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Abstract

Background Efficient and continuous expression of a therapeutic transgene
is a key factor for improving the efficacy of gene therapy. Some insulators
are known to contribute to continuous high-level expression of a therapeutic
transgene,

Methods Using the human AAVS1 insulator (DHS) found in the AAVS1
DNase [ hypersensitive site, chicken f-globin insulator (cHS4) and sea urchin
arylsufatase insulator (Ars), we newly constructed three recombinant adeno-
associated virus vectors (rAAV) and examined their capability of transducing
the mouse quadriceps muscle.

Results DHS increased transgene expression from the human elongation
factor le promoter (EF) by 1000-fold, up to the high level achieved by
the human cytomegalovirus immediate early promoter/enhancer (CMV),
which comprises an extremely strong promoter for driving a transgene. cHS4
enhanced the expression by 100-fold, whereas Ars did not. The enhanced
expression was maintained for at least 24 weeks. Vector copy numbers were
similar with and without DHS or ¢cHS4; thus, the enhancement is most likely
due to up-regulated transcription. Neither DHS, nor cHS4 affected transgene
expression from CMV. DHS enhanced expression from the human muscle
creatine kinase promoter/enhancer by 100-fold in mice, as did DHS from EF.

Conclusions Although DHS was unable to further enhance high expression
from the strong viral enhancer/promoter, it enhanced low expression from
the human promoters by 100- to 1000-fold. Thus, DHS may be useful for
constructing rAAVs that express a therapeutic transgene from less efficient,
tissue specific promoters. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Recombinant adeno-associated virus vector (rAAV), which is highly stable
and can infect various organs, is considered to be suitable for in vivo admin-
istration in gene therapy [1,2]. Because the rAAV genome lacks the viral rep
gene, whose product mediates the viral DNA replication and the integration
of the viral DNA into the AAVS1 region in chromosome 19, the rAAV genome is
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not replicable and does mnot undergo site-specific
integration [3,4]. Recent studies have shown that the vast
majority of infected rAAV genomes persist in the muscle
in an extra-chromosomal circular form [5-7]. A variety of
integration junctions between the rAAV genome and host
chromosome have been recovered, indicating that a small
fraction of the infected rAAV genomes is integrated at
random sites [8]. The expression of transgene introduced
by rAAV lasts for a long time, and some successful animal
data have allowed human clinical trials to be conducted
using rAAVs for the treatment of cystic fibrosis, hemophilia
B, and Parkinson’s disease [9-11].

Efficient and continuous expression of a therapeutic
transgene is a key factor for improving the efficacy of
gene therapy. Insulators comprise an element with the
potential to induce continuous high-level expression of
a transgene. Insulators have been shown experimentally
to comprise the DNA sequences that define a domain of
gene expression by directionally protecting a promoter
from enhancers in different domains and by acting
as a boundary to the surrounding heterochromatin
[12]. Heterochromatinization is associated with silencing
epigenetic modifications, including histone deacetylation
and DNA methylation. Insulators appear to have
mechanisms that counteract the silencing effects of
heterochromatin [13,14].

In previous studies, insulators were inserted into vector
genomes to protect their transgene expression cassettes
from the negative influences brought about by adjacent
elements. Expression of the transgene integrated in the
host chromosome with a lentivirus vector carrying the
chicken B-globin insulator is two-fold higher than that
with the insulator-less vector {15]. The chicken g-globin
insulator inserted into an adenovirus vector shields a
downstream promoter from viral enhancers or silencers
that are present in the vector genome [15-18].

In the present study, we constructed rAAVs with the
selected insulator and injected them into the skeletal
muscle of mice. Because previous studies have indicated
that the great majority of rAAV genomes are maintained
as extra-chromosomal concatemers, the muscle is an
appropriate organ to target when aiming to avoid dilution
of vector genomes by host cell division. The insertion
of the insulator enhanced transgene expression from the
human elongation factor 1¢ promoter and human muscle
creatine kinase promoter/enhancer but did not affect
expression from the human cytomegalovirus immediate
early promoter/enhancer. These data suggest that the
insulator has capacity to enhance transgene expression
from a less efficient promoter.

Materials and methods

Vector plasmids
The DNA fragment encoding luciferase, which was excised

from pGL4.10 (Promega Corp., Madison, WI, USA) by
digestion with Kpnl and Xbal, was inserted between Kpnl
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and Xbal in the multiple cloning site of pEF1/Myc-HisA
(Invitrogen Corp., Carlsbad, CA, USA) to yield pEFla-
luc containing a luciferase expression cassette driven by
the human elongation factor le¢ promoter (EF). pAAV-
hrGFP (Stratagene, La Jolla, CA, USA) was digested with
Xhol and treated by a DNA Blunting Kit (Takara-Bio
Inc., Otsu, Japan), followed by further digestion with
Milul, and then electrophoresed on an agarose gel. The
DNA fragment containing plasmid backbone, two inverted
terminal repeats (ITRs), and hGH-polyA signal (pAAV-
ITR) was extracted from the gel. The luciferase expression
cassette, which was excised by digestion of pEFla-luc with
Milul and Pmel, was ligated with pAAV-ITR to generate
pAAV-EF1-Luc. pAAV-EF1-Luc was digested with Mlul and
treated by DNA Blunting Kit, followed by the insertion
of BamHI linker to add a BamHI site for the insertion
of the insulator fragment. The DHS-S1 region (352 bp,
nucleotides 27897527-27897176 of NT_011109.15) [19]
was amplified from Hel.a genomic DNA by polymerase
chain reaction (PCR) with a forward primer having a
BamHI site and a reverse primer having a Bglli site, and the
resultant fragment was designated as DHS. The chicken
B-globin insulator core region (244 bp) [20] and the sea
urchin arylsufatase insulator region (578 bp) [21] were
generated by annealing of the synthetic complementary
oligonucleotides with the sequences of these regions and
the recognition sequences of BamHI and BglllI at the 5" and
3’ ends and the resultant DNA fragments were designated
as cHS4 and Ars, respectively. Stuffer, a transcriptionally
inert DNA fragment, was amplified from a modified
Renilla luciferase gene (nucleotides 13291679 of phRG-
TK (Promega Corp.)) by PCR with a forward primer with
a BamHI site and a reverse primer with a Bglll site.
Stuffer and the insulator elements were inserted into
the BamHI site of pAAV-EF1-Luc to produce pAAV-EF-
Stuffer, pAAV-EF-DHS, pAAV-EF-cHS4, and pAAV-EF-Ars,
respectively.

ADNA fragment containing the human cytomegalovirus
immediate early promoter/enhancer (CMV) and f-globin
intron of pAAV-hrGFP was amplified by PCR using primers
having HindIll sites at their 5' ends. pAAV-EF-Stuffer,
pAAV-EF-DHS, pAAV-EF-cHS4, and pAAV-EF-Ars were
digested with HindIll to remove the promoter region
(EF) and then ligated with the CMV fragment to pro-
duce pAAV-CMV-Stuffer, pAAV-CMV-DHS, pAAV-CMV-
cHS4, and pAAV-CMV-Ars, respectively. The C2 site of
CMV [22] was removed from pAAV-CMV-Stuffer and
pAAV-CMV-DHS to produce pAAV-CMV/E(—)-Stuffer and
pAAV-CMV/E(—)-DHS, respectively.

Human muscle creatine kinase enhancer and pro-
moter regions were amplified from human keratinocyte
genomic DNA by PCR with the primers for the enhancer
(5"-GGATCCTCGAGCCACCCAGGGCCCCGT-3' and 5'-
CTCGAGGGAGGGTCTCGGTCGCCG-3') and for the pro-
moter (5-CTCGAGGCCCAGGAAGGGCTGGTGGCTGAA-
3" and 5-AAGCTTGGCTGGGCTGGGCTGAAGGGG-3').
After cloning the PCR-fragments into pGEM-T easy
(Promega Corp.), the enhancer fragment was obtained
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by digestion with BamH]I and Xhol and the promoter frag-
ment was obtained by digestion with Xhol and HindIIL
These two fragments were ligated at Xhol site to produce
the human muscle creatine kinase promoter/enhancer
(CKM) and then ligated with the larger fragment obtained
by digestion of pAAV-EF1-Luc with BamHI and HindIIL
Stuffer and the insulator elements were inserted into
the BamHI site of the resulting plasmid to produce
pAAV-CKM-Stuffer, pAAV-CKM-DHS, pAAV-CKM-cHS4,
and pAAV-CKM-Ars, respectively.

Cells

The 293 FT cells were grown in the Dulbecco’s modified
Eagle’s medium (Invitrogen Corp.) containing 10% fetal
bovine serum, penicillin (50 pg/ml), kanamycin (100
units/ml) (growth medium) supplemented with G418
(500 pg/ml).

The C2C12 cells [23] were grown in the growth
medium and passaged every other day.

rAAVs

The 293 FT cells (5 x 10%) were seeded in a 10-cm
poly D-lysine dish (BD Biosciences, San Jose, CA, USA)
and incubated for 24 h. The cells were transfected
with a mixture of a vector plasmid (3pg) and a
helper/packaging plasmid (pEEV-XX2) [24] (9 ug) by
using 36 pl of Lipofectamine 2000 (Invitrogen Corp.)
per dish. The medium was changed every 24 h with
the growth medium supplemented with 1x non-essential
amino acid (Invitrogen Corp.) twice. The cells were lysed
by freeze—thaw 3 days after the transfection and rAAV
was purified by the heparin affinity column method, as
described previously [25].

The purified rAAV stock was treated with benzonase
for 30 min at 37°C, followed by overnight treatment
of sodium dodecyl sulfate and proteinase K. Vec-
tor genome was then extracted by phenol/chloroform
extraction, chloroform extraction, and ethanol precip-
itation. The rAAV genome copy number was mea-
sured by real-time PCR (7900HT Fast Real-Time PCR
System; Applied Biosystems, Foster City, CA, USA)
using Power SYBRGreen PCR Master Mix (Applied
Biosystems). The PCR primers for the real-time PCR
were set in the luciferase coding sequence. The
forward primer was 5-TTGTGTCCGATTCAGTCATGC-
3’ (300 nM final concentration) and the reverse
primer was 5-GGTGAACATGCCGAAGCC-3’ (300 nu final
concentration).

Assay of luciferase activity of C2C12
cells infected with the rAAV

The C2C12 cells (1 x 10%) were seeded in a 96-well plate,

incubated for 24 h, and then inoculated with the rAAV
(1 x 108 genome copies). The cells were harvested at

Copyright © 2009 John Wiley & Sons, Ltd.
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72 h after inoculation and lysed with Passive Lysis Buffer
(Promega Corp.). Luciferase activity was measured with
Mithras LB940 (Berthold Technologies, Bad Wildbad,
Germany) using Luciferase Assay Systems (Promega
Corp.). The level of luciferase activity was exhibited in
relative light units (RLU).

Assay of luciferase activity of mouse
muscles injected with the rAAV

Female BALB/c mice (aged 4 weeks) purchased from
Nippon SLC (Shizuoka, Japan) were used in accordance
with the local institutional guidelines. The animal was
anesthetized with diethyl ether and the quadriceps muscle
was injected with rAAV suspended in phosphate-buffered
saline (PBS) (50 ul). For comparison, some mice received
plain PBS in a similar manner. The entire quadriceps
muscle was removed, cut into small pieces (approximately
200 mg), and rapidly frozen on dry ice prior to luciferase
analysis. The frozen muscle was mixed with passive lysis
buffer with the ratio of 300 pul to 100 mg of tissue.
The mixture was then homogenized with a Zirconium
bead with MM300 (Retsch GmbH, Haan, Germany) at
a frequency of 25 Hz for 15 min, and was left at room
temperature for 15 min. The total homogenate of each
leg was centrifuged at 12000 r.p.m. (11000 x g) for
5 min. The supernatant (20 1) was used for the luciferase
activity assay.

Assay of the vector genome copy
number in the muscle

The mouse quadriceps muscle was injected with rAAV
of 1x 101° genome copies. The muscle was isolated
at 4 weeks after injection. Total DNA was extracted
from the muscle by using Blood & Cell Culture
DNA Midi Kit (Qiagen, Valencia, CA, USA) accord-
ing to the manufacturer’s instructions. The amount of
the vector genome DNA in the sample was deter-
mined by TagMan PCR. The TagMan PCR primers and
probe were set in the luciferase coding sequence. The
forward primer was 5-TTGTGTCCGATTCAGTCATGC-
3’ (300 nM final concentration) and the reverse
primer was 5-GGTGAACATGCCGAAGCC-3' (300 nM
final concentration), and the probe was 5'-FAM-
CTTCGGCAACCAGATCATCCCCG-TAMRA-3' (200 nMm
final concentration). The TagMan PCR conditions used
were: 95 °C for 10 min, followed by 40 cycles of 95 °C for
15 s and 60°C for 1 min in a 25-pl reaction volume. The
level of vector DNA in the sample (25 ng of total muscle
DNA) was estimated by comparison with the standard
curve that had been produced using 1 x 10! to 1 x 10°
copies of vector plasmid (coefficient of linearity > 0.995).
The result obtained was expressed as the rAAV DNA copy
number per nucleus, assuming that one nucleus contains
6 pg of genomic DNA.
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Results

Production of rAAVs with the insulator

Figure 1 shows the rAAV vector genomes constructed in
the present study. We selected three insulators: DHS that
had been found in a DNase I-hypersensitive site in the
AAVS]1 region, cHS4, and Ars, and inserted one of the
insulators upstream of the promoter in the direction to
insulate the luciferase expression cassette. AAVS1 on the
q arm of human chromosome 19 is the specific target
site of AAV2 for the integration of the viral genome. For
comparison, Stuffer, an unrelated DNA fragment from the
modified Renilla luciferase gene, was used in place of an
insulator. We used four promoters: EF, CKM, CMV, and an
enhancer-less version of CMV [CMV/E(~)], which lacks
the enhancer region of CMV.

The rAAV was produced in the 293 FT cells transfected
with the vector plasmid and the helper/packaging plasmid
expressing the cap and rep genes of AAV2. The sizes of
the vector genomes were in the range 3.66-4.60 kb.
The rAAV was designated with the promoter and the
insulator used for the construction of its vector genome.
For example, rAAV having EF and DHS, CMV and cHS4,
and CMV/E(-) and Stuffer were designated as rAAV-
EF-DHS, rAAV-CMV-cHS4, and rAAV-CMV/E(-) -Stuffer,
respectively. With our procedure, the level of each rAAV
produced in a 10-cm culture plate was within the range
from 3 x 108 to 5 x 108 genome copies, indicating that
these insulators did not affect the packaging of the vector
genome.,

Transduction of mouse C2C12 cells,
a myoblast cell line, with the rAAVs

The inserted DHS or cHS4 enhanced the transgene
expression from EF in the C2C12 cells, a myoblast
cell line derived from a C3H mouse. However, the
insulators did not affect the transgene expression from
CMV. The rAAV (1 x 108) was inoculated to the C2C12
cells and luciferase activity of the cell lysate was
measured at 72h after inoculation (Figure 2). The

« EF : buman elongation factor 10 promoter

» CKM: human muscie crealine kinase promoter/enhancer

+ GV human cylomaegalovirus immadiate early promoterfenhancer
+ CMVIE(-)Y. CMV lacking the enhancer region

Promoter ¥ Firefly Lutiferase ) hGHipolyA H IR
+ Stuffer: a pant of rentila luciferase coding region :&51&»@
+ DHS: AAVS1 DNase I-hypersensitive site 362bp
» ¢HB4: chicken # -globin 5" HS4 core 244bp
+ Ars: sea urchin arylsulfatase insulator 578bp

Figure 1. Schematic representation of rAAV genomes. ITR,
inverted terminal repeat; hGH/pA, poly A site of human growth
hormone gene
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luciferase activities induced by rAAV-EF-DHS and rAAV-
EF-cHS4 were two- to three-fold higher than those
induced by rAAV-EF-Stuffer (Figure 2A). The luciferase
activities induced by rAAV-CMV-DHS, rAAV-CMV-cHS4,
and TAAV-CMV-Ars were similar to those induced by
TAAV-CMV-Stuffer (Figure 2A). The luciferase activity
induced by rAAV-CMV/E(—) was extremely low and
was enhanced by the insertion of DHS to the level
of 1:200 of rAAV-CMV-Stuffer (Figure 2B), indicating
that DHS did not compensate the CMV enhancer. Thus,
DHS and cHS4 raised the transgene-expression from
EF to a level comparable to that induced from CMV,
which is one of the most efficient promoter/enhancer
systems.

Transduction of the mouse muscle with
the rAAVs

Figure 3A shows luciferase activities induced by rAAV-
EFs in mice. The quadriceps muscle of 4-week-old female
BALB/c mice was injected with 50 ul of the rAAV-EFs
(1 x108, 1x10° or 1x 10! genome copies) in PBS
or plain PBS for the measurement of background. Each
rAAV preparation was injected into five (in some cases,
four or six) legs. The left and right legs were used for
different rAAVs to reduce intermouse variability. The
luciferase activity of the injected muscle was measured
at 4 weeks after injection. Although, at a dose of 1 x 108
genome copies, luciferase activity induced by rAAV-EF-
Stuffer was almost at the background level, luciferase
activities induced by rAAV-EF-DHS and rAAV-EF-cHS4
were readily detectable. The luciferase levels increased
depending on the doses. At all doses tested, the average
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Figure 2. Transduction of C2C12 cells with (A) rAAV-EFs and
rAAV-CMVs and (B) rAAV-CMV/E(-)s. C2C12 cells (1 x 10%)
were inoculated with the indicated rAAV and lysed 72 h later.
The luciferase activity of the lysate was measured. The average
of three independent experiments is presented with error bars
indicating the standard deviation
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Figure 3. Transduction of the mouse muscle with rAAVs. (A) Levels of luciferase induced by various doses of rAAV-EFs. The mouse
quadriceps muscle was inoculated with the indicated rAAV and harvested at 4 weeks after injection. The muscle was minced and
lysed, and measured for luciferase activity. Bars indicate the average values. p < 0.05 (t-test) was considered statistically significant.
(B) Levels of luciferase at 4, 12, and 24 weeks after injection with rAAV-EFs, The mouse quadriceps muscle inoculated with the
indicated rAAV was harvested at 4, 12, and 24 weeks after injection. The luciferase activity was measured in a similar manner. Bars
indicate the average values. p < 0.05 (t-test) was considered statistically significant. (C) Levels of luciferase induced by rAAV-CKMs.
The mouse quadriceps muscle inoculated with the indicated rAAV was harvested at 4 weeks after injection. The luciferase activity
was measured in a similar manner. Bars indicate the average values. p < 0.05 (t-test) was considered statistically significant

luciferase levels induced by rAAV-EF-DHS and rAAV-EF-
cHS4 were 1000-fold and 100-fold higher, respectively,
than that induced by rAAV-EF-Stuffer.

The luciferase activity of the mouse muscle injected
with the rAAV-EFs of 1x 10° genome copies was
measured at 4, 12, and 24 weeks after injection
(Figure 3B). The expression of luciferase continued for
at least 24 weeks and the levels were maintained.

Figure 3C shows luciferase activities induced by rAAV-
CKMs in mice. The mouse muscle was injected with one
of rAAV-CKMs (1 x 10° genome copies) and luciferase
activity was measured at 4 weeks after injection. The
average of luciferase levels induced by rAAV-CKM-DHS
was 100-fold higher than that induced by rAAV-CKM-
Stuffer, indicating that DHS enhanced the transgene
expression from CKM, similar to the expression from
EF, in the mouse muscle.

The insulators did not affect transgene expression
from CMV in the mouse muscle. The mouse muscle
was injected with one of rAAV-CMVs (1 x 10° genome

Copyright © 2009 John Wiley & Sons, Ltd.

copies) and luciferase activity was measured at 4 weeks
after injection. The luciferase level induced by rAAV-
CMVs with insulator was similar to that by rAAV-CMV-
Stuffer (Figure 4A). Similarly, the insulators did not affect
transgene expression in the mouse muscle from the
human ubiquitin C promoter, from which luciferase was
induced to a level comparable to that from CMV (data not
shown).

The luciferase activity of the muscle injected with rAAV-
CMV/E(-)-DHS was slightly higher compared to muscle
injected with rAAV-CMV/E(—)-Stuffer (Figure 4B).

To examine the transduction of tissues other than
the muscle, rAAV-EFs or rAAV-CKMs (1 x 10° genome
copies/250 il of PBS) was injected to each mouse (five
mice for each rAAV) through the tail vain. Because the
previous study indicated that rAAVs injected through the
tail vain are present mainly in the liver and spleen [24],
the entire liver and spleen were harvested 4 weeks later
and processed as performed for the quadriceps muscle.
A low level of luciferase activity was detected only for

J Gene Med 2009; 11; 598-604.
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Figure 4. Transduction of the mouse muscle with (A) rAAV-CMVs
and (B) rAAV-CMV/E(~) s. The mouse quadriceps muscle was
inoculated with the indicated rAAV and harvested at 4 weeks
after inoculation. The muscle was minced and lysed, and mea-
sured for luciferase activity. Bars indicate the average values

the liver of the mice injected with rAAV-EF-DHS (data
not shown), suggesting that rAAV-EF-DHS transduced the
liver more efficiently than the other rAAVs did.

Copy number of vector genome
in the mouse muscle

The insulators did not affect copy number of the vector
genome in the muscle. The rAAV-EFs (1 x 10 genome
copies) were injected to the quadriceps muscle in a
similar manner and total DNA was extracted from the
muscle at 4 weeks after injection. The level of the vector
genome was measured by TagMan PCR. Table 1 shows
the calculated copy number of vector genome per nucleus.
There was no significant difference between rAAV-EFs
with the insulator and rAAV-EF-Stuffer. The data indicate
that the enhanced luciferase activity of the muscle injected
with rAAV-EF-DHS or rAAV-EF-cHS4 was not caused by a
marked increase in the copy number of vector genome.

Effect of direction and location of DHS
on the transduction enhancement

To determine whether or not the direction and location of
DHS influence the DHS-mediated transduction enhance-
ment, we constructed rAAV-EF-DHSs having DHS in the
opposite direction or downstream of the luciferase gene
and examined them for their transduction ability of mouse

Table 1. Copy number of vector genome in the mouse muscle

rAAV injected  Copy number of vector genome/nucleus Average SD
rAAV-EF-Stuffer 1.03, 0.76, 0.88, 0.49, 0.58 0.75 022
rAAV-EF-DHS 1.00, 1.16, 0.41, 2.65, 0.34 111 093
rAAV-EF-cHS4 2.39,1.03,7.28, 2.42, 0.84 279 262
rAAV-EF-Ars 1.75,0.74, 0.87, 0.79, 0.22 0.87 055

Copyright © 2009 John Wiley & Sons, Ltd.
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Figure 5. Transduction of the mouse muscle with rAAV-EFs
having DHS in the opposite direction and downstream of
the transgene. (A) Schematic representation' of the various
rAAV-EF-DHS genomes. ITR, inverted terminal repeat; rDHS,
opposite direction to the transcription of the luciferase gene;
hGH/pA, poly A site of human growth hormone gene; 3'DHS
and 3'rDHS, DHS inserted downstream of the luciferase gene.
(B) Levels of luciferase induced by the rAAV-EFs having DHS in
the opposite direction and downstream of the transgene. The
mouse quadriceps muscle was inoculated with the indicated
rAAV and harvested at 4 weeks after inoculation. The muscle
was minced and lysed, and measured for luciferase activity. Bars
indicate the average values. p < 0.05 (t-test) was considered
statistically significant

muscle. Figure S5A shows the structure of their vector
genomes. The pAAV-EF1-Luc having DHS in the opposite
direction was selected to produce rAAV-EF-rDHS. DHS
was amplified by PCR with primers with an Rsrl site and
inserted into the Rsril site (between polyA signal and ITR)
of pAAV-EF1-Luc to produce vector genomes for rAAV-EF-
3'DHS and rAAV-EF-3'tDHS. These rAAVs were injected
to the muscle in a similar manner, and luciferase activity
of the muscle was measured 4 weeks later (Figure 5B).
The luciferase activities induced by rAAV-EF-rDHS, rAAV-
EF-3'DHS, and rAAV-EF-3'tDHS were comparable to
that induced by rAAV-EF-DHS, indicating that the DHS-
mediated enhancement does not depend on the direction
or location of DHS in the AAV vector genome.

Discussion
In the present study, we newly constructed the rAAVs
with selected insulators and examined their capability

of transducing C2C12 cells and the mouse quadriceps

J Gene Med 2009; 11: 598-604.
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muscles. DHS and cHS4 raised the levels of transgene
expression from EF by two- to three-fold in C2C12 cells
and by 1000- and 100-fold, respectively, in the muscles.
DHS also raised the levels of transgene expression from
CKM by 100-fold in the muscles. Because the copy
numbers of the vector genomes carrying the insulators in
the mouse muscles were similar to those of the insulator-
less genome, it is likely that the insulators enhanced the
transcription from EF and CKM.

DHS did not enhance expression from CMV (one of the
most efficient promoter/enhancer found so far) and the
human ubiquitin C promoter. The data obtained suggest
that DHS did not raise the presumed maximum level
of transcription. Most likely, DHS enhances transcription
from relatively less efficient promoters, EF and CKM.
The transcriptional enhancing function of DHS, a 352 bp
fragment, is likely to be useful for rAAV construction
with a less efficient tissue specific promoter, such
as CKM.

The molecular mechanism of the enhancement is
not clear at present. Because previous studies clearly
showed that the great majority of rAAV genomes are
maintained as extrachromosomal concatemers of circular
double-stranded DNA [5-7], DHS and cHS4 likely
enhanced transcription of the transgene that was not
integrated in cellular DNA. Although, in cellular DNA,
the insulator sequences directionally act as boundaries
to the surrounding heterochromatin that silences the
genes located within [26], those in circular DNA
(along with protein factors attached to DNA) may
influence the entire chromatin structure of episomes. A
possible structural change of the chromatin may account
for the findings indicating that the insulator-mediated
enhancement was independent of the direction and
location of DHS in the AAV vector genome (Figure 5B).
DHS inserted into the CMV/E(-) did not compensate
the CMV enhancer, suggesting that the enhancing
mechanism may be different from that of the classical
enhancers. Further studies are required to determine how
DHS enhances the transcription from the less efficient
promoters.
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Quality assurance of volumetric modulated arc therapy using
Elekta Synergy
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Abstract

Purpose. Recently, Elekta has supplied volumetric modulated arc therapy (VMAT) in which multi-leaf collimator (ML.C)
shape, jaw position, collimator. angle, and gantry speed vary continuously during gantry rotation. A quality assurance
procedure for VMAT delivery is described. Methods and materials. A single-arc VMAT plan with 73 control points (CPs)
and 5-degree gantry angle spacing for a prostate cancer patient has been created by ERGO++ treatment planning system
(TPS), where MLC shapes are given by anatomic relationship between a target and organs at risk and the monitor unit for
each CP is optimized based on given dose prescriptions. Actual leaf and jaw positions, gantry angles and dose rates during
prostate VMAT delivery were recorded in every 0.25 seconds, and the errors between planned and actual values were
evaluated. The dose re-calculation using these recorded data has been performed and compared with the original TPS plan
using the gamma index. Results. Typical peak errors of gantry angles, leaf positions, and jaw positions were 3 degrees,
0.6 mm, and 1 mm, respectively. The dose distribution obtained by the TPS plan and the recalculated one agreed well
under 2%-2 mm gamma index criteria. Conclusions. Quality assurance for prostate VMAT delivery has been performed with
a satisfied result.

The concept of volumetric modulated arc therapy
(VMAT) originated from the conformal avoidance
radiation therapy [1] with a dynamical movement
of MLC while rotating the gantry. By modulating
beam intensity during the gantry rotation, intensity
modulated arc therapy (IMAT) was proposed and
further investigated [2-6]. VMAT is one of the
techniques to realize IMAT by varying gantry speed
and dose rate with dynamical movement of MLC and
jaw [7]. Recently, this has been clinically available [8—
10] and a combination of Elekta Synergy with the
latest linac control software and ERGO++ treatment
planning system (TPS) is one example.

The purpose of this paper is to investigate how
much error is caused in dose distribution due to the
fluctuation in the dynamical parameters. The linac
controller in Elekta Synergy (Elekta, Crawley, UK),
RT Desktop 7.0.1, serves to record measured data of
dose rates, gantry angles, MLC and jaw positions
with 0.25 s interval during VMAT treatment. We can

evaluate the influence of these errors by recalculating
the dose distribution with these actual dynamical
parameters. Since this is an independent simulation
analysis and therefore we may be able to specify the
cause when VMAT film verification failed.

Methods and materials

A single-arc VMAT plan for prostate cancer was
created by ERGO++ v1.71 TPS (Elekta/3DLine,
Milano) with D95 prescription (dose to 95% of
target volume) of 76 Gy in 38 fractions. A single arc
was discretized into 73 static beams or CPs placed at
5-degree gantry angle intervals between —175
and +175 degrees and the first and last CPs were
positioned at —179 and+179 degrees (Figure 1).
The field shape for each control point was deter-
mined by either conformal or conformal avoidance
strategy with a 6 mm leaf margin to Planning Target
Volume (PTV). In other words, the rectum was
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Figure 1. A single-arc VMAT plan with 73 CPs and 5-degree gantry angle spacing for a prostate cancer patient has been created
by ERGO++ treatment planning system, where MLC shapes are given by anatomies of target and organs at risk and monitor units for each
CP is optimized by simulated annealing algorithm based on given dose prescriptions. The red and pink regions are PTV and rectum,

respectively.

partially shielded by MLC when it was in front
of the target in beam’s eye view, while the whole
target was irradiated when it was in front of the
rectum.

In the present study, the collimator angle was fixed
at 180 degrees. Beam weights for all CPs were
optimized by inverse planning based on the
simulated annealing algorithm. Dose grid resolution
was 2mm X 2mm x 2mm for 3D calculation. After
inverse planning, the CPs were grouped into a single
arc with the VMAT sequencer in ERGO++ TPS,
where a monitor unit (MU) to be delivered between
two adjacent CPs was calculated by adding MUs at
the two adjacent CPs and then multiplied by
0.5. The created plan was sent to MOSAIQ v1.6
(Elekta IMPAC, USA), and then delivered by the
RT desktop controller.

For dose verification, VMAT plan was transferred
to two phantom studies. One was a cylindrical
water phantom with 0.015 cc pin-point ionization
chamber (Type 31014, PTW, Germany) placed at
the isocentre. The other was a pelvic water phantom
including a GafChromic film (International Speci-
alty Products, NJ, USA) to measure the dose
distribution on axial, coronal, and sagittal planes
including the isocentre. The GafChromic film was

RIGHTS L84y

scanned using a flatbed scanner (EPSON GT-X770,
Japan) and the gamma index with 3% of a dose
at the measurement point and 3 mm has been
evaluated by using DD-system v9.0 (R-tech, Japan).

The linac controller in service mode was capable
of recording the actual gantry angle, MLC and jaw
positions, and dose rate as a function of time. The
MLC and jaw positions in each CP computed by
ERGO++ were compared with the corresponding
measured values, The cumulative MU error is
practically negligible because Elekta VMAT delivery
is based on MU-based servo control. Instead, the
gantry angle error is discussed, which is defined
as the difference between the gantry angle for each
CP and the gantry angle where a cumulative
MU reaches a specified value. A gantry speed
dependence of these errors with the same VMAT
plan was also examined by employing two times
slower gantry speed than a commonly used
clinical speed.

Using the actual data of gantry angle, MLC and
jaw positions, and the cumulative MUs, dose
distribution was re-calculated using Pinnacle v7.4i
TPS (Philips, USA), and the dose in the original
plan transferred into Pinnacle was compared with
the re-calculated dose distribution.
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Results

The beam-on time was typically 100 s for a single-
arc prostate VMAT delivery. The isocentre dose
discrepancy between plans and measurements for
17 patients was —0.5 +0.8% (s.d.). The averages of
the pass rate with a gamma criteria of 3 mm and 3%
of a dose at the measurement point were 97.3%,
91.8%, and 92.2% on axial, sagittal, and coronal
planes for a region having a dose greater than 30% of
the isocentre dose, respectively.

Figure 2 demonstrates measured errors between
planned and actual gantry angles during VMAT
delivery for three consecutive runs. The red data
points show the position errors for a normal delivery
time of 100 s, whereas the blue data points show
those for a delivery time of 200 s. The bar shows
the error range for the three runs. The gantry
angle ranges of zero gantry angle error were due to
move-only control points with no dose delivery.

Figure 3a and b show measured errors between
planned and actual leaf positions during VMAT
delivery for three consecutive runs of the same
VMAT plan as in Figure 2. Figure 3a depicts a
position error of right leaf number 20, which is one
of the centre leaves, whereas Figure 3b depicts a
position error of left leaf number 20. Again the red
data points show the position errors for a normal
delivery time of 100 s, whereas the blue data points
show those for a delivery time of 200 s. The bar
shows the error range for the three runs. The gantry
angle ranges of zero leaf error were due to move-only
control points with no dose delivery.

Figure 4a and b depicts measured errors between
planned and actual X1 and X2 back-up jaw
positions, respectively, during VMAT delivery for
three consecutive runs of the same VMAT plan.
Once again, the red data points show the position
errors for a normal delivery time of 100 s, whereas
the blue data points show those for a delivery time of
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Figure 2. Measured errors between planned and actual gantry
angles for three consecutive runs of the same VMAT plan. The
red data points show the position errors for a normal delivery time
of 100 s, whereas the blue data points show those for a delivery
time of 200 s. The bar shows the error range for the three runs.

RIGHTS L1 iy

£t
Boad

{_eaf position error [mm]

ISR B .1
g T Jt—
' Delivery time 100sec -
06 @ Delivery time 200sec 1 | 1 L
i -150 -100 -50 0 50 100 150
Gantry angle [degree]

68 T -1 ! I ® Delivery time 100sec
E (b) Left leaf No.20 * Dalivery time 200sec|
E a4l T .
gy b1 s gl T il
® g26- 4 E 'g X o ‘aﬁ %, a4 i
s 1Log "',«iﬁ % 7
= \ 7 |
k] # oy 1 hin ] o
k= T i f :
2 00 = ; beszasic
a ] ¢
B z
LTS o
! 1 I ! : L1t

~150 -160 -850 1] 50 100 150
Gantry angle [degree]

Figure 3. Measured errors between planned and actual leaf
positions of the two centre leaves for three consecutive runs of
the same VMAT plan: (a) position error of right leaf number 20,
(b) position error of left leaf number 20. Again the red data points
show the position errors for a normal delivery time of 100s,
whereas the blue data points show those for a delivery time of
200 s, The bar shows the error range for the three runs. The
ganury angle ranges of zero leaf error were due to move-only
control points with no dose delivery.

200 s. The bar shows the error range for the three
runs. The gantry angle ranges of zero back-up
jaw error were due to move-only control points
with no dose delivery.

Figure 5a and b show gamma-index comparisons
between an ERGO++ plan and re-calculated
dose using actual data of ML.C and jaw positions,
gantry angles; and MUs with an interval of every 1 s.
The red areas indicate gamma indices of larger than
one under criteria of (a) 2% of a dose at the
calculated point and 2 mm and (b) 1% of a dose
at the-calculated point and 1 mm.

Discussion

We. have shown highly accurate prostate VMAT
delivery ~using Elekta Synergy and ERGO++
TPS. While the dose agreement in the isocentre
shows that total MU is correctly delivered, the
agreement of dose distribution on axial, sagittal,
and coronal planes assures accurate VMAT delivery.
In the Synergy control system, the MLC, jaw, and
gantry speed are servo-controlled based on cumula-
tive MUs in each CP. Hence the errors in such
dynamical parameters are quickly compensated by
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Figure 4. Measured errors between planned and actual back-up
jaw positions for three consecutive runs of the same VMAT plan:
(a) position error of X1 jaw, (b) position error of X2 jaw. Once
again the red data points show the position errors for a normal
delivery time of 100 s, whereas the blue data points show those for
a delivery time of 200 s. The bar shows the error range for the
three runs. The gantry angle ranges of zero back-up jaw error were
due to move-only control points with no dose delivery.

real-time feedback control. For instance, it was
found that the gantry angle error was immediately
corrected as seen in Figure 2. In addition to the
mechanical control, it is very important to mention
that ERGO++ creates the MLC shape based on

(a) (b)

the anatomy relationship between the target and
organs at risk from the beams eye view. Since it is a
smooth function of gantry angle, no major changes
are observed in MLC and jaw positions between
adjacent control points thereby leading to more
accurate dose calculation in TPS.

In the present work, the errors in gantry angles,
MLC and jaw positions during VMAT delivery were
analyzed. As seen in Figures 2—4, these errors were
reproduced among three consecutive runs of the
same VMAT plan, and were considered to be caused
by accelerations of gantry, leaves, and jaws, which
were required in almost the same gantry angles. In
fact, it was clearly observed that the gantry angle
error decreased when the gantry speed was slower as
shown in Figure 2. In principle, smaller leaf and jaw
position errors can be anticipated when the gantry
speed is slower due to lower leaf and jaw speeds.
In the present prostate plan which has no large
leaf and jaw movements during gantry rotation, the
leaf and back-up jaw position errors were compar-
able between two different delivery times. Instead,
error tolerances of leaf and jaw positions given in the
radiation control system may be a major cause of the
observed errors.

As shown in Figure 5, the influence of these
dynamical errors was negligible under criteria of 2%
of a dose at the calculated point and 2 mm. Even
under 1% of a dose at the calculated point and 1 mm
criteria, the result was good except for low dose
region. In other words, the errors in the dynamical
parameters with the observed orders in prostate
VMAT delivery do not affect the resulting dose
distribution significantly.

120%
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Figure 5. Gamma comparison between an ERGO+ + plan and re-calculated dose using actual data of MLC and jaw positions, gantry
angles, and MUs with an interval of every 1 s. The red areas indicate gamma indices of larger than one under criteria of (a) 2% of a dose at
the calculated point and 2 mm and (b) 1% of a dose at the calculated point and 1 mm.
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Conclusion

VMAT dose measurement for prostate cancer
agreed well with the plan created by ERGO+ +.
The observed errors of the dynamical parameter did
not affect the dose distribution significantly. Quality
assurance for prostate VMAT plans has been
performed with a satisfied result.
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research funding from Elekta KK.
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Abstract

Sterectactic radiosurgery is now a treatment option for meningiomas, especially for high-risk patients
such as those with skull base lesions. The clinical outcomes were retrospectively analyzed of stereotac-
tic radiosurgery using the Leksell Gamma Knife® performed for 98 patients with 106 skull base menin-
giomas at the University of Tokyo Hospital between June 1990 and April 2006 and followed up for more
than a year. After a median follow-up period of 53.2 months (range 12.2-204.4 months), local tumor
control rates were 86.9% and 78.9% at 5 years and 10 years, respectively. Tumors with volume of 4 cm?
or smaller (97.5% vs. 76.1% at 5 years, p = 0.001) and tumors completely included within the isodose
line of 14 Gy or more (97.5% vs. 67.2% at 5 years, p = 0.0006) had higher local control rates. Postopera-
tive residual tumors treated by stereotactic radiosurgery were controlled in all 25 cases. Cranial nerve
deficits were improved, stable, and deteriorated in 12, 64, and 3 patients, respectively, after stereotactic
radiosurgery. Stereotactic radiosurgery was effective treatment method for local control of skull base
meningiomas, especially for small or postoperative residual tumors. Correct combination of microsur-

gery and radiosurgery leads to excellent local control.

Key words: gamma knife, skull base, meningioma, stereotactic radiosurgery, local control

Introduction

Meningioma is the most common type of
intracranial tumor arising from the meninges, with
an incidence of 4.5 per 100,000 person-years,
and accounts for 30.1% of all primary brain and
central nervous system tumors.® The standard
treatment for meningioma is surgical resection
through craniotomy, targeted at gross total re-
moval. 24891623.2431.35) The treatment goal is long-
term tumor control with minimal neurological mor-
bidity. However, the tumor often extends to im-
portant neurovascular structures in the skull base,
so total tumor resection {Simpson grades 1-2} is
achieved in only 20-87.5% of patients. 223245155
Unacceptably high incidences of symptomatic
recurrence are observed after subtotal resection of
meningiomas.?®33 In  addition, postoperative
complications occur in 16.1-61.5% of patients,
although overall complication rates are not always
reported,2323:31.35)

Stereotactic radiosurgery has now become a
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less invasive and effective treatment option for
intracranial meningioma, especially in patients
with high-risk tumors such as skull base lesi-
OnS.l’ll—16'18’19'21’22’26’27'30’32’34’37) Stereotactic radiOSur_
gery provides excellent outcomes with local tumor
control rates of 85-100%, but these rates tend to fall
with longer follow-up periods.11-18.18.19.21,26,27,30.32,34)
However, recent local tumor control rates have been
nearly 100% for patients who had undergone Sim-
pson grade 1 surgery.1®?® Therefore, correct combi-
nation of microsurgery and radiosurgery would
seem to have attained better clinical results with
cavernous sinus meningiomas in our earlier series
and in other institutions.571017.19.25) The Leksell Gam-
ma Knife® (Elekta Instruments AB, Stockholm,
Sweden) was installed in 1990 at the University of
Tokyo Hospital. Since then, we have treated patients
with intracranial tumors by stereotactic radiosur-
gery as a single modality treatment or in combina-
tion with surgery.

This study retrospectively reviewed the outcomes
of stereotactic radiosurgery for skull base meningio-
ma at the University of Tokyo Hospital and analyzed
the factors affecting the results.
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Materials and Methods

Ninety-eight patients with 106 skull base meningio-
mas were treated by stereotactic radiosurgery, twice
in 6 patients and three times in one patient, at the
University of Tokyo Hospital and followed up for
more than a year between June 1990 and April 2006.
The clinical courses and treatment outcomes were
retrospectively analyzed (Table 1).

Written informed consent was obtained from the
patients before treatment. The patients were im-
mobilized with a Leksell stereotactic coordinating
frame and underwent high-resolution stereotactic
magnetic resonance (MR) imaging or computed
tomography (CT). The treatment plan was based on
the stereotactic images processed with commercial-
ly available software (KULA or GammaPlan; Elekta
Instruments AB). The tumor was generally covered
with the 40-50% isodose line, and the designated
treatment dose (ideally 14 to 18 Gy) was delivered to
the tumor margin.

The patients were followed up to monitor local
tumor control, survival, and neurological status at
our hospitals or by the referring physicians. Neuro-

Table 1 Patients’ and disease characteristics

Features Value
Age at treatment (yrs)
range 16-76
median 52
Male:female 21:77
Tumor location
cavernous sinus 48
petroclival 29
cerebellopontine angle 11
orbit 6
others 12
Treatment settings
post-biopsy 2
postoperative residual 25
postoperative recurrence 39
definitive GKS 35
post-GKS recurrence 3
post{operation + GKS) recurrence 2
Tumor volume (cm?®)
range 0.3-45.0
median 3.9
Dose to the tumor margin (Gy)
range 12-22.5
median 16
Pathological diagnosis
meningothelial 58
fibrous 6
transitional 2
atypical 2
meningioma, NOS 1
no pathology 37

GKS: gamma knife surgery, NOS: not others specified.
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logical evaluations and MR imaging were performed
3, 6, and 12 months after stereotactic radiosurgery,
then every 6 months for the next 2 years, and annual-
ly thereafter. Follow-up and survival periods were
calculated from the day of stereotactic radiosurgery.
Actuarial local control and survival rates were cal-
culated by the Kaplan-Meier method from the day of
stereotactic radiosurgery. Local control was defined
as free from local tumor regrowth after stereotactic
radiosurgery as evaluated by MR imaging. The
differences between groups was assessed with the
log-rank test. Differences were considered statisti-
cally significant if p < 0.05.

Results

Local tumor progression was observed in 15 patients
after a median follow-up period of 53.2 months
(range 12.2-204.4 months) after stereotactic
radiosurgery. Actuarial local tumor control rates
were 86.9% and 78.9% at 5 years and 10 years, re-
spectively (Fig. 1). The tumors with volume of 4 cm?®
or smaller had a higher local control rate than those
with volume of larger than 4 cm?® (97.5% vs. 76.1% at
5 years, p = 0.001) (Fig. 2A). Local control rates
were also better in tumors with the entire volume in-
cluded within the isodose line of 14 Gy or more than
tumors with incomplete coverage by the 14 Gy iso-
dose line (97.5% vs. 67.2% at 5 years, p = 0.0006)
(Fig. 2B). Treatment dose at the tumor margin and
stereotactic images used for treatment planning did
not influence local tumor control (80.9% for doses
higher than 16 Gy vs. 85.3% for doses of 16 Gy or
lower at 5 years, p = 0.41; 88.0% by MR imaging vs.
85.3% by CT at 5 years, p = 0.99) (Fig. 3). Postopera-
tive residual tumors treated with stereotactic
radiosurgery as an adjuvant modality were con-
trolled in all 25 cases, but the local control rate of the

-~ 100 A m‘.“overall survival
80

local tumor control

60

40

20 4

Local control/survival rates (%

O,

60 120 180
Months after treatment

o

Fig. 1 Kaplan-Meier estimates of actuarial local
tumor control and survival rates for all
patients,
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Fig. 2 Kaplan-Meier estimates of actuarial local
tumor control rates by tumor volume (A)
and tumor coverage at treatment (B) show-
ing significant differences.

recurrent and untreated tumors treated with only
stereotactic radiosurgery was 89.7% and 75.5% at 5
years, respectively, which was apparently inferior to
the local control rate of 100% achieved by the two-
staged strategy (Fig. 4). Overall survival rates were
92.5% and 92.5% at 5 years and 10 years, respec-
tively (Fig. 1).

Eighty patients had cranial nerve deficits before
stereotactic radiosurgery. Improvement was ob-
served in 12 patients and worsening of the sym-
ptoms present at the treatment in 2 patients after the
treatment. Cranial nerve deficits remained stable in
the other 66 patients. Newly developed permanent
radiation-induced cranial nerve deficits were noted
in one patient after stereotactic radiosurgery. Crani-
al nerve functions are summarized in Table 2.

Discussion

The present study showed that tumor volume of 4
cm? or smaller and complete tumor coverage were
associated with better local control (Fig. 2). In addi-
tion, local control was apparently superior in the
patients treated by stereotactic radiosurgery for
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Fig. 3 Kaplan-Meier estimates of actuarial local
tumor control rates by margin dose (A) and
treatment planning method (B) showing no
significant differences. CT: computed
tomography, MR: magnetic resonance.
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Fig. 4 Kaplan-Meier estimates of actuarial local
tumor control rates by treatment setting.
GKS: gamma knife surgery.

postoperative residual tumor compared to treatment
for recurrent tumor or single modality stereotactic
radiosurgery treatment (Fig. 4). This difference
presumably reflected the tumor debulking by surgi-
cal intervention before stereotactic radiosurgery,
resulting in the beneficial condition of smaller
tumor volume at the time of stereotactic radiosur-
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Table 2 Cranial nerve function after gamma knife surgery (GKS)

Cranial nerves Sgé?gé)xg?éc Improved Worsened** ;}?&i;ﬁr}i ggggﬁgf ot
I 1 0 0 0 0
11 24 1 1 0 0
I 21 3 0 0 0
v 19 2 Q 0 0
\'% 42 7 1 3 0
VI 33 8 0 0 0
VII 10 1 0 0 1

VIII 25 2 0 0 0
IX 2 0 0 0 1
X 2 0 0 0 1
XI 0 0 0 0 0
X1 1 0 0 0 0
All 80 12* 2 3 1

*Improvement of at least one cranial nerve symptom with no worsening of any cranial nerve symptom. **Deterio-
ration of symptom which had been observed before GKS. ***New development of symptom which had not existed

before GKS.

gery.

Local control rates showed no significant differ-
ence between patients treated by MR imaging-based
planning and by CT-based planning (Fig. 3B).
Tumor volume delineated by MR imaging is known
to differ considerably from that by CT.?® In addition,
MR imaging has a problem of image distortion,
which can influence the setup error.’® However, the
stereotactic images used in the treatment planning
did not affect the local tumor control in our ex-
perience, or in previous similar findings.®

The crude post-radiosurgical permanent compli-
cation rate of 3% (3/98 patients, Table 2} was not
negligible, and longer follow-up periods might rev-
eal higher complication rates, but our experience
with skull base meningiomas was similar to that of
other institutions. The median margin dose of 16 Gy
was higher than that used at other institutions. We
selected higher doses for skull base meningioma
treatment because of the probable miserable conse-
quences for local recurrence after stereotactic
radiosurgery. Lower treatment dose is associated
with reduced incidence of radiation-induced mor-
bidities after stereotactic radiosurgery, and some in-
vestigators reported no influence on local tumor
control.1122

Local tumor control rates for skull base meningio-
mas after stereotactic radiosurgery were better in
the patients with tumor volumes of 4 cm? or smaller,
and the patients treated with adjuvant stereotactic
radiosurgery for postoperative residual tumors. If
the volume of the skull base meningioma is 4 cm?® or
smaller, the tumor can be treated by single modality
stereotactic radiosurgery with good local control
rate. If the tumor volume is larger than 4 cm?, com-
bined microsurgery and postoperative stereotactic

Neurol Med Chir (Tokyo) 49, October, 2009

radiosurgery is required if any residual tumor is de-
tected postoperatively. Correct combination of the
two modalities leads to excellent local tumor con-
trol.
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Commentary

This is a well presented and statistically sound article.
Its merit lies in showing the usefulness of heightened
radiation primarily or as supplemental treatment to
microsurgery for skull base meningiomas. Base of
Skull Surgery (BOSS) is an evolving discipline towards
which this article does make a contribution. Although
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suggested by the authors that skull base meningiomas
even up to the size of 4 cm? can or should be treated
by radiation treatment, it has to be clearly understood
by neurosurgeons that surgery is superior and better
for all tumors, from scalp to sole, including meningio-
mas. It is only in cases where surgery is not possible
or is dangerous beyond reasonable limits, radiation
may be used as a primary ‘palliative’ form of treat-
ment.! Despite the success obtained by the authors, in
recurrent or residual tumors, the role of radiation
treatment for skull base meningiomas can at best be
considered to be still under evaluation. It needs to be
appreciated that the so-called base of the skull is fill-
in-the-gap osseation between a jungle of neurovascu-
lar structures that traverse to-and-from the brain. All
neurovascular structures are too precious to be trifled
with by any radiation. Radiation offers short-term
gain but spawns long-term, obstinate side-effects. One
might summarize that anticytotic  therapy
(chemotherapy, radiotherapy) shall only be reserved
for sites inaccessible to the knife.
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Igaki et al. have presented their results of stereotactic
radiosurgery for skull base meningioma. Their overall
results are good. Actual local tumor control rates were
86.5% and 78.9% at 5 years and 10 years, respectively,
which are acceptable. The crude post-radiosurgical
permanent complication rate was 3% (3/98 patients).
More detailed analysis of cranial nerve complications
is recommended, such as delineation of cranial nerves
under the special MRI-based planning. Did any differ-
ences in these tumor conirol results depend on the
pathological diagnosis (MIB-1 index)? Local control
rates showed no significant difference between
patients treated by MRI-based planning and by CT-
based planning. How was the tumor margin covered,
the so-called dural tail sign on MRI?
Masahiro Izawa, M.D.
Department of Neurosurgery
Tokyo Women’s Medical University
Tokyo, Japan

In this report, Igaki and his coauthors report the out-
comes for stereotactic radiosurgery (SRS) using the
gamma knife technology for a series of 98 patients
with 106 skull-base meningiomas treated during a six-
year interval, The minimum follow-up was one year.
The authors, working in a center of excellence, have
defined outcomes which can be related to several
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potential radiosurgical features. First, they found that
long-term tumor control was enhanced when smaller
volume tumors were used. Providing that there was
no confounding dose selection effect, it is clear that
smaller tumors, perhaps treated earlier in their clini-
cal course, may offer patients superior results.

The authors confirm that minimal tumor coverage
of the entire imaging-defined volume with 14 Gy is ef-
fective in achieving tumor control rates of more than
90% of patients. Their usual prescription dose was
somewhat higher than most centers currently use (16
Gy at the margin), a dose selected because of their
concern that treatment failure would be higher in
patients who received a lower margin dose. However,
they could not confirm any better tumor control rates
with lower doses than 16 Gy at the margin. The
authors also note that there seems to be little differ-
ence between the tumor conirol rate based on CT
planning versus patients who had MRI-based plan-
ning. Of interest, the patients who did best represent
those who had initial tumor debulking, after which the
gamma knife was used as adjuvant management for
the residual tumor. The patients who did least well
were those who were treated in a delayed fashion of-
ter evidence of tumor recurrence or progression was
noted. We have found that early post microsurgical
SRS for postoperative residuals also improves tumor
control rates,

The goal of radiosurgery has been to improve long-
term tumor control and survival, and to reduce crani-
al nerve and other neurologic morbidity associated
with aggressive surgical removal. I believe that the
doses used at the edge are probably higher than neces-
sary to achieve the same long-term tumor control
rates, based on our cumulative experience in more
than 3000 skull base cases. If one uses a rule of thumb
that 13 Gy at the edge of a tumor (its margin) is radio-
biologically equivalent to giving 52 Gy fractionated
radiation therapy, then one can expect tumor control
rates in the range of 90% at five years. The great ad-
vantage, of course, of radiosurgery is precision, ac-
curacy, a single-day procedure treatment, integration
of the planning and radiosurgical dose delivery in a
single session, and excellent long-term reports of out-
comes from many world-wide sites. The adverse radi-
ation effect risk was extremely low, perhaps 1% of
patients.

Long-term follow-up continues, as it needs to, for
patients undergoing total microsurgical removal as
well. However, multicenter experience now over more
than 25 years indicates that radiosurgery of skull-base
tumors has an established role. This report provides
additional evidence of the value of radiosurgery as a
primary or adjuvant management for meningiomas.

L. Dade Lunsrorp, M.D., F.A.C.S.
Lars Leksell Professor of Neurosurgery
Distinguished Professor

The University of Pittsburgh
Pittsburgh, Pennsylvania, U.S.A.
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CURRENT STATUS AND PROBLEMS OF IHE-RO FROM THE POINT OF VIEW OF
A CLINICIAN AND JASTRO DATABASE COMMITTEE

Atsuro TEraHARA'!, Hodaka Numasaki™

Abstract: There are many issues regarding the input, management, and operation of information related to
radiotherapy. In our department of radiation oncology, we reconstructed an old departmem database (DB)
system, which had been utilized for years. The reconstructed DB was intended to contain sufficient information
for JASTRO structural surveys and other data requests by adding data items included in the ROGAD (Radiation
Oncology Greater Area Database) and omitting tables and items that were not appropriate for the current
situation. However, we could not extract sufficient data for JASTRO structural surveys because of the lack
of data and incorrect input methods. The new RIS (radiology information system) installed in our department
requires that physicians enter the same information as in the department DB. Information sharing between
systems in our hospital does not function well, and the workload of medical staff in daily clinical practice is
increasing. It is difficult for us to maintain high levels of motivation for data entry in this situation. It is
necessary to establish an information system, the Japanese National Cancer Database (JNCDB), that can
collect nationwide data for cancer treatment and build cooperation among cancer registration systems and

cancer database systems through the activities of the IHE-RO and JASTRO database committee.

Key words: IHE-RO, JASTRO Database Committee, National Cancer Database, Cancer registration
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