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12 treatment settings. Therefore, Als in combination with
ovarian suppression have been evaluated for the treatment
of premenopausal women with ER-positive breast
cancer.'>1 '

Neoadjuvant treatment for breast cancer provides an
opportunity for downstaging of large tumors to allow
patients to undergo breast-conserving surgery rather than
mastectomy. Chemotherapy can offer an effective neoad-
juvant treatment; however, increasing evidence suggests
that ER-positive tumors are less sensitive to chemother-
apy." It has been demonstrated that neoadjuvant endo-
crine therapy has efficacy in the treatment of ER-positive
disease among postmenopausal women, resulting in simi-
lar objective response rates and rates of breast-conserving
surgery for Als compared with more cytotoxic chemother-
apy.'® Therefore, the role of neoadjuvant endocrine ther-
apy in premenopausal women is also of interest.

With the increasing costs associated with large-scale
adjuvant trials, both the prognostic value of biologic markers
and the long-term predictive value of short-term trials are
increasingly important. The expression of nuclear antigen
Ki-67, a marker of cell proliferation, reportedly has been
correlated with treatment efficacy and is being investigated
for its value as a predictive marker of therapeutic response."”
In a cross-trial comparison, an increased reduction in Ki-67
expression after neoadjuvant treatment with anastrozole
compared with tamoxifen was observed consistenty; and
increased progression-free survival has been reported for
anastrozole versus tamoxifen in the adjuvant Arimidex, Ta-
moxifen, Alone or in Combination (ATAC) tial #1817

The STAGE study (Study of Tamoxifen or Arimi-
dex Combined With Goserelin Acetate to Compare Effi-
cacy and Safety) was the first randomized trial to compare
anastrozole plus goserelin versus tamoxifen plus goserelin
in the neoadjuvant setting (24 weeks of therapy) in pre-
menopausal women with ER-positive and human epider-
mal growth factor receptor 2 (HER2)-negative, operable
breast cancer. The patients who received anastrozole plus
goserelin in that trial had a superior best overall tumor
response compared with the patients who received tamox-
ifen plus goserelin, as measured on magnetic resonance
imaging (MRI) or computed tomography (CT) studies
(anastrozole plus gosetelin, 64.3%; tamoxifen plus gosere-
lin, 37.4%; estimated difference, 26.9%; 95% confidence
interval [CI], 13.5-40.4; P < .001). The treatment effect
was consistently in favor of anastrozole, regardless of the
measurement methods (caliper and ultrasound). The his-
topathologic response rate also was better in the anastro-
zole group (anastrozole plus goserelin, 41.8%; tamoxifen
plus goserelin, 27.3%; estimated difference, 14.6%; 95%
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Cl, 1.4-27.7; P = .032). Both treatment regimens were
well tolerated, consistent with the known safety profiles of
anastrozole, tamoxifen, and goserelin.”® The geometric
mean Ki-67 index at baseline was 21.9% in the anastro-
zole group and 21.6% in the tamoxifen group. At week
24, the Ki-67 index was reduced in both treatment groups
(to 2.9% in the anastrozole group and to 8% in the tamox-
ifen group). The reduction from baseline to week 24 was sig-
nificantly greater with anastrozole than with tamoxifen. The
estimated ratio of reduction between groups was 0.35 (95% .
CI, 0.24-0.51; P < .001).%° Here, we report an explorarory
analysis of the STAGE study that investigated potential cor-
relations between the Ki-67 index and the best overall tumor
response, ER status, PgR status, or histopathologic response.

MATERIALS AND METHODS

Study Design and Patients

In this phase 3, double-blind, randomized, parallel-group,
multicenter trial, the participating patients were premeno-
pausal women >20 years with ER-positive and HER2-
negative breast cancer who had operable and measurable
lesions (tumors measuring 2-5 cm, negative lymph node
status [NO], and no metastases [MO]). Inclusion and
exclusion criteria have been described previously.?

Patients were randomized 1:1 to receive either oral
anastrozole 1 mg daily with a tamoxifen placebo or oral ta-
mogxifen 20 mg daily with an anastrozole placebo. Both
treatment groups received goserelin 3.6 mg as a subcurta-
neous injection every 28 days. Treatment continued for
24 weeks before surgery or until patients met any criterion
for discontinuation.

The primary study endpoint was the best overall tu-
mor response during the 24-week neoadjuvant treatment pe-
riod. Secondary endpoints included histopathologic
response, changes in estrone (E;) and estradiol (E;) serum
and breast tumor tissue concentrations, changes in Ki-67
expression, and tolerability. For this exploratory analysis, we
assessed correlations between Ki-67 expression and tumor
response, ER status, PgR status, or histopathologic response.

The protocol was approved by an institutional
review board at all study sites, and all enrolled patients
provided written informed consent. The study (National
Clinical Trials identifier NCT00605267) was conducted
in accordance with the Declaration of Helsinki and good
clinical practice, the applicable local regulatory require-
ments, and the AstraZeneca policy on Bioethics.

Assessments
Tumor measurements were performed using caliper meas-
urements, ultrasound, or MRI or CT studies. The
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primary analysis indicated that the best overall tumor
response for anastrozole versus tamoxifen was consistent,
regardless of the measurement method used.>’ We present
tumor response data from the MRI or CT measurements
at day 0 and at 24 weeks. The objective tumor response
was assessed according to modified Response Evaluation
Criteria in Solid Tumors (RECIST).?

The status of Ki-67, ER, and PgR was determined
using histopathologic core-needle biopsy specimens that
were collected at baseline and at surgery. Tissue sections
were fixed in formalin and stored at room temperature
before immunohistochemical staining. Ki-67 expression
was determined by staining sections with an anti-MIB-1
antibody at a central laboratory (SRL Inc., Tokyo, Japan)
for assessment by a central review board. For all slides,
photomicrographs were taken from 3 to 5 hotspots at
x 20 magnification using light microscopy. Two patholo-
gists independently assessed the photomicrographs, and
the Ki-67 index was calculated as the ratio of Ki-67-posi-
tive cancer cells from a total of 1000 cancer cells. ER-posi-
tive status and PgR-positive status at baseline were defined
as >10% staining of cancer cell nuclei determined by a pa-
thologist at each individual study site (nuclei were assessed
using mouse monoclonal antibody clones 6F11 and 16,
respectively). Staining for ER and PgR also was assessed in
parallel using Allred -scores by the Central Pathologist
Review Committee.”? An Allred score (the proportion
score plus the intensity score) of >3 defined ER or PgR
positivity, a score from >3 to <7 indicated medium
expression, and a score of >7 indicated rich expression.

Histopathologic effects were assessed by comparing
histopathologic samples that were obtained at baseline
and at surgery. For the assessment of histopathologic
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response, the following categories were used: grade 0 indi-
cated no response; grade la, marked change in <1 of 3
cancer cells; grade 1b, marked changes in >1 of 3 but <2
of 3 cancer cells; grade 2, marked changes in >2 of 3 can-
cer cells; and grade 3, necrosis or disappearance of all can-
cer cells and replacement of all cancer cells by granuloma-
like and/or fibrous tissue. The histopathologic response
was defined as the proportion of patients whose tumors
were classified as grade 1b, 2, or 3,23.24

Post hoc subset analyses were used to determine corre-
lations between the baseline Ki-67 index (>20% vs <20%)
and the best overall tumor response. The percentage change
in the Ki-67 index for responders (patients whose best over-
all tumor response was a complete or partial response) versus
nonresponders (patients whose best overall tumor response
was stable or progressive disease) also was compared. Corre-
lations between the baseline Ki-67 index and the histopa-
thologic response at week 24 also were evaluated, and we
used post hoc analyses to investigate correlations between
changes in the Ki-67 index from baseline to week 24 and
ER or PgR status at baseline. Positive ER and PgR status
(Allred score >>3) also was assessed at baseline and at week
24. Preoperative Endocrine Prognostic Index (PEPI) scores,
which were calculated post hoc as the sum of risk points
weighted by the size of the hazard ratio for tumor size, path-
ologic lymph node status, ER status, and Ki-67 expression
for both recurrence-free and breast cancer-specific survival,
were determined for each patient at surgery according to the
methods described by Ellis and colleagues.*

Statistical Analysis
The sample size calculation and the main statistical analy-
ses have been described previously.?® All randomized
patients were included in the intent-to-treat analysis set.
In a post hoc exploratory analysis, chi-square tests
were performed to compare the best overall tumor
response at week 24 between baseline Ki-67 index catego-
ries (>>20% vs <20%) within each treatment group and
between' treatment groups within each baseline Ki-67
index category. A chi-square test also was used to compare
the histopathologic response at 24 weeks between the
baseline Ki-67 index categories within each treatment
group. All tests were made at the nominal 2-sided signifi-
cance level of .05.

RESULTS

Patients

In total, 197 patients were randomized to receive either
anastrozole plus goserelin (n = 98) or tamoxifen plus
goserelin (n = 99) (Fig. 1). Patient demographics and
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TABLE 1. Patient Demographics and Baseline
Tumor Characteristics

No. of Patients (%)

Anastrozole Tamoxifen

Characteristic Plus Goserelin Plus Goserelin
No. of patients 98 99
Age: Median [range] 44 [28-54] 44 [30-53]
Body mass index: 22.24+3.5 22.14+3.3

Mean+SD, kg/m?
Histology type

Infiltrating ductal carcinoma 87 (88.8) 91 (91.9)

Infiltrating lobular carcinoma 3 @3.1) 3(3)

Other® 8 (8.2) 5 (5.1)
Tumor grade

1 42 (42.9) 48 (48.5)

2 36 (36.7) 26 (26.3)

3 4 (4.1) 14 (14.1)

Not assessable 1(1) 0 (0)

Not done 15 (15.3) 11 (11.1)
Hormone receptor status

ER positive 98 (100), 99 (100)

PgR positive 93 (94.9) 87 (87.9)

HER2 negative 98 (100) 99 (100)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth fac-
tor receptor 2; PgR, progesterone receptor; SD, standard deviation.
2QOther included adenocarcinoma (n = 3).

baseline characteristics generally were well balanced
between the treatment groups (Table 1). Paired samples
for calculating changes in the Ki-67 index from baseline
to week 24 were available for 89 patients in the anastro-
zole plus goserelin group and for 86 patients in the tamox-
ifen plus goserelin group.

Correlation of the Baseline Ki-67 Index and Best
Overall Tumor Response

With a mean baseline Ki-67 index of 21.9% and 21.6%
in the anastrozole and tamoxifen treatment groups,
respectively, we used post hoc subset analyses to compare
patients according to their baseline Ki-67 index (>20 vs
<20%). For anastrozole versus tamoxifen, best overall tu-
mor response from baseline to week 24 was better with
anastrozole plus goserelin versus tamoxifen plus goserelin
both in patients who had a baseline Ki-67 index >20%
(73.2% vs 44.8%; P = .002) and in patients who had a
baseline Ki-67 index <20% (52.5% vs 29%; P = .035)
(Fig. 2A).

Within the treatment groups, the best overall tumor
response from baseline to 24 weeks, as measured by MRI
or CT, was significantly better with anastrozole plus
goserelin for patients who had a baseline Ki-67 index
>20% than for those who had a baseline Ki-67 index
<20% (73.2% vs 52.5%; P = .036). Among patients in
the tamoxifen plus goserelin group, the best overall tumor
response was 44.8% for patients who had a baseline Ki-67
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index >20% and 29% for those who had a baseline Ki-67
index <20% (P =.118) (Fig. 2A).

Correlation of the Baseline Ki-67 Index and
Histopathologic Response

There was no significant difference in the histopathologic
response between patients who had a baseline Ki-67 index
>20% versus patients who had a baseline Ki-67 index
<20% in either treatment group (Fig. 2B).

Correlation of Change in the Ki-67 Index and
Responders/Nonresponders

A waterfall plot of changes in the Ki-67 index for individ-
ual patients, illustrated according to respondets or nonres-
ponders, is provided in Figure 3. There was no apparent
relation between a change in Ki-67 expression from base-
line to week 24 for responders and nonresponders in
either treatment group.

Correlation of the Baseline Ki-67 Index and
Estrogen Receptor or Progesterone Receptor
Status

In both treatment groups, positive ER status, as deter-
mined by the Allred score, was observed in 100% of
patients at baseline and at week 24, and >90% of patients
in both treatment groups were ER rich (baseline Allred
score, >7). Therefore, it was not possible to determine
any potential relation between the baseline ER Allred
score and the percentage change in Ki-67 expression from
baseline to week 24 in either treatment group.

In the anastrozole plus goserelin group, 98.9% of
patients were positive for PgR expression at baseline, and
34.4% were positive for PgR expression at week 24. The
percentage of patients with positive PgR status was not
altered from baseline (91.9%) to week 24 (89.5%) in the
tamoxifen plus goserelin group (Fig. 4A). In both treat-
ment groups, the mean decrease in the Ki-67 index was
greater in patients who had a baseline PgR Allred score
>7 (anastrozole group, —88.8%; tamoxifen group,
—67.6%), compared with patients who had a baseline
PgR Allred score <7 (anastrozole group, —74.1%; tamox-
ifen group, —32.8%) (Fig. 4B).

Preoperative Endocrine Prognostic Index Score
In the anastrozole treatment group, 33.3% of patients had
a PEPI score of 0 compared with 11.4% in the tamoxifen
group. Fewer patients (21.4%) had a PEPI score >4 in
the anastrozole group compared with patients in the
tamoxifen group (36.7%; P = .002) (Table 2).

DISCUSSION
In this exploratory analysis, we investigated changes in Ki-
67 expression among patients from the STAGE study, a
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Figure 2. These charts illustrate the baseline Ki-67 index (>20% vs <20%) according to (A) the best overall tumor response and
(B) the histopathologic response at 24 weeks. Magnetic resonance imaging or computed tomography was used to measure
responses. The best tumor response was defined a complete or partial response during the 24-week treatment period.

phase 3 randomized trial that compared tumor response
for anastrozole plus goserelin versus response tamoxifen
plus goserelin during 24 weeks of neoadjuvant treatment
in premenopausal women with ER-positive breast cancer.
The primary analysis indicated that the reduction in the
Ki-67 index for patients who received goserelin was
greater with anastrozole coadministration compared with
tamoxifen, suggesting a greater inhibitory effect on tumor
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cell proliferation with this treatment combination.?®

Given the reported clinical prognostic value of Ki-67
expression after short-term neoadjuvant endocrine ther-
apy for breast cancer," this is in concordance with our
finding that anastrozole combined with goserelin demon-
strates a superior best overall tumor response compared
with tamoxifen plus goserelin. Although Ki-67 is per-
ceived as a reliable predictive endpoint, the outcomes of
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Figure 3. This is a waterfall plot of reductions in nuclear antigen Ki-67 levels in (A) the anastrozole plus goserelin treatment group
and (B) the tamoxifen plus goserelin treatment group. Magnetic resonance imaging or computed tomography was used to mea-
sure responses. Responders were defined as those patients who had a complete or partial response during the 24-week treat-

ment period.

the parallel adjuvant trial by the Austrian Breast and
Colorectal Cancer Study Group (ABCSG) did not reflect
outcomes related to the Ki-67 changes we observed:
Results from the ABCSG-12 study indicated that there
was no difference in disease-free survival between patients
who received anastrozole versus tamoxifen (hazard ratio,
1.08; 95% CI, 0.81-1.44; P = .591).2° The reason for
this difference is not clear, although there were differences
in the baseline characteristics of patients in each study: the
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STAGE study assessed a more hormone-dependent phe-
notype of tumor (ER-positive/HER2-negative in the
STAGE study vs ER-positive/HER2-negative and ER-
positive/HER2-positive in the ABCSG-12 trial), and the
proportion of women with a body mass index >25 kg/m>
was lower in the STAGE study (17% vs 33%). The
ABCSG-12 group did not assess Ki-67 levels. It is also
interesting to note that, as recently pointed out by Gon-
calves et al,?” in our study, serum estradiol suppression
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Figure 4. (A) Progesterone receptor status is illustrated at baseline and at 24 weeks. (B) Changes in the Ki-67 index and the
baseline PgR Alired score are illustrated. PgR-positive (PgR+) indicates an Allred score >3; PgR-negative (PgR-), an Allred score
<2.

appeared to decrease at week 24 compared with week 4, and anastrozole treatment, which potentially may explain
although the suppression was not statistically significant. the difference in outcomes between the ABCSG-12 and
This suggests the possibility of a gradual tachyphylaxis of STAGE studies. However, further investigations would
the estrogen-suppressing effects of combined goserelin be required to confirm this.
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TABLE 2. Preoperative Endocrine Prognostic Index Score

PEPI Score: No. of Patients (%)

Treatment Group No. of Patients 0 1-3. >4
Anastrozole plus goserelin 84 28 (33.3) 38 (45.2) 18 (21.4)
Tamoxifen plus goserelin 79 9 (11.4) 41 (51.9) 29 (36.7)
P for anastrozole vs tamoxifen - - .002

Abbreviation: PEPI, Preoperative Endocrine Prognostic Index.
2P values were determined using the chi-square test.

In the current study, the best overall tumor response
was superior with anastrozole compared with tamoxifen,
irrespective of the baseline Ki-67 index. Within the anas-
trozole treatment group, we observed that the best overall
tumor response was significantly better in patients who
had a baseline Ki-67 index >20% versus patients who had
a baseline Ki-67 index <20%. However, in the anastro-
zole group, we observed a numerically lower histopatho-
logic response in patients who had a baseline Ki-67 index
>20% compared with those who had a baseline Ki-67
index <20%. It was reported previously that baseline Ki-
67 expression was not associated with outcome after neo-
adjuvant endocrine treatment (including anastrozole,
letrozole, and tamoxifen) in ER-positive, postmenopausal
women who had breast cancer.’>?

There was no apparent relation between a reduction
in the Ki-67 index for responders and nonresponders in
either treatment group. Although there tended to be more
nonresponders among patients in the tamoxifen group
who had less of a reduction in the Ki-67 index, the Spear-
man rank-correlation between the percentage change in
the Ki-67 index and the best percentage change in greatest
tumor dimension for the tamoxifen group was a modest
0.314. This observation is essentially consistent with what
was reported previously by Dowsett et al, who conducted
a similar analysis of postmenopausal patients who received
neoadjuvant tamoxifen, anastrozole, and the tamoxifen/
anastrozole combination.?® This variation in the Ki-67
index change between responders and nonresponders
indicates that the mechanism of estrogen-dependent
growth is heterogeneous among breast tumors. Tumor
growth is determined by a balance between cell prolifera-
tion and apoprosis. Stimulation of cell proliferation by
estrogen may be dominantly implicated in tumor growth
in some tumors, whereas inhibition of apoptosis by estro-
gen may be dominantly implicated in other tumors.
Thus, a responder does not necessarily have a greater
reduction in the Ki-67 index compared with a nonres-
ponder if apoptosis is induced more strongly in the former
than the latter after treatment.
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In the neoadjuvant setting, endocrine therapy has
demonstrated greater (or equivalent) efficacy in post-
menopausal women with a lower Ki-67 index.>?° In
contrast, in our study, both anastrozole and tamoxifen
produced greater response rates in premenopausal women
with a higher Ki-67 index. It is therefore possible that the
main pathways of proliferative stimulation (and the effec-
tiveness of endocrine treatments) may differ between pre-
menopausal and postmenopausal women with ER-
positive breast cancer, according to their level of Ki-67
expression. In general, high Ki-67 expression is tradition-
ally is believed to offer a poor prognosis and is predictive
of response to chemotherapy regimens.?' However, our
results suggest that endocrine therapy has at least compa-
rable effectiveness for premenopausal patients with ER-
positive breast cancer who have a high Ki-67 index.

No correlation could be determined between a
change in the Ki-67 index and baseline ER status in either
treatment group. However, the number of patients who
were identified as PgR-positive decreased at week 24 in
the anastrozole treatment group, an effect that was not
observed in the patients who received tamoxifen plus
goserelin. PgR expression also was reduced under neoad-
juvant Al treatment for breast cancer in the ABCSG 17
study, although it remains to be determined whether the
down-regulation of PgR may be used as a marker of clini-
cal efficacy.®® In our study, the reason why the positive
rate of PgR was reduced in the anastrozole plus goserelin
arm compared with the tamoxifen plus goserelin arm is
most likely because of the estrogenic action of tamoxifen,
which would induce PgR expression.

Although there may be a potential correlation
between a reduction in Ki-67 and the baseline PgR Allred
score in patients who receive anastrozole plus goserelin
versus tamoxifen plus goserelin, further analyses will be
required to determine whether a Ki-67 reduction in
patients with high baseline PgR expression translates into
a clinical benefit.

After treatment with anastrozole, a lower proportion
of patients had a PEPI score >4 (indicating a high risk of
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recurrence) compared with the tamoxifen treatment
group. The PEPI model has been validated previously and
has indicated significant differences in recurrence-free sur-
vival in the adjuvant setting between 3 PEPI risk groups
(PEPI risk scores of 0, 1-3, and >4), with a PEPI score of
0 indicating a very low risk of relapse.?> Data from the ad-
juvant treatment setting will provide added knowledge for
the individualization of future adjuvant treatments after
neoadjuvant therapy for breast cancer.

Currently, very little is known about the prognostic
effect of Ki-67 in premenopausal women. However, in 1
recent study, the prognostic significance of Ki-67 was
investigated in women with ER-positive breast cancer
who had received short-term presurgical tamoxifen, and
Decensi and colleagues reported that the Ki-67 response
was a good predictor of recurrence-free survival and over-
all survival *®

To our knowledge, this is the first randomized study
to investigate the potential of Ki-67 as a clinical biomarker
for Al efficacy in premenopausal women with ER-positive
breast cancer. It has been demonstrated that a reduction in
Ki-67 expression as a result of neoadjuvant Al treatment can
be a potentially useful marker of improved surgical out-
comes in postmenopausal women with ER-positive breast
cancer, and such a reduction has been identified as predic-
tive of favorable outcomes in the adjuvant treatment pe-
riod.>*'A reduction in Ki-67 expression during neoadjuvant
treatment reportedly was greater with anastrozole versus ta-
moxifen in postmenopausal women who had ER-positive
breast cancer,*® and a parallel result also was observed in the
corresponding adjuvant trial, in which recurrence-free sur-
vival also was greater for those who received anastrozole.®
Yet another similar result was observed for letrozole, in
which a greater Ki-67 reduction was observed compared
with tamoxifen in the neoadjuvant setting.>> Greater clinical
effectiveness also was observed for letrozole in the neoadju-
vant setting, both in terms of the objective response rate and
the rate of breast-conserving surgery.>®

In conclusion, tumor response was greater with anas-
trozole compared with tamoxifen, regardless of the baseline
Ki-67 index, in premenopausal women who received goser-
elin as neoadjuvant therapy for ER-positive, early stage
breast cancer. The current results indicate that endocrine
therapy may offer a more tolerable treatment option than
cytotoxic chemotherapy as neoadjuvant treatment for these
patients, and further studies of the anastrozole plus gosere-
lin treatment combination in this setting are warranted.
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Permanent implant brachytherapy - for prostate cancer using
iodine-125 seeds was adopted in Japan in 2003. Here, we report
on the diffusion pattern of this treatment in Japan since 2003.
We examined the annual numbers of prostate cancer patients per
hospital in Japan, who were treated with iodine-125 seed
implant brachytherapy with or without external beam radiation
therapy between 2003 and 2011. The hospitals were excluded
from the count if brachytherapy was begun in a hospital within
the given year, and thus was only available for part of the year.
In 2004, 269 patients were treated by brachytherapy at only two
hospitals. However, the numbers increased rapidly. A total of
1412 patients were treated at 23 hospitals in 2005, 2783 patients
were treated at 83 hospitals in 2008, and 3793 patients were
treated at 109 hospitals in 2011. The mean/median numbers of
patients treated per hospital were 61.4/42 in 2005, 33.5/25 in
2008, and 35.0/24 in 2011. The number of hospitals where 24 or
fewer patients were treated in a year increased. On the other
hand, the number of hospitals with a volume of >48 patients per
year was stable. Because a relationship between provider volume
and outcomes following oncological procedures was shown, a
careful evaluation of the effectiveness of permanent implant
brachytherapy for prostate cancer is needed. (Cancer Sci, doi:
10.1111/cas. 12168, 2013)

W hen a medical technology, the usefulness of which has
been established,- is adopted in a country, how does
the technology diffuse into medical practice? The speed and
degrees of the diffusion depend upon many factors: consumer
demand, promotional efforts of technology manufacturers,
medical education, health insurance and payment systems, and
governmental regulatory policies.”

Permanent implant brachytherapy for prostate cancer using
iodine-125 (1-125) seeds was adopted in Japan in 2003.% The
advantages of brachytherapy had been well recognized,”” and
the expectation for treatment was very high among Japanese
urologists and radiation oncologists. In addition, the Cancer
Control Act was approved in June 2006. Based on this law,
the Basic Plan to Promote Cancer Control Programs was
approved. One of its basic concepts is the equalization of
cancer medical services including radiation therapy. This basic
plan has stimulated the installation of new radiation therapy
equipment at core hospitals.

In this study, we report on the diffusion pattern of permanent
implant brachytherapy for prostate cancer in Japan since 2003,
focusing in particular on the changes in the annual numbers of
patients treated by brachytherapy per hospital since 2003.

Materials and Methods

We examined the annual numbers of prostate cancer patients
per hospital in Japan, who were treated with I-125 seed

doi: 10.1111/cas.12168
© 2013 Japanese Cancer Association

implant brachytherapy with or without external beam radiation
therapy. The use of palladium-103 (Pd-103) seeds, which is
common in the United States, is not permitted in Japan. To
elucidate the actual number of patients treated in a year, the
hospitals were excluded from the count if brachytherapy was
begun in a hospital within the given year, and thus was only
available for part of the year. Because brachytherapy using
1-125 seeds was adopted in Japan in 2003, the annual numbers
of patients treated with brachytherapy between 2004 and 2011
were examined. These data were estimated from the database
by Japanese Prostate Permanent Seed Implantation Study
Group.“” In Japan, 1-125 seeds are supplied from two radiation
source supply companies to medical institutions via the Japan
Radioisotope Association (JRIA). Their database was also used
to confirm the estimation.

Results

The total estimated number of patients treated with brachyther-
apy at hospitals where more than 1 year had passed since
brachytherapy was first made available is shown in Table 1. In
2004, 269 patients were treated by brachytherapy only in two
hospitals. However, the numbers increased rapidly. A total of
1412 patients were treated at 23 hospitals in 2005, 2783
patients were treated at 83 hospitals in 2008, and 3793 patients
were treated at 109 hospitals in 2011.

Figure 1 shows the number of patients treated per hospital
in 2005, 2008, and 2011. The mean/median number of
patients treated per hospital was 61.4/42 in 2005, 33.5/25 in
2008, and 35.0/24 in 2011. Almost half of the patients in
Japan were treated at the top six hospitals in 2005, at the top
18 hospitals in 2008, and at the top 22 hospitals in 2011. The
number of hospitals in which 24 or fewer patients were treated
in a year (i.e., two patients per month) was four in 2005, 40 in
2008, and 60 in 2011.

Figure 2 shows the distribution of the annual number of
patients treated with brachytherapy per hospital from 2004 to
2011. The percentage of hospitals is also shown according to
the number of patients per year in Table 1. The number of
hospitals where 24 or fewer patients were treated in a year
increased rapidly, in particular after 2006. On the other hand,
the number of hospitals with a volume of >48 patients per year
was stable.

Discussion

Although the advantages of brachytherapy were well recog-
nized among Japanese urologists and radiation oncologists,
low dose rate brachytherapy for prostate cancer using 1-125 or
Pd-103 seeds had not been allowed in Japan, because of the
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Table 1. Total number of hospitals/patients and the breakdown of hospitals according to the number of patients per year, among hospitals
where more than 1 year has passed since brachytherapy was first made available

2004 2005 2006 2007 2008 2009 2010 2011
Total number of hospitals 2 23 38 60 83 94 102 109
Estimated total number of patients 263 1412 1795 2516 2783 3112 3442 3793
Percentage of hospitals
>96 patients/year 50.0 17.4 7.9 5.0 4.8 7.4 6.9 6.4
48-96 patients/year 50.0 30.4 28.9 23.3 10.8 10.6 11.8 11.9
24-48 patients/year 0.0 34.8 36.8 35.0 36.1 31.9 24.5 26.6
12-24 patients/year 0.0 17.4 10.5 18.3 325 28.7 35.3 33.8
< 12 patients/year 0.0 0.0 15.8 18.3 15.7 21.3 21.6 21.1
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24 patlents in a year {2 patients per month)
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Fig. 1. The annual number of patients treated with brachytherapy
per hospital in hospitals where more than 1 year had passed since
brachytherapy was first made available, in 2005, 2008, and 2011.
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Fig. 2. Distribution of the annual number of patients treated with
brachytherapy per hospital from 2004 to 2011.

strict Japanese laws on radiation safety.”” However, after long
discussions between members of the Japanese Society for
Therapeutic Radiology and Oncology (JASTRO), the Japanese
Urological Association (JUA), the Ministry of Health, Labor,
and Welfare, and the Ministry of Education and Science, per-
manent implant brachytherapy for prostate cancer using 1-125
seeds was approved in July 2003.”) Even after permanent

implant brachytherapy was permitted in Japan, only a limited
number of institutions started the treatment, in part because
of the very low price fixed by the Japanese health insurance
system.® However, after a higher price for brachytherapy was
approved by the Japanese health insurance system in April
2006, many institutes started providing the treatment, as shown
in Figures 1 and 2. In particular, the number of hospitals with
a low volume of patients increased.

Oncological procedures may have better outcomes if per-
formed by high-volume providers. Killeen er al.® revealed
that high-volume providers have significantly better outcomes
for complex cancer surgery, in particular for pancreatectomy,
esphagectomy, gastrectomy and rectal resection. In Japan,
influences of hospital procedure volume on cancer survival
have been under intense investigation using The Osaka
Cancer Registry’s data.*?® As for localized prostate cancer,
Jeldres et al.'" examined the effect of annual and cumulative
provider volume on the rate of use of secondary therapies
using a cohort of 3907 patients treated with definitive exter-
nal-beam radiation therapy. They demonstrated lower rates of
secondary therapy for providers with an annuval provider
volume >10 cases and for those with a cumulative provider
volume >200 cases. Taussky ef al"® showed that seed
migration in prostate brachpitherapy depended on experience
and technique. Chen et al.™ concluded that patients treated
with brachytherapy by higher-volume physicians were at
lower risk for recurrence and prostate cancer death. Imterest-
ingly, they showed that there was no significant association
between hospital volume and recurrence, prostate cancer death
or all deaths.

Japanese urologists and radiation oncologists have made a
great effort to maintain the safety and quality of permanent
implant brachytherapy for prostate cancer. JASTRO, JUA, and
the Japan Radiological Society (JRS) have published guide-
lines for brachytherapy (in Japanese).*'® These guidelines
require physicians involved in this treatment to attend an edu-
cation course held by JRIA. The guidelines also strongly rec-
ommend that each institution administering this treatment
should have a urologist certified by the JUA and a radiation
oncologist certified by JASTRO and/or JRS in full-time
employment.® In addition, training workshops have been held
at regular intervals to maintain or improve the technical level
of permanent implant brachytherapy for prostate cancer. It is
not still clear whether the provider volume is associated with
outcomes following brachytherapy for prostate cancer in
Japan.

The diffusion of a new medical technique depends upon
many factors includin% consumer demand and health insurance
and payment systems.” In Japan, although health care is under
the management of an obligatory insurance system, it is within
the framework of a capitalist economy.”"> Given this situation,
a new “Basic Plan to Promote Cancer Control Programs” was

doi: 10.1111/cas. 12168
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approved in 2012. In addition to the further promotion of
radiation therapy and the training of doctors/staff members
specializing in this area, the plan recommends the centraliza-
tion of high-precision radiation therapy including intensity-
modulated radiation therapy (IMRT) in each medical region.
There are several new options for patients with clinically
localized prostate cancer including robotic surgery, brachyther-
apy, and IMRT. The majority of the published papers have
shown similar treatment results in large-scale institutions.
However, after the diffusion of a new medical technique,
evaluation of the quality remains an important issue. There-
fore, a nationwide multi-institutional cohort survey for prostate
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T R2ARF Va—NHBIRENTE, LAL, WXL
BRI IR EAGE D, RIS o /8
HILEE OEEIC RTINSV EERI SN T
W3 Y BLIOTFEHPELL, BIZREDa /f 1
PEBRPRELZELVDNZIOTHIL, 1 BRE
2O REL, SHREESLCTIITHIILHBR
TEBl AR A el sND, e, EF
Moo /pHEILREL, WXBREOa /8 1
A 15 THHrETHIE, 1H2 Gy, R T0Gy T
DHEHFIEIAHEEE, 17 Gy TORK
35 GyLRSLEESh Y, 1H7 Gy, Bk 35
Gy DRI LRI 35 1EHEEL, 2 Gy TD 85

. Gy BEICHYTHLEMETES, T4bDb, 1 R

BREMns€aILicl), FEHEROBBRERREM
ST, BERVEDOAEBOLIENTRERZD
ThH5,

LAL, SCCHELR20%, MBBETH.
BEECOR A RS E Bt 37 ~ 40
HERETHY, b7y rri— BREHBHPE
BARRLICLZHREBOER 1 HoTDH, £
BEDESHI LY FHLEN B, TIUIIEBER
HUSEELEW, LAL, BEFOT—IUihEn
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e, 1 EREEZEOREL, FHEEEPISTH
T 33L, HZRONBOREEERIERE
BICKEBBLTBEIICRE Y, $hbb, B
BROMBOFHEEERLBRLEZVED, BHEER
LY UL THZ o THBRSMET T 2EkRE
Wdd, &oT, MEIDRUROMNBOFREEERE
FEHRSES IGRT 2HWTE ¥, E58BHYR
ZIPORMEMICERTELLEZ LN T WA,

BUALBRAEC K 3 2 S MRS DWW T DS
EOWEHERIYELBEENRTWS, Kupelian Hit, 8
FiEEBE o/ IGRT ICTH RO BERAE
L, IMRT (2T 1 @ 25 Gy, total 70 Gy #BA&L
RT0OFIUCOVTDHRAMEDEBBREBEREL
Tw3 "%, 54 PSA HEHRRIIQULEFTH
Y, grade 2 Y EOERREE, REREEIELE
N 45%, 52%& B W A MEERABE Tho/eLT
Wwh,

B ESHREOEHEEMET LD,
IGRT, IMRT %fio7= 353 RS D EE LK RERH KL
SLEmEhTWE Y, : ‘

FIHTD, ELEFBHEEHT AR S AMBE
BrREE [BURERNBOERIC L HRRED
Btk el a0 D@Ly, #iiL
BRAECH 95 IMRT/IGRT SRS SRS O
THEBRABRMEBISN TS, i, BIZIRG
IS L TR IR &H¥ D IGRT #H T, IMRT
XA SHE 70 Gy/28 B (1 [ 25 Gy) »%E
P ORETHINEHRENICRE THRRTHY,
Primary endpoint # 5 E B REAEERBEN
BLLTWS, WRIME - FYR2 (T1-2c and PSA
=< 20 and G =<7) F-RBH/IAZAFTRBRETF
(T3a, 20<PSA=<30, G=8, 9) HVL2ODAH
DIEFT, 2012 4E 6 ALVEFIBEIBIHEN TV
%o TNLDBRREICLoTHE, BEFHHBHDRSY
YT—FDOUEDLRB 2D T 5,

7, BIMRIICEALRCHAHRIEREIT, &
LI RVEMT, 1 BARREEEST2RADD
5o Katz 5%, BUIZERAE 304 81 (VR 211 41,
R 81 B, BUAZ 1241) IZHLT, $475—F

A ZITEDEMEIIC 35 ~ 365 Gy/5 FHEREL, 5
£ PSA EFRERIBYAZ 97%, FVAZ 90.7%,
L RURS T41%E BRIFRERBHCTHoEB|ELT
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W32, FAN—F A 7T, SHIREORRDE
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O HIREDAEEHO PS NOTS5Et
SE—-D®ER?

BB T A EB R IFE AW B2
BFAAFBAMRE (FF5FLFY-) i, BRETIR
TPLERBER TV, LHRLEHKTH 2003 £
I2EYE 125 IS BT iEL oo 2006 4RI
IHRBIRBENTHSIEZEEICLEA~NERLTY
Ao PER, 7IF%EIFTE-L, BYAZBIUFTYRS
BUMLBRAE AT E LIS THY, —RMIIEEIAZE
MBRSILERE o T d oz, BIERD NCCN
guideline {2k, 2004 ETIHEVAZICR7I%
LSE—HH, YRR T IF SRR
5t 40 ~ 50 Gy AR ESh, BUAZE 74—
IZidE %\ (are poor candicates) EERTV 2,
LA L, 2007 4Ei2iE, BIAZO— 80 BHIIXS
ERHRAF L RN B L EPERTAZLICLI>THIR
B2bLhievy (it may be effective ) EDFTHBIC
£y, 2013 £ T, BIRZHIE, 7IFEIV-L
SIERERST 40 ~ 50 Gy, FNEAREICTHBEENS
»bLhi\ (may be treated ) EDFERBUHRoT
U\Z) 2)-0

ZOENZ, HAVGAVPELTEDOR, BIR
IR TOT TSR EES ThEPSA %
BREOUBIRFCELLETVASBER SN TE
725 Thb, Grimm Hid, BEICHESIT:,
LRBICH AW, SBRE, T9¥TFIE-0
BWRRBCAFREL, BIAZALRBICBNTY,
TIRTIE— + SNBSS £ RVEVRIED, T,
TI¥FSE—, SHBRSTEMELBLT, BhTw
AEMNCH /T FWMEL TS Y,

FHD, BUAZHLBRBITHLTTFF 7T~
ICTHBSNAEFEMLTEY, 2, BIAZH
SERRIET 3 B/ - S ERSHGE B AR I
BIFAEBANVEERROBHECH T ERNE
(TRIP £58) JEFTLTVE, ZORBREENH
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Summary

A paradigm shift in radiation freatment strategy for pros-
tate cancer by intensity-modulated radiotherapy and
brachytherapy

A paradigm shift in radiation treatment strategy for
prostate cancer has been stimulated by precise radio-
therapy including intensity-modulated radiotherapy
(IMRT) and brachytherapy. Using IMRT technique,
dose escalation has been achieved without increas-
ing late gastrointestinal toxicities. Hypofractionation
treatment protocols for prostate cancer with IMRT
and image-guided radiotherapy may have a thera-
peutic advantage. Low dose rate brachytherapy may
offer a better outcome for high-risk prostate cancer.
However, in addition to the introduction of new tech-
nologies, it is also important to evaluate the quality of
new treatment techniques in each institution.

Katsumasa Nakamura et al

Department of Clinical Radiology

Graduate School of Medical Sciences, Kyushu
University
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Abstract Surgical resection remains an important option
for the treatment of brain metastases despite recent
advancements in radiotherapy and systemic therapy. When
selecting surgical candidates, it is important to exclude
terminal cases who will receive neither a survival benefit nor
an improvement in their quality of life. We reviewed a total
of 264 surgical cases of brain metastases and analyzed the
clinical characteristics of early death in order to clarify the
indication for and the role of surgery. The median survival
time (MST) after surgery in all cases was 12.4 months.
Early death was defined as death within 6 months, and 23 %
(62 cases) of this series were succumbed to this. A decrease
in postoperative Karnofsky performance status (KPS) (<70)
(P =0.041), lack of systemic therapy after surgery
(P < 0.0001), and uncontrolled extracranial malignancies
(P = 0.0022) were significantly related to early death in
multivariate analysis, while preoperative KPS (<70) and
recursive partitioning analysis (RPA) class were related to
early death only in univariate analysis (P < 0.05). When
analyzing patients with uncontrolled extracranial malig-
nancies and those with a postoperative KPS score of 70 or
greater (who were generally candidates for systemic ther-
apy), the MST was significantly longer in the systemic
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therapy (+) group compared with the systemic therapy (—)
group (12.5 vs. 5.6 months; P = 0.0026). Our data indicate
that the postoperative RPA class and treatment strategy were
associated with early death. Deterioration of patients by
surgery should be avoided in the treatment of brain
metastases.

Keywords Brain metastases - Surgery - Early death -
Leptomeningeal metastases

Introduction

Brain metastasis is a life-threatening event for cancer
patients and indicates that cancer has reached the advanced
stages. Surgical resection remains an important option for
treatment despite recent advancements in radiotherapy and
chemotherapy. The aims of surgical resection are mass
reduction and rapid improvement of neurological status.

Knowledge regarding the prognosis of extracranial
lesions is important when making decisions about surgery.
Several studies have attempted to identify prognostic fac-
tors, and various classification systems including recursive
partitioning analysis (RPA) classification and graded
prognostic assessment (GPA) have been developed [1, 2].
These classification systems have mainly been validated in
patient populations treated with radiotherapy; however,
some reports have indicated that these systems are useful
for predicting survival time after surgery [3-9]. Consider-
ing the risks associated with treatment, terminal cases who
receive neither a survival benefit nor an improvement in
their quality of life (QOL) should be excluded during the
selection of surgical candidates.

Herein, we describe a retrospective analysis of the
relationship between clinical characteristics and the
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outcome of surgery for brain metastases, and we discuss
the indications for and the role of surgery.

Materials and methods
Patients

In total, we included 264 cases (156 men and 108 women)
who underwent resection as their first surgery for brain
metastases at the National Cancer Center Hospital in Japan
between January 2000 and December 2011. The mean age
of the included patients was 57.5 years (range 19-87), and
their clinical characteristics were extracted from their
medical records. Overall survival was calculated from the
first resection surgery to death. The Karnofsky perfor-
mance status (KPS) was determined as recorded or was
retrospectively estimated from information obtained from
the clinical chart by three neurosurgeons (Y.N., Y.M.,, and
S.S.) who performed surgery on the patients. RPA classi-
fication of each patient was performed using published
criteria [1]. Preoperative status, including performance
status and RPA, was evaluated at the time of surgery, while
postoperative status was evaluated approximately 1 month
after surgery. The performance status and RPA class of
patients who died within 1 month after surgery were
recorded as 0 and III, respectively. Information regarding
the RPA class and status of extracranial malignancy was
not available for 1 case.

The cause of death was determined by clinical evalua-
tion. Neurological deaths were defined as cases with neu-
rological deterioration and stable extracranial disease as
well as cases with apparent fatal progression of intracranial
lesions or leptomeningeal metastases (LMM) regardless of
systemic conditions.

The analysis in this study was approved by the local
institutional review board (reference no. NCC16-066).

Treatment

Our basic surgical indications for brain metastases were
described in a previous report [10]. Surgical candidates
included patients with the following characteristics: (1) a
post-surgery life expectancy of 6 months or more based on
information from medical oncologists, (2) no clinical
symptoms or apparent radiological findings indicating
LMM, and (3) single metastases measuring =3 cm, or
multiple or smaller tumors associated with severe neuro-
logical symptoms such as cerebellar metastases. In prin-
ciple, adjuvant radiotherapy usually began 8 days after
surgery. Adjuvant stereotactic radiosurgery (SRS) or ste-
reotactic radiotherapy (SRT) was undergone only for the
treatment of the surgical remnant or unresected lesion(s) in
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patients with multiple metastases. After brain metastases
were controlled, patients received further systemic therapy
or best supportive care (BSC) according to decisions made
by medical oncologists.

A total of 37 patients received RT prior to surgery. In
patients who experienced tumor recurrence after radio-
therapy, surgical indication was judged via discussion with
senior radiologists.

Early death

Early death was defined as death within 6 months after the
first surgery for brain metastases, and the clinical profiles
between the early death group and the non-early death
group were compared. This definition is based on a com-
parison between the outcome of whole brain radiation
therapy (WBRT) and surgery. The median survival time
(MST) after WBRT alone is approximately 6 months [11-
13]; therefore, if surgery confers a survival benefit, it
should extend this time period.

Statistical analysis

Statistical analysis was performed using JMP version 10
(SAS Institute, Cary, NC, USA). The data for survival time
were analyzed using the Kaplan-Meier method. A P value
below 0.05 was considered statistically significant.

Results
Analysis for all cases

‘When all cases were analyzed, the median follow-up, MST,
1-year overall survival rate, and 5-year overall survival rate
were 11.2, 12.4 months, 52, and 12 %, respectively. The 3
and 6-month overall survival rates were 89 and 75 %,
respectively. When patients were divided according to
preoperative RPA class, we determined that MST was
21.8 months for class I (59 cases, 22 %), 12.4 months for
class II (148 cases, 56 %), and 6.5 months for class III (56
cases, 21 %) (Fig. 1a). When we reevaluated the data using
postoperative RPA classification, MST was 20.8 months
for class I (66 cases, 25 %), 11.2 months for class II (176
cases, 67 %), and 4.3 months for class III (21 cases, 8 %)
(Fig. 1b). Both of pre- and postoperative RPA class were
significantly related with survival (P < 0.0001, log-rank
test). The relationships between preoperative and postop-
erative RPA class are shown in Supplementary Table 1.
KPS improved in 53 %, was unchanged in 40 %, and
worsened in 7 % of all cases after surgery. Surgical com-
plications were observed in 20 cases (7.6 %) including 8
instances of neurological deterioration due to surgical



