
Literature Review
Systematic Review of Spinal Lymphomatoid Granulomatosis Cases
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Lymphomatoid granulomatosis (LYG) is a rare Epstein-Barr virusLassociated
systemic angiocentric and angiodestructive lymphoproliferative disorder. It
commonly involves the lungs and can also affect the skin, liver, kidney, and
central nervous system. It can rarely occur in the spine, however, the details are
unclear. We performed a systematic review of published cases (including our 1
case) of spinal LYG.
We performed a systematic search of studies in English on spinal LYG, focusing
on its clinical features, imaging, and treatments, according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines on the
PubMed database. We identified 14 patients from the literature. We also found 1
case of isolated cervical LYG (grade 3) who was treated with steroid and ra-
diation therapy for the spinal lesion after pathologic diagnosis. We performed a
pooled analysis of these 15 cases.
The mean age was 43.4 years, and 13 of the 15 patients were male. Brain lesions
were present in 11 of 12 intramedullary spinal lesions, and only 1 was an iso-
lated spinal LYG case. Regarding the diagnostic methods, 1 case was not
described. Of the 14 cases described, 12 patients underwent biopsies (7 brain, 4
lung, and 1 spinal cord lesion) and 2 underwent surgical removal for an extra-
medullary lesion. In the overall prognosis from a mean follow-up period of 21.6
months, 4 patients died despite several treatments.
Spinal LYG, particularly isolated spinal LYG, is rare. Thus further accumulation of
cases may be necessary to better understand its characteristics.
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INTRODUCTION

The Epstein-Barr virus (EBV) is associated
with several neoplasms. Lymphomatoid
granulomatosis (LYG) is a rare EBV-
associated systemic angiocentric and angio-
destructive lymphoproliferative disorder that
commonly involves the lungs (the initial site
of manifestation in >90% of patients), skin
(40%�50% of patients), liver, kidney, and
central nervous system (CNS).1e4

CNS LYG accounts for approximately
30% of all LYG cases.1 In most of these
cases, the site of CNS LYG is in the
brain, and LYG occurring in the spinal
cord is rare.5 However, the details on
CNS LYG are unknown. Hence the
characteristics and therapeutic strategy
for spinal LYG need to be clarified.
Because there has been no systematic
review on this disease entity to date to

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
WORLD NEUROSURGERY: X 11: 100106
the best of our knowledge, we performed
a systematic review of published cases on
EBV-associated spinal LYG.
MATERIALS AND METHODS

We performed a systematic literature
search according to the PRISMA (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines. Two re-
viewers (NI and KK) independently
screened and selected cases, and
disagreement was resolved by discussion
or independent review by a third author
(RK).
Published studies were retrieved from

PubMed databases until April 2020. The
initial search was performed by combina-
tions of the terms “lymphomatoid gran-
ulomatosis” AND “central nervous
system” OR “CNS” OR “intramedullary”
OR “spine” OR “spinal” OR “spinal cord.”
, JULY 2021 www.journals.
For investigation of the craniocervical
junction, the initial search was also per-
formed by combinations of the terms
“lymphomatoid granulomatosis” AND
“brain” OR “cerebral” OR “intracranial.”
The duplicated retrievals were deleted.
The exclusion criteria were non-English
articles, nonspinal lesion cases, and
cases not diagnosed by magnetic reso-
nance imaging (MRI).
ADDITIONAL CASE ILLUSTRATION

The patient’s consent for publication of all
materials was obtained in writing. This was
a case of an 85-year-old man who had hy-
pertension, diabetes mellitus, and angina
pectoris and suffered from gradual wors-
ening of his left hemiparesis and gait
disturbance over a few months. On admis-
sion, he had left hemiparesis (McCormick
grade 4) and pain around the left scapula
elsevier.com/world-neurosurgery-x 1
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and ulnar side of the upper left limb. Cer-
vical MRI revealed an intramedullary tumor
with cord swelling around the C6 level of the
cervical spine (Figure 1). Brain MRI and
chest and abdominal CT revealed no
abnormal lesion. We considered the
primary intramedullary tumor of the
cervical cord. The patient underwent lesion
biopsy with C5-7 laminectomy under gen-
eral anesthesia. On pathologic examination,
hematoxylin-eosin staining showed various
infiltrations of plasma cells, macrophages,
and lymphocytes. In immunohistochem-
istry analysis, lymphocytes were found in
both CD3-positive T cells and CD79a-
positive B cells, and B cells were also posi-
tive in EBV-encoded small ribonucleic acid
in situ hybridization staining showing EBV
gene expression. The pathologic diagnosis
was LYG grade 3 (Figure 2). Postoperatively,
intravenous steroid pulse treatment (1000
mg of methylprednisolone for 3 days) and
radiation therapy on the spinal lesion of
C3/4-C7/T1 (24 Gy overall; 1.5 Gy � 16
days, once daily) were performed. His left
hemiparesis partially improved. Twenty-five
months postoperatively, his McCormick
grade improved from4 to 2 and cervicalMRI
revealed a slight intramedullary T2 hyper-
intensity lesion without any gadolinium-
Figure 1. Cervical magnetic resonance imaging sagitta
(A and B) and 25 months postoperatively (C and D).
imaging shows extensive intramedullary signal chang
(B) T1-weighted imaging�gadolinium enhancement r
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enhancing effect, suggesting no tumor
recurrence (see Figure 1).
SYSTEMATIC REVIEW OF RESULTS

Study Selection
From the systematic literature search, 132
articleswere identified for full-text screening.
By further application of strict inclusion and
exclusion criteria, 14 articleswere included in
our final analysis (Figure 3).1,2,5e16 In this
study, 15 cases, including our 1 case, were
investigated (Table 1).

Investigated Patient Characteristics
The mean age was 43.4 � 19.7 (range:
4�85). The 13 cases were male, and the
male-to-female ratio was 6.5:1. Regarding
immunosuppressing diseases, there was
only 1 case with a human immunodefi-
ciency virus (HIV) infection and there was
no patient who underwent trans-
plantation. There were 2 cases of treat-
ment history that may have affected
immune function: 1 with chemotherapy
for acute lymphocytic leukemia (case 6)
and 1 with corticosteroid administration
for hypersensitivity pneumonia (case 12).
Three cases had treatment history for
l view, preoperatively
(A) T2-weighted
es and cord swelling.
eveals diffuse

massive enhancement in th
shows decreasing of intram
T1-weighted imaging�gado
abnormal enhancement.
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other diseases as follows: tuberculosis and
syphilis (case 3), well-controlled asthma
and atopic dermatitis (case 9), and hy-
pertension, diabetes mellitus, and angina
pectoris (case 15).
Out of 14 cases where other organs were

involved, 5 cases had only brain lesions
(isolated CNS-LYG) and 9 cases involved
other organs; 6 cases in the lung, 6 in the
brain, 2 in lymph nodules, 2 in the bone
marrow, 2 in the spleen, 1 in the liver, and
1 in the kidney. Brain lesions were present
in 11 of 12 intramedullary spinal lesions,
and only 1 was an isolated spinal LYG
case. Meanwhile, 3 cases of extramedullary
lesions did not have brain lesions.

Clinical Symptoms
On admission, 12 patients had spinal cord
symptoms, such as paralysis, sensory
disturbance, and bladder-rectal dysfunc-
tion. Gait disturbance was present in all 12
cases; 9 had paralysis in both legs, 1 had
unilateral leg paralysis, and 2 had hemi-
paresis. Upper limb paralysis was noted in 4
cases, 2 were hemiparesis, and 2 were uni-
lateral arm paralysis accompanied by dual
leg paresis. The other 3 had brain symptoms
without spinal cord symptoms. Of the
former 12 cases, their chief complaints were
e C6 vertebral level. (C) T2-weighted imaging
edullary signal changes and cord swelling. (D)
linium enhancement reveals disappearance of

://doi.org/10.1016/j.wnsx.2021.100106
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Figure 2. Pathologic examination. (A) Hematoxylin-eosin staining
shows various infiltration of plasma cells (green arrow),
macrophages (blue arrow), normal T cells (yellow arrow), and
atypical B cells (red arrow). Bar: 20mm. (BLD)

Immunohistochemical staining. Bar: 50mm. (B) CD79a staining
detects positive B lymphocytes. (C) CD3 staining detects positive
T lymphocytes. (D) Epstein-Barr virus�encoded small ribonucleic
acid in situ hybridization shows multiple positive cells.
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spinal cord symptoms, 6 had only spinal
cord symptoms, 4 had systemic symptoms
such as fever, cough, nausea, and body
weight loss, and 2 had brain symptoms such
as cranial nerve palsy, headache, cognitive
impairment, ataxia, epilepsy, and tremor.
Imaging
MRI of the spine showed multiple and
single lesions in 4 cases and 10 cases,
respectively (the number was not described
in 1 case). The lesion levels were cervical in
11 cases, thoracic in 8 cases, and lumbar in
1 case with some that overlapped.
Regarding the gadolinium-enhancing ef-
fect, all described 13 cases had an enhanced
effect. In the enhancement characteristics,
2 cases with extramedullary lesion were
heterogeneous, 3 were diffuse massive, 3
were punctate, 1 was linear, 1 was punctate
and linear, and 1 was diffuse (the
enhancement characteristic was not
WORLD NEUROSURGERY: X 11: 100106
described in 2 cases). No cases had hem-
orrhage within the lesion.

Diagnosis, Histopathology, Treatment, and
Outcomes
Diagnosis was mainly based on biopsy (12
cases, which were described according to
diagnostic methods). In cases 6 and 7,
surgical removal was performed for
compression myelopathy due to extra-
medullary lesions. Biopsy was performed
in 4 cases in the lung, 7 in the brain, and 1
in the spinal cord, and 3 cases had bone
marrow diagnosis (there is some overlap).
LYG grading was described in 10 cases as
follows: 4 cases were grade 1, 1 case was
grade 1/2, 2 cases were grade 2, and 3
cases were grade 3. EBV infection was
evaluated in 10 cases, of which 5 were
positive, although serum EBV was present
in 1 negative case.
All 12 caseswith described treatmentwere

given drug treatment as follows: rituximab
, JULY 2021 www.journals.
in 3 cases (combinedwith steroid in 2 cases),
cyclophosphamide with steroid in 6 cases
(combined with doxorubicin and vincristine
in 1 cases), interferon-a in 2 cases (com-
bined with steroid in 1 cases), and steroid
only in 2 cases (1 case with isolated spinal
cord lesion was provided radiotherapy).
Moreover, one of the HIV-positive cases was
provided antiretroviral therapy. The overall
prognosis after mean 21.6 � 18.6 months
(1�72 months) was described in 12 cases.
Eight patients survived (5 had improved
symptoms), although 4 died.
DISCUSSION

Patient Characteristics of Spinal
Lymphomatoid Granulomatosis
LYG is a rare EBV-associated angiocentric/
angiodestructive lymphoproliferative dis-
ease.1e4 It commonly involves the lungs,
and it can also occur in the skin, liver,
elsevier.com/world-neurosurgery-x 3
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Figure 3. Systematic literature search for spinal lymphomatoid granulomatosis according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines.
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kidneys, and CNS. However, CNS LYG
accounts for approximately 30% of all LYG
cases, LYG that occur only in CNS is
rare.1e4 On that account, data on spinal
lesion involvement remain limited. Hence
we investigated many articles up to April
2020 and included only 15 cases of spinal
lesion. These results suggest that spinal
LYG is rarer than brain LYG. Spinal LYG
was found to be more prevalent in men
than in women in this study (6.5:1.0) than
in previous reports (systemic LYG; 2:113

and isolated CNS LYG; 2.3:1.02).
Moreover, the lung lesion is the most
common LYG lesion, although only
42.9% had lung lesions and 6 cases were
isolated CNS LYG cases in our series.
Previous studies reported that cerebral
LYG frequently occurred in the brain
parenchyma,2 and spinal lymphoma,
which is the same hematopoietic
neoplasm as LYG, frequently involved
intramedullary.17 In this study, many of
the spinal CNS LYGs were intramedullary
lesions; similary, all 6 isolated CNS LYGs
4 www.SCIENCEDIRECT.com
and 6 of 9 systemic CNS LYGs were
intramedullary lesions (2 and 1 were
extramedullary and epidural lesions,
respectively). Hence, our result may be
consistent with previous reports. In this
series, of the 12 cases with
intramedullary lesions, brain lesions were
observed in all but 1 case. In addition,
an intraaxial spinal lesion may be easy to
concur with a brain lesion, and an
isolated spinal LYG is extremely rare.
Furthermore, spinal lesion symptoms

were indefinite. Most of which were
myelopathy, and all cases had gait distur-
bance. In 12 cases with intraspinal cord
lesions, the clinical symptoms were sig-
nificant and 6 cases had only symptoms
due to spinal lesions. Meanwhile, brain
lesions were present in 11 cases. Symp-
toms may likely occur with the presence of
spinal lesions. However, it is undeniable
that the spine may not be examined, and
asymptomatic cases may be overlooked as
LYG is known to rarely occur in the spine.
Although the lung is the initial
WORLD NEUROSURGERY: X, https
manifestation site in >90% of patients,
only 4 cases had symptoms other than
CNS, such as fever and cough in this se-
ries. Hence the absence of these symp-
toms does not exclude spinal LYG.

Imaging
In this series, spinal lesions were frequent
in the cervical to upper thoracic and the
prevalence of single lesion is relatively high
at 71%. It was enhanced by gadolinium in
all cases, such as in brain LYG lesions.2,12

In the MRI of CNS-LYG, punctate or
linear enhancement1,18 is a relatively
characteristic feature.1 Regarding the
enhancement characteristics of spinal
medullary lesions, one-third was diffuse
massive, one-third was punctate, and one-
third was the others. In a previous report,
microhemorrhage by hypointensity of T2*-
weighted MRI is another characteristic
feature of CNS LYG,19 although there was
no clear spinal lesion hemorrhage in our
series. This result may be attributed to
the difference between the brain and
spine or may be because spinal
microbleeding has not been examined in
detail by T2*-MRI.

Diagnosis, Histopathology, Treatment, and
Outcomes
Lymphomatoid granulomatosis is a rare
Epstein-Barr virus�associated B cell lym-
phoproliferative disorder, first described
in 1972 by Leibow et al.3 Histologically,
LYG is polymorphous angiocentric and
angiodestructive lymphoproliferative
disease characterized by EBV-positive B
cell proliferation associated with a pre-
dominantly T cell reaction.2 LYG is
characterized by small lymphocytes,
plasma cells, histiocytes, and atypical
lymphocytes along with areas with
varying degrees of necrosis and
vasculitis.1 Because of the presence of
predominant T cell infiltration, this
disorder was initially thought to be a T
cell disorder.2 Subsequently, EBV-
encoded small ribonucleic acid expressed
by atypical large B cells were identified by
immunohistochemistry and combined
immunohistochemistry with in situ hy-
bridization. Additionally, LYG was rede-
fined as a B-lymphocyte disease and
related to the EBV infection.2,20,21

According to the World Health
Organization Classification of Lymphoid
Neoplasms revised in 2016, LYG is
://doi.org/10.1016/j.wnsx.2021.100106
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Table 1. Characteristics of 15 Cases of Spinal Lymphomatoid Granulomatosis

Case

Authors
(Reference
Number) Age/Sex History

Immune
System
Status

Systemic
Lesion
of LYG

Brain
Lesion

Spinal Lesion Clinical Lesion

LYG
Grade/EBV Surgery Therapy

Follow-
up PrognosisNumber

MRI
Enhance
ment Level

Other
Than
CNS Brain Spine

1 He et al.2 22/Male — — — þ Multiple Punctate and
linear

C4, T4 — þ — NL/� BB CY, ST 1 Death

2 Costiniuk et al.8 35/Male — HIV K, LN, S þ Multiple Linear C~T — þ þ I/� (serum þ) BB RI, ST HIV
treatment

34 Improved

3 Kim et al.11 60/Male Tb,
syphilis

— BM þ Single NL NL — — þ II/þ BB & BMB IFNa2b,
ST

18 Improved

4 Patil et al.15 53/Male — — — þ Single Punctate C2 — þ — NL/� BB CY, ST 3 Alive

5 Gaha et al.1 56/Male — — — þ Single Diffuse
massive

T4-L1 — — þ III/þ BB NL NL NL

6 Kim et al.10 4/Female ALL PC for
ALL

Lung, liver — Single Extraaxial T3-5 þ — þ II/þ Removal RI, ST 72 improved

7 Montano et al.14 60/Male — — LN, BM — Single Extraaxial C5-T1 — — þ III/NL Removal &
BMB

CY, DX,
VI, ST

11 Death

8 Lucantoni
et al.12

49/Male — NL — þ Single Diffuse C — — þ I/� BB ST 18 Alive

9 Ishiura et al.9 48/Male Asthma,
AD

— Lung þ Multiple Punctate C — — þ I,II/þ LB RI 18 Improved

10 Carone et al.6 29/Female — — *Lung after the
stage

þ NL NL C, T — þ þ NL/� BB CY, ST 31 Death

11 Patsalides
et al.16

53/Male — NL NL þ Multiple Punctate C — þ — I/NL NL IFNa-2b NL NL

12 Miura et al.13 28/Male HP PS for HP Lung þ Single NL C~T þ — þ I/NL LB CY, ST 13 Alive

13 Collins et al.7 50/Male — — Lung, S — Single Extraaxial C4-5 þ — þ NL/NL LB & BMB NL NL NL

14 Herderscheê
et al.5

19/Male — — Lung þ Single Diffuse
massive

T1-2 þ — þ NL/NL LB CY, ST 5 Death

15 Present case 85/Male HT, DM,
AP

— — — Single Diffuse
massive

C6 — — þ III/þ Spine biopsy ST,
radiation

35 Improved

LYG, lymphomatoid granulomatosis; MRI, magnetic resonance imaging; CNS, central nervous system; EBV, Epstein-Barr virus; NL, not listed; BB, brain biopsy; CY, cyclophosphamide; ST, steroid; HIV, human immunodeficiency virus; K, kidney; LN,
lymph nodule; BM, bone marrow; S, spleen; C, cervical; T, thoracic; RI, rituximab; Tb, tuberculosis; BMB, bone marrow biopsy; ALL, acute lymphocytic leukemia; PC, previous chemotherapy; DX, doxorubicin; VI, vincristine; AD, atopic
dermatitis; LB, lung biopsy; IFN, interferon; HP, hypersensitivity pneumonia; PS, previous steroid; HT, hypertension; DM, diabetes mellitus; AP, angina pectoris. L, lumbar; L1, level of case 5.

*Lung lesion developed 25 months after diagnosis.
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classified as a subclass of mature B cell
tumors.22 In previous reports, the
pathological grade (including EBV
infection) of the removed sample may
not represent the complete state of the
disease, and the sample from other
lesions may be of different histological
grade.2,4,11,21 Since the size of the biopsy
specimen of the brain and spinal cord is
limited, it is undeniable that the grade
and EBV infection rate may be affected
by the location of the excision.
There is no standard treatment protocol

for systemic LYG and isolated CNS
LYG,1,2,23 and drug treatments, such as
systemic steroids, rituximab, and several
chemotherapies, vary widely.23 There are
reports on the usefulness of rituximab for
LYG including CNS LYG,9,24,25 although it
is not always effective.24 Interferon-a was
useful for low-grade LYG treatment
including cases involving the CNS, and
cyclophosphamide and prednisone were
expected for high-grade LYG treatment.
Combination immunochemotherapy
including cyclophosphamide and rituximab
is being attempted.19,23 Treatment
outcomes are affected by various factors,
and discussing the best option for spinal
LYG is beyond the scope of this study.
The prognosis of LYG varies, and the 5-

year mortality rate was 60%�90%.2,26

Although previous reports found that
systemic LYG with CNS involvement had
poor prognosis factors,5,9,27 isolated CNS
LYG had better prognosis than systemic
LYG.11,12 In our series, 8 of 12 patients
survived, on average, 26.4 months.
However, only 1 patient was followed up
for >36 months and the prognosis of
cases with spinal lesions cannot be
mentioned from this study.

CONCLUSIONS

We performed systematic review of the
published English articles and investigated
the clinical and imaging features and
treatment of spinal LYG. It is rare and
isolated spine-LYG is extremely rare. Thus
further accumulation of cases may be
necessary to better understand the char-
acteristics of spinal LYG.
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