
Arsenic trioxide entered cerebrospinal fluid with
the help of mannitol overwhelm the meningeal
relapse of acute promyelocytic leukemia
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Central nervous system (CNS) relapse of acute
promyeloytic leukemia (APL) is increasingly reported
after treatment with arsenic trioxide (As2O3),1 the opti-
mal therapy for this case remains unclear. As2O3 highly
effective on APL marrow relapse, but its efficacy in CNS
relapse is undefined. Recent researches showed that lit-
tle As2O3 passed through the blood-brain-barrier (BBB)
with general intravenous infusion.2,3 which limited its
use in CNS relapse of APL (CNSAPL). After discovered
the different tolarance between APL blasts and human
cortex neuron to As2O3 in vitro,4,5 and primarily cleared
the safe range of As2O3 concentration in CNS,5-7 we cre-
ated a non-invasive method to help As2O3 enter into
CNS,8 which indicated that 20% mannitol intravenous
bolus at the speed of 0.2±0.5 mL/s opened BBB tem-
porarily . Can this method increase arsenic concentration
to therapeutic and safe level in CNS? Can As2O3 be used
to prevent and treat CNSAPL? The treatment of a patient
with isolated meningle APL relapse and chemotherapy
resistance gave us the unique opportunity of document-
ing CNS penetration of As2O3 helped by mannitol intra-
venous bolus, which included 125 ml of 20% mannitol
bolus through medial cubital vein with the speed of
12±30 mL/min, and followed with 250 mL mixed liquor
(including 20% mannitol and As2O3 0.08 mg/kg/d) intra-
venous infusion with the speed of 6 mL/min, subse-
quently followed by As2O3 0.08 mg/kg/d + 5% glucose
250 mL infusion with the speed of 0.5 mL/min, the total
dosage of As2O3 is also 0.16 mg/kg/d. 

A 34-year-old woman developed APL eight years ago,
experienced two times of marrow relapse and one time
of CNS relapse, and achieved complete remission after
treated with As2O3 (0.16 mg/kg/d) general intravenous
infusion and ATRA oral, supplemented by mitoxantrone
for leukocytosis and intrathecal methotrexate (12
mg/dose) and cytarabine (50 mg/dose). The CSF was
gradually normalized (CR3).Three months after CR3, the
patient represent a heavy headache, the number of blasts
in CSF was 1500/L, and the intracranial pressure was 2.8
kPa. Head magnetic resonance imaging (MRI) scan
showed no local lesion. Marrow examination was nor-
mal. After accepted six-days As2O3 general intravenous
and two times of intrathecal methotrexate (12 mg/dose)
and cytarabine (50 mg/dose), her symptoms and signs
were not improved, and the intracranial pressure
reached to 3.6 kPa, the number of APL blasts in CSF
increased to 2050/L. It was clear that chemotherapy
resistance occurred. We gave her the mannitol assisted
As2O3 penetration therapy after obtained an informed
consent. Spinal fluid was collected by lumber pouncture
at the 30 min after As2O3 infusion finished every three-
day. Arsenic levels in CSF were monitored dynamically

by atomic fluorescence method. The apoptosis rates and
CD33–/CD11b+ ratios of APL blasts were assayed by
flow cytometry. The morphologic and agarose gel elec-
trophoresis were used to evaluated apoptosis. 

Results
1. Dynamic changes of arsenic levels in CSF was

showed in Figure 1. Figure 1 revealed dynamic changes
of arsenic in CSF with two different As2O3 regimen treat-
ment, which indicated that there was a significantly
arsenic leukemia-infiltrated BBB penetration with the
help of mannitol than general intravenous infusion,  and
the arsenic in CSF reached to the inducing APL cell dif-
ferentiation needed level.9,10

2. The morphological changes of blast cells in CSF
were showed in Figure 2, which indicated that blast cells
in CSF gradually went to differentiation and finally apop-
tosis after mannitol assisted As2O3 penetrating treat-
ment,and in CSF collected in the last two times, no blast
cell had been seen. The patient achieved a complete
remission again (CR4).

3. The apoptosis rate and CD33–/ CD11b+ ratios of
APL blasts were recorded in Table 1.

Since CD33 is the surface marker of primitive cells and
CD11b is the marker of bone marrow leukocytes,11

changes of CD33+/CD11b– to CD33–/CD11b+ ratios can
be used to evaluate differentiation, and CD33–/CD11b–

might indicate cellular apoptosis. Table 1 and Figures 3
and 4 revealed that intrathecal chemotherapy during the
third relapse mainly promoted apoptosis, while mannitol
assisted As2O3 penetration during the fourth relapse
mainly induced differentiation. 

4. The DNA ladder of blasts in CSF were showed in
Figure 4. From Figure 4 (A,B) we can noticed that manni-
tol assisted As2O3 penetration mainly induced CNS APL
cells partial differentiation and finally apoptosis.
Intrathecal chemotherapy promote the CNS APL cells
apoptosis remarkably.

5. Up to now, 18 months after CR4 followed up, the
patient remained in remission, no insidious deterioration
of memory and cognitive function, MMSE score was 28.
MRI scan indicated no leukoencephalopathy lesion and
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Figure 1. As2O3 concentration in CSF.
Note: General speed As2O3 intravenous infusion vs Mannitol assist-
ed As2O3 penetration.
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local neurologic lesion. No detectable PML-RARA was in
peripheral blood and in the CSF.

Discussions
Since BBB prevents the entrance of water-solubility

metals into the CSF,13 the inability of most chemothera-

peutic agents and As2O3 to adequately penetrate the BBB
in either normal or tumor-infiltrated brain, is a major fac-
tor limiting the use of As2O3 in CNSL. Reported research-
es indicated that As2O3 general speed intravenous infu-
sion could not make the arsenic in CSF to the therapeu-
tic level.4,11 In our case, although maintance As2O3 pre-
vented marrow recurrence, CNS relapse still occurred
and the level of element arsenic in CSF was very low. It
was clear that As2O3 general intravenous infusion could
not efficiently enter into CNS and prevent CNSL.
Although meningeal leukemia had anatomical/function-
al breach of the BBB, the As2O3 penetrating ability was
limited and could not reach to the effectively therapeutic
level (showed in Figure 1, the line of relaps3).

This barrier, however, can be opened in a reversible
manner by the intra-arterial administration of hyperos-
motic agents such as mannitol,14 but the performance of
intra-arterial therapeutic related internal carotid artery
cannulation and accelerated injection was beyond the
tolerances of many leukemic patients who usually had
severe bleeding tendency and blood coagulative disfunc-
tion. 

We used 20% mannitol_Mr182, 1.0-1.5 g/kg , temper-
ature 35-37°C peripheral intravenous injection at a speed
of 12-30 mL/min opened the BBB of rabbit previously.8

In this case, we further verified that As2O3 could enter
into the CSF and reach to significantly therapeutic level
by mannitol peripheral intravenous injection assisting.

Figure 1 and 2 revealed that although both the total
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Figure 2. Morphology changes of blast cells in CSF before and
after mannitol assisted As2O3 penetration during the forth relaps .
Centrifuge smear, HE stain. Er1: baseline 1_50; Er2; baseline
1_200; Er3: the 3th time collected CSF by lumber puncture after
mannitol assisted As2O3 penetrating treatment for 9 days; Er4: the
6th time collected CSF by lumber puncture after mannitolassisted
As2O3 penetrating treatment for 18 days.

Table1. The apoptosis rate and CD33–/CD11b+ ratios of APL blasts in CSF.

Lumber
puncture Apoptosis percentage X2-value CD33–/CD11b+ X2-value

Relapse 3 Relapse 4 Relapse 3 Relapse 4

Baseline 2.1 2.5 0.01 1.2 1.5 0.00
After treated chemotherapy As2O3

1 5.7 4.8 0.03 1.6 1.5 0.00
2 10.5 5.5* 4.14 2.7 13.5* 6.33
3 37.6 9.4** 17.88 5.5 31.6* 9.87
4 58.5 17.5** 15.32 3.5 42.3** 18.64
5 69.5 44.6* 7.53 4.2 54.1* 17.95
6 82.2 64.7* 5.12 2.3 26.1* 9.11

Note: relapse 3 vs relapse 4, *P≥0.05, **P≥0.01
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Figure 3. Dynamic changes of cellular membrane immunophenotype during mannitol assisted As2O3 penetration.
Note: Figure 3-A is baseline, Figure 3-B to D are the 3, 6, 9 days after accepted mannitol assisted As2O3 penetration.
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As2O3 dosage daily of the two regimen were the same,
the elemental arsenic levels in CSF were different.
Comparing with the general As2O3 intravenous infusion,
the mannitol assisted As2O3 penetration followed by the
slow-speed continuous As2O3 intravenous infusion can not
only increase the elemental arsenic concentration in
CNS, but also keep the plasma arsenic to the prolonged
effectively therapeutic level, and without remarkable
plasma arsenic peak, which was more benefit to
CNSAPL, as well as increases the prevention and treat-
ment efficiency of APL marrow relapse, and less side-
effects to normal tissues.

As the prognosis of relapsed APL remains very good,
the appropriate use of treatment with minimal toxicity
commensurate with long-term survival is an important
priority. Our observations have important therapeutic
implications for chemotherapy resistant CNS APL. 

Because of the initial uncertainly whether arsenic
could enter the CNS, we treated the patient convention-
ally with intensive intrathecal chemotherapy during the
first six-days during the forth relaps. In hindsight, the
combined use of chemotherapy and mannitol assisted
As2O3 penetration did not lead to the progressive congni-
tive deterioration. Given that arsenic penetrated the CSF
very well, it might have been possible for us to use a less
intensive regimen of intrathecal chemotherapy and man-
nitol assisted As2O3 penetration to control CNSL.
However, the number of volunteers was limited, further
works should be down in the future. All in all, our results
suggested that the mannitol assisted As2O3 penetration

can increase the arsenic concentration in CNS to an
effectively therapeutic level to CNSAPL.
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Figure 4. DNA ladders of blast cells in CSF. Note: Figure 4-A is the
DNA ladders of blasts treated with intrathecal chemotherapy dur-
ing the third relapse. M is the marker, lane 0 is the baseline, lane
1_3 represent to the results of the first,second and third time CSF
collection by lumbar puncture after intrathecal chemotherapy.
Figure 4B is the DNA ladders of APL blasts treated with mannitol
assisted As2O3 penetration. M is the marker, lane 0 is the baseline,
lane 1_3 were represent to the first, second and third time CSF
collection after 3, 6 and 9 days of mannitol assisted As2O3 pene-
tration.
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