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Hindenburgdamm 30, 12203 Berlin, Germany

5Division of Pediatric Hematology/Oncology, Department of Pediatrics, Technische Universität München, Kölner Platz 1,
80804 München, Germany

Correspondence should be addressed to Mark Reinwald; mark.reinwald@medma.uni-heidelberg.de

Received 9 March 2014; Accepted 21 May 2014; Published 15 June 2014

Academic Editor: Carlo Visco

Copyright © 2014 Mark Reinwald et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Central nervous system (CNS) involvement is a severe complication of BCR-ABL-positive leukemia after allogenic stem cell
transplantation (alloSCT) associated with fatal outcome. Although second-generation tyrosine-kinase inhibitors (TKI) such as
nilotinib have shown activity in systemic BCR-ABL+ disease, little data exists on their penetration and efficacy within the CNS.
Four patients (3 male, 1 female; age 15–49) with meningeal relapse after alloSCT and subsequent treatment with nilotinib were
identified. A total of 17 cerebrospinal fluid (csf) and serum samples were assessed for nilotinib concentration and patient outcome
was recorded. Nilotinib concentrations showed a low median csf/plasma ratio of 0.53% (range 0.23–1.5%), yet pronounced clinical
efficacy was observed with long-lasting responses (>1 year) in three patients. Comparison with historical data showed a trend
towards superior efficacy of nilotinib versus imatinib. Despite poor csf penetration, nilotinib showed significant clinical activity in
CNS relapse of BCR-ABL+ leukemias. As nilotinib has a high protein-binding affinity, the low-protein concentration in csf could
translate into a relatively higher amount of free and therefore active nilotinib in csf as compared to blood, possibly explaining the
observed efficacy. Thus, treatment with a 2nd generation TKI warrants further investigation and should be considered in cases of
CNS relapse of BCR-ABL-positive leukemia after alloSCT.

1. Introduction

In BCR-ABL-positive acute lymphoblastic leukemia (ALL)
and advanced stages of chronic myeloid leukemia (CML;
accelerated phase, blast crisis (BC)) central nervous sys-
tem (CNS) involvement is a lethal complication, typically
occurring late in the course of the disease, particularly after

allogeneic stem cell transplantation (alloSCT). Imatinib was
the first specific BCR-ABL tyrosine kinase inhibitor (TKI) to
be approved for the treatment of BCR-ABL+ ALL and CML
and has led to a major breakthrough in the treatment of these
malignancies. Nonetheless, 15–20% of patients (pts) with
BCR-ABL+ ALL or CML-BC develop CNS relapse during
ongoing imatinib therapy [1].This may possibly be attributed
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to poor CNS penetration and increased cellular resistance
mechanisms against the drug such as p-glycoprotein medi-
ated efflux. Standard treatment of CNS relapse is based
on intrathecal (ith) and systemic application of cytostatic
agents, and/or craniospinal irradiation [2]. Unfortunately, the
majority of patients develop subsequent systemic relapse with
a very poor outcome of usually less than three months [3]
despite initial successful CNS clearance.

Second-generation TKIs such as dasatinib and nilotinib
have been approved for the treatment of CML patients who
are refractory or intolerant to imatinib. In vitro tests of these
new TKIs show considerably higher activity in comparison
with imatinib, with a 40-fold increased potency for nilotinib
and a 325-fold for dasatinib [3].

Moreover, nilotinib and dasatinib were able to overcome
imatinib resistance caused by several BCR-ABL tyrosine
kinase domain mutations. The potential of these second-
generation TKIs in targeting BCR-ABL+ CNS disease how-
ever is not clear and warrants further investigation. Efficacy
of dasatinib in BCR-ABL+ CNS leukemia has been demon-
strated in an animal model and was furthermore observed in
11 patients. This study also analysed the csf/plasma ratios of
dasatinib in 3 patients, showing low levels of dasatinib in csf.
For nilotinib, no data on csf penetration and clinical efficacy
against CNS relapse of BCR-ABL+ leukemia is available so
far. Specifically, in pediatric patients very little data has been
published on treatment with second generation TKIs at all.

We therefore investigated the clinical activity and csf
penetration of nilotinib in four patients with CNS relapse of
BCR-ABL+ aggressive leukemia after alloSCT.

2. Patients and Methods

2.1. Patients. Four patients (3 BCR-ABL+ ALL, 1 CML-
BC; 3 male, 1 female, age 15–49 years) in two centers
(Berlin, Munich) treated with nilotinib for CNS relapse
after alloSCT were identified. Previous therapeutic regi-
mens include imatinib and dasatinib TKI-therapy for sys-
temic relapse in patients 1–3 while patient 4 had received
dasatinib in combination with intrathecal therapy and
radiotherapy for meningeal relapse. Investigation of nilo-
tinib csf concentration was performed within a noninter-
ventional diagnostic study, approved by the local ethics
committee of the Charite Berlin, Germany (EA4/023/08).
Informed consent was obtained from all patients or their
legal representatives according to Good Clinical Practice
guidelines and in concordance with the Declaration of
Helsinki.

2.2. Treatment Schedules. Nilotinib 400mg bid was admin-
istered to patients 1–3 while the pediatric patient 4 received
an age-adjusted nilotinib dose of 150mg bid. All patients
received additional concomitant antineoplastic treatment
(Table 1). Nilotinib was given until obvious disease progres-
sion (in patient 1) or detection of the T315I mutation and
progression (in patients 2 and 3). Patient 4 is continuing
nilotinib treatment at the time of paper submission.

2.3. Evaluation of Efficacy. WhenCNS relapse was suspected,
each patient receivedCNS diagnostics consisting of a cerebral
and a spinal magnetic resonance imaging (MRI) scan, csf
analysis by lumbar puncture with analysis consisting of
cytology including csf differential cell analysis, csf clinical
chemistry (glucose, lactate, albumin, and total protein), csf
immunophenotyping, chimerism analysis of the csf, and
molecular testing for BCR-ABL using PCR for detection of
minimal residual disease (MRD).

Further lumbar puncture for assessment of leukemia
and nilotinib concentration in csf was performed as clini-
cally indicated. Blood samples were drawn concurrently to
calculate csf/plasma ratios for nilotinib. Response assess-
ment was based on analysis of cell count, cytomorphol-
ogy, immunophenotyping, BCR-ABL quantitative RT-PCR
(qPCR) [4], and chimerism analysis [5] in csf. Nilotinib
concentration was measured as described previously [6].
Additional cerebral/spinal imaging was performed as clini-
cally indicated.

A csf complete remission (CR) was defined as negative
csf cytology, normal csf cell count, immunophenotyping, and
cytogenetic and chimerism analysis; a csf partial remission
(PR) was defined as negative cytology and csf cell count,
but detection of residual disease by either csf immunophe-
notyping, cytogenetics, or chimerism analysis. Csf minimal
residual disease (MRD) negativity was defined as a CR
without detection of BCR-ABL amplicons in csf PCR.

3. Results

3.1. Clinical Data (Table 1). All four patients experienced
CNS relapse after alloSCT. Clinical signs and symptoms that
lead to the suspicion of CNS relapse consisted of headache
(patients 1–4), facial palsy (patients 1–3), vomiting (patients 1
and 4), and seizures (patient 4). In addition, MRI scans and
csf analysis showed the following results for these patients,
confirming the diagnosis.

Initial diagnosis of CNS relapse was established by posi-
tive cytology, detection of BCR-ABL transcripts, and decrease
in donor chimerism in csf with concurrent radiological
findings (meningeal enhancement in MRI) in patient 1. In
patient 2, a positive csf cytology and immunophenotyping
showing lymphatic blasts, a decrease in donor-chimerism,
and positivity for BCR-ABL qPCR in csf could be found sero-
logically while MRI scans showed a slight enhancement and
an increase in contrast agent uptake. Patient 3 initially had an
unremarkable MRI; however in the csf BCR-ABL transcripts
could be repeatedly and unequivocally detected, while csf
cytology, cell count, chimerism analysis, and immunophe-
notyping were negative. Patient 4 showed positive radiomor-
phological results (meningeal enhancement), leukemic blasts
in csf cytology, positive immunophenotyping, and BCR-ABL
qPCR in csf.

Median time from alloSCT to first CNS relapse was 54
months (range 17–132 months). Median duration of nilotinib
treatment was 541 days (range 99–1786 days). Nilotinib
treatment was discontinued in patient 1 on day 431 because
of progressive disease (intracerebral chloromas), in patient 2
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on day 99 because of detection of T315I mutation and sys-
temic disease progression. Both patients died of progressive
leukemia. Patient 3, while on nilotinib monotherapy for 847
days, experienced meningeal progression and periodically
received additional intrathecal chemotherapy and rituximab
from thereon until systemic progression with detection of
T315I and F317L mutation. Subsequently TKI treatment was
switched after 1786 days of nilotinib treatment to ponatinib.
The patient is alive at the time of the paper writing and
continuing ponatinib treatment. Patient 4 is currently in
remission and continuing nilotinib treatment.

3.2. Assessment of Efficacy. Patient 1 achieved a complete
remission (CR) with resolution of neurological symp-
toms, normalization of cytology/immunophenotyping, and
restoration of csf donor chimerism; however CNS minimal
residual disease (MRD) defined by csf BCR-ABL qPCR
positivity persisted. Patient 2 had stable csf cell count and
stable csf BCR-ABL transcript levels with minor clinical
improvement. Patient 3 showed considerable improvement
in symptoms and achieved csf MRD negativity on days
191 and 224 after start of nilotinib treatment. However,
minimal amounts of csf BCR-ABL transcripts intermittently
reappeared, while csf cytology and chimerism remained
negative.Whenmeningeal progressionwith positive cytology
was detected 847 days after start of nilotinib monotherapy
intrathecal chemotherapy was added to nilotinib, resulting in
intermittent csf MRD negativity until systemic detection of
T315I and F317L mutation on day 1786 of nilotinib treatment.
Patient 4 achieved a CR in bone marrow and CSF and MRD
negativity after three months of treatment with nilotinib
and concomitant intrathecal chemotherapy. This patient is
continuing nilotinib treatment in complete remission.

In summary, long-lasting responses of more than one
year were observed. Patients 1, 3, and 4 had sustained clinical
improvement and csf responses while on nilotinib for 431
days (patient 1), 1786 days (patient 3), and >650 days (patient
4), respectively. Both patient 3 and patient 4 are alive; patient
4 is continuing nilotinib treatment.

3.3. Comparison of Nilotinib and Imatinib for Duration of
Response. Median time to progression (TTP) leading to
discontinuation in the nilotinib-treated patients was 541
days with 1 of 4 patients still in remission. Compared with
historical data published for imatinib [1] by Pfeifer et al. there
was a trend towards an increased TTP for nilotinib treatment
(𝑃 > 0.17, Figure 1).

3.4. CSF Pharmacology (Table 2). In summary 17 csf and
corresponding serum samples from 4 patients were assessed
for csf penetration of nilotinib. Median csf concentration of
nilotinib in patient 1 was 4 ng/mL (𝑛 = 5, median csf/plasma
ratio 0.26%; range 0.23–0.47%), 13 ng/mL in patient 2 (𝑛 = 3,
median csf/plasma ratio 0.83%; range 0.54–1.52%), 7 ng/mL
in patient 3 (𝑛 = 4, median csf/plasma ratio 0.63%; range
0.5–6.5%), and 2.7 ng/mL (𝑛 = 5, median csf/plasma ratio
0.42%; range 0.26–0.58%) in patient 4. Additionally, a ratio
of csf free (unbound) nilotinib and free plasma nilotinib
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Figure 1: Comparison of nilotinib with imatinib. Kaplan-Meier plot
of patients with Ph+ CNS relapse experiencing progressive disease
leading to nilotinib discontinuation while on TKI treatment. Data
for imatinib was extracted from the historical Pfeifer cohort (Pfeifer
et al., [1]) and compared with data from the patients treated with
nilotinib in this trial. By trend, patients treated with nilotinib had
a longer time to progression, although this was not statistically
significant (Chi-square-test 1.9, 𝑃 = 0.17).

was calculated based on the published nilotinib protein
binding of 98% (Table 2).

4. Discussion

In CNS relapse of BCR-ABL+ leukemia treatment options
are limited and survival is poor, especially after alloSCT. The
influence of imatinib in treatment and prevention of CNS
manifestations seems to be limited, probably due to poorCNS
penetration and insufficient antileukemic activity.

To our knowledge, this is the first report on nilotinib csf
pharmacology and efficacy in patients with CNS manifesta-
tions of BCR-ABL+ leukemia after alloSCT. We acknowledge
that one limitation of our study is the small number of
patients (𝑛 = 4) with the pediatric patient (patient 4) repre-
senting a single case. However, CNS relapse of BCR-ABL+
leukemia after allogeneic stem cell transplantation is a rare
event with lethal consequences, impeding observation of
larger patient cohorts. The number of patients with available
pharmacological data (𝑛 = 4) is similar to that of patients for
dasatinib by Porkka et al. (𝑛 = 3) [7] and the report by Pfeifer
et al. for imatinib (𝑛 = 7) [1].

Csf nilotinib concentrations were within the range of
those reported for imatinib [8]. For dasatinib, equally low
csf levels were reported by Porrka et al. [7] suggesting
that these TKIs have only minimal ability to cross the
blood-brain barrier. In dasatinib-treated patients with CNS
relapse of BCR-ABL+ leukemia the authors found limited
csf penetration with low csf/plasma ratios for all 3 patients
evaluated. Complete responseswere observed in 7/11 patients;
the majority received concomitant antileukemic treatment
(dexamethasone and intrathecal chemotherapy) but csfMRD
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Table 2: Pharmacokinetic data.

Patient
Nilotinib csf
concentration
[ng/mL],
(range)

Nilotinib plasma
concentration

[ng/mL], (range)

Nilotinib
csf/plasma ratio
[%], (range)

Csf protein
concentration

[g/L]

Plasma protein
concentration

[g/L]

Free nilotinib in
plasma

concentration
[ng/mL]∗

Nilotinib csf
concentration/free
nilotinib plasma
concentration

[%,]∗

1 4 (3.6–15) 1640 (1544–1736) 0.26 (0.23–0.84) 0.49 (0.31–0.75) 76 (69–77) 32.8 12
2 13 (4–18) 955 (734–1176) 0.83 (0.54–1.52) 0.40 (0.34–0.89) 65 (56–69) 19.1 68
3 7 (6–9) 1159 (1082–1237) 0.63 (0.5–0.79) 0.50 (0.28–0.67) 59 (56–67) 23.2 30
4 2.7 (1.5–4.8) 682 (430–1034) 0.42 (0.26–0.58) 0.23 (0.19–0.31) 71 (62–78) 13.6 20
All values are given as median.
∗Unbound (=free) nilotinib concentration calculated by using published nilotinib protein binding of 98%.

analysis for response evaluation was not reported. Addi-
tional animal experiments showed superior survival of mice
inoculated with CNS leukemia and treated with dasatinib
compared to imatinib in the control group. In summary, these
combined findings suggest improved efficacy of dasatinib
over imatinib in targeting CNS BCR-ABL+ leukemia despite
poor csf penetration.

Our experience of nilotinib treatment in BCR-ABL+-CNS
leukemia patients suggests similar clinical activity with sus-
tained responses for more than 1 year (patients 1, 3, and 4)
despite low csf drug levels.

In theory, the superior affinity of 2nd generation TKIs to
the BCR-ABL-kinase domain could explain these supposedly
contradictory findings. The profoundly protein-bound drugs
nilotinib and dasatinib have been shown to be active even
at subnanomolar concentrations [3]; in vitro data suggest
considerably higher activity compared to imatinib and there
might not be a strict dose-response relationship. As csf
is a low protein compartment TKI and is more likely to
exist as protein-unbound and therefore as active drug. The
ratio of free (not-protein-bound) nilotinib in csf relative
to free drug in plasma could therefore be increased 5–30
folds compared to the csf/plasma ratio of total nilotinib
(Table 2). As meningeal intracellular concentrations could
approach systemic intracellular levels, inhibitory concentra-
tions previously published for plasma might thus not reflect
those needed for inhibition of bcr-abl in csf. Using patients’
csf and plasma protein concentration and an estimation of
the amount of free (active) nilotinib the ratio of free to
protein-bound nilotinib in the low-protein compartment csf
is drastically higher (42–82 times) compared to the high-
protein compartment serum.Thus, total nilotinib csf concen-
trations not reaching the inhibitory concentrations required
for systemic activity might nevertheless provide sufficient
clinical efficacy in the low-protein compartment csf. This
could explain the responses we observed for nilotinib and the
results Porrka et al. reported for dasatinib [7]; however as we
cannot prove it, further studies should address that issue in
more detail.

Recent publications for theTKI erlotinib suggest a clinical
benefit in several lung cancer patients with leptomeningeal
metastases treated with erlotinib despite poor csf penetration
[9], supporting the theory that published inhibitory concen-
trations for plasma might not reflect those needed in csf.

The long-lasting responses observed in patients 1, 3, and
4 during nilotinib-based therapy clearly suggest an effect of
nilotinib and are in stark contrast to the responses published
for conventional chemotherapy in relapsed CNS BCR-ABL+
leukemia with a poor median overall survival of 2.9 months
[10]. Although the addition of 1st generation TKI imatinib
does seem to have some effect [11], a direct comparison
should be interpreted with care. In our study all patients had
developed CNS relapse during imatinib or even dasatinib
treatment, and still the majority of patients responded to
nilotinib for more than one year. Moreover, the median time
to progression in the Pfeifer study was shorter than that
observed for nilotinib in our cohort.

While responses of BCR-ABL+ ALL to nilotinib mono-
therapy are rare [12], an early systemic relapse detected only
at the molecular level can be successfully managed with
TKI-therapy alone [13, 14]. This might explain the observed
efficacy of nilotinib as a single agent for more than 2 years
evenwithout concomitant antineoplastic treatment in patient
3, whose initial CNS relapse diagnosis was exclusively based
on molecular detection of BCR-ABL in csf suggesting a
rather small CNS leukemia burden. Furthermore, even open
relapse of BCR-ABL+ ALL after alloSCT was successfully
treated with addition of nilotinib and donor lymphocyte
infusions underlining the efficacy of second-generation TKIs
in addition to conventional therapy in this clinical scenario
[15].

Evaluating the exact influence of TKI-therapy in patients
with BCR-ABL+ CNS leukemia is difficult as these patients
receive a combined treatment strategy consisting of TKI
plus other therapeutic measures in routine clinical practice.
Moreover, response to TKI-based therapy is additionally
influenced by existing or evolving BCR-ABL mutations.
Patient 2, who initially responded to a combination of
nilotinib and intrathecal chemotherapy, was later found to
harbor the T315I mutation. Therefore the observed response
was probably exclusively related to concomitant non-TKI
treatment as this mutation confers resistance to nilotinib.
Compared to the other three patients, however, treatment
response in this patient was short lived (99 days versus
431+ days) underlining the necessity of effective BCR-ABL
suppression. The pronounced influence of mutation status
is also highlighted by the clinical course of the other
patients. Patient 1 experienced meningeal progression during
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dasatinib and INNO406 treatment, both drugs supposedly
penetrating into the CNS [7, 11]. Despite progression under
these treatment regimens, an excellent response to nilotinib
was observed. In fact, the V299L mutation was later detected
in this patient and might explain this clinical course, as this
mutation confers a poorer efficacy for dasatinib [16]. The
outcome of patient 3, who developed a systemic relapse with
T315I and F317L mutations also demonstrates the possibility
of evolving resistant mutations under constant selective
pressure of long-lasting TKI treatment. Based on our data,
switching therapy to a different 2nd generation TKI in BCR-
ABL+ CNS disease should be strongly considered if the
patient fails to respond, a strategy that has been proven
effective in systemic treatment [17].

5. Conclusions

In summary, our findings suggest relevant activity of nilotinib
in BCR-ABL+ CNS relapse after alloSCT despite limited csf
concentrations which may be attributed to the low-protein
environment of csf. As treatment options are limited for
these heavily pretreated patients with poor prognosis, clinical
trials should further elucidate the role of different TKIs in
this clinical setting. In light of our data, the addition of
a 2nd generation TKI should be considered in BCR-ABL+
meningeal relapse after allogeneic stem cell transplantation.
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