76 KOHNO ¢t al: MIDKINE PROMOTER-BASED CRAd INHIBITS GLIOMA CELL GROWTH

0 -
. pGL3-MK600
. s
3 D pGL3-MK2300
=
5 40
T
<
%
f 30
£
Y
3
& 20
=
3
-4
10 4
0 P e S
Normal USTMG  U2SIMG LN319 U3TIMG
Brain

Figure 3. Transcriptional activity of the MK promoter. Luciferase activity of
teporter plasmids with the MX promoter was assayed in MK-positive glioma
cells (U251MG, LN319 and U373MG), and MK-negative cells (primary
normal brain cells and US7MG). The 600-bp and 2300-bp fragments of the
MK promoter were inserted into Iuciferase reporter plasmid (pGL3-MK600,
pGL3-MK2300). Bars, means = SD.

expression in human glioma cell lines and primary normal
brain cells, cells were infected with Ad-MK600 at 10 m.o.i. for
36 h. Expression of E1A protein was assessed by Western
blot analysis as shown in Fig. 4. Ad-MK600 produced obvious
expression of E1A in the MK-positive cells, but not in the
MK-negative cells. Although there was no detectable E1A
expression in cells infected with AACMV-LacZ, E1A was
clearly expressed'in all cells infected with Ad-Wild. .

Selective cytotoxicity of Ad-MK on glioma cells in vitro. To
evaluate the cytotoxicity of the MK promoter-dependent
adenovirus in vitro, we evaluated IC; (m.o.i.) of Ad-MK600)
and Ad-MK2300 on glioma cell lines and primary normal
brain cells. As shown in Fig. 5A, the IC, of Ad-MK600 was
0.037, 0.0035 and 0.0014 m.o.i. for U251MG, LN319 and
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Figure 5. Cytotoxic effect induced by the infection with Ad-MK in glioma
cells. (A), Cells were infected with AACMV-LacZ, Ad-MK600, Ad-MK2300
or Ad-Wild for ten days. The ICy, (m.0.i.) was calculated. Bars, means £ SD.
(B). Cytotoxic effect of adenoviral E3 region on Ad-MK600. Three MK-
positive cell lines were infected with Ad-MK600 or Ad-MK600-AE3. The
I1C;0 of each adenovirus was determined. Bars, means + SD.
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Figure 4. Expression of EIA in glioma cells. Cells were infected with AJCMV-LacZ, Ad-Wild, or Ad-MK600. Cell lysates from infected cells were subjected
to Western blot analysis with anti-E1A antibodies. Top panel shows the band position of E1A protein and the B-actin control is shown in bottom panel.
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Figure 6. Effect on tumor growth from treatment with no virus (PBS), AdCMV-LacZ, Ad-MK600 or Ad-Wild. UBTMG or U373MG glioma cells (1x107) were
injected s.c. into flanks of nude mice, followed by the intra-tumoral injecticn of adenoviruses. MK-positive U373MG tumor xenografts were effectively
treated by a single dose of Ad-MK600 (right), whereas MK-negative UBTMG tumor xenografts were unaffected (left). Bars, means £ SD.

U373MG cells, respectively, with a mean value of 0.014
m.o.i., which was respectively 4560 times and 600 times lower
than those for primary normal brain cells (P<0.01, unpaired
t-test) and US7TMG (P<0.01, unpaired t-test). In MK-positive
cells, the IC;, of Ad-MK600 was 4 times lower than that of
Ad-MK2300 (P<0.01, paired t-test). In contrast, the IC,, of
AdCMV-LacZ did not differ significantly between cell lines.
In MK-positive cells, the IC,; of Ad-MKG600 was 2100 times
lower than that of AACMV-LacZ (P<0.01, paired t-test). In
MK-negative primary normal brain cells, the 1Cs, of both
Ad-MK viruses were not significantly different from those of
AdCMV-LacZ.

To explore the oncolytic role of the E3 region in the context
of Ad-MK600, we analyzed the difference of cytotoxic capacity
between E3-intact Ad-MK600 and E3-deleted Ad-MKG00-AE3
in MK-positive cells. Cytotoxic potency of Ad-MK600 was
14 times that of Ad-MK600-AE3 (P<0.05, unpaired t-test;
Fig. 5B).

Treatment of glioma xenografts with Ad-MK600. To evaluate
the therapeutic efficacy of Ad-MKG0Q in vive, no vector (PBS),
AdCMV-LacZ, Ad-MK600 or Ad-Wild was injected into
U87TMG and U373MG glioma xenografts on day 0. As shown
in Fig. 6, Ad-MK600 and Ad-Wild completely eradicated the
U373MG tumors (P<0.001, ¥ test). In contrast, Ad-MK600 did
not significantly reduce the sizes of U§7MG tumors compared
with AACMV-LacZ. However, Ad-Wild significantly reduced
the size of U87MG tumors by 98% compared with AdCMV-
LaeZ (P<0.001, unpaired t-test).

Discussion

Tumor-selective oncolysis is key to the use of replicating
viruses as cancer therapeutics. An appropriate promoter for
malignant glioma has not yet been identified. Only nestin
promoter and myelin basic protein promoter have reportedly
been used to construct viral vectors for treatment of malignant
glioma, but these vectors lack adequate tumor specificity and
therapeutic effect for malignant glioma (2). Recently, the

regulatory sequences of the human MK and cox-2 genes have
been used for transcriptional targeting of gene expression in
the context of gene therapy, because overexpression of these
genes has reportedly been observed in various types of
malignant tumors, such as gastrointestinal, ovarian and
breast cancer (6,10). In malignant glioma, it has been
reported that MK and cox-2 expression correlate with
malignancy in immunohistochemical, Western blot and
Northern analysis (7,10). These reports involved qualitative
analysis; there have been no reported quantitative analyses of
expression of MK and cox-2 in malignant glioma. We report
here, for the first time, the quantitative analysis of MK and
cox-2 expression in malignant glioma. In the present study, MK
was overexpressed in malignant glioma tissues but cox-2 was
not. These findings indicate that transcriptional upregulation
of the MK gene might be highly specific for malignant
gliomas, compared with the cox-2 gene. Furthermore, it has
been reported that MK has good potential as a tumor marker
in esophageal cancer, gastrointestinal cancer, pancreatic
cancer and lung cancer (6), Although serum and cerebral
spinal fluid levels of MK have not yet been identified in the
patient with malignant glioma, our results indicate that MK
might be feasible for a marker of malignant transformation in
human glioma. Further analysis is required to determine
the reliability, sensitivity and precision of MK as a marker of
malignant transformation.

It has been reported that Ad-MK without the E3 region in
which E1A expression is driven by 2300 bp of the 5'-flanking
region of the human MK gene, has been used for the
treatment of neuroblastoma (11). However, the present results
indicated that a 600-bp fragment of the MK promoter region
activates transcription of the luciferase gene to a greater degree
than a 2300-bp fragment. Furthermore, the oncolytic effect
of Ad-MKG600 was 4 times that of Ad-MK2300. Yoshida et al
(12) have reported that a 559-bp fragment of the MK gene
activates transcription of the reporter gene more efficiently
than a 2300-bp fragment in pancreatic cancer. These findings
regarding MK promoter activity are consistent with the
present results. In the present study, Ad-MK600 had a
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significant oncolytic effect that was [4 times that of Ad-
MK600-AE3, indicating that E3 is responsible for augmentation
of the antitumor potency of CRAd.

The present is the first study of CRAd in which the cell-
type specificity of the MK promoter was used to target
malignant glioma. We found that Ad-MX selectively killed
MK-positive glioma cells, but did not kill MK-negative
primary normal brain cells. Additionally, in animal models,
Ad-MK600 completely eradicated MK positive-glioma
xenografts. AACMV-LacZ had minimum effect suggesting that
the therapeutic effect of Ad-MK6G0 was associated with viral
replication, cell lysis and viral spread. In previous studies,
replication-selective adenovirus without the E/B 55-kDa
sequence (ONYX-015} (13) and replicative adenoviral vector
expressing herpes simplex virus-thymidine kinase (14),
which were used for treatment of malignant glioma, did not
completely eradicate tumors, although they inhibited tumor
growth. Since the EIB 55-kDa sequence is thought to play a
crucial role in adenovirus replication, the oncolytic effect of
the adenovirus Ad-MK600 might be related to overexpression
of E1B 55-kDa protein. The present findings suggest that Ad-
MKG600 has a significantly enhanced therapeutic window for
malignant glioma. It has been reported that there is synergy
between CRAd (Ad5-Delta24RGD, ONYX-015) and radio-
therapy in glioma xenograft models (15,16). Consequently,
adjuvant conventional therapy in combination with Ad-MK
might enhance the oncolytic effect of Ad-MK for the treatment
of malignant glioma.
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Table 1. Expression of ¢-Met and c-kit in intracranial germ cell tumors
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Prognosis Histology
+ +
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Good
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Immature teratoma 33 0/3
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Poor Yolk sac tumor 212 02
Choriocarcinoma 22 012
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Figura 1.

Figure 2.

Immunohistochemical findings in different intracranial germ cell tumors

A, B. Garminoma. Tumor ¢slls wers negative for c-Met (A) and positive for c-kit (B). X200

C. D. Germinoma with STGC. Syncytiotrophoblastic giant cells (arrow heads} and surrounding tumor cells were positive
for ¢-Met {C). Syncytiotrophoblastic giant cells were nagative for ¢-kit (D). X200

E. F. Immaturs teratoma. Immunoreactivity for c-Mat showed positive in tumor cells displaying epitherisl differentiation.
C-Met was nagative in the mesenchymal component (E). Immunoreactivity for c-kit was not detected in any componants
(F). X100

G. H. Embryonal carcinoma. C-Mst was strongly exprassed on the cell surface of the epithelial tumor cells {G). Immuno-
reactivity for ¢-Kit was not detected in any components (H). X200

I.J. Yolk sac tumor. C-met was strongly expressed on the tumor cell surface membrane (). Tumor cells displayed nega-
tive reaction for ¢-kit (J). X200

K. L. Choriocarcinoma. The membrane and cytoplasm of both syncytiotrophoblastic giant cells and cytotrophoblasts
ware strongly positive for ¢-Met (K). Tumor cells displayed negative reaction for c-kit {L}. X200

M. Phospho-c-Mat expression. The membrane expression of the activated form of ¢-Mst (phosphorylated c-Mst) was
detected in ¢c-Met-positive embryonal carcinoma. X200

« c-Met

—— s - Ip: anti-c-Met
Woestern blot analysis of c-Met in GCTs

The Met protein was highly expressed in the yolk sac tumors {lanes 2-4) and embryonal carcinomas {lanes 5, 6), but not
expressed in garminoma {lane f).
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Abstract The naturally occurring mutated form of the
epidermal growth factor receptor, AEGFR (also named
EGFRvIIl and de2-7EGFR), greatly enhances glioblas-
toma (GBM) cell growth in vive through several activities,
such as down-regulating p27 and up-regulating BelX(L)
while increasing signaling through the RAS-MAPK and
PI3-K cascades. More than half of GBMs, especially of the
de novo type, overexpress EGFR, and 50%-70% of these
express AEGFR., However, little is known about the distri-
bution of AEGFR-expressing tumor cells within surgical
specimens. In order to address this clinically important
issue, we performed immunohistochemical analyses of 53
GBMs obtained during surgery using the anti- AEGFR
monoclonal antibody, DH8.3. We also simultaneously ana-
lyzed wild-type EGFR expression in these tissues using
the anti-EGFR monoclonal antibody, EGFR.113. AEGFR
and wild-type EGFR expression were observed in 20/53
(38%) and 29/53 (55%), respectively. Nineteen (95%) of
the AEGFR-positive tumors also expressed wild-type
EGFR; one case was AEGFR-positive but wild-type
EGFR-negative, In 13/20 (65%) of the AEGFR-positive
tumors, tumor cells were scattered diffusely within the
tumors, 6/20 showed geographical distribution of AEGFR-
positive tumor cells, and one case showed homogeneous
staining. In the wild-type EGFR-positive cases, almost all
tumor cells expressed EGFR. The differential distribution
of cells expressing the two receptors observed here may
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suggest either that AEGFR arises at a low frequency from
wild-type EGFR-expressing cells, perhaps during the pro-
cess of gene amplification, or that there is a paracrine-type
of interaction between them.

Key words Epidermal growth factor receptor - Glioblas-
toma - Immunohistochemistry

Indroduction

The epidermal growth factor receptor (EGFR) gene is
amplified at the DNA level and overexpressed at the level
of mRNA or protein expression in tumor tissues of about
40%-50% of human glioblastorna (GBM) cases." This
EGFR gene amplification is often followed or accompanied
by further gene rearrangement. About two-thirds of such
rearrangements result in a particular mutant form called-
AEGFR, de2-7EGFR, or EGFRVIII, an in-frame deletion
of exons 2-7 resulting in a deletion of 267 amino acids.*®
The resulting mutant protein is ligand independent, consti-
tutively phosphorylated, and localized primarily to the cell
surface.” AEGFR promotes the tumorigenesis of GBM
cells in vivo by increasing cellular proliferation,'® decreasing
cellular apoptosis,” and promoting tumor cell invasion.”
However, these conclusions have derived from the analysis
of the behavior of xenografts that arose after inoculation of
cells expressing relatively homogeneous levels of AEGFR,
and little is known about the distribution of AEGFR-
expressing tumor cells in surgical specimens. Since this lim-
its understanding of the clinical significance of AEGFR, we
performed immunochistochemical analysis of AEGFR and
wild-type EGFR expression in primary GBM tissues.
Our results revealed differential distribution of tumor cells
expressing these receptors, suggesting potential interactions
between them.
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Materials and methods
Brain tumor samples

Fifty-three GBM specimens that were surgically resected
between 1989 and 2002 at Saitama Medical School
were subjected 10 investigation. All tumors were diagnosed
according to the World Health Organization (WHO)
classification of brain tumors.” Tissue samples were fixed
in 10% formalin and embedded in para{fin for histological
as well as immunohistochemical examination. For Western
blotting, samples were snap-frozen in liquid nitrogen in the
operating rooms and stored at —80°C until usc. Twenly
samples were available for this series of studies.

Immunohistochemistry

The sections were deparaftinized, rehydrated. and incu-
bated in hydrogen peroxide to block endogenous per-
oxidasc activity, followed by antigen retrieval in a stcam
cooker and preincubation in normal goat secrum. An anti-
AEGFR monoclonal antibody, DH&.3, raised against a
synthetic peptide spanning the unique junctional sequence
of the deleted part of AEGFR." was diluted [:50 and
applicd to the samples for 1 h at room temperature. DHE.3
does not react with wild-type EGFR." A standard ABC
mecthod was  performed according to the manu-
facturer's recommendations (Vectastain, Vector Laborato-
rics, Burlingame, CA, USA). and diaminobenzidine
tetrahydrochloride was used to visualize the immunoreac-
tivitics. The slides were lightly counterstained with hema-
toxylin. Anti-EGFR monoclonal antibody. EGFR.113,
raised against the extracellular domain of the wild-type
EGFR was purchased from Novocastra (Newcastle, UK}
and used for immunohistochemistry according to the
manufacturer’s recommendations.

Western blotting

The tissue specimens were lysed in extraction buffer
(50mM Tris-HCI [pH 7.6], S0mMNaCl, 2% NP-40, (1.5%
deoxycholic acid, 0.2% sodium dodecyl sulfate [SDS]. I mM
phenylmethylsulfonyl fluoride, Spg/ml leupeptin, 5pg/ml
aprotinin, and (.5mM Na;VO,) and sonicated. The lysates
were centrifuged at 8000g for Smin, and the supernatants
were collected. Each protein sample (20pg) was separated
with 7.5% polyacrylamide/SDS gels and electroblotted onto
nitrocellulose membranes (ECL membrane, Amersham
Pharmacia Biotech, Piscataway. NI, USA). After blocking
with 5% skim milk in Tris-buffered saline with 0.05%
Tween 20, the membranes were incubated with an anti-
EGFR monoclonal antibody, C13, which reacts with both
wild-type EGFR and AEGFR (a kind gift from Dr. Gordon
Gill, University of California at San Diego), and then incu-
bated with a horseradish peroxidase-conjugated antimouse
secondary antibody (Vector Laboratories), and subjected
to chemiluminescence detection {(ECL, Amersham
Pharmacia Biotech).

Image intensification

The images from immunchistochemistry and Western
blotting were captured with a digital camera and processed
with Adobe Photoshop 7.0 on an Apple Macintosh
compulter.

Results
Immunchistochemistry

Positive immunoreactivities for DH 83 and EGFR.113
were observed in 20/53 (38%) and 29/53 (55%), respec-
tively. Of those 20 cases positive for DH8.3, 19 were also
positive and | was negative for EGFR.113. Typical
examples of DH8.3-immunoreactivity are shown in Fig.
| A-E. Immunoreactivities for DH8.3 were observed on the
cell membrane or in the cytoplasm of tumor cells that were
similar to those for EGFR.113 (Fig. A and F). Immunore-
active cells were scattered diffusely in the 13 of 20 (65%)
specimens positive for DH8.3 (Fig. 1 A and B). In six speci-
mens (30%). cclls immunoreactive for DH8.3 were geo-
graphically distributed (Fig. 1C). The remaining specimen
showed a homogeneous distribution of immunoreactive
cells. In one specimen, DHB8.3-immunoreactive cells
were observed adhering to tumor vessels (Fig. 1D and E).
On the other hand, in the tumors immunoreactive for
EGFR.113, almest all tumor cells had homogeneous immu-
noreactivities, as shown in Fig. 1F, except for one case that
showed geographical distribution of EGFR-expressing
cells. Figure 1F is from the same area of the same specimen
shown in Fig. 1B.

Western blotting

Significant amounts of AEGFR and full-length EGFR were
detected in 9 of 20 (45%: lanes 5,6, 8,9, 10, 11, 13,17, and
20 in Fig. 2) and 12 of 20 (60%. lanes 2,5, 6,7, 8, 9, 10, 11,
13. 15. 17, and 20 in Fig. 2) samples by Western blotting,
respectively, Three samples (lanes 2, 11, and 15 in Fig, 2)
were negative for EGFR.113 by immunohistochemistry but
positive for full-length EGFR by Western blotting. None of
the samples negative for full-length EGFR by Western blot-
ting was positive for EGFR.113 by immunohistochemistry,
and both results were concordant in 17/20 (85%) of the
samples. Four samples (lanes 5.9, 11, and 17 in Fig. 2) were
negative for DH8.3 by immunohistochemistry and positive
for AEGFR by Western blotting, and both results were
concordant in 16/20 {80%).

Discussion

Expression of AEGFR was observed in 20/53 (38%) of
GBM samples by immunohistochemistry and 9/20 (45%) by
Western blotting. Those frequencies were similar to those
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Fig. 1. Immunohistochemical detection of mutated epidermal growth factor receptor {AEGFR) (A-E) and wild-type EGFR (F) expression in
glioblastoma specimens. Original magnifications are (A) x1000, (B, C, E, F} X400, and (D) X100

EGFR.113 - - -
DH8.3 - - -

Full-length EGFR e e
AEGFR =

Fig. 2. Western blotting analysis of AEGFR and wild-type EGFR expression in glioblastoma specimens. + or — indicates immunoreactivities for
DH8.3 and EGFR.113 by immunohistochemistry
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in reported series: 7/12 (58%) by Western blotting,’ and
8/12 (67%) or 1221 (62%)' by immunohistochemistry.
Among the 20 cases in which frozen samples were available
for Western blotting, the results of Western blotting and
immunohistochemistry were concordant in 16 cases (80%).
Expression of AEGFR in the remaining four cases was
positive by Western blotting but negative by immunohis-
tochemistry, which would indicate either that Western blot-
ting was more sensitive for the detection of low levels of
AEGFR expression, or that there were sampling errors due
to the heterogeneous location of positive cells.

Each of the 20 cases that were immunoreactive for
DHR8.3 by immunohistochemistry was also immunoreactive
for EGFR.113, with one exception. Among the 29 cases
positive for EGFR.113, 19 (66%) were positive for DHS8.3.
It has been reported that GBMs with AEGFR mutation
always harbor increased EGFR gene dosage, and frequency
of AEGFR found in GBMs with EGFR amplification was
67%." These data suggest that amplification of the EGFR
gene precedes EGFR mutation.

GBM cells expressing AEGFR have a remarkable in
vivo growth advantage.” One consequence of this could be a
clonal expansion of the cell population. Consonant with this
notion are reported experiments showing that injection
of a mixture of USIMG.AEGFR (a GBM cell line
expressing AEGFR) and parental US7TMG at a 1:50000
ratio into nude mouse brains showed an outgrowth of
USTMG.AEGFR cells, with the proportion reaching 83% in
the tumors that developed." The geographical distribution
of AEGFR-expressing tumor cells abserved in surgical
specimens has been believed to be the result of an analo-
gous clonal expansion. However, our results here show that
GBM tumor cells expressing AEGFR prefer to distribute
diffusely in a scattering pattern in the majority of cases. In
contrast, tumor cells expressing wild-type EGFR appeared
to distribute in a more homogeneous fashion (Fig. 1F).
The differential distribution of AEGFR- and wild-type
EGFR-expressing tumor cells, together with the fact that
almost all tumors expressing AEGFR expressed wild-type
EGFR, appears to support the hypothesis that AEGFR
arises at a low frequency from wild-type EGFR-expressing
cells. The significantly enhanced biological aggressiveness
of the tumor cells expressing AEGFR, together with their
often diffuse occurrence among other tumor cells, also
raises the possibility that they might provide a positive field
effect on surrounding tumor cells that overexpress
wild-type EGFR. The nature of such interactions requires
further study.
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IMPACT OF MARGIN FOR TARGET VOLUME IN LOW-DOSE INVOLVED
FIELD RADIOTHERAPY AFTER INDUCTION CHEMOTHERAPY FOR
INTRACRANIAL GERMINOMA

Hirokr Stirato, M.D., Hipiresmr Aovama, M.D., Jos 1kepa, M.D., Kexa Funepa, M.D.,
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Purpose: We previously published a report stating that germinomas with elevated serum beta human chorionic
gonadropin (HCG-8) had a poor relapse rate, but these findings have not been supported by a multi-
institutional trial. The margin for initial gross tumor vilume (GTV) belore surgery and chemotherapy of the
same materials was investigated by retrospective review,

Methads and Material: The 27 patients reported on in the previous paper were analyzed. The two-ditmensional
margin from the initial GTV to 90% of the preseribed dose of 24 Gy was 2.0 ¢m for a solitary lesion in the
protocol, This margin was measured retrospectively without knowledge of the serum HCG-8 level. ‘The whale
ventricle ficld was used for patients with multifocal disease and whole central nervous system field was used for
disseminated discase, respectively,

Results: Six relapses were seen in 18 patients with solitary tumors, and were treated with the minimum margin
of 1.5 cm or less to the initial GTV. Five of the 6 had initially elevated serum HCG-g at the median of 7.4
mIU/ml. ranging from 0.7-233 mIU/ml.. No relapses were seen in the 9 paticnts who were treated with whaole
ventricle or whole central nervous svstem lield.

Conclusions: An iradequale margin and clevated serum HCG-8 were equally determined to be candidates that
caused the poor local control. The whole ventricle is recommended as the smallest target volume for germinoma

with or without elevated HCG-f after induction chemotherapy.

@ 2004 Elsevier Inc.

Germinema, Central nervous system, Radiotherapy, Induction chemotherapy.

INTRODUCTION

Whole ventricle or Jarger fields have been the standard of

care for intracranial germinoma in our institution (1), as in
other institutions (2—4), The possibility of reducing the dose
and volume was suggested by the usage of cisplatin-hased
chemotherapy in the early 1990s (5). A Phase 11 study on
induction cisplatin-based chemaotherapy for germinomas
followed by 24 Gy radiotherapy was conducted as a re-
gional study in the Hokkaido district of Japan (6). The
results of the Phase 11 study showed a higher relapse rate in
germinomas with elevated serum human chorionic gonad-
otropin beta (HCG-) than in those without elevated serum
HCG-g (7). However, a nationwide prospective study using
platinum-based induction chemotherapy followed by low-
dose radiotherapy for 130 germinoma paticnts without ele-
vation of HCG-, and 34 germinoma patients with clevated
HCG-8, did not show significant differences in the relapse-
free rate between germinomas without elevated serum
HCG-B and germinomas with elevated serum HOG-8 (B).

Furthermore, treatment volume was reported to be a signif-
icant prognostic factor in the nation-wide study. This dis-
crepancy in the significance of HCG-B and the treatment
volume prompted us 1o reevaluate the treatment resulis of
the Hokkaido study by conducting a precise review of the
treatment volume,

The purpose of this study is Lo investigate the impact of
margins for the target volume in low-dose involved field
radiotherapy afier induction chemotherapy for intracranial
genmminoma.

METHODS AND MATERIALS

The cligibility critenia for patients receiving the induction
chemotherapy followed by Jow-dose radiotchrapy were (/)
3 years old or older, (2 histologically proven germinoma,
and (3) no previous chemotherapy or radiotherapy, The
patients were classificd into two groups as lollows: (/) a
good prognosis group, consisting of patients with a solitary

Reprint requests to: Hiroki Shirato. M.D.. Department of Radi-
ology. Hokkaido University School of Medicine, Notth-18 West-7,
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Accepted for publication Feb 9. 2004,
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germinoma with serum HOG-8 < 0.5 mU/ml., which was
the normal upper limit in our institute, and (2) an interme-
diale prognosis group, consisting of patients with a solitary
germinoma with HCG-g > 0.5 mIt)/ml., a multifocal ger-
minoma (two or more lesions without evidence of dissem-
imationy, and disseminated germinoma (cytological or im-
aging cvidence of dissemination). For the good prognosis
group, 3 4 cyeles of etoposide (100 mg/m?) and cisplatin
(20 me/m*) were given for § days every 4 weeks. For the
intermediate prognosis group. 3-6 cycles of iosfamide
(V00 mg’m:), cisplatin (20 mgfm:). and etoposide (60 mg/
m) were given for § days every 4 weeks. After the induc-
tion chemotherapy, 24 Gy in 12 fractions in 3 weeks were
given to e clinical target volume (CTV) as follows: for
solitary germinomas, involved fields, or the initial gross
tumor volume (GTV) with a two-dimensional (213) margin
of 2 ¢m: for mulifocal germinoma, whole ventricles; and
for disseminated germinoma. whole central nervous system
(CNS) The CTV was not altered by the level ol serum
HCG-B. Within 2 weeks afler the completion of the last
course of chemotherapy, radiotherapy was started based on
computed tomographic (CT) planning with slice-by-slice
determination of the target volume, Magnetic resonance
imaging (MRI} was used only as the reference, and no
image fusion technigue was used in the planning. No boost
irradiation was used afier the 24 Gy irradiation. First sal-
vage treatment for the relapse was predetermined in the
protocol as the sume chemotherapy followed by whole brain
or whole ONS irradiation of 24 Gy. Conscquently, the
maximum cumulative dose is then 48 Gy to the initial PTV
and 24 Gy to the whole brain or whole CNS. respectively,
il wmors refapse in patients who have already been treated
with focal volume as the initial treatment. Six or [0 MV
X-rays were used with multiple portals for the involved
fields. parallel opposed ficlds for the whoele ventricles and
whole brain, and posterior tandem fields for the whole
spinal irradiation, respectively.

Treatment planning was performed with Therae (NEC,
Tokyo, Japan) from 1992-1995, and with Focus (CMS
Japan, Tokyo, Japan) after 1995, Three-dimenstonal dose
distribution was available for the transaxial, coronal, and
sapittal views at the isocenter lor patients who were treated
with involved fields or whole ventricle fields. The concept
of plamning target volume (PTV) and CTV was not well
understood at the start of this study, and CTV was covered
by the isodose curve of 90 of the dose prescribed at the
isocenter. In the present study, all CT and MRI slices before
surgery/chiemotherapy and those for radiotherapy planning
were retrospectively reviewed for all the patients entered in
the study. A radiation oncologist (H.A.} surveyed the 2D
minimum distance between the tumor size before surgery/
induction chemuotherapy and the 90% isodose surface. The
retrospective review was based on the careful visual corre-
lation between planning-based T and the diagnostic CT or
MRI studies but not on image fusion techniques. The serum
JICG-B was blinded 10 the investigator at the time of anal-
ysis. For the comparison between two categories, the chi-

[uble 1. Information on the 6 patients who experienced tumor
relapse

Site of failure
Sertn HCG- relative to

(mlUml) v v Spinal relapse

Flevated

i 101 Loval Outside

2 233 Local Margin

3 0.7  Local Outside Yes
4 53 Logal Outside

5 0.7 Local In and

outside
Nonelevated
6 <5 Local Outside Yes

Abbreviations: 11CG = bhuman chononie gopadotropin: TV =
treated volume.

square test was used. Kaplan-Meier analysis and the log-
rank test were used for the survival analysis.

RESULTS

Between February 1992 and November 1999, 27 patients
were entered in the study. as reported in the previous article
(7). Age was 15.7 years old at median, distributed from
X 28 years. Twenty patients were 18 years old or younger
and 7 patients were more than 18 years old. Cytology of
craniospinal fluid, enhanced cranial MRI, and e¢nhanced
spinal MRI were used in staging work-up in all patients. The
follow-up period was 58 months at median, ranging {rom
18 102 months. All but 1 patient was followed more than
24 months. Sixteen patients showed a normal serum HCG-3
tevel, which was << 0.5 miU/mL in our institution, and 11
patients showed elevated HCG-8 with the mean at 7.4
mlU/ml.. and the range from 0.7 233 miU/ml., Serum
HCG-f was elevated in 8 of the 18 patients with solitary
tumors, 2 of the 6 patients with multifocal tumors, and 1 of
the 3 patients with disseminated tumors. These were all
reated with 24 Gy in 12 fractions in 3 weeks for the
involved fields, whole ventricle, and whole CNS irradiation,
respectively.

The disease-specific survival at § years was 100%, and
the overall survival was 95%. The relapse-free survival at 5
vears, according to the serum HCG-£ level, was 90% for
patients with normal HCG-$ and 44% for patients with
vlevated serum HOG-8 (p = 0.025). When we allowed for
the {irst salvage treatment administered when relapse oc-
curred. the tumor control rate was 95% at 5 years,

Details on the patients who experienced treatment failure
are shown in Table 1. Five of 6 relapses were observed in
patienms with clevated serum HCG-£. All patients were
treated with involved ficlds. The site of failure relative to the
treated volume (TV), covered by Y0% of the preseribed
dose, was outside the TV in 4 {2 had spinal lesions), the
marginal site in }, and outside and in the TV (2 relapses) in
I patient. Therefore, the Jocal faflure rate was 3.7% for the
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Table 2. Relationship between the serum HCG-f. treated
volume. and disease control in 27 patients with intracranial
germinoma

Treated volume

Clinical subtype Local WV WCNS  Total
Totul 12/18 66 RYR 21727
Serum 1HCG-8 <0.5 mIU/ml. 9wy 444 22 15/16
Serum NCG-g elevated iR 212 11 611

Abbrevigfions: HCG = human <horionic gonadotropin: WV =
whole ventricle: WONS = whole central nervous systen.

definite m-field relapse, and 7.4% lor the marginal or -
field relapse.

Table 2 shows the relationship between the serum
HCG-8, treated volume, and relapse ratio. There were no
relapses in 9 patients who were treated for whole ventricle
or whole NS, A small treatment volume and elevated
serum HCG - were equally considered candidates for caus-
ing the poor local control.

lven though the 2D margin for the initial GTV was
determined to be 2.0 em or more in the protocol, 12 of 27
patients were treated with <0 2.0 em, and 10 with < 1.5 em
margin. Most tumors were very small or not visible in the
planning CT and MRI at the time of radiotherapy, because
of the efficacy of the induction chemotherapy. All 6 relapses
were treated with a 2D margin <1.5 ¢cm. There were no
relapses i 4 patients who had elevated serum HCG-g and
who were treated with whole ventricle or larger fields. The
whole ventricle field included the founth ventricle. There
wus a statistically significant difference in the relapse ratio
between patiems treated with a 2D margin < 1.5 em (me-
dian, 1.0 ¢m; range, 0.5 1.2 ¢m). and those with a 21>
margin > 1.5 ¢m (median, 2.4 ¢em; range, 1.5 28 em; p <
0.01; Table 3).

The complications due to treatment were azoospermina in
1 of 4 patients examined. One patient experienced anterior
pituitary hormonal replacement owing 1o relapse at the
neurohypophyseal region. No new onsct or deterioration in
anterior pituitary  [unction was noted. Three of 7 adult
patients older than 18 years at the time ol treatment married
after treatment, and 1 lfathered a child.

Table 3. Relationship between serum HCG-8. 21Y margin. and
relapse ratio in 27 patients with intracranial gerninema

21> margin 21 margin

Serum HOCG-8 <1.5 em =15 em
<0.5 mlU‘mg 173 013
=0.5 mlUmy 57 04

Abhreviovions: HCG = human choriogic gonadotropin; 21D =
twao-dimensional.
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DISCUSSION

It is well known that localized treated volume results ina
high relapse rate in intracranial perminoma. In a multi-
institutional retrospective survey, Aoyama ef ¢f. (9) showed
that the S-year relapse-{ree rate was significantly lower in
patients treated with localized volume than whole ventricle
or larger volume. Because a high incidence of radiation-
related late complications have been noted after large vol-
ume irradiation Jor pediatric patients, induction chemother-
apy has been expected to reduce the amount of radiation
volume and dose. There are pros and cons to this opinion
(3 5, 10 14, The possible incidence ol relapses using
lower doses and smaller volumes is the shortcoming of this
approach to this highly curable discase, Pretreatment im-
pairment in neurocognitive function due to the tumor or
surgery is also suggested to be a possible bias in the opinion
agamst radiotherapy {15, 16). The lack of well-controlled
randomized trials and the small number of patients in each
institution has foreed us, at present, to conduct a careful
analysis of the prospective Phase 11 studies to speculate on
the best treatment method,

Llevated serum HCG-B was reported to be a poor prog-
nostic factor for patients with intracranial  germinoma
treated with chemotlierapy alone in a large multi-insti-
tional study (11). We have analvzed our data to evaluate the
prognostic importance of serum HCG-B hased on the pre-
vious report, and found the possible importanee of serum
HCG-8 in our series (7). A Japanese multi-institutional
cooperative group began 1o treat infracramial germinoma
with platinum-hased induction chemotherapy followed by
24 Gy irradiation 6 years ago, and treated more than 100
patients. Preliminary reports of the large Phase 11 study
sugpested that HCG-8 was not a prognestic factor, and that
a smaller reatment volume was associated with a higher
relapse rate (8).

The small number of patients in our study prevented us
from determining whether elevated serum HCG-f8 or an
inadequate CTV margin was the predominant prognostic
tactor. The patients with relapsed tumors were treated with
a small margin, and also had a higher serum HCG-3,
Notably, there were no relapses in patients who were treated
with whole ventricle or a larger volume, despite the fact tha
these patients had a larger tumor burden than those who
were treated with involved fields, The tumor mass before
chemotherapy was often massive or infiltrative, but the
wmor was very small or not visible at the ime of treatment
planning. These differences in size and the anatomic shift of
the normal brain made it difficult to detenmine the appro-
priate CTV based on the initial GTV belore surgery and
chemaotherapy. Image fusion between the initial MRI and
treatment planning CT afier chemotherapy would be difTi-
cult, because of the anatomic shift of the normal brain
tissues. The high mcidence of violation in using 2.0 em
margins lor the initial GTV may be panly due to these
limitations in modern diggnostic tmaging technigues rather
than inadequate skills on the part of the treating physicians.
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Interobserver variation must be large, even when wtilizing
the advanced imaging technologies available at present,
Therefore, it is sull difficult to achieve good quality assur-
ance and a good quality control program for using the
involved lield for intracranial germinoma in a multi-insti-
tutional study.

Considering the low relapse rate in the treated volume in this
study. 3.7% 7.4%, induction chemotherapy may reduce the
dose required for the eradication of gross tumors. We did not
use any boost dose in this study or in the Japanese multi-
institutional study. Recent studies in western countries show
that physicians are still using a boost dose to the tumor bed,
giving 40 -50 Gy 1 total (10, 11). Qur results suggest that a
prospective multi-institutional study is needed to test whether a
boost dose 1o the tumor bed is necessary. Elimination or
reduction in the boost dose afier 24 Gy has a high probability

of reducing vascular complications and deterioration in the
anterior pituitary function. It is necessary to carefully monitor
the long-term adverse effeets of chemotherapy. Reduction of
the radiation dose without chemothierapy would also be an
important subject for a muli-institutional study.

In conclusion, the relapse rate can be unacceptably high
in paticnts who were treated with involved fields, partly
hecause of the difficulty in accuratety determining the initial
GTV before surgery and chemotherapy. Although the total
tumor control rate after initial salvage treatment was high, it
is vbvious that tumor relapse should be avoided. In this
respect, whole ventricle or larper fleld is still the target
volume, which should be regarded as the standard both for
germinenta with normal HCG-8, and for germinoma with
clevated HOG-B, both in chemoradiotherapy and in radio-
therapy alone.
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FEASIBILITY OF SYNCHRONIZATION OF REAL-TIME TUMOR-TRACKING
RADIOTHERAPY AND INTENSITY-MODULATED RADIOTHERAPY FROM
VIEWPOINT OF EXCESSIVE DOSE FROM FLUOROSCOPY

Hirok! SHIRATO, M.D., PH.D., Masataka Oita, R.T., Kartsunisa Funra, RT.,
Y OSHIHARU WATANABE, R.T., AND Kazuo Mivasaka, M.D., Pu.D.

Department of Radiology, Hokkaido University Hospital. Sapporo, Japan

Purpose: Synchronization of the techniques in real-time tumor-tracking radiotherapy (RTRT) and intensity-
modulated RT (IMRT) is expected to be useful for the treatment of tumors in motion, Our goal was to estimate
the feasibility of the synchronization from the viewpoint of excessive dose resulting from the use of fluoroscopy.
Methods and Materials: Using an ionization chamber for diagnostic X-rays, we measured the air kerma rate,
surface dose with backscatter, and dose distribution in depth in a solid phantom from a fluoroscopic RTRT
system. A nominal 50-120 kilovoltage peak (kVp) of X-ray energy and a nominal 1-4 ms of pulse width were
used in the measurements.

Results: The mean = SD air kerma rate from one fluoroscope was 238.8 = 0.54 mGy/h for a nominal pulse width
of 2.0 ms and nominal 100 kVp of X-ray energy at the isocenter of the linear accelerator. The air kerma rate
increased steeply with the increase in the X-ray beam energy. The surface dose was 28-980 mGy/h. The absorbed
dose at a 5.0-cm depth in the phantom was 37-58% of the peak dose. The estimated skin surface dose from one
fluoroscope in RTRT was 29-1182 mGy/h and was strongly dependent on the kilovoltage peak and pulse width
of the Auoroscope and slightly dependent on the distance between the skin and isocenter.

Conclusion: The skin surface dose and absorbed depth dose resulting from fluoroscopy during RTRT can be
significant it RTRT is synchronized with IMRT using a multileaf collimator. Precise estimation of the absorbed
dose from Huoroscopy during RT and approaches to reduce the amount of exposure are mandatory.

© 2004 Elsevier Inc.

Real-time tumor-tracking radiotherapy, Fluoroscopy, Dosimetry.

INTRODUCTION

Fuoroscopic detection of internal fiducial markers for precise
setup of patients has been shown to be useful for static radio-
therapy (RT) (1-5) and real-time tracking and gated RT (6
1. Prototype real-time tumor-tracking RT (RTRT) uscs two
sets of Auoroscopy 1o detect the intemal motion of a metallic
fiducial marker in or near the target volume (1). Attention to
four-dimensicnal accuracy in space and time is increasing for
tumors in motion when the meticulous dose distribution used
in particle therapy (11) and intensity-modulated RT (IMRT)
(12—17). Synchronization of IMRT and RTRT is expected to
increase the therapeutic ratio for tracking moving tumors.

In our previous studies of RTRT without IMRT, the dose
rate in the phantom was measured with thermoluminescence
and a surface dosimeter (12, 16). The dose rate at 120 kV
with a pulse width of 4 ms was 0.8 mGy/min at the
entrance. We concluded that the fluoroscopic dose is neg-
ligible for patients treated with 60 Gy to the isocenter.

However, because the beam-on time will be longer when we
combine RTRT with IMRT using a multileaf collimator,
integration of IMRT and RTRT could result in an extremely
long treatment time. IMRT using a multileaf collimator
requires a radiation time four to five times longer than
conventional RT. This may result in unacceptable exposure
from the fluoroscopy.

Interventional neuroradiology requires fluoroscopic ex-
amination for >30 min, on average, and is known to result
in a noticeably high skin dose (18). Gkanatsios et al. (19)
have shown that the median surface dose during a neurora-
diologic diagnostic imaging examination is 1.3 Gy, with a
maximal surface dose as great as 5.1 Gy.

These results suggest the importance of precise dose
measurement in RTRT when the treatment time needs to
be longer than previously estimated. We measured the
dose resulting from the use of fluoroscopy in the RTRT
system,
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Fig. 1. Geometry of experiments used in this study. Linac = linear accelerator,

METHODS AND MATERIALS

Fluoroscopy

The fluoroscope was a rotating anocde X-ray tube assem-
bly (G-1582 BI, Shimadzu, Kyoto, Japan) powered by a
threc-phase generator. Photons were produced by a 0.6 X
0.6 mm? nominal size electron beam incident on a rotating
target. We used a pulsed cathode of 80 mA, because it is
commonly used clinically. For peak tube potentials of 50-
120 kilovoltage peak (kVp), the pulse rate used was a
nominal 30 s, with pulse duration of 1.2, 1.6, 2.0, 2.5, and
3.2 ms. The power of the X-ray tube was 1500 kI for a
0.6-mm focus and 1060 kJ for a 1.0-mm focus. The inherent
X-ray filtration was 1.5 mm aluminum equivalent.

The geometries of the fluoroscopy and measurement are
shown in Fig. 1. The X-ray beam was collimated to visu-
alize the image of the fiducial markers, which should be
placed close to the isocenter. The distance from the X-ray
tube to the image detector was 460 cm to avoid collision
between the image detectors and the gantry of the linear
accelerator. The distance from the X-ray tube (target) to the
isocenter of the linear accelerator was 280 em. The fluoro-
scopic beam was collimated to 1.6 X 1.9 ¢cm at a 30-cm
distance from the tube. The beam size enlarged to 14.5 X
18.5 cm? at the isocenter of the lincar accelerator where the
measurement was performed.

Measurement

The fuoroscopy irradiated field was measured in air
using film at the plane including the isocenter perpendicular
to the beam axis of the diagnostic X-ray.

The air kerma was measured with a cylindrical chamber

with a collecting volume of 3 cm?, using a Scanditronix
WELLHOFER DC300 TNC/160 and a RAMTEC 1500B
(Toyo Medic, Tokyo, Japan) designed for diagnostic radi-
ography and mammography. The nominal X-ray energy
available for measurement was quoted as 20-150 V. The
wall of the chamber was made of Shonka C552 (1.7 g/cm3)
with the thickness at 0.3 mm. The chamber has an outer
length of 41.5 mm and an outcr diameter of 10.6 mm. The
nominat calibration factor was 9.3 mGy/nC.

The half value layer was measured using varying thick-
nesses (0.25, 1.05, and 2.05 mm) of a 20.0 X 30.0-cm
aluminum (Al) sheet (99.999% Al). The half value layer
was measured using a source-to-aluminum filtration dis-
tance of 25 ¢m and a source-to-detector distance of 280 cm.

The dose in air at the isocenter was measured to estimate
the air kerma, which does not take into account any back-
scatter. The distance from the X-ray source to the central
axis of the chamber was 280 c¢m, and the field size was 10
X 14 cm® The chamber was positioned on the central axis
of the beam, with its long axes paralle! to the cathode—anode
direction of the X-ray tube.

The percent depth dose (PDD) was measured with a
smaller chamber, a farmer-type chamber No. 2591 with a
collecting volume of 0.6 cm® without a build-up cap in the
Solid Water phantom. The ionization chamber was placed
on the surface of the phantom, which consisted of 30 X
30-cm? slabs of Solid Water, with a total thickness of 10 cm
{Fig. 1). The source-to-surface distance was set at 280 cm
from the tube. The dose rate at 0.0, 1.0, 2.0, 3.0, 4.0, 5.0,
6.0, 8.0, 10, 12, 15, and 20 cm was measured by changing
the depth of the chamber perpendicular to the beam axis for
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Table |. Measured air kerma rate from one fluoroscope
at isocenter of linear accelerator according o nominal kVp

Nominal kVp
Air kerma rate 50 70 100 120
Mean (mGy7h) 33.50 90.25 238.80 366.18
SD (mGy/h) 0.30 0.15 0.54 0.86
%SD 0.9 0.2 0.2 0.2

Abbreviation: kVp = kiloveltage peak.

a nominal 50-, 70-, 100-, and 120-kVp X-ray beam, respec-
tively. The depth of the camber was adjusted by adding the
corresponding 30 X 30-cm? slabs of Solid Water, with a
total thickness of 1.0-20 cm on the surface of the phantom.
The position of the chamber was adjusted o0 be on the
central X-ray beam axis and parallel to the cathode—anode
direction of the X-ray tube by visualizing the chamber under
fluoroscopy. Correction was made for recombination, po-
larity, or energy dependence effects. The “surface™ mea-
surement at depth O was acquired with the center of the
cylindrical chamber put at the same plane as the surface of
the Solid Water phantom by cutting the surface of the
phantom to fit it in. The PDD was normalized at the depth
of the maximal dose for each X-ray beam.

The mean * standard deviation were calculated for cach
data item on the basis of 10 measurements for each data
point.

RESULTS

The half-value layer for each nominal kilovoltage peak of
the X-ray tube was estimated to be 2.73, 3.71, 5.02, and 6.72

400

mm Al for a nominal 50, 70, 100, and 120-kVp X-ray beam,
respectively.

‘The air kerma rate from one fluoroscope was 20.3 * 0.2,
26.3 = 0.4, 33.5 = 0.3, 47.9 = 0.2, and 68.2 = 0.3 mGy/h
at a nominal pulse width of 1.2, 1.6, 2.0, 2.8, and 4.0 ms,
respectively, with a nominal 50-kVp X-ray beam. The air
kerma ratc from simultaneous exposure of two fluoroscopes
with a nominal 50-kVp X-ray beam for 1.6 and 2.0 ms was
58.7 = 0.5 and 72.7 = 0.3 Gy/h respectively, which was
roughly twice (2.2 times the rate with one fluoroscope) the
corresponding dose rate of one fluoroscope.

The air kerma rate measured for one X-ray tube at the
isocenter of the linear accelerator is shown in Table | for
cach nominal kilovoltage peak of the X-ray tube using 2.0
ms as the pulse width. The air kerma rate from one fluoro-
scope was 238.8 = 0.54 mGy/h for a nominal pulse width
of 2.0 ms with a nominal 100-kVp X-ray beam. The rela-
tionship between the nominal kilovoltage peak and the air
kerma rate is shown in Fig. 2. The air kerma rate increased
steeply with the increase in the X-ray beam energy.

The relationship between the pulse width and the surface
dose rate, including backscatter, is shown in Fig. 3 accord-
ing 10 the nominal kilovoltage peak. The surface dose was
28-980 mGysh (Tahle 2). The surface dose was strongly
dependent on the kilovoltage peak and linearly increased
with the pulse width of the fluoroscope.

The PDD curves for each nominal kilovoltage peak of the
X-ray beam are shown in Fig. 4. The dose at 5.0 ¢m was
37-58% for 50-120 kVp, respectively.

When we put a patient on the treatment couch, the pa-
tient’s skin surface will receive a greater dose than the dose
estimated at the isocenter because of the shorter distance
from the X-ray source to the skin surface. Assuming that the
distance between the skin entrance and the isocenter, r, is

o 366.18
>
O 300
E
o 238.8
® 200
©
E
g 100
2 .
0 A i j ]
40 60 80 100 120 140

nominal woltage of x-ray tube (kVp)

Fig. 2. Relationship between nominal kilovoltage peak of Auoroscopic X-ray and atr kerma rate from ene fluore-

scope.
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5-23 cm, the estimated dose at the skin surface with back-
scatter (Fig. 3) will be from r = Scm to r = 25 cm, The
dose was calculated simply using the formula R?/(Rr ),
where R is the distance from the X-ray source to the
isocenter (280 c¢m in the RTRT system). The estimated skin
surface dose from one fluoroscope in RTRT was 29-1182
mGy/h, The estimated skin surface dose was strongly de-
pendent on the kilovoltage peak and the pulse width of the
fluoroscope and slightly dependent on the distance between
the skin and isocenter.

DISCUSSION

The Joint Working Party of the British Institute of Radi-
ology and the Hospital Physicists” Association published

Table 2. Estimated dose rate at skin surface for different pulse
widths and kVp values

Estimated dose rate (mGy/h)

Pulse width
(ms) 50 kVp 70 kVp 100 kVp 120 kVp
1.2 284 483.2 2552 411
2.0 45.9 762.2 366.8 568.5
32 75.4 1174.4 535 8117
4.0 94.7 1448.7 647.4 980.1

Abbreviation: kVp = kilovoltage peak.

PDD curves of similar beams measured for use in RT (20).
Jennings and Harrison (21) and Harrison (22) have also
published the depth dose of diagnostic radiography. Fetterly
et al. (23) published the X-ray dose distribution of fluoros-
copy beams in 2001, These data were based on the mea-
surements using source-to-surface distances of 30-50 cm,
far shorter than the source-to-surface distance of 280 c¢cm
used in the RTRT system. The greater percentage of dose at
each depth in our study compared with those in previous
reports for kilovoltage of X-rays may be a result of the
longer source-to-surface distance in the RTRT system. We
were not able to measure the “surface dose” by parallel cham-
ber with sufficient sensitivity and used a 0.6-cm® cylindrical
chamber, which could also have been a source of bias in our
study. More work is required for precise measurement.

The real-time tumor-tracking system has been used with
precise setup and gated RT in >200 patients with various
tumors, including head-and-neck tumors and tumors of the
lung, esophagus, liver, pancreas, prostate, and uterus {1). In
this study, we investigated the parameters used in actual
RTRT for various tumors. A nominal X-ray strength of 80
kVp and pulse width of 2-4 ms are frequently used for the
head-and-neck region, and a strength of 100-120 kVp and
duration of 2 ms are used for lung and liver treatment in
clinical practice. If the patient’s body is large or thick, the
system requires 4 ms for visualization of the internal
marker.



