
Abstract. Acute myeloid leukemia (AML) can affect not
only bone marrow (BM) and peripheral blood (PB), but also
the compartment of cerebrospinal fluid (CSF). Besides
standard chemotherapy, specific and non-specific
immunotherapy has been employed synergistically to treat
AML patients. Here we report on a patient who received
standard chemotherapy, unspecific immunotherapy with
interleukin-2, as well as later specific CD8+ T-cell
stimulation by RHAMM-R3 peptide vaccination. The patient
maintained a complete remission in BM and PB, while he
developed recurrent relapses in the CSF. Moreover, the
patient developed a chloroma in the vicinity of neuronal
sheaths during hematological CR, but high leukemia cell
numbers within the CSF spaces over a long time period. This
rare observation demonstrates several aspects. There is a
previously unknown site of leukemia cell distribution, namely
the peripheral cerebrospinal outflow pathway (PCOP). This
demonstrates the ineffective therapy of this previously
unknown mechanism of leukemia cell spread. The hypothesis
that the PCOP is a site of physiological CSF-T-cell
trafficking, and the lumen of the PCOP should be considered
as an extension of the subarachnoidal spaces without closed
anatomical borders is supported by this observation. The
CSF spaces, but possibly specifically the PCOP, may
represent a previously unknown survival niche of tumor cells
within intrathecal spaces.

Cerebrospinal fluid (CSF), mainly produced at the plexus
chorioidei in the ventricles, was thought to be mainly
reabsorbed at Pacchioni’s granulations of the dura
encapsulating the brain. However, according to recent studies
in mammals, CSF efflux along nerves takes place inside the
neuronal sheaths, passing along nerves into various
neuronally supported peripheral tissues, where CSF joins the
interstitial fluid and then reaches the lymphatic system (1). A
recent hypothesis proposed a more detailed scenario of
peripheral CSF outflow pathway (PCOP)-associated
pathophysiology (2). Here we present a case of unusual
spreading of leukemia cells, strongly supporting, if not
proving, one important aspect of the PCOP hypothesis, i.e.
CSF cell trafficking with physiological CSF efflux along the
PCOP and into related tissues in the human system, thus
demonstrating a previously unknown metastatic pathway of
leukemia cells. Another interesting aspect in this patient is
an (experimental) immunotherapy for acute myeloid
leukemia (AML). The patient received non-specific
stimulation of the T-cellular immune system by interleukin-
2, as well as later a specific immunotherapy by vaccination
with a CD8+ T-cell epitope derived from a leukemia-
associated antigen designated RHAMM (receptor for
hyaluronic acid mediated motility) (3). The course of the
disease demonstrates that both types of immunotherapy
might have had an influence on the antileukemic immune
response in peripheral blood (PB) and bone marrow (BM),
but not in the immunoprivileged CSF compartment.

Case Report

In 1995, a 56-year-old male patient was diagnosed with
AML, with an inversion of chromosome 16. The patient
received two cycles of chemotherapy of idarubicin,
cytarabine and etoposide. After consolidation with high-dose
cytarabine, mitoxantrone and thioguanine, the patient was in
complete remission (CR). In 1997, the patient experienced
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BM relapse of the disease, and received therapy with
cytarabine, resulting in a partial remission. The patient was
then treated at a different institution using compassionate use
of subcutaneously applied interleukin-2. After two cycles, a
second CR was obtained. The patient then received five
additional cycles of interleukin-2. In contrast to the long-
lasting BM and systemic CR, the patient developed several
relapses in the central nervous system (CNS): in 2004 he had
1,000 blasts per microliter of CSF, and was treated by
intrathecal application of methotrexate and cytarabine, as
well as by immunostimulation using interferon-alpha
subcutaneously. The patient achieved a CR in the CSF. Six
months later, he again developed a relapse presenting as a
chloroma in the vicinity of the ischiadic nerve. The chloroma
was treated by involved field irradiation. The patient again
achieved a CR which was maintained for one year.
Thereafter, a third relapse in the CNS developed, with
meningeal involvement; again intrathecal treatment by
methotrexate and cytarabine followed by liposomal
cytarabine (Depocyte™) was given. The patient developed
cauda equina syndrome, and underwent involved field
radiation of the axillar plexus, as well as of the lumbosacral
radiation. After five months, he again exhibited neurological
symptoms and a low number of blasts was again detected in
the CSF. The patient received intrathecal and systemic
chemotherapy; a CR was obtained. However, fifteen months
later, a low number of blasts in the CSF was found, as well
as a chloroma of the perineum in the vicinity of the scrotal
nerve. Histopathological analysis of the chloroma revealed
the presence of AML cells infiltrating the nerve. The
leukemia cells were characterized through the expression of
myeloperoxidase and RHAMM (3) (Figure 1). To boost the
T-cellular immune response to RHAMM, the patient received
four courses of subcutaneous vaccination with RHAMM-
derived peptide R3. No side-effects other than temporary
induration and erythema of the skin at the site of injection
were detected. Unfortunately, no clinical improvement was
observed, and the patient showed further relapses of AML in
the CSF. The patient received intrathecal chemotherapy as
well as locoregional irradiation for the chloroma, again
achieving CR status. Eventually, in March 2009, the patient
died from BM relapse despite palliative chemotherapy with
thioguanine and 5-azacytidine.

Discussion

Clearly, chemotherapy and immunostimulation by cytokines
maintained the patient in CR of the leukemia in the
compartments of the PB and the BM over a long period of time
(over 11 years). The CNS is considered to be an
immunoprivileged compartment where chemotherapy alone is
not able to eradicate the malignant clone, but is just able to
temporarily reduce the tumor burden in this compartment (4).
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Figure 1. Histology of a perineal nerve infiltrated by myeloid leukemic
cells (serial sections). Standard staining with hematoxylin and eosin
(CHE). The leukemia cells were positive for myeloperoxidase (MPO)
and the receptor for hyaluronic acid mediated motility (RHAMM).
Leukemic cells can be seen to have infiltrated the space between
perineurium and epineurium (arrows). 



Relapse of AML may occur in the compartments of BM and PB,
as well as CSF (4). Usually relapses within the CSF are followed
by systemic relapses. However, exceptional cases of patients
exist where CSF relapses occur in an isolated fashion (4, 5). This
is true also for our patient, who is an especially interesting case
as he developed multiple relapses within the CSF spaces, as well
as within the nerves, whereas the BM remained free of blasts for
over 11 years. This may be the consequence of a sustained
immune response that may have been built after therapy 
with interleukin-2, and specifically boosted through peptide
vaccination therapy (3), but which was apparently not effective in
an area near peripheral nerves described as the PCOP (1), which
can be considered the extension of the subarachnoidal spaces (2),
and which may represent a previously unknown survival niche
for leukemia cells.

The most surprising aspect is that our patient had developed
several chloromas in the vicinity of spinal nerves and their
cutaneous nerves. Although the BM and PB were free of
leukemia cells at that time, the CSF contained a high density of
leukemia blasts. The chloromas very likely derived from the
outflow of the CSF and the leukemia cells contained in this
CSF. This type of local disease fits with a scenario predicted
by the PCOP hypothesis, where CSF cells were thought to be
trafficking with the CSF outflow, involving structures of the
PCOP itself, i.e. nerves and their sheaths, and PCOP related
tissues connected by nerves, i.e. cutis and subcutis, especially
near nerve endings in parallel (2). The observed localization of
leukemia spreading in this patient fits well with the predicted
preferential sites of CSF efflux quantities due to gravitational
forces (1, 2). The lower part of the body may be more likely
to be affected in a person predominantly working in an upright
position, as our patient did, and with specific anatomical sites
such as distal parts of large nerves for tumor cell accumulation.
Such a leukemia cell distribution fulfills the criteria for
metastasis and our case demonstrates a previously unknown
typology in leukemia. We do not exclude the possibility that
minor metastatic leukemia cell dissemination of this type along
peripheral nerves is more frequent but has remained unnoticed
and that the PCOP site could represent a survival niche for
intrathecally hibernating tumor cells. Therefore our case may
be also relevant for future approaches to tackle tumor relapse or
treatment resistance in leukemia. The PCOP was addressed in
several recent publications, but specifically on the CSF outflow
through the cribriform plate for which also others assume that
cell trafficking may be a physiological phenomenon (6).
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