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EETH D LR, ZEF VAR WATVDEVLD
ME—DERETH D B KIE O National Comprehen-
sive Cancer Network (NCCN) < 3%|% @ British Com-
mittee for Standards in Haematology (BCSH) @ # 4 F
T4 T, MREFICET 2B E LTHEIATY
Bo THETIHE SN & TREPIERA 25 FL2L L
DEBIOVTERSOER LIIRT ™, AV L *
F— MI3g/miBEHVLNRBZ EFE L, 2~3
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HHRE B MBI Z NN 68~94% & 33~87% 12
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75%, 26~51% THIEIGEERAREHTHEEEEVEVE
BHOD, WMBEOZLERRMEFIDA % H S TR
TH5ZeE, REEFOEEGIBCLEVR ALY
bk REICBIT L EFOEICIE, Hiraga OH
% & PCNSL BT & % % Mgk 4 1 HRBROHE
FdHbo BIHETIE, 3.5g/M DAV FLFH— % I
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B L, SEEMAEEER O ) AT 6 Bl Sl EHER X
D LERF~OERBITHPFEICRES D Z &, EE
WAEDERICEL kAT MBI, /2, 2
BRI CTHEZEAOh o720 3EHEAHEERO
SERIEA IR L AT O R, AV ML FY—
b B4 OREEST T 50 2 H & 60 2 H B & v ) B
Tholze AT 3.5¢/m*TO HD-MTX % 28/
kBT 3 3 —A1Tvy, 30~40 Gy D&M %N % &
W T b a=uAEG SN, PEEE T, R
VR IEINEE 55 B BT B ERhEE 85%, AT oLl
B4 PR L3N TW 5, BREBETIE, FEc LRIE
BDOENTWBEIZ LD LR Bwnizn, R TR
performance status (PS) @ X WHEEGHII T 5 Bk igE
DI BRI 80%, CRIEMEE T0%RE T, L4
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Abstract The patient was a 72-year-old woman who had
previously undergone treatment for femoral chondrosar-
coma (histologically rated as myxofibrosarcoma). She
suddenly developed left homonymous hemianopsia and was
diagnosed with cerebral embolism. Because she had atrial
fibrillation, we treated her for cardiogenic cerebral embo-
lism. About 3 months later, however, she developed left
hemiplegia, and head magnetic resonance imaging revealed
multiple tumorous lesions affecting the previously detected
infracted area and several new areas. We assumed that a
tumor embolus had caused cerebral embolism, which
resulted in growth of the tumor from the embolus and for-
mation of a metastatic brain tumor. The metastatic foci
formed from the tumor embolus were visualized by diag-
nostic imaging, and histological examination of the resected
tumor confirmed that the brain tumor had occluded the brain
vessel (tumorigenic cerebral embolism). No such case has
been reported to date, and this case seems to be important.

Keywords Tumor embolus - Cerebral embolism -
Metastatic brain tumor - Chondrosarcoma

Introduction

Metastasis of malignant tumors to the brain is usually
considered to assume the form of blood-borne metastasis.
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The involvement of tumor embolus in such conditions is
also well known. We recently encountered a case of fem-
oral chondrosarcoma in which detection of brain metastasis
was triggered by the appearance of the signs of cerebral
embolism. In this case, metastatic foci were formed in the
brain because of the growth of the tumor from the tumor
embolus (tumorigenic cerebral embolism). The presence of
the tumor embolus within cerebral vessels was confirmed
in the pathology specimens. We have reported this note-
worthy case.

Case report
Case

Patient 72-year-old woman.
Chief complaint Left homonymous hemianopsia.
Disease history Right femoral chondrosarcoma resected
2 years ago (which showed remission in response to post-
operative radiotherapy) and atrial fibrillation.
History of present illness Left homonymous hemianopsia
developed suddenly, and the patient was brought to our
hospital in an ambulance. Upon arrival, echocardiography
and electrocardiography revealed no thrombus, but atrial
fibrillation was confirmed. Hematologically, no elevation
of tumor markers was noted. Chest computed tomography
(CT) scans revealed no abnormal shadow. Head magnetic
resonance imaging (MRI) findings revealed multifocal
cardiogenic embolism affecting the right occipital lobe as
well. Anticoagulant therapy was thus started (Fig. 1).
Three months later, the woman visited the hospital with
chief complaints of left hemiplegia and generalized mal-
aise. At that time, head MRI revealed expansion of the
previous lesions and presence of new lesions in the right
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Fig. 1 Diffusion-weighted
images showing high signal
intensity areas in the cerebella,
corpus callosum, thalamus, and
right-posterior lobe on
admission

thalamus and the splenium of corpus callosum (Fig. 2, 3,  achieved, and definite histological diagnosis was estab-
4). Chest CT scans did not reveal any primary or metastatic ~ lished by surgical resection of the brain tumor using a right
twmor or any other abnormality. Decompression was  occipital approach.

Initial 3 month after the onset

FLAIR

Fig. 2 Fluid aftenuated inversion recovery (FLAIR) images obtained 3 months after the onset of cerebral embolism showing multiple high
signal intensity areas located in the area identical to the areas that showed high signal intensity in the initial FLAIR images
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Figs. 3, 4 Enhanced magnetic resonance (MR) image obtained 3 months after the onset of cerebral embolism showing enhanced areas in the
same places where high signal intensity areas were initially observed (Fig. 2)

We planned to administer postoperative radiotherapy.
However, the postoperative tumor progression was very
rapid, and deterioration of the general condition was
observed. Hence, the patient died 2 months after the surgery
before postoperative radiotherapy could be administered.

Histological findings

Histological examination of the resected tissue with
hematoxylin-eosin staining revealed that the cells had
assumed a spindle form and were atypical, presenting with
well-developed cell processes and close linkage between
cells. Mucinous material was found in the stroma, cell
density was high, and signs of cell division were noted,
which suggested malignancy (Figs. 5, 6). These tumor cells
filled the vascular lumen, and there were many sites within
the brain parenchyma where no tumor infiltration was
visible. These findings suggested arterial embolization by
tumor cells (Fig. 5). The tamor was negative for cytoker-
atin {CK), alpha-SMA, and CD34, and was thus rated as
myxofibrosarcoma.

Similar to the brain tumor, the primary lesion (femoral
soft tissue tumor) was composed of spindle cells that were
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H&E x100

e 4

Fig. 5 Right posterior artery occluded by cells of myxofibrosarcoma.
Recent infarction is present surrounding the embolus (hematoxylin-
eosin, original magnification x 100}

highly atypical and were linked by processes to each other;
based on these observations, myxofibrosarcoma was diag-
nosed (Figs. 7, 8).
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H&E x400

¥

Fig. 6 Right posterior artery occluded by cells of myxofibrosarcoma
(hematoxylin-eosin, original magnification x400)

*x1 00 HE

Fig. 7 Primary femur myxofibrosarcoma ¢hematoxylin-eosin, origi-
nal magnification x100)

On the basis of these findings, the brain tumor in this
case was considered as having metastasized from the
femoral chondrosarcoma.

Discussion

A very small number of reports are available on intracra-
nial metastasis of myxofibrosarcoma in which metastasis
occurs from the heart (primary lesion); further, according
to our literature search, no case of intracranial metastasis
from the femoral region has been reported thus far [1, 2].

@ Springer
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Fig. 8 Primary femur myxofibrosarcoma ¢hematoxylin-eosin, origi-
nal magnification x400)

In the case described in this paper, the patient had
developed left femoral chondrosarcoma and undergone
surgical resection of the tumor; the histological diagnosis
was myxofibrosarcoma [3, 4]. The patient later received
radiotherapy, and no sign of recurrence was found on
periodic follow-up imaging examinations.

The patient recently presented with clinical signs of
cerebral embolism. Some time after receiving treatment for
cerebral embolism, she developed new neurological
symptoms and was found to have a tumor in the embolized
region of the brain. The findings from diagnostic imaging
and histological examination were evaluated.

Imaging findings revealed high signal itensity on
diffusion-weighted images (DWI), isosignal intensity on
T1-weighted images, and slightly high signal intensity on
T2-weighted images. The surrounding tissue was free of
edema, and no sign of compression was observed; thus,
infarction was speculated. Other features (sudden onset,
consistence with the vascular region, and interruption of
posterior cerebral artery on angiogram) did not contradict
the diagnosis of cerebral embolism. It was estimated that
the tumor had grown from the embolus in the embolized
area, leading to the formation of the metastatic brain
tumor.

It is quite rare that a tumor embolus serves as the cause
of cerebral embolism. Cerebral embolism usually arises
from cardiac tumor or primary/metastatic lung tumor [5-7].
Although transesophageal ultrasonography was not per-
formed in this case, the possibility of paradoxical embolism
cannot be ruled out in view of the fact that chest CT scans
revealed no lesion in the lung.

According to our literature search, in addition to cases in
which cerebral embolism arises from cardiac tumors, only
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five cases of cerebral embolism caused by brain metastasis
of primary/metastatic lung tumor have been reported [5, 8,
9]. There is no report on patients who might have para-
doxical embolism of the brain in the absence of primary/
metastatic lung tumor.

In the present case, at the time of definite histological
diagnosis, the tumor was already progressive in nature and
was accompanied by deterioration of the general condition.
Hence, we were unable to begin radiotherapy. In the cases
of metastatic brain tumors, measures need to be taken to
reduce the tumor volume, if necessary, and radiotherapy
should be administered after definite histological diagnosis.
However, metastatic brain tumors due to tumor embolus
often show multifocal dissemination.

In all of the cases reported to date, symptoms advanced
progressively, leading to death within several months [9].
Early diagnosis is therefore essential.

Differential diagnosis of this condition on the basis of
symptoms is difficult. However, the following findings
seem helpful.

Navi et al. [9] reported that in this condition, tumor
embolus is large in size and causes more extensive
embolization.

Although recanalization of obstructed vessels is seen in
40-75% of all cases with cerebral embolism, reperfusion is
less likely to occur in cases of tumorigenic embolism
because of the large size and other properties of the tumor
embolus [7].

It is therefore advisable to consider the possibility of
tumor embolism and to check tumor infiltration of brain
parenchyma from the embolized area through frequent
diagnostic imaging in patients free of atherosclerosis,
patients with obstruction of relatively large vessels,
patients without recanalization, patients having lung/heart
tumor, and patients showing left-to-right shunt of the heart
despite absence of lung/heart tumor.

The present case seems to be valuable because very few
reports are available on cases in which the formation of
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metastatic foci from a tumor embolus could be confirmed
by diagnostic imaging and the presence of an intravascular
tumor embolus could be confirmed by pathological exam-
ination of resected brain tumor. Therefore, it is desirable to
explore the methods for making the differential diagnosis
of this condition in the future and to collect data from
additional cases.
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Abstract There have been some recent reports about
glioblastoma with oligodendroglial (OG) components and
malignant glioma with primitive neuroectodermal tumor
(PNET)-like components. We investigated whether the
presence and extent of OG components and PNET-like
components influenced the prognosis in patients with glio-
blastoma. Eighty-six patients with glioblastoma were divi-
ded into an OG group {28 %), which revealed areas with a
honeycomb appearance, and a non-OG group (72 %)
without a honeycomb appearance. Patients with glioblas-
toma were also divided into a PNET group (27 %), which
revealed areas with PNET-like features defined as neo-
plastic cells with high N/C ratios and hyperchromatic oval—
carrot-shaped nuclei, and lacked the typical honeycomb
appearance, and a non-PNET group (73 %) without PNET
features. There were no significant differences in overall
survival among the OG, the non-OG, the PNET, and the
non-PNET groups. Two patients who survived longer than
36 months had both OG and PNET components with 1p or
19q loss of heterozygosity. Perinuclear halo, which is a
characteristic feature of oligodendrogliomas, is an artifact
of tissue fixation. Therefore, we should not readily use the
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term glioblastoma with OG components. PNET-like com-
ponents, which are considered rare in malignant gliomas,
may be frequently identified in glioblastomas.

Keywords Glioblastoma - Oligodendroglioma - PNET

Introduction

Oligodendroglioma is defined as glioma composed of
neoplastic cells morphologically resembling oligoden-
droglia, as there are no established diagnostic procedures
for oligodendroglioma [1]. Therefore, diagnosis of oligo-
dendroglioma is mainly confirmed by the presence of
morphological features including typical clear cells with
perinuclear halos, referred to as a honeycomb appearance.
However, this histological feature is an artifact of fixation
or staining. Previously, we reported glioneuronal tumors
with oligodendrolioma-like and primitive neuroectodermal
tumor (PNET)-like features. Neuronal differentiation and
1p/19q loss of heterozygosity (LOH) were identified in
these tumors [2, 3]. PNET-like cells were also identified in
anaplastic oligodendroglioma.

Recently, glioblastomas with oligodendroglial compo-
nents have been reported [4-9]. However, clinical outcomes,
histological evaluation, and molecular markers varied
among these reports. In general, patients with malignant
gliomas (including glioblastomas) with oligodendroglial
components and 1p and/or 19 LOH survived longer than
those with other malignant gliomas [4-6, §, 9]. On the other
hand, long-term survival in cases with classic glioblastoma is
considered to be unrelated to 1p/19q loss [10-12]. In addi-
tion, this favorable association of the combined loss of 1p
and 19q was not evident in patients with astrocytoma or
mixed oligoastrocytoma [13]. Some studies have suggested
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that a contamination of glioblastoma patient groups by the
oligodendroglial lineage occurs [2, 3].

The first description of an oligodendroglioma was pub-
lished by Bailey and Cushing [14], followed by the classic
paper of Bailey and Bucy [15]. When classified, oligo-
dendrogliomas were linked directly to medulloblastomas
(PNETs). Perry et al. [16] reported that malignant gliomas
with PNET-like components were relatively rare and were
considered to be secondary glioblastomas with metaplastic
processes of tumor stem cell clones, and were equal to
classic glioblastomas in terms of overall survival. In our
previous reports, the prognosis of patients with glioneuro-
nal tumors with PNET-like components was relatively
favorable [2]. We investigated whether the presence of
oligodendroglial and/or PNET-like features influenced the
prognosis in patients with glioblastoma.

Materials and methods

This study was approved by the Institutional Review Board
of the University of Fukui Hospital. After approval, dis-
charge databases of the neurosurgical department were
reviewed to identify all patients who had undergone surgical
resection or had biopsy between January 1, 1986 and
December 31, 2010. The available hospital charts and clin-
ical records were reviewed retrospectively to extract relevant
data. Eighty-six patients with glioblastoma from the archives
of the University of Fukui, classified according to the WHO
2000 criteria as glioblastomas (WHO grade IV), were
reevaluated in order to identify the distinctive histological
features of oligodendroglial or PNET components. All
patients were identified from the files of the Neurosurgical
Department at the University of Fukui Hospital. The overall
survival was evaluated in each patient after discharge from
the first operation. Follow-up periods were measured from
the date of the first surgery for the glioblastoma.

Oligodendroglial components

Oligodendroglial components were defined as clusters of
neoplastic cells that consisted of round nuclei with cellular

monomorphism with a honeycomb appearance and
occupied at least 10 % of the entire specimen. All 86 patients
with glioblastomas were divided into an OG group, which
revealed areas with a honeycomb appearance consisting of
typical clear cells identified in oligodendrogliomas, and a
non-OG group without a honeycomb appearance.

PNET-like components

All patients with glioblastoma were divided into a PNET
group, which revealed areas with PNET features defined as
neoplastic cells with high N/C ratios and hyperchromatic
oval-carrot-shaped nuclei and which lacked the typical
honeycomb appearance, and a non-PNET group without
PNET features.

Statistical methods

Statistical analysis of the differences between the early and
late groups was performed using Stadent’s 7 test. A p value
of less than 0.05 was considered significant.

Results

Twenty-four patients (28 %) were assigned to the OG
group and 62 (72 %) to the non-OG group; 23 patients
(27 %) were assigned to the PNET group and 63 (73 %) to
the non-PNET group according to H&E staining. There
were 14 patients (16 %) with both OG and PNET
components.

Table 1 shows a summary of the clinical features in the
OG and non-OG groups and the PNET and non-PNET

groups.
Oligodendroglial components

In the OG group, there were 12 women and 12 men who
ranged in age from 23 to 85 years (mean 58.8 years) at
their time of operation. Overall survival time ranged from 1
to 69 months (mean 12.4 months). In the non-OG group,
there were 19 women and 43 men who ranged in age from

Table 1 Summary of the clinical features in the OG and non-OG groups and the PNET and non-PNET groups

OG component (86 cases)

PNET component (86 cases)

OG group Non-OG group PNET group Non-PNET group
Cases 24 (28 %) 62 (72 %) 23 (27 %) 63 (73 %)
Gender (male:female) 12:12 43:15 16:7 30:24
Age (years-old) 59 +£ 16 (p = 0.07%) 66 + 14 58 + 17 (p = 0.046%) 66 + 13
Survival time (months) 12.4 4 10.9 (p = 0.66*) 1354+77 13.2 £+ 10.8 (p = 0.98%) 1324+ 78

Mean = SD (* ¢ test, p < 0.05 is significant)
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38 to 88 years (mean 65.7 years). Overall survival time
ranged from 3 to 36 months (mean 13.5 months). The
mean age of the first operation in the OG group was lower
than that in the non-OG group, but not significantly
(p = 0.07).

PNET components

In the PNET group, there were 7 women and 16 men who
ranged in age from 23 to 80 years (mean 57.8 years) at
their time of operation. Overall survival time ranged from 1
to 69 months (mean 13.2 months). In the non-PNET group,
there were 24 women and 39 men who ranged in age from
38 to 88 years (mean 63.9 years). Overall survival time
ranged from 3 to 36 months (mean 13.2 months). The
mean age of the first operation in the PNET group was

— (O group

0.8 —— Non- OG group
06 - =ux=n  PNET group
------------- Non- PNET group
0.4-
0.2 -
0 1 1 | 1 ! I
0 10 20 30 40 50 80 70 80

Months

Fig. 1 Kaplan—Meier survival curves of the OG, the non-OG, the
PNET, and the non-PNET groups. There were no significant
differences among groups

significantly lower than that in the non-PNET group
(p = 0.046).

There were no significant differences among the OG,
the non-OG, the PNET, and the non-PNET groups in the
Kaplan—Meier survival curves (Fig. 1). Table 2 shows the
clinicopathological features of patients with glioblastomas
who survived more than 24 months after the first surgery
(Table 2). Two patients who survived longer than
36 months had both oligodendroglial and PNET compo-
nents with 1p or 19q LOH (Fig. 2; Table 2).

Discussion

Previous studies have demonstrated that patients with
glioblastoma with oligodendroglial components have
longer overall survivals than patients with classic glio-
blastoma associated with 1p19q codeletion [4-6, 8, 9, 17].
1p19q codeletion and EGFR receptor amplification pro-
vides a simple, clinically relevant prognostic subclassifi-
cation of grade IIT gliomas [18]. However, Pinto et al. [7]
demonstrated that the overall survival of patients with
glioblastoma with oligodendroglial components without
1p19q codeletion was equal to those with classic glio-
blastoma. In addition, the long-term survival in cases of
classic glioblastoma was suggested to be unrelated to a 1p/
19q loss [10-12]. Recently, Hegi et al. [19] reported that
GBM with an oligodendroglioma-like component (GBM-
O) was not associated with a more favorable outcome in
the EORTC study. Our study also demonstrated that there
were no differences between overall survival in glioblas-
tomas with or without oligodendroglial components, which
suggested that oligodendroglial features such as a honey-
comb appearance may be fixation artifacts and may not

Table 2 Clinicopathological features of patients with glioblastomas who survived more than 24 months after the first surgery

Case Age Gender Survival time Diagnosis Extent of Temozolomide OG PNET-like 1p 19p
(months) resection component  component LOH LOH

1 61 M 69 GBM PR + + + +
2 61 M 41 GBM STR - + -+ - +
3 75 0M 36 GBM GTR + - - ne ne
4 42 F 35 GBM GTR + + +

5 35 M 34 Giant cell GTR + + - - -

GBM

6 62 F 29 GBM GTR - - + ne ne
7 51 M 28 GBM PR - - — ne ne
8 72 M 28 GBM GTR - - + ne ne
9 66 F 27 GBM GTR — - - ne ne
10 72 M 26 Gliosarcoma STR - - - ne ne
11 68 M 25 GBM GTR — - - ne ne

OG oligodendroglial, GBM glioblastoma, PR partial resection, STR subtotal resection, GTR gross total resection, LOH loss of heterozygosity, ne

not examined
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Fig. 2 A representative case of glioblastoma with cligodendroglial necrosis (¢ x400), microvascular proliferation {d x400), oligoden-
components. A 6l-year-cld man. Enhanced computed tomography droglial components (honeycomb appearance, e X400, and PNET-
shows a heterogeneous enhanced tumor in the right frontal lobe (a). like components {f x400). 1p 199 codeletion was identified by FISH
The tumor consisted of atypical cells with brisk mitosis (b <400), {g). The overall survival time of the patient was 69 months

&) $p ringer
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reflect biological features. However, two patients who
survived longer than 36 months had both oligodendroglial
and PNET components with 1p/19q deletion.

The relationship between PNET-like components and
glioblastoma has not been clarified. In our previous study,
1p19q deletion was identified in long-survival (more than
2 years) patients with malignant glioma with PNET-like
comiponents [2]. However, Perry et al. [16] reported that
malignant glioma with PNET-like components was rela-
tively rare and had a poor prognosis equal to that of classic
glioblastoma. In this study, a PNET-like appearance was
often identified in glioblastoma cases, and the overall sur-
vival of patients with glioblastoma with PNET-like com-
ponents was almost equal to that of patients with classic
glioblastoma. We considered that the differences in fre-
quency and prognosis were associated with differences in
the definition of PNET-like components. In general, PNET
features are defined as neoplastic cells with high nuclear/
cytoplasmic ratios, hyperchromatic oval-carrot-shaped
nuclei, high Ki-67 labeling indices, and immunoreactivity
for GFAP or synaptophysin. In our study, PNET-like
components were defined as a resemblance of morpholog-
ical features in H&E stain. Therefore, in our study, there
were no definitive demarcated, markedly hypercellular
nodules, and no definitive synaptophysin immunoreactivity;
those were characteristic findings of malignant glioma with
PNET.

Morphologically, it may be difficult to make a differ-
ential diagnosis between anaplastic oligoastrocytoma and
glioblastoma. Necrosis and microvascular proliferation are
common in anaplastic oligodendroglioma and do not
influence survival [1]. On the other hand, the presence of
necrosis is a less favorable prognosis in anaplastic oligo-
astrocytoma [13, 20]. Therefore, these tumors are contro-
versial and it was suggested that they should be designated
as glioblastomas with oligodendroglioma components in
the 2007 WHO classification of tumors of the central
nervous system. In our study, oligodendroglial components
were investigated in glioblastoma specimens, and there
were no significant differences in overall survival time
between patients with glioblastoma with oligodendroglial
components and those without oligodendroglial compo-
nents. He et al. [4] and Salvati et al. [8] reported that 10q
deletion was identified in glioblastoma with oligoden-
droglial components. However, other reports suggested that
10q deletion was not always seen in cases of glioblastoma
with oligodendroglial components [5, 6]. In summary, in
order to be diagnosed as glioblastoma with oligodendrog-
lial components, 1p19q10q codeletion must be confirmed.
In order to be diagnosed as an anaplastic oligedendrogli-
oma, a 1p19q codeletion and intact 10q must be confirmed.
In other words, oligodendroglial or PNET-like components
dominant malignant glioma with 1pl19q codeletion may be
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assigned to anaplastic oligodendroglioma or oligoastrocy-
toma. Glioblastoma with oligodendroglial components
with intact 1p19q and 10q deletion may be designated to
classic glioblastoma.

Conclusions

The honeycomb appearance and PNET-like features iden-
tified in anaplastic oligodendroglioma were also frequently
identified in specimens with glioblastoma. These histo-
logical features may be a fixative artifact. There may be of
little benefit when attempting to diagnose some glioblas-
tomas as glioblastomas with oligodendroglial components
if genetic analysis is not performed.
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