-dose
methotrexate and cytarabine. He also received intrathecal
prophylaxis with methotrexate and cytarabine. He achieved a
complete molecular remission and was transitioned to
maintenance therapy with monthly pulses of vincristine and
prednisone, and daily ponatinib. Ponatinib therapy was
interrupted in November 2013 due to the drug not being
commercially available and the patient was started on
nilotinib (300 mg twice a day).
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In January 2014, the patient presented with headaches,
tinnitus, left facial droop and difficulty walking. Physical
examination showed left facial droop and decreased muscle
strength in the left thigh. Complete blood counts, renal
function and liver function were normal.

Magnetic resonance imaging (MRI) of the brain showed a
pattern of diffuse leptomeningeal enhancement (Figure 1a).
CSF cytology showed atypical lymphocytes (Figure 1b). Bone

marrow biopsy was normocellular with no increase in blasts
(Figure 1c and d). Cytogenetic studies were normal. Qualitative
polymerase chain reaction (PCR) for BCR-ABL was negative
in the bone marrow aspirate, but positive in the CSF. In
addition, ABL kinase domain mutation analysis showed the
presence of 35INT splice variant at a level of 12.3%.

The patient received 24 Gy of craniospinal irradiation, and
twice weekly intrathecal chemotherapy with alternating
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Figure 1. a: Brain magnetic resonance imaging showing leptomeningeal enhancement. b: Cerebrospinal fluid cytology showing leukemia blasts. c
and d: Normal bone marrow with no increase in blasts. 



methotrexate and cytarabine. Nilotinib was discontinued and
he was re-started on ponatinib. The patient’s symptoms
improved rapidly. No matched donors were identified among
his siblings or the national marrow donor registry. The
patient continues on daily pontanib, monthly pulse-dose
prednisone and monthly intrathecal methotrexate. Vincristine
was discontinued in view of on-going moderate
thrombocytopenia secondary to radiotherapy. 

Six months after CNS relapse, the patient remains in
molecular remission with normal CSF analysis.
Case 2. The second patient is a 30-year-old male diagnosed
with CML in 2004. He had been on imatinib and nilotinib,
with intermittent non-compliance. In 2011, the patient
developed accelerated phase of CML with a white blood cell
count of 287,000/μl, hemoglobin of 8 g/dl and a platelet
count of 95,000/μl. Cytogenetic studies were performed on
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Figure 2. a: Cerebrospinal fluid cytology showing leukemia blasts. b: CSF flow cytometry showing expression of CD33 and CD34 on blasts. c and
d: Normal bone marrow with no increase in blasts.



20 metaphase nuclei in the bone marrow. All had t(9;22)
(q34; q11.2). In addition, 12 metaphases had an extra copy
of Philadelphia chromosome, suggesting clonal evolution.
No mutations were detected in the ABL kinase domain.

The patient was started on dasatinib at a dose of 100 mg
daily. Bone marrow biopsy after six months of dasatinib
therapy showed normal cellularity, however, 35% of the cells
continued to exhibit t (9;22), with 15% having an extra copy
of Philadelphia chromosome. The patient was felt to have a
sub-optimal response to therapy. Dasatinib was discontinued
and he was started on ponatinib at a dose of 45 mg daily. Six
months after ponatinib therapy, bone marrow assay showed a
complete cytogenetic response. Ponatinib was continued for
an additional four months (total 10 months of therapy) at
which point it was stopped due to the drug becoming
temporarily unavailable in the United States. The patient was
restarted on dasatinib and was being evaluated for allogeneic
transplantation.

Two months after stopping ponatinib, the patient presented
with visual loss, headaches, and weakness of his lower
extremities. Brain MRI showed diffuse supratentorial and
infratentoria lepto-meningeal enhancement. A CSF analysis
showed a white blood cell count of 1,770/μl, the majority of
which were myeloblasts (Figure 2a and b). Bone marrow
biopsy and aspirate were normal (2c and d). Cytogenetic
studies showed ongoing complete cytogenetic response.
However, PCR analysis showed BCR-ABL transcripts at a
level of 8.1%. In addition, ABL kinase domain mutation
analysis showed 35 nucleotide insertion mutation between
exons 8 and 9. 

Twice weekly intrathecal therapy with cytarabine and 
24 Gy of craniospinal irradiation were administered.
Dasatinib was continued. Bone marrow biopsy and CNS
analysis performed two months after CNS relapse showed no
signs of CNS leukemia and ongoing complete cytogenetic
response in the bone marrow. The patient is awaiting an
allogeneic stem cell transplant.

Discussion

Intermittent non-compliance with therapy in the preceding
years was felt to contribute to relapse in both patients while
receiving a next-generation TKI. Both had a normal bone
marrow examination at the time of CNS relapse. This attests
to the remarkable potency of the next-generation TKIs in
cases of imatinib failure, however, it also suggests that they
may not be able to achieve levels in the CSF to prevent CNS
relapses. Although dasatinib has been shown to penetrate the
blood–brain barrier, the levels achieved in CSF may not be
enough to effectively prevent CNS relapses (5).

In both the above cases, CNS relapse occurred within a
few weeks of discontinuing ponatinib, suggesting the two
might be causally related. Of note, the phase II PACE trial

which led to the approval of ponatinib excluded patients with
active CNS disease and there is a lack of data regarding its
CNS penetrance. Further research regarding its activity in
patients with BCR-ABL-positive CNS leukemia is needed. 

We did not identify any point-mutations in the ABL kinase
domain in either patient, however, both were noted to have
the 35 base pair insertion mutation at the junction of exon 8
and 9 at the time of CNS relapse. This mutation introduces a
stop codon after 10 intron coded residues leading to an
alternatively spliced BCR-ABL variant (7). It is reported to
be present in 1-2% of patients with imatinib resistance. The
clinical relevance of this mutation is unclear. Case reports
and evidence from molecular dynamics simulations suggest
that it can lead to TKI resistance (8-10). On the other hand,
cell-based and biochemical evidence suggests that it is kinase
inactive and does not contribute to TKI resistance (11). The
above two cases suggest this mutation might predispose
patients to CNS relapse. Further studies are required to
clarify its clinical relevance.

Conclusion

Isolated CNS relapses can occur in patients with BCR-
ABL-positive acute leukemia while receiving a next-
generation tyrosine kinase inhibitor. Achievement of
complete cytogenetic responses and molecular responses
in the bone marrow may not be enough to prevent risk of
CNS relapse. Clinicians should have a low threshold in
obtaining CSF analysis and brain MRI in such patients to
investigate vague CNS symptoms. Aggressive intrathecal
chemotherapy and craniospinal irradiation can effectively
control CNS disease and prevent significant morbidity and
mortality. 

References

1 Reman O, Pigneux A, Huguet F, Vey N, Delannoy A, Fegueux
N, de Botton S, Stamatoullas A, Tournilahac O, Buzyn A,
Charrin C, Boucheix C, Gabert J, Lheritier V, Vernant JP, Fiere
D, Dombret H and Thomas X: Central nervous system
involvement in adult acute lymphoblastic leukemia at diagnosis
and/or at first relapse: results from the GET-LALA group. Leuk
Res 32: 1741-1740, 2008.

2 Lazarus HM, Richards SM and Chopra R: Central nervous
system involvement in adult acute lymphoblastic leukemia at
diagnosis: results from the international ALL trial MRC UKALL
XII/ECOG E2993. Blood 108: 465-472, 2006.

3 Aftimos P and Nasr F: Isolated CNS lymphoid blast crisis in a
patient with imatinib-resistant chronic myelogenous leukemia:
case report and review of the literature. Leuk Res 33: e178-180,
2009.

4 Isobe Y, Sugimoto K, Masuda A, Hamano Y and Oshimi K:
Central nervous system is a sanctuary site for chronic
myelogenous leukaemia treated with imatinib mesylate. Intern
Med J 39: 408-411, 2009.

in vivo 28: 1149-1154 (2014)

1152



5 Porrka K, Koskenvassa P, Lundán T, Rimpiläinen J, Mustjoki S,
Smykla R, Wild R, Luo R, Arnan M, Brethon B, Eccersley L,
Hjorth-Hansen H, Höglund M, Klamova H, Knutsen H, Parikh
S, Raffoux E, Gruber F, Brito-Babapulle F, Dombret H, Duarte
RF, Elonen E, Paquette R, Zwaan CM and Lee FY: Dasatinib
crosses the blood-brain barrier and is an efficient therapy for
central nervous system Philadelphia chromosome–positive
leukemia. Blood 112: 1005-1012, 2008.

6 Larson R, Dodge R, Burns CP, Lee EJ, Stone RM, Schulman P,
Duggan D, Davey FR, Sobol RE and Frankel SR . A 5 drug
remission induction regimen with intensive consolidation for
adults with with acute lymphoblastic leukemia: Cancer and
leukemia group B study 8811. Blood 85: 2025-2037, 1995.

7 Laudadio J, Deininger MW, Mauro MJ, Druker BJ and Press
RD: An intron-derived insertion/truncation mutation in the BCR-
ABL kinase domain in chronic myeloid leukemia patients
undergoing kinase inhibitor therapy. J Mol Diag 10: 177-180,
2008.

8 Mahadeo KM and Cole PD: Successful treatment using
omacetaxine for a patient with CML and BCR-ABL1 35INS.
Blood 18: 3852, 2010.

9 Ma W, Kantarjian H, Yeh CH, Zhang ZJ, Cortes J and Albitar
M: BCR-ABL truncation due to premature translation
termination as a mechanism of resistance to kinase inhibitors.
Acta Haematol 121: 27-31, 2009.

10 Lee TS, Ma W, Zhang X, Giles F, Cortes J, Kantarjian H and
Albitar M: BCR-ABL alternative splicing as a common
mechanism for imatinib resistance: evidence from molecular
dynamics simulations. Mol Cancer Ther 12: 3834-3841, 2008.

11 Hare OT, Zabriskie SM and Eide CA: The BCR-ABL 35 INT
insertion/truncation mutant is kinase in-active and does not
contribute to tyrosine kinase inhibitor resistance in chronic
myeloid leukemia. Blood 118: 5250-5254, 2011.

Received July 13, 2014
Revised August 20, 2014

Accepted August 25, 2014

Gaur et al: Isolated CNS Relapse in Patients with BCR-ABL-positive Acute Leukemia

1153


