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Abstract
Introduction: Central nervous system leukemia (CNSL) is the most common extramedullary relapse site in patients with

Philadelphia chromosome-positive (Ph-positive) acute lymphoblastic leukemia (ALL), with a poor prognosis and high relapse

rate. Methods: We characterized the clinical data of 21 Ph-positive B-ALL patients to analyze the efficacy and safety of ponatinib

for patients with central nervous system relapsed Ph-positive ALL retrospectively. Results: There were 11 males and 10 females

in the cohort, and their median age was 45 (9-58) years old. The total CR (complete remission) rate was 90.5%. All 9 patients

achieved CR in the ponatinib group, and 10 patients achieved CR in the dasatinib group (100% vs 83.3%, respectively; P= .486)

and minimal residual disease-positive CR in the ponatinib group and dasatinib group (88.9% vs 58.3%, P= .178). The medium time

after achieving CR was 5 and 8 weeks (P= .047). The total median overall survival (OS) was 31.1 months, and the 3-year OS was

49.0%. The median relapse-free survival (RFS) was 31.0 months, and the 3-year RFS was 45.2%. Patients in the ponatinib group

showed a significantly longer OS than those patients in the dasatinib group with (medium OS not reached vs 27.6 months, P=
.045) or without (medium OS not reached vs 27.6 months, P= .039) T315I mutations. The median RFS between the ponatinib

group and the dasatinib group with T315I was not reached and 16.2 months, P= .065. The median RFS between the ponatinib

group and the dasatinib group without T315I was not reached and 16.2 months, P= .036. No treatment-related deaths were

observed during the therapy. Conclusion: (1) Ph-positive CNSL patients seemed to have a high rate of response and postinduc-

tion MRD negativity with ponatinib and dasatinib, but ponatinib seemed to show a shorter time to achieve remission than dasa-

tinib. (2) Ponatinib maintenance treatment might show superior survival for Ph-positive CNSL patients with or without the T315I

mutation. (3) Ponatinib and dasatinib seemed to be both safe for the clinical application of Ph-positive CNSL.
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Introduction
Central nervous system leukemia (CNSL) involvement is a
serious complication of acute leukemia. Malignant tumor
cells derived from B cells and T cells are more likely to infiltrate
the cerebrospinal fluid and meninges.1 A total of 5% to 10% of
newly diagnosed adult patients also had CNSL. Moreover,
patients not receiving central nervous system (CNS) preventive
treatments had a higher relapse rate.2–4 In B-cell precursor
lymphoblastic leukemia, certain cytogenetic abnormalities
were associated with a higher incidence of CNSL, such as
the E2A-PBX1 fusion gene caused by t(1;19) and the
BCR-ABL1 fusion gene caused by t(9;22).5–7
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Tyrosine kinase inhibitors (TKIs) can improve the prognosis
of Philadelphia chromosome-positive (Ph-positive) acute
lymphoblastic leukemia (ALL).8 However, some patients
relapse in the CNS after treatment, which is caused by the
low permeability of imatinib.9 CNSL appearing after the
administration of CR seems to be associated with a high risk
of hematological relapse and a significantly worse outcome.
Second-generation dasatinib and third-generation ponatinib
TKI have potent activity in Ph-positive ALL with wild-type
and mutated BCR-ABL,10–13 and ponatinib is more effective
in some mutations, including T315I.14,15 Dasatinib holds clini-
cal potential in managing CNSL,16,17 and ponatinib is also
effective in CNSL.18,19 However, the priority of dasatinib and
ponatinib treatments has not been demonstrated. Therefore,
we attempted to characterize the efficacy and safety of ponatinib
and dasatinib for patients with CNS-relapsed Ph-positive
ALL in our institution, and the results showed promising
clinical activity.

Methods

Patients
Twenty-one Ph-positive B-ALL patients with CNS relapse
from May 2014 to April 2021 who were treated outside of clin-
ical trials were screened consecutively in this retrospective
study. All of the patients fulfilled the diagnostic criteria accord-
ing to morphology, immunology, cytogenetics, molecular
biology, and gene mutation examinations. The following labo-
ratory examinations were conducted: cerebrospinal fluid (CSF)
examination, head computed tomography (CT) scan examina-
tion, and electroencephalogram (EEG). In all 21 patients,
blast cells were observed in the cerebrospinal fluid, and this
population of cells could be observed via flow cytometry
(FCM). Seven head CT scans showed infiltration of ALL in
the brain, and one magnetic resonance imaging (MRI) scan
showed multiple infiltration changes. There were no obvious
abnormalities in the 7 cases of EEG. Moreover, 9 patients in
the ponatinib group were induced by ponatinib, and 12 patients
in the dasatinib group were induced by dasatinib. The deadline
for follow-up was December 31, 2021, and the median
follow-up time was 22.0 (3.5-52.2) months. Our study was
approved by the medical ethics committee of Lianyungang
First People’s Hospital (approval number:
LW-20221231001-01; location: No. 6 Zhenhua East Road,
Lianyungang City, Jiangsu, China; approval date: January 13,
2023). And our study was conducted in accordance with the
Declaration of Helsinki. Verbal informed consent was obtained
from all of the subjects and/or their legal guardians. The report-
ing of this study conforms to STROBE guidelines.20

Definitions
According to the National Comprehensive Cancer Network
(NCCN) guidelines, combined with the patient’s MICM clas-
sification, all of the patients fulfilled the diagnostic criteria of

Ph-positive B-ALL. Leukemia cells were observed in the cere-
brospinal fluid of all of the patients, excluding other diseases
that cause CNS symptoms or changes in cerebrospinal fluid.
CR was defined as the proportion of bone marrow (BM)
blast cells < 5%, no blast cells in the peripheral blood, no
extramedullary infiltration, no relapse within 4 weeks, and
the restoration of hematopoietic function. Minimal residual
disease (MRD) in the bone marrow and cerebrospinal fluid
was assessed by using FCM and real-time fluorescence quan-
titative polymerase chain reaction (RT-qPCR), and MRD-
negative was defined as a proportion of blast cells less than
0.01% and no expression of the BCR-ABL fusion gene in
bone marrow, no lymphoblasts in cerebrospinal fluid regard-
less of WBC count (according to the achievement of CNS-1
status).21

Treatments
All of the patients received TKI plus chemotherapy after diag-
nosis and initial induction chemotherapy regimens, including
the VDCP regimen (vincristine, daunorubicin, cyclophospha-
mide, and prednisone) and the hyper-CVAD regimen (cyclo-
phosphamide, vincristine sulfate, doxorubicin hydrochloride,
and dexamethasone). Seven patients accepted hematopoietic
stem cell transplantation (HSCT) after achieving CR.

All of the patients received TKIs combined with systemic
chemotherapy after CNS relapse. Ponatinib (45 mg at an oral
daily dose) or dasatinib (140 mg at an oral daily dose) was
used for patients with resistance or intolerance to previously
approved TKIs; only ponatinib was used for patients with the
BCR-ABL1 T315I mutation, and the dosage was adjusted
according to the toxicities of TKIs. The systemic chemother-
apy regimen was the hyper-CVAD regimen, after which
patients received consolidation chemotherapy and regimens
including high-dose methotrexate (1-3 g/m2) and/or high-
dose cytarabine (1-3 g/m2 for 3 days). Intrathecal injections
of methotrexate, cytarabine, and dexamethasone were given
to patients twice a week to prevent CNSL until no blast
cells were observed in the cerebrospinal fluid and then
once a week for 4 to 6 weeks.

Statistical Analysis
GraphPad Prism 8.0 and SPSS 26.0 software were used to
analyze the data and plots. The Kaplan‒Meier method was
used to plot the survival curve. The Fisher’s exact test and
the Mann‒Whitney U-test were used to assessing categorical
and continuous variables. The Kaplan‒Meier method and the
log-rank (Mantel-Cox) test were used to assess overall survival
(OS) and relapse-free survival (RFS). The former parameter
was calculated as the time from the date of diagnosis to the
date of the last follow-up or death of any cause. The latter
parameter was calculated from the beginning of treatment
until relapse. A P-value <.05 (2-tailed) was considered to be
statistically significant.
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Result

Characteristics of the Patients
There were 11 males and 10 females in the cohort, and the
median age of these patients was 45 (9-58)-years old. Twelve
patients had the P190 fusion protein, and 9 patients had the
P210 fusion protein. The median time of CNS relapse was 7
(range: 1-35) months after achieving remission. The main man-
ifestations of neurological symptoms included headache, dizzi-
ness, nausea, and vomiting, among other symptoms.
Additionally, 2 patients with a T315I mutation received ponati-
nib therapy. Twenty patients received imatinib or nilotinib
when diagnosed, and 1 patient received dasatinib and was ini-
tially switched to ponatinib after CNS relapse. Moreover, 7
patients relapsed after HSCT. The characteristics of the patients
are summarized in Table 1. There was no significant difference
at baseline between the 2 groups at the time of CNS relapse.

Response to Treatment
In all 21 patients, 19 patients achieved CR after treatment, and
the total CR rate was 90.5%. As summarized in Table 2, all 9
patients achieved CR in the ponatinib group, 10 patients
achieved CR in the dasatinib group, and the median times
after achieving CR were 5 and 8 weeks. There was no signifi-
cant difference in the CR rate between the ponatinib group
and the dasatinib group (P= .486). However, patients in the
ponatinib group exhibited a significantly shorter duration of
time to achieve CR than those patients in the dasatinib group

(P= .047). MRD was assessed at 3 months after treatment,
and the MRD-negative CR rates of patients in the ponatinib
group and dasatinib group were 88.9% versus 58.3% (P=
.178).

Survival
In the complete cohort of 21 patients, 8 patients underwent
HSCT (4 patients in the ponatinib group and 4 patients in the
dasatinib group). All of the patients received maintenance
TKIs after transplantation. The total median OS was 31.1
months, and the 3-year OS was 49.0% (Figure 1A). In addition,
the median OS of the ponatinib group and the dasatinib group
did not reach 27.6 months, and the 3-year OS rates of the 2
groups were 75.0% and 33.3%, respectively (P= .045).
Patients in the ponatinib group showed a significantly longer
OS than those patients in the dasatinib group (Figure 1B). In
19 patients without the T315I mutation, the median OS of the
ponatinib group was not reached, and the median OS of the
dasatinib group was 27.6 months (P= .039). Patients in the
ponatinib group also showed a significantly longer OS
(Figure 1C). The cause of death of all of the patients was the
disease itself.

Among the 19 patients who achieved CR, 9 experienced
relapses, 2 patients relapsed after ponatinib treatment, and 7
patients relapsed after dasatinib treatment; moreover, the
median RFS was 31.0 months, and the 3-year RFS was
45.2% (Figure 1D). There were no statistically significant dif-
ferences in the median RFS between the ponatinib group and
the dasatinib group (not reached vs 16.2 months, P= .065,
Figure 1E). However, except for 2 patients with the T315I
mutation in the ponatinib group, there was a statistically signifi-
cant difference between the ponatinib group and the dasatinib
group (not reached vs 16.2 months, P= .036, Figure 1F).

Safety
We analyzed the grade 3 or 4 adverse events of the 2 groups,
which are shown in Table 3. Hematological toxicity was
similar between the 2 groups. The incidence of grade 3 to 4
infections was 22.2% (2/9) in the ponatinib group and 33.3%
(4/12) in the dasatinib group, and 4 cases (1 case in the ponati-
nib group and 3 cases in the dasatinib group) of septic shock
after treatments were observed; however, it was controlled
after anti-infection treatment. One patient in the dasatinib

Table 1. Clinical Characteristics of Ph-Positive ALL Patients.

Ponatinib (n= 9) Dasatinib (n= 12) P

Gender .387
Male 6 5
Female 3 7

Age (years) 45 (17-58) 46 (9-55) .776
BCR-ABL fusion
gene

1.000

P190 5 7
P210 4 5

T315I mutation 2 0 .171
Complex karyotype 3 4 1.000
Primary induction
TKIs

.488

Imatinib 5 7
Nilotinib 3 5
Dasatinib 1 0

Relapse after HSCT 3 4 1.000
Relapse time
(months)

8 (1-21) 6.5 (1-35) .618

Sites of relapse 1.000
CNS isolated 5 6
BM+CNS 4 6

Abbreviations: Ph-Positive ALL, Philadelphia chromosome-positive acute
lymphoblastic leukemia; TKIs, tyrosine kinase inhibitors; HSCT, hematopoietic
stem cell transplantation; CNS, central nervous system; BM, bone marrow.

Table 2. Response for Patients Treated by Ponatinib or Dasatinib.

Ponatinib (n= 9) Dasatinib (n= 12) P

CR (%) 9 (100%) 10 (83.3%) .486
Medium time after

achieved CR
(weeks)

5 8 .047

MRD negative (%) 8 (88.9%) 7 (58.3%) .178

Abbreviations: MRD, minimal residual disease; CR, complete remission.
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group suffered a serious cardiac failure, which led to disconti-
nuity during the maintenance treatment. There were no hemor-
rhage events caused by thrombocytopenia and other adverse
events (such as renal failure, hepatic failure, and gastrointestinal
and nervous system toxicity) occurred in these 21 patients. No
treatment-related death was observed during the therapy.

Discussion

In this study, we retrospectively analyzed the clinical data of 21
patients with Ph-positive CNSL and compared the efficacy and
safety of ponatinib and dasatinib. Our conclusions were as
follows: (1) Ph-positive CNSL patients had a high rate of

Figure 1. Survival of the entire study population. (A) Overall survival and (B) relapse-free survival of the entire study population of patients with
Philadelphia chromosome-positive central nervous system leukemia (Ph-positive CNSL). (C) Overall survival and (D) relapse-free survival of
patients who received ponatinib or dasatinib. (E) Overall survival and (F) relapse-free survival of patients without T315I mutation received
ponatinib or dasatinib.
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response and negative postinduction MRD with ponatinib and
dasatinib, but ponatinib showed a shorter time to achieve remis-
sion than dasatinib. (2) Ponatinib maintenance treatment
showed superior survival for Ph-positive CNSL patients with
or without the T315I mutation. (3) Ponatinib and dasatinib
are both safe for the clinical application of Ph-positive CNSL.

Approximately 25% of adults with B-ALL have the
Philadelphia chromosome or the BCR-ABL1 rearrangement,
and the incidence increases with age.7 CNSL is the most
common extramedullary relapse site of patients with
Ph-positive B-ALL, with a poor prognosis and a high relapse
rate.22 The frequency of CNSL in Ph-positive ALL ranges
from 8% to 17%.23 Additionally, the BCR-ABL1 fusion gene
encodes the P190 or P210 protein with tyrosinase activity,
which is the key to the pathogenesis of leukemia and the
target of this disease. By receiving treatment with TKIs and
allo-HSCT, 90% of patients were shown to achieve CR, and
the 5-year OS reached 60%.24 In our study, ponatinib and dasa-
tinib were both safe and efficient for Ph-positive patients, and
ponatinib seemed to be more valuable. Two patients with the
T315I mutation received ponatinib, and one patient sustained
relapse-free survival. As the frontline treatment option for
Ph-positive ALL, ponatinib was also feasible in the treatment
of CNSL. For patients without T315I, ponatinib remains a
highly potent and safe regimen for frontline therapy.
However, for those patients who cannot afford ponatinib, dasa-
tinib can also be used as a clinical option.

There is no consensus on the duration of TKI maintenance
and optimal conditions for stopping TKI maintenance treat-
ment. As one of the most concerning immunotherapies,
CAR-T therapy has achieved great success in the field of
CNSL. Recently, one study of the effectiveness of CD19
CAR-T therapy in children with high-burden CNS refractory
B-ALL showed that 9 of 12 (75%) patients who received
CD19 CAR-T treatment achieved sustained remission.25 In
adults. CD19 CAR-T-cell infusion resulted in an overall
response rate of 87.5% in BM disease and a remission rate of
85.4% in CNSL; however, the median event-free survival was
only 8.7 months.26 CD19 CAR T-cell therapy may provide a
potential treatment option for CNSL patients, but TKI mainte-
nance treatment is still needed to achieve long-term survival.
Another study showed that CNSL relapse rapidly occurred in
patients after ponatinib was reduced.18 Our results showed
that TKI maintenance seemed to be necessary; however, pro-
spective clinical trials are needed for further verification.

Another question to answer is whether HSCT is possible for
sequential therapy when ponatinib maintenance treatment is in
progress. A single-center retrospective study showed that a
better OS can be achieved through ponatinib and bridged to
HSCT in Ph-positive ALL patients,27 and another study also
confirmed this conclusion.28 Ponatinib may induce GVL
effects, thus leading to long-term survival.17 However, the
phase 2 PACE trial of ponatinib in Ph-positive leukemia
showed that the patients who did not undergo HSCT had a
73% 5-year overall survival, but this trial excluded CNS
disease. In our cohort, 3/5 patients maintained relapse-free sur-
vival without HSCT, and 3/4 patients who underwent HSCT
maintained relapse-free survival. HSCT did not demonstrate
advantages (P= 1.000), but more clinical data are needed for
verification.

The following information provides details on the limita-
tions of the study. The small number of patients and the retro-
spective nature could have some influence on the results.
Therefore, our results suggest the possibility of clinical treat-
ment, rather than reaching definitive conclusions. Due to the
low incidence rate of diseases, it is difficult for a single
center to obtain large samples, so a larger-scale multicenter
clinical trial was needed. Some cases suggested that the pene-
tration of ponatinib to the CSF was extremely limited.29,30

Unfortunately, therapeutic drug in CSF was not monitored
in these patients in our study, a further study is necessary to
reach definitive conclusions.

Conclusions
Ph-positive ALL with CNS relapse is associated with a poor
outcome. Ponatinib and dasatinib might be effective and safe
for Ph-positive CNSL patients, and ponatinib maintenance
treatment seemed to have a shorter time to achieve remission
and superior survival for Ph-positive CNSL patients with or
without T315I mutations. Due to the small sample dataset,
data from large-sample, long-term follow-up, and prospective
studies are needed for further verification.
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