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Table 2 . Univariate and multivariate analysis in generation dataset

Univariate analysis

Multivariate analysis

Patients (n) HR 95% CI p value ‘HR 95% CI - p value
Age (y) ‘ '
<65 124 (reference) - -
>65 137 0.88 0.60—1.28 0.49
Gender ) ,
Male - 224 (reference) - - (reference) - -
‘Female 37 0.39 0.18—0.83 0.015 0.34 0.16—0.75 0.008
PS ,
0 75 (reference) - - (reference) - -
1 186 2.38 1.45-3.91 0.001 0.75 041-1.37 0.35
Cancer site : : :
Lt 50 (reference) - -
Ut 62 1.23 0.68—2.23 0.50
Mt 149 1.33 0.81—-2.17 0.26
T stage (7th) S
1 , 80 (reference) — ~ (reference) - -
2 17 276 - 1.04-7.36 0.042 2.21 0.75—6.56 0.15
3 ' 105 517 2.77-9.65 <0.001 436 2.04—9.32 <0.001
4 59 6.61 3.43~12.76 <0.001 . 645 2.65—15.72 - <0.001
N stage (7th) ; - ,
0 ‘ 102 (reference) - — - " (reference) - ' -
1 ' 91 3.18 - 1.91-5.31 <0.001 1.87 - 1.07-3.28 0.029
2 ‘ 60 4.52 2.65—7.70 <0.001 1.77 0.94—3.33 0.078
3 8 7.49 3.00—18.72 <0.001 2.78 0.96—8.05 0.059
M stage (7th)
0 204 (reference) — - (reference) - -
1 57 ‘ 2.34 1.56—3.51 <0.001 1.08 0.68—1.70 0.75
Histological grade (7th) : ‘
1 : 43 ~(reference) —_ = (reference) ; - -
2 112 2.39 - 1.25—4.57 0.009 1.78 0.90-3.50 0.095
300 24 2.25 0.98-5.20 0.057 1.53 0.65—3.62 0.34
X 82 2.17 - 1.10-4.30 0.026 1.72 0.86—3.47 0.13
0 97 (reference) - - (reference) - -
0-2.8 132 3.36 2.03—5.54 <0.001 1.83 1.03—3.25 0.041
>2.8 32 7.85 4.27-14.42 <0.001 3.48 1.62—7.46 0.001

Abbreviations: CI = confidence interval; HR = hazard ratio; Lt = lower thoracic portion; Mt = mid-thoracic portion; ND = the largest diameter of
all the identified metastatic lymph nodes; PS = Eastern Cooperative Oncology Group performance status; Ut = upper thoracic portion.

was also considered as positive, even if lymph nodes were less than
5 mm in the short-axis diameter on CT.

Statistical analysis

All patient characteristics were considered categorical variables,
with the exception of age, tumor length, and ND, which were
treated as continuous data. Specific comparisons between groups
were made using chi-square and Mann=Whitney tests. Overall
survival was calculated from treatment initiation date to the time of
death from any cause or to time of last follow-up. Survival curves
were constructed using the Kaplan-Meier method, and log—rank
tests were used to determine the statistical significance of differ-
ences. To evaluate the impact of each stage group on overall
survival, univariate and multivariate Cox proportional hazards
modeling was applied using the developmental database. There-
fore, the measure of association in this study was the hazard ratio
(HR) plus the 95% confidence interval (CI). Recursive partitioning

analysis (RPA) was performed to determine the optimal cutoff point
of ND and to develop the new staging classification using the
developmental database (15). To develop the new staging, variables
entered into the RPA were those that had attained statistical
significance in the multivariate analysis. Subgroups having similar
survival outcomes were combined. The newly formed stages were
evaluated using the validation database. Statistical analyses were
performed using the SPSS statistical software package version 11
(SPSS Inc., Chicago, IL) and R version 2.12.0 (R Project for
Statistical Computing, Vienna, Austria). A p value less than 0.05
was considered statistically significant.

Results
Patient characteristics

The characteristics of the study patients are summarized in
Table 1. NDs ranged from 0.5 to 7.0 cm, with a median ND of
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1.7 cm in the developmental dataset, and ranged from 0.5 to 7.0
cm, with a median ND of 1.6 cm in the validation dataset. There
was a higher proportion of patients receiving nedaplatin combined
with 5-fluorouracil in the validation dataset (p < 0.001). The
values for age, tumor length, T stage, N stage, histological grade,
ND, and chemotherapy regimen were all significantly different
between the developmental and validation datasets (p < 0.05).
The median follow-up period was 60 months (range, 20—97
months), with 109 of the 261 patients dead at the time of analysis
in the developmental dataset. The median follow-up period was 36
months (range, 12—64 months), with 66 of the 141 patients dead
at the time of analysis in validation dataset.

Univariate and multivariate analysis

Figure 1 shows the survival curves according to the TNM T7th
classification of each dataset. The 3-year survival rates of disease
Stages 1, II, III, and IV according to the TNM 7th classification
were 89.9%, 70.1%, 38.7%, and 35.5%, respectively, in the
developmental cohort (Fig. 1A). Kaplan-Meier analysis of overall
survival revealed significant differences between Stages I and II
(p = 0.025), and between II and III (p = 0.0001). Survival of
Stage III patients almost completely overlapped the survival of
Stage IV patients (p = 0.58). The overlap in survival of Stages III
and IV was similar in the validation cohort (Fig. 1B).

Table 2 shows the univariate and multivariate analyses for each
prognostic factor, including ND. According to RPA, ND stages
were best when classified as NDO (the absence of lymph node
metastases), ND1 (<2.8 cm), and ND2 (>2.8 cm). By univariate
analysis, gender, performance status, TNM stages, histological
grade, and ND were significant predictors of survival. By multi-
variate analysis, gender, T, N, and ND stage were independently
and significantly associated with survival (all p < 0.05).

Development of new staging using RPA

To develop the new staging, RPA was performed on the devel-
opmental dataset. RPA that included gender, T, N, and ND stage as
variables showed that ND was the initial discriminator of survival
(Fig. 2). The significant RPA-derived splits were only the T and
ND stages. For these five groups derived by RPA, the 3-year
survival rates of groups I, II, IIT, IV, and V were 90.0%, 60.2%,
76.4%, 39.7%, and 21.5%, respectively. By the log—rank test,
there were no significant differences in survival between groups
Iand III (p = 0.07) or between II and III (p = 0.38). Because
survival of group II patients overlapped the survival of group III
patients, groups II and III were combined. The resulting new
staging system is shown in Table 3. There were significant
differences between each stage (all p < 0.05 by log—rank test)
(Fig. 3A). The 3-year survival rates of the new Stages I, II, I1I, and
IV were 90.0%, 67.4%, 39.7%, and 21.5%, respectively (Fig. 3A).

External validation dataset

A total of 141 patients treated at Kansai Medical University were
evaluated as the external validation dataset. Four new stages,
determined from the RPA of the developmental dataset, were
created. As shown in Fig. 3B, this new staging system resulted in
well separated survival curves (all p < 0.05 by log—rank test). The

ND =0 [ ND >0 em
Ti-2 T3-4 ND<Z8cm ND=28cm
Ti-2 T3-4
T 1t v
759 13/38 23/32
1.00 349 14.82
411 v
8/33 58/99
2.41 8.08
Group
Death/N

Hazard Ratio

Fig. 2. Recursive partitioning analysis using gender, T, N, and
ND stage as variables. In each terminal node, the upper row shows
group number, the middle row shows the number of death and
patients, and the low row shows the hazard ratio with reference to
patients with Stage I.

3-year survival rates of the new Stages I, II, III, and IV were
90.2%, 53.2%, 22.6%, and 8.6%, respectively (Fig. 3B).

Discussion

Although neoadjuvant CRT followed by esophagectomy or defin-
itive CRT have been standard therapies for resectable esophageal
cancer (9, 10, 16—18), the 7th edition of the AJCC cancer staging
system for esophageal cancer was based on pathologic data from
patients treated by primary surgical resection alone (3). In the 7th
edition, the new N factor, which was based on the number of
positive regional lymph nodes and was redefined according to the
locations of regional lymph nodes, is a major change from the 6th
edition. Our previous report suggested that these staging criteria
may be inappropriate for patients receiving CRT (4). Our results
showed that the survival curve of Stage III patients almost over-
lapped the curve of Stage IV patients and that there were no

Table 3 New staging system

T classification
T1 Tumor invasives lamina propria, muscularis mucosae,
or submucosa ,
T2 Tumor invasives muscularis propria
T3  Tumor invasives adventitia :
T4 Tumor invasives adjacent structures
N classification ‘
NO No involved lymph nodes
N1 Metastasis in lymph node(s) less than 2.8 cm in-
greatest dimension S 5
N2 Metastasis in a lymph node 2.8 cm or more in
greatest dimension
New staging group ;

I T1-2NO

‘I T1-2N1, T3—-4NO
I T3—4N1
IV TanyN2
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Fig. 3.  Survival curves according to the new staging system of
(A) the developmental dataset and (B) the validation dataset. The
3-year survival rates of the new Stage I, I, III, and IV were 90.0%,
67.4%, 39.7%, and 21.5%, respectively, in the developmental
dataset. The 3-year survival rates of the new Stage I, II, III, and IV
were 90.2%, 53.2%, 22.6%, and 8.6%, respectively, in the vali-
dation dataset.

significant prognostic differences between N1 and N3 diseases (4).
Because the current staging system does not incorporate the size of
involved lymph nodes, we performed two analyses: (/) the prog-
nostic impact of ND was evaluated and (2) the new staging system
was developed and validated for patients with esophageal squa-
mous cell cancer who were treated with definitive CRT.

Our results showed that the size of lymph nodes, determined by
ND, was the most significant factor for N assessments in patients
with esophageal cancer undergoing definitive CRT. In previous
studies, the number of lymph nodes, lymph node sizes, and
metastatic to examined LN ratio were also significant prognostic
factors for survival in esophageal cancer patients undergoing
surgery alone (5, 6). Therefore, lymph node size may be a strong
prognostic factor regardless of treatment modality.

RPA for patients in the developmental dataset referred with
five terminal nodes. RPA indicated that the new N2 (ND >2.8 cm)

was associated with the worst prognosis. By RPA, the 3-year
survival rates of the patients staged with the new system were
relatively similar in both the developmental and external valida-
tion cohorts. This new staging system resulted in good separation
of the survival curves of both datasets. Thus, these results suggest
ND is a more appropriate factor for incorporation in staging
systems for patients with esophageal cancer undergoing definitive
CRT than the current staging system. Incorporation of N staging,
based on both the number of lymph nodes and ND, into the current
staging system for esophageal cancer may improve clinical deci-
sion-making.

We recognize that our study has several limitations. First, only
squamous cell carcinomas were evaluated, and all study patients
were treated with the standard CRT for Japan (total radiation dose,
60 Gy) (9, 11). A second limitation is that this was a retrospective
study using small number of patients. A third limitation is that
several values in patient characteristics were significantly different
between the developmental and validation datasets. Therefore, for
validation, additional prospective, multicenter studies with large
numbers of patients with adenocarcinoma or squamous cell
carcinoma of the esophagus undergoing the current standard
treatment, including neoadjuvant chemotherapy or CRT, are
needed. Our results demonstrated that an ND of 2.8 cm is the most
appropriate cutoff value, and more studies are needed to determine
or validate the most appropriate cutoff value for ND.

In conclusion, our study demonstrated that lymph node size is
a strong independent prognostic factor and that our new staging
system, which incorporates lymph node size, as determined by
ND, has good prognostic power and effectively discriminates
patients with esophageal squamous cell cancer undergoing defin-
itive CRT. We suggest that the revision of the current AJCC
staging system for esophageal cancer should include N staging
based on the size of involved lymph nodes.
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Treatment Outcome of Elderly

Patients With Glioblastoma

who Received Combination Therapy

Naoto Shikama, MD,* Shigeru Sasaki, MD, 1 Atsunori Shinoda, MD, T and Keiichirou Koiwai MDT

Objectives: Large population-based registries in Western countries
show that the treatment strategy for glioblastoma multiforme (GBM) in
elderly patients is likely less intensive. The purpose of this study was to
clarify the treatment outcome of elderly patients with GBM and to
explore appropriate treatment strategies.

Methods: We analyzed records from 86 patients (median age, 59y;
range, 9 to 77y) diagnosed and histologically confirmed to have GBM,
between January 1991 and June 2006 at our institutions; 14 elderly
patients (range, 71 to 77y) and 72 younger patients (range, 9 to 70y).
Fifty-two patients underwent total or subtotal resection and 34 patients
underwent partial resection or biopsy. The median radiation dose was
54 Gy and 79 patients (92%) received anticancer agents.

Results: Among the 51 patients in recursive partitioning analysis
(RPA) classes S and 6, the median survival time of the 12 elderly and
39 younger patients were 10.5 months [95% confidence interval, 5.8-
12.8] and 11.7 months (95% confidence interval, 9.3-13.0), respec-
tively (P=0.32). Multivariate analysis showed only RPA class as an
independent prognostic factor for overall survival rate (P=0.009),
whereas age (P=0.85), total radiation dose (P =0.052), and treatment
with anticancer agents (P = 0.32) were not.

Conclusions: After adjustment for RPA class, the treatment outcome
of patients aged >70 years was equal to that of younger patients.
Definitive treatment should not be withheld based on age alone.

Key Words: glioblastoma, prognostic factor, radiotherapy, elderly
patients

(Am J Clin Oncol 2012;35:486-489)

lioblastoma multiforme (GBM) is the most common

glioma, occurring more often in patients in their 60s and
70s."? GBM is a rapidly progressive brain tumor, and the
standard of care includes surgery, postoperative radiotherapy,
and systemic chemotherapy.!* In most clinical trials, the
optimal treatment has been offered to only a selected subgroup
of patients with GBM, such as those aged <70 years and with a
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good performance status (PS).*7 There is little information
to define the standard of care for elderly patients with
GBM.58? Large population-based cancer registries in Western
countries show that the treatment strategy for GBM in pa-
tients aged >70 years is likely to be less intensive and more
palliative.!»!0 Data from the United States National Cancer
Institute’s Surveillance, Epidemiology, and End Results pro-
gram showed that a total of 1412 patients with GBM (35%)
received neither radiation nor chemotherapy, and patients who
were elderly, unmarried, or had more comorbidities were less
likely to receive radiotherapy and chemotherapy.!®!! The
cancer registry in Switzerland showed that although 56% of
patients with GBM, aged 65 to 74 years, underwent surgery
followed by radiotherapy, radiotherapy alone, or surgery alone,
only 25% of the patients aged >75 years underwent surgery
and/or radiotherapy.'?

Some retrospective studies have shown that aggressive
treatment is associated with prolonged survival in elderly
patients with GBM. A study at the Memorial Sloan-Kettering
Cancer Center demonstrated that, similar to studies in younger
patients with GBM, age, PS, and extension of surgery were in-
dependent prognostic factors for treatment outcome of elderly
patients, and emphasized that age alone should not disqualify
patients from aggressive-combined treatment.!® Results from
the Cleveland Clinic showed that elderly patients aged >70
years with good PS, treated aggressively with maximal
resection and definitive radiotherapy survived longer than
those who received palliative radiotherapy and biopsy.® More
prospective and retrospective studies are needed to establish
the standard of care for elderly patients with GBM.

The purpose of this retrospective study was to clarify the
treatment outcome of patients with GBM aged >70 years who
received combination therapy, and to explore appropriate
treatment strategies for elderly patients.

MATERIALS AND METHODS

We analyzed records from 86 patients (median age, 59y,
range, 9 to 77y) who were diagnosed and histologically
confirmed to have GBM between January 1991 and June 2006 at
our institutions. Fourteen patients were aged >70 years (elderly
patients; range, 71 to 77y) and 72 patients were aged <70 years
(younger patients; range, 9 to 70y). Forty-six patients (53%)
had good PS scores (0 to 1), whereas 40 (47%) had poor PS
scores (2 to 4). The median preoperative tumor size was 4.5 cm
(range, 1.4 to 8§ cm; Table 1). Fifty-two patients (60%) under-
went total or subtotal resection, and 34 (40%) underwent partial
resection or biopsy. There was no difference in extension
of surgery between elderly and younger patients (P=0.55).
OS-methylguanine-DNA methyltransferase (MGMT) promoter
methylation status was not assessed in all patients.

Radiotherapy started within 6 weeks postoperatively. As
a basic procedure, clinical target volume was based on

American Journal of Clinical Oncology ¢ Volume 35, Number 5, October 2012
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TABLE 1. Patient Characteristics

Younger Patients (n =72)

Elderly Patients (n = 14)

No. Patients (%)

Median (range)

No. Patients (%) Median (range)

Age
Performance status
0-1 44 (61%)
2-4 28 (39%)
RPA
Class 3 14 (19%)
Class 4 19 (26%)
Class § 25 (35%)
Class 6 14 (20%)
Tumor size
Surgery
Total or subtotal resection 44 (61%)
Partial resection or biopsy 28 (39%)
Systemic therapy
Chemotherapy 66 (92%)
Interferon-f3 62 (86%)

External radiotherapy
Fraction size
Total dose

4.5cm (1.4-8.0)

2Gy (1.8-2)
54 Gy (42-66)

57y (9-70) T4y (71-77)
2 (14%)
12 (86%)

0 (0%)
2 (14%)
6 (43%)
6 (43%)
4.0cm (3.0-6.5)

8 (57%)
6 (43%)

9 (64%)
8 (57%)

2Gy (2-3)
60 Gy (30-70)

RPA indicates recursive partitioning analysis proposed by the Radiation Therapy Oncology Group.

preoperative computed tomography (CT) and magnetic resonance
imaging (MRI) studies, and included the enhanced tumor and
peritumoral edema with 1.5 to 2 cm margins. The planning target
volume (PTV) was based on clinical target volume with a 0.5 cm
margin. If the PTV included critical organs, such as the brainstem,
optic chiasm, optic nerve, or retina, PTV was reduced to a 1 to
1.5cm margin of the preoperative gross tumor volume after a
radiation dose of 50Gy. A photon energy of 4MV, 6 MV, or
10MV was used. Treatment plans included lateral-opposed fields,
wedged-pair fields, rotation techniques, or multiple-field techni-
ques. Computer-aided treatment planning was performed after the
late 1990s. The prescribed dose was calculated at the center of the
radiation field or that of the PTV. A 74-year-old man with poor
PS, who was grouped into class 6 by recursive partitioning
analysis (RPA), was treated with 30 Gy in a fraction size of 3 Gy
over 2 weeks. The remaining 85 patients were treated with 42 to
70Gy in a fraction size of 1.8 to 2 Gy over 4 to 7 weeks. The
median and mean radiation doses were 60 and 55 Gy (range, 30 to
70 Gy) in elderly patients, and 54 and 54 Gy (range: 42 to 66 Gy)
in younger patients. There was no difference between the total
radiation dose in elderly and younger patients (P = 0.22).

Seventy-nine patients (92%) received anticancer agents,
including cytotoxic agents and/or interferon-B, during or after
radiotherapy. Sixty-nine younger patients (96%) and 10 elderly
patients (71%; P=0.008) received anticancer agents. Nitro-
sourea alone or nitrosourea-containing combination chemo-
therapy was administered to 75 patients, usually concomitant
with radiotherapy and/or in a postradiotherapy adjuvant sett-
ing. Seventy patients received intravenous interferon-f at a
dose of 3,000,000 IU daily during radiotherapy and weekly in a
postradiotherapy adjuvant setting. As a basic procedure, pa-
tients received these anticancer agents until disease progres-
sion or development of severe adverse events. Temozolomide,
an oral alkylating agent, was not used in the initial treatment
of all patients. Temozolomide was approved for clinical use
by the Ministry of Health, Labor, and Welfare of Japan in
July 2006. Only a 59-year-old man, who was grouped into
RPA class 4, was treated with temozolomide after local
progression.

© 2011 Lippincott Williams & Wilkins

Overall survival time and progression-free survival (PFS)
was measured from the date of treatment initiation. PFS was
calculated using disease progression and death due to any
cause such as events, and overall survival was calculated using
death due to any cause such as an event. Disease progression
was defined as an increase in tumor size compared with the
initial tumor volume visualized on CT/MR images or the
appearance of a new lesion separate from the initial tumor
volume. Local progression was defined as a tumor size
increase or new lesion in the surgical cavity seen on CT/MR
images, and distant progression was defined as the appearance
of new lesions separated from the initial tumors by at least
2cm on CT/MR images. We used the Kaplan-Meier method to
estimate survival distributions for each group and the log-rank
test to compare survival distributions using a significance level
of <0.05. The Mantel-Haenszel y? test was used to compare
patients and tumor characteristics at baseline. We carried out a
multivariate analysis of prognostic factors using the Cox
proportional hazards model. Statistical analysis was carried out
using JMP version 5.1 (SAS Institute Inc.).

RESULTS

The median follow-up for all patients was 11.6 months
(range, 1.4 to 105.8 mo). The median PFS and median survival
time (MST) of all 86 patients were 5.8 months [95%
confidence interval (CI), 4.7-7.4] and 12.8 months (95% CI,
10.8-14.9), respectively. One-year and 2-year overall survival
rates of all patients were 53% and 16%, respectively. Thirteen
patients (15%) showed disease progression at the end of
radiotherapy. Twelve younger patients (17%) and 1 elderly
patient (7%) showed local progression at the end of radio-
therapy (P=0.36). The MST of the 35 patients in classes 3 and
4 was 16.9 months (95% CI, 14.2-22.7), and that of the 51
patients in classes 5 and 6 was 11.0 months (95% CI, 9.3-12.6;
P <0.001; Fig. 1).

Among the patients in classes 3 and 4, the MST of 2
elderly patients was 14.8 months (95% CI, 10.5-N/A), and that
of 33 younger patients was 18.1 months (95% CI, 14.2-24.4;
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FIGURE 1. Comparison of overall survival rates based on
recursive partitioning analysis (RPA) classes.

P=0.10). Twelve elderly patients (86%) and 39 younger
patients (54%) were grouped in RPA classes 5 and 6 (P=0.01).
Among these patients, the MST of the 12 elderly patients was
10.5 months (95% CI, 5.8-12.8), and that of 39 younger
patients was 11.7 months (95% CI, 9.3-13.0; P=0.32; Fig. 2).
. The 2-year overall survival rates of elderly and younger
patients in classes 5 and 6 were 0% and 9%, respectively. The
MST of the 20 middle-aged patients (61 to 70y) in classes 5
and 6 was 8.8 months (95% CI, 6.7-12.0), and the 2-year
overall survival rate was 0%. There was no difference between
the MST of middle-aged patients and that of elderly patients
(>70y) (P=0.48). The median PFS of elderly patients in
classes 5 and 6 was 5.3 months (95% CI, 1.1-9.4), and that of
younger patients was 5.8 months (95% CI, 3.2-7.2; P=0.74).
The median PFS of middle-aged patients in classes 5 and 6 was
3.6 months (95% CI, 1.7-7.2), and there was no difference
between that of the middle-aged patients and that of elderly
patients (P=0.70). Among patients in classes 5 and 6, there
was no difference between the extension of surgery and total
radiation dose between elderly and younger patients (P =0.36
and 0.69). However, younger patients received anticancer
agents more frequently than elderly patients (P=0.03).

We carried out a multivariate analysis including RPA
class (3 to 4 vs. 5 to 6), age (60 to 70y vs. >70y), total radia-
tion dose, and treatment with anticancer agents (yes vs. no).
Only RPA class was an independent prognostic factor for
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FIGURE 2. Overall survival rates of the 12 elderly patients and 39
younger patients in recursive partitioning analysis classes 5 and 6.
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overall survival rate (P=0.009), whereas age (P =0.85), total
radiation dose (P=0.052), and treatment with anticancer agents
(P =0.32) were not. We also carried out a multivariate analysis
including these prognostic factors for PFS, but found no
independent prognostic factors (RPA classes, P=0.67; age,
P=0.25; total radiation dose, P=0.11; anticancer agents,
P=0.13).

Sixty-five patients (75%) showed disease progression
during the follow-up period: 54 patients (83%) had local
progression, 8 (12%) had both local and distant progression,
and 3 (5%) had only distant progression. Salvage therapies,
including chemotherapy or best supportive care (BSC), were
performed according to each physician’s policy.

DISCUSSION

Data from the cancer registry in Switzerland demon-
strated that 27% of patients with GBM aged 55 to 64 years,
44% of the patients aged 65 to 74 years, 75% of the patients
aged >75 years received BSC alone without effective
treatment.'2 The Surveillance, Epidemiology, and End Results-
Medicare linked data demonstrated that increased age was
associated with noneffective treatment and hence, worse
prognosis.!> Although these large population-based cancer
registries demonstrate that an increase in age is associated with
less intensive treatment, there is little information to define the
standard of care for elderly patients with GBM.? In particular,
there are no prospective randomized studies that evaluate the
effectiveness and safety of combination therapy, including
postoperative radiotherapy and chemotherapy, for patients
aged >70 years.

Adjuvant systemic chemotherapy after surgery prolongs
survival in patients with GBM.%!* A meta-analysis of 12
randomized controlled trials, including more than 3000 pa-
tients, compared postoperative radiotherapy alone with post-
operative radiotherapy and chemotherapy, and demonstrated
that the addition of chemotherapy decreased the risk of death
by 15% (hazard ratio, 0.85; 95% CI, 0.78-0.91).> The European
Organisation for Research and Treatment of Cancer/the
National Cancer Institute of Canada Intergroup conducted a
randomized clinical trial for patients aged 18 to 70 years with
newly diagnosed GBM, and reported that the 2-year survival
rate was 26% for the temozolomide and radiotherapy group
compared with only 10% for the radiation only group. This
trial demonstrated the clinical benefit of temozolomide in
patients with GBM, but subset analysis showed that the benefit
was not statistically significant in patients undergoing
diagnostic biopsy only or those with poor PS.*!° The 5-year
analysis of this trial demonstrated that patients aged 60 to 70
years benefited from combined therapy (hazard ratio for
overall survival, 0.7; range, 0.5 to 0.97).16 Grant et al'7 retro-
spectively analyzed 148 patients with malignant gliomas or
recurrent astrocytomas who received nitrosourea-based che-
motherapy, and reported that age was strongly predictive of the
likelihood of responding to chemotherapy, time to progression,
and survival, and patients aged > 60 years had a lower chance
of benefiting from chemotherapy. On the other hand, Combs
et al'® conducted a retrospective study including 43 patients
aged > 65 years (range, 65 to 76 y) who received postoperative
radiotherapy and chemotherapy, and reported that radiochemo-
therapy was safe and effective in this population. Prospective
studies are required to clarify the benefit of chemotherapy for
elderly patients with GBM.

The Medical Research Council conducted a randomized
trial comparing 45 Gy in 20 fractions over 4 weeks with 60 Gy

© 2011 Lippincott Williams & Wilkins
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in 30 fractions over 6 weeks for patients aged 18 to 70 years
with grade 3 or 4 malignant glioma, and reported that the
60 Gy course produced a modest lengthening of PFS and
overall survival.!® Keime-Guibert et al® conducted a random-
ized trial that compared BSC only with radiotherapy (50 Gy in
daily fractions of 1.8 Gy over 5 wk) in patients with GBM aged
> 70 years. Radiotherapy improved MST from 16.9 weeks to
29.1 weeks, and the hazard ratio for death in the radiotherapy
group was 0.47 (95% CI, 0.29-0.76; P=0.002). Roa et al®®
conducted a prospective randomized trial that compared
standard radiation therapy (60 Gy in 30 fractions over 6 wk)
and a short course of radiotherapy (40 Gy in 15 fractions over
3 wk) in patients aged > 60 years. There was no difference in
survival between the 2 groups, and short-course radiotherapy
led to a decrease in posttreatment corticosteroid dosage.
Although radiotherapy has been effective and safe in elderly
patients, it is unclear whether a total dose of 60 Gy represents
the standard dose for these patients.®!® A limitation of this
study is that the median radiation dose for younger patients
was <60 Gy. However, there was no statistical difference
between the radiation dose in elderly, middle-aged, and
younger patients and multivariate analysis showed that total
radiation dose was not associated with overall survival. This
study is also limited due to the lack of evaluation of MGMT
methylation status, quality of life, and long-term neurotoxicity.

Although age is an important factor for predicting
survival of patients with GBM, there is a room for discussion
as to whether less intensive therapy is suitable for the majority
of elderly patients.®* RPA proposed by the Radiation Therapy
Oncology Group has been a useful tool for predicting the
prognosis of patients with malignant glioma.?' RPA includes
age, histology, mental status, PS, and the extent of surgical
excision. The median survival time was 4.7 to 58.6 months for
the 12 subgroups resulting from this analysis. This study
showed that the MST of the 35 patients in classes 3 and 4 was
superior to that of 51 patients in classes 5 and 6 (P <0.001).
However, a limitation of the RPA classification is that it
requires the extent of surgical excision, which cannot be
assessed before treatment, and this prognostic system is not
used for the initial pretreatment decision-making process. The
Organisation for Research and Treatment of Cancer/the
National Cancer Institute of Canada Clinical Trials Group
developed nomograms for predicting survival in patients with
GBM. The nomograms include methylated MGMT promoter
status, age, PS, extension of surgical excision, and Mini-
Mental State Examination score.’ Patients with GBM with a
methylated MGMT promoter benefit from temozolomide and
have a good prognosis.?? This additional molecular informa-
tion may be useful for estimating the treatment outcome of
patients with GBM, and other molecular characteristics and
predictive markers may facilitate individually tailored therapy.

In this study, the majority of elderly patients were
grouped in RPA classes 5 and 6. However, an analysis
adjusting for RPA classification showed that the treatment
outcome of patients aged >70 years in classes 5 and 6 and that
of younger patients in classes 5 and 6 was likely to be equal.
Treatment decision-making should be performed in the same
manner in elderly patients as for younger patients, and
definitive treatment should not be withheld based on age alone.
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Large prostate motion produced by anal contraction
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Materials and methods: Thirty-eight patients (median age, 76 years) with prostate cancer underwent thin-
slice computed tomography (CT) in the vicinity of the prostate before and after active anal contraction.
Three-dimensional displacement of the pelvis and prostate was measured.

Results: Mean (+standard deviation, SD) overall displacement of the prostate due to anal contraction was
0.3 £ 1.4 mm to the right, 9.3 + 7.8 mm to the anterior, and 5 + 4 mm to the cranial direction. Mean dis-
placement of the pelvis was 0.5 + 1.8 mm to the right, 4.1 £ 7.1 mm to the anterior, and 1 3 mm to the
cranial direction. Mean displacement of the prostate relative to the pelvis was 0.1+ 1.1 mm to the left,
5.2 +3.3 mm to the anterior, and 4 + 4 mm to the cranial direction.

Conclusions: Voluntary anal contraction within an experimental setting induces large prostate and bone
motion, mainly in the anterior and cranial directions. The frequency and magnitude of actual anal con-
tractions during radiotherapy for prostate cancer need to be determined.

© 2012 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 104 (2012) 390-394

Targeting the prostate with external beam radiotherapy re-
quires consideration of the positioning uncertainties involved in
delivering the intended dose to the target. The International Com-
mission on Radiation Units and Measurements (ICRU) has provided
standardized target and uncertainty definitions, which are detailed
in ICRU reports 50 and 62 [1,2]. Inadequate margins result in
underdosing of the target, whereas unnecessarily large margins
are associated with the increased morbidity of nearby critical
structures. Dose escalation relies on the minimization of margins
during treatment planning to ensure an acceptable toxicity profile.
In the case of localized prostate cancer, late rectal toxicity is con-
sidered to be the dose-limiting factor in prostate radiotherapy
[3-5]. Correction of interfractional movement improves radiation
treatment accuracy if geometrical changes are within certain limits
[6,7]. More precise targeting (localization) of the prostate permits
the use of smaller margins, which should result in reduced treat-
ment toxicity [8,9] and/or allow for increased dose delivery [10]
without changing the accompanying toxicity profile.

The treatment regimen is usually based on the contouring of a
single planning computed tomography (CT) scan. However, organ
mobility leads to discrepancies in the position of the target volume
at the time of the scan vs. during actual treatment. Accurate
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interfractional patient and prostate repositioning before prostate
radiotherapy has become possible in the era of image-guided
radiotherapy (IGRT) [11], with several in-room systems now avail-
able, such as stereotactic ultrasound [12,13], beacon responders
[14], and kilovolt or megavolt cone- or fan-beam CT-based meth-
ods [15-17]. However, intrafractional prostate motion remains a
difficult problem [18-33]. The prostate, which has been called
the “dancing organ”, must be considered as an inter- and intrafrac-
tionally moving target due to constant changes in rectal filling
[20-29], although unexplained large intrafractional prostate
motion despite a lack of changes in rectal or bladder volume has
been observed. We suggest that there is a relationship between
the motion of anal contraction and prostate motion. During the
radiotherapy of prostate cancer, voluntary or involuntary motion
of anal contractions may be triggered to repress gas or loose stool,
either of which may accumulate in response to radiation-induced
diarrhea or the activation of bowel motion. The present study
therefore examined potential relationships between the experi-
mentally voluntary action of anal contraction and internal prostate
motion.

Materials
Institutional review board approval was received for this study,

and all patients included in the study provided written informed
consent prior to participation.



H. Onishi et al. /Radiotherapy and Oncology 104 (2012) 390-394 391

From April 2007 to March 2009, all patients (median age,
76 years; range, 66-85 years) with localized prostate cancer who
were scheduled to receive radiotherapy and whose prostates
showed focal calcification were selected as subjects, Focal calcifica-
tions in the prostate were used to measure prostate motion.

Methods

The 38 patients enrolled in the study were informed as to its
concept, methodology, and rationale, and subsequently provided
written informed consent. The patients were then given instruc-
tion as to how to actively contract the anus. Specifically, they were
asked to contract the anus as if they were repressing the passage of
bowel gas or loose stool. After patients indicated that they fully
understood how to voluntarily contract the anus, CT (Hi-Speed
DX/I; GE Yokogawa Medical Systems, Tokyo, Japan) was performed
before and after active anal contraction to obtain images of 2-mm
thickness in the vicinity of the prostate. Patients were requested to
maintain the anal contraction during the entire scan, which lasted
approximately 5 s. Measured points were fixed at a distinct focal
calcification in each prostate and at the upper tip of the pubic sym-
physis. Differences in the measurement points between the two
sets of CT scans, i.e., before and after the voluntary anal contrac-
tion, were calculated by visual comparison on the same CT monitor
along three axes: x, left-right; y, antero-posterior; and z, cranio-
caudal. The cranio-caudal difference was calculated as the differ-

ence in CT table position of slices in which the fixed measurement.

point was displayed, in most cases using a unit of 2 mm. However,
if the measurement point was considered to be present between
two consecutive CT slices, the position was calculated using units
of 1 mm. Translational displacements in the left-right and ante-
ro-posterior directions were determined by subtracting the coordi-
nates of the tumor center in one CT series from those in the other
CT series. Mean values (+standard deviation, SD)} were calculated
for all displacements in each direction. The length of the displace-
ment vector was calculated using the formula: v = /[(difference
along x)2 + (difference along y)2 + (difference along z)2]. Overall
prostate motion was defined as the crude displacement of the focal
calcification in the prostate. Pelvic motion was defined as displace-
ment of the upper tip of the pubic symphysis, and internal prostate
motion as the displacement of the prostate relative to the pelvis.

Results

Maximum, mean, SD, and overall vector length of the prostate
and the pelvic displacements with voluntary anal contraction are
shown in Table 1.

Table 1
Analysis of pelvic and internal prostate motion due to anal contraction.

Overall prostate motion due to anal contraction

The mean overall motion of the prostate (i.e., of the focal calci-
fication in the prostate) due to anal contraction was 0.3 £+ 1.4 mm
to the right, 9.3 £ 7.8 mm to the anterior, and 5 + 4 mm to the cra-
nial direction. The mean overall displacement vector length of the
prostate was 10.5 + 8.2 mm.

Motion of the pelvis due to anal contraction

Mean pelvic motion (i.e., of the upper tip of the pubic symphy-
sis) due to anal contraction was 0.5+1.8mm to the right,
4.1 +7.1 mm to the anterior, and 1 + 3 mm to the cranial direction.
The mean overall displacement vector length of the pelvis was
43+7.1 mm.

Internal prostate motion due to anal contraction

The mean internal prostate motion relative to the pelvis due to
anal contraction was 0.1 £ 1.1 mm to the left, 5.2 + 3.3 mm to the
anterior, and 4 £ 4 mm to the cranial direction. The mean overall
displacement vector length of the pelvis was 6.6 + 4.5 mm.

Case examples

An example obtained from a patient with large motion in the
internal prostate position due to the voluntary anal contraction is
shown in Fig. 1. Rectal and bladder volumes in this case were al-
most unchanged after anal contraction.

An example from another patient, in whom the voluntary anal
contraction caused large motions in the pelvis and internal pros-
tate position, is shown in Fig. 2.

Discussion

The anal levator muscle is one of a pair of muscles of the pelvic
diaphragm that stretches across the bottom of the pelvic cavity like
a hammaock, supporting the pelvic organs. Among the components
of the anal levator muscle, a portion of the anterior pubococcygeus
muscle is called the levator muscle of the prostate because it in-
serts into both the prostate and the tendinous center of the peri-
neum. Therefore, voluntary or involuntary anal contraction
arouses internal motion of the prostate mainly in an anterior-
cranial direction. The relationship between contraction of the anal
levator muscle and prostate motion is illustrated in Fig. 3.

The magnitude of intrafractional motion of the prostate during
radiotherapy has been demonstrated in numerous reports
[18,19,26,30-33], as shown in Supplementary material, and has

- Direction

fotion of pelvis™

® Movement in each direction. R, right; L, left; A, anterior; P, posterior; Cr, cranial; Ca, caudal.

b Movement from the original position, before anal contraction, was calculated as an absolute value.
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Fig. 1. Large motion in the internal prostate position due to anal contraction as determined (A: axial, B: sagittal) before and (C: axial, D: sagittal) after anal contraction.
The cross-lines indicate the focal calcification in the prostate used to measure motion. (E) The designated slice is the same as in (A) based on an identical bone section. The
prostate moved internally 10.9 and 16.0 mm in the anterior and cranial directions, respectively. Rectal and bladder volumes were unchanged after anal contraction.

The rectum also moved anteriorly (E).

mostly been considered to result from volumetric changes to the
rectum or bladder. Ten Haken et al. reported that a comparison
of CT-based treatment plans to simulator films taken with the rec-
tum and bladder opacified yielded indirect evidence of movement
of the prostate gland by >0.5 cm in 31 of 50 consecutive patients
[21]. Ghilezan et al. reported that the most significant predictor for
intrafraction prostate motion is the status of rectal filling [25]. Both
et al. reported that daily insertion of an endorectal balloon could
consistently stabilize the prostate, preventing clinically significant
displacement (>5 mm) {23]. To the best of our knowledge, this rep-
resents the first report on prostate internal motion related to anal
contraction in patients with prostate cancer in an experimental
setting. The effect of anal contractions on prostate motion in a
healthy man was also examined using MRI. Mikuma et al. reported
that the prostate and bladder base moved anterocranially by
0-12 mm [34] in an experimental setting. On sagittal images, anal
contraction pulled the prostate and rectum closer to the pubic
bone. Contraction of the levator ani muscle accompanied anal con-
traction, and resulted in two dynamic changes in configuration of
the pelvic floor: (1) up-forward movement of the bladder and pros-
tate and (2) forward movement of the rectum. Similar findings
were reported by Christensen et al. using MRI [35].

In the present study, anal contraction provided evidential sup-
port for the anterior-cranial movement of the prostate during
the voluntary action in the patients with prostate cancer in an
experimental setting. In some patients, the pelvis simultaneously
moved mainly forward with prostate motion, most likely due to

contraction of the gluteal muscles, which, in turn, was caused by
the strong anal contraction. Therefore, fixing the pelvis with a shell
may be important in patients with diarrhea or rectal gas accumu-
lation produced by radiation-induced activation of bowel motion.
However, it is noteworthy that even with shell fixation, large inter-
nal intrafractional motion of the prostate, which is sometimes
rotational as shown in the case example in Fig. 2, can occur follow-
ing anal contraction in an experimental setting. Moreover, it is also
important to know that the prostate may be not only displaced but
also deformed by anal contraction, although this aspect was not
addressed herein.

This study has three limitations. First, it is uncertain whether
the participants properly understood the intent of the study and
the importance of properly performing anal contraction. Second,
if, as is likely the case, contraction induces rotations and deforma-
tions in addition to translations of the prostate gland, such rotation
is better studied three dimensionally. Third, this study is based on
an experimentally voluntary anal contraction. The actual frequency
and size of the involuntary anal contraction that typically occurs in
prostate cancer patients undergoing radiotherapy are unknown.
These issues should be further investigated to demonstrate the rel-
evance of anal contraction to radiotherapy planning and results.

If prostate motion derived from anal contraction as described in
this study occurs during actual treatment, it might be lessened by
employing proper measures against diarrhea and rectal gas accu-
mulation caused by pelvic irradiation, such as by administering
either loperamide or scopolamine. Nichol et al. reported that an
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Fig. 2. Large motions in both the pelvis and internal prostate position due to anal contraction as determined (A: axial, B: sagittal) before and (C: axial, D: sagittal) after anal
contraction. The cross-lines indicate the focal calcification in the prostate used to measure motion. (E) The designated slice is the same as in (A) based on an identical bone
section. Contraction of the gluteal muscle together with the anal contraction resulted in movement of the pelvis 10.7 and 4.0 mm in the anterior and cranial directions,
respectively. Additionally, the prostate moved internally 10.5 and 12.0 mm in the anterior and cranial directions, respectively. The rectum moved anteriorly and rectal gas

moved away (D). In this case, the prostate simultaneously showed rotational motion.

prostate

back of inferior rectal end

Fig. 3. The relationship between contraction of the anal levator muscle and
prostate motion. Anal contraction [1] causes the prostate to move, mainly in the
anterior and cranial directions [2].

antiflatulent diet and milk of magnesia did not significantly reduce
intrafractional prostate motion [24]. This may be because the effect

of treatment for voiding rectal subjects simultaneously induced
bowel motion including anal contractions. Padhani et al. reported
that the incidence of rectal movements correlated with receiving
bowel relaxants, and the magnitude of rectal movements corre-
lated well with degree of prostate movement [22]. Routine patient
instruction to avoid anal contraction may be another simple mea-
sure. Madsen et al. commented that it may be advisable to allow
for a short settling-in period before actually delivering treatment
[19].

Conclusions

The prostate moves largely in an anterior-cranial direction on
voluntary anal contraction in an experimental setting even if pelvic
motion is controlled. But the real impact of non-voluntary random
anal contraction on prostate movement and the relevance of it in
relation to the rectal filling need to be determined in future within
an appropriate clinical setting.
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Extended Field Stereotactic Radiosurgery for Recurrent
Glioblastoma

Tomoyuki Koga, MD'; Keisuke Maruyama, MD, PhD'; Minoru Tanaka, MD, PhD'; Yasushi Ino, MD, PhD"%;
Nobuhito Saito, MD, PhD'; Keiichi Nakagawa, MD, PhD?; Junji Shibahara, MD, PhD*; and Tomoki Todo, MD, PhD"?

BACKGROUND: Stereotactic radiosurgery (SRS) is among the few therapeutic options for glioblastoma that recurs after standard
radiation and chemotherapy, but its efficacy has been limited. METHODS: Since November 2007, the authors have modified the
clinical target volume by adding a 0.5- to 1-cm margin to the gadolinium-enhanced area (extended field SRS), in contrast to
conventional SRS using no margin to set the clinical target volume. A total of 35 recurred glioblastoma lesions in 9 patients
were treated with conventional SRS between December 1990 and January 2007, and 14 lesions in 9 patients were treated with
extended field SRS. RESULTS: The median follow-up periods were 7 months (range, 3-29 months) and 8 months (range, 6-27
months), respectively. The focal control rate was 47% for conventional SRS and 93% for extended field SRS (P =.0035), and the num-
bers of radiation necrosis observed in SRS-treated lesions were 2 and 4, respectively. The median overall survival from the diagnosis

© was 24 months (range, 14-57 months) for conventional SRS and 21 months (range, 15-51 months) for extended field SRS (statistically
not significant). Seven patients treated with conventional SRS died during follow-up, 6 from progression of the SRS-treated tumor,
whereas 7 patients treated with extended field SRS died during follow-up, 6 from remote intracerebral dissemination. CONCLUSIONS:
Extended field SRS was superior to conventional SRS in the local control of smali recurrent lesions of glioblastoma, although a further
device to suppress remote dissemination may be necessary to increase survival. Cancer 2011;000:000-000. © 2077 American Cancer
Society.

KEYWORDS: glioblastoma, glioma, gamma knife, stereotactic radiosurgery, radiation therapy, recurrence.

INTRODUCTION

Glioblastoma is a highly malignant and aggressive tumor of the central nervous system that corresponds to grade IV of the
World Health Organization histological classification.' The current standard treatment for glioblastoma is a maximal
resection with functional preservation, followed by radiation and chemotherapy. When temozolomide is used for chemo-
therapy, the median survival is 14.6 months after initial presentation,” and ranges from 5 to 13 months after recurrence.>*
Because of the aggressive and invasive nature of the tumor, recurrence is seen in >90% of patients.” The most common
pattern of recurrence is local regrowth®; cherefore, successful local control should lead to prolongation of patients’ survival.
Various local treatment strategies have been attempted, including repeated operations, conformal radiotherapy, brachy-
therapy, and local chemotherapy.” ,

Although stereotactic radiosurgery (SRS) is an option as salvage treatment for recurrent glioblastoma in clinical set-
tings, the role of SRS is still limited for glioma. SRS is useful in controlling relatively well-demarcated glioma such as epen-
dymoma, pilocytic astrocytoma, and pleomorphic xanthoastrocytoma.®*> However, the majority of glioma is infiltrative
to brain parenchyma and is difficult to target with SRS. A randomized controlled study proved that there was no benefit
in upfront SRS before conventional fractionated radiation therapy for patients with glioblastoma.** Several reports indi-
cate the usefulness of adjuvant SRS at recurrence for glioblastoma, median survival time after SRS being 4.6 to 16
months,'>*? although a randomized study is needed to prove efficacy. The major cause of treatment failure in managing
recurrent glioblastoma by SRS is assumed to be that the highly conformal irradiation spares the surrounding tissue, which
is presumably infiltrated with viable tumor cells.**** With the intent to cover such tissue surrounding the bulk of tumor
as much as possible, we changed the treatment protocol of SRS for recurrent glioblastoma lesions by extending the clinical
target volume.** We present the early results of this newly applied treatment strategy.
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Table 1. Characteristics of the Patients Who Received Conventional SRS

Case Age, Initial Initial Time from

No. y/Sex Hx Tx Dx to
1st SRS,
mo

1 25/M Glioblastoma ~ EBRT, ACNU 22

2 40/M Glioblastoma ~ EBRT, ACNU 17

3 43/M Glioblastoma ~ EBRT, ACNU 10

4 62/M AA EBRT, ACNU 1

5 43/M Glioblastoma ~ EBRT, ACNU 6

6 59/F Glioblastoma  EBRT, CE 15

7 17/F Glioblastoma  BNCT, TMZ 14

8 64/F Glioblastoma ~ EBRT, ACNU 19

9 54/M Glioblastoma ~ EBRT, TMZ 51

No. of Controlled Time to Last F/U, Outcome
Lesions Lesions Local mo after
Relapse, 1st SRS
mo
3 1/3 4 4 Lost to F/U
1 oN 29 Dead
3 0/3 10 16 Dead
1 NA NA 13 Dead
5 3/5 7 8 Lost to F/U
6 1/6 6 7 Dead
6 5/6 6 6 Dead
1 0/1 1 3 Dead
9 6/9 5 6 Dead

Abbreviations: AA, anaplastic astrocytoma; ACNU, nimustine hydrochloride; BNCT, boron neutron capture therapy; CE, carboplatin and etoposide; Dx, diagno-
sis of glioblastoma; EBRT, external beam radiotherapy; F, female; F/U, follow-up; Hx, histology; M, male; NA, data not available; SRS, stereotactic radiosur-

gery; TMZ, temozolomide; Tx, treatment.

Table 2. Characteristics of the Patients Who Received Extended Field SRS

Case Age/Sex Primary Primary Time from

No. Hx Tx Dx to
1st SRS,
mo

1 53/M Glioblastoma  EBRT, TMZ 17

2 27/M Glioblastoma EBRT, TMZ 39

3 43/M AA EBRT, TMZ 18

4 83/M Glioblastoma EBRT, TMZ 13

5 36/M DA EBRT, TMZ 9

6 66/F Glioblastoma EBRT, TMZ 9

7 47/M Glioblastoma  EBRT, TMZ 12

8 58/F Glioblastoma EBRT, TMZ 6

9 79/F Glioblastoma EBRT, TMZ 9

No. of Controlled Time to Last F/U, Outcome
Lesions Lesions Local mo after

Relapse, 1st SRS

mo
1 171 - 27 Dead
1 o/1 1 12 Dead
1 7 — 8 Dead
1 11 — 10 Dead
3 3/3 - 8 Dead
3 3/3 —_ 6 Dead
2 2/2 — 7 Dead
1 11 — 12 Alive
1 11 - 8 Alive

Abbreviations: AA, anaplastic astrocytoma; DA, diffuse astrocytoma; Dx, diagnosis of glioblastoma; EBRT, external beam radiotherapy; F, female; F/U, follow-
up; Hx, histology; M, male; SRS, stereotactic radiosurgery; TMZ, temozolomide; Tx, treatment.

MATERIALS AND METHODS

Patient Population

Nine patients with recurrent glioblastoma underwent 14
sessions of conventional SRS for 35 lesions using the Lek-
sell Gamma Khnife at our institute between December
1990 and January 2007 (Table 1). The median patient
age was 43 years (range, 17-64 years). The median Kar-
nofsky Performance Scale score at the first presentation
was 90% (range, 80%-90%), and the median Karnofsky
Performance Scale score at the time of first SRS for
recurrence was 90% (range, 40%-90%). All the patients
underwent surgical resection followed by radiation and
chemotherapy at the primary onset. Primary lesions were
histologically diagnosed as glioblastoma in 8 patients. In 1
patient, the primary lesion was diagnosed as anaplastic
astrocytoma, but the recurred lesion was histologically
confirmed as glioblastoma after resection. As primary
treatment, external beam radiotherapy was applied for 8
patients with the median total dose of 60 grays (Gy; range,

2

48-80 Gy). Twenty-five of the 35 treated lesions (71%)
were within the clinical target volume of the preceding
radiotherapy. One patient underwent boron neutron
capture therapy. For adjuvant chemotherapy, nimustine
hydrochloride was used for 7 patients, carboplatin and
etoposide for 1 patient, and temozolomide for 1 patient.
The median interval between the time of diagnosis as glio-
blastoma and the recurrence was 14.5 months (range, 1-
51 months).

Nine patients with recurrent glioblastoma under-
went 11 sessions of extended field SRS for 14 lesions from
November 2007 to April 2010 (Table 2). The extended
field SRS was applied to a single recurrent lesion or 2 sepa-
rate lesions that were <20 mm in diameter. The median
age of this patient group was 53 years (range, 27-79 years).
The median Karnofsky Performance Scale score at the
first presentation was 90% (range, 80%-90%), and the
median Karnofsky Performance Scale score at the time of
first SRS for recurrence was 70% (range, 40%-90%).
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Seven of these 9 patients underwent surgical resection,
and 2 patients received stereotactic biopsy. The initial his-
tological diagnosis was glioblastoma in 7 patients, ana-
plastic astrocytoma in 1 patient, and diffuse astrocytoma
in 1 patient. In the latter 2 patients, lesions were histologi-
cally confirmed as glioblastoma at the time of recurrence.
All of the 9 patients underwent external beam radiation
therapy, with the median total dose of 70 Gy (range, 60-
80 Gy). Ten of 14 treated lesions (71%) were within the
clinical target volume of the preceding radiotherapy.
Seven of them were treated with concomitant and adju-
vant temozolomide therapy until the time of SRS for
recurrences. For 1 patient, temozolomide was discontin-
ued at the third cycle and nimustine hydrochloride
administration was started, because of eruption and
thrombocytopenia caused by temozolomide. The other
patient received nimustine hydrochloride during radia-
tion, and adjuvant temozolomide therapy was applied for
up to 21 cycles until he denied the continuation of the
chemotherapy. The median interval between the time of
diagnosis as glioblastorna and the recurrence was 12
months (range, 6-39 months).

Conventional SRS

After their heads had been immobilized in the Leksell ste-
reotactic head frame, the patients underwent stereotactic
magnetic resonance imaging (MRI) to obtain precise
information on the shape, volume, and 3-dimensional
coordinates of the tumors. Image-integrated treatment
planning was performed jointly by neurosurgeons and
radiation oncologists with commercially available soft-
ware (Leksell GammaPlan; Elekta Instruments AB, Stock-
holm, Sweden). The clinical target volume was defined as
the gadolinium-enhanced lesion without any margin. In
principle, the desired dose applied to the margin of each
gadolinium-enhanced lesion was 20 Gy. The prescription
dose was occasionally reduced because of the tumor vol-
ume, the location of lesions, and/or the clinical status of
the patient. The median clinical target volume of conven-
tional SRS was 15 cm? (range, 3-47 cm?).

Extended Field SRS

The methods of head fixation, obtaining stereotactic
images, and treatment planning and the principle for dose
prescription were the same as conventional SRS. The dif-
ference was the definition of the clinical target volume,
which was extended by adding a 0.5- to 1-cm margin to
the periphery of the gadolinium-enhanced lesion. Margin
was extended up to a maximum of 1 cm in all directions.
By using a dose-volume histogram, the volume that
received >20 Gy was determined not to exceed 15 cm®.

Cancer Month 00, 201

" The clinical target volume exceeded 15 cm?® in 2 cases, but

the lesions in these patients faced the resection cavity or
the ventricle, so the volume of the brain parenchyma
included in the clinical target volume was <15 cm® in
both cases. The median clinical target volume of extended

field SRS was 13 cm® (range, 6-19 cm?).

Patient Follow-Up and Statistical Analysis

After SRS, follow-up clinical examinations were per-
formed at our hospital or elsewhere by referring physi-
cians. MRI or computed tomography scanning was taken
at 1- to 3-month intervals. When a contrast-enhanced
lesion continued to grow at follow-up examinations, it
was defined as local control failure unless it was histologi-
cally confirmed as radiation necrosis. Conversely, if a con-
trast-enhanced area ceased to expand or decreased in size
during the follow-up with or without the use of steroids,
the lesion was recognized as radiation necrosis. Statistical
analyses were performed using JMP 8 (SAS Institute,
Cary, NC). Fisher exact test was performed to evaluate
the significance of differences berween conventional SRS
and extended field SRS regarding the local control rate
and the incidence of radiation necrosis, and the correla-
tion between radiation necrosis and the location of treated
lesions. The progression-free and overall survival times
were calculated using the Kaplan-Meier method. Factors
potentially affecting the survival time were evaluated by
log-rank test for univariate analysis.

Ethical Issues

The conduct of this study was approved by our institu-
tional review board. All patients provided written
informed consent.

RESULTS

Outcomes of Conventional SRS

Characteristics and outcomes of the patients who under-
went conventional SRS are summarized in Table 1. Nine
patients who underwent SRS targeting gadolinium-
enhanced lesions were followed for the median period of
7 months (range, 3-29 months). Among 34 lesions that
could be radiographically followed up, 16 lesions (47%)
showed <25% increase of the target area or decreased in
size in response to SRS until the last follow-up. All
patients who died after conventional SRS possessed
uncontrolled SRS-treated lesions. The median time to
local relapse after SRS was 6 months (range, 1-10
months). The median survival time after the first SRS for
recurrences was 10.5 months (range, 3-29 months). The
median overall survival time after the diagnosis of glio-
blastoma was 24 months (range, 14-57 months), and the
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6-month overall survival rate was 63%. As for SRS-
induced adverse effects, asymptomatic, radiographically
confirmed radiation necrosis was observed in 2 lesions in
2 patients (6.5%). Among these 2 lesions, 1 lesion
occurred within the clinical target volume of prior radio-
therapy and 1 outside (P = .59).

Outcomes of Extended Field SRS

Characteristics and outcomes of the patients who under-
went extended field SRS are summarized in Table 2.
Nine patients who underwent extended field SRS were
followed for the median period of 8 months (range, 5-27
months). Thirteen among 14 lesions (93%) showed
<25% increase of the target area or decreased in size in
response to SRS until the last follow-up. This local con-
trol rate was significantly higher than that of conven-
tional SRS (P = .0035). The local relapse in the 1
patient (case 2 in Table 2) was histologically confirmed.
Whereas the lesions treated by SRS in 8 patients were
controlled until the last follow-up, remote recurrences
were observed in 5 patients. Two patients (cases 5 and 6
in Table 2) underwent second SRS for those remote
lesions. Another patient (case 3 in Table 2) showed a
remote recurrence in the brainstem, for which external
beam radiotherapy was performed. The median survival
time after the first SRS for recurrences was 9 months
(range, 6-27 months), and the 6-month overall survival
rate was 89%. There was no statistical difference in sur-
vival time after SRS between conventional and extended
field SRS (P = .83). The median overall survival time af-
ter the diagnosis of glioblastoma was 21 months (range,
15-51 months), not statistically different from conven-
tional SRS (P = .71). Radiation necrosis was observed in
4 lesions in 4 patients (29%), age ranging from 27 to 53
years, and the frequency was not significantly different
from conventional SRS (P = .052). The irradiated fields
for SRS in these 4 patients all involved the irradiated
fields of prior radiotherapy, although this was not statis-
tically significant (P = .25). All 4 patients required oral
administration of prednisolone at doses of 20 to 30 mg
(median, 30 mg) for 7 to 25 months (median, 9
months). As for steroid-related toxicities, moon face and
central obesity were observed in all 4 patients, and 1
patient experienced urinary tract infection. By the use of
oral steroids, radiation necroses became stable and did
not cause deterioration of neurological symptoms in any
patients. Karnofsky Performance Scale scores of these 4
patients at the time of first SRS were 90%, 70%, 40%,
and 70%. Karnofsky Performance Scale score gradually
declined in all 4 patients, mainly because of disseminated

4

Table 3. Comparison of Characteristics and Outcomes of the
Patients Who Received Conventional SRS and Extended Field
SRS

Characteristic Conventional Extended P

SRS Field SRS
Number of patients 9 9 —
Primary glioblastoma 8 7 1.0
Patient age, median y, range 43, 17-64 83, 27-79 .36

KPS at onset, median, range 90, 80-30 90, 80-90 .62

Time from Dx to 1st SRS, 14.5, 1-51 12, 6-39 .66
median mo, range

KPS at 1st SRS, median, 90, 40-90 70, 40-90 21
range

Local control 16/34 13/14 .0035

Radiation necrosis 2/34 4/14 .052

Median OS after Dx, mo 24 21 71

Median OS after 1st SRS, mo  10.5 9 .83

6-month OS after 1st SRS, % 63 89 .83

Abbreviations: Dx, diagnosis of glioblastoma; KPS, Karnofsky Performance
Scale; OS, overall survival; SRS, stereotactic radiosurgery.

lesions, and became 70%, 60%, 40%, and 40% at G
months after first SRS. The 4 patients died of tumor pro-
gression at 27, 12, 8, and 14 months after first SRS.
Comparison of patient characteristics and treatment out-
comes betrween conventional and extended field SRS is
summarized in Table 3.

llustrative Cases

A 17-year-old girl (case 7 in Table 1) presented with right
hemiparesis. MRI showed a heterogeneously enhanced
mass lesion in the left frontal lobe (Fig. 1A). The tumor
was subtotally removed and histologically diagnosed as
glioblastoma. Boron neutron capture therapy was per-
formed, and temozolomide was administered orally at a
dose of 200 mg/m? using the 5 of 28-day regimen. Twelve
months after the onset, a diffuse recurrence was observed
in the left frontal lobe and the corpus callosum, so she
received 50-Gy external beam radiotherapy in 25 frac-
tions. At 14 months, a recurrent lesion 7 mm in diameter
was noted in the right frontal lobe, and it was treated by
conventional SRS targeting the gadolinium-enhanced
lesion with 2 maximum dose of 40 Gy and 2 margin dose
of 20 Gy (Fig." 1B). However, this lesion continued to
grow at 1 month (Fig. 1C) and 3 months (Fig. 1D) after
the SRS, and the patient died of diffuse dissemination at 3
months after the SRS.

A 53-year-old man (case 1 in Table 2) presented
with left hemiparesis. MRI showed a homogeneously
enhanced, poorly circumscribed mass lesion in the right
frontal lobe (Fig. 2A). The tumor was subtotally removed
and histologically diagnosed as glioblastoma. He received
80-Gy external beam radiotherapy in 40 fractions, with

Cancer  Month 00, 201



Extended Field SRS for Glioblastoma/Koga et al

Figure 1. Case 7 in Table 1is shown: (A) axial gadolinium-enhanced T1-weighted magnetic resonance imaging (MRI) at presenta-
tion; (B) dose planning of stereotactic radiosurgery for recurrence; (C, D) MRI taken at 1 (C) and 3 months (D) after stereotactic

radiosurgery showing tumor progression.

Figure 2. Case 1in Table 2 is shown: (A) axial gadolinium-enhanced Tl-weighted magnetic resonance imaging (MRI) at presenta-
tion; (B) dose planning of stereotactic radiosurgery for recurrence; (C) MRI taken at T month after stereotactic radiosurgery show-
ing diffuse enhancement around treated lesion; (D) MRI taken at 25 months after stereotactic radiosurgery showing no recurrence.

which temozolomide at a dose of 200 mg/m” using the
5 of 28-day regimen was initiated. After the third cycle of
temozolomide, eruption and thrombocytopenia were
observed, so chemotherapy was switched to nimustine
hydrochloride (100 mg/dose), which was administered
intravenously once a month thereafter. Although com-
plete remission was maintained until 17 months after the
onset, a recurrent lesion 10 mm in diameter was observed
near the resection cavity in the right frontal lobe.
Extended field SRS was applied to this lesion. The clinical
target volume was set as the gadolinium-enhanced lesion
plus a 1-cm—wide margin, and 20 Gy was prescribed at
the margin of this wide target (Fig. 2B). One month after
the SRS, diffuse enhancement around the irradiated area
was observed (Fig. 2C). As radiation necrosis was sus-
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pected, oral prednisolone at a dose of 30 mg daily was ini-
tiated, and the area of enhancement ceased to expand
thereafter. At 25-month follow-up after the SRS, the
treated lesion had been locally controlled, and no new re-
currence was noted (Fig. 2D).

A 27-year-old man (case 2 in Table 2) presented
with right hemiparesis. MRI revealed a homogeneously
enhanced mass in the right frontal lobe (Fig. 3A). Stereo-
tactic biopsy was performed, and the diagnosis of glioblas-
toma was obtained. He received 60-Gy external beam
radiotherapy followed by adjuvant temozolomide at a
dose of 200 mg/m? using the 5 of 28-day regimen. Com-
plete remission was achieved and maintained until 39
months after the onset, when a recurrent lesion (maximal
diameter, 15 mm) was noted in the right frontal lobe
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Figure 3. Case 2 in Table 2 is shown. (A) Axial gadolinium-enhanced T1-weighted magnetic resonance imaging (MRI) at presenta-
tion is shown. (B) Dose planning of stereotactic radiosurgery for recurrence. (C) MRI taken at 5 month after stereotactic radiosur-
gery revealed progression of enhancing lesion around the treated area. (D) MRI taken at 12 months after stereotactic surgery
revealed continued tumor growth. (E-G) Hematoxylin and eosin staining of a surgical specimen at recurrence (E) revealed
focuses of radiation necrosis (F) surrounded by an area of tumor with high cellularity (G).

beneath the wall of the right lateral ventricle. This
recurred lesion was treated by extended field SRS target-
ing the gadolinium-enhanced lesion plus a 1-cm-wide
margin. Prescribed margin dose was 20 Gy (Fig. 3B). Het-
erogeneous enhancement appeared ac the irradiated site 1
month after the SRS and continued to grow despite the
use of oral prednisolone. Frontal lobectomy was per-
formed 5 months after the SRS to decrease the tumor
mass that caused deterioration of the consciousness level
(Fig. 3C). Recurrence of glioblastoma was confirmed by a
histological examination, and the tumor continued to
grow diffusely after the surgery. The patient died of tumor
progression 12 months after the SRS for recurrence (Fig.
3D). Histologically, the surgical specimens at recurrence
(Fig. 3E) consisted of focal areas of radiation necrosis
(Fig. 3F) surrounded by areas of viable tumors with high
cellularity consistent with glioblastoma (Fig. 3G).

DISCUSSION

Our results showed that extended field SRS potentially
provided improved local control of isolated recurrence of
glioblastoma without causing uncontrollable sympto-

6

matic radiation necrosis. In several studies analyzing
patients treated with radiation and temozolomide, 72%

25,2
t0 92% of recurrence was revealed as local relapse, 326

e
most frequent pattern of glioblastoma recurrence.® Local
control is also important for recurrent lesions, but treat-
ment with SRS led to local progression in 65% to
90%,'**”"2? which was in line with our result with con-
ventional SRS targeting only the gadolinium-enhanced
area. The logical assumption regarding the reason for this
lack of efficacy is that SRS, owing to its characteristic fea-
ture of steep dose falloff, is unable to kill tumor cells infil-
trating the tissue ourside the irradiated field.”®* When
we extended the irradiation field with the intent to include
as many tumor cells invasive to the surrounding tissue as
possible, we achieved a high local control rate of 93%.
This result showed that extended field SRS was highly
effective in controlling recurrent glioblastoma for selected
patients found with small lesions. One limitation of this
treatment is that it is not applicable to lesions larger than
approximately 20 mm in diameter. Adding a sufficient
margin to a large lesion results in a large prescribed iso-
dose volume, and may cause uncontrollable radiation-
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induced adverse events. A close radiological follow-up af-
ter the initial treatment is necessary to detect such small
recurrent lesions for this treatment to be suitable for an
extended field SRS application. Stereotactic fractionated
radiotherapy may be 1 treatment option for larger recur-
rent lesions. By using 11-C-methionine positron emission
tomography for targeting, stereotactic fractionated radio-
therapy was reported to have achieved the median survival
time of 9 months.?® Although the incidence of radiation
necrosis after SRS was not significantly different between
conventional and extended field SRS, all patients who
developed radiation necrosis after extended field SRS
required steroid administration. This risk of eventual
necessity of steroid administration may be another limita-
tion of this approach.

Whereas extended field SRS achieved a high local
tumor control rate, it did not show a significant survival
benefit compared with conventional SRS in our study. All
patients treated with extended field SRS received external
beam radiation therapy and temozolomide before SRS.
The majority of patients treated with extended field SRS
died of remote recurrences within the brain. Because the
rates of new recurrences in patients treated with temozolo-
mide and radiation are quite high to begin with, 25% at 1
year and 66% at 2 years,*® the role of extended field SRS
for the occurrence of remote recurrences is unclear. Obvi-
ously, radiation therapy, including SRS, and temozolo-
mide are not sufficient to control the disease. New
approaches are underway, including monoclonal antibod-
ies that target specific molecules, for example, bevacizu-
mab,?"** and oncolytic viruses that replicate selectively in
tumor cells.*

In conclusion, extended field SRS was well tolerated
and superior to conventional SRS in the local control of
small recurrent lesions of glioblastoma, although a further
device to suppress remote recurrences may be necessary to
improve survival.
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