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Table 2: Score distributions and child-parent relationships of the Jap ion of the PedsQL™ Brain Tumor Module
Number Mean SD Median Minimum Floor Maximum Ceiling Differencea SD 95% CI icc
of (%) (%)
patients
(n)
Child-report
Cognitive 137 696 219 714 (] 15 100 10.2 52 225 143 9.02 0.49
Problems
Pain and 136 844 184 917 16.7 0.0 100 434 35 20.5 004 700 041
Hurt
Movement 136 839 246 100.0 0 22 100 52.2 13.0 229 9.12 1687 0.64
and
Balance
Procedural 136 69.5 307 75.0 0 74 100 279 9.2 278 445 1387 062
Anxiety
Nausea 136 859 213 950 0 0.7 100 48.5 23 191 -089 558 065
Worry 136 796 237 833 0 15 100 39.0 44 30.2 -075 951 0.18
Parent-report
Cognitive 140 641 226 643 0 14 100 6.4
Problems
Pain and 165 815 197 833 250 0.0 100 41.2
Hurt
Movement 166 704 293 750 0 36 100 31.9
and
Balance
Procedural 164 572 344 583 0 134 100 213
Anxiety
Nausea 164 842 230 950 0 0.6 100 49.4
Worry 164 765 231 750 0 12 100 293

aparent report score subtracted from child report score
Cl, confidence interval; ICC, intraclass correlation coefficient

both the child- and parent-reports for children (8-12
years old).

At the retest, two children and two parents answered
that the physical condition or lifestyle of the child had
changed since responding to the initial questionnaire. We
therefore analyzed the retest answers of the remaining 22
children and 27 parents. On comparison of characteris-
tics between the retest and non-retest samples using
Fisher's exact test or Student's t-test, observed tendencies
for the retest sample were that children were undergoing
treatment (n = 17 [61%]; P = 0.008), parents were not
mothers (n = 5 [18%]; P = 0.008), and parents were rela-
tively old (average age, 43.5 years old; P = 0.001). No ten-
dency was noted with regard to the initial scores of the
retest sample being higher or lower than those of the
non-retest sample. In the retest sample, each retest scale
score fell in the same range as initial test scale scores

(Table 3). The Pain and Hurt scale for the child-report
indicated moderate agreement, while the other scales
indicated good or high agreement.

Validity

Exploratory factor analyses produced six factors corre-
spondent to each scale (Table 4). Factor-item correlations
were between 0.33 and 0.96 in the child-report, and 0.55
and 1.00 in the parent-report.

With regard to known-group differences, the Cognitive
Problems scale was sensitive for developmental impair-
ment, the Movement and Balance scale was sensitive for
tumor location (supratentorial or infratentorial) and
paresis, and the Nausea scale was sensitive for a patient
currently undergoing chemotherapy (Table 5). The Cog-
nitive Problems scale was not completely sensitive for
having received whole brain irradiation, with a 95% confi-
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Table 3: Reliability of the Japanese version of the PedsQL™ Brain Tumor Module

Cronbach's coefficient alpha Retest reliability (n = 28)
Age group
Total Toddler  Young child Child Adolescent Change SD 95% Cl icc
(n=166) (n=26) (n=31) (n=56) (n=53)

Child-report
Cognitive 083 * 073 0.80 0.85 -1.3 15.1 -78 53 0.67
Problems
Pain and 0.50 - 0.48 0.35 0.57 -1.5 173 -9.0 6.0 0.45
Hurt
Movement 0.78 - 078 079 0.75 0.0 146 6.3 63 077
and
Balance
Procedural 0.82 = 0.75 0.85 0.85 14 293 -11.2 141 0.67
Anxiety
Nausea 0.84 - 0.62 0.82 0.93 28 18.6 -53 108 0.74
Worry 075 - 0.84 0.60 076 -4.3 19.8 -129 42 0.70

Parent-report
Cognitive 0.92 - 0.89 0.90 0.93 13 13.6 -47 73 0.76
Problems
Pain and 0.80 0.92 0.77 081 074 -29 133 -8.3 25 0.82
Hurt
Movement 091 0.84 0.89 0.89 0.93 1.6 13 -3.0 6.2 0.92
and
Balance
Procedural 0.96 0.98 0.94 0.95 0.96 -3.7 213 -124 51 0.82
Anxiety
Nausea 093 0.86 0.87 093 0.94 -1.0 8.2 -43 24 0.95
Worry 0.86 0.86 0.93 0.69 0.88 -0.3 16.2 -6.9 6.2 0.74

Cl, confidence interval; ICC, intraclass correlation coefficient

dence interval from -2.3 to 12.9 in the child-report and
from 0.8 to 16.0 in the parent-report.

With regard to presumed hypotheses of convergent and
discriminant validity, the Cognitive Problems scale corre-
lated better with the School Functioning scale than with
the other three scales, and the Movement and Balance
scale correlated better with the Physical Functioning
scale than with the other three scales (Table 6). The Pro-
cedural Anxiety scale correlated slightly better with the
Emotional Functioning scale than with the other three
scales, although the difference was trivial. The Procedural
Anxiety scale also negatively-correlated better with the
Trait Anxiety scale than with the State Anxiety scale and
the Worry scale correlated relatively-better with the
Emotional Functioning scale than with the other three
scales. With regard to scales that correlated particularly
well in the parent-report, the Cognitive Problems scale
correlated well with the School Functioning scale, Move-

ment and Balance scale correlated well with the Physical
Functioning scale, and the Procedural Anxiety and Worry
scales correlated relatively well with the Emotional Func-
tioning scale.

Discussion

In the present study, to facilitate the sharing of data
across international borders, we developed the Japanese
language version of the PedsQL™ Brain Tumor Module
and confirmed its feasibility, reliability, and validity. Our
fixed forward-backward translation procedure used to
develop the survey ensures that the Japanese version con-
forms to the original both conceptually and linguistically
while keeping the Japanese culture in mind.

As the participants in the development of the original
PedsQL™ Brain Tumor Module included no children with
movement or balance problems, providing essentially no
variability in responses to these items, the Movement and
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Cogpnitive Problems
Itis hard for me to
figure outwhat to
do when
something
bothers me
| have trouble
solving math
problems
I have trouble
writing school
papers or reports
Itis hard for me to
pay attention to
things
Itis hard for me to
remember what |
read
Itis hard for me to
learn new things
I get mixed up
easily

Pain and Hurt
lache or hurtin
my joints and/or
muscles
Ihurtalot
I get headaches

Movement and

Balance
Itis hard for me to
keep my balance
Itis hard for me to
use my legs
Itis hard for me to
use my hands

Procedural Anxiety
Needle sticks (i.e.
injections, blood
tests, IVs) hurt me
Iget scared when
| have to have
blood tests
I getscared about
having needle
sticks (i.e.
injections, blood
tests, IVs)

Nausea
| become sick to
my stomach
when | have
medical
treatments
Food does not
taste very good
tome

Child-report

(n =137, 64% of the cumulative variance)

Parent-report

(n =166, 78% of the cumulative variance)

0.01

-0.01

0.05

0.04

-0.01

0.03

-0.10

0.23
-0.04

-0.01

0.01

0.00

0.02

-0.03

0.46

0.79

0.45

0.54

0.82

0.63

0.68

0.65

0.40

-0.06

0.16
0.03

0.06

-0.05

0.05

0.01

0.00

0.10

-0.16

0.10

-0.06

0.25

-0.07

-0.04

0.10

-0.07

-0.02

0.11
-0.08

-0.05

0.10

-0.09

0.72

0.74

0.89

0.16

0.15

-0.05

0.06

-0.09

0.14

0.27

0.15

-0.03
-0.13

0.52

0.85

0.87

-0.14

-0.04

-0.02

0.06

-0.05

-0.02

0.14

0.13

-0.21

-0.06

-0.05

-0.11
0.05

0.20
-0.08

on

0.11

-0.06

0.00

0.01

0.15

-0.21

-0.25

0.31

0.18

-0.01

0.13

0.77

0.39
0.38

-0.13
0.06

-0.05

-0.03

0.05

0.34

-0.02

0.60

0.75

0.79

0.81

0.85

0.67

-0.03

-0.01
0.05

0.01

-0.01

0.03

-0.04

0.02

0.01

-0.02

-0.01

-0.13

0.02

-0.01

0.1

0.04

0.04

-0.11

-0.05

-0.01
0.14

-0.03
0.01

0.06

0.01

0.04

0.01

0.88

0.83

0.1

0.06

0.01

-0.09

-0.02

-0.09

0.09

0.01

0.04
-0.12

0.08

-0.05

-0.06

0.89

0.95

0.05

0.04

0.8

-0.05

0.08

-0.03

0.01

0.03

0.05

-0.02
-0.04

0.81

< 0.83

0.04

-0.04

-0.03

-0.05

0.10

-0.01

-0.03

0.06

0.03

-0.02

-0.06

0.07

0.06

-0.03
-0.03

0.1

-0.06

-0.05

0.02

0.00

-0.04

-0.05

0.08

0.05

0.00

-0.04

-0.01

0.1

0.82

0.94
0.55

-0.04

0.01

0.01

0.03

-0.01

0.04
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Table 4: Factorial validity of the Japanese version of the PedsQL™ Brain Tumor Module (Continued)

Tbecomessickto  0.61 -0.06 0.01 -0.01 0.11
my stomach
when | think
about medical
treatments
| feel too sick to
my stomach to
eat
Some foods and
smells make me
sick to my
stomach

Worry
Iworryaboutside 0.30
effects from
medical
treatments
| worry about 0.00
whether or not
my medical
treatments are
working
| worry that my
cancer will come
back or relapse

0.80 0.06 -0.14 -0.02 0.22

0.96 -0.03 0.00 0.04 -0.26

-0.06 0.25 0.06 033

-0.01 0.13 0.10 0.65

-0.02 0.00 0.06 0.06 0.79

0.20 0.08 0.80 0.06 -0.04 -0.01 0.00

-0.01 0.88 -0.04 -0.01 0.05 0.04

-0.04 -0.05 0.25 0.02 0.02 0.72 0.04

0.08 -0.07 0.01 0.02 0.05 0.92 -0.03

-0.05 0.12 -0.06 -0.08 0.81 0.01

Factor patterns from a principal factor method with promax rotation. Factor loadings of more than 0.30 are bolded.

Balance scale for the child-report was excluded from the
original version [16]. Previous studies have shown that
problems with movement and balance are important but
infrequent in children with brain tumors [4,29]. Although
the ceiling effect was relatively high, our version pre-
sented score distributions for the child-report including
the Movement and Balance scale, which has a standard
deviation nearly equal to that of the other scales. With
regard to the Pain and Hurt scale, we observed a narrow
range and low standard deviation, due in large part to the
characteristics of our sample population. Because more
than one month had passed since the children's histologi-
cal diagnosis of a brain tumor, a few children who took
part in our study were experiencing pain from intracra-
nial hypertension or postoperative pain.

Several studies have reported on the differences and
concordance between the child- and parent-reports. The
differences between these reports are dependent on the
scales and samples [30,31]. In the present study, scores for
all child-report scales were higher than those for the par-
ent-report. Good concordance has been reported for
observable domains such as physical activity or symp-
toms, while poor concordance has been reported for non-
observable domains such as depression or social quality
of life [32-34]. In the present study as well, good concor-
dance was observed for the Movement and Balance scale,
the Procedural Anxiety scale, and the Nausea scale, while
poor concordance was observed for the Worry scale,
findings which suggest that using the PedsQL™ Brain

Tumor Module with both the child- and parent-reports
can provide bilateral information. In this manner, we rec-
ommend interpretation of both aspects of HRQOL based
on the child- and parent-reports.

With regard to obtention of results, only a short
amount of time was required to complete the question-
naire, and few missing values were observed, suggesting
good feasibility. With regard to children of any age with
impairments who were unable.to complete their ques-
tionnaires on their own (in the present study, those with
mental retardation, attention deficit disorder, dyslexia,
visual impairment, and paresis), interviewer-delivered
administration has been found to help these participants
complete the child-report questionnaires. Given that
these children made up a non-negligible percentage of
our population (17%), the importance of participants hav-
ing access to interviewer-administration cannot be over-
stated. Although severe mental retardation hampered
one child from completing the child-report questionnaire
even with an interviewer's assistance, the child's parents
had no problems in completing the parent-report. Persis-
tent disturbance of consciousness in her child hampered
one parent from completing the parent-report question-
naire. With regard to the applicable scope of the PedsQL™
Brain Tumor Module, the present findings suggest that
this module can be used even on children with severe
mental retardation, although not on children with persis-
tent disturbance of consciousness.
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Table 5: Known-groups validity of the Japanese version of the PedsQL™ Brain Tumor Module
Child-report ‘Parent-report
Numberof Mean SD  Difference 95% Cl Number Mean SD  Difference 95% Cl
patients (P)a of (Pa
(n) patients
(n)
Cognitive
Problems
Have received
whole brain
irradiation
Yes 54 66.4 236 53 =23 129 56 59.1 224 84 08 16.0
No 83 717 20.7 (0.168) 84 67.5 223 (0.031)
Experiencing
developmental
impairment
Yes 27 57.1 26.7 155 6.5 245 28 422 229 274 19.1 357
No 110 727 19.6 (<0.001) 112 69.6 19.0 (<0.001)
Movement
and Balance
Tumor location
Infratentor 52 747 29.0 150 6.6 234 67 57.0 280 232 147 37
ial
Supratento 79 89.7 19.8 (<0.001) 93 80.2 26.1 (<0.001)
rial
Experiencing
paresis of
hands or legs
Yes 28 57.7 326 329 242 416 35 336 246 46.7 383 55.1
No 108 90.7 164 (<0.001) 131 80.3 217 (<0.001)
Nausea
Currently
undergoing
chemotherapy ;
Yes 36 721 294 187 1.2 263 46 62.6 279 300 236 36.4
No 100 90.8 14.7 (< 0.001) 118 92.6 13.6 (< 0.001)

3p-value from Student's t test
Cl, confidence interval

In addition to good feasibility, our results also sug-
gested sufficient reliability. All scales for both the child-
and parent-reports showed retest reliability. With regard
to child-report scales, although agreement for the Pain
and Hurt scale between the initial test and retest was rela-
tively low compared to that observed for other scales, val-
ues were not lower than those for other scales in a
systematic review on assessment of pediatric pain [35].
Most scales for the child-report and all scales for the par-
ent-report showed internal consistency reliability coeffi-
cients approaching or exceeding the standard of 0.70. For
the Pain and Hurt scale for the child-report in particular,
the narrow range may result in a lower Cronbach's coeffi-
cient alpha. Scales not approaching or meeting the 0.70
standard should be used only for descriptive or explor-
atory research.

Additionally, proof of the validity of our results was evi-
denced on several points. The fixed scale-development
methods of the present study ensured the content validity
and the results ensured construct validity through facto-
rial, known-groups, and convergent and discriminant
validity. Our study was the first to clarify the module's
factor structure, which had not been confirmed in the
original version or other translations of the PedsQL™
Brain Tumor Module. Each scale was sensitive for medi-
cal variables and treatment status within the scope of the
assumption. The 95% confidence interval of the Cognitive
Problems scale for the child-report with regard to having
undergone whole brain irradiation spanned across zero.
Variations in age at undergoing radiation and time since
radiation treatment in our sample might reduce between-
group differences. In addition to whole brain irradiation,
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other factors related to cognitive function exist, such as
intracranial surgery [5] and hydrocephalus [36], and con-
sideration of these factors may be recommended in clini-
cal investigations into cognitive problems. All scales have
been confirmed to correlate better with theoretically pre-
dicted scales than with the non-predicted scales, albeit by
a trivial difference. We were not surprised by our obser-
vation of correlations between non-predicted pairs,
because all scales of PedsQL™ Brain Tumor Module and
PedsQL™ Generic Core Scales are domains of HRQOL.

One limitation to our study warrants mention. Our
sample population did not include children with tumors
diagnosed less than one month prior to administration of
the questionnaire, which may limit the generalizability of
the findings. Future studies and analyses are needed to
explore the sensitivity and responsibility of the PedsQL™
Brain Tumor Module and factors related to the child-par-
ent discordance for the Worry scale.

Page 120f 14

Conclusions

We developed the Japanese version of the PedsQL™ Brain
Tumor Module and confirmed its feasibility, reliability,
and validity. This module is the only validated instrument
suitable for evaluating brain tumor-specific HRQOL in
children. High feasibility may decrease loss of patients to
follow-up even in prospective studies. Using this module
to assess primary and secondary endpoints may be useful
in enabling future studies to become more sensitive to the
interplay of disease- and treatment-specific effects. Fur-
ther, descriptive or exploratory studies can identify high-
risk groups of children with tumors as well as survivors of
brain tumors, and thereby develop nursing intervention
regimens based on individual risk level. Use of the Ped-
sQL™ Brain Tumor Module in clinical trials and studies
may help to improve HRQOL in children with brain
tumors.

Table 6: C: gent and discri validity of the Japanese version of the PedsQL™ Brain Tumor Module
The PedsQL™ Generic Core Scales STAIC
Physical Emotional Social School State Anxiety Trait Anxiety
Functioni F ioni Functioni Eunctioni|
Child-report (n=134) (n=106)
Cognitive 0.61 0.56 0.62 0.70 -0.45 -0.51
Problems
Pain and 0.46 062 0.47 043 -0.34 -0.54
Hurt
Movement 0.77 049 0.69 061 -0.17 -0.31
and
Balance
Procedural 0.50 053 0.52 0.52 -0.21 -0.41
Anxiety
Nausea 0.57 042 0.32 038 -0.29 -0.14
Worry 0.50 0.59 044 0.44 -0.39 -0.42
Parent-report (n=166)
Cognitive 043 043 0.57 079
Problems
Pain and 0.50 0.52 0.20 0.54
Hurt
Movement 0.76 0.52 0.52 048
and
Balance
Procedural 0.37 0.38 0.18 028
Anxiety
Nausea 035 0.50 0.02 030
Worry 0.21 053 0.30 0.28
STAIC, the State-Trait Anxiety Inventory for Children
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Abstract

Glioblastoma is the most common primary malignant brain tumor in adults and is a challenging disease
to treat. The current standard therapy includes maximal safe surgical resection, followed by a combina-
tion of radiation and chemotherapy with temozolomide. However, recurrence is quite common, so we
continue to search for more effective treatments both for initial therapy and at the time of recurrence.
This article will review the current standard of care and recent advances in therapy for newly-diag-
nosed and recurrent glioblastomas, based on the most authoritative guidelines, the National Cancer In-
stitute’s comprehensive cancer database Physician Data Query (PDQ®), and the National Comprehen-
sive Cancer Network Clinical Practice Guidelines in Oncology™ for central nervous system cancers
(V.1.2010), to elucidate the current position and in what direction we are advancing.

Key words: glioblastoma, standard therapy,

Definition of Standard Therapy

Standard therapy is the treatment that experts agree
is appropriate, accepted, and widely used, and is
also called best practice and standard of care.'¥
Health care providers are obligated to provide
patients with standard therapy. Physicians are not
allowed to provide patients with non-standard ther-
apy without explaining the reason why standard
therapy will not be provided and obtaining informed
consent. Every clinical trial should have a convinc-
ing scientific basis to indicate that testing the treat-
ment is worthwhile, and the patients should be in-
formed that the test treatment is not a standard ther-
apy, which is requisite from an ethical point of view.
The Institutional Review Board (IRB) will examine
the protocols, case report forms, and related docu-
ments from both scientific and ethical points of
view. In randomized phase 3 studies, the control
arms are always standard therapies of the diseases.

Standard Therapy for Glioblastoma in
Physician Data Query (PDQ®)

PDQ® is the National Cancer Institute’s comprehen-
sive cancer database, and is the most authoritative
guideline.’s) PDQ® is written in an itemized manner,
so needs some commentary and explanations (Table
1).

chemotherapy,

713

temozolomide, clinical trial

Table 1 Standard therapy for glioblastoma in PDQ®

Surgery plus radiation therapy for elderly glioblastoma patients

No additional benefit from brachytherapy added to external-beam
radiation therapy and carmustine (BCNU)

BCNU-impregnated polymer (Gliadel wafer) implanted during
initial surgery

Radiation therapy and concurrent chemotherapy with
temozolomide

PDQ®: Physician Data Query.

The first point is the treatment of glioblastoma
(GBM) in the elderly population. Since the landmark
European Organization for the Research and Treat-
ment of Cancer (EORTC)/National Cancer Institute
of Canada (NCIC) study published in 2005, the stan-
dard therapy for GBM has been post-operative ad-
juvant radiotherapy with concomitant and adjuvant
temozolomide (TMZ) (so-called Stupp’s regimen).?®
However, the patients eligible for this study were
aged from 18 to 70 years, so the standard therapy for
GBM patients aged over 70 years remains undeter-
mined. Because the frequency of severe adverse
events of TMZ is less than 10%, and the pharmacoki-
netic profile of TMZ is not age-dependent, investiga-
tors surmise that Stupp’s regimen would be applica-
ble for elderly patients, but this notion has not ac-
tually been proven yet.

A randomized phase 3 study comparing postoper-
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ative supportive care and postoperative radiation
therapy plus supportive care was performed for
GBM patients over 70 years old.’” The median sur-
vival time was 29.1 weeks for the 39 patients who
received radiation therapy plus supportive care and
16.9 weeks for the 42 patients who received only
supportive care. The hazard ratio of death in the
radiation therapy arm was 0.47 (95% confidence in-
terval [CI] 0.29-0.76; p = 0.002). This study was dis-
continued prematurely at the first interim analyses,
because the radiotherapy plus supportive care arm
was superior to the only supportive care arm with a
preset boundary of efficacy. Post-operative
radiotherapy resulted in a robust improvement in
survival in elderly patients with GBM, and is now
the standard therapy for this population. To prove
that a full dose of 60 Gy/30 fractions was necessary
for elderly GBM patients, a randomized study of
patients 60 years and older comparing post-opera-
tive radiotherapy of 60 Gy/30 fractions (standard
course) and 40 Gy/15 fractions administered over
the course of 3 weeks (short course) was performed.
Overall survival (OS) was similar for the two groups;
5.1 months for the standard course arm, and 5.6
months for the short course arm (p = 0.57).22
Although there was concerns about the power of the
study, which was discontinued prematurely at the
first interim analysis when 100 patients were
recruited, the results showed the outcomes of the
two arms were statistically equivalent, so the short
course of radiotherapy seemed to be the reasonable
treatment option for elderly patients with GBM.
Deterioration of cognitive function is a well
known adverse effect of radiotherapy, especially in
the elderly population. Treatment with only TMZ,
without radiotherapy, may be equivalent in OS and
would provide better health-related quality of life
(QoL), which is a reasonable hypothesis to be tested
in elderly GBM patients. Three randomized phase 3
studies for elderly GBM patients are on-going: a
three-arms study by the Nordic Clinical Brain
Tumor Group assessing the efficacy of short course
radiotherapy and only TMZ arms with standard
course radiotherapy of 60 Gy; a study by the German
Neuro-Oncology Working Group simply testing the
efficacy of only TMZ treatment versus the standard
course of radiotherapy, and the study by NCIC and
EORTC aiming at the assessment of the additive ef-
fect of TMZ to short course radiotherapy. Three in-
stitutes from Japan, Kitano Hospital, Hiroshima
University, and the International Medical Center,
Saitama Medical University are members of the in-
ternational study group for the NCIC/EORTC study,
CE.6. Conclusions from these studies will decide if
only TMZ is equivalent to radiotherapy, and pro-

vides better QoL, and if concomitant and adjuvant
TMZ with short course radiotherapy would be valu-
able for elderly GBM patients.

The second point in PDQ® is evaluation of the ef-
ficacy of brachytherapy for GBM. A randomized
cooperative study showed no additional benefit
from brachytherapy added to external-beam radia-
tion therapy and carmustine (BCNU) (NIH Trial
87-01).2¥ Interstitial brachytherapy is one of the
techniques to deliver high doses of irradiation to the
tumor beds. Stereotactic radiotherapy is another
high-dose local radiotherapy technique, which also
failed to show survival advantage compared to exter-
nal beam irradiation in a phase 2 study by the Radia-
tion Therapy Oncology Group (RTOG 0023). Be-
cause of the highly invasive nature of GBM, however
high the irradiated dose is, the effect of radiotherapy
would be limited as the irradiated field is restricted
to the enhanced lesion.

The third point in PDQ® is the evaluation of
BCNU-impregnated polymer (Gliadel® wafer) im-
planted during surgeries. A multicenter randomized
double-blinded controlled trial with 240 patients
with high-grade glioma including 207 GBM and 21
anaplastic glioma reported significantly longer OS
for patients who had Gliadel® wafer placed in-
traoperatively (13.8 months for Gliadel® wafers vs.
11.6 months for placebo; HR 0.73, 95% CI 0.56-0.95;
p = 0.0018).32) However, a subanalysis of 207 GBM
patients could not show significantly longer survival
with Gliadel® wafer (13.1 months in the Gliadel®-
treated group and 11.4 months in the placebo-treated
group, p = 0.08). The spacial and temporal distribu-
tion of BCNU released from the polymer was calcu-
lated by a mathematical simulation model.?¥ The
penetration depth of BCNU from a polymer was esti-
mated to be 0.5 cm. The penetration depth was de-
fined as the average distance measured from the sur-
face of a polymer at which the drug concentration is
1% compared to that of the polymer surface. The dis-
tance of penetration is short because BCNU has a
high transvascular permeability and, therefore, is
very easily absorbed into the systemic circulation.
BCNU molecules, being lipid-soluble and very per-
meable, enter the bloodstream before they can travel
far. Together with the short half life of BCNU (1.5
hours), the short distance of penetration would limit
the efficacy of the therapy.

The last point in PDQ® is radiation therapy and
concurrent chemotherapy. A randomized study per-
formed by EORTC and NCIC was a landmark of
GBM treatment. Radiation therapy plus TMZ fol-
lowed by 6 months of adjuvant TMZ in patients with
newly diagnosed GBM demonstrated a statistically
significant survival advantage over simple
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radiotherapy.?® The median OS was 14.6 months
with radiotherapy plus TMZ and 12.1 months with
only radiotherapy (HR 0.63, 95% CI 0.52 to 0.75; p <
0.001). The treatment is relatively safe and well toler-
ated. The combined treatment regimen consists of
concomitant and adjuvant TMZ with radiotherapy.
While the dose of TMZ for adjuvant phase is
150-200 mg/m? for 5 days every 4 weeks, TMZ of 75
mg/m? is administered daily during the concomitant
phase with radiotherapy. The rationale for the small
dose and continuous administration of TMZ with
radiotherapy are radiosensitization induced by TMZ
and chemosensitization by Of-methylguanine-deox-
yribonucleic acid-methyltransferase (MGMT) deple-
tion induced by TMZ. Radiosensitivity enhance-
ment of tumor cells by TMZ was shown in vitro and
in vivo. The enhancing effect involves inhibition of
deoxyribonucleic acid (DNA) repair leading to in-
creased mitotic catastrophe.’’ MGMT depletion in-
duced by protracted TMZ schedules was shown in
the peripheral blood mononuclear cells. MGMT
decreased significantly after 7, 14, and 21 days of
treatment with low-dose and protracted TMZ ad-
ministration, thus resulting in autosensitization to
TMZ.?) MGMT is the key enzyme to determine the
sensitivity for TMZ. In the clinical setting, promoter
methylation of MGMT is one of the factors con-
tributing to better outcomes for GBM patients treat-
ed by TMZ.9

In the combined treatment arm with TMZ and
radiotherapy, patients with GBM with methylated
MGMT promoters showed significantly better OS
than those with unmethylated MGMT promoters.®
In the only initial radiotherapy arm, patients with
methylated MGMT promoter also showed improve-
ment in OS. This was expected because more than
70% of the patients in the radiotherapy arm received
chemotherapy, most likely with an alkylating agent
at progression, and 60% of these patients received
TMZ at progression. When progression-free survival
(PFS) was analyzed, so eliminating second-line ther-
apies as a confounding factor, PFS was only
prolonged in patients with methylated MGMT
promoters who were treated with radiotherapy plus
TMZ. However, a close look at the Kaplan Meyer
survival curves of patients in the radiotherapy arm
with methylated or unmethylated MGMT promoters
finds that the PFS of patients with methylated
MGMT promoter showed slightly longer survival
than that of patients with unmethylated MGMT
promoter. In another set of patients who received
radiotherapy without any alkylating agents, MGMT
promoter methylation was predictive of response to
radiotherapy and good prognosis.?!) Although the
mechanism of radiation resistance by MGMT activa-
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tion is not clear, methylated MGMT promoter may
be a surrogate marker of as yet unidentified process-
es, other than TMZ resistance, that contribute to the
overall aggressive biology of GBM. Furthermore,
cancer-associated DNA methylation may affect the
expression of many CpG island-associated genes in-
cluding MGMT, either modifying sensitivity to radi-
ation or resulting in less aggressive phenotype.!®

Is ACNU Only a Memory?

In 2000, the Japan Clinical Oncology Group (JCOG)
brain tumor study group was discussing how to initi-
ate clinical studies for brain tumors in Japan. One of
the foci of the discussion was the standard therapy
for GBM at that time. 1-(4-Amino-2-methyl-5-
pirimidinyl)-methyl-3-(2-chloroethyl)-3-nitrosourea
hydrochloride (ACNU) was widely used based on a
small randomized study in Japan in the 1980s.%®) The
response rate was better in the combined treatment
arm with ACNU and radiotherapy (47.5% in the
combined treatment arm, 13.5% in the simple
radiotherapy arm), but the OS was not significantly
different (median OS was 14 months and 12 months,
respectively). Although the combined therapy with
ACNU and radiotherapy was promising, a ran-
domized phase 3 study had not been performed.
Nevertheless, without a phase 3 study, the combina-
tion of ACNU and radiotherapy was adapted as the
standard therapy for malignant gliomas in Japan.
The brain tumor study group of JCOG considered
this as the community standard of GBM therapy that
was made the starting point.

The JCOG 0305 study was a randomized phase 2
study comparing two combined-treatment pro-
tocols, ACNU with radiotherapy and procarbazine
(PCZ) plus ACNU with radiotherapy. In the PCZ
plus ACNU arm, PCZ was administered before
ACNU aiming to deplete MGMT and to enhance the
chemosensitivity to ACNU.?¥ When the phase 2
study cleared a preset boundary of efficacy, the
phase 3 study would begin, which was the original
design. However, an interim analysis revealed there
was no survival advantage of the test arm. This study
was discontinued and did not proceed to phase 3.
The control arm, ACNU with radiotherapy,
achieved a median OS of 16.6 months for GBM,
which should have been the basic data for the clini-
cal trials for GBM thereafter in Japan. In 2005, the
results of the combination of TMZ and radiotherapy
were published as previously mentioned, and the
combination of TMZ and radiotherapy became the
standard therapy of GBM worldwide. No ran-
domized comparison of ACNU and TMZ has been
considered so far, based on the following reasoning.
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The HR for death in the radiotherapy plus TMZ arm
was 0.63 (95% CI 0.52-0.75; p < 0.001).25 Meta-anal-
ysis evaluating the effectiveness of nitrosoureas
(mainly BCNU) found the HR was 0.85 (95% CI
0.78-0.91; p < 0.0001). Considering the 95% CI,
nitrosoureas were not thought to be as good as TMZ.
The OS and PFS for GBM patients treated with con-
comitant and adjuvant TMZ with radiotherapy were
14.6 months and 6.9 months, respectively, whereas
those with ACNU and radiotherapy were 16.6
months and 5.1 months based on the JCOG study, re-
spectively. The better OS with ACNU and radiother-
apy in Japan was possibly related to salvage thera-
pies including repeat surgeries and stereotactic
radiosurgeries, and to elaborate supportive care.
The better OS with ACNU treatment was not due to
better tumor control by ACNU because the PFSs
were similar. Another retrospective report compar-
ing BCNU and TMZ also showed that PFS was not
significantly different between the two groups.?® Se-
vere adverse events (CTCAE grade 3 or higher) are
more frequent in ACNU-treated patients than in
TMZ-treated patients; leucopenia in 39% and 3% of
the patients, respectively.

As the next step, the JCOG brain tumor study
group has just started a randomized phase 2 study
comparing a combination therapy of interferon-g
plus TMZ with radiotherapy and a combination
therapy of TMZ with radiotherapy, considering the
latter as the standard therapy for GBM (JCOG 0911).
This strategy is based on data showing the sensitiz-
ing effect of IFN-8 for TMZ was possibly due to at-
tenuation of MGMT expression via induction of the
protein p53.1®

When GBM Recurs

The National Comprehensive Cancer Network
(NCCN) Clinical Practice Guidelines in Oncology™
is available on-line (http://www.nccn.org). The
guideline for central nervous system cancers
(V.1.2010) states surgical resection should be consi-
dered first if recurrent or progressive tumors are
resectable. Systemic chemotherapies are indicated if
allowed by the performance status of the patients.
Bevacizumab with or without chemotherapy is the
first in the list of possible second line chemothera-
pies for GBM (Table 2). As we learn more about the
biology of GBM and its aberrant signaling pathways,
the neuro-oncology community has begun to inves-
tigate the role of molecular targeted therapies. The
angiogenesis pathways and their associated antian-
giogenic agents are the most promising topic recent-
ly. Bevacizumab, a humanized monoclonal antibody
that targets vascular endothelial growth factor

Table 2 The second-line chemotherapies for recurrent
glioblastoma in NCCN guideline

Bevacizumab with/without chemotherapy
Temozolomide

Nitrosourea or PCV

Cyclophsphamide

Platinum-based regimens

NCCN: National Comprehensive Cancer Network; PCV:
procarbazine, lomustine, and vincristine.

(VEGF), was first approved in combination with
chemotherapy for colorectal, lung, and breast can-
cers. Despite initial reluctance to evaluate
bevacizumab in patients with brain tumors because
of concerns with intracranial hemorrhage, the com-
bination of bevacizumab and irinotecan was studied
in a single-arm phase 2 study for recurrent GBM.3
The response rate was 57%, and PFS at 6 months
was 46%. These results compared quite favorably
with historical data of response rate of 8% and PFS
at 6 months of 21% by TMZ for recurrent GBM.3% To
clarify the contribution of irinotecan, a large phase 2
study randomized 167 patients with recurrent GBM
to either single agent bevacizumab or bevacizumab
plus irinotecan. The response rates were 28% in the
single treatment arm with bevacizumab and 38% in
the combination arm of bevacizumab plus irinote-
can, and the PFS at 6 months was 43% and 50%, re-
spectively.®) Curiously enough, the randomized de-
sign of the trial was not designed to compare out-
comes in the two treatment groups, but to evaluate
their superiority to the historical results of salvage
chemotherapies, 15% of PFS at 6 months, without
bias in treatment assignment. Bevacizumab is usu-
ally well tolerated, with the most common adverse
effects being hypertension and minor bleeding, such
as epistaxis. Intracranial hemorrhage occurred in
less than 4% of patients and was severe in only ap-
proximately 1% of patients.

Individual infiltrative tumor cells tend to grow
along preestablished normal cerebral vasculature, so
there is no need for tumor-associated angiogenesis
from the tumor cells in the central core. Indeed,
there is at least a theoretical concern that inhibiting
malignant glioma angiogenesis may have little effect
on the infiltrative component of the disease and so
little impact on the overall survival of the patient.
Furthermore, recent laboratory evidence suggests
that inhibition of VEGF may actually increase the in-
vasive nature of tumor cells.!® There seems to be a
proinvasive adaptation to anti-angiogenic therapy,
as suggested by magnetic resonance imaging in a
subset of GBM patients who developed multifocal
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Fig. 1 Initial (A, D) and two follow-up magnetic
resonance images 3 days (B, E) and 10 days (C, F) after
bevacizumab treatment of a 68-year-old female patient
with glioblastoma showing the heterogeneously en-
hanced tumor regressed 3 days after bevacizumab treat-
ment, but reappeared 7 days later.

recurrence of tumors during the course of therapy
with bevacizumab.51317) The infiltrative tumor cells
are most often responsible for clinical relapse and
ultimately the death of patients with gliomas. Early
results from phase 2 trials showed that incorpora-
tion of bevacizumab into the standard initial treat-
ment for newly diagnosed GBM increased median
PFS, but prolongation of OS is still unclear. Two
large phase 3 trials for newly diagnosed GBM are

currently randomizing patients to standard
radiotherapy and TMZ with or without
bevacizumab.

A unique advantage of bevacizumab is the ability
to decrease peritumoral edema. Patients treated
with bevacizumab often have decreased cor-
ticosteroid dependence secondary to neutralization
of VEGF, a known vascular permeability factor. Vas-
cular permeability is decreased in and around the
tumor, so decreasing both cerebral edema and the
uptake of gadolinium within the tumor. An illustra-
tive case (Fig. 1) showed marked decrease of enhan-
cement on MRI after three days of bevacizumab ad-
ministration. The decrease in enhancement was not
due to tumor shrinkage as the enhancement was
regained 7 days later (Fig. 1). As such, the remarka-
ble radiographic response rates and PFS by
bevacizumab should be interpreted cautiously.

A couple of successful regimens suggested low
dose and continuous TMZ administration as a
rechallenge was effective for recurrent disease.?*3%
Due to its usage as the first-line treatment of GBM,

Neurol Med Chir (Tokyo) 50, September, 2010

TMZ has been no longer considered by many inves-
tigators to be a reasonable choice for patients with
recurrent GBM. However, alternative schedules of
TMZ addressing different pathophysiological
mechanisms could be effective even after progres-
sion during standard TMZ regimens.*¥ There are
several rationales supporting TMZ rechallenge.
Firstly, there may be a benefit from alternative
modes of action, such as antiangiogenic properties
of a metronomic regimen. Secondly, as MGMT is in-
activated after each reaction of removal of methyl
bases (suicide enzyme), exposure to continuous and
low-dose TMZ depletes MGMT activities. Thirdly,
the schedule of temozolomide permits a greater drug
exposure than the conventional schedule of 5 days
every 28 days, with comparable or even lower toxici-
ties.

A ‘““one week on/one week off”’ scheme (150 mg/m?
at days 1-7 and days 15-21, in a 28-day cycle) has
been associated with considerable efficacy and was
tolerated by patients. Another alternative is an inten-
sified three out of four weeks approach (75-100
mg/m? at days 1-21, in a 28 day cycle). This regimen
may yield similar results with respect to efficacy, but
a higher rate of toxicity, specifically lymphopenia
and infection, has been reported. Another regimen
is a metronomic administration of TMZ, 20 mg dai-
ly.

The third optional treatment for recurrent GBM is
regimens containing nitrosoureas, such as procarba-
zine, lomustine, and vincristine (PCV) chemother-
apy. A randomized trial by the Medical Research
Council Brain Tumour Working Party showed no
benefit to PCV chemotherapy for newly diagnosed
GBM.2 However, PCV has certain activity, especial-
ly for malignant glioma with oligodendroglial com-
ponent.*?8) Therefore, this regimen may be im-
portant for recurrent GBM.

Cyclophosphamide is among the list of possible
chemotherapies for recurrent GBM. However, the
reference cited in the NCCN guideline is a report of
recurrent anaplastic astrocytomas, and the efficacy
of cyclophosphamide for recurrent GBM is not
known.Y Lastly, platinum-based regimens are
reported to show modest activities for recurrent
GBM_‘I.Z.7]

On-going Phase 3 Trials for Future
Revision of the Standard Therapy

Table 3 shows four on-going randomized phase 3
confirmatory trials for GBM. Another schedule of
TMZ administration (RTOG 0525), additive effect of
bevacizumab (RTOG 0825, AVAglio), and also possi-
ble additive effect of cilengitide, integrin avA5 inhi-
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Table 3 Three on-going randomized phase 3 studies for newly diagnosed glioblastoma

Regimen

Organized by Number of patients

Stupp’s regiman with/without bevacizumab
Stupp’s regimen with/without bevacizumab

Stupp’s regimen with/without cilengitide for patients with
methylated MGMT promoter status

Stupp’s regimen vs. adjuvant dose-dense (3-1) temozolomide

Roche (AVAglio) 920
RTOG 0825 720
Merck Serono (CENTRIC) 504
RTOG 0525 834

MGMT: Of-methylguanine-deoxyribonucleic acid-methyltransferase.

bitor, for MGMT promoter methylated GBM (CEN-
TRIC) are to be tested for newly diagnosed patients.
In conclusion, the survival of patients with GBM
continues to improve, albeit more slowly than we
would like. Various new agents are currently under
study, singly and in combination. Improved under-
standing of the complex biology of GBM may allow
for more rational and effective therapy selection for
patients, further extending survival in the years to
come.
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Objective: Several recent studies have shown that oligometastatic disease has curative
potential, although it was previously considered to signal a patient’s last stage of life.
Stereotactic body radiotherapy has been available for extra-cranial metastases in addition to
stereotactic cranial radiotherapy for brain metastases. The aim of the present study was to
retrospectively evaluate the clinical outcomes of stereotactic radiotherapy for patients with oli-
gometastatic lesions.

Methods: Between 1999 and 2008, 41 patients with five or fewer detectable metastases
were treated with stereotactic radiotherapy at our institution. The treated oligometastatic
lesions were in the brain, lung and adrenal glands.

Results: With a median follow-up period of 20 months, the 3-year overall survival,
progression-free survival, local control and distant control rates were 39%, 20%, 80%
and 35%, respectively, and the respective 5-year rates were 28%, 20%, 80% and 35%.
The median survival time was 24 months. According to interval to recurrence, the 3-
and 5-year overall survival rates were 19% and 10%, respectively, for patients with
<12 months (n = 18), compared with 53% and 40% for those with >12 months (n = 23)
(P = 0.006).

Conclusions: Precise stereotactic radiotherapy was effective in controlling oligometastatic
lesions for patients with a median survival time of 24 months. Interval to recurrence may
impact the overall survival rate and should be included in the stratification criteria in a pro-
spective randomized trial to investigate the benefits of stereotactic radiotherapy for patients

with oligometastases.

Key words: oligometastases — stereotactic body radiotherapy — stereotactic radiotherapy

radiosurgery

INTRODUCTION

Most patients who have had any recurrent or metastatic sites
of cancer are considered to be in their last stage of life.
However, stereotactic cranial radiosurgery (SCRS) and
stereotactic cranial radiotherapy (SCRT) have been shown to
be useful for prolonging useful life in patients with solitary
or oligo brain metastases with or without whole brain radio-
therapy (WBRT) (1,2). The treatment outcomes are related

to the number of metastases and the presence or absence of
extra-cranial disease (3). A Phase III study has suggested
that SCRS with WBRT results in better survival than WBRT
alone for patients with a single brain metastasis or patients
with tumors > 2.0 cm in diameter (4). These studies have
shed light on the possibility of improving treatment out-
comes by using high-dose local radiotherapy with or without
whole-body cancer treatment in patients with extra-cranial
metastasis.

¢ The Author (2010). Published by Oxford University Press. All rights reserved.
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Stereotactic body radiotherapy (SBRT) with high local
dose has been applied to extra-cranial diseases such as per-
ipheral Stage 1 non-small cell lung cancer (NSCLC) and has
been reported to provide excellent local control (LC) and
survival compatible with surgery (5,6). Recently, indications
for SBRT have been extended to include lung metastases
(7-9), liver metastases (10,11), adrenal gland metastases
(12,13), spinal metastases (14-16), and others (17).
Excellent LC has been reported in these reports, but the
clinical benefits of SBRT for extra-cranial metastasis are yet
to be determined. In most of these studies, SBRT was used
for patients with fewer than five metastatic sites or for those
in the clinical state of so-called oligometastasis (18).

The clinical state of oligometastatic disease was proposed
in 1995 by Hellman and Weichselbaum (18), who
hypothesized that LC of oligometastases may yield improved
systemic control and prolonged survival. Niibe et al.
(19—21) have also reported the state of oligometastasis/
oligo-recurrence. They suggested that some oligometastasis/
oligo-recurrence patients could survive for as long as the
patients with primary cancer only, and thus these patients
must be treated curatively. Improvements in diagnostic mod-
alities have facilitated early detection of small metastatic
lesions, both intra-cranial and extra-cranial, and have pro-
vided a sound rationale for Hellman and Weichselbaum’s
hypothesis. Recent clinical research has shown that some
patients with recurrence or distant metastases can expect
long-term survival after SBRT and SCRT (7—11,19-23). It
remains uncertain whether these results are due to selection
bias or some positive effect of SBRT and SCRT. A prospec-
tive randomized trial should be undertaken to answer this
question, but prognostic factors to stratify the patients are not
yet well understood.

In this study, we retrospectively analyzed our experience
with SBRT and/or SCRT/SCRS for patients with
oligometastases.

PATIENTS AND METHODS
PATIENT CHARACTERISTICS

A database of patients who received SBRT and SCRT/SCRS
at our institution was used to select the patients whose
primary sites were treated by surgery or definitive radiation
therapy between 1995 and 2007. There were 41 patients who
had five or fewer detectable oligometastatic lesions at the
time of SBRT and/or SCRT and had been treated with
SBRT and/or SCRT/SCRS between 1999 and 2008.
Diagnosis of the oligometastatic lesions was based on whole-
body computed tomography (CT) and brain magnetic reson-
ance imaging (MRI) findings. Fluorodeoxyglucose-positron
emission tomography was performed as needed. The oligo-
metastatic lesions were diagnosed by diagnostic radiologists
during the diagnostic evaluation.

The treatment methods for the primary sites were surgery
in 23 patients and definitive radiotherapy in 18. Definitive

Jpn J Clin Oncol 2010:40(8) 789

radiotherapy consisted of conventional radiotherapy in 8
patients and SBRT in 10.

There were seven patients who had previously been
treated by SBRT and/or SCRT/SCRS to oligometastatic sites
prior to receiving surgery or radiotherapy at their primary
sites. The treatment time interval between the surgery/defini-
tive radiation therapy to the primary sites and the initial
SBRT and/or SCRT/SCRS to oligometastatic sites ranged
from 1 to 4 months (median 2 months) in these seven
patients. In the other 34 patients, the median treatment inter-
val time from primary sites to oligometastatic sites was 21
months (range 0—121 months). We defined the treatment
interval time from primary sites to oligometastatic sites as
interval to recurrence. In this study, all analyses started from
the day of SBRT and/or SCRT/SCRS to oligometastatic
sites.

The patient characteristics are given in Table 1. There
were 22 men and 19 women, and the median age was 66
years (range 30—82 years). The primary cancers consisted of
lung cancer, head and neck cancer, breast cancer, colorectal
cancer, renal cell carcinoma, renal pelvic cancer, hepatocel-
lular carcinoma, thymic cancer and apocrine gland cancer.
The study patients were separated into a favorable group
(breast, colorectal, renal, thymic and apocrine gland cancer)
and others, according to Rusthoven et al. (10). The primary
histology was mainly adenocarcinoma. The number of oligo-
metastatic tumors was mainly one or two tumors; there were
only two patients who had three oligometastatic tumors and
only one patient who had five. The sites involved with the
oligometastatic lesions were the brain, lung and adrenal
gland. Lung and adrenal gland metastases were treated by
SBRT. There were no patients with oligometastatic liver
metastases treated by SBRT at our institution. Fourteen
patients were treated by chemotherapy as an adjuvant
therapy or as a treatment for recurrence or metastases. No
chemotherapy was administered during the treatment for oli-
gometastases. No patients underwent surgical removal of the
metastatic lesions.

There were 24 patients who had single or multiple brain
m Brain were treated by SCRT or SCRS.
According to the recursive partitioning analysis, 5, 18 and 1
patients were classified as Class I, Class 11 and Class IlI,
respectively.

SCRT/SCRS TECHNIQUE

Fifteen of 24 patients were treated by SCRT alone, five by
SCRS alone and four by SCRS with WBRT for their brain
metastases. The patients who received WBRT were ran-
domly assigned to the group of SCRS with WBRT by the
clinical trial of the Japanese Radiation Oncology Study
Group (JROSG 99-1) (2). These patients were treated with
6- or 10-MV photons using a linac-based stereotactic system
and were immobilized by a thermoshell in SCRT and a
stereotactic frame in SCRS. The gross tumor volume (GTV)
was defined based on MRI and CT images. A 1-3-mm
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Table 1. Patient characteristics (41 patients)

PTV. A total dose of 15-25 Gy was administered in one
fraction for SCRS, and a total dose of 20—40 Gy was admi-

Characteristics Value nistered in four fractions for SCRT. A total dose of 30 Gy
was ad d in 10 fractions for WBRT.
Age (years)
Median 9 SBRT TECHNIQUE
Range 30-82 . . . )
Gender (n) Al} patients with lung metastases and 10 pat'lgnts w¥th
primary lung cancer received SBRT as the definitive radio-
Male 22 therapy. They received real-time tumor-tracking radiotherapy
Female 19 (RTRT). The RTRT system has been described in detail
Primary cancer (1) elsewhere (24,25). In brief, 1.5—2.0-mm gold markers were
Lung 25 implanted near the tumor by means of image-guided pro-
Head and neck ¢  cedures. CT scans were taken with the patients holding their
Breast 5 breath at thg end o‘f normal expir}afiom The GTV was con-
toured in axial CT images. The clinical target volume (CTV)
Colorectal 2 was defined three dimensionally as the GTV on CT with a
Liver ! 6—8-mm margin for primary lung cancers and was con-
Renal I sidered to be equal to the internal target volume. We treated
Renal pelvic 1 adrenal gland metastases using the RTRT system. The CTV
Thymic ] was defined as the GTV on C"r with a 3-mm xpargin for
Apocrine gland ! adrenal gland metastases and w1t'h a S-Imm margin for lung
metastases. The PTV was three dimensionally defined as the
Primary histology (») CTV plus a 5-mm margin with optimal reduction near the
Adenocarcinoma 23 organ at risk.
Squamous cell carcinoma 6 Treatment was prescribed to the 100% isodose line cover-
Thyroid cancer 2 ing the PTV within the 80% isodose line. Patients were
Large cell carcinoma ) trea(efi with 4T, 6- or 10-MV photm?s. SBRT was delivered
Others p by using multlp!e'non—co;')lan'elr static Pons4‘A tot_a] dose.of
. 48 Gy was administered in eight fractions in patients with
Treatment for primary cancer (n) adrenal gland metastases. A total dose of 35-60 Gy was
Resection 23 administered in four or eight fractions in patients with lung
SBRT 10 metastases or primary lung cancer, respectively.
Conventional radiation therapy 8
Sites involved with oligometastatic disease (no. of tumors) STATISTICAL ANALYSIS
B 3 LC was defined as no progression of the tumor in the CTV,
Lung 22 and marginal recurrence was counted as local failure in this
Adrenal gland 5 study. Follow-up of the patients was based on clinical exam-
Number of oligometastatic tumors (n) ination in the outpatient clinic and/or periodic radiological
1 27 examination. In principle, radiological examinations such as
) " chest X-ray, whole-body CT and brain MRI were performed
5 , ~once every 3—-4 months, but the frequency strongly
- depended on the clinical situation. The overall survival (OS)
4 0 and progression-free survival (PFS) rates were calculated
s 1 from the day of SBRT and/or SCRT/SCRS to oligometastatic
Number of oligometastatic involved organs (1) sites using the Kaplan—Meier method.
1 37 Possible prognostic factors were as follows: age, gender,
2 4  primary cancer, primary histology, treatment for primary

SBRT, stereotactic body radiotherapy.

margin was added to the GTV to create the planning target
volume (PTV). Treatment was prescribed to the 100%
isodose line, with the 80—90% isodose line covering the

cancer, sites involved with oligometastatic disease, number
of oligometastatic tumors and the treatment interval time
from primary sites to oligometastatic sites (defined as inter-
val to recurrence). The log-rank test was used to calculate
the statistically significant differences. A value of P < 0.05
was considered to be statistically significant. Significant
variables on univariate analysis (UVA) were tested with
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multivariate analyses (MVA). MVA was performed using a
Cox proportional hazards regression model.

RESULTS
LocaL TUMOR RESPONSE AND DISTANT METASTASES

The median follow-up period was 20 months (range 1111
months). The 3- and 5-year LC rates were each 80%, and the
3- and 5-year distant control (DC) rates were each 35%
(Fig. 1.

SURVIVAL

The 3-year OS and PFS rates were 39% and 20%, respect-
ively; and the respective 5-year rates were 28% and 20%
(Fig. 2). The median survival time (MST) was 24 months.
Patients with adrenal gland metastasis had an MST of 15
months.

Age, primary histology and the number of oligometastatic
tumors were not found to be statistically significant prognos-
tic factors for the OS rate; however, gender, primary cancer,
treatment for primary cancer, oligometastatic lung disease
and interval to recurrence were statistically significant prog-
nostic factors for the OS rate in the UVA shown in Table 2.

The OS of female patients was significantly longer than
that of male patients (P = 0.01), and the OS of patients who
had undergone resection for primary cancer was significantly
longer than those of others (P = 0.0006). For patients with
primary cancer from favorable primary sites (7 = 8), the
3- and 5-year OS rates were both 86%, compared with 27%
and 17%, respectively, for patients with primary cancer from
other primary sites (n = 33, P = 0.02). We separated the
patients into two groups according to interval to recurrence
of <12 or >12 months (n = 18, 23, respectively). The
3- and 5-year OS rates were 19% and 10%, respectively, for
those with an interval to recurrence of <12 months, com-
pared with 53% and 40%, respectively, for those with an
interval to recurrence of >12 months (Fig. 3; P = 0.006).
For patients with oligometastatic lung disease with or

™

Local control

Distant control

10 B » “© 59 “
Morths

Figure 1. Kaplan—Meier actuarial local control and distant control rate.
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Overall survival

Progression-free survival

Figure 2. Kaplan—Meier actuarial overall survival (OS) and progression-
free survival rate.

Table 2. UVA and MVA for OS rate

Variables P value
UVA MVA

Age

<65 years 0.72
Gender

Female® 0.01* 0.72
Primary cancer

Favorable* 0.02* 0.37
Primary histology

Adenocarcinoma 0.84
Treatment for primary cancer

Resection® 0.0006* 0.26
Sites involved with oligometastatic disease

Brain 0.09

Lung 0.009* 0.47

Adrenal gland 0.09
Number of oligometastatic tumors

Single metastasis 0.47
Interval to recurrence

>12 months® 0.006* 0.52

UVA, univariate analysis; MVA, multivariate analysis; OS, overall survival.
*Significant (P < 0.05).
“These variables were favorable predictors for overall survival rate on UVA.

without brain/adrenal metastases (n = 16), the 3- and S-year
OS rates were both 63%, compared with 22% and 14%,
respectively, for patients with only brain/adrenal metastases
(n = 25) (Fig. 4; P = 0.009). MVA showed no statistically
significant prognostic factors for the OS rate.
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LoNG Survivors

Four 5-year survivors consisted of two with lung adenocarci-
noma, one with renal pelvic cancer and one with thymic
cancer. One patient with lung adenocarcinoma had one brain
metastasis treated by SCRT, whereas the other patient with
lung adenocarcinoma had one brain metastasis treated by
SCRS with WBRT and one lung metastasis treated by
SBRT. The patient with renal pelvic cancer had two lung
metastases treated by SBRT, and the patient with thymic
cancer had one lung metastasis treated by SBRT.

ToxiciTiEs

Adverse effects were graded according to the Common
Toxicity Criteria for Adverse Events, version 3.0. Grade 2
complications occurred in four patients (9.8%), radiation
necrosis of the brain occurred in three patients and

™~
o

212 months.

< 12 months.

Figure 3. Kaplan—Meier curve of OS rates for patients with interval to
recurrence of <12 months (n = 18) and > 12 months (n = 23). Significant
statistical difference was found (P = 0.006) between the two groups.

~
won 4

lung disease

without lung metastases

Figure 4. Kaplan—Meier curve of OS rates for patients with oligometastatic
lung disease with or without brain/adrenal metastases (n = 16) and only
brain/adrenal metastases (n = 25). Significant statistical difference was
found (P = 0.009) between the two groups.

intercostal neuralgia occurred in one patient. No other
adverse effects of Grade 2 or more were observed.

DISCUSSION

In this study, the OS rates at 3 and 5 years were 39% and
28%, respectively, and the MST was 24 months, which is
equivalent to that in the study of oligometastases previously
published, as follows. Milano et al. (22) reported the results
of a Phase II trial using SBRT to a dose of 50 Gy in 10 frac-
tions in the treatment of oligometastatic disease with 4-year
0OS, PFS, LC and DC rates of 28%, 20%, 60% and 25%,
respectively. Patients with breast cancer fared significantly
better with respect to OS, PFS, LC and DC rates (26), and
those with adrenal metastases had significantly worse OS,
LC and DC rates (13).

Rusthoven et al. (9,10) have recently reported the results
of multi-institutional Phase I/II trials of SBRT for lung and
liver metastases. The actual LC rate at 1 and 2 years after
SBRT for oligometastatic lung tumors were 100% and 96%,
respectively, and the MST was 19 months. The actual
in-field LC rates at 1 and 2 years after SBRT for oligometa-
static liver tumors were 95% and 92%, respectively, and the
MST was 20.5 months. The primary tumor site was signifi-
cantly predictive of survival. Primary tumors of the lung and
ovary as well as non-colorectal gastrointestinal malignancies
were found to be associated with poorer survival compared
with breast, colorectal, renal, carcinoid and gastrointestinal
stromal tumors as well as sarcoma.

Flannery et al. (23) have reported long-term survival in
patients with synchronous solitary brain metastasis from
NSCLC treated with radiosurgery. The MST was 18 months,
and the 1-, 2- and 5-year actuarial OS rates were 71.3%,
34.1% and 21%, respectively. For patients who underwent
definitive thoracic therapy, the 5-year actuarial OS rate was
34.6% compared with 0% for those who had non-definitive
therapy. The Karnofsky performance status (KPS) also sig-
nificantly impacted the OS rate.

SBRT and SCRT have been applied for the treatment of
metastatic lesions recently; however, conventional radiother-
apy remains a standard option for the treatment of metastatic
lesions. Andrews et al. (4) reported the result of a Phase II1
study that compared WBRT with or without SCRS for brain
metastases. This study showed WBRT with SCRS improved
survival for patients with single brain metastasis or patients
with tumors > 2.0 cm in diameter. To our knowledge, there
has been no study that compared SBRT with conventional
radiotherapy for extra-cranial metastases.

It is important to find prognostic factors related to long-
term survival after definitive therapy such as SBRT and
SCRT for oligometastatic lesions. According to the studies
described above, KPS, the primary tumor site and the oligo-
metastatic site can be predictive of survival. Low KPS, a
primary tumor site such as the lung and adrenal metastasis
were found to be associated with lower survival in the
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