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Figure 3 QRT-PCR analysis and activation of caspase-3/7 and -8 in cilengitide-treated cells. US7AEGFR cells were treated with 4.5 M
clengitide for 16 h with the colorimetric protease assay kit. For the activity of caspase-8, the relative absorbance (RA) of US7AEGFR cell clusters
were higher than control (027 + 001 RA vs. (36 £ 001 RA, respectively; £ < 0.05) (a). Cilengitide-induced apoptosis was also detected with the
CellEvent™ Caspase-3/7 Green Detection Reagent. The RFU of UB7AEGFR cell clusters were higher than control (35.4 + 0678 RFU vs. 165 + 0.5 RFU,
respectively; P < (05) (bl Immunoblot analysis revealed that caspases 3 and 8 were processed in all examined cell lines following treatment with

cilengitide in a concentration- {¢) and time-dependent manner (d).

compared to control {354+ 0.78 vs. 16.5+ 0.5, respect-
ively; P < 0.05) {Figure 4e).

Cilengitide induces apoptosis in US7AEGFR-derived
xenografts

The effect of cilengitide on the induction of apoptosis was
examined in U87AEGFR-derived xenografts. At 5 days
after implantation, the rats were administered cilengitide
{1 mg/500 pL PBS) 3 times/week intraperitoneally, and the
rats were killed at 18 days after implantation. Caspase 8
gene expression was analyzed with QRT-PCR and the in-
duction of apoptosis in frozen sections of the US7AEGFER
xenografts was examined under a fluorescent microscope.
QRT-PCR revealed a statistically significant 10.1-fold in-
crease in caspase 8 gene expression in Cilengitide treated
tumors compared with control tumors {(Figure 4£). A sub-
population of apoptotic cells were visualized by TUNEL
treatment using the In Situ Cell Death Detection Kit
(apoptotic cells: TMR red; nuclei: DAPI, blue). The
control sections exhibited a smaller amount of red
fluorescent cells {Fignre 4g), whereas more scattered red
fluorescent cells were observed in the cilengitide-
treated xenografts (Figure 4h). To quantify the cytotoxic
effect of cilengitide, the number of apoptotic cells per
high-power field (HPF) in US7AEGER control xeno-
grafts and US7AEGFR cilengitide-treated xenografts
were assessed (Pigure 4i). The number of apoptotic cells
in UB7AEGER cilengitide-treated xenografts (26.2+3.8
cells/HPF) was significantly higher than in U87AEGFR

control xenografts (140+0.6 cells/HPF) (P <0.05). The
average percentage of apoptotic cells was 5% in US7AEGFER
cilengitide-treated xenografts (Figure 4j).

Discussion

Cilengitide treatment induced morphological changes
and cell detachment in glioma cells incubated in dishes
and decreased cell viability in a dose and time-dependent
manner. Microarray analysis showed that the expression
of 265 genes was changed after cilengitide treatment. The
expression of 214 genes was up-regulated 4-fold more and
the expression of 51 genes was down-regulated to less
than 25% of control and apoptotic signaling pathways
were over-represented in the pathway analysis. In addition
to the effect of cilengitide in cultured cells, cilengitide also
induced apoptosis in UB7AEGFR-derived xenografts,
suggesting that the induction of apoptosis also occurs
in vivo.

Cytotoxic effect of Cilengitide

Cilengitide is an angiogenesis inhibitor that targets the
integrins ovpB3 and ovp5, which bind to ECM proteins
such as vitronectin and fibronectin (Burke et al. 2002;
Albert et al. 2006). Because integrins are expressed in
tumor cells and tumor endothelial cells (Varner &
Cheresh 1996a), it is speculated that cilengitide can inhibit
tumor growth by at least 2 mechanisms: by targeting the
tumor cells directly and by inhibiting tumor angiogenesis
(Tucker 2003; Oliveira-Ferrer et al. 2008; Chatterjee et al.
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Figure 4 Nuclear DNA fragmentation in cilengitide-treated cells and in U87AEGFR-derived xenografts. To confirm the apoptosis of
deformad glioma cells treated with cilengitide, the cells were stained with the In Situ Cell Death Detection Kit using TMR red. US7AEGFR cells in
culture were composed of bipolar cells (a). They become spherical and agglutinated when cilengitide (1.0 V) was added to their culture
mediumn. Some of these deformed cells detached from the plate (b). Untreated UBZAEGFR cells were negative {c), whereas UB7AEGFR cell

e
____*__‘

g 35
z
® 30
o
©
£ 25
3
©
2 20
o
2 15 b
o

0 0 1.0

Concentration of cilengitide
(HM)

clusters treated with cilengitide were positive (d) (scale bar: 100 pm). The number of apoptotic cells in dlengitide-treated cells was significantly
larger than in control. (*P < 0.05) (8). QRT-PCR analysis of dilengitide-treated caspase 8 gene expression in tumors treated with PBS or diengitide. *
P 067 () (mean+SE. n  4) A subpopulation of apoptotic cells was visualized by TUNEL treatment (apoptotic cells: TMR red; nuclei: DAPI, blue)
of US7AEGFR control xenografts (g) and US7AEGFR dlengiticle-treated xenografts (h) (Scale bar 100 um). The control sections exhibited
scattered red fluorescence, whereas more punctate red fluorescence was observed in the cilengiticle-treated xenografts. To quantify the cytotoxic
effect of cilengitide, the number or percentage of apoptotic cells per high-power field (HPF) in UBZAEGFR control xenografts and UB7AEGFR
clengitidetreated xenografts was assessed. The number (i} or percentage (j) of apoptotc cells in dlengitide-treated xenografts was significantly

larger than in control xenografts (*P < 0.05) (mean £ SE.n 5).

2000). Previously, we described the anti-invasive effect of
cilengitide as its direct effect on glioma cells (Onishi et al.
2012) And we also reported the multiple mechanism of
cilengitide for malignant glioma (Kurozumi et al. 2012).

Recent studies have shown that various cells are
dependent on integrin-mediated adhesion to specific ECM
proteins for their growth and survival and that detach-
ment induces a form of apoptotic cell death recognized as
anoikis {Chatterjee et al. 2000; Hynes 2002; Oliveira-
Perrer et al 2008; Alghisi et al. 2009). Other studies
reported that cilengitide exerts direct cytotoxic effects on
glioma cells via an as yet unknown mechanism (Mikkelsen
et al. 2009; Maurer et al. 2008; Oliveira-Ferrer et al. 2008).
In this study, we examined the mechanism of cilengitide-
induced cytotoxicity in glioma cells.

160

Microamray analysis

US7AEGER cells were chosen for gene chip analysis be-
cause they have a more aggressive phenotype than other
cell lines. AEGFR confers enhanced tumorigenicity on
glioblastoma cells through elevated proliferation and re-
duced apoptotic rates in vivo. It will be important and
interesting if we conduct a newly found cell death sig-
naling pathway via integrin stimulation in this aggressive
cell line.

Owr data using the most sophisticated DNA micro-
array to date, profiling over 57000 genes, revealed the
mechanism underlying the anti-glioma effect of cilengitide.
After cilengitide treatment of glioma cells, apoptosis-
related genes (ie, caspase 8, desmoplakin, and protein
kinase C, zeta) were upregulated. Apoptotic cleavage of
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cellular proteins, FasL/CD95L signaling, TNF receptor sig-
naling pathway, and ceramide signaling pathway were in-
cluded in the significantly enriched molecular pathways.

Apoptosis is regulated by a series of biochemical events
that commit a cell to death. A common feature of cells
undergoing apoptosis is the activation of caspases, a family
of aspartic acid-directed proteases (Alnemri et al. 1996).
Caspases are activated during apoptosis and cleave specific
proteins, resulting in the irreversible commitment to cell
death. The signal transduction proteins MEKK1, p21-
activated kinase 2, and focal adhesion kinase are caspase
substrates that contribute to the cell death response when
cleaved.

FasL. (CD95L) is a tumor necrosis factor (TNF)-related
type II membrane protein (Suda et al. 1993). Fas (CD95)
is a cell surface protein belonging to the TNF receptor
superfamily, and is expressed in glioma cells (Husain
et al. 1998). The binding of FasL to Fas induces the
trimerization of Fas, and FADD (Fas associated via DD
(death domain))/MORT1 binds to the trimerized FAS
cytoplasmic region through the interaction of their re-
spective DDs. Caspase-8 is then recruited to FADD/
MORT1 through binding of the DED (dead effector do-
main) domains, which in turn may induce the self-
activation of the protease domain (Nagata 1997).

TNF-R1-bound TRADD (TNF-receptor associated via
DD) recruits FADD through DD interaction. In turn,
FADD recruits procaspase-8 or -10, which are activated by
proximity, via its DED. Protein kinase C, zeta, is also in-
volved in the TNF receptor signaling pathway. Activation of
caspase-8 and -10 is sufficient to initiate a signaling cascade
that induces apoptosis {Schneider-Brachert et al. 2004).

Recently, similar changes in human umbilical vein endo-
thelial cells (HUVECs) have been reported for S 36578-2,
a novel RGD mimetic that selectively activates the avf33
and avfB5 integrins(Maubant et al. 2006). This compound
induces cell detachment and apoptosis by the direct acti-
vation of caspase-8. Aoudjit and Vuori (Aoudjit & Vuori
2001) reported that detachment-induced cell death in
HUVECs resulted from the activation of the Fas pathway
by FasL/Fas interaction, Fas-FADD complex formation,
and caspase-8 activation. Previous reports on epithelial
cells also documented the involvement of FADD and
caspase-8 in detachment-induced apoptosis (Alghisi et al.
2009; Hynes 2002). Using human glioma cell lines ex-
pressing the avB3 and avB5 integrins, cilengitide caused a
profound detachment and increase of apoptosis in glioma
cells similar to what was observed in endothelial cells,
suggesting that identical mechanisms might occur in both
cell types (Oliveira-Ferrer et al. 2008).

Clinical application of cilengitide for malignant glioma
There have been several reports on the preliminary re-
sults of phase I and II trials of cilengitide for recurrent
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or newly diagnosed malignant glioma. Cilengitide mono-
therapy or combination treatment with radiation and/or
temozolomide is well tolerated and exhibits modest
antitumor activity (Reardon et al. 2008a; Reardon et al.
2008b; Nabors et al. 2012). According to our results, in
addition to the anti-angiogenic and anti-invasion effects
of cilengitide(Kurozumi et al. 2012; Onishi et al. 2012),
the cytotoxic effect of cilengitide was clearly shown.
cilengitide inhibited integrin binding and activated
caspase-8. This caspase-8 activation effect of cilengitide
would enhance the effect of other cytotoxic therapies.
Several preclinical studies have shown an enhanced
antitumor effect of cilengitide when administered in
combinatorial therapeutic regimens (Burke et al. 2002;
Abdollahi et al. 2005; Tentori et al. 2008; Reardon et al.
2008a). Mikkelsen et al. demonstrated that cilengitide
dramatically amplified the efficacy of radiation therapy
in an animal glioma model (Mikkelsen et al. 2009).
Kurczumi et al. demonstrated the enhanced therapeutic
efficacy of an oncolytic virus on experimental glioma
following pretreatment with cilengitide (Kurozumi et al.
2007).

Conclusion

We showed the cytotoxic effect of cilengitide on glioma
cells. Microarray analysis revealed the detailed mechan-
ism of the cytotoxic effect of cilengitide. Cilengitide, an
inhibitor of integrins, activated caspase-8 and induced
apoptosis-related pathways.
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Abstract The aims of this study were to determine the
diagnostic utility of the serum levels of the soluble inter-
leukin 2 receptor (sIL-2R) as a tumor marker of primary
central nervous system lymphoma (PCNSL) and to inves-
tigate the cellular source of sIL-2R using immunohisto-
chemical staining. The serum sIL-2R levels of 37 samples
from suspected PCNSL patients were measured. There
were 13 patients with PCNSL and 24 patients with other
diseases such as glioma, metastatic tumor, inflammation, or
cerebrovascular disease. The serum sIL-2R levels of the
PCNSL cases and other brain diseases were 629.5 +
586.0 U/ml (mean + SD; range 189-2220 U/ml) and
408.5 £ 250.7 U/l (160-837 U/ml), respectively. The
serum sIL-2R levels of the two groups overlapped, and
hence the difference between them was not significant. sIT-
2R is the o subunit of IL-2R. It is also known as CD25, and
is cleaved from its position in the cell membrane and
released into the blood. CD25 expression was immunohis-
tochemically detected in 7 of 11 PCNSL samples. Confocal
laser microscopy revealed that CD25 signals were present
in atypical cells and mononuclear cells. We concluded that
both Iymphoma cells and infiltrating T cells express CD25,
which is one of the cellular sources of sIL-2R.
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Introduction

In the WHO classification of brain tumors, PCNSL is
defined as a malignant lymphoma arising in the CNS in the
absence of any obvious lymphoma outside of the nervous
system at the time of diagnosis, and its incidence has
recently increased markedly [1]. Although modern neuro-
imaging of the central nervous system is advantageous for
the differential diagnosis of brain tumors, it still remains
difficult to distinguish PCNSL from other brain diseases in
some cases {1, 2]. Brain biopsy sampling remains the gold
standard in all patients unless surgical procedures are
contraindicated.

The serum levels of the soluble IL-2 receptor (sIL-2R)
have been used as a tumor marker of hematological
malignancies, and those of patients with aggressive non-
Hodgkin’s lymphoma have been reported to be more
than ten times higher than those of healthy controls
[3-5]. The majority of PCNSLs are non-Hodgkin’s
lymphomas such as diffuse large B-cell lymphoma [1].
However, the sIL-2R levels of PCNSL patients have not
been well studied [6]. It was reported that increased
levels of sIL-2R indicate T lymphocyte activation [6, 7.
sIL-2R is not unique to T cells, but rather is also
expressed on HTLV-1 transformed T and B cells,
EBV transformed B cells, myeloid precursors, and oli-
godendrocytes [3, 7]. It is absent from resting T cells,
non-activated B cells, and null cells [3, 7]. Histologi-
cally, reactive T lymphocytes and monohistiocytic
cells have been found within PCNSL tissue [8]. The
purpose of this study was to retrospectively reassess
the diagnostic value of sIL-2R in suspected PCNSL
patients and to immumohistochemically investigate the
type of cells that produce sIL-2R in PCNSL speci-
mens.



Brain Tumor Pathol (2013) 30:34-39

35

Materials and methods

We reviewed the medical records of patients that were
initially suspected to be suffering from PCNSL at our
institute from 2007 to 2011. Nineteen were male, and 18
were female (Tables 1, 2). The age of the patients ranged
from 19 to 90 years of age (mean 61.7 years). The patients
had undergone systemic surveillance, including physical
examinations; blood and serum analysis including analyses
of sIL-2R and C-reactive protein (CRP); and computed
tomography of the neck, chest, abdomen, and pelvis, where
necessary. According to the patients’ final diagnoses, the
sIL-2R levels of 13 PCNSL cases, 14 cases of other CNS
tumors, 3 cases of inflammation, and 7 cases of cerebro-
vascular disease were retrospectively investigated.

The patients’ serum sIL-2R levels were determined by a
commercial laboratory company using the sandwich
enzyme-linked immunosorbent assay. In 11 of the 13
PCNSL cases formalin-fixed paraffin-embedded PCNSL
specimens were collected from our archives. The other two
cases of PCNSL were diagnosed according to the cyto-
logical features of their cerebrospinal fluid. A histological
diagnosis of malignant lymphoma was agreed on among
the authors in all cases.

Immunochistochemistry and confocal laser
microscope analysis

Immunochistochemical staining was performed according
to the manufacturer’s protocol. Primary antibodies against

Table 1 Clinical and laboratory data and immunohistochemical
detection of CD25 in PCNSL

Case  Age Sex sIL-2R CRP CD25
(years) (U/ml)  (mg/dl)  immunoreactivity
of specimen

1 59 M 189 0.39 Negative

2 81 M 695 0.71 Atypical cells,
mononuclear cells

3 56 M 2220 0.79 Atypical cells

4 52 F 167 0.03 Negative

5 81 F 445 0.01 Atypical cells,
mononuclear cells

6 74 M 390 0.06 Negative

7 78 F 357 <0.10 ]

8 75 F 258 <0.10 Atypical cells,
mononuclear cells

9 65 M 1525 0.19 Mononuclear cells

10 67 F 452 0.02 Atypical cells

11 62 F 459 <0.10 Negative

12 56 F 572 0.1 Mononuclear cells

13 90 M 425 1.13 *1

*#1 diagnosed by cerebrospinal fluid and neuroimaging
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CD45 (leukocyte common antigen; DAKO M0701; 1:100),
CD20 (B cell marker; DAKO M0755; 1:100), CD3 (T cell
marker; Spring Bioscience M3070; 1:200), and CD25
(IL-2R « subunit; Novocastra NCL-CD25-305; 1:100)
were used. For antigen retrieval, tissue sections were boiled
in 10 mM citrate buffer for 10 min. Negative controls were
produced by treating parallel sections using the above
method but without the primary antibody. The staining
procedure was achieved using the Envision plus technique
(DAKO, Japan).

The cellular source(s) of sIL-2R were assessed by
immunochistochemical staining using a confocal laser
microscope equipped with an Ar/Kr/HeNe laser combina-
tion laser (Leica TCS SP: Leica Microsystems, Germany).
Rhodamine-labeled (TAGO, CA, USA; 1:100) secondary
antibodies for CD25 and 4'6-diamidino-2-phenylindole
(DAPI) for nuclear staining were also used.

Table 2 Clinical and laboratory data and final diagnosis of suspected
PCNSL

Case Age Sex sIL-2R CRP Final diagnosis
(years) (Umb  (mg/dl)

14 76 M 254 0.25 ICH (subacute phase)

15 42 F 207 0.01 GBM

16 76 F 650 0.12  Cerebral infarction

17 48 F 246 0.04  Metastasis (cardiac
myxoma)

18 50 M 277 0.1 Metastasis (unknown
origin)

19 29 M 376 <0.02  Multiple sclerosis

20 63 M 836 0.28  Anaplastic astrocytoma

21 58 M 310 0.03  Atypical meningioma

22 76 F 335 <0.02  Cerebellar infarction

23 76 M 250 0.09  Aspergillosis

24 58 M 394 0.02  Brain stem glioma

25 66 M 308 0.04  Spinal cord tumor

26 25 M 160 0.54  Cystic vestibular
schwannoma

27 70 F 529 0.12  Metastasis (lung cancer)

28 58 M 416 <0.02  Hemangioblastoma

29 58 F 212 <0.10  Anaplastic astrocytoma

30 23 M 263 <0.10 GBM

31 19 F 241 <0.10  Multiple sclerosis

32 72 M 331 0.14  Cerebral infarction

33 44 F 307 ND Meningioma

34 68 M 398 1.28  ICH (subacute phase)

35 80 F 857 3.52 - Hemorrhagic infarction

36 76 F 387 1.97  Anaplastic astrocytoma

37 75 F 516 232 GBM

ICH intracerebral hemorrhage, GBM glioblastoma multiform, ND not
determined
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Statistical analysis

Serological data were analyzed using the Mann-Whitney
U test and a comiputer system.

Results
Serological results

The 13 PCNSL cases showed elevated levels of sIL-2R
(629.5 + 586.0 U/mil, range 189-2220 U/ml), whereas the
other disease group showed sIL-2R levels of 408.5 +
250.7 U/ml (range 160-837 U/ml). The difference between
the groups was not statistically significant. As elevated
serum levels of sIL-2R have been reported in a variety of
autoimmune and inflammatory diseases [3, 7], the cases
with serumi CRP levels of greater than 1 mg/ml were
excluded to avoid the influence of inflammation. As a result,
one case of PCNSL and five cases of other diseases were
excluded (Tables 1, 2). The mean sIL-2R level of the
remaining 12 PCNSL samples was 646.0 £ 609.1 U/ml,
which was significantly higher than that of the other disease
group (347.0 £+ 166.6 U/ml; p = 0.025; Mann-Whitney
U test). There was a large overlap between the sIL-2R
values of the two groups (Fig. 1).

Pathological results
The surgical PCNSL specimens showed typical compact

cellular aggregates with an angiocentric infiltration pattern.
The immunohistochemical staining of CD20 confirmed that
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Fig. 1 Graph showing the serum sIL-2R levels in PCNSL and other
diseases. Bars show mean values
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all of the PCNSL cases examined in this study were B cell
type lymphoma. CD3 positive T cells were seen in all
specimens, but the extent of cell infiltration differed from
case to case. Immunochistochemical analysis showed that
CD25 was expressed on the membranes of both neoplastic
cells and mononuclear cells in the PCNSL sections (Fig. 2a,b).
Five of the 11 PCNSL specimens contained CD235-positive
atypical cells. Two specimens only displayed CD25-posi-
tive mononuclear cells, which were considered to be
infiltrating T cells. The intensity of the immumnopositivity
varied from case to case. Neither atypical cells nor CD25-
positive mononuclear cells were observed in 4 of the 11
specimens. No CD25 positive cells were detected in normal
brain tissue. To strengthen our data regarding the cellular
source of CD25 in B cell lymphoma, we performed
immunofluorescent staining and examined the specimens
using a confocal laser scope. As shown in Fig. 3, CD25
signals (Rhodamine; red) were detected in the cell mem-
branes of the lymphoma cells. Overlaid images produced
with the double staining technique revealed that the CD25
signal was present in the cells with atypical nmaclei. It was
concluded that some lymphoma cells produce CD25.

A high serum sIL-2R level was noted in two patients
(cases 1 and 9). Pathological specimens in two cases
showed typical diffuse large B cell type lymphoma without
any differences in the other nine cases.

A representative case with high serum sIL-2R

A 56-year-old man who had a history of glomerulonephritis
and acute subdural hematoma complained a progressive
deterioration of higher brain functions (case 3). Fluid-
attenuated inversion recovery (FLAIR)-MRI revealed dif-
fuse white matter hyperintensity involving the bilateral
cerebral hemispheres, corpus callosum, and white matter
adjacent to the posterior horn of lateral ventricles (Fig. 4).
Gadolinium was not administered because of renal dys-
function. The serum sIL-2R level was elevated to 2,220 U/ml
(normal range 145-518 U/ml). The biopsy specimen
revealed typical PCNSL as diffuse large B-cell lymphoma.
The tumor cells were strongly labeled by antibodies for
CD20, a B cell marker (Fig. 4). The patient was treated with
corticosteroids and whole brain irradiation involving a total
dose of 40 Gy. After the completion of radiotherapy, the
value of sIL-2R was decreased according to the tumor
shrinkage. Then, the patient relapsed, and the sIL-2R level
was elevated. He died 4 months after the initial presentation.

Discussion

Magnetic resonance (MR) imaging of immunocompetent
PCNSL patients typically demonstrates one or more
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Fig. 2 a Infiltrating mononuclear cells showed positivity for CD25 (case 2). b Immunohistochemical staining of PCNSL tissue revealed that
atypical large cells were positive for CD25 (case 8)

Fig. 3 Double staining observations by confocal laser imaging: a DAPI nuclear staining, b rthodamine red staining of CD25, ¢ phase contrast
image, d superimposition of a and b revealing tumor cells that expressed CD25 (case 10)

homogeneously enhanced lesions in the periventricular procedure is recommended [2, 6, 8]. Establishing new non-
white matter [1, 2]. After neuroimages suggestive of  surgical diagnostic tools for PCNSL would be helpful. The
PCNSL are obtained, a minimally invasive diagnostic  serum sIL-2R level was reported to be significantly high in
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Fig. 4 Clinical course in case 3.
The value of sIL-2R decreased
during corticosteroid
administration and radiation
therapy. Abnormal intensity
lesions in FLAIR-MRI
decreased in size (left and
middle MRI). The surgical
specimen showed typical
PCNSL. Note that the
periventricular lesion was
enlarged at tumor relapse (right
MRI)

0

13

CRP (mg/ml) 0.79

Treatment:

highly aggressive lymphomas and was subsequently rec-
ognized to reflect the tamor burden and indicate a poor
outcome [4, 5, 7]. Although sIL-2R is easy to measure,
there have been few studies of the sIL-2R level in
PCNSL [6].

IL-2 was discovered as a T-cell proliferative factor that
was purified from cultured phytohemagglutinin-stimulated
peripheral blood mononuclear cells [9]. The IL-2 receptor
is expressed on the cell membranes of lymphocytes and
plays important roles in their activation and proliferation
[3, 7, 10]. The cell surface-bound IL-2R is composed of
three glycoprotein chains: ¢ (55 kDa), f (75 kDa), and ¥
(64 kDa) chains. Most resting T cells, B cells, and mono-
cytes in the circulation do not express the « subunit [10].
Expression of the « chain, which is also known as CD235, is
rapidly induced after mononuclear cell activation, whereas
the § and y chains are constitutively expressed by the
above-mentioned cells [3, 7]. The release of the o subunit
into the blood is proportional to its cell surface expression.
After its release, the o subunit is excreted and catabolized
by the kidneys and has a serum half-life of 0.62 h [3]. If
CD25 is only found on neoplastic cells and is released
directly into the blood; it follows that the serum level of
sIL-2R directly reflects the burden of malignantly trans-
formed cells and disease activity. In other words, sIL-2R
could be used as a true neoplastic marker. In our study, the
serum sIL-2R levels of the two groups often overlapped,
and the IL-2 levels of the two groups were not significantly
different. The serum levels of sIL-2R are known to increase
during various immunological and inflammatory processes
[3, 7, 11]. CRP and sIL-2R might be regulated differently
in various inflammatory conditions [11, 12]. After we had
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excluded cases displaying elevated CRP levels, our data
indicated that the serum sIL2R levels of PCNSL patients
were significantly higher than those of patients with other
diseases. However, the PCNLS patients showed a wide
range of sIL-2R values, and so it is not a sensitive and
specific marker. This variation was thought to have been
caused by the presence of several cases with abnormally
high levels of sIL.-2R. Our data showed that extremely high
levels of sIL-2R (>1500 U/ml) were only observed in
PCNSL patients. In contrast, the cases lacking the surface
CD25 antigen displayed a relatively low level of sIL-2R.
Thus, high sIL-2R levels without inflammatory disease
might be suggestive of PCNSL. However, pathological
specimens in higher sIL-2R cases failed to show any dif-
ferences compared to lower sIL-2R cases.

The precise source and biological role of sIL-2R in
PCNSL has not been clarified [6]. sIL-2R is reported to be
released by systemic Hodgkin’s lymphomas or systemic
lymphomas that constitutively express the CD25 antigen
on their membranes [3, 7]. This stady revealed that sIL-2R
was derived from the tumor cells themselves in some
PCNSL cases. Activated lymphoid cells that had infiltrated
neoplastic tissues also expressed CD25. Several studies
have shown that not only lymphoid cancer cells, but also
some non-lymphoid cancer cells express IL-2R on their
surfaces [3, 5, 10]. They include carcinomas of the kidney,
head and neck, esophagus, and lung [3]. In addition, the
elevated levels of sIL-2R observed in some malignant solid
tamors are likely to have been released from normal
peripheral mononuclear cells that were activated in
response to the neoplasm’s growth or from activated
Iymphoid cells that had infiltrated neoplastic tissues.
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Overall, serum sIL-2R is not a specific and highly sen-
sitive marker of PCNSL. As shown in Fig. 4, the serial
evaluation of sIL-2R might be useful in monitoring of
therapeutic effectiveness. Further studies are needed to find
a more specific marker for this type of lymphoma.
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Abstract We report a case of a 20-month-old girl with a
large choroid plexus carcinoma arising in the left lateral
ventricle and an adrenocortical tumor. Following brain
tumor resection, the patient was treated with radiation and
chemotherapy. The adrenocortical tumor was found with
the manifestation of precocious puberty. TP53 gene
mutation {(exons 4-10) was not detected in either specimen.
The patient had leptomeningeal dissemination and died
26 months later.

Keywords Choroid plexus carcinoma -
Adrenocortical tumor - Malignancy

Introduction

Choroid plexus tumors are relatively uncommon intraven-
tricular neoplasms of nearo-ectodermal origin, accounting
for less than 1 % of all intracranial tumors. Most cases
occur in children under 2 years of age [1, 2]. Choroid
plexus carcinoma (CPC) is even rarer, representing no
more than 25 % of all plexus tumors [3-7]. Some choroid
plexus malignant tumors are associated with adrenocortical
tumors [§-11]. We herein report the case of an infant with
no known family history of malignancies who presented
with two primary tumors, CPC and a benign adrenal cor-
tical adenoma.
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Case report

A 20-month-old girl was admitted because of a 3-week
history of gradual progression of occasional vomiting and
right hemiparesis. Magnetic resonance imaging (MRI)
revealed a 7-cm-diameter mass with contrast enhancement
in the atrium of the left lateral ventricle (Fig. 1a) and a
1-cm-diameter mass in the interpeduncular fossa. Cerebral
angiography revealed a small tumor blush, which was
mainly fed by the left anterior and posterior choroidal
arteries. The infant’s prenatal and natal histories were of no
significance. There was no family history of malignancies.
Through left posterio-parietal craniotomy, the patient
underwent tumor excision two times during 3 weeks.
However, the tumor mass was only partially excised owing
to profuse bleeding and brain swelling. For the purpose of
reducing the vascularity and size of the tumor, a total dose
of 32 Gy of irradiation was given to the limited area of the
residual tumor over 4 weeks. The tumor mass regressed on
MRI, and the central part of the tumor showed decreased
contrast enhancement, which was interpreted as necrosis
(Fig. 1b). Subsequently, gross total removal of the tumor in
the left lateral ventricle was successfully performed
(Fig. 1c), and her right hemiparesis gradually improved. A
ventriculo-peritoneal shunt was placed to relieve
hydrocephalus.

Histologically, the surgical specimens in the initial
operation were characterized by papillary and tubular
structures lined by single or multiple layered epithelia
(Fig. 2a). Nuclear pleomorphism and necrosis were found
(Fig. 2b). Five or more mitotic figures were seen per 10
HPF (Fig. 2b), and the Ki-67 labeling index was 12 %
(DAKO, M7240, Fig. 2c¢). Immunochistochemical reactivity
was positive against transthyretin (DAKO, L1857,
Fig. 2d), cytokeratin (45- and 52-kd cytokeratin, YLEM,
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A B

Fig. 1 a Axial T;-weighted magnetic resonance images with gado-
lintum showing a large tumor in the left lateral ventricle. b Gadolin-
inm-enhanced T1-weighted magnetic resonance image following
irradiation to the tumor, showing noticeable diminution in

Cc

enhancement. ¢ Postoperative gadolinium-enhanced Tj-weighted
magnetic resonance image showing total tumor excision in the left
lateral ventricle

Fig. 2 a A photomicrograph of the tumor showing papillary and
tubular structures lined by single or multiple layered epithelia with
hypercellularity. HE stain, original magnification x200. b A photo-
micrograph of the tumor showing nuclear pleomorphsim and necrotic
area. HE stain, original magnification x400. ¢ A photomicrograph of
the tumor showing the Ki-67 labeling index is 12 %. Original
magnification x200. d A photomicrograph of immunohistochemical

5D3, Fig. 2e), S-100 protein (DAKO, Z0311) and vimentin
(DAKO, M0725), and was negative for glial fibrillar acid
protein (GFAP, DAKO, Z0334), carcinoembryonic antigen
(CEA, DAKO, AQ0115), epithelial membrane antigen

171

staining showing cytoplasmic positivity for transthyretin (TTR). TTR
immunoperoxidase, original magnification x200. e A photomicro-
graph of immunohistochemical staining showing positivity for
cytokeratin. Original magnification x200. f A photomicrograph of
immunohistochemical staining for p53 showing that few tumor cells
were positive. Original magnification x400

(DAKO, M0613) and synaptophysin (DAKO, MO0776).
Imimunohistochemical staining for p53 (DAKO, DO-7)
revealed that few tumor cells were positive (Fig. 2f).
Electron microscopically, numerous golf-club-shaped
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Fig. 3 An electron micrograph showing numerous golf-club-shaped
microvili (black arrows) on the luminal swrface and cilia (white
arrows) in the cytoplasm. Bar 1 um

microvilli were demonstrated on the luminal surface. Cilia
were occasionally seen in the cytoplasm (Fig. 3). A base-
ment membrane was observed on their inner surface. All
these histopathological findings were consistent with a
diagnosis of CPC.

One month after the last operation, the patient developed
signs of premature puberty such as pubic and axillary hair
growth, hypertrophy of the clitoris and acne. Endocrino-
logical studies revealed exceedingly high values of plasma
testosterone at 3.3 ng/ml, the normal level being less than
0.1 ng/ml, and dehydroepiandrosterone-sulfate (DHEA-S)
at 21,200 pg/dl, the mnormal range being 20-119
pg/dl. Abdominal MRI disclosed a large right adrenal mass
5.0 cm in diameter (Fig. 4a). The adrenal cortical tumor
was entirely removed, producing immediate resolution of
the patient’s symptoms of premature puberty as well as
normalization of the plasma levels of testosterone and
DHEA-S. Histologically, the tumor consisted of neoplastic
growth of atypical eosinophilic cells with a solid or alve-
olar growth pattern with moderate cellular pleomorphism.
Mitotic figures were occasionally seen (1-2 per 10 HPF).
No apparent necrosis or invasive growth was detected.
Vascular invasion was inconspicuous (Fig. 4b). According
to Weiss’s criteria [12], our case was diagnosed as a benign
adenoma. None of the adrenocortical tumor cells reacted to
p33 antibody (Fig. 4c).
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Genomic DNA was extracted from the paraffin blocks of
the brain tumor and the adrenal tumor (TaKaRa DEXPAT,
Takara, Kyoto, Japan), and also from her white blood cells.
Amplification of the TP53 gene within exons 4-10 was
carried out with hot-start PCR polymerase (KOD-PLUS,
Toyobo, Japan). Sequencing reaction (BigDye Terminator
vl.l Cycle Sequencing Kit, Applied Biosystems) was
analyzed using a capillary sequencer (ABI PRISM 3100,
Applied Biosystems). No mutation was detected in any of
the DNA samples (exons 4-10) extracted from the speci-
mens (Fig. 5).

MRI obtained 5 months after the last operation for the
brain tumor disclosed leptomeningeal metastases. After
additional radiation therapy and five cycles of chemother-
apy including etoposide and carboplatin, tumor regression
was observed. Nevertheless, she eventually succumbed to
disseminated disease 26 months after the initial surgery.

Discussion

CPC is the malignant counterpart of choroid plexus tumors
and histologically corresponds to WHO grade III [13]. This
case fulfilled the following features: frequent mitosis,
increased cellular density, nuclear pleomorphism, blurring
of the papillary pattern with poorly structured sheets of
tumor cells and necrotic area [13]. The differential diag-
nosis should include papillary ependymoma and metastatic
papillary carcinoma, especially from the lung [5, 14].
Immunohistochemistry was positive for transthyretin,
cytokeratin, S-100 protein and vimentin in the present case,
but there was negative immunostaining for GFAP and
CEA. Transthyretin and cytokeratin are reliable markers
of choroid plexus neoplasms [15-17]. The expression of
cytokeratin and transthyretin by tumor cells and the lack
of GFAP expression differentiated this tamor from
ependymoma, and the co-expression of cytokeratin, S-100
protein and vimentin with negative CEA was helpful in
distinguishing it from metastatic carcinoma [13]. Electron
microscopy favored the diagnosis of a choroid plexus
tamor owing to the presence of golf-club-shaped micro-
villi, cilia and a basement membrane {18-20].

CPC in children generally follows an aggressive course
[14], and the 5-year survival rate is 26-50 % [2, 3, 5, 6].
The tumor often disseminates via CSF pathways [5, 21],
and even metastasizes extraneurally [22]. Previous reports
confirm that maximum surgical resection offers the best
chance for long-term survival. However, complete surgical
excision cannot be carried out in all patients because of the
extreme vascularity, larger size and its location [2-6]. To
reduce the vascularity and volume of choroid plexus neo-
plasms, radiation therapy was beneficial in achieving
complete resection [23-25].
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Fig. 4 a A coronal Tj-weighted magnetic resonance image showing
a large right adrenal tumor (arrow). b A photomicrograph of the
adrenal tumor showing neoplastic growth of atypical eosinophilic
cells with a solid or alveolar growth pattern with moderate cellular
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Fig. 5 One of the point mutation hotspots of 7P53 gene, codon 337
was judged to have no mutation

Childhood adrenocortical tumors (ACT) are very aggres-
sive endocrine neoplasms whose incidence is quite low.
According to the International Pediatric Adrenocortical
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pleomorphism. No apparent necrosis or invasive growth can be seen.
HE stain, original magnification x200. ¢ A photomicrograph of
immunohistochemical staining for p53 showing none of the tumor
cells was positive. Original magnification x400

Tumor Registry, they typically present during the first
5 years of life and have female predominance. Hormonal
hyperproduction is almost universal, and most patients
(84.2 %) present with virilization [26]. Pediatric ACT may
occur sporadically or as a component of certain hereditary
tumor syndromes, that is, Li-Fraumeni syndrome, multiple
endocrine neoplasia type 1, Beckwith-Wiedmann syndrome,
Carney complex and congenital adrenal hyperplasia [27].

Sandrini et al. [8] mentioned one pediatric case of
combined CPC and adrenocortical carcinoma in 58 cases
of childhood adrenocortical tumor. Vital et al. [9]
reported a pediatric patient who had adrenocortical
carcinoma at the age of 4 years, and the later atypical
choroid plexus papilloma was discovered at 6 years, with
P53 germline mutation in both tumors. In addition, Wang
et al. described a boy aged 18 months who had coinci- .
dent CPC and adrenocortical carcinoma with elevated
p33 protein expression immunohistologically in both
tumors [10]. More recently, Russell-Swetek et al. repor-
ted a young boy with no family history of cancer who
was diagnosed with CPC and adrenocortical carcinoma,
and harbored a novel de novo germline 7P53 mutation
[L1]. Thus, two of these reported cases are considered as
Li-Fraumeni syndrome.
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Since we failed to show TP53 germline mutation in our
case, this case is likely to be a rare coexistence of CPC and
adrenocortical adenoma in an infant. However, both tumors
are exceedingly rare; it is possible that the patient had other
unknown genetic predispositions toward malignancy.

In conclusion, we should know this type of coincidence
of tumors in infants.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
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Abstract

Objective The recurrence rate of meningioma after sur-

gery is high, and progression is often observed. The risk -

factors for recurrence and progression are not clear. We
evaluated the risk factors for recurrence and progression in
meningioma using ''C-methionine (MET) positron emis-
sion tomography (PET).

Methods Thirty-seven  patients (mean  follow-up,
80 months) with an intracranial meningioma were enrolled.
MET PET was performed before treatment between 1995
and 2010, and patients were followed up in an out-patient
clinic. Surgery was performed in 33 patients, and a wait-
and-see approach was taken in four patients. We evaluated
the extent of tumor resection, location, WHO grade, Ki-67
labeling index, and lesion to normal ratio (LN ratio) of
MET uptake.

Results  Six of the surgical cases had a recurrence, and
two of the observation-only patients had tumor progres-
sion. A high LN ratio of MET uptake was a significant risk
factor for recurrence and progression with univariate
analysis. The area under the curve of receiver operating
characteristic curve for the LN ratio of MET uptake was
0.754, and the optimal cutoff value was 3.18 (sensitivity
63 %, specificity 79 %). With multivariate analysis, a high
LN ratio of MET uptake, non-gross total resection, and a
high WHO grade were significant risk factors for pro-
gression and recurrence.
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Conclusion A high LN ratio of MET uptake was a risk
factor for tumor progression and recurrence. The advantage
of MET PET is that it is not invasive and can easily be used
to evaluate the whole tumor.

Keywords ''C-methionine PET - Meningioma -
Riskfactor of recurrence and progression - Multivariable
analysis - ROC analysis

Introduction

Meningioma is the most common primary brain tumor in
adults. The frequency of meningioma among all types of
brain tamors is 26.4 % in Japan [1] and 344 % in the
United States. Many histopathological subtypes exist. Most
meningiomas are benign, but World Health Organization
(WHO) grade IT and grade III meningiomas, which exhibit
aggressive clinical behavior, are found in 10 % of patients
with meningioma. We usually perform surgery for symp-
tomatic cases or cases with large tumors. For small and
asymptomatic cases, a wait-and-see approach is taken.
However, gross total resection (GTR) is difficult in some
surgical cases because of the tumor location and invasion
into the brain tissue and the venous sinus. The residual
tumor often recurs with malignancy, making the patient’s
prognosis poor. Meningiomas that are only observed
sometimes progress and require surgical resection. In pre-
vious papers, the recurrence rate after surgery was high.
BEven if the tumor is removed completely, the recurrence
rate is between 7 and 32 %. After subtotal resection, the
recurrence rate is between 19 and 50 % [2-4].

The risk factors for progression and recurrence in
meningioma are not clear, and clarification of these factors
is important for determining surgical indications and
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treatment strategies. We usually use the Ki-67 labeling
index (LI) to evaluate the proliferative activity, but surgery
is required to obtain a tissue specimen. Surgery is invasive
for the patient, and evaluating the risk of recurrence with
the Ki-67 LI is controversial because the tissue specimen
sometimes does not reflect the whole tumor.

In this stady, we evaluated ''C-methionine (MET)
uptake of the whole tumor using MET positron emission
tomography (PET) to investigate the risk factors for
recurrence and progression.

Methods
Patients

From a database of patients who were examined with MET
PET, we retrospectively retrieved data for all 73 patients
who were diagnosed with intracranial meningioma
between 1995 and 2010. These cases were not a consecu-
tive series. We could not examine MET PET results for all
meningioma cases because the number of cases that could
be examined by MET PET per week in our facilities is
limited. Thirty-seven patients fulfilled the inclusion criteria
for this study: (1) patients were initially diagnosed with
meningioma; (2) MET PET was performed before surgery
or observation; (3) patients were followed at Osaka City
University Hospital or affiliated hospitals; (4) during the
follow-up period, no additional treatment was performed
other than the first surgery. Thirty-three patients were
excluded because of recurrence after surgery, and three
patients dropped out during the follow-up period. Thus,
37 cases (23 females and 14 males) were enrolled in this
study (Fig. 1). The mean age of the patients was
54.5 £ 12.9 years. All study participants provided

73 patients examined
with MET PET for
meningioma

-

B

h 4
37 patients enrolled

and analyzed
T

36 patients excluded -
33 post operative cases
3 dropped out during the

follow-up period

:

33 patients :
Surgical cases

}

4 patients :
Cbserved cases

Fig. 1 Analysis of meningioma cases with MET PET
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informed consent, and the study design was approved by an
ethics review board.

MET PET study

All patients underwent a MET PET scan with HEAD-
TOME-IV (BGO, Shimadzu, Japan) between 1995 and
2005, Eminence-B (BGO) since 2005, and Biograph-16
(LSO, Siemens, Germany) since 2010. Twenty-six patients
were examined with HEADTOME-IV. Axial and in-plane
resolutions of the PET images were each 4.5 mm (in full
width at half maximum), and the slice thickness was 4 mm.
Twenty minutes after MET injection (4 MBg/kg), an
emission scan of the brain was performed for 10 min. The
emission scan was reconstructed to a matrix of 128 x 128
(using an iterative algorithm), and attenuation and
scatter correction were done. The voxel size was 2 x 2 X
3.25 mm.

Ten patients were examined with Eminence-B. Axial
and transaxial resolutions of the PET were each 4.5 mm (in
full width at half maximum). The injection volume and
timing of the scan were the same as HEADTOME-IV. The
emission scan was reconstructed to a matrix of 128 x 128,
and attenuation and scatter correction were done. The
voxel size was 2 X 2 x 3.25 mm.

One patient was examined with Biograph-16. Axial and
transaxial resolutions of the PET were 5.5 and 5.9 mm (in
full width at half maximum), respectively. The injection
volume and timing of the scan were the same as HEAD-
TOME-IV. The emission scan was reconstructed to a
matrix of 336 x 336, and attenuation and scatter correction
were done. The voxel size was 1.02 x 1.02 x 2 mm.

All MET PET images were interpreted by an experi-
enced neurosurgeon. The MET uptake was calculated by
drawing a region of interest (ROI) using a freehand pro-
cedure. In all cases, MET uptake of the lesion was higher
than in normal gray matter. In cases with a multiple
meningioma, the lesion with the highest mass was evalu-
ated. From the tumor lesion and normal reference region
(frontal lobe of the normal side), the lesion to normal ratio
(LN ratio) of mean MET uptake was calculated.

Surgical resection, pathological findings, and clinical
follow-up

Thirty-three cases were treated with surgery, and four cases
were observed. In surgical cases, GTR {Simpson grade I or
1) was performed in 18 cases (55 %), and subtotal resec-
tion (Simpson grade IIT or IV) was performed in 13 cases
(39 %). Partial resection (Simpson grade IV) was per-
formed in one case (3 %), and a biopsy (Simpson grade V)
was performed in one case (3 %). The pathological diag-
nosis and the WHO grade were determined by experienced
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pathologists according to the WHO classification updated
in 2007. The Ki-67 LI was also calculated. All patients
were followed up at our out-patient clinic without any
additional treatment for the tumor during the follow-up
period. For the surgical cases, gadolinium (Gd)-enhanced
magnetic resonance imaging (MRI) was performed every
3-6 months in the first 2 years after surgery, and then
every year during the follow-up period. For the observation
cases, Gd-enhanced MRI was performed more than once a
year. The mean follow-up period was 80 £ 52 months
(range 4-180 months). In surgical cases, the lesion was
defined as a ‘recurrence’ when a lesion was found at the
same location or a residual lesion was obviously enlarged
in the radiological examinations. In non-surgical observa-
tion cases, the lesion was defined as a ‘progression’” when
the tumor size was obviously enlarged in the radiological
examinations.

We evaluated the risk factors for recurrence and pro-
gression by age, gender, location (skull base or not), extent
of resection (GTR or not), Ki-67 LI, and LN ratio of MET
uptake.

Statistical analysis

We evaluated the risk factors for recurrence and progres-
sion using paired f tests. When the data were not normally
distributed, Wilcoxon’s rank-sum test was used for con-
tinuous data. Fisher’s exact tests were used for categorical
data. Cox proportional hazards regression amnalysis was
used for the surgical cases to assess the predictors of
recurrence and progression with duration of the recurrence-
free period as the time variable. A receiver operating
characteristics (ROC) curve was assessed to confirm the
best cutoff value of the LN ratio for recurrence and pro-
gression. All statistical analysis was performed using JMP
9 software (SAS Institute Inc.).

Results
Characteristics and pathology

During the follow-up period, six surgical patients had a
recurrence, and two observation patients progressed. The
characteristics of the 37 cases are shown in Table 1.
Summaries of the recurrence group and the non-recurrence
group are shown in Table 2. The mean age of the recur-
rence group was 57.9 £ 11.8 years, and that of the non-
recurrence group was 53.6 + 13.2 years. We found no
significant difference in the numbers of males and females
in each group.
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The tumor location is shown in Table 1. We classified
the tumor location into two groups: skull base and non-
skull base. The recurrence rate was not significantly dif-
ferent between these two groups.

Two patients died during the clinical follow-up period.
One (case 20) died of thyroid cancer 51 months after PET
examination, and another (case 21) died due to tumor
progression 4 months after PET examination. The tumors
were classified by pathology as follows. Ten were men-
ingothelial (30 %), nine were fibrous (27 %), eight were
transitional (24 %), two were angiomatous (6 %), two
were chordoid (6 %), one was secretory (3 %), and one
was atypical (3 %). Thirty cases were WHO grade 1
meningiomas, and three cases were WHO grade 1I
meningiomas. The recurrence rate was not significantly
different between WHO grade I (17 %, 5/30 cases) and
grade I (33 %, 1/3 cases). The mean LN ratio of WHO
grade I meningiomas was 2.99 + 1.07, and the mean LN
ratio of WHO grade II meningiomas was 2.35 + 0.36.
The LN ratio was not significantly different between
WHO grade I and grade I1.

Extent of tumor resection and recurrence

Gross total resection was performed in 18 patients, and one
patient (case 35) had a recurrence during clinical follow-
up. In 15 patients, some tumor remained after the surgery.
In this non-GTR group, recurrence of meningioma was
observed in five patients. The recurrence rate was not
significantly different between the non-GTR group and the
GTR group (p = 0.053).

LN ratio of MET PET and Ki-67 LI for progression
and recurrence

During the clinical follow-up, six cases of recurrence and
two cases of progression were found. The average LN ratio
of these eight cases was 3.67 + 1.15 [95 % confidence
interval (CI) 2.71-4.64] and that of the remaining 29 cases
was 2.65 + 0.86 (95 % CI 2.32-2.98). The average LN
ratio of the cases with recurrence and progression was
higher than that of the cases without recurrence or pro-
gression (p < 0.01, Fig. 2). The average Ki-67 LI of the
recurrent six cases was 1.81 + 1.21 (95 % CI 0.54-3.09),
and that of the 27 cases without recurrence was
3.06 + 3.84 (93 % CI 1.54-4.58). The Ki-67 LI was not
significantly different between the recurrence group and
the non-recurrence group (p = 0.44). No correlation was
found between the LN ratio and the Ki-67 LI (Fig. 3). Risk
factors evaluated with univariate analysis are summarized
in Table 2. One illustrative case is shown in Fig. 4.
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Table 1 Characteristics of 37 patients with meningioma

No. Age Gender Location Pathological WHO Ki-67 LN Surgery  Recurrence/ Follow-up
(years) diagnosis grade ratio progression (months  (months)
after pet exam)
1 43 F Parasagittal Transitional 1 15.5 223 GIR No 176
2 67 F Parasagittal Transitional I 3 222  GTR No 45
3 49 F Sphenoid ridge Chordoid II 134 263 GTR No 157
4 57 F Petroclival Secretory I 144 3.00 GTR No 40
5 49 M Olfactory groove Transitional I 498 263 GIR No 180
6 39 M Pineal Chordoid 11 303 195 GIR No 26
7 61 F Clival Fibrous 1 4 510 STR Yes (9) 141
8 43 M Parasagittal Fibrous I 0.3 397 GTR No 159
9 58 F Parasagittal Fibrous I 145 310 GTIR No 34
10 46 F Convexity Fibrous 1 449 373 GTR No 88
11 61 M Clinoidal Transitional 1 112 284 STR No 152
12 79 M Convexity Meningothelial 1 126 538 STR Yes (13) 56
13 57 F Parasagittal Angiomatous 1 229 361 S8TR Yes (20) 147
14 37 F Convexity Meningothelial 1 227 337 GIR No 145
15 54 F Tentorial Fibrous I 059 332 STR No 142
16 71 M Parasagittal Meningothelial 1 092 509 STR No 65
17 66 F C-P angle Transitional 1 049 265 §8TR No 138
18 22 F Convexity Meningothelial I 1.3 198 GTR No 130
16 60 M Sphenoid ridge Fibrous I 133 29 STR Yes (17) 71
20 74 M Tuberculum sellae  Meningothelial I 0.2 217 §TR No 51
21 39 M Middle fossa - - 318 - Yes (4) 4
22 75 F C-P angle Fibrous 1 35 235 GTR No 54
23 52 F Tuberculum sellae  Angiomatous I 1 254  GTR No 110
24 50 F Sphenoid ridge Meningothelial I 126 1.65 STR No 29
25 49 F C-P angle - - - 1.53 - No 97
26 62 M Convexity Fibrous I 3 286 STR No 65
27 57 M Convexity Transitional I 265 120 GTR No 48
28 44 F Foramen magnum  Meningothelial 1 5.6 264 GIR No 438
29 48 F Intraventricular Fibrous 1 6.5 3.03 GTR No 74
30 42 F Sphenoid ridge Transitional I 2 273 STR No 69
31 62 F Convexity Transitional 1 0.1 1.68  Biopsy No 47
32 30 F Intraventricular - - - 249 - No 24
33 69 F Convexity Meningothelial 1 03 1.27 GTIR No 43
34 45 M Clivotentorial - - - 238 - Yes (43) 43
35 53 F Intraventricular Atypical II 15 248 GIR Yes (26) 26
36 65 M Clival Meningothelial 1 0.5 4.35  Partial Yes (15) 25
37 72 M Tentorial Meningothelial T 1 38 STR No 23

C-P angle cerebello-pontine angle, GTR gross total resection, STR subtotal resection

In our study, the LN ratio was a significant risk factor
for recurrence and progression with univariate analysis.
We also evaluated risk factors using multivariate analy-
sis. The results are summarized in Table 3. Multivariate
analysis showed that the LN ratio, the extent of resec-
tion, and the WHO grade were significant risk factors for
recurrence and progression. The hazard ratio of the LN
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ratio was 4.21. The LN ratio was the only factor
examined preoperatively.

ROC curve analysis

A ROC curve was generated, and the area under the curve
(AUC) was calculated to determine the best discriminating
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