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Abstract
Objective To examine the MRI and 18F-FDG PET/CT imaging characteristics of peripheral neurolymphomatosis.
Materials and methods All institutional cases of neurolymphomatosis with an MRI or 18F-FDG PET/CT from 2000 to 2017
were retrospectively reviewed. Included cases were biopsy-proven neurolymphomatosis or lymphoma patients with clinical and
imaging evidence of neurolymphomatosis that resolved after chemotherapy. Multiple imaging parameters and clinical charac-
teristics were recorded.
Results There were 27 cases of B-cell neurolymphomatosis in 25 patients (18 M, 7 F; mean age 64.6 ± 10.0 years). Of the total
cases, 85% (23/27) were biopsy-proven. Most were diagnosed after disease progression or recurrence (20/27, 74%), and
presented with isolated nerve involvement (18/27, 67%). Bone marrow biopsy (17/19, 89%) and CSF cytology (16/23, 70%)
were usually negative. On 18F-FDG PET/CT, neurolymphomatosis presented as a linear or fusiform (23/26, 88%), FDG-avid
(average SUVmax: 7.1 ± 4.5, range, 1.5–17.0) mass, and onMRI as a T2-weighted hyperintense (21/22, 95%), enhancing (21/22,
95%), linear or fusiform mass (19/22, 86%), with associated muscle denervation (14/22, 64%). FDG avidity was significantly
higher in patients with muscular denervation on MRI (mean SUVmax 8.2 ± 4.6 vs. 4.3 ± 2.3, p = 0.04).
Conclusions B-cell neurolymphomatosis most commonly manifests as T2-weighted hyperintense, enhancing linear or fusiform
neural enlargement associated with muscular denervation on MRI, with intense FDG activity on PET/CT. It is most often an
isolated site of disease, presenting after progression or recurrence. A familiarity with the imaging appearance of
neurolymphomatosis can help refine the differential diagnosis, direct biopsy, and aid in accurate diagnosis.
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Introduction

Neurolymphomatosis (NL) is an uncommon disease charac-
terized by infiltration of the nervous system by lymphoma.
Given the disease’s rarity and complex diagnosis, its preva-
lence can only be estimated and ranges from 0.2% of all cases
of NHL to 3% of new intermediate or high-grade cases [1, 2].
NL is most frequently associated with B-cell non-Hodgkin’s

lymphoma (NHL), though cases of non-B-cell NL have been
reported [3–7]. In most patients, NL presents after several
courses of treatment, and it is uncommonly a primary mani-
festation of lymphoma [3, 8].

Patients generally present with a painful neuropathy of
the affected peripheral nerve [8, 9]. Diagnosis can be chal-
lenging given variable presenting symptoms [2, 4, 5, 9–13],
the large differential diagnosis [14], and because cerebro-
spinal fluid (CSF) cytology and bone marrow biopsy are
often negative [10, 11]. Additionally, the gold standard of
nerve biopsy is invasive and carries a risk of permanent
nerve damage [9, 12]. Therefore, imaging can play an im-
portant role in prompt diagnosis, help avoid unnecessary
nerve biopsies, and also guide fascicular biopsy by identi-
fying the highest yield target. Given the rarity of the disease,
there has been minimal publication describing the imaging
characteristics of NL, most of these being case reports [3,
15]. With the increasing use of MRI and 18F-FDG PET/CT
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in the evaluation of peripheral nervous system disorders,
NL is increasingly being recognized [16]. Our aim was to
evaluate the MRI and 18F-FDG PET/CT imaging character-
istics of peripheral neurolymphomatosis.

Materials and methods

With IRB approval, our institutional MRI and 18F-FDG PET/
CT databases were searched for cases of NL from 01/01/2000
to 12/31/2017. All cases where NL was mentioned in an MRI
or 18F-FDG PET/CT radiology report, pathology report, or
clinic note were initially included in the cohort. Cases where
NLwasmentioned as a pertinent negative were then excluded.
This cohort was reviewed and only patients with biopsy-
proven NL or patients with biopsy-proven lymphoma at other
sites with clinical and imaging evidence of NL that resolved
on follow-up imaging after chemotherapywere included.MRI
and 18F-FDG PET/CT imaging characteristics were then eval-
uated by a board-certified radiologist with experience in both
musculoskeletal MRI and PET/CT interpretation.

PET/CTs (Discovery RX, 690, or 710; GE Healthcare,
Waukesha, WI, USA) were performed according to the stan-
dard clinical protocol. Weight, height, and blood glucose
levels were recorded for all patients. All patients had a blood
glucose level of less than 200 mg/dl and were injected with
10–15 mCi of 18F-FDG, with an incubation period of 60-
70 min. The amount of injected radioactivity was routinely
measured by means of quantifying the radioactivity within
the syringe before and after injection or with an automated
injection system (Medrad® Intego PET infusion system,
Bayer Healthcare, Whippany, NJ, USA). Patients were im-
aged covering at least from orbits to midthighs, (3D or 2D
OSEM without TOF, two iterations, Gaussian post-filter
smoothing with a full width at half maximum of 7 mm,
128 × 128 matrix, 3–5 min per bed position depending on
BMI). Low-dose helical CT images were obtained for attenu-
ation correction and anatomic localization.

All MRI examinations (SignaHDxt, Optima 450/450 W, or
Discovery 750/750 W; GE Healthcare, Waukesha, WI, USA)
were performed at either 1.5- or 3.0-Tesla with multiplanar T1-
weighted (3–4 mm, TR/TE 700-900/minimum ms), fat-
suppressed intermediate T2-weighted (3–4 mm, TR/TE 3000-
6000/50), and post-gadolinium spoiled gradient (SPGR) (3–
4 mm, TR/TE 100- 200/minimum ms) or fat-suppressed T1-
weighted (3–4 mm, TR/TE 700-900/minimum ms) sequences
with FOVand matrix size varying by lesion location.

MIM software (MIM Software Inc., Cleveland, OH, USA)
was used for PET/CTanalysis. 18F-FDGPET/CT imaging char-
acteristics included SUVmax, morphology of abnormal FDG
activity (linear, nodular, fusiform), maximal dimensions of
nerve abnormality, site of disease, and presence of other sites
of disease. Examples of other sites of disease included lymph

nodes, spleen, bone, or other peripheral nerves, and these sites
were considered positive if metabolic activity exceeded that of
the liver. MRI imaging characteristics included signal intensity
on T1- and T2-weighted images (hypointense, isointense, hy-
perintense), enhancement pattern (solid, heterogeneous, non-
enhancing), enhancement avidity (avid, moderate, mild, non-
enhancing), morphology (linear, fusiform, nodular), and asso-
ciated changes of muscle denervation (determined by the pres-
ence of increased T2-weighted signal, atrophy, and fatty re-
placement in muscles supplied by the involved nerve).
Determination of signal intensity on T1 and T2-weighted im-
ages was compared to adjacent skeletal muscle.

The electronic medical record was searched and various
other data were collected and analyzed, including patient
age, gender, nerve biopsy results, bone marrow biopsy results,
CSF analysis, history of prior treatment for lymphoma, and
history of previous disease remission. The electronic medical
record was also reviewed to assess for the presence of neopla-
sia other than lymphoma.

Statistical analysis was performed using JMP software on a
Mac (JMP Pro, version 11.2.1, SAS Institute Inc.).
Continuous variables are expressed as mean ± SD.
Categorical variables are presented with absolute and relative
frequencies. P values for between-group comparisons of con-
tinuous data were calculated from Kruskal–Wallis one-way
analysis of variance (ANOVA). Statistical significance was
established for P values of less than 0.05.

Results

Our search identified 27 cases from 25 unique patients with an
average age of 64.6 ± 10.0 years (range, 47-87 years). Two
patients had two separate sites of NL involvement that occurred
greater than 1.5 years apart, with intervening disease remission.
There were 18 males and seven females. 18F-FDG PET/CTwas
performed in 26/27 cases (96%) andMRI was performed in 22/
27 cases (81%). NL was proven by nerve biopsy in 23/27 cases
(85%). Pathologic analysis of the biopsied nerve or histopathol-
ogy from other sites (bone marrow, CSF, lymph node, solid
organ, soft tissues) confirmed that all 27 cases were B-cell
lymphoma; including 23/27 diffuse large B-cell lymphoma
(85%), 2/27 mucosa-associated lymphoid tissue (MALT) lym-
phoma (7%), 1/27 low-grade B-cell lymphoma not otherwise
specified (4%), and 1/27 mantle cell lymphoma (4%). No pa-
tient had a neoplasia other than lymphoma. Locations of NL
involvement included 14/27 brachial plexus (52%) (Figs. 1 and
2), 7/27 sciatic nerve (26%) (Figs. 3 and 4), 5/27 lumbosacral
plexus (19%), and 1/27 femoral nerve (4%) (Fig. 5). As part of
staging, bone marrow biopsy was obtained in 19/27 cases
(70%), and was negative in 17/19 cases (89%), whereas CSF
analysis was obtained in 23/27 cases (85%), and was negative
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in 16/23 (70%). A peripheral nerve was the sole site of disease
in 18/27 cases (67%).

Treatment was administered at any point prior to imaging
in 20/27 cases (74%); 7/27 cases (26%) had no prior history of
lymphoma, and therefore represented cases of primary NL; in
five of these seven cases, the peripheral nerves were the only
site of involvement. Three of 27 cases (11%) had a document-
ed history of prior peripheral nerve involvement that had re-
solved after therapy. Patients with a history of prior treatment
were deemed to have been in remission at the time of PET/CT
in 11/27 cases (41%). Five of 27 cases (19%) had received
systemic chemotherapy less than 4 weeks prior to PET/CT.

18F-FDG PET/CT morphology was characterized as linear
in 14/26 cases (54%) (Figs. 1 and 5), fusiform in 6/26 (23%)
(Figs. 2 and 3), nodular in 3/26 (12%) (Fig. 4), and mixed
linear/nodular in 3/26 (12%). The average SUVmax was 7.1
± 4.6 (range, 1.5–17.0). There was no significant difference in
SUVmax between patients receiving prior chemotherapy
(mean SUVmax 6.6 ± 4.8) and those without prior treatment
(mean SUVmax 8.3 ± 4.0), p = 0.43; or in patients having
received chemotherapy in the 4 weeks preceding PET/CT
(mean SUVmax 4.2 ± 4.1) versus those without recent therapy

(mean SUVmax 7.8 ± 4.5), p = 0.12. Involvement of other
sites in addition to the peripheral nerves on PET/CTwas pres-
ent in 9/26 cases (35%); lymph nodes were positive in 3/26
(12%), spleen in 2/26 (8%), bone in 2/26 (8%), and various
other locations in 8/26 (31%). These other locations included
the soft tissues, submandibular gland, adrenal gland, lung, and
central nervous system (brain and/or spinal cord). There was
no significant difference in SUVmax between patients with
disease at sites other than the peripheral nerves (mean
SUVmax 8.3 ± 5.1) compared to those with isolated peripher-
al nerve involvement (mean SUVmax 6.4 ± 4.2), p = 0.20.

MRImorphology was characterized as linear in 11/22 cases
(50%) (Figs. 1 and 5), fusiform in 6/22 (27%) (Figs. 2 and 3),
nodular in 3/22 (14%) (Fig. 4), and mixed linear/fusiform in 2/
22 (9%). The average maximum longitudinal dimension of the
neural abnormality was 11.1 ± 5.9 cm (range, 3.5–23.0 cm),
and the average maximum width dimension of the neural ab-
normality was 1.4 ± 0.73 cm (range, 0.5–3.4 cm). T1-
weighted signal intensity relative to skeletal muscle was char-
acterized as hypointense in 14/22 (64%), isointense in 7/22
(32%), and hyperintense in 1/22 (5%). T2-weighted signal
intensity relative to skeletal muscle was characterized as

Fig. 1 A 60-year-old male with biopsy-proven B-cell NL of the left
brachial plexus. FDG PET maximum intensity projection (MIP) (a), cor-
onal MRI (b–d), and coronal fused PET/CT (e). Coronal oblique T1-
weighted (b), T2-weighted fat-suppressed (FS) (c), and post-gadolinium
FS spoiled gradient recalled (SPGR) (d) images demonstrate linear thick-
ening of the left brachial plexus extending from the trunks through cords

(arrows). Corresponding PET images (a, e) demonstrate a focal area of
moderate FDG activity, SUVmax 3.5 (arrows), much more limited in
extent than the MRI abnormality. The information provided by both mo-
dalities was used to guide fascicular biopsy, targeting the most FDG-avid
region
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Fig. 3 A 68-year-old female with MALT lymphoma. FDG PETMIP (a),
coronalMRI (b–c), coronal fused PET/CT (d), and subsequent FDG PET
MIP following chemotherapy (e). Initial PET MIP (a) demonstrates fusi-
form increased FDG activity (SUVmax 5.1) along the course of the right
sciatic nerve (arrows) and focal increased FDG activity in the left sciatic
nerve (arrowhead). Sagittal T2-weighted FS (b) and post-contrast FS

SPGR (d) images demonstrate fusiform enlargement, increased T2-
weighted signal, and enhancement of the right sciatic nerve (arrows).
PET MIP obtained 16 months after the initial scans and 14 months after
completion of chemotherapy (e) demonstrates complete metabolic
response

Fig. 2 A 51-year-old female with biopsy-proven diffuse large B-cell NL
involving the right brachial plexus. FDG PET MIP (a), coronal MRI (b–
c), coronal oblique CT (d), and coronal fused PET/CT (e). FDG PET
images demonstrate fusiform thickening of the right brachial plexus, ex-
tending from the nerve roots through terminal branches (a, arrow) with
intense FDG activity, SUVmax 12.7. There are several other areas of

FDG avid peripheral nerve involvement (arrowheads, a). Coronal
oblique T2-weighted FS (b) and post-contrast FS SPGR (c) images dem-
onstrate thickening, T2-weighted hyperintensity and enhancement of the
right brachial plexus (arrows). Coronal oblique CT (d) and fused FDG
PET/CT images (e) demonstrate neural thickening and intense FDG ac-
tivity (arrows)
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hyperintense in 21/22 (95%) and isointense in 1/22 (5%). The
enhancement pattern was solid in 15/22 (68%), heterogeneous
in 6/22 (27%), and non-enhancing in 1/22 (5%). The enhance-
ment avidity was characterized as avid in 15/22 (68%), mod-
erate in 4/22 (18%), and mild in 3/22 (14%). Associated
changes of muscle denervation, including increased T2-
weighted signal, atrophy, and fatty replacement were present
in 14/22 cases (64%) (Figs. 4 and 5). There was no significant
difference in the length of neural abnormality on MRI be-
tween those patients with muscular denervation and those
without (mean SUVmax 10.4 ± 5.2 vs. 15.0 ± 6.4 cm, p =
0.08). FDG avidity in involved nerves was significantly
higher in those patients with evidence ofmuscular denervation
on MRI versus those without denervation changes (mean
SUVmax 8.2 ± 4.6 vs. 4.3 ± 2.3, p = 0.04).

Discussion

NL affects the peripheral nerves, nerve roots, plexuses, or
cranial nerves and typically manifests as a neuropathy. Most
frequently NL occurs in the setting of known lymphoma, and
less frequently as a primary manifestation of lymphoma [3, 8].
In a large single-center study, Davidson et al. found that 79%

of their patients were diagnosed with NL after known lym-
phoma recurrence or progression, which is similar to 74% of
patients in our study [15].

The diagnosis of NL can be challenging, as CSF and
bone marrow analyses are frequently negative [10, 11]. In
keeping with the literature, only 11% of patients with bone
marrow biopsies and 30% of patients with CSF analysis
were positive for lymphoma in this study. Given that other
diagnostic tests are often negative, imaging has an impor-
tant role in prompt and accurate diagnosis. One way imag-
ing can expedite the diagnosis is by establishing a target for
nerve biopsy. UsingMRI to guide fascicular brachial plexus
biopsies, Laumonerie et al. demonstrated an increased diag-
nostic yield [17]. Similarly, Capek et al. demonstrated a higher
diagnostic yield of sciatic nerve biopsies using MRI to guide
location [18]. In some cases, the extent of FDG activity was
less extensive than the signal abnormality onMRI, potentially
due to small volume disease and decreased spatial resolution
of PET compared to MRI. Thus information from both exams
could be used to better guide fascicular biopsy when com-
pared to either modality alone (Fig. 1).

NL has a characteristic appearance on 18F-FDG PET/CT. It
generally presents as a linear or fusiform FDG-avid mass,
following a neuronal path (Figs. 2, 3, and 5) [19, 20]. While

Fig. 4 A 74-year-old male with biopsy-proven diffuse large B-cell NL of
the right sciatic nerve. FDG PET MIP (a), axial MRI (b–d), and axial
fused PET/CT (e). PET images (a, e) demonstrate intense nodular FDG
activity (SUVmax 15.8) involving the right sciatic nerve at the level of the
sciatic notch (arrows), and no other areas of lymphoma. Axial T1-

weighted (b), T2-weighted FS (c), and post-contrast FS SPGR (d) images
demonstrate nodular enlargement of the proximal right sciatic nerve with
increased T2-weighted signal and enhancement (arrows). Denervation
changes are present in the right gluteus maximus muscle (arrowheads)
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FDG activity can be variable (SUVmax range 1.5–17.0), NL
is most often quite FDG-avid (average SUVmax 7.1).
Davidson and colleagues found a nearly identical average lev-
el of metabolic activity (SUVmax 7.1, range, 2.3-10.8) as the
patients in our cohort [15]. Salm et al. showed that NL has a
tendency to affect the brachial and lumbar plexuses, peripheral
nerves of the extremities, and the trigeminal nerve root [3].
Our findings were in agreement with the majority of cases
affecting the brachial plexus (52%) (Figs. 1 and 2), and the
remaining affecting the sciatic nerve (26%) (Figs. 3 and 4),
lumbosacral plexus (19%), and femoral nerve (4%) (Fig. 5).

While NL is often diagnosed after disease progression or
recurrence, in 67% of cases it was the only site of lymphoma
at time of diagnosis. In patients without a history of treatment
undergoing staging PET/CT, the peripheral nerves were the
only site of involvement in 71% cases. Davidson et al. report-
ed similar findings, with 63% of their patients presenting with
single neural site involvement [15]. Prior studies have shown
that nerves may act as a Bsafe lymphoma haven^, as chemo-
therapeutic agents cannot cross the blood–nerve barrier [21].
Of our patients with a history of prior treatment, the peripheral
nerves were the only site of relapse in 65%, and only 23% of
these patients had a prior history of NL, supporting this con-
cept. Therefore, when it occurs, NL is often the only site of
lymphomatous involvement, independent of a history of prior
treatment or of prior NL. Thus, even though NL is rare, those

interpreting PET/CT should be aware of its presence, PET/CT
appearance, and often-isolated nature.

The MRI findings of NL are even less well described in the
literature. Several studies have shown that NL generally ex-
hibits diffuse enlargement of the peripheral nerves or plexus,
frequently with multifocal nodularity and T2-weighted
hyperintensity [22–24]. Grisariu et al. found that the MRI
findings of NL were nonspecific and included plexus or nerve
enlargement with or without contrast enhancement [9].
Multiple other studies have described intense enhancement
on post contrast T1-weighted images [23–26]. Capek et al.
described a characteristic Btumefactive appearance^ of NL
as well as other hematologic malignancies including leukemia
and plasmacytoma [27]. They defined a tumefactive appear-
ance as complex, fusiform, T2-weighted hyperintense, cir-
cumferential tumor masses encasing the involved peripheral
nerves. Our MRI findings were generally in keeping with the
literature. Characteristic findings included T2-weighted
hyperintensity (95%), enhancement (95%), and linear or fusi-
form thickening (86%) of the involved nerves. Associated
changes of muscle denervation were present in the majority
of cases (64%) (Fig. 4). Interestingly, we found significantly
higher FDG activity on PET/CT in patients with evidence of
muscular denervation on MRI than those without (mean
SUVmax 8.2 vs. 4.3, p = 0.04), perhaps signaling more ag-
gressive disease in patients with muscular denervation.

Fig. 5 A 66-year-old male with biopsy-proven diffuse large B-cell NL of
the right femoral nerve. FDG PET MIP (a), coronal MRI (b–c), coronal
fused PET/CT (d), axial MRI (e–f), and axial fused PET/CT (g). PET
MIP image (a) shows an isolated site of intense linear FDG activity in the
right pelvis (arrow). Oblique coronal and axial T2 FS (b, e), post-contrast

FS SPGR (c, f), and fused PET/CT (d, g) images demonstrate linear
enlargement, increased T2 signal, avid enhancement, and intense FDG
activity (SUVmax 11.4) of the right femoral nerve (arrows). Note the
associated denervation changes (arrowheads) of the right iliacus muscle
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The diagnosis of NL is challenging, as there are many
clinical differential diagnoses to consider. These include
lymphoma-associated vasculitis, paraneoplastic neuropa-
thy, peripheral nerve tumors, compressive neuropathy, radi-
ation and chemotherapy induced neuropathy, and infection
[2, 3, 8, 10, 14, 24]. The imaging characteristics of these
various conditions can overlap, however the longitudinal
extent, intense contrast enhancement on MRI, and degree
of FDG-avidity of NL can lead to the correct diagnosis in the
proper clinical context.

Limitations of the study include the small sample size and
retrospective nature. Specifically, the limited number of pa-
tients in the subgroup analyses may be too small to reach
statistical significance. Additionally, not all patients
underwent both PET/CT and MRI. Patients with NL that did
not resolve after chemotherapy were not included in the study,
and their imaging findings might differ from those in this
cohort. Another potential limitation is that more aggressive
subtypes of B-cell NL may have been overrepresented.
Future imaging studies including NL secondary to low-grade
B-cell lymphomas and T-cell lymphomas would help to elu-
cidate the full spectrum of this rare condition.

Conclusions

NL is a rare disease and a challenging diagnosis, as CSF and
bone marrow analyses are frequently negative and numerous
differential clinical diagnoses must be considered. The present
study better defines the MRI and 18F-FDG PET/CT imaging
characteristics of NL, which most commonly manifests as T2-
weighted hyperintense, enhancing linear or fusiform neural
enlargement associated with muscular denervation on MRI,
with intense FDG activity on PET/CT. It is most often an
isolated site of disease, presenting after progression or recur-
rence. A familiarity with the imaging appearance of NL can
help refine the differential diagnosis, direct biopsy, and aid in
accurate diagnosis.
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