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Two Cases of Neurolymphomatosis with Fatal Bilateral
Vocal Cord Paralysis that were Diagnosed
with "F-fluorodeoxyglucose Positron Emission
Tomography (FDG PET)/CT
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Abstract

Neurolymphomatosis is a rare entity defined as nerve infiltration by neurotropic abnormal lymphocytes
which can lead to the development of neuropathy, with typical presentations including pain, hypoesthesia,
paresthesis and palsy. We herein report two cases where critical bilateral vocal cord paralysis due to neuro-
lymphomatosis in recurrent nerves occurred in refractory Burkitt lymphoma and adult T-cell lymphoma pa-
tients. High-dose methotrexate and intrathecal chemotherapy injection for the nervous lesions were ineffec-
tive, and the patients died. Neurolymphomatosis of the recurrent nerve is an emergent and difficult complica-
tion and should be suspected when sudden onset of aphasia, hoarseness or shortness of breath is found in re-

fractory lymphoma patients.
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Introduction

Neurolymphomatosis is a rare complication of hemato-
logical malignancies, especially non-Hodgkin lymphoma de-
rived from B- and T-cells, which is caused by direct inva-
sion of abnormal lymphocytes and develops neurological
manifestations (1). Although central nervous system-directed
chemotherapy, including high-dose methotrexate and cyta-
rabine, intracranial fluid chemotherapy infusion and radio-
therapy, are used in clinical settings, the efficacy is unsatis-
factory, and it is difficult to control the insidious symptoms
by treatment and expert palliative care. Additionally, it is ex-
tremely challenging to diagnose neurolymphomatosis itself,
partly because there is no diagnostic modality with satisfac-
tory sensitivity. A biopsy of the lesion is the gold standard,
but it is not always possible to acquire a sufficiently sub-

stantial histological specimen. Recently, attention has been
focused on magnetic resonance imaging (MRI) and "“F-
fluorodeoxyglucose (FDG)-positron emission tomography
(PET) combined with computed tomography (CT) as sensi-
tive and noninvasive diagnostic modalities for neurolym-
phomatosis, which may be useful alternatives to a bi-
opsy (2, 3).

Burkitt lymphoma is a highly aggressive B-cell non-
Hodgkin lymphoma characterized by translocation between
the MYC gene on chromosome 8 and the IGH gene on
chromosome 14, the IGK gene on chromosome 2, or the
IGL gene on chromosome 22. Burkitt lymphoma often in-
volves extra-nodal sites including the central nervous sys-
tem, ileocecal region, ovaries, and kidneys (4). Bone marrow
involvement (up to 70%) and leptomeningeal involvement
(up to 40%) are common findings at the diagnosis (5-8), and
central nervous system prophylaxis measure-combined sys-
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temic chemotherapy is recommended. The 2-year event-free
survival range for these regimens is 64-95%.

Adult T-cell leukemia (ATL) is defined as a peripheral T-
cell neoplasm associated with infection of human T-cell leu-
kemia virus type 1 (HTLV-1), according to the World Health
Organization classification 2008. Acute-type ATL is the
most aggressive of four variants (smoldering type, chronic
type, lymphoma type, and acute type), and the characteristic
clinical presentations are organomegaly, lymphadenopathy,
an elevated lactate dehydrogenase level, hypercalcemia, and
circulating malignant cells (4). It was reported that central
nervous system involvement was more common in ATL than
in other lymphoma types (9). The median survival rate with
an aggressive combination regimen is 13 months, and the
overall survival rate at 3 years is 24% (10).

Both entities of aggressive lymphoma can recur in the
central nervous system, at which point they often not only
spread into the cerebrospinal fluid and attach to the menin-
ges, or coat nerve fibers (lymphomatous meningitis), but
also infiltrate into the peripheral and cranial nerves (neuro-
lymphomatosis).

We herein report two rare cases of sudden onset of dys-
phasia and fatal respiratory distress attributed to neurolym-
phomatosis that was diagnosed with "F-FDG PET.

Case Reports

Case 1

A 39-year-old man was referred to our hospital because
of malignant lymphoma that was diagnosed after a biopsy of
the stomach. The patient presented to our outpatient unit
with a stomach ache and anorexia. A physical examination
revealed no epigastric tenderness but did show hypoesthesia
of the right lower quadrant abdomen and back (at the levels
of Th10-Th12) and the distal portion of the left arm. Con-
trast CT showed soft tissue density in the hilus of the right
kidney, the upper portion of the right ureter, the pancreatic
tail, the area between the left clavicle and the right interver-
tebral foramen, along the right iliopsoas, and the root of the
superior mesenteric artery. “F-FDG PET/CT showed an in-
tense uptake in the above lesions and the bilateral testes and
a weak uptake around the pancreas tail and along the right
ileopsoas, suggesting lymphoma lesions.

The white blood count was 8,400/uL, the alanine trans-
ferase level was 67 IU/L (standard range, 8-40 IU/L), the
aspartate transferase level was 34 IU/L (standard range, 8-40
IU/L), the lactate dehydrogenase level was 516 IU/L (stan-
dard range, 120-250 IU/L), the alkaline phosphatase level
was 578 TU/L (standard range, 100-340 IU/L), the creatinine
level was 0.79 mg/dL (standard range, 0.4-0.8 mg/dL), the
blood urea nitrogen level was 14.7 mg/dL (standard range,
8-20 mg/dL), and the soluble interleukin 2 receptor level
was 3,183 IU/mL (standard range, 220-530 IU/mL). A histo-
logical examination of the stomach revealed a diffuse mo-
notonous pattern of middle-sized lymphocytes whose nuclei

were round with dispersed chromatin. Immunohistochemical
staining revealed that the abnormal lymphocytes were posi-
tive for CD10, CD20, and Ki-67 (98%) and were negative
for BCL2. Fluorescence in situ hybridization revealed that
the lymphocytes were positive for split signals of the chro-
mosomal region 8q24 (Vysis® LSI MYC Break Apart Rear-
rangement Probe Kit, Abbott, Abbottpark, USA). In the
cerebrospinal fluid, CD5-, CD10+, CD19+, CD20+, and A+
abnormal lymphocytes were found, and a polymerase chain
reaction detected monoclonal rearrangement of immuno-
globulin heavy chain. Meningeal dissemination of the lym-
phoma was suspected; thus, stage IV Burkitt lymphoma was
diagnosed.

Following the infusion of 80 mg of methylprednisolone, a
hyperfractionated cyclophosphamide, vincristine, adriamycin,
and dexamethasone plus rituximab regimen with alternating
high-dose methotrexate and cytarabine (HD-MA) and con-
current intrathecal infusion of methotrexate, cytarabine, and
prednisolone was started. Following one cycle of chemother-
apy (on day 44 after the diagnosis), no significant "F-FDG
uptake in the abovementioned lesions was found, and abnor-
mal lymphocytes disappeared from the cerebrospinal fluid.
However, during the second cycle, abnormal lymphocytes
reappeared in the cerebrospinal fluid.

The patient complained of hoarseness on day 68; how-
ever, the hoarseness improved spontaneously after a few
days. On day 98, blurred vision in the left eye arose and
gradually worsened. Contrast MRI revealed left optic nerve
thickening, which was considered to reflect the involvement
of the lymphoma. Loco-regional radiotherapy of the left op-
tic nerve was started on day 102 with palliative intent. At
that time, hoarseness recurred, and laryngoscopy showed bi-
lateral vocal cord semi-paralysis. PET/CT on day 106
showed an uptake in the macule of the left eye, along
the left jugular vein [maximum standardized uptake value
(SUVmax), 19.6], at the left roots of the nerves at C4/5 and
C5/6 (SUVmax, 13.4), and along the recurrent nerve at the
arch of the aorta (Fig. 1a-d). The following day, the hoarse-
ness worsened with onset of dysphagia and left shoulder
pain. Despite loco-regional radiotherapy for the aorta and
the left roots of the nerves at C4-C6, his symptoms deterio-
rated rapidly. He lost left-sided visual activity within a few
days and died of systemic lymphoma invasion and bacterial
pneumonia on day 138.

An autopsy showed a substantial invasion of abnormal
lymphocytes into the neural fascicles of the left brachial
plexus and bilateral cranial nerves comprising the optic,
oculomotor, trochlear, trigeminal, abducens, facial, vestibulo-
cochlear, glossopharyngeal and vagus nerves (Fig. 1g-j). The
histopathology at the diagnosis is shown in Fig. le-f. In the
brachial plexus, abnormal lymphocytes invaded diffusely
among the neural nerves. In the brain, there were abnormal
lymphocytes in the perivascular and parameningeal spaces,
but not in the parenchyma. The left recurrent nerve with the
“F-FDG uptake at the aortic arch could not be identified on
the autopsy. Postmortem histopathology revealed other in-
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Figure 1. a) ®F-FDG PET in the maximum intensity projection, b) PET/CT fusion images showing
the right vagal nerve involvement, shown as a linear uptake, ¢) PET/CT fusion images at the levels of
the mesopharynx and d) arch of the aorta. White and black arrows represent the *F-FDG uptake in
the right vagus nerve and left recurrent nerve. e) A pathological study at the diagnosis of the stomach
[Hematoxylin and Eosin (H&E) staining, 20x], f) A pathological study at the diagnosis of the stomach
(CD10 staining, 20x), g) A pathological study at the diagnosis of the stomach (Ki-67, 20x). h) A post-
mortem pathological study of the right vagus nerve (originating portion from the medulla) (H&E
staining, 10x), i) A postmortem pathological study of the right vagus nerve (originating portion from
the medulla) showing abnormal lymphocyte involvement around the vessels and into the nerve fiber
bundle (H&E staining, 40x), j) A postmortem pathological study of the same specimen as in h, show-
ing obviously stained lymphocytes (CD20, 40x). “v”’ denotes vessels in the tissue.
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Figure 2. The clinical course of Case 1, including the symptoms, the treatment, and the laboratory
data. Hyper-CVAD: hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexametha-
sone regimen, HD-MTX/Ara-C: high-dose methotrexate and cytarabine regimen, RT: radiotherapy,
PET/CT: positron emission tomography combined with computed tomography, LDH: leucine dehy-

drogenase

volved organs, including the liver, kidneys, ureter, testis, and
pituitary gland. The clinical course of Case 1 is shown in
Fig. 2.

Case 2

A 48-year-old woman was referred to our hospital be-
cause of edematous erythema of the chest, back, and thighs
that was refractory to topical steroid ointment. CT showed
enlarged lymph nodes in the neck, axillae, lesser curvature
of the stomach, and periaortic and inguinal regions. The
white blood cell count was 27,100/uL, of which 80% were
lymphocytes with hyperlobulated nuclei. Flow cytometric
immunophenotyping showed the lymphocytes were CD4+,
CD7-, CDS8-, CD25+, and CD26-. Serum HTLV-1 antibody
was positive, and Southern blotting revealed monoclonal in-
tegration of the HTLV-1 provirus genome, confirming the
diagnosis of acute-type ATL.

After two courses of an intensive chemotherapy regimen
comprising cyclophosphamide, adriamycin, vincristine, vin-
blastine, ranimustine, etoposide, paraplatin, and predniso-
lone (8), the involved nodes shrank, and the rash promptly
resolved. Around day 90 after the diagnosis, the skin lesion
recurred, accompanied by dysesthesia of the feet and diplo-
pia of the right eye. A cerebrospinal fluid analysis showed
central nervous system involvement, as manifested by the

presence of atypical lymphocytes with the same im-

munophenotype as at the first presentation. After just two
courses of high-dose methotrexate, the symptoms were tem-
porarily ameliorated; however, around day 110 after the di-
agnosis, there was new onset of dysesthesia of the hands,
which extended proximally. On day 114 after the diagnosis,
the patient complained of hoarseness and sudden breathing
difficulty. Laryngoscopy showed bilateral immotile folds,
and bilateral vocal cord paralysis was diagnosed, with emer-
gency tracheotomy performed. MRI of the brain and spinal
cord was unremarkable. A cerebrospinal fluid sample was
not obtained because we did not receive consent from the
patient. However, "F-FDG PET demonstrated a significant
FDG uptake in the sciatic and iliac nerves, lower cervical
nerve plexuses, pituitary gland, skin, mammary glands, and
region along the recurrent nerves (Fig. 3). On day 134 after
the diagnosis, the patient died because of hypopnea due to
paralysis of the respiratory muscles. An autopsy was not
performed. The clinical course of Case 2 is shown in Fig. 4.

Discussion

The rare involvement of abnormal lymphocytes with bilat-
eral vagus nerves causing vocal cord paralysis was found in
the postmortem histopathology of Case 1. To our knowl-
edge, this is the first case of bilateral vocal cord paralysis
due to neurolymphomatosis where the histologic findings
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Figure 3.

a) ®F-FDG PET in the maximum intensity projection and b) PET/CT fusion images at the

levels of the mesopharynx and c) arch of the aorta. The arrows represent the *F-FDG uptake in the

right vagus nerve and left recurrent nerve of Case 2.
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Figure 4. The clinical course of Case 2, including the symptoms, the treatment, and the laboratory
data. VCAP-AMP-VECP: cyclophosphamide, adriamycin, vincristine, vinblastine, ranimustine, eto-
poside, paraplatin and prednisolone regimen, MTX: methotrexate, Ara-C: cytarabine, ATL: adult

T-cell leukemia

are shown.

It is often challenging to diagnose neurolymphomatosis
due to its non-specific presentation and the low sensitivity
of the modalities available for diagnosis. The clinical pres-
entation was described by Gan et al. (1) as follows: the
painful involvement of nerves or roots, cranial neuropathy

with or without pain, the painless involvement of peripheral
nerves, and the painful or painless involvement of a single
peripheral nerve. Neurolymphomatosis is highly suspected
including plexopathy,
mononeuritis multiplex, footdrop, radiculopathy, and cranial
nerve palsy. However, diverse differential diagnoses should

upon presentation of conditions
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be considered, such as leptomeningeal lymphomatosis, nerve
damage from herpes zoster, chemotherapy-induced neuropa-
thy, nerve root compression, radiotherapy-induced neuropa-
thy, lymphoma-associated vasculitis, and paraneoplastic syn-
drome.

The available diagnostic modalities for neurolymphomato-
sis other than a biopsy are a cerebrospinal fluid analysis and
imaging, including MRI and "F-FDG PET. Some studies
have reported that “F-FDG PET may be more sensitive than
MRI based on a systematic review (9, 10). For example,
Baehring et al. reported that the sensitivity of MRI for neu-
rolymphomatosis detection was 40% (3), whereas Grisariu et
al. reported that the sensitivities of MRI and "F-FDG PET
were 78% and 87.5%, respectively (11). The sensitivity of
"F-FDG PET is not 100%; as such, a multidisciplinary ap-
proach for an accurate diagnosis in patients with highly sus-
pected neurolymphomatosis is warranted.

In Case 1, "F-FDG PET showed a linear uptake along the
right vagus nerve running down into the carotid artery
sheath and the left recurrent nerve at the level of the aortic
arch. The autopsy histopathology showing involvement of
the liver, kidney, and other regions with abnormal lympho-
cytes was discordant with the "F-FDG PET findings. This is
likely due to the time gap between the "F-FDG PET imag-
ing and the autopsy.

In Case 2, while MRI did not demonstrate findings of
neurolymphomatosis, such as abnormal enhancement and
thickness of the involved nerves, *F-FDG PET showed an
uptake at part of the right vagus nerve running down into
the right carotid artery sheath and at part of the left recur-
rent nerve at the level of the aortic arch.

In conclusion, we found that "F-FDG PET/CT is useful
for the differential diagnosis of bilateral vocal cord paralysis
in aggressive lymphoma patients, even when MRI is unre-
vealing, and that bilateral vocal cord paralysis due to neuro-
lymphomatosis can be very aggressive and fatal if the causa-
tive hematological malignancy is resistant to treatment, in-
cluding chemotherapy and radiation therapy.
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