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A B S T R A C T

An exceedingly rare manifestation of leukemia, termed neuroleukemiosis, involves peripheral nerve infiltration
by leukemic cells. Patients with neuroleukemiosis typically present with a peripheral neuropathy and/or
chloromatous masses. The diagnosis is supported by, and established with, electrophysiologic testing, imaging,
histopathology, and immunophenotyping. We present the case of 21 year old male with multiply relapsed M4
type of acute myelogenous leukemia (AML) who presented with extremity pain and was subsequently found to
have multiple cervical, thoracic, and lumbosacral nerve root masses. A diagnosis of neuroleukemiosis was es-
tablished via CT-guided biopsy and immunophenotyping. The patient’s neuroleukemiosis responded well to
chemotherapy, donor lymphocyte infusions, and spinal irradiation. The literature is reviewed regarding this
interesting and rare clinical condition.

1. Introduction

Leukemia has a propensity to infiltrate the leptomeninges, cranial
nerves, and nerve roots. Though an exceedingly rare phenomenon,
leukemic blasts may also infiltrate peripheral nerves, a process termed
neuroleukemiosis (NLK) [5,11–15,19,29]. NLK may occur with or
without central nervous system involvement and is generally con-
sidered a predictor for systemic relapse and a poor prognostic marker
[1,3,5,6,9,13–15,17,20,21,25,26,29,31].

NLK characteristically presents as a peripheral neuropathy, with or
without a nerve mass, the former termed myeloid sarcoma or histori-
cally as chloroma – used to denote extramedullary leukemic masses in
general [7]. Occurring in approximately 1% of cases of leukemia, the
presence of myeloid sarcoma (chloroma) portends poor outcome and
those involving the peripheral nervous system were rarely reported
prior to the advent of treatment [4,8,18,27]. Here, we present a rare
case of NLK and discuss the diagnostic and management considerations.

Case Presentation
The patient is a 21 year old male who initially presented when he

was 14 years old with several enlarged, painful lymph nodes and scrotal
pain. He was diagnosed with M4 Type (myelomonocytic with eosino-
philia) acute myeloid leukemia (AML). He underwent chemotherapy

and went into remission for one year. He underwent a second course of
chemotherapy and an allogeneic bone marrow transplant at age 15
after he was found to have a relapse, presenting with thrombocyto-
penia. He did well after this second course, but required transfusions to
maintain acceptable platelet counts. One year following his relapse he
received four donor lymphocyte infusions over the course of 3 months
given his favorable chromosomal mutation (inversion 16). However, he
did not respond to this and ultimately underwent a course of re-in-
duction chemotherapy at age 16. He responded well to treatment but
was found to have graft versus host disease, initially affecting his in-
testines, skin, and joints but subsequently causing contractures af-
fecting multiple joints from progression of skin involvement. He was
treated for this and was eventually maintained on low dose Plaquenil.

He remained in remission for another 4 years, but started to endorse
left shoulder pain at age 20. He initially attributed this pain to falling
off his motorcycle, but, when it persisted, sought out a chiropractor
who referred him for cervical spine magnetic resonance imaging (MRI).
He was found to have left C7-T1 foraminal nerve tumor with widening
of the neural foramina. The patient underwent a left transforaminal
epidural steroid injection which relieved the pain temporarily.
However, pain distribution extended to include the left hand and
midportion of the neck, with additional new right posterior hamstring

https://doi.org/10.1016/j.clineuro.2019.04.019
Received 11 August 2018; Received in revised form 29 March 2019; Accepted 16 April 2019

⁎ Corresponding author.
E-mail address: mgzghali@gmail.com (M.G.Z. Ghali).

Clinical Neurology and Neurosurgery 184 (2019) 105340

Available online 17 April 2019
0303-8467/ © 2019 Published by Elsevier B.V.

T

http://www.sciencedirect.com/science/journal/03038467
https://www.elsevier.com/locate/clineuro
https://doi.org/10.1016/j.clineuro.2019.04.019
https://doi.org/10.1016/j.clineuro.2019.04.019
mailto:mgzghali@gmail.com
https://doi.org/10.1016/j.clineuro.2019.04.019
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clineuro.2019.04.019&domain=pdf


region pain worsened with flexion and extension. At this time, the
patient underwent cervical, thoracic, and lumbar spine MRI which re-
vealed multiple dumbbell-shaped masses traversing the right C4-5 and
C5-6 foramina, the left C6-7, C7-T1, T1-T2, and T2-3 foramina, and
right L5-S1 neural foramina (Fig. 1).

The patient underwent computed tomography (CT) guided biopsy of
the left C5-6 mass. Fine needle aspiration demonstrated occasional
blast-like cells and core biopsy revealed myeloid sarcoma. Myeloid
blasts were confirmed by immunophenotyping using flow cytometry.
He immediately underwent systemic chemotherapy and reported sig-
nificant reduction in his pain. On radiographic analysis, his chloromas
had significantly decreased by 3 weeks after the initiation of treatment,
most markedly in the cervicothoracic region. He subsequently received
four donor lymphocyte infusions and underwent radiation to his spine.
On the patient’s most recent imaging, 9 months following administra-
tion of systemic chemotherapy for chloromas, there is minimal en-
hancement at the right C5-6 and right L5-S1 neural foramina without
any tumor recurrence or progression.

2. Discussion

We present a rare case of a 21 year old male with acute myelomo-
nocytic leukemia in remission for 4 years after his last course of che-
motherapy. Neuroleukemiosis is exceedingly rare with only a handful of
case reports having been previously described
[1,3,5,6,9–15,19,20,22,23,25,29–31,33]. This is only the second case
reported in a patient with acute myelomonocytic leukemia. In this
patient, axial and extremity pain represented the only manifestations of
neuroleukemic relapse, whereas the patient’s previous and initial re-
lapse was indicated by isolated thrombocytopenia. NLK is thought to
arise as a consequence of use of peripheral nerves by leukemic cells as
sanctuary sites, due to the blood-nerve barrier, analogous to the blood-
brain barrier. Additionally, differential effects of graft-versus-leukemia
effect, systemically versus in areas protected by the blood-nerve barrier,
may be implicated in the pathogenesis of NLK [3,16]. Although rare,
NLK should be considered in a patient with acute leukemia in remission
presenting with isolated peripheral neuropathy. Electromyography
(EMG), imaging, and the response to treatment help to confirm diag-
nosis if a biopsy cannot be obtained.

3. Clinical features

NLK may occur in the setting of acute lymphocytic leukemia or
acute myelogenous leukemia and is often diagnosed during remission
[1,6,10,12,30,31]. NLK may occur following a previous systemic or
solid organ relapse and may predict concurrent or subsequent systemic
relapse [6,9,14]. Alternatively, treatment of NLK may be followed by
many years of sustained remission [30].

NLK presents as a peripheral neuropathy and/or a subcutaneous
mass/chloroma [1,3,5,6,9,11–15,19,20,22,25,29–31,33]. Reported
deficits have included those characteristic for peripheral neuropathies,
including weakness, paresthesias, numbness, and pain
[1,3,5,6,9,12–15,19,20,22,29–31,33]. Cases of NLK have been reported
involving the axillary, peroneal, ulnar, median, radial, and sciatic
nerves, as well as brachial and lumbar plexi
[1,3,5,6,9,12–15,19,20,22,25,29–31,33]. Cases describing multiple
nerve involvement and multiple recurrences have also been reported
[1,3,5,6,12,15,19,29].

The differential diagnosis for a patient suspected to have NLK in-
cludes, but is not limited to, vasculitic neuropathy, chemotherapeutic
neurotoxicity, and Guillain-Barre syndrome [6,24] Vasculitic neuro-
pathy presents as asymmetric polyneuropathy or mononeuritis multi-
plex, in contrast to NLK, which typically manifests as mononeuropathy
[24]. Moreover, vasculitic neuropathy has a more acute to subacute
presentation, in contrast to NLK, which may be slowly progressive over
several months. Guillain Barre syndrome (GBS) is distinguished from
NLK clinically by diffuse and symmetric involvement, an acute/sub-
acute presentation, and absence of a mass.

Unusual presentations of neuroleukemiosis may result in diagnostic
delay [12,31]. For instance, abscess may be a confounding diagnosis as
NLK has occasionally presented with concurrent signs and symptoms of
acute inflammation and this population of patients is frequently neu-
tropenic [31]. Disseminated NLK may also masquerade as high cervical
cord pathology, presenting in one 66 year old gentleman with AML as
acute quadriplegia, dysautonomia, and respiratory insufficiency; au-
topsy confirmed disseminated blast infiltration of peripheral nerves
without leptomeningeal dissemination [12]. Appropriate clinical judg-
ment and adjunct testing aid in distinguishing amongst these alternate
diagnoses.

4. Diagnosis

Early diagnosis of neuroleukemiosis is critical in optimizing patient
response to treatment and requires a high index of suspicion. Upon
suspecting NLK, it is first necessary to establish the diagnosis with
biopsy and/or imaging. Second, it is requisite to identify concurrent or
subsequent systemic relapse, as this changes both management and
prognosis [9].

EMG may be useful in confirming the presence of a peripheral
neuropathy and distinguishing axonal (consistent with NLK) from de-
myelinating neuropathy (consistent with GBS) [1,30]. The role of
imaging is principally to identify and localize NLK, when a myeloid
sarcoma (chloroma) or gross invasion is present. MRI has been used
successfully in the diagnosis and subsequent follow-up of NLK
[1,9,14,20,30]. When a mass is present, it characteristically enhances
and is T1 isointense and FLAIR/T2 hyperintense [1,30]. In one small
series, 80% of patients with NLK had an MRI-identifiable mass [20].
Gallium scanning and FDG-PET are alternative modalities, the latter
demonstrating hypermetabolism of leukemic blasts [1,23].

Nerve biopsy remains the gold standard for diagnosis of NLK, but
should not be performed if neurologic deficit from the procedure is
anticipated. Biopsy of NLK reveals monoblastic nerve infiltration, as
well as involvement of the surrounding muscle on occasion [30]. Im-
munophenotyping can be used to more confidently support the diag-
nosis [32]. In cases where biopsy is deemed not feasible, the clinical
features along with imaging findings and response to treatment strongly
supports, if not confirms, a diagnosis of NLK. Biopsy, while specific,
may yield false negatives, missing the diagnosis in cases with patchy or
proximal nerve involvement and those lacking a mass consistent with
myeloid sarcoma (chloroma) [2,20,28]. For example, Reddy and col-
leagues (2012) identified leukemic infiltration in only 2 of 3 likely cases
of NLK using biopsy and van den Bent and colleagues (1999) report on
two patients with neurolymphomatosis and negative biopsies, despite
clinical and electrophysiologic evidence of neuropathy [20,28].

Fig. 1. Cervical neuroleukemiosis. A: Axial T2 weighted MRI demonstrating left
C7-T1 foraminal nerve tumor. B: Sagittal T2 weighted MRI demonstrating lower
cervical nerve tumor and cervical stenosis. C: Axial T1 weighted MRI showing
cervical nerve tumors bilaterally in C5-6 neuroforamen. D: Sagittal T1 contrast
enhanced MRI demonstrating contrast enhancing lesion at the C7 level.
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5. Management

Patients found to have concurrent systemic relapse may undergo
conventional or myeloablative chemotherapy with rescue allogenic
bone marrow transplantation. In the absence of systemic relapse, NLK
typically responds to local fractionated radiation therapy without or
with systemic chemotherapy. [1,3,14,20,31] Among five patients with
NLK presenting with a mass, four responded readily to combined che-
motherapy and radiation [20]. Either surgical resection or radiation
treatment may be used in rare cases where urgent decompression
proves necessary [31].

When selecting a chemotherapeutic regimen, it is necessary to select
agents which penetrate the blood-nerve barrier. There has been some
success in treating NLK with use of cytarabine, fludarabine, metho-
trexate, etoposide, mitoxantrone, and hyperfractionated cyclopho-
sphamide. [1,3] Good response to radiation therapy alone has been
described in several cases [3,14,30]. Bakst and colleagues (2011) de-
scribe the case of a 21 year old female with AML in remission following
allogenic bone marrow transplant, who developed multiple (> 5) bra-
chial plexus, lumbar plexus and peripheral nerve leukemic infiltrates
treated with fractionated radiation (1375–3000 cGy in 11–15 fractions
for each lesion; the first lesion was also treated with etoposide/mitox-
antrone), with clinical and radiographic resolution. She was able to
resume triathlon competitions. Most of the lesions were treated with
2400 cGy in 12 fractions and successfully effected resolution of symp-
toms and mass effect, in contrast to the previously common practice of
using 3000 cGy in the treatment of myeloid sarcoma (chloroma) [27].
Surgical resection alone of a distal sciatic myeloid sarcoma (chloroma)
proved ineffective in relieving symptoms in a 9 year old male with AML
[25].

6. Conclusion

Isolated peripheral nerve involvement as the first sign of relapse
from leukemia is exceedingly rare. It can lead to a delay in diagnosis
given its unusual presentation and rarity. Here, we present a case of
neuroleukemiosis involving several nerve roots in the cervical, thoracic
and lumbar spine which was diagnosed by CT-guided biopsy and con-
firmed with immunophenotyping. To our knowledge, this is only the
second case of neuroleukemiosis described in the literature in a patient
with M4 subtype acute myelomonocytic leukemia. He showed clinical
and radiographic improvement within one month of reinitiating sys-
temic chemotherapy and continues to do well after subsequent donor
lymphocyte infusions and radiation therapy to the spine. The rapid
response to treatment once initiated makes early diagnosis critical in
order to avoid permanent numbness or paralysis of the involved nerve.
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