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INTRODUCTION

Amyloids are insoluble fibrillar proteinaceous aggregates accumu-
lating in intra- and extracellular compartments under pathological
conditions (8, 22). The term “amyloid” has been coined by
Virchow based on positive iodine staining of tissue abnormalities
(19). A large number of proteins including the immunoglobulin
light chains kappa and lambda may form amyloid locally or
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Abstract

Amyloidomas are rare amyloid-containing lesions, which may also occur in the central
nervous system. Etiology, pathogenesis and clinical course are poorly understood. To gain
more insight into the biology of cerebral amyloidoma, they aimed to characterize its
histopathological, molecular and clinical features in a retrospective series of seven patients.
FFPE tissue specimens were examined using immunohistochemistry, chromogenic in situ
hybridization (CISH) for light chains kappa and lambda as well as an IgH gene clonality
analysis. Follow-up information was gathered by reviewing patient records and imaging
results. Median age of the three males and four females was 50 years (range: 35-53 years).
All cerebral amyloidomas were located supratentorially and were classified as lambda light
chain amyloidosis (AL-A; n=6) and kappa light chain amyloidosis (AL-k; n=1) on
immunohistochemistry and CISH. B-cell clonality was confirmed by IgH gene clonality
assay in all cases examined. After a median follow-up of 21 months, all patients were alive
and showed stable disease. No progression to systemic disease was observed. In conclusion,
their data suggest that cerebral amyloidoma is a local disease characterized by B-cell
clonality and associated with a stable clinical course.

systemically (12, 22). Amyloidomas are rare tumor-forming depos-
its of amyloid, which may occur in various locations, including
respiratory and gastrointestinal tract (4, 20), bone (14), soft tissues
(7, 15) and the central nervous system (9).

At least 30 cases of cerebral amyloidoma have been reported (1,
2,9, 18). However, most of them represent case reports focusing
on neuroradiological aspects (3, 21) and relatively little is known
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on the etiology and pathogenesis (17). As summarized by Fisher
et al (1), the majority of cerebral amyloidomas appears to originate
from immunoglobulin-derived kappa and lambda light chains,
probably produced by clonal plasma cells (1, 9, 18). Immunohisto-
chemical studies on light chain restriction, however, may yield
inconsistent results (2) and clonality of the immunoglobulin heavy
chain (IgH) has been demonstrated only in few cases (9). Further-
more, the clinical course of cerebral amyloidomas has not been sys-
tematically addressed: the largest series of cerebral amyloidomas
reported to date provided only short follow-up information of two
patients (9). To gain more insight into the biology of cerebral amy-
loidoma, molecular and clinical features were analyzed in a series
of seven patients. Here we show that cerebral amyloidoma is char-
acterized by B-cell clonality and a stable clinical course.

MATERIALS AND METHODS

Patients

Formalin-fixed and paraffin-embedded (FFPE) tissue samples from
seven patients treated at the authors’ institutions over a period of 15
years (2001-2016) were evaluated retrospectively. The histopathol-
ogy of one case (patient 2) had been previously reported (1). Clini-
cal information was retrieved from medical records and included
sex, age at time of surgery, date of biopsy and postoperative treat-
ment. Tumor localization and size were determined by magnetic
resonance imaging (MRI) and/or computed tomography (CT).
Follow-up information was gathered by reviewing patient records
and imaging results. Progression free survival (PFS) was defined as
the time from first diagnosis until amyloidoma clinical and/or radio-
logical progression and/or death from any cause. The study was
done in accordance with the ethical principles of the involved hos-
pitals; the tumor bank of the Institute of Neuropathology Miinster
received approval from the local ethical committee.

Histopathology

Representative paraffin sections were stained with hematoxylin and
eosin (H&E), Elastica-van Gieson (EvG) and Congo red. The pres-
ence of amyloid was examined by polarization microscopy on
Congo red-stained sections. Immunohistochemistry was carried out
using the avidin-biotin peroxidase technique. Antibodies against
transthyretin (dilution 1:4,000, Acris GmbH, Herford, Germany),
light chains kappa (1:30,000 Dako, Glostrup, Denmark) and
lambda (1:60,000 Dako) were applied to characterize the subtype
of amyloid. Further, lymphocytic cells were characterized using
antibodies against CD3 (1:25, Dako), CD5 (1:100, Dako), CD10
(1:20, NovoCastra, Wetzlar, Germany), CD20 (1:700, Dako),
CD138 (1:500, Dako), cyclin D1 (1:10, Thermo Scientific, Darm-
stadt, Germany) and IgG4 (1:1,000, Abcam, Cambridge, United
Kingdom). Proliferation was assessed by labeling for Ki67/MiB1
(1:100, Dako). Secondary antibodies were a mixture of anti-rabbit
and anti-goat mouse sera. Diaminobenzidine (Leica Biosystems
Nussloch, Germany) served as chromogen.

Chromogenic in situ hybridization (CISH)

mRNA expression of Ig-kappa and Ig-lambda was performed using
the ZytoFasthuman Ig-kappa/Ig-lambda CISH Kit (ZytoVision,
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Bremerhaven, Germany). The probe contains digoxigenin-labeled
oligonucleotides targeting Ig-kappa mRNA and biotin-labeled oli-
gonucleotides targeting Ig-lambda mRNA. FFPE sections were
incubated at 70°C and pretreated with pepsin. Slides were denatur-
ized with ZytoFast human Ig-kappa/lg-lambda DNA probes at
75°C for 5 minutes and at 55°C for 2 hours. After washing with
Tris-buffered saline (TBS 20X, Zytomed System GmbH, Berlin,
Germany), 3-amino-9-ethylcarbazol (AEC, ZytoChem Plus Double
Stain Polymer Kit) and alkaline phosphatase (AP), conjugated with
streptavidin (ZytoFast AP-Streptavidin Detection Kit, ZytoVision
GmbH, Bremerhaven, Germany) were applied and incubated sub-
sequently for 20 minutes at 37°C in a humidity chamber. Diamino-
benzidine (Leica Biosystems) served as chromogen.

IgH gene clonality assay

DNA was extracted from FFPE tissue (Maxwell® 16 FFPE Plus
LEV DNA Purification Kit, Mannheim, Germany) and subjected to
IgH gene clonality analysis using the IndentiClone IgH Gene Clon-
ality Assay and protocols provided by the manufacturer (Invivo-
scribe Technologies Inc. San Diego, CA). Clonality was analyzed
by running samples on capillary electrophoresis (Applied Biosys-
tems, Waltham, MA). Evaluation was performed using the Peak
Scanner™ Software v1.0 (ThermoFisher Scientific, Waltham,
MA).

RESULTS

Median age of the three male and four female patients was 50 years
(range: 35-53 years; see Table 1). The most common presenting
symptom was seizures (n = 4), but headache, visual deficits, ver-
tigo, hemiparesis and hemiparesthesia were also reported. On neu-
roimaging, all patients showed supratentorial cerebral lesions.
Maximum diameter accounted for 46 = 23 mm (mean=* standard
deviation, Figure 1). In one patient (patient #4) additional smaller
lesions were encountered. The majority of patients underwent
biopsy (n = 3) or partial resection (n = 3) while gross total resec-
tion of the tumor was only achieved in one patient.

Histological examination of all specimens showed accumulation
of homogeneous eosinophilic masses upon H&E staining (Figure
2A) with yellow-green birefringence under polarized light in
Congo red-stained sections (Figure 2B). Amyloid deposits were
surrounded by infiltrates comprised of lymphocytes, macrophages
and plasma cells. Most of the infiltrates contained CD138-positive
plasma cells, CD20-positive B-cells and CD3-positive T-cells.
There were only few scattered CD5 or CD10 positive cells and
staining for cyclinD1, IgG4 and transthyretin was negative. The
Ki67/MIB1 proliferation index was relatively low and accounted
for 4.0% *=3.3% (mean = standard deviation; Figure 2C). On
immunohistochemistry, light chain restriction could only be dem-
onstrated in two cases (AL-A), thus ancillary molecular methods
were applied. On CISH examination (Figure 3A, B), light chain
clonality at the mRNA level could be demonstrated in all cases, six
amyloidomas showing lambda and one amyloidoma showing
kappa mRNA, respectively. Furthermore, using an IgH gene clon-
ality assay, monoclonal rearrangement of the IgH gene was con-
firmed in five amyloidomas, from which DNA of sufficient quality
could be extracted (Figure 3C). In one additional case, pseudo-
clonality could not be excluded, probably because of the low

235



HeR et al

Cerebral amyloidoma

Hiys aulpiw

uonossal Y} UOISS| Dlweley sleah
Alleuol)  y-1y @AIsnjouoou|  swoldwAs opN e|ge1s ¥ SUON |elled Ww Z|L X €1 X G [HIN snwejeyl 1ybiy oBIueA 26 ETEIN L
ewepa |eooylled
‘UIyYs suljpiw qusw Apoq
-90UBYUS 1SBIU0D Y} 40 ey 1ybu sy
‘Avonseds snoauafouwoyul JO ssauguinu ‘sain
pue ssauguinu (ADpg) uonelpel UMM UOIS8| WW GE -z|8s 'Joplosip 8qo|  sleaA
Alleuo)y 71V Y1V |enpisal JOUll "9|qels Lc ‘sploJe1s Asdoig X 05 X 0 :IHIN Pue 10 [BIUOl} o |eyuoly ‘uoissaide@ 6y OlewaS 9
ewspe |eoojlied
JOUIW puE Suolled
-1J108D |B204 “JUBW
-90UBYUS 1SBIIU0D
'saInziss SJUBS|NAUODIIUE  UOI}08Sal YHM UOISS| WW GZ sleah
«Aljeuoy vy a4 Jayuny ON "9|qelS Lz ‘sploieig [BIHEd X ZC X GE ‘|dIN PuUe 1O lesodwiey 1ybiy sainzieg  ¢G§  olewad S
'suoIS9|
Ja|jews |euon
-Ippe e|diyniy Jusw
-90UBYUS 1SBIIU0D 100} pue puey
‘Juswliedwl |ensiA snosusaBowoyul 1J9| O ssauquinu
pue eibeydsAp ‘sis yum uolise| [endiodoo pue sisaiediwsy
-alediwey pepis-49| uoloesal -01alled ybu ww g |e11di1000 ‘eisdoueiway snow sieah
Al[eUOl) Y-V SAISN|oUODU|  [enpISal JOUIA ‘o|ge1S vz sploJels |eiled X 8€ X 99 {|YIN-13d -olalied 1ybiy  -Auowloy 48| ‘sainzieS  €G  ojewa4 ¥
1uswaouRyud
1SBJIU0O snosuab
‘D33 U0 AlAiOE uoloesal -OWOyUl YHM UOoISs| sieah
Aljeuol)  y-1y @AIsnjouoou| wuoyindelidy "e|ge1S Ll SIUBS|NAUODIIUY [B}0] SSOID) WW GE X 61 X 8G (|HIA |eruol) by seinzieS ey  olewa4 o)
ewiapa
|eooyiiad Jouiw
pue Jusuaoueyus
1SBJIUOD YLIM UOISS|
a|gen|eAs ‘D33 U0 ANAIROE ww G| X 0g |eod sisaled Ba| bl sieah
JON Y-V ©AISNnjduodU| wuoyndeydy "e|ge1s 08l  SIUBS|NAUODIUY Asdolg  -1110oQNs Y|\ pue 1D |esusd-aid 1o ‘eyoepesy juspiuieiu]  GE ETEIN z
eIxa|sAp
JuswisduByUD ‘Jueipenb b
1SeJU0D 18MO| 8y} JO S1o14ep
‘Jusuwliedwl |ensiA Jouluw YHM UoIss| [ENSIA pue BUIWOA  sleah
AN[BUOID M-y SAISN|OUODU|  [BNPIS8I JOUIA o|gerS a sploJels Asdoig wul 0G X G/ 14N |endiodo 14877 ‘eyodepesy ‘uoisnjuo)  0G ETEIN L
dn-mojjoj 3se]
je uonipuod (syjuow) jusaweal) swoldwAs
HBI HSID DHI [es1papnl Ssidd oAanesadolsod Assbing Buibewoinap uoijeson Bunjuasaid oby Xag ase)

‘(ejdwies ayy jo Ale|

-N||8d MO| Jo esnedeq Ajgeqo.d ‘pepnjoxe o 1ou p|nod Alljeuo|o-opnesd, :Buibewl eoueuosal oneubew ‘|Y|A ‘Aydeibouloy Jeindwiod ‘1) sisopiojAwie ureyo bl eddey ‘M 7y !sisoplojAwe uieyo

Wy

epquie| ‘v-1v ‘Aessy Alljeuol) auan HB| ‘HB| ‘uonezipugAy-niis ur dlusbowolyd ‘HS|D ‘Alsiuaydolsiyounuwwi ‘DH|) 8sned Aue woly yiesp Jo/pue uoissalboid ewoplojAwe eaibojoipel 1o

/pue [eo1Ul|D [13UN SISOUBeIP 1SI1) LIOL) BWI 8U} SB paulyep Sem (Sdd) [BAIAINS 8814 UoissaiBold "ewopiojAwe |eigeled Buliogley siuaiied USASS JO SOIISLIO10RIBYD SONSIIBI0RIEYD JUBRd ‘L d|qel

Brain Pathology 28 (2018) 234-239

© 2017 International Society of Neuropathology

236



Hel et al

Figure 1. Neuroimaging. Representative axial MRI scans (patient 3)
showing a hypointense right frontal expansive mass (*) on T1-
weighted sequences (A). The lesion shows inhomogeneous contrast
enhancement (B).

cellularity of the sample. Of note, this patient had received steroids
preoperatively.

Detailed follow-up information was obtained for all patients. In
the absence of consensus guidelines, treatment of the seven patients
of this retrospective series was variable. Four patients were treated
with steroids for a limited time period, three with anticonvulsants
and one patient also received adjuvant radiation therapy. After a
median follow-up of 21 months (range 4-180 months) all patients
were alive and showed stable disease (for details see Table 1).
Importantly, none of the patients experienced progression to sys-
temic disease, which was excluded by means of neuroimaging,
ultrasound examination, electrocardiography, blood and urine
screening for free light chains.

DISCUSSION

The results from this study, which represents the largest series of
cerebral amyloidomas reported to date, clearly show that cerebral
amyloidoma represents a light chain amyloidosis (AL) character-
ized by B-cell clonality. Our findings thus extend previous observa-
tions in single case reports (1, 18) and a smaller case series (9) and
suggest similarities with extracranial amyloidomas, which are also
mainly composed of light chains (11). In order to demonstrate B-
cell clonality in cerebral amyloidomas, CISH for light chain
mRNA and IgH gene clonality analysis was clearly superior to
immunohistochemistry, emphasizing the value of these molecular
methods also in the diagnostic setting.

The most common form of AL amyloidosis is a systemic disease
caused by a monoclonal plasma cell or rarely B cell dyscrasia. Cir-
culating light chains are deposited as amyloid fibrils in all organs
except the brain. In contrast to local amyloidoma, patients with sys-
temic AL amyloidosis often show a progressive disease leading to
organ failure or death within months (to years) depending of the
involved organ (particularly the heart).

In contrast, our data confirm that cerebral amyloidoma represents
a local disease. In amyloid-beta- and transthyretin-derived amyloi-
dosis, soluble oligomeric intermediates of fibril assembly have
been shown to be cytotoxic both in vitro and in vivo (12). Similar
mechanisms may also be operative in AL amyloidoma, causing
plasma cell damage, impaired proliferation and eventually self-
limiting disease (23). Indeed, some authors have suggested that
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Figure 2. Histopathology. Representative histopathology (patient 2)
showing amyloid deposits surrounded by lymphocytes on H&E
staining (A, original magnification 200X) and birefringence under
polarized light (B) when stained with Congo red (original magnification
200%). On immunohistochemistry for MiB1/Ki67 (C), few nuclei of
lymphoid cells stain positive (original magnification 400X).

amyloidoma might represent burned-out extramedullary plasmacy-
toma, overcome by the amyloid deposits and no longer recogniz-
able (5). It seems unlikely, however, that such damage could be
related to the type of light chain as suggested by others (23), since
the majority of cerebral amyloidomas (as systemic AL amyloidosis)
is characterized by lambda light chain restriction. Interestingly, a
recently published study suggests different light-chain variable
region (IGVL) gene usage between systemic and localized AL
amyloidosis (6).
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Figure 3. Molecular pathology. Representative chromogenic in situ
hybridization (CISH) results for lambda light chain mRNA (A) and
kappa light chain mRNA (B) in patient 3. Note positivity for lambda
mRNA in lymphoid cells while kappa mRNA is absent (original
magnification 200x). C: Representative IgH gene clonality assay
results showing a monoclonal peak in the amyloidoma of patient 4
(arrow). Controls included DNA from tonsils (polyclonal control) as
well as B-cell lymphoma (monoclonal control).

There is some consensus on the diagnosis and therapy of extra-
cerebral amyloidosis (16), but guidelines for the treatment of cere-
bral amyloidoma are lacking. Taken into account the general
limitations of a retrospective study, the data from the present series

238

HeR et al

suggest that in cerebral amyloidoma extent of tumor resection does
not have a major effect on progression-free survival. Therefore,
neurosurgical therapy should be carefully individualized. Because
the majority of patients were stable without adjuvant radiotherapy,
our data also do not support a role of routine irradiation in the treat-
ment of cerebral amyloidoma.

Even though the clinical course of cerebral amyloidoma
seems to be stable and no malignant transformation or progres-
sion to systemic disease was observed, the demonstration of B-
cell clonality suggests the presence of an underlying (low-grade)
lymphoid neoplasm. In a large series of patients with extracra-
nial light-chain amyloidosis, at least a small proportion (1%)
experienced progression to systemic amyloidosis (11). Further-
more, in amyloidomas of pulmonary and gastric location, an
association with mucosa-associated lymphoid tissue (MALT)
lymphoma is not infrequent (10, 20) and even a case of cerebral
amyloidoma associated with lymphoplasmacytic lymphoma is
on record (13). Taken together, these observations clearly justify
regular and comprehensive follow-up examinations in patients
with cerebral amyloidoma.

In conclusion, cerebral amyloidoma is a local disease character-
ized by B-cell clonality. Our data suggest that cerebral amyloidoma
is associated with a stable clinical course. Nevertheless, close
follow-up examinations are warranted.
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