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Abstract
Objective In neurolymphomatosis (NL), the affected nerves are
typically described to be enlarged and hyperintense on T2W
MR sequences and to avidly enhance on gadolinium-enhanced
T1WI. This pattern is highly non-specific. We recently became
aware of a Btumefactive pattern^ of NL, neuroleukemiosis
(NLK) and neuroplasmacytoma (NPLC), which we believe is
exclusive to hematologic diseases affecting peripheral nerves.
Materials and methods We defined a Btumefactive^ appear-
ance as complex, fusiform, hyperintense on T2WI, circumfer-
ential tumor masses encasing the involved peripheral nerves.
The nerves appear to be infiltrated by the tumor. Both struc-
tures show varying levels of homogenous enhancement. We
reviewed our series of 52 cases of NL in search of this pattern;
two extra outside cases of NL, three cases of NLK, and one
case of NPLC were added to the series.
Results We identified 20 tumefactive lesions in 18 patients (14
NL, three NLK, one NPLC). The brachial plexus (n=7) was
most commonly affected, followed by the sciatic nerve (n=6)
and lumbosacral plexus (n=3). Four patients had involvement of
other nerves. All were proven by biopsy: the diagnosis was high-

grade lymphoma (n=12), low-grade lymphoma (n=3), acute
leukemia (n=2), and plasmacytoma (n=1).
Conclusions We present a new imaging pattern of
“tumefactive” neurolymphomatosis, neuroleukemiosis, or
neuroplasmacytoma in a series of 18 cases. We believe this
pattern is associated with hematologic diseases directly in-
volving the peripheral nerves. Knowledge of this association
can provide a clue to clinicians in establishing the correct
diagnosis. Bearing in mind that tumefactive NL, NLK, and
NPLC is a newly introduced imaging pattern, we still recom-
mend to biopsy patients with suspicion of a malignancy.
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PET/CT Positron emission tomography/
computed tomography

Introduction

Hematologic disorders affecting peripheral nerve represent a
curious group of disorders that are frequently misdiagnosed
and underdiagnosed. Neurolymphomatosis (NL), lymphoma-
tous infiltration of peripheral nerves, though rare, is more com-
mon than widely considered, with reported series up to 50 cases
[1]. It occurs predominantly in patients with intermediate or
high-grade forms of non-Hodgkin’s lymphoma (NHL), and
most frequently in patients with diffuse large B-cell lymphoma
(DLBCL) [2]. Its relative incidence is not well studied, but is
estimated to represent 10 % of primary lymphoma of the ner-
vous system (0.2 % of all NHL), and to occur in 0.9–3 % of
patients with intermediate or high-grade NHL [2, 3].
Neuroleukemiosis (NLK) is a rarely reported manifestation of
leukemia with only individual case reports or small series report-
ed. The same is true for exceedingly rare plasmacytoma affect-
ing peripheral nerves (we propose the term neuroplasmacytoma,
NPLC). Symptoms from any of these hematologic malignancies
can vary greatly, ranging from asymptomatic involvement to
complete nerve palsy with or without neuropathic pain. Based
on the localization, the neurologic deficit can be further

subclassif ied ranging from polyradiculopathy or
polyneuropathy to cranial neuropathy or mononeuropathy [2,
4–7]. The diagnosis of NL or other hematologic malignancies
can be enigmatic, especially in primary disease. MRI plays a
crucial role in the evaluation of peripheral nervous diseases: it
helps to not only better localize the disease (and improve the
yield of a targeted biopsy) but can also give valuable clues to
identify the etiology. For the most common of these disorders,
the nerves are typically described to demonstrate different levels
of enlargement, hyperintensity on T2W sequences, and to en-
hance after intravenous contrast (Fig. 1a,b). This appearance is
non-specific and can be seen in inflammatory (Fig. 1c), toxic, or
radiation injury or in other benign or malignant neurogenic
(Fig. 1d) or non-neurogenic tumors.

The aim of this work is to report a recently recognized
radiologic (MRI and ultrasound) appearance, resulting in a
Btumefactive^ pattern of peripheral nerve lesions in a sub-
group of patients with hematologic malignancies.

Materials and methods

After securing an institutional review board approval,
our institutional series of all cases of NL (n=52) diag-
nosed between 1998 and 2014 was retrospectively
reviewed. Only cases with high-resolution MRI, which

Fig. 1 A similar appearance of
different conditions. A sagittal
T2W fat-suppressed (T2 FS) MR
image (a) demonstrating a large
and hyperintense left brachial
plexus in a patient with NL, a
pattern typically described, but
non-specific. An axial
gadolinium-enhanced spoiled
gradient recall echo (SPGR)
image (b) of a different patient
with NL shows an enlarged and
avidly enhancing left sciatic nerve
(b, arrowhead); again, an
appearance typical, but not
specific for NL. Similar
characteristics are demonstrated
in other entities such as chronic
inflammatory demyelinating
polyneuropathy (c, T2 FS MRI;
arrowhead) or a sarcoma
extending from the brachial
plexus to the spinal nerves (d,
gadolinium-enhanced SPGR
image; arrowheads)
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allowed for detailed neural anatomy, were included (n=
41). Cases without MRI studies or with low-quality
MRI were excluded (n=11), although four cases of the-
se were suggestive of the tumefactive appearance. These
are discussed in the Discussion section. Three extra
cases of NLK and one case of NPLC were provided
by the senior author (RJS) and two more cases of NL
by co-authors (MNHB, CM). These cases were added to
the series based on their known appearance. All cases
were histologically proven. Demographic (sex, age) and
clinical data (relevant history, time points, symptoms,
imaging finding and biopsy) for each case were collect-
ed. Time-to-symptoms is defined as time from the orig-
inal diagnosis to the first occurrence of neurological
symptoms.

All cases were reviewed in detail by a senior musculoskel-
etal radiologist experienced in peripheral nerve imaging
(KKA). All patients were imaged using MRI and only lesions
with tumefactive pattern on MRI were included. We defined
Btumefactive^ pattern as: Bcomplex, fusiform, circumferential
masses encasing the involved peripheral nerves. The masses

are hyperintense on T2W sequences, with intensity equal or
more to the involved nerve, and demonstrate varying degree
of homogenous enhancement on post-gadolinium scans.
The nerves themselves are enlarged, hyperintense on
T2W sequences, and demonstrated enhancement following
intravenous gadolinium. The nerves appear to be infiltrated
by the tumor, causing separation of individual fascicles,
but the fascicles themselves are well preserved.^ Only
cases fulfilling the definition in all aspects were included.
Where available, ultrasound and 18-fluorodeoxyglucose
ositron emission tomography/computed tomography
(FDG PET/CT) findings were recorded, but are considered
additional imaging studies. Similarly, the tumefactive ap-
pearance on ultrasound examination is defined as
hypoechogenic enlarged nerves with preserved fascicular
structure surrounded by a soft tissue mass, which is
isoechogenic to nerve, but hypoechogenic to muscle.
While there is no established absolute SUV threshold in
the literature regarding the diagnosis of NL, normal skele-
tal muscle has been used as an internal reference for in-
creased uptake on FDG PET/CT.

Fig. 2 Imaging of a 67-year-old woman with low-grade (MALT) NL. An
axial T2 FS MR image (a) demonstrates the enlarged tibial and peroneal
portions of the right sciatic nerve surrounded by a hyperintense soft tissue
lymphomatous mass (a, arrowhead). The mass and the nerve show
similar level of enhancement (b, arrowhead) on gadolinium-enhanced
spoiled gradient recall echo (SPGR) sequences (b). An anterio-posterior
FDG PET scan (c) demonstrates elongated/spindle-like foci of increased
uptake in the both lower extremities and in the left upper extremity
suggestive of lymphomatous involvement of the both sciatic nerves and

the left sensory radial nerve (c, arrowheads). A coronal T2 FS image (d)
shows an elongated soft tissue mass (d, arrowheads) located along the
right sciatic nerve (d, arrow). A coronal T2 FS image (e) of the left
forearm demonstrates a soft tissue tumorous mass circumferentially
encompassing the enlarged and hyperintense radial sensory nerve (e,
arrowhead). An intraoperative photograph (f) shows a right sciatic nerve
tumor, whichmacroscopically appeared to be confined to the sciatic nerve
proximally (f, white asterisk), but with extraepineural extension distally
(f, black asterisk)
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A literature search was performed to find other similar
cases. The search was performed using the PubMed and Goo-
gle Scholar search engines, without specified time-frame and
with the main keywords being “neurolymphomatosis”,
“neuroleukemiosis” or “ lymphoma” , “ leukemia” ,
“plasmacytoma” or “myeloma” combined with “neuropathy”.
Only articles with images were reviewed.

Results

We identified 20 Btumefactive^ lesions in 18 patients
(Table 1): in 12/52 cases of the institutional NL series;
in 2/2 outside cases of NL, in 3/3 cases of NLK, and in
1/1 case of NPLC. Three cases (#1, #12, #13) were
previously described elsewhere [8, 9], but in neither of
these reports was the tumefactive appearance appreciat-
ed. The mean age was 64.4 years (range, 47–85 years).
Nine patients were female and nine male. Patients pre-
sented differently: as a recurrence after a period of re-
mission (n=7), as the first symptom of a systemic

disease (n=5), neurological involvement during course
of the disease (n=3), and as primary NL or NLK (n=
3). Ten patients were diagnosed with a hematologic ma-
lignancy prior to presentation: DLBCL was the most
common original diagnosis (n=6); others were mucosa-
associated lymphatic tissue lymphoma (MALT)(n=1),
lymphoplasmacytic lymphoma in the setting of chronic
lymphocytic leukemia (LPL) (n=1), multiple myeloma
(MM) (n=1), and unspecified non-Hodgkin’s lymphoma
(NHL NOS)(n=1). In these patients, the mean time-to-
symptoms was 42.4 months (range, 7–132 months). On
examination, the patients typically presented with weak-
ness (n=15), numbness (n=10), pain (n=10), or pares-
thesias (n=6). Two patients had no neurological symp-
toms and presented with local swelling/mass symptoms.
The brachial plexus (n=7) was most commonly affected,
followed by the sciatic nerve (n=6) and lumbosacral
plexus (n=3). Four patients had involvement of other
nerves.

In addition to MRI, which was available for all 18
patients, FDG PET/CT was available for 17 patients and
ultrasound for one (case #3). FDG PET/CT demonstrated

Fig. 3 Imaging of an 85-year-old woman with high-grade (DLBCL)
neurolymphomatosis. An axial T2 FS image (a) of the right thigh
demonstrates a massively enlarged right sciatic nerve circumferentially
surrounded by a soft tissue mass worrisome for NL (a, the white square
marks details presented in b). The sciatic nerve appears to be infiltrated by
the tumor, but to have preserved fascicular architecture (b, BP^ peroneal
nerve; BT^ tibial nerve; BA^ femoral artery; BV^ femoral vein). A sagittal
T2 FS image (c) demonstrates the same tumorous mass (c, arrowhead)

extending along the sciatic nerve (c, arrow) from the mid-thigh to the
upper calf. The sciatic nerve and the surrounding tumor enhance avidly
on the gadolinium-enhanced SPGR image (d, arrowhead). An axial T2
FS image (e) at the level of the popliteal fossa shows the tumor (e,
arrowhead) encompassing the compressed popliteal artery (e, arrow);
the popliteal vein is not visible due to compression. A coronal FDG
PET (f) scan shows the area of increased uptake extending along the right
sciatic nerve (f, arrowhead)

Skeletal Radiol (2015) 44:1001–1009 1005



increased uptake in all lesions imaged with MRI and re-
vealed two extra peripheral nerve lesions (cases #2 and
#12) that were not imaged with MRI and we cannot com-
ment on their appearance. All lesions scanned with MRI
were of tumefactive appearance except one (case #16 had
tumefactive brachial plexus lesion on left and non-
tumefactive on right). Ultrasound demonstrated both
tumefactive lesions in patient #3 in even greater detail.
At the time of presentation, of these 18 patients, eight
had only peripheral nervous system involvement, three
peripheral and central nervous involvement, and seven
had generalized disease.

Biopsy was performed and was positive in all cases (n=
18); in eight cases it confirmed original diagnosis, in eight
newly detected cases it was diagnostic, and in two it revealed
a different subtype of NHL from the original diagnosis. The
final diagnosis was DLBCL (n=12), AML (n=2), MALT
lymphoma (n=1), low-grade NHL NOS (n=1), low-grade
NHL with plasmacytic differentiat ion (n = 1) and
plasmacytoma (n=1). Imaging illustrations of tumefactive
low-grade NL (Fig. 2), high-grade NL (Fig. 3) including ul-
trasound appearance (Fig. 4), NLK (Fig. 5), and NPLC
(Fig. 6) are provided.

Discussion

We describe a new Btumefactive^ imaging pattern of
peripheral nerve involvement of hematologic malignan-
cies, including lymphoma, leukemia, and plasmacytoma.
All lymphomas in this series were of B-cell lineage, but
a similar appearance of T-cell NL [10–12] could be
appreciated on images in our review of the literature.
Similarly, we demonstrated this tumefactive appearance
on ultrasound. FDG PET/CT can reveal more wide-
spread disease or confirm a solitary lesion and thus alter
management of the patients. None of the authors has
encountered similar imaging appearance in any other
disease in our practice. Although some tumors could
be described as with Bpreserved fascicular structure^
(e.g., plexiform schwannomas or perineuriomas) and
some as Bencasing the nerves^ (e.g., typically metastatic
cancers as melanoma), a review of more than 200 cases
of neurogenic as well as non-neurogenic peripheral
nerve tumors treated at our institution failed to
demonstrate the similar appearance.

We have demonstrated that this radiologic pattern is
not an uncommon manifestation in patients with NL,
although given the design of our study, it is difficult
to comment on prevalence. In addition to the nine cases
of NL that were discovered by review of our

institutional series (n=52), four other cases demonstrat-
ed imaging findings highly suggestive of tumefactive
NL, but could not be included, as the imaging was of
low resolution and did not allow for detailed evaluation.
The same pattern was seen in all three patients with
NLK and the one with NPLC. In addition, our literature
search confirmed the Bcommonness^ of tumefactive NL,
NLK, and NPLC: we found this same MRI and ultra-
sound pattern in reports of B-cell lymphomas [13–23],
T-cell lymphomas [10–12], acute myeloid [24–29], as
we l l a s lymphocy t i c [30 , 31 ] l eukemias and
plasmacytomas [32, 33].

Neither the underlying mechanism to explain this
tumefactive appearance nor the prognostic value is
known. Two explanations of NL reported in the

Fig. 4 Imaging of a 53-year-old woman with high-grade NL (DLBCL).
An axial T2 FS MR image (a) demonstrates bilateral enlargement of the
sciatic nerves, which are infiltrated as well as surrounded by a soft tissue
tumor mass (a, arrowheads). Ultrasound images in the perpendicular (b,
d) and parallel plane (c, e) to the sciatic nerve show the enlarged nerve (b,
d, arrowhead) with preserved fascicles (c, e, arrowheads) widely
separated by the infiltrating tumor. The tumor is encased in a soft tissue
tumor mass (b, c, asterisks). d, e Earlier stages of the same disease
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literature are either extrinsic infiltration of the nerve
with circulating tumor cells expressing Bhoming^ recep-
tors or lymphoma intrinsically arising in the nerve after
finding a sanctuary in the endoneurium [2, 34]. The
homing theory would be clinically supported by multi-
focal or diffuse involvement. On the other, the
Bsanctuary^ theory would explain localized character of
tumefactive NL, NLK, and NPLC. This latter theory is
supported by cases of lymphoma or leukemia that re-
lapsed within peripheral nerves, while a relapse soon
after chemotherapy could be explained by chemically
privileged environment of the endoneurium and recur-
rence after several years by escape from the immune
control after a longer period of Bhiding^ in the immu-
nologically privileged endoneurium [35].

Nevertheless, none of these theories provides a satis-
factory explanation for the tumefactive appearance; in
theory, both can cause nerve infiltration and localized
mass lesion. Four cases had available serial imaging
(#2, #3, #10, and #16; mean interval, 2.2 months): cases
#2 and #16 demonstrated only enlarged and enhancing
nerves on the first occasion, but later they developed

circumferential mass around the infiltrated nerves, cases
#3 and #10 showed progressive tumefactive appearance
(Fig. 4). What anatomic layer constrains the tumor is
not clear. In some instances the tumor appears to be
contained within the epineurium or possibly within the
Bparaneural sheath^ [36] (Fig. 2a). Elsewhere, it encom-
passes the vessels, but retains round, non-invasive char-
acter, which would suggest infiltration of the sheath of
the neurovascular bundle, but not beyond (Fig. 3e). In
one instance (case #15), the tumor had an invasive char-
acter extending into the surrounding muscles. We pro-
pose that the tumor can break through the paraneural
sheath and infiltrate the adjacent structures. Similar tu-
mor behavior has been reported: Kim et al. [37] de-
scribed a case of median nerve T-cell NL in which the
tumor was confined to the epineurium. As per this re-
port, in one segment the epineurium was ruptured and
the tumor spread and invaded the adjacent structures.
Based on these observations, we believe the tumor starts
to grow inside the nerve and subsequently extends be-
yond the nerve and possibly beyond the paraneural
sheath. None of the lesions in our series was resected

Fig. 5 Imaging of a 70-year-old man with NLK. A sagittal gadolinium-
enhanced SPGR image of the left brachial plexus (a) demonstrates an
enhancing tumor mass (a, arrowhead) circumferentially encompassing
the enlarged and to a lesser degree enhancing posterior cord (a, arrow).
A similar sagittal T2 FS image (b) shows the enlarged and hyperintense
posterior cord (b, arrow) surrounded by a hyperintense lymphomatous
mass (b, arrowhead). A coronal FDG PET scan (c) demonstrates in-
creased uptake along the left brachial plexus (c, arrowhead). A coronal

oblique gadolinium-enhanced SPGR image (d) shows the enlarged left
radial nerve (d, arrow) and the axillary artery surrounded by an enhancing
soft tissue tumorous mass (d, arrow). A coronal T2 FS image (e)
demonstrates the same hyperintense lesion (e, arrowhead) encompassing
the large radial nerve (e, arrow) and the axillary artery. An intraoperative
photograph (f) shows the massively enlarged posterior cord of the left
brachial plexus (f, asterisk)
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in toto, but we believe on microscopic examination an
extensive epineurial infiltrative process, separating nerve
fascicles with different level of endoneurial invasion
would have been demonstrated. A similar pattern can
be seen in the articles with such pathological images
[19, 20, 27, 28, 32, 37, 38].

The prognostic significance of this tumefactive pattern is
still unknown. Misdraji et al. [34] reported a series of four
cases of primary NL, two of which were, according to the
description, highly suggestive of the same tumefactive appear-
ance we have described. Both of these patients had alterations
in the CDKN2A/p16 pathway and carried significantly worse
prognosis, but this series is too small number to draw any
conclusions.

Limitations

Our study has several limitations. This series is not
controlled with a parallel patient group and all cases
were reviewed by a single radiologist. This study repre-
sents patients from a single tertiary institution with six
extra cases added based on their known appearance,
therefore this series is not representative in terms of

prevalence of tumefactive appearance among all patients
with hematologic malignancies involving peripheral
nerves. Some tumefactive lesions might have been
missed, as not all lesions positive on radioisotope stud-
ies were imaged with MRI (on the other hand, every
patient included in the study had at least one lesion
imaged with MRI). Although none of the authors is
aware of a similar presentation in any other disease,
we cannot exclude that another disease could not dem-
onstrate the similar appearance.

Conclusions

We present a new imaging pattern of Btumefactive^
neurolymphomatosis, neuroleukemiosis, or neuroplasmacytoma
in a series of 18 cases. We believe this pattern is associated with
hematologic diseases directly involving the peripheral nerves.
Knowledge of this association can provide a clue to clinicians
in establishing the correct diagnosis.
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