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Figure 5. Inhibition of angiogenesis and tumor formation in nude mice by
antisense RNA of GUCY1B3. A, Tumor formation in nude mice. The
average volume of tumors formed at eight sites was determined at the
indicated times after injection of 10° cells from the following U-87MG
derivatives: U87cp (m), UB7asGUCY 1B3-5' {o) and U87asGUCY1B3-3' ().
The average volumes of tumors in autopsy at day 32 were 910 mm?, 0.4 mm?,
and 0.4 mm?, respectively. B and C, Microscopic examination of the tumors
derived from U87¢cp (B) and U87asGUCY1B3-5' (C) with hematoxylin and
eosin staining. Microvessels per field: 21.9+£8.9 (U87c¢p), 2.25+0.95
(U87asGUCY 1B3-5", and 2.33%1.15 (U-87asGUCY1B3-3").

media were essentially the same as that with 0.2% FBS alone
(Fig. 4A). Similar results were obtained in a series of
experiments using U-87MG cells with a vector alone and
U-87MG-derived cells expressing the antisense RNA of
GUCY 1B3. Mitogenic activity towards HUVEC cells was
much stronger in the media of a 72-h culture with U-87MG
cells carrying a vector alone than in the medium with 10 ng/ml
of VEGF. Since 10 ng/ml of VEGF generates almost full
mitogenic activity to HUVEC cells, U-87MG cells appear to
secrete other mitogenic factors in addition to VEGF (Fig. 4B).

Inhibition of angiogenesis and tumor formation in nude mice
by the antisense RNA of GUCY1B3. We finally examined the
angiogenic activity and its inhibition in vivo by the antisense
RNA of GUCYIB3. Because only U-87MG cells, and not
CCF-STTGI cells, formed subcutaneous tumors when injected
into nude mice, we tested the tumorigenicity of U-87MG
cells with a vector alone as well as that of two U-87MG-
derived cell lines expressing the antisense RINA of GUCY1B3.
U-87MG cells with a vector developed tumors, which
continued to grow rapidly and aggressively, at all injection
sites (8/8) (Fig. 5A). The average volume of the tumors was
910 mm? when the mice were sacrificed at day 32. Tumors
were soft and round; they were also rich in veins, some of
which could be observed macroscopically on the surface of
the tumors (data not shown). In sharp contrast, the incidence
and size of the tumors were dramatically decreased in two
U-87MG-derived cell lines expressing the antisense RNA of
GUCY B3 (Fig. 5A). Palpable tumors could not be detected
until the mice were sacrificed at day 32, when only one very
small tumor with a volume of 0.4 mm?® could be recognized
in each cell line at autopsy. A microscopic examination
demonstrated that the vascular index of tumors derived from
U-87MG cells with a control plasmid (average 21.9 per field)
was significantly higher than that of the small tumors derived
from cells expressing the antisense RNA of GUCY1B3
(average 2.3 per field) (Fig. 5B and C).

Discussion

Numerous studies have demonstrated that hypoxia and several
cytokines are the major inducers of VEGF expression in
various cells, including those of gliomas (7-11). In addition,
some experiments have suggested that NO can also induce
VEGF through activation of the GC, although this pathway
might overlap, at least in part, with the signals from hypoxia
or several cytokines (12,13). In the present study, we have
newly demonstrated that the soluble GCs/cGMP cascade is
autonomously activated in a subset of human malignant glioma
cells. Furthermore, blocking this cascade by the antisense
RNA of either subunit of soluble GCs type 3 reduced cGMP
content and VEGF expression, inhibited angiogenic activity
both in vitro and in vivo, and suppressed tumor formation
in glioma cells. It is promising that the inhibition of either
subunit of GCs is sufficient to inhibit angiogenesis. These
findings strongly suggest that a pair of subunits of soluble
GCs, GUCY1A3 and GUCY B3, is an upstream mediator of
VEGF expression in glioma cells and provides a possible
molecular target for anti-angiogenic therapy in a subset of
human gliomas.
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Downstream cascades from cGMP to VEGF in tumor
cells, including some ¢cGMP-dependent kinases, would also
be important for intervening in tumor neo-vascularization.
Such molecules might regulate VEGF expression either by
transcriptional control or through some specific cytokines
(13,22,23). Several studies have demonstrated that the hypoxia
inducible factor 1 complex is involved in the transcription of
the VEGF gene at the downstream of hypoxia stimulation as
well as NO generation. In this connection, it is noteworthy
that U-87MG cells showed very strong mitogenic activity to
HUVEC cells that cannot be explained by VEGF activity
alone. Nonetheless, the inhibition of the GCs suppressed
most of the angiogenic activity of U-87MG both in vitro and
in vivo, suggesting that additional cytokines regulated by
c¢GMP could be involved in the elevated activity of angio-
genesis and tumorgenesis in U-87MG cells. Furthermore,
drastic suppression of tumorigenicity observed in U-87TMG
cells by antisense GUCY1B3 suggests that GC/cGMP might
also be involved in some pathways regulating tumor formation
other than the angiogenesis. Modification of soluble GC
activity by some specific inhibitors could provide a novel
strategy against human malignant gliomas.

Acknowledgements

The authors acknowledge Drs Yoshiro Maru and Masabumi
Shibuya for their helpful comments and participation in fruitful
discussions. This work was partially supported by a Grant-in-
Aid for the Second Comprehensive 10-Year Strategy for Cancer
Control from the Ministry of Health, Labor, and Welfare of
Japan; a Grant-in-Aid for Scientific Research on Priority Areas
from the Ministry of Education, Culture, Sports, Science, and
Technology, Japan; and a Grant from the Promotion of
Fundamental Studies in Health Sciences of the Organization for
Pharmaceutical Safety and Research (OPSR) of Japan. M.S.
is a recipient of a Research Resident Fellowship from the
Foundation for Promotion of Cancer Research of Japan.

References

1. Kleihues P, Louis DN, Scheithauer BW, Rorke LB,
Reifenberger G, Burger PC and Cavenee WK: The WHO
classification of tumors of the nervous system. J Neuropathol
Exp Neurol 61: 215-225, 2002.

2. Folkman J: Angiogenesis in cancer, vascular, rheumatoid and
other disease. Nat Med 1: 27-31, 1995.

3. Skobe M, Rockwell P, Goldstein N, Vosseler S and Fusenig NE:
Halting angiogenesis suppresses carcinoma cell invasion. Nat
Med 3: 1222-1227, 1997.

4. Ferrara N and Davis-Smyth T: The biology of vascular endothelial
growth factor. Endocr Rev 18: 4-25, 1997.

5. Plate KH, Breier G, Weich HA and Risau W: Vascular endothelial
growth factor is a potential tumour angiogenesis factor in human
gliomas in vivo. Nature 359: 845-848, 1992.

6. Cheng SY, Nagane M, Huang HS and Cavenee WK: Suppression
of glioblastoma angiogenicity and tumorigenicity by inhibition
of endogenous expression of vascular endothelial growth factor.
Proc Natl Acad Sci USA 93: 8502-8507, 1996.

7. Shweiki D, Itin A, Soffer D and Keshet E: Vascular endothelial
growth factor induced by hypoxia may mediate hypoxia-initiated
angiogenesis. Nature 359: 843-845, 1992,

8. Tsai JC, Goldman CK and Gillespie GY: Vascular endothelial
growth factor in human ghoma cell lines: induced secretion by
EGF, PDGF-BB, and bFGF. ] Neurosurg 82: 864-873, 1995.

9. Cohen T, Nahari D, Cerem LW, Neufeld G and Levi BZ: Inter-
leukin 6 induces the expression of vascular endothelial growth
factor. J Biol Chem 271: 736-741, 1996.

10. Wang D, Huang HJ, Kazlauskas A and Cavenee WK: Induction
of vascular endothelial growth factor expression in endothelial
cells by platelet-derived growth factor through the activation of
phosphatidylinositol 3-kinase. Cancer Res 59: 1464-1472,
1999.

11. Moriyama T, Katacka H, Hamasuna R, et al: Up-regulation of
vascular endothelial growth factor induced by hepatocyte growth
factor/scatter factor stimulation in human glioma cells. Biochem
Biophys Res Commun 249: 73-77, 1998.

12. Chin K, Kurashima Y, Ogura T, Tajiri H, Yoshida S and Esumi H:
Induction of vascular endothelial growth factor by nitric oxide in
human glioblastoma and hepatocellular carcinoma cells. Oncogene
24: 437-442, 1997.

13. Kimura H, Weisz A, Kurashima Y, et al: Hypoxia response
element of the human vascular endothelial growth factor gene
mediates transcriptional regulation by nitric oxide: control of
hypoxia of hypoxia-inducible factor-1 by nitric oxide. Blood 95:
189-197, 2000.

14. Ziche M, Morbidelli L, Choudhuri R, Zhang HT, Donnini S,
Granger HJ and Bicknell R: Nitric oxide synthase lies downstream
from vascular endothelial growth factor-induced but not basic
fibroblast growth factor-induced angiogenesis. J Clin Invest 99:
2625-2634, 1997.

15. Papapetropoulos A, Garcia-Cardena G, Madri JA and Sessa WC:
Nitric oxide contributes to the angiogenic properties of vascular
endothelial growth factor in human endothelial cells. J Clin
Invest 100: 3131-3139, 1997.

16. Kroll ] and Waltenberger J: VEGF-A induces expression of
eNOS and iNOS in endothelial cells via VEGF receptor-2 (KDR).
Biochem Biophys Res Commun 252: 743-746, 1998.

17. Parenti A, Morbidelli L, Cui XL, et al: Nitric oxide is an upstream
signal of vascular endothelial growth factor-induced extracellular
signal-regulated kinase 1/2 activation in postcapillary endo-
thelium. J Biol Chem 273: 4220-4226, 1998.

18. Gallo O, Masini E, Morbidelli L, Franchi A, Fini-Storchi I,
Vergari WA and Ziche M: Role of nitric oxide in angiogenesis
and tumor suppression in head and neck cancer. J Natl Cancer
Inst 90: 587-596, 1998. :

19. Mayer B: Nitric oxide/cyclic GMP-mediated signal transduction.
Ann NY Acad Sci 733: 357-364, 1994.

20. Drewett JG and Garbers DL: The family of guanyly! cyclase
receptors and their ligands. Endocr Rev 15: 135-162, 1994.

21. Giuili G, Scholl U, Bulle F and Guellaen G: Molecular
cloning of the cDNAs coding for the two subunits of soluble
guanylyl cyclase from human brain. FEBS Lett 304: 83-88,
1992.

22. Liu Y, Cox SR, Morita T and Kourembanas S: Hypoxia regulates
vascular endothelial growth factor gene expression in
endothelial cells. Identification of a 5' enhancer. Circ Res 77:
638-643, 1995.

23. Forsythe JA, Jiang BH, Iyer NV, Agani F, Leung SW, Koos RD
and Semenza GL: Activation of vascular endothelial growth factor
gene transcription by hypoxia-inducible factor 1. Mol Cell Biol
16: 4604-4613, 1996.



Acta Neurochir (Wien) (2005) 147: 131-136
DOI 10.1007/s00701-004-0391-4

Clinical Article

Acta Neurochirurgica

Printed in Austria

Multimodal strategy for managing meningiomas in the elderly

Y. Sonoda, K. Sakurada, M. Saino, R. Kondo, S. Sato, and T. Kayama

Department of Neurosurgery, Yamagata University School of Medicine, Yamagata, Japan

Published online December 2, 2004
© Springer-Verlag 2004

Summary

Background. The incidence of brain tumors in elderly patients is
increasing. It has become possible to treat meningiomas in the elderly
by several modalities. We developed a successful multimodal strategy to
freat these patients.

Methods. We registered 35 patients with meningiomas. Symptomatic
meningiomas were treated surgically at the time of diagnosis (n=19).
Of the 16 asymptomatic meningiomas, 5 were removed at the time of
diagndsis. The other asymptomatic meningiomas (n=11) were treated
conservatively and when the tumors increased in size, surgical treatment
was considered. “Operated” patients with residual or recurrent tumors
underwent radiosurgery with a gamma knife.

Findings. Surgical mortality and morbidity were 4% and 16%, respec-
tively. Of the 25 “operated” patients, 21 (84.0%) had a good Karnofsky
scale (>80%) at discharge. In all but two of the 11 patients with asympto-
matic, conservatively treated meningiomas, the tumors did not increase
during the follow-up period. Ganma knife radiosurgery, performed to
treat 3 residual and 1 recurrent tumor, resulted in very good tumor control
and none of the tumors increased after gamma knife surgery.

Conclusions. Meningiomas in elderly patients require a multimodal
approach. Our strategy, which includes surgery, radiosurgery, and con-
servative treatment, resulted in good tumor control and made it possible
for patients to pursue their activities of daily life.

Keywords: Meningioma; elderly patients; gamma kaife; asymptom-
atic.

Introduction

The apparent increase in the incidence of brain tumors
in the elderly is due in part to improved diagnostics such
as computed tomography (CT) scanning and magnetic
resonance imaging (MRI), and an increase in life expec-
tancy [15]. Meningiomas are benign tumors which can
be removed surgically and they are often curable. How-
ever, in elderly patients, surgical intervention is asso-
ciated with significant morbidity and mortality {1, 2, 5,

9, 14, 16] although advances in microsurgical techniques
and anesthetics have led to improved results [3, 4, 8, 12].
Niiro et al. [11] recommended surgical removal even in
elderly patients with symptomatic meningiomas, how-
ever, the surgical indication for asymptomatic meningio-
mas remains unclear.

We monitor patients with asymptomatic meningiomas
and obtain follow-up MRI at 3—6 month intervals. If the
tumors increase in size, surgical resection is considered.
The introduction of gamma knife surgery has resulted in
the good control of residual and recurrent tumors [7] and
it is now possible to manage meningiomas in the elderly
multimodally. We now report the results of our strategy
for treating elderly patients with meningiomas.

Materials and methods

Treatment strategy

In this study, patients over 70 years old are defined as eldetly patients.
Figure 1 is a flowchart of our treatment strategy. In principle, patients with
symptomatic meningiomas are operated on. In patients with asymptomatic
meningiomas we usnally perforrn MRI at 3--6 month intervals. If the tumor
size increases or the patient becomes symptomatic, surgical resection is
considered. In cases where the tumor measures >3 cm, is located around
eloquent areas, or is surrounded by severe peritumoral edema, surgery is
performed at the time of diagnosis. The surgical risk in all patients is
carefully evaluated by a neuro-anesthesiologist and/or other experts, If the
turnor adheres to or shows evidence of invasion into important structures,
we intentionally do not resect the adhering or invading portion(s) but deal
with them radiosurgically using a gamma knife. Meningiomas that recur
after initial resection are also treated by gamma knife.

Fatients

Between 1994 and 2003, 131 intracranial meningiomas were diag-
nosed in our Department of Neurosurgery. Of these, 35 (26.7%) were
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Fig. 1. Our strategy for treating meningiomas in elderly patients

found in patients between 70 and 84 years of age (mean, 73.4 years);
these patients, 23 women (65.7%) and 12 men (34.3%), were enrolled in
our protocol. We used the Kamofsky performance scale (KPS) ror
standardization of the patients’ pre- and postoperative condition [6].
Clinical data on the 35 patients are presented in Tables 1 and 2.

Results

Patient characteristics

Our treatment strategy is presented in Fig. 1. Of the
35 patients, 19 (54.3%) were initially symptomatic and
underwent surgical treatment. One patient (case 25) was

- asymptomatic at the time of meningioma diagnosis. How-
ever, this 70-year-old man became symptomatic during the
course of conservative treatment and underwent surgery.

Of the 16 asymptomatic tumors, 5 were removed at
the time of diagnosis; 3 of these were large (cases 21, 22,
and 24) and 2 (cases 20 and 23) were located around
eloquent areas. The large tumor in case 21 manifested
peritumoral edema. The other 11 asymptomatic tumors
were treated conservatively and monitored by MRI at
3—6 month intervals.

During the 13-month (average) follow-up period, 2
initially asymptomatic tumors increased in size; one
(case 25) was operated on, in the other (case 26) we

Y. Sonoda et al.

continued follow-up due to associated disease (COPD).
The remaining 9 asymptomatic, conservatively treated
tumors did not increase in size during a 23.2-month
(average) follow-up period. Ultimately, 25 of the 35
(71.4%) elderly patients underwent surgical treatment.
Their tumors ranged in size from 20-70 mm; 8 were
located at the convexity and 5 were parasagittal tumors.
The medical history of 5 patients (20%) included hyper-
tension. In all but 5 patients the preoperative KPS was
80% or higher. The low KPS of the 5 patients was attri-
butable to tumor symptomatology. Total resection was
performed in 20 cases (Simpson I, n=11; Simpson II,
n=9), partial resection in 5 (Simpson III, n=1,
Simpson IV, n=4). Three of the partially resected
symptomatic meningiomas (one each petroclival, falco-
tentorial, and clinoidal) required additional gamma knife
surgery.

Histologically, of the 25 surgically treated tumors, 8
were meningotheliomatous, 10 were fibrous, 2 were
transitional, 2 were psammomatous, 1 was angiomatous,
and 2 were anaplastic meningiomas.

Operative morbidity (Table 3)

Postoperative complications were encountered in 4
patients (16%); 2 suffered permanent morbidity consist-
ing of hemiparesis (cases 17 and 14). The other 2 man-
ifested transient mild 7™ nerve palsy (case 11) or
cerebrospinal fluid leakage (case 15). Of the 4 patients
with operative morbidity, 2 suffered additional post-
operative medical complications. Patient 17, a 71-year-
old man with a large olfactory groove meningioma
developed pneumonia. Patient 14, a 76-year-old woman
whose tumor was located at the convexity manifested
pulmonary embolism. There was no operative morbidity
among the 6 asymptomatic patients.

Operative mortality

Only one patient (case 9), a 78-year-old man with
severe visual disturbance and hemiparesis whose pre-
operative KPS was 50%, died within 30 days of total
removal of a large (60 mm) sphenoid ridge meningioma.
The cause of death was cerebral infarction that occurred
2 weeks after surgery. Overall, the mortality rate for the
25 “operated” patients was 4%.

Postoperative KPS

At the time of discharge, 9 of the 25 “operated”
patients (36%) manifested an improved KPS, in 13
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Table 2. Asymptomatic intracranial meningiomas in elderly patients treated conservatively

Case Age/sex Tumor Size Follow-up Follow-up Medical KPS at KPS at

no. _location (mm) (months) results history diagnosis follow-up

25 70/M lateral 20 33 growth hypertension 90% *50%
ventricle (at 10 mos)

26 71/M clinoidal 25 30 growth COPD 80% 80%

(at 16 mos)

27 84/ M clinoidal 35 22 no change not relevant 100% 100%

28 80/M sphenoid 30 21 no change not relevant 100% 100%
ridge

29 70/F olfactory 20 - 29 no change not relevant 100% 100%
groove

30 75 /M sphenoid 30 30 no change not relevant 100% 100%
ridge

31 70/F sphenoid 20 30 no change angina 100% 100%
ridge

32 77/F convexity 15 25 no change parkinsonism 80% 80%

33 76/F falx 20 13 no change hypertension 100% 100%

34 73/F parasagittal 15 34 no change hypertension 100% 100%

35 75/F tentorial 14 5 no change diabetes mellitus 100% 100%

* The KPS of this patient worsened during follow-up due to enlargement of the tumor and he subsequently underwent surgery.

Table 3. Summary of treatment-related (30 day) morbidity in elde:ly
surgically treated meningioma patients

Case Age/sex Tumor site Surgical Medical
no. complication complication
17 71/M olfactory hemiparesis pneumonis:
groove (permanent)
14 76/F convexity hemiparesis pulmonary
(permanent) embolis n
15 73/F tentorial CSF leakage
(transient)
11 71/F cerebellopontine  7th nerve palsy
(transient)

(52%) it was unchanged, and in 3 (12%) is was worse
than their preoperative score. None of the 6 asympto-
matic patients experienced postoperative neurological
deterioration.

Follow up evaluation

Of the 5 partially resected meningiomas, 3 required
gamma knife surgery 3—6 months after the initial opera-
tion. Follow-up MRI studies were performed in 18
patients. During a mean follow-up period of 33.1
months, 2 of 20 totally resected tumors (10.0%)
recurred. The average interval between treatment and
recurrence was 18.5 months. Of 2 operated anaplastic
meningiomas, 1 (case 10) was also treated by gamma
knife surgery. The other patient with a surgically treated
anaplastic meningioma (case 14) had an admission KPS

score of 100%; it fell to 50% and she died without
receiving further treatment 28 months after establish-
ment of her diagnosis. A total of 4 patients (residual
tumors, n = 3; recurrent tumor, n = 1) underwent gamma
knife surgery which resulted in very good tumor control;
all 3 residual tumors decreased in size during a mean
follow-up period of 73.3 months. The cause of death in
3 patients (cases 1, 10, and 17) was due to associated
disease. At the time of this writing, we are continuing to
monitor 10 asymptomatic patients by MRI (mean fol- .
low-up period 23.3 months).

Discussion

High morbidity and mortality rates raise doubts
about the advisability of surgical intervention in
elderly meningioma patients. Following the introduc-
tion of CT scanning, 2.2-45.0 of eldetly patients
succumbed to operative mortality; 30-52% suffered
perioperative morbidity (Table 4) [1, 2, 5, 9, 14, 16].
Advances in MRI and microsurgical techniques, neuro-
anesthetics, and intensive care management have led to
better results [3, 4, 8, 12]. Some [3, 12] have reported
that there is no significant difference in the morbidity
rate of younger and older patients and surgical removal
has been recommended even in aged patients with
symptomatic meningiomas [3, 11]. The introduction
of gamma knife surgery not only led to changes in
the treatment of benign tumors but also provided a
useful tool for dealing with residual and recurrent
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Table 4. Operated intracranial meningiomas in the elderly reported in
the literature

Author and year Patient No.of 30-day Perioperative
age - cases mortality morbidity

Papo (1983) >70 50 45% NA
Awad et al. (1989) >65 25 8% 52%
Cornu et al. (1990) >65 96 16% 43%
Arienta et al. (1990) >70 34 12% 44%
Umansky et al. (1992) >70 37 5.4% 41%
Maurice-Williams >65 46 2.2% 30%

and Kitchen (1992)
Nishizaki ef al. (1994) >70 78 13%
Black ef al. (1998) >65 57 1.5% 11%
Kuratsu et al. (2000) >70 30 0% 23%
Buhl et al. (2000) >70 66 7.6% 18%
Our series >70 25 4% 16%

tumors [7]. In patients with adhering tumors and those
with tumors adjacent to important structures we can
reduce postoperative morbidity by subsequent gamma
knife surgery. We treated our 19 patients with sympto-
matic meningiomas by surgery alone or by combined
surgery and gamma knife surgery. Two meningiomas
(cases 25 and 26) were initially asymptomatic but sub-
sequently increased in size and became symptomatic
during follow-up; one of these patients (case 25) was
treated by total resection, the other (case 26) received
conservative treatment due to associated disease
(COPD). Of the 35 patients reported here, 20 (57.1%)
were initially or subsequently recorded as symp-
tomatic and treated by surgical resection. A single
patient (case 9), a 78-year-old man with a meningothe-
liomatous tumor at the sphenoid ridge, succumbed to
operative mortality. The cause of death was cerebral
infarction. Operative morbidity occurred in 4 (16%) of
our patients, 2 (8%) suffered permanent neurological
morbidity. ‘

The surgical indication in elderly patients with
asymptomatic meningiomas demands careful evaluation.
Regarding the natural history of asymptomatic menin-
giomas [8, 11, 13, 17], 22-35% of these tumors
increased in size and there was no significant difference
with respect to age, tumor size, and gender between
patients with and without tumor growth during the
follow-up period [8]. Asymptomatic meningiomas with
CT evidence of calcification and/or hypo-intensity on
T2-weighted MRI scans reportedly have a slower growth
rate [8].

In our series, 2 of 11 (18.2%) conservatively treated
asymptomatic tumors increased in size over a 23.2-
month follow-up period (cases 25 and 26). This tumor
growih rate is somewhat lower than that reported pre-
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Table 5. Studies on the natural history of asymptomatic meningiomas

Author and year Mean No. of Tumor

age cases growth rate
Olivero et al. (1995) 66 45 22.0%
Niiro et al. (2000) 76.1 40 35.0%
Yoneoka et al. (2000) 61 37 24.3%
Kuratsu et al. (2000) 66.5 63 31.7%
Our series 74.6 11 18.2%

viously (Table 5), possibly because our strategy
addresses high-risk asymptomatic meningiomas at the
time of diagnosis. Like others [10, 11], we consider
large meningiomas and those with peritumoral edema
as high-risk tumors. When we encounter meningiomas
around eloquent areas we carefully weigh our treatment
options because resection of these tumors carries a high
risk of morbidity. In our series, all 6 such asymptomatic
tumors were totally removed and none of these patients
succumbed to operative mortality or morbidity.

We assessed our treatment strategy not only by the
patients’ discharge KPS but also by their final morbidity
and mortality rates. Of 25 “operated” patients, 21 (84%)
had a good KPS (<80%)at discharge. In addition, 10
of our 11 conservatively treated elderly meningioma
patients manifested a high KPS throughout follow-up,
suggesting that repeated routine MRI scanning is highly
useful in this group of meningioma patients.

Conclusions

The most important treatment aim in elderly menin-
gioma patients is tumor control and the maintenance of
their ability to pursue their activities of daily life. With
this in mind, we developed our multimodal treatment
strategy comprised of surgery, gamma knife surgery,
and careful follow-up.
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Comments

The authors present a series of 35 elderly patients (70 to 84 years)
treated for meningioma. Reading the report through and through, a
neurosurgically thinking reader does not get a clear message. Even the
conclusions are very general: “The most important treatment goal in
elderly meningioma patients is tumor control and the maintenance of
their ability to pursue the activities of daily life. With this in mind, we
developed our multimodal treatment strategy comprised of surgery,
gamma knife surgery, and careful follow-up.” A neurologically minded
reader might swallow this, since for him a petroclival meningioma or a
left-sided parasagittal parietal meningioma, or a giant tuberculum sellae
meningioma, do not represent very different categories, but just an
intracranial meningioma. However, for a neurosurgical reader no doubt
the age does indeed count, but much more do: the location, the size, and
the conflict of the lesion with the vital neighbouring structures. There is
no doubt that, not only for elderly meningioma patients but also (and
even more so) for younger meningioma patients, their ability to pursue
the activities of daily life after the treatment is most important. I am
always questioning myself when the experts are “quoting careful follow-
up” in whatever disease. Is it a good strategy or is it just waiting to
minimize our responsibility in the act of treatment, since when we are
treating a symptomatic patient, we certainly are not under such a burden
as when we are treating a symptom-less patient. In other words, surgical
or any other treatment of a symptom-less meningioma patient should
have an end-result within the lowest margin of morbidity (less than
1-2%), and with no mortality.

Y. Sonoda et al.: Treating meningiomas in the elderly

It goes without saying that in any age group any residual meningioma
should be additionally treated, most probably optimally by radiosurgery.
However, to treat a large meningioma (over 3 cm in diameter) only with
radiosurgery - unless other medical conditions of the patient do not
allow surgery — is not a justifiable option. Since we do still believe that
meningioma represents a benign disease, in my opinion, surgery is the
first option for all meningiomas, over 2.5 cm in diameter. Furthermore,
the location, and the conflict with neural and vascular structures have to
be dealt with prior to surgery. In cases of parasagittal meningiomas,
venography is inevitable, and again, all the veins should be preserved
despite difficulties at surgery. To leave a part of meningioma around the
bridging veins is far better than to risk the rupture of this extremely
important drainage without collateral. And then additional gamma-knife
treatment is the option, particularly in elderly patients.

Age does represents just one factor in meningioma patients, although
certainly not the most important one, providing that the brain perfusion
tests preoperatively are within normal limits. In our experience, anaes-
thesia — and any, even short-lasting, drops of mean arterial pressure may
lead to serious consequences — is more dangerous than an appropriately
designed and conducted microsurgical resection of a meningioma. Just
for comparison: in meningiomas encasing the main draining veins at the
parietal region or in meningiomas encasing the optic nerve and growing
into the optic canal(s) and compressing the optic nerve(s) and similar
situations all over the skull base, are always dangerous situations if
handling at the time of the tumor resection is not optimal. Performing
an optimal resection of the tumor at any location in a patient with
generally diseased arteries in his 50s might be more dangerous than
an optimal resection of meningioma in another patient in his 80s, when
his arteries are in good condition. The age of the patient, according to his
birth date is one thing, but the biological age of the patient is another
thing. Age in meningioma patients is important, however it is not the
most important factor in decision-making for surgery.

The authors should be congratulated for having opened up a problem
which should be studied further, probably most appropriately in a co-
operative study. The ideal would be to collect in such a study much
larger groups of elderly patients with meningiomas at the same location.
Personally, [ am convinced that this study will continue, respecting all
the important factors: location, size, conflicts with the vital structures, as
well as regarding the type of meningioma.

Having personal experience with over 1000 intracranial meningiomas,
I believe less and less that a meningioma is a benign disease — providing
that the follow-up has been long enough. In this context, the age of the
patient — when the disease is established — and the chosen modality
of treatment have a different meaning, and management by “careful
follow-up” in elderly patients, should be reconsidered.

Vinko V. Dolenc
Lubljana, Slovenia

In this small series of patients over 70 years of age harbouring
meningiomas, the authors have demonstrated that good clinical results
can be achieved by a thoughtful and surgically conservative approach. I
believe that most neurosurgeons would treat their elderly patients in a
similar fashion. While similar and larger series are present in the bib-
liography, the present paper is well presented and has a nice summary of
the literature on the subject.
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Among the significant prognostic factors such as the patient’s age, performance status, or tumor histopathol-
ogy, the most important prognosticator for glioma patients is the degree of tumor removal. On the other hand, sur-
gical removal should not induce aggravation of the patient’s performance status. As a result, surgical planning for
glioma should be carefully considered. However, there is no standard guide for preoperative planning at present. In
this study, we tried to divide 390 gliomas into 5 stages according to the difficulty of surgery and then analyzed the
relation between removal rate and each stage. The results demonstrated that the stage correlates with both the
removal rate and the patient’s survival. This grouping can be useful to discuss the feasibility of surgical planning

among multiple neurosurgical institutions.
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Fig.1 A : A preoperative T2-weighted MR image showed a tumor that seemed to be
motor glioma.

B : A magnified image showed that the motor gyrus located between the tumor and the
central sulcus -(CS). This tumor is a premotor glioma.

C 1 A preoperative diffusion tensor MR image displayed that the corticospinal tracts
(arrow) were intact.

D A postoperative diffusion tensor MR image displayed that corticospinal tracts

(arrow) were preserved.

Table 1 Eloquent area h i ll'J b, BB HY T1 NG Ty 2 a0,
Motor and sensory cortex W XN AR bulk LT S, B INLVEA
Visual center T iR, JEF A bulk & T3, BB

Speech center

T‘ﬁMU%T@ﬁU S BB, T2 MG &
Internal capsule .

. 10)
Basal ganglia
Hypothalamus or thalamus 2) Lioquent area DT
Brain stem XEXELELALDH D, —EOEMI DY, HoK

Dentate nucleus

MW, Bl eSO ADL 2 60 I{ET 7
HHh Db eloquent area E WA EZ K ET B I EMNTE

WhEBIERIE L, SRSB4 — 2Ok %, RIS I Table 1 O X ) AT eloquent area &
PRI, SEE RN T 2 2 T 7 ) A — LTHISENT VB L L) eloquent & EbiLs
T OTFM AT — P DT 2 2 & 2ikAd, TRZE ML T, RO L 2 WEEFSH L B D,
B¢ O eloquent area DERISBEE T4 Tk ke
. B4\, eloquent area EEENIT R EHMEERT 5,
ez fE 318, BE left frontal diffuse astrocytoma,
1 FMATF—IRFICHT HREER lﬂﬂf%{ LRSS 1d central sulcus (CS) 12#% L, motor area
KAV FEBTO3RTHS, : WKAAEL T d LA IELZ 5 (Fig.14), L LAads

1) Tumor bulk ¢ 5%
2) Eloguent area &)

MRI # 3o iE Lt b &, B e CSofiicizl >
D gyrus Z3FETE LTk D, premotor area @ astrocytoma
3) Removal rate O EEZ Bk (Fig 1B). FEEIGICIRE 3 & 3,

I OIEBUIE RO & Nie o o, BRI 30 Hlot ¢
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Fig.2 A ! Stage 1 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor was located within one
gyrus in the non-eloquent area.
B : Stage 2 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor (2 cm) was located in the right
frontal lobe.

g O

. Stage 3 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor (5 c¢m) was located in the right
frontal lobe.
: Stage 4 glioma. A T1-weighted MR image with Gd-DTPA showed that the tumor (3 cm) was located in the right

fronto-parietal lobe. The tumor was beyond the eloquent area.

ey

* Stage 5 glioma, A T1-weighted MR image with Gd-DTPA showed that the tumor (4 cm) was located in the left fronto-

temporal lobe. The tumor was beyond the sylvian fissure and extended to the hasal ganglia.

Table 2 Surgical staging for glioma

Stage 1 T size (=1 cm) or within one gyrus
Stage 2 Stage 1 (+1) or T size (1<<T<3cm)
Stage 3: Stage 2 (+1) or T size (>3 cm)
Stage 4 : Stage 3 (-+1) or Stage2 (+1-+1)
Stage 5: Stage 3 (+1+1) or Stage 2 (+1+1+1) or
Multiple lesions, Disseminated lesions,
Extra CNS lesions
+1: Eloquent area (motor, speech, visual)
Thalamus, Basal gangha, Bilateral lesions
Sylvian fissure (insular cortex)

T tumor, CNS @ central nervous system

%, CT I motor area ¥LF WG 2 L9 A

ThH, MRI & %

450

" 1d magnetoencephalography (MEG) X

M gtak

13 ‘17‘(3 ’J

e 'ﬁtk motor area W IFE L TV dERE o # (30%)
TH otz SR O AR ‘%z:ls‘;él LTk &
3?75 SRS A T D XD I RLA BE
#HlT 4, diffusion tensor MR image ¢, SIS intact 12
Mitisha ZE2d 5 (Fig. 10). FEERZ 0 L5 2w
THBRDRIE S IW 2 0% (O, RAREH b i
L, FREIOUGEZ RS, O tensor image T b §EA M
Bt o T/ (Fig 1D), 2O &) IFHl i % 7
W, eloquent area & [W%E 95 & L WAHITH B

NS I

3) Removal rate O3EF

WG 7 2 o0, fhith, MHPREMRIT 50007
AHETd A, MRI EmHolETHD, »o benign
enhancement % BRAET 2% 72 012, ik 72 WERST LU b HRddk
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T2 ENEE LD,

FMRT—IDMEDIER

HROMEEZLE ARV AT Yoz ERL
7o, ETIEE DK E IH 6, Stage 1~3 1 H L 7 (Table
2). eloquent area (motor, speech, visual), HIH, LIS
AT T B9H%, sylvian fissure #i#8 4 (insular cortex
oA S BIRE, corpus callosum % #8 2 Sl E
Bl WL Cid Stage 2 1 B EvFB3 2 & & L
7o, BN, REVEARRE, BEAEEIH 2D O
EIAE L, KESICEIfR C Stage5 & L7z, ME#%
FLOBE Table2 DL o7,

FRD AT — P OB ZENT 5,

FEB 1: 12 5%, ZctE. left occipital pleomorphic xantho-
astrocytoma,

tumor size t& 1 -2 gyrus IZFRE L-CE D, non-elo-
quent area IZFEA L CVWa7e (Fig. 24). Stage 1 & BT L,
NS el X e,

FERY 2: 24 5%, Lok, right frontal astrocytoma.

tumor size (& 1~3 cm T, non-eloquent area IZFFYE L
Tus7: (Fig. 2B). Stage 2 LWL, BB IZaMB3h
7z,

REB 3:45 7%, B, right frontal glioblastoma,

tumor size t& 3 cm LA T, non-eloquent area i {77 L

7.
FER 4151 %, M. left fronto-parietal astrocytoma,
tumor size & 3cm BLETH 573, eloquent area (motor
area) ICFFEL T/ (Pig. 2D), Stage 4 EHEL, ¥
St L EFE o7,
FER 5:58 %, BYE left fronto-temporal glioblastoma
tumor size 1% 3 cm BA 11T, eloquent area %>~ sylvian
fissure ZH A TE 1 Stage 5 & ¥, biopsy I\, 2
Wi ffi U7z, (Fig 2E)

RSB TP,
VR O T 2 865 T 5 70 0 O BEHEN IR L Ofil
SR BTZEEA, MR H R U T 22 fERkic R 5 —
COBEAKREL, SR BRI OMT & 14 390
Blo 7 )4 —<ZFLC, FMAT— o EHBHED
BIfR 2 MR L 7z, IR B3I 9 overall survival 20 & {ll
DR & AT =YD G LR 21T\, Hazard ratio
TEFE LT,

Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

0 50 100 150

Number of cases

Fig. 3 Bar graph showing the number of cases for
each stage

Table 3 Survival (multivariate analysis)

Sex £=0.3173 Hazard ratio  0.859
Age »<<0.0001 1.025
AA »=0.0462 1.760
GBM £ <0.0001 4.500
Partial »=0.0185 0.629
Subtotal $=0.0153 (.492
Total p=0.0004 0.446
Stage £ =0.0003 1.424

AA ! anaplastic astrocytoma
GBM : glioblastoma multiforme

fE R

7% Stage 1B 24EHI5 & MR OBR T Fig. 3 IKR
¥, Stage 3 B D% <, 150 B (38%) Z Gtz DT
Stage 4 0% 103 7] (26%), Stage 5 5 71 1 (18%), Stage
255614 (16%) DIHTH D, Stage L 5L b
THiCh o7, BEUASRREIC S TRERICH S
D133813 i o 7o (Fig. 3). 4% Stage TOHEHIFIL Stage
1~3 £ T, £ 60% DEEWIT subtotal removal LA L AST]
fECH o, —H T, Stage 4 Tid subtotal removal BL |
DL 28%, Stage 5 Tt 420 partial removal LA T 0
R TH >/, ELERBITORSE-CIIAER, ML
MY, fHIERLG SOk S RE TN Tw 2T

BE, PBRARTH AHHEAVR I (Table 3),

%5 5

WA IRE S o W W S B B L i, (R ER IS & RIAR IS
UICC (International Union Against Cancer) i X % TMN 4>
BIRES NI, L La»e NETHR0 I &R
Ofigd & LT OIS &, BN R L o 7z,
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F 7o T IARARNE, FEAEIEIE 2 & D RSEE A EE o xf L
T, MADHENZNZNRBS LT 29,

—H, VA —<HEOMEENIEL BT B
T =R, WEes ) A —=, TR
A —2THDLNTWEY, —RRILED V) F—
KEVTEAT— YIRS 6N TR0 20
HHRELT, 74— ERBMEMEICHFETET 2 LDEH
5 tumor bulk # RE T 5 2 &3, CT Wi i3 & T
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EBIT, REZTUA—LEVLALEYD, &HBFRE Tumor
bulk DEIEMAEEI 2 -7, # 2 Thitbitid, Tumor
bultk ZEE L7 & 25, 74 =D C Tumor
bulk DFEEL MRI ETRETH 2 2 L hvbhro, 2o
FEPSRIOFMA T — P Bz ARIC LI BT
%, ,

G, BEL LV A—<OFEMAT — 08 L Fili
RO 5, KE (O HIUE Stage 3 LIT S 5
HIDTHIRETH D, Stage 4 DA LIz 2 EEETH 2 & v
I T EMWREI N, FNE 5 F X T Stage 3 BUTCEB
SRR TG 7Efl 2 s L, XOoLkIkht
BREIC > T3 EFEZ o, £T, BWEHNT
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TELHLMDEEZ NI, 2RI non-eloquent area 2741
L, BRI IE subtotal removal BL EIZA[RE T3 & 2 A3
partial removal (Z 72 - T \» % 5 {5l %, Stage 2 T 10
(50%), Stage 3 T 34 # (55%) #EL 7. Z4ucBHL
T, eloquent area I CTH - - HREM R & X F X 74

area IZ{FE L7435, total removal & 72 TV BAEHIAS
Stage 3 T 2 # (3%), Stage 4 IZ &\ T 11 (73%)
Fa L2, ZHuBIL Tt eloquent area DEFTNE L A
ERENTOROATEEE D H 508, 4EMG, MR EMS:
J&, FEFID KPS 7 &, gHuskfic 817 2168 Ao
RELBERLESCEES R0,
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bOTHZY, FHRT VA — < DIEHFMRGEE KR 2 )
ZTH, AF—YHEPIEELKTIC - T { AfREE:
R N,

SEOFMA T — Y2, THOMAEICRT 5
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EE LT HEEsS ), BE - ZMEECHED
VEEOHRIARD b5, BEHEEVELNLSEE
Bl LT, SERE0BEERE OB IEZORKE
PR LW EBRBROBLIRD N, Ll
MRI D —fERFEVEZ 10 BETHY, £ROERE
PENZ &b & o TR L BRBIFROBRREIZED
TZ LV,

SEOHTA FIA VTN TIRESES L UEE
BREINEhdiFo R, Lal, LEOLI BH
HTIEF Y AT WML A1E5H3IT B Likn
DPBRTH A, £OOAEBRL, BTN
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L EREREEOERE AR

RKELD) - XTELFIHENLHmLIET 32T
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(02%) DRIEE * %R LW, NI, SEE,
BHERER L OBEMEREENE 16 TH S, Katzman
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BEH (B 54661, 454 6)) » MRL % # 5 L, 341

03%)D 7 ) F—< 2SR L% MW,
low grade oligodendroglioma, pilocytic astrocytoma %%
% 16l &, low grade glioma 8 VW45 1 6l T& %,
Onizuka & (2001) i%, 4,000 %1 (1996 4 4 H ~ 2000 4
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TEAIRIE 3G, EMME L6, HEEEIFITH L,

INS 3O F DI RBERREEN FNEN
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BEEETH 5,

BB, RHTANS40TE, BEOBEOALHTIE
BLENTET N4 RERMEE Y EENREL L
THA FI4 v OEEOEIZMATCH LTS,
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2. Low Grade Glioma *
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Low grade glioma (LGG) (& —#% #9121, high grade
glioma 7 malignant glioma & \» ) &2 5, low @ 2
| benign glioma & \» %) FIR 2 5, L L, WHO
DEMRESE T LGG 12 grade [ l glioma 2¥& £ h
B M HARICFEM I L D IEW T EE R grade 113 be-
nign glioma £ W o TI Wb DTHHA, 50 ~ 70%%°
BRECHESEL D, EHETFHMS 5 ~ 10 FERE
T& % grade I glioma ZEWUREE O H 7 T —I2
ABNREREBCTHEH MBI KRB CEHEHOMET
grade Il glioma D EWICBELBAT A L LT,
LGG OFHETICH LT, 8F&ELd o (El, W
RHEIR, TBEATR, MR, Fhos 43I0, Tl
B ABILE, BREGEOFEL )R INT
WAY, HLrRTFRETFELTRITARLNA TN
b OIFBIE S THAER & RS T 5 R0,

GHED, ERITOBOBABE D O M, BEHFE
BT TRA RBENDH A, randomized controlled
trial (RCT) 2547 b 1L T iz 72 o BITE 2 Ja SRR 2 RS
LTLZ&Vvy,

L7295oC, BREERTOEFRE Class Il evidence
KEDLLDTH B, LENEHOLME L Ko —
L, BEOEBECELTOROIOBEEOELZFLE
e TR 5,

I. LGG AEDEIR

AT+ ELGG 2 Eg EEbNh 54, [H2
Bix I FHESELRETHL]ZLIZHLClda v
LU HADPBLENTVE MY, CoMBE LT, 1)
SENEERZE, EEWEOER, 2)ENEE ORI

(MRI C Gd & % & 72 \» glioma @ 1/3 i malig-
nant), 3)LGG DD subtype Z HEE & D L Vo
TENEIFOLNE O, L L, DEHELEDI A3V
T H, QEEY L THET L, 3) G
BEE DY A I VT P, ALEEER AT
HEhEVH)ZEICELTE Yy FAREL LT
%\,

IL. FWMOELI2T

LGGDFHD I 4 I 7IZB LTI, W o2h»®
BRXDPRHFEMIIGLTREM 2 BETPT TN
% 53034 BRI FM AT o 21T ) T BTN L
WA Z LT A TR LI T Y ARV E W O
WHoHDERTH B, WICFHERFHROIZ) W TFERRE
THoHEVITEFV AL ELHFELEY, —FT,
BEERIEUTOY 22 5FET S, 1) EWLE,
B ORI E b % S AT 7 AR IR O W
B, EHBEMED TADARIEORB, FIEMEI
LTIV 2P OWENHD, LGG I EREICE
AT AHEEII 13 ~86%THY, ZOHEIE, B
F28~604F LHE SN T VD 2BILBBW gLy
D EE 2 LTI controversial T# 535, Recht 53
LGG 2SgEh N/ ERIZB L, biopsy 17T, BH
BEL T2, FH29MHCERIFLELRD,
50% O BB % 7% anaplastic change % & 7z L7z & s L
Twa W, /2, BEERIBWIIIFEI Y ERT
FHRIBEVEOREDNS, HEETEBEU LR
BILEPWERICHEM T ) RETH L LOBRISE
W, —%, ISMAMOBREILS, 1)EFNEITIE
FEREET A D, 2)masseffect {2 & Y I E IR EE
REZDLHLO, 3)ar NO—VEARDTA»AFRE

** Treatment for Low Grade Glioma Focusing on Grade II Glioma
*ROTE R SR IR IE IR S S R R R AR SV R BB (T 990-9585 1L TR I P 2-2-2) Takamasa Kayama,
Wataru Mouri, Kaori Sakurada, Shinya Sato : Department of Neurosurgery, Yamagata University School of Medicine, 2—-

2-2 lida—nishi, Yamagata 990-9585, Japan
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