
Venetoclax penetrates in cerebrospinal fluid and may
be effective in chronic lymphocytic leukemia with
central nervous system involvement. 

Venetoclax, a selective inhibitor of BCL2, has shown
promising efficacy in chronic lymphocytic leukemia
(CLL) both as single agent or in combination therapy.1

Central nervous system involvement (CNSi) is a rare
complication of CLL2,3 and is reported in approximately
0.4% of patients.3 Therapeutic guidelines have not yet
been established and prognosis for these patients is poor.4

Few cases of CLL with CNSi have been reported until
now, and ibrutinib was successfully used due to its ability
to penetrate the blood-brain barrier.5

Here we report the measurements of therapeutic con-
centrations of venetoclax in cerebrospinal fluid (CSF) in
CLL patients with CNSi, relapsed during ibrutinib thera-
py.
A 58-year old patient with trisomy 12, IGHV unmutat-

ed (VH4L) CLL relapsed with CNSi in September 2016.
He had previously received six FCR courses, six R-
Bendamustine cycles, and four R-DHAP courses.
Magnetic resonance imaging (MRI) showed bilateral
frontal periventricular lesions and meningeal involve-
ment at L4-L5, both suggesting disease localization.
Immunophenotyping on CSF showed lymphoid scatter
cells (90%) with atypical CLL phenotype [CD19+

sIgk+(dim) CD23+/-(32%) CD5–CD20–] (Table 1). No evi-
dence of extra-CNS involvement was documented. After
response to ibrutinib and IT chemotherapy (cytarabine
plus methotrexate) disease progressed in July 2017 (10
months after starting ibrutinib). MRI showed a more evi-
dent signal in the lumbosacral and medullary cone
(Figure 1A). Immunophenotyping on CSF documented
monoclonal B-lymphocyte population consistent with
the diagnostic phase (Table 1). Computed tomography
(CT) scan excluded systemic disease relapse.
Venetoclax was started together with IT chemotherapy

(cytarabine 70 mg plus methotrexate 15 mg) twice in the

first week, weekly during ramp-up until the full dose of
venetoclax was reached, and then monthly for 3 months
(6 ITs during ramp-up and 3 thereafter). Physicochemical,
morphological and flow cytometry on CSF were per-
formed at each lumbar puncture. One month after vene-
toclax initiation, CSF clearance was gained and main-
tained at subsequent re-evaluations (Table 1). MRI
response was documented in November 2017 (Figure 1B)
and is still persistent (September 2018).
After three months of venetoclax full-dose therapy, in

a condition of drug steady-state concentration in plasma,6

blood and CSF samples were taken 2 and 23 hours (h)
after the daily oral dose of 400 mg of the drug, respective-
ly, in November and December 2017, after the patient
had given written informed consent.
Venetoclax was quantified in plasma and CSF by liquid

chromatography coupled to tandem mass spectrometry,
after protein precipitation with acetonitrile.7 The mass
spectrometer operated in multiple-reaction monitoring
mode and measured the mass-charge ratio (m/z) reaction
868-321. The limit of quantitation in all specimens was
0.1 ng/mL.
Venetoclax plasma concentrations, Cmax and Cmin, 2

and 23 h after the oral dose, were 1.2 and 0.52 µg/mL. At
the same times, the drug distributed in the CNS reached
concentrations in the CSF of 2.8 and 1.5 ng/mL. The per-
centage of CSF concentration to plasma concentration
was 0.1%, corresponding to the free drug present as
unbound fraction in plasma, which is the fraction of the
drug which can be distributed into the CNS.8

The trough drug level of 1.5 ng/mL found in the CSF,
which is the lowest concentration reached by the drug
before the next dose, was close to the IC50 (1.9 nM, 1.6
ng/mL) established in vitro in a cultured CLL cell line
exposed for 24 h to venetoclax.9 It is reasonable to sug-
gest that this amount can effectively inhibit tumor
growth at the CNS site, also considering that chronic
treatment will induce continuous exposure of cancer cells
to active venetoclax concentrations.
For the first time, we observed that the drug crossed
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Table 1. Cerebrospinal fluid (CSF) analysis performed at the time of first central nervous system (CNS) (A) progression, (B) before venetoclax,
and (C) after 4 months of venetoclax therapy. 
                                                       A . Before Ibrutinib                             B. Before Venetoclax                               C. After Venetoclax

Visual inspection                                                  Cloudy                                                            Cloudy                                                              Limpid
Color                                                                     Colorless                                            Slightly xantrochomic                                              Colorless
Glucose, mg/dL (normal range 40-70)                48                                                                      4                                                                        86
Proteins, mg/dL  (normal range 10-45)             151                                                                   411                                                                      56
Erythrocytes                                                         Absent                                                            Absent                                                              Absent
Leukocytes, x109/L                                                   16                                                                    660                                                                     <1
Morphological examination                  Atypical lymphocytes                                  Atypical lymphocytes                                                No cells
Flow cytometry                                       90% CD19+sIgk+(dim)                                                70%:                                             34 cells, all CD5+ polyclonal
                                                                  CD23+(32%)CD5–CD20–                         CD19+sIgk+(dim)CD23+CD5–                                   T lymphocytes
                                                      B lymphocytes sIgk(dim)-restricted                            CD10–CD20–                                                                
                                                                                                                                                   B lymphocytes
                                                                                                                                             sIgk(dim)-restricted
                                                                                                                                             30%: CD5+ polyclonal
                                                                                                                                                   T lymphocytes                                                             
Physico-chemical, morphological and flow cytometry parameters at the time of progression were all consistent with central nervous system localization of pathological
monoclonal B lymphocytes. During venetoclax therapy, hypoglycorrhachia, hyperprotidorrhachia and pathological B lymphocytes were no longer detectable. CD: cluster
of differentiation. 



the blood-brain barrier with a concentration close to the
IC50 in CLL, and we report a potential efficacy of vene-
toclax combined with IT treatment in CLL with CNSi. In
fact, a contribution of IT therapy to CNS disease clear-
ance is likely, particularly in the early phase, where an
additive effect of venetoclax can be hypothesized; more-
over, the drug played a major role in the long-term
response.

The blood-brain barrier penetration of venetoclax,
together with its broad spectrum of action in hematologic
malignancies, may lead the way to new treatment
options in CNS localizations.
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Figure 1. Spinal magnetic resonance imaging (MRI) performed at the time
of progression after ibrutinib therapy and after 4 months of venetoclax ther-
apy. The figure shows the lumbar (left boxes) and thoracic (right boxes) spine
in T1-weighted Spectral Presaturation with Inversion Recovery sequences
after gadolinium injection. (A) Spinal MRI at the time of progression after ibru-
tinib: contrast-enhanced lesions involve the lumbosacral roots (red circle),
conus medullaris (red arrow) and the dural sac surrounding the dorsal spinal
cord (dashed red circle). (B) Spinal MRI after 4 months of venetoclax: the
lesions previously described are no longer detectable.
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