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What's known on the subject? and What does the study add?

« It is known that a prostate cancer gene 3 (PCA3) urine assay is superior to serum PSA level or PSA-related indices for
predicting a positive biopsy result in European and US men.

o This is the first report on PCA3 in a large cohort of Japanese men. The diagnostic value of the PCA3 score in Japanese
men was similar to those reported in European and US men. The study concludes that a combination of PSA density

and PCA3 score may be useful for selecting patients who could avoid an unnecessary biopsy.

Obijective

« To examine the diagnostic performance of the prostate
cancer gene 3 (PCA3) score for prostate cancer in
Japanese men undergoing prostate biopsy.

Patients and Methods

« This Japanese, multicentre study included 647 Asian men
who underwent extended prostate biopsy with elevated
prostate-specific antigen (PSA) and/or abnormal digital
rectal examination (DRE).

« Urine samples were collected after DRE.

» The PCA3 score was determined using a PROGENSA
PCA3 assay and correlated with biopsy outcome. Its
diagnostic accuracy was compared with that of serum
PSA level, prostate volume (PV), PSA density (PSAD),
and free/total PSA ratio (f/t PSA).

Results

« A total of 633 urine samples were successfully analysed (the
informative rate was 98%). Median PSA was 7.6 ng/mL.

o Biopsy revealed cancer in 264 men (41.7%). The PCA3
score for men with prostate cancer was significantly

higher than that for men with negative biopsies (median
PCA3 score: 49 vs. 18; P < 0.001). The rate of positive
biopsy was 16.0% in men with a PCA3 score of <20 and
60.6% in those with a PCA3 score of =50.

« Using a PCA3 score threshold of 35, sensitivity and spe-
cificity were 66.5 and 71.6%, respectively.

o The area under the curve of the PCA3 score was signifi-
cantly higher than that of the f/t PSA in men with PSA
4-10 ng/mL (0.742 vs 0.647; P < 0.05).

« In men with PSAD < 0.15 and PCA3 < 20, only three
(4.2%) out of 72 men had prostate cancer.

Conclusions

+ The PCA3 score was significantly superior to f/t PSA in
predicting a positive biopsy result for prostate cancer in
Japanese men with PSA 4-10 ng/mL.

« The combination of PSAD and PCA3 score may be useful
for selecting patients who could avoid an unnecessary
biopsy.
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Infroduction

Serum PSA level has been widely used to detect prostate
cancer [1]. It is organ-specific, but not cancer-specific.

Several conditions, including BPH and prostatitis, may be
associated with an elevated PSA level. An elevated PSA level
is likely to be associated with prostate cancer, but the low
specificity of PSA limits its use as a screening test and

© 2013 BJU Internafional | doi:10 1111/j 1464-410X.2012 11683 x 1



Ochiai ef al.

results in a large number of unnecessary biopsies [2]. Several
modifications of PSA-related indices such as PSA isoforms
and volume-referenced PSA have been investigated to
improve the specificity of PSA in detecting prostate cancer
[3-5]. Free/total PSA ratio (f/t PSA) is widely used in clinical
practice to differentiate prostate cancer from BPH in men
with grey zone PSA levels, but this does not have sufficient
specificity to reduce unnecessary biopsies. Thus, more
accurate and reliable assessments are needed to select
candidates for prostate biopsy.

Bussemakers et al. [6]reported that prostate cancer gene 3
(PCA3) produces an untranslated, prostate-specific
messenger RNA (mRNA) that is highly overexpressed in
prostate cancer tissue compared with its level in normal or
benign tissue. Several studies have shown that PCA3 urine
assay is superior to serum PSA level or various PSA
isoforms for predicting prostate cancer in European and US
men, and it could be used as a diagnostic tool to select
biopsy candidates [7-10]. We have previously demonstrated
the high specificity of PCA3 urine assay in detecting
prostate cancer in a limited number of Japanese men at a
single institution [11]. In the present multicentre study, we
investigated the diagnostic performance of this assay in a
large cohort of Japanese men.

Methods

The study protocol was approved by the institutional
review boards and all men provided written informed
consent before enrolment in the present study. A total of
647 men with elevated serum PSA levels and/or an
abnormal DRE were enrolled. They underwent systematic
extended prostate biopsy (=8 cores) at one of four Japanese
institutions (Kyoto Prefectural University of Medicine,
Japanese Red Cross Medical Centre, University of Tsukuba
and Kinki University) from 2009 to May 2011. The ethnic
origin of all patients was Asian. Among the 647 cases, 158
had a previous negative biopsy. The exclusion criteria were
as follows: previous history of prostate cancer, taking
medication known to affect serum PSA levels, UTIs, and
history of invasive treatment for BPH. The first voided
urine sample was collected after a DRE, and the urine
specimen was examined using a PROGENSA PCA3 assay
according to a previously described method [11]. The
PCA3 score was determined using PCA3 mRNA copy
divided by PSA mRNA copy. The f/t PSA was measured in
men with PSA 4-10 ng/mL. Prostate volume (PV) was
measured using ultrasonography and PSA density (PSAD)
was calculated by dividing PSA by PV. Clinical and
pathological outcomes such as clinical stage, Gleason score
and percentage of positive cores (% positive cores) in men
diagnosed with prostate cancer were correlated with PCA3
score. The % positive cores was calculated as the number of
positive cores divided by the number of cores taken, and
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patients were divided into two groups according to %
positive cores (=33% or >33%). Indolent cancer was
defined, according to the Epstein criteria, as clinical stage
T1c, PSAD < 0.15, Gleason score < 6, and <3 positive cores
on a six-core biopsy, which was replaced by % positive
cores = 33 with biopsy sampling of more than six cores
[12]. The Mann-Whitney test was used to compare
continuous variables among the groups. The chi-squared
test was used to assess nominal variables. Bivariate analysis
(Pearson’s correlation coefficient ‘') was used to test the
linearity of relationships among the variables. Areas under
the receiver-operator curves (AUCs) were compared.
Multiple stepwise logistic regression analysis was used to
determine the significant predictors of positive biopsy
among variables such as repeated biopsy or not, PSA, PV,
PSAD and PCA3 score. These statistical analyses were
performed using commercially available software (SPSS
version 12.0, Chicago, IL, USA). A P value of <0.05 was
considered to indicate statistical significance.

Results

Among 647 urine samples, 633 were successfully analysed
(the informative rate was 98%). The median (range) age,
PSA level and number of biopsy cores taken were 69
(42-89) years, 7.6 (1.4-1908) ng/mL and 12 (6-59),
respectively. Two patients had a six-core biopsy. There was
no relationship between the PCA3 score and serum PSA
level (r = 0.049, nonsignificant). Prostate biopsy was
positive for prostate cancer in 264 men (41.7%). The
characteristics of the men with positive and negative
biopsies are shown in Table 1. The median PCA3 score in
men with prostate cancer was significantly higher than that
in those without prostate cancer (49 vs 18, P < 0.001). The
positive rate of biopsy is shown in Table 2. We excluded all
men who had a PSA level > 50 ng/mL and men who had
initial biopsy with PSA of 20-50 ng/mL from further
analyses because of the high yield of positive biopsy results;
thus, the remaining 578 men were entered for analysis. The
percentage of men with positive biopsy increased with
increasing PCA3 score (Fig. 1). In men with a PCA3 score
< 20, 16.0% (38/237) had a positive biopsy. When the PCA3
score was =50, the percentage of patients with a positive
biopsy was 60.6% (106/175). Sensitivity, specificity, positive
and negative predictive values of PCA3 scores at different
PSA thresholds are shown in Table 3. Using a PCA3
threshold of 35, the sensitivity, specificity and diagnostic
accuracy were 66.5, 71.6 and 69.7%, respectively. The AUCs
of PSA, PV, PSAD and PCA3 score in 561 available men
were 0.583, 0.706, 0.712 and 0.748, respectively. There was a
significant difference in AUC between PSA and PCA3 score
(P <0.001), but not between PSAD and PCA3 score.
Thirty-eight out of 408 men with PSA of 4-10 ng/mL had
missing values of either PV or f/t PSA. In 370 available men
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Table 1 Characteristics of patients with negative and positive biopsy results.

67 (42~89)

Age, years

PSA, ng/mL 7.0 (1.4-42.6)
PV*, mL 38 (9.4-130)
PSAD 0.18 (0.03-1.38)
No. of cores 12 (6-59)

PCAS3 score 18 (0-381)

71 (49-88)

<0.001

9.0 (2.2-1908) <0.001

29.1 (8.2-109) <0.001

0.36 (0.07-80.84) <0.001
12 (6-40) NS

49 (1-288) <0.001

*22 cases not available. N.S., nonsignificant.

Table 2 Positive rate of prostate cancer by serum PSA range.

=4 22

5(22.7) 21
4-10 408 140 (34.3) 316
10-20 131 64 (48.8) 85
20-50 46 29 (63.0) 29
>50 26 26 (100) 25
Total 633 264 (41.7) 476

5 (23.8) 1

0(0)

120 (38.0) 92 20 (21.7)
44 (51.8) 46 20 (43.5)
23 (79.3) 17 6(37.9)
25 (100) 1 1 (100)

217 (45.6) 157 47 (29.9)

Fig. 1 Percentage of men with positive biopsy by PCA3 score range
(N =578).
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with PSA of 4-10 ng/mL, the AUCs of PSA, f/t PSA, PV,
PSAD and PCA3 score were 0.557, 0.647, 0.686, 0.692 and
0.742, respectively. There was a significant difference in
AUC between f/t PSA and PCA3 score (P < 0.05), but not
between PSAD and PCA3 score (Fig. 2). On univariate
regression analysis, all variables had a significant association
with biopsy outcome. Multivariate logistic regression analysis
showed that PCA3 score (P < 0.001), PSAD (P < 0.001), PV
(P < 0.01) and repeated biopsy (P < 0.01) were independent
factors predicting biopsy outcome (Table 4). Totals of 21.1%
(32/152),22.9% (27/118) and 51.5% (150/291) of patients
had a positive biopsy in patients with PSAD < 0.15, 0.15-0.2
and =0.2, respectively. The percentage of men with positive
biopsy according to the combination of PSAD and PCA3
score is shown in Fig. 3. The percentage of patients with a

positive biopsy increased with higher PCA3 scores in
subgroups based on PSAD. Only three (4.1%) out of 72 cases
with PSAD < 0.15 and PCA3 score < 20 had prostate cancer.
A total of 43% had a positive biopsy in men with PSAD <
0.15 and PCA3 score =50. In 264 men diagnosed with
prostate cancer, a total of 72, 103 and 89 cases had Gleason
scores = 6, 7, and =8, respectively. Median (range) PCA3
scores in men with Gleason scores = 6,7 and =8 were 45
(4-280), 51 (4-288), and 45 (1-250), respectively. There was
no significant difference in PCA3 score among these three
groups. A total of 88, 133, 35 and eight patients had clinical
stage Tlc, T2, T3, and T4, respectively. Median (range) PCA3
scores in men with clinical stage T1lc, T2, T3, and T4 were 44
(6-242), 55 (4-280), 49 (1-288), and 51 (15-123),
respectively. There was no significant difference in PCA3
score among the four categorical groups of clinical stage.
There was a significant association between PCA3 score and
% positive cores (r =0.166, P < 0.01). Data on % positive
cores was not available in two patients. A total of 164 and 98
cases had % positive cores = 33, and >33, respectively. A
total of 12 and 248 cases had indolent cancer and significant
cancer, respectively. There was no significant difference in
PCA3 score between % positive cores = 33 and >33 (median
PCA3 score 47 vs 58), or between indolent cancer and
significant cancer (median PCA3 score 39 vs 49).

Discussion

In the present study, we investigated the ability of a PCA3
urine assay to predict the prostate biopsy outcome in a
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Table 3 Sensitivity, specificity, positive and negative predictive values at different PCA3 score
thresholds.

10 94.9
20 823
35 66.5
50 49.3
100 18.6

29.2 44.3 90.6
54.8 51.9 84.0
716 58.1 78.3
81.0 60.6 73.0
94.8 67.8 66.3

Fig. 2 A, Receiver - operator curve (ROC) analysis to predict positive
biopsy results (n = 561), PSA: 0.583, PV: 0.706, PSAD: 0.712, PCA3 score:
0.748. PSA vs. PCA3 score: P < 0.001, PV, PSAD vs. PCA3 score N.S. B,
ROC analysis to predict positive biopsy result in patients with PSA
between 4 and 10 ng/mL (n = 370), PSA: 0.557, f/t PSA: 0.647, PV:
0.686, PSAD: 0.692. PCA3 score: 0.742, PSA vs PCA3 score P < 0.001, f/t
PSA vs. PCA3 score: P < 0.05, PV, PSAD vs. PCA3 score N.S.
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large cohort of patients from four major institutions in
Japan. We found the highly informative specimen rate of
98% using a PROGENSA PCA3 assay, which verified the
results of multiple studies [7-11]. We observed an
increasing incidence of prostate cancer in men with a
higher PCA3 score. The diagnostic performance of PCA3
urine assay for prostate cancer was excellent, with an AUC
of 0.748 in Japan, compared with other reports in North
America and Europe ranging from 0.66 to 0.69 [8-10,13].
Adam et al. [14] reported that the AUC of PCA3 was
0.7054 in a South African setting consisting of 68% black
men. At a PCA3 threshold of 35, which is considered to be
a better balanced value between sensitivity and specificity,
the specificity of the PCA3 score was 71.6% in Japanese
men, compared with 72-76% in North American and
European men and 50% in South African men. These
results showed that the diagnostic performance of PCA3
assay in Japan was similar to that reported in different
regions and ethnic groups.

Free/total PSA ratio is widely used to stratify the risk of
prostate cancer in men with PSA 4-10 ng/mL, and a lower
f/t PSA is more likely to be found in association with
prostate cancer [4]. In the present study, we found that the
diagnostic performance of PCA3 score surpassed that of /t
PSA in men with PSA 4-10 ng/mL. The AUC of the PCA3
score was highest among the variables analysed and it was
significantly higher than that of f/t PSA (0.742 vs 0.647; P <
0.05). In the placebo arm of the Reduction by Dutasteride
of Prostate Cancer Events (REDUCE) trial, 1140 men who
had a negative baseline biopsy received a PCA3 score
before repeat biopsy at 2 years [15]. In its largest repeat
biopsy study to date, the AUCs of PCA3 score, PSA, and f/t
PSA were 0.693, 0.612 and 0.637, respectively. A significant
difference was found between PCA3 score and PSA, but the
difference between PCA3 score and f/t PSA did not reach
statistical significance (P =0.065). In 463 European men
with repeat biopsy, the AUC of PCA3 score was higher
than that of f/t PSA (0.658 vs 0.578); however, the
difference in AUCs between PCA3 score and f/t PSA did
not reach statistical significance either [10]. We confirmed
that PCA3 score was significantly superior to f/t PSA and
PSA in predicting biopsy outcome in Japanese men with
grey zone PSA levels.
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Table 4 Univarioble and multivariable logistic regression analysis for positive biopsy.

Repeat biopsy 0.626 0.422-0.930
PSA 1.058 1.022-1.096
PV 0.955 0.942-0.968
PSAD 60.885 18.671-198.536
PCA3 score 1.017 1.013-1.022

<0.05 0.521 0.319-0.849 <0.01
<0.01 N.S.
<0.001 0.978 0.963-0.992 <0.01
<0.001 18.883 4.805-74.208 <0.001.
<0.001 1.015 1.010-1.020 <0.001

Fig. 3 Percentage of men with positive biopsy by combination of
PCA3 score range and PSAD range.
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Multivariable logistic regression showed that PCA3 score
(P <0.001), PSAD (P < 0.001), PV (P < 0.01) and repeated
biopsy (P < 0.01) were independent predictors of positive
biopsy in the present study. Several studies showed that
PCA3 score was significantly cooperating with PSA and PV
for predicting prostate cancer [9,10,13]. PSA correlates with
PV in men without prostate cancer; thus, PSAD (PSA
divided by PV) was used for more accurate assessment to
improve the specificity in diagnosis of prostate cancer;
however, the commonly used PSAD threshold of 0.15 could
not detect > 40% of cancers, resulting in limited usefulness
in a routine clinical setting [5]. In the present study, 21.1%
of men with PSAD < 0.15 had a positive biopsy. Thus,
when a PSAD threshold value of 0.15 was applied in our
population, a considerable number of prostate cancer cases
were missed. When the PCA3 score was combined with
PSAD, we observed that the rate of positive biopsy
increased, even in the subgroup of men with PSAD < 0.15
(Fig. 3). When the PCA3 score was <20 in men with PSAD
< 0.15, only three (4.1%) out of 72 men had prostate
cancer. By contrast, 43% of men with PCA3 score =50 and
PSAD < 0.15 had a positive biopsy. The combination of
PSAD and PCA3 score stratifies the risk of prostate cancer
and predicts a low risk of prostate cancer, suggesting that
these men could avoid unnecessary biopsy. It is notable that
these three patients with cancer (PSAD < 0.15 and PCA3
score <20) had significant cancer with % positive cores of
=33 and Gleason score > 6 as biopsy pathological features.

Several studies have shown the significant relationship
between PCA3 score and tumour volume in prostatectomy
specimens and the ability of PCA3 score to discriminate
low-volume/low-grade cancer with the aim of selecting
patients who are candidates for active surveillance {16,17].
Ploussard et al. [17]reported that a high PCA3 score of >25
was an important predictor of large tumour volume with
an odds ratio of 5.4 (P = 0.1) and significant cancer with an
odds ratio of 12.7 (P =0.003). In the present study, we
found a significant relationship between PCA3 score and %
positive cores; however, there was no difference in PCA3
score between % positive = 33 and >33, or among
subgroups by Gleason score and clinical stage. Further
investigation of the correlation between PCA3 score and
pathological outcomes on prostatectomy specimens will be
needed in Japan.

In the present cohort, men with a wide range of PSA levels
were enrolled. A PCA3 urine assay would be irrelevant in
men with a high PSA level (the positive rate of prostate
cancer was 100% in men with PSA > 50 ng/mL; and 79.3%
in men with PSA 20-50 ng/mL at initial biopsy); thus, these
were excluded from the analysis for prediction of biopsy
outcome. Furthermore, not all men received prostate
volume measurement because this was a multi-institutional
study. These features might have influenced the results.

In conclusion, this Japanese multicentre study shows that
the PCA3 urine assay could improve the prediction of
prostate cancer and may help in selecting men who might
benefit from prostate biopsy. The percentage of patients
with positive biopsy increased with higher PCA3 scores.
PCA3 score was superior to f/t PSA for predicting prostate
cancer in patients with PSA 4-10 ng/mL. A combination of
PSAD and PCA3 score may be useful for selecting patients
who could avoid an unnecessary biopsy.
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Abstract

Background: Purpose of this study was to identify predictors of vaginal ulcer after CT based three-dimensional
image-guided high-dose-rate interstitial brachytherapy (HDR-ISBT) for gynecologic malignancies.

Methods: Records were reviewed for 44 female (14 with primary disease and 30 with recurrence) with
gynecological malignancies treated with HDR-ISBT with or without external beam radiation therapy. The HDR-ISBT
applicator insertion was performed with image guidance by trans-rectal ultrasound and CT.

Results: The median clinical target volume was 35.5 ml (2.4-142.1 ml) and the median delivered dose in equivalent
dose in 2 Gy fractions (EQD,) for target volume Dy was 67.7 Gy (48.8-94.2 Gy, doses of external-beam radiation
therapy and brachytherapy were combined). For re-irradiation patients, median EQD, of D, for rectum and
bladder, Dgsee, Dices Dacer Dacer Dgee @and Dgee for vaginal wall was 91.7 Gy, 1009 Gy, 2603 Gy, 212.3 Gy, 170.1 Gy,
117.1 Gy, 1052 Gy, and 94.7 Gy, respectively. For those without prior radiation therapy, median EQD; of Dy for rectum
and bladder, Dgsce Dicer Dacer Dacer Deee and Dge for vaginal wall was 56.3 Gy, 54.3 Gy, 1474 Gy, 126.2 Gy, 1080 Gy,
103.5 Gy, 94.7 Gy, and 80.7 Gy, respectively. Among five patients with vaginal ulcer, three had prior pelvic radiation
therapy in their initial treatment and three consequently suffered from fistula formation. On univariate analysis,
re-irradiation and vaginal wall D, in EQD, was the clinical predictors of vaginal ulcer (p =0.035 and p=0.025,
respectively). The ROC analysis revealed that vaginal wall Dy is the best predictor of vaginal ulcer. The 2-year
incidence rates of vaginal ulcer in the patients with vaginal wall Dy in EQD, equal to or less than 145 Gy and
over 145 Gy were 3.7% and 23.5%, respectively, with a statistically significant difference (p = 0.026).

Conclusions: Re-irradiation and vaginal D is a significant predictor of vaginal ulcer after HDR-SBT for gynecologic
malignancies. Three-dimensional image-guided treatment planning should be performed to ensure adequate target
coverage while minimizing vaginal Dy in order to avoid vagina ulcer.

Keywords: Gynecologic brachytherapy, High-dose-rate brachytherapy, Interstitial brachytherapy, Vaginal ulcer
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Introduction

High-dose rate intracavitary brachytherapy (HDR-ICBT) is
an established method in the management of gynecological
malignancies, especially in cervical cancer. However, in pa-
tients with a narrow vagina, short uterine cavity, distal va-
ginal extension, and bulky tumors in which the optimal
dose distribution cannot be obtained by intracavitary
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brachytherapy (ICBT), interstitial brachytherapy (ISBT) is
employed. Also in patients with bulky postoperative cen-
tral pelvic recurrence, ISBT has proven to be effective
[1-5]. With the advent of image-guided brachytherapy it
has become possible to assess the dose volume histogram
(DVH) in brachytherapy. Several studies have validated
the Dy as a predictor of rectal and bladder toxicities for
ICBT [6] or for ISBT [7]. Dy of the rectum and bladder
have been introduced into daily clinical practice of
gynecological image-guided brachytherapy. However in
ICRU 38 vagina was not recognized as organ at risk

© 2014 Murakami et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Atribution License (http.//creativecommons.org/licenses/tzy/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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during brachytherapy tough it is adjacent to target volume
and radioactive sources [8].

The purpose of this study was to retrospectively
analyze the incidence of vaginal morbidities after HDR-
ISBT for gynecological cancers and to find clinical and
dosimetric factors which affect the incidence of the vagi-
nal morbidities.

Methods

The inclusion criteria of this single institutional retro-
spective study were patients with gynecological malig-
nancies who were treated by HDR-ISBT with or without
external beam radiation therapy (EBRT) with a follow-
up length exceeding 6 months or more. Patients with
distant metastasis outside of pelvis were excluded from
current study. HDR-ISBT was applied for both primary
and salvage intents. Patients with superticial vaginal dis-
ease with thickness less than 5 mm were treated with
HDR-ICBT and did not treated by HDR-ISBT; therefore
these patients were not included in this analysis. Also
HDR-ISBT was not applied for those patients who had
distant metastasis or for those patients with far advanced
tumors which had not responded to EBRT performed
before HDR-ISBT. These patients were treated with
EBRT alone. One patient who succumbed to progressive
cancer in 5.5 months after ISBT was also excluded in
this analysis. The medical records of all patients with
gynecological malignancies treated with HDR-ISBT at
the National Cancer Center Hospital, Tokyo, Japan, be-
tween 2008 and 2011 were retrieved and 44 patients
were included in this study.

In the patients without prior pelvic irradiation, pelvic
EBRT was delivered before HDR-ISBT. The common
EBRT portals were whole pelvic irradiation including
gross tumor volume (GTV) with adequate margin as
well as the pelvic lymph nodes basin up to the level of
the common iliac (L4/5 junction). If the tumor involved
the lower third of the vagina, or there were clinically
palpable inguinal nodes, inguinal regions were also in-
cluded in the EBRT portals. The initial 20-40 Gy was de-
livered to the whole pelvis with a 4-fields box technique
and then pelvic irradiation was administered with a cen-
tral shield being employed to reduce exposure of organs
at risk (OAR). The total dose delivered to the pelvic side
wall was up to 50 Gy in a conventional fractionation. In
patients with a history of prior pelvic radiation therapy
or in feeble elderly patients, no EBRT or smaller EBRT
fields with a reduced total dose were employed. HDR-
ISBT was basically performed after the central shield
was inserted. However for those patients treated without
EBRT, HDR-ISBT was applied as solitary radiotherapy
modality. The detailed procedure of gynecological HDR-
ISBT was described elsewhere [9]. In brief, transperineal
needle applicator insertion was performed under either
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general or local anesthesia with the patients in lithotomy
position and guided by trans-rectal ultrasound (TRUS)
or CT which can be taken with the patients lying in lith-
otomy position with the applicators in place. For ad-
vanced large disease, a Syed-Neblett perineal template
(Best Medical International, Inc., Springfield, VA) was
used in order to sufficiently cover lateral disease extent.
For rather localized small disease, with limited parame-
trial and/or paracolpial invasion, free-hand needle appli-
cator insertion with or without a vaginal applicator was
used with fewer needles inserted compared to the Syed-
Neblett perineal template. Treatment planning was per-
formed with brachytherapy planning system (Oncentra®
Nucletron, Veenendaal, The Netherlands) using CT im-
ages taken by the large bore CT simulator (Aquilion
LG¢, Toshiba, Tokyo, Japan), which allows imaging of
the patients in lithotomy position. Although different
applicator was used throughout the patients, the calcu-
lation method applied was the same. The clinical target
volume (CTV) was defined based on the CT image obtained
after needle insertion, as well as physical examination imme-
diately before needle insertion, the intra-operative TRUS
image and the most recent MRI were also taken into ac-
count. Reference points were set on the surface of CTV and
prescribed dose was delivered to those points. HDR-ISRT
treatment plan was calculated initially by geometrical
optimization or volume optimization and then manual
graphical modification was followed to enclose the CTV by
the prescription dose while minimizing high dose to OAR.
The median HDR-ISBT dose was 24 Gy (range, 18-54 Gy),
and median HDR-ISBT dose per fraction was 6 Gy
(range, 4-6 Gy). HDR-ISBT was performed twice daily
with each fraction 6 hours apart. HDR-ISBT was per-
formed with MicroSelectron HDR (Nucletron, Veenen-
daal, The Netherlands) using Ir-192.

At the discretion of the attending physician, weekly
CDDP 40 mg/m” was used in 10 patients concurrently
with EBRT. In general, patients with bulky disease, good
performance status and adequate organ function were
selected for the candidate for the administration of con-
current chemoradiation. Patients were seen in follow up
1 week after HDR-ISBT for a skin check, then every 1-2
months for 2 years, every 3-4 months for 5 years, and
every 6-12 months thereafter.

When adding doses of EBRT, HDR-ISBT, and HDR-
ICBT, we used the equivalent dose in 2 Gy fractions
(EQD,) according to the LQ model [10,11]. For re-
irradiated patients, prior central pelvic EBRT doses were
also added to EQD, for OARs. For those who had prior
HDR-ICBT without DVH parameters of OARs because
of lack of three dimensional dose calculations, it was dif-
ficult to estimate EQD, for OARs. Therefore, prescribed
dose for tumor in EQD, (a/p=10) was converted to
EQD, for late responding tissue (o/p=3) and added
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together. Time interval between prior RT and the
current RT was not taken into consideration in this
analysis.

Rectum and bladder were contoured as a whole organ.
Vaginal wall was extracted with a thickness of 4 mm on
all CT images according to the Vienna group [12]. As
for rectum and bladder, dosimetric parameter of Do
was used because these values have been validated by
several studies [6-8]. On the other hand, there is no vali-
dated parameter for vaginal dose; therefore Dgsee, Dice,
Dycer Dgeer and Dy were calculated along with Dy for
vaginal wall dose volume parameters.

Late vaginal morbidities were retrospectively evaluated
according to LENT-SOMA scales [13]. Because morbid-
ity scores were evaluated retrospectively in this study,
we focused on only vaginal ulcer which could be regarded
as one of the severest symptoms and could be retrieved
accurately from medical records.

Student’s unpaired t-test was used to compare the
continuous variables and Pearson’s chi-square test to
compare categorical variables. A p value of <0.05 was
considered as statistically significant. In addition, cal-
culation of the area under the curve (AUC) of receiver
operating characteristics (ROC) was used to determine
the most predictive dosimetric parameter of vaginal
ulcer. The predictive values of parameters were evalu-
ated based on the AUC. The optimal threshold for
each parameter was defined as the point yielding the
minimal value for (1 - sensitivity) 2+ (1 — specificity) 2,
which is the point on the ROC curve closest to the
upper left-hand corner [14]. The obtained cutoff point
was used for dividing patients into two groups and the
incidences of vaginal ulcer were calculated by Kaplan-
Meier method with the difference evaluated by log-lank
test. All statistical analyses were performed using SPSS
Statistics version 18.0 (SAS Institute, Tokyo, Japan).

This retrospective study was approved by the institu-
tional review board of the National Cancer Center.

Results

There were 44 patients who met the eligibility criteria
and 36 patients were alive at the time of the analysis
(May 2012). The median follow-up length of living pa-
tients was 18.3 months (range, 7.6-39.5 months). The
pretreatment characteristics of the 44 patients included
in this study are summarized in Table 1. Median age was
56 years (range, 25-89 years). HDR-ISBT was applied as
the primary therapy in 14 patients (31.8%) and as the
salvage therapy in 30 patients (68.2%). Eight patients
(18.2%) had previously received pelvic irradiation, in the
form of EBRT and/or ICBT. Twenty four patients were
treated with Syed-Neblett perineal template, 17 with
free-hand with vaginal applicator and three with free-
hand without vaginal applicator. Treatment details are
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Table 1 Patients characteristics (n=44)

Patients (n)

Median age (years, range) 56 (25-89)
Primary site Cervix 24 (54.6%)
Vagina 12 (27.3%)
Corpus 5(11.3%)
Ovary 2 (4.5%)
Vulva 1 (2.3%)
Primary therapy 14 (31.8%)
Cervical cancer 4 (9.1%)
Vaginal cancer 10 (22.7%)
Salvage therapy 30 (68.2%)
Post ope regidual tumor 5 (11.4%)
Post ope recurrent tumor 21 (47.7%)
Post RT recurrent tumor 4 (9.1%)
Histology Scc 25 (56.8%)
Adeno 16 (36.4%)
Others 3 (6.8%)
Prior pelvic RT" Yes 8 (18.2%)
No 36 (81.8%)
Median tumor size (cm, range) 36 (1.0-80)
Pelvic LN' metastais Yes 11 (25%)
No 33 (75%)

*RT radiation therapy.
LN lymph node.

summarized in Table 2. Ten patients underwent concur-
rent chemotherapy. In most cases HDR-ISBT dose per
fraction was 6 Gy. Median total EQD, of CTV Dg, was
67.7 Gy. Median EQD, of Dy for rectum and bladder
was 60.8 Gy and 58.1 Gy, respectively. Median EQD, of
Doscer Dicor Daco Dace Decer and Dge. for vaginal wall
were 210.7 Gy, 167.3 Gy, 131.5 Gy, 111.6 Gy, 100.0 Gy,
and 83.2 Gy, respectively. Table 3 shows EQD, of rec-
tum, bladder and vaginal wall for the patients with or
without prior pelvic radiation therapy. For re-irradiation
patients, median EQD; of Dy for rectum and bladder,
Dosecer Diceor Dacer Dacwr Dece and Dge. for vaginal wall
was 91.1 Gy, 100.9 Gy, 2603 Gy, 212.3 Gy, 170.1 Gy,
117.1 Gy, 105.2 Gy, and 94.7 Gy, respectively. For those
without prior radiation therapy, median EQD, of Dy,
for rectum and bladder, Dgsces Dices Dacer Dacer Deee and
Dgcc for vaginal wall was 56.3 Gy, 54.3 Gy, 1474 Gy,
126.2 Gy, 108.0 Gy, 103.5 Gy, 94.7 Gy, and 80.7 Gy, re-
spectively (Table 3). In EQD, of Dy, for rectum, bladder
and vaginal wall the difference was statistically signifi-
cant (p < 0.001, p < 0.001, and p = 0.001, respectively).

As for late morbidities of vagina, five patients experi-
enced vaginal ulcer after HDR-ISBT. All of vaginal ulcer
occurred within two years after completion of the HDR-
ISBT. Patient characteristics and objective/management
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Table 2 Treatment details (n = 44)

Median range

Central pelvic dose of EBRT" (Gy)
No. of needles used in HDR-SBT'
HDR-ISBT" fractions
HDR-ISBTT dose per fraction (Gy)
IV (ml)
CTV' Dgg in EQDS! (Gy)
Rectum D in EQD,! (Gy)
Bladder Dac" in EQD,! (Gy)
Vaginal wall Dgscc" in EQD,!! (Gy)
Vaginal wall D;." in EQD,!! (Gy)
Vaginal wall Dot in EQD2" (Gy)
Vaginal wall Dacc" in EQD,! (Gy)
Vaginal wall D! in EQD-! (Gy)
Vaginal wall Dgec? in EQD,!! (Gy)
Concurrent chemotherapy
Yes
No

30 (0-50)

15 (5-29)

4 (3-9)

6 (4-6)

35.1 (24-142.1)
67.7 (488-94.2)
60.8 (30.5-114.3)
58.1 (7.3-1203)
210.7 (51.5-468.1)
167.3 (49.9-352.1)
131.5 (43.7-294.4)
111.6 (34.0-200.8)
100.0 (204-173.7)
83.2 (10.3-144.4)

10 patients
34 patients

“EBRT: external beam radiation therapy.

*HDR-ISBT: high-dose-rate interstitial brachytherapy.
CTV: clinical target volume.

lEQD2: equivalent dose in 2 Gy fractions.

*D0.5¢cc, D1cc, D2ce, Décc, Déec, D8cc: most exposed 0.5, 1, 2, 4, 6 and 8 cm3

of tissue.

Table 3 DVH parameters for bladder and vaginal wall with

or withour prior radiation therapy

Prior pelvic Prior pelvic p value
RF () (n=8  RT () (n=36)
eMedLan rectum DZCC* 91.1 (71.0-1143) 563 (305-827) <0001
(EQD,, Gy, range)
Median bladder DZCCJ' 1009 (69.7-1203) 543 (73-827) <0001

(EQDY’, Gy, range)

Medjan vaginal wall Doscc’ 2603 (599-3493)
(EQD2, Gy, range)
Median vaginal wall Dyt 2123 (582-2775)

(EQD?’, Gy, range) -

Median vaginal wall Dacc'
(FQD2’, Gy, range)

Mediag vaginal wall Daect
(EQD2, Gy, range)

170.1 (566-247.5)

117.1 (340-2008)

Median vaginal wall Deee” 1052 (330-1737)
(EQD2, Gy, range)
Median vaginal wall Deee’ 947 (324-1444)

(EQDZ", Gy, range)

1474 (479-2673) 0109
1262(3361827) 0013
1080 317-1509) 0001
1035(391-1394) 0139
947 (204-1387) 0097

807 (103-1304) 0.105

JRT: radiation therapy.
"EQD2: equivalent dose in 2 Gy fractions.

*D0.5¢c, D1cc, D2cc, Ddce, Déce, D8cc: most exposed 05, 1, 2, 4, 6, and 8 cm3

of tissue.
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scores of vaginal ulcer according to LENT-SOMA are
summarized in Table 4. Two patients had superficial
and > 1 cm? vaginal ulcer and three had vaginal fistula
(two vesicovaginal fistulae and one vesicovaginorectal
fistula). Three out of the five patients had prior pelvic ir-
radiation and the interval between prior pelvic irradi-
ation and secondary pelvic irradiation was 15, 27, and 40
months, respectively. All of the three patients with vagi-
nal fistula received hyperbaric oxygen therapy without
success. Two underwent surgical intervention (one total
cystectomy for massive hematuria and one nephrostomy)
for their vesicovaginal fistula, while one was followed up
conservatively with a persistent vesicovaginal fistula. The
other two patients with grade 2 vaginal ulcer were treated
conservatively. The overall 2-year actuarial incidence of
vaginal ulcer was 11.4%; 37.5% for re-irradiation patients
and 5.6% for those without prior radiation therapy
(Figure la). Comparison of dose-volume parameters of
the vaginal wall is shown in Table 5 for the patient
with and without vaginal ulcer. It was shown that the
incidence of vaginal ulcer in the patients with prior
pelvic irradiation was statistically higher than that of
the patients without prior pelvic irradiation (p = 0.035).
It was also shown that the mean EQD, of vaginal wall
Dy of patients with or without vaginal ulcer was sta-
tistically different (p =0.025). There was no relation-
ship between administration of concurrent chemotherapy
and manifestation of vaginal ulcer (p =0.256), number of
needles used in HDR-ISBT (p=0.293) nor bladder Dy
EQD, (p =0.091). The ROC analysis revealed that vaginal
wall D, was the best dosimetric parameter predicting the
incidence of vaginal ulcer and the cutoff value of 145 Gy
in vaginal wall D, provided the lowest p value in log-
rank test (Table 6). Figure 1b shows Kaplan-Meyer curve
for the incidence of vaginal ulcer stratified by vaginal wall
Dy 145 Gy in EQDs,. The 2-year incidence rates of vagi-
nal ulcer in the patients with vaginal wall D, equal to or
less than 145 Gy in EQD, and over 145 Gy were 3.7% and
23.5%, respectively, with a statistically significant differ-
ence (p = 0.026).

Discussion

Although the Manchester method of ICBT for the cer-
vical cancer was developed to avoid the occurrence of
radiation induced vaginal ulcer and necrosis, vaginal
ulcer is now very rarely encountered because vaginal
wall is relatively radioresistant and typical ICBT delivers
radiation dose less than the tolerance of the relatively
radioresistant vaginal wall. In a retrospective study of
cervical cancer patients using EBRT and the film based
low-dose rate (LDR) brachytherapy, Samuel et al. showed
that vaginal tolerance dose was above 150 Gy [15]. In re-
cent advancement of image guided brachytherapy (IGBT),
rectum and bladder doses were recommended to be
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Table 4 Patient characteristics who developed vaginal ulcer
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Patient Ageat Primary Prior pelvic RT Interval between HDR-ISBT" Total vaginal wall LENT SOMA"  LENT SOMA"
no. HDRHSBT site prior RT and with/without  Dgsc.'/D1.'/Dac”  Objective score  management
HDR-ISBT" (mo) EBRT' in EQD,** (Gy) score
1 40 Cervix WPRT 45 Gy/25fr + 27 HDR-SBT 36 Gy/ofr  272.1/2026/169.1 4 4
EBRT'™ boost 15 Gy/5fr
2 51 Cervix None Nome WPRT' 30 Gy/15fr+  2152/171.8/1454 4 3
sl 20 Gy/10fr +
HDR-SBT" 24 Gy/4fr
3 64  Corpus None None WPRT' 30 Gy/15fr + 196.6/141.5/109.1 2 1
HDR-ISBT" 30 Gy/5fr
4 64  Cenvix  WPRT' 40 Gy/20fr + 40 HDRISBT 48 Gy/8fr  4654/3521/2944 2 1
CS 10 Gy/5 +HDR-ICBT
18 Gy/3fr
5 67 Cervix WPRT' 50 Gy/50fr + 15 HDR-ISBT 42 Gy/7fr  2340/211.1/1935 4 3

HDR-ICBT 12 Gy/3fr

"HDR-ISBT: high-dose-rate interstitial brachytherapy.
TWPRT: whole pelvis radiation therapy.

HEBRT: external beam radiation therapy.

Ics: radiation therapy with center shielding.

ILENT-SOMA: Late Effects of Normal Tissues - Subjective, Objective, Management, Analytic.

#D0.5cc, D1cc, D2cc: most exposed 0.5, 1 and 2 cm3 of tissue.
#EQD2: equivalent dose in 2 Gy fractions.

reported in the treatment of ICBT for cervical cancer but
vagina was not mentioned as OAR [9]. In the GEC-
ESTRO working group (II) or American Brachytherapy
Society guidelines, vagina was taken into consideration for
OAR but it was stated that the vaginal dose volume pa-
rameters still need to be defined [16,17]. Dimopoulos
et al. reported clinical result of primary vaginal cancer
treated with IGBT and they experienced two vaginal fistu-
lae and one periurethral necrosis. However they did not
specify DVH parameters of vaginal wall with vaginal

complication [18]. Lee et al. reported in detail the toxicity
analysis of CT based HDR-ISBT for gynecologic malig-
nancies. They reported that D, for the rectum was a
reliable predictor of late rectal complication; however
because of limited number of events it was not able to
explore the DHV parameters for vaginal complication
[5]. Recently, Vienna group tried to find out DVH pa-
rameters that correlate with vaginal late morbidities
but vaginal D, did not relate with the vaginal mor-
bidities [12]. The calculation method was the same as

a 104 b -
08 « 08 -
g 3
g 06 s Ny - vaginalwall D, EQD,» 145Gy
g k- ~wr yaginalwall D, EQD, S 145Gy
5 %
z F3
=04 = 04
2 2 e
b3 2
2 o
a &
o= . 02 P=0.026
B0 ———-—“IFM 0.0 ~ M -
0 1 2 ) w0 o 1 % » ®
months months
. n
No. atrisk 44 32 18 8 vaginalwall D,,, EQD,> 145Gy (17 2 4 4
No.ofevents 0 4 5 S vaginalwall D, EQD, S 145Gy (27) 1 1 1
Figure 1 Cumulative incidene of vaginal ulcer. a: Cumulative incidence of vaginal ulcer. b: Cumulative incidence of vaginal uicer stratified by
vaginal wall Do 145 Gy in EQD,.
7
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Table 5 Clinical predictors of vaginal ulcer
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Characteristic Vaginal ulcer (+) (n=5) Vaginal ulcer (-} (n=39) p value
Prior pelvic RT" 3 5
Yes 2 34 0035
No
Concurrent chemotherapy
Yes 0 10 0.256
No 5 29
Median number of needles used in HDR-ISBT! (range) 14 (10-24) 15 (5-29) 0.293
Median CTV' (ml, range) 54.7 (17.7-114.0) 34.7 (24-142.1) 0.271
Median rectum Dot (EQDS, Gy, range) 84.2 (34.0-100.7) 57.9 (30.5-114.3) 0.118
Median bladder Dot (EQD,!, Gy, range) 69.3 (374-1135) 577 (7.3-1203) 0.091
Median vaginal wall Dgsec' " (EQD2”, Gy, range) 2064 (106.6-349.3) 1494 (47.9-310.1) 0.243
Median vaginal wall D" (EQD,!, Gy, range) 169.1 (91.6-277.5) 127.9 (336-2208) 0096
Median vaginal wall Dyt (EQD,!, Gy, range) 1525 (71.1-247.5) 1090 (31.7-201.9) 0025
Median vaginal wall Da..™" (EQD,!, Gy, range) 1155 (83.8-200.8) 1106 (34.0-153.2) 0.152
Median vaginal wall Dee™ (EQD2", Gy, range) 1025 (60.4-173.7) 995 (204-146.3) 0.266
Median vaginal wall Dgcc'T (EQDz”, Gy, range) 82.0 (47.6-144.4) 84.3 (10.3-140.3) 0511

“RT: radiation therapy.

JHDR-ISBT.

*CTV: clinical target volume.,

lEQD2: equivalent dose in 2 Gy fractions.

**D0.5¢c, D1ce, D2cc, Dace, D6cc, D8cc: most exposed 0.5, 1, 2, 4, 6, and 8 cm3 of tissue.

the current study, which was composed of EBRT and
ICBT/ISBT and normalized to 2 Gy per fraction (EQD,)
using the linear-quadratic model with a/f of 3 Gy for the
vaginal morbidities [10-12,16]. The difference between
Vienna group and the current study was that there were
more patients with severe vaginal morbidities in the
current study, presumably because there were more pa-
tients who received re-irradiation and current study ex-
cluded the patients treated with HDR-ICBT. HDR-ISBT
delivers higher dose to the vaginal wall than HDR-ICBT
because the multiple needle applicators directly contact
vaginal wall. According to the current results, after vaginal
wall DO.Scc, chc, D2cc, D4cc, DGCC, and D&:c ha\’ing been
compared, vaginal wall D,.. was found to be the most
relevant DVH parameter predicting the incidence of vagi-
nal ulcer. ROC analysis also showed that vaginal wall Dy,
of 145 Gy in EQD, can be used as clinical cutoff dose pre-
dicting vaginal ulcer. This figure is quite similar to the
vaginal tolerance dose of 150 Gy derived from a retro-
spective study of LDR brachytherapy which was previ-
ously mentioned [15]. The current report is the first
one concerning about vaginal DVH parameter and
complication using modern era of three-dimensional
image-guided brachytherapy. It was also found in this
study that the history of prior pelvic irradiation was
another significant predictive factor for vaginal ulcer
(Table 5). Lee et al. reported a patient with colovaginal
fistula with previous EBRT [5,7]. As shown in Table 3,

Table 6 Dosimetric predictors for the development of
vaginal uicer

2-y incidence

Parameter ROC' AUC"  Cutoff" 32:?2;3' P value®
Vaginal wall 0667 <195 Gy 00 0.058
Doscd! (EQD,™)
>195 Gy 185
Vaginal wall 0682 <171 Gy 42 0.091
Dic! (EQD,™)
>171 Gy 200
Vaginal wall 0733 <145 Gy 37 0026
Dol (EQD2™)
>145 Gy 235
Vaginal wall 0618 <83 Gy 0.0 0.119
Dacd! (EQD,™
>83 Gy 156
Vaginal wall 0569 <86 Gy 56 0323
Dscc! (EQD,"™)
>86 Gy 154
Vaginal wall 0559  <75Gy 56 0323
Dscc! (EQD,™)
>75 Gy 154

"AUC: area under the curve.

TROC: receiver operator characteristic.

EQD2: equivalent dose in 2 Gy fractions.

Ipo.5cc, D1ce, D2ce, Dace, Déce, D8cc: most exposed 0.5, 1, 2, 4, 6, and 8 cm3
of tissue.

Cutoff refers to the most predictive value from the AUC of ROC curve.

# Univariate analysis by log-rank test.
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both rectum and bladder Dy was significantly higher
in patients with prior pelvic irradiation than those
without prior pelvic irradiation. However both rectum
and bladder D,.. was not in itself a significant prog-
nostic factor for vaginal ulcer and could not be used as
a surrogate indicator (Table 5).

There were several limitations in this study. Contour-
ing of the vagina was not based on MRI but CT, which
is inferior to MRI in tissue contrast. However because
41 out of 44 patients were inserted either cylinder or
mold into their vagina, contouring of vagina was consid-
ered to be precise. The time interval between the prior
pelvic RT and HDR-ISBT was not taken into consider-
ation for the calculation of the total dose for OARs.
Additionally, this study was a retrospective study with
small number of patients with heterogeneous tumor ori-
gin, heterogeneous treatment applied, small number of
events, and with short follow-up period. Therefore we
should be cautious about the results of the current
study. However even tumor origin differed greatly in
current cohorts of study, it is considered to be feasible
because the main concern in current study was focused
on only the vaginal toxicity.

It should be stressed that with the introduction of
HDR-ISBT in gynecological malignancies and increment
of vaginal dose, vaginal tolerance dose must be taken
into consideration. Further discussion and validation of
vaginal DVH parameters in image-guided brachytherapy
in a multicenter prospective study is needed.

Conclusions

The DVH parameters for vagina are essential for treat-
ment planning and optimization in image based HDR-
ISBT in gynecological malignancies. Vaginal wall Dy in
EQD; should be monitored and be kept under 145 Gy in
order to avoid vaginal ulcer. Also in patients with prior
pelvic irradiation, vaginal wall dose including the prior
radiation dose should be kept lower than 145 Gy.

Consent

Written informed consent was obtained from the patient
for the publication of this report and any accompanying
images.
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| Analysis of Ki-67 Expression With Neoadjuvant
Anastrozole or Tamoxifen in Patients Receiving Goserelin for
Premenopausal Breast Cancer
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INTRODUCTION

In addition to ablative sutgery, radiotherapy, and cytotoxic chemotherapy, an additional standard treatment option for
premenopausal women with estrogen receptor (ER)-positive breast cancer is the ER antagonist tamoxifen, either alone or
in combination with ovarian function suppression.! Temporary and potentially reversible ovarian suppression can be
achieved by treatment with a luteinizing hormone-releasing hormone analog, such as goserelin. Goserelin in combination
with tamoxifen has demonstrated improved progression-free survival and disease-free survival compared with goserelin
alone in premenopausal women with hormone receptor-positive (ER-positive and/or progesterone receptor [PgR]-posi-
tive) breast cancer in the advanced® and adjuvant3 settings.

Nonsteroidal aromatase inhibitors (Als), including anastrozole and letrozole, and the irreversible steroidal aromatase
inactivator exemestane have demonstrated improved efficacy compared with tamoxifen in the advanced*” and adjuvant®
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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.'>!

Neoadjuvant treatment for breast cancer provides an
opportunity for downstaging of large tumors w 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.ls Thetefore, the role of neoadjuvant endocrine ther-
apy in premenopausal women is also of interest.

With the increasing costs associated with large-scale
adjuvanc 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 consistently; and
increased progression-free survival has been reported for
anastrozole versus tamoxifen in the adjuvant Arimidex, Ta-
moxifen, Alone or in Combination (ATAC) tial ®%1°

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 goserelin, 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.zo 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 exploratory
analysis of the STAGE study that investigated potential cor-
relarions 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-
moxifen 20 mg daily with an anastrozole placebo. Both
treatment groups received goserelin 3.6 mg as a subcuta-
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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Enrolled (n = 204)

Randomized (n = 197)

Discontinued study

before randomization (n = 7}

« Incomect enroliment =5

« Voluntary discontinuation = 2

Anastrozole pius Tamoxifen plus
goserelin group goserelin group
{n=98) {n=989)
Did not receive treatment (n = 1)
+ Voluntary discontinuation =1
Received anastrozole Received tamoxifen
plus goserelin plus goserelin
(n=98) (n=98)
Discontinued study Discontinued study
treatment (n = 3) treatrent (n = 8)
[~} » Disease progression = 1 I ¢ Disease progression =5
* Voluntary discontinuation = 2 e Adverse event=1
+ Voluntary discontinuation = 2

Breast surgery Breast surgery
performed (n = 95} performed (nt = 90)

Figure 1. This is a CONSORT (Consolidated Standards of
Reporting Trials) diagram of the current study.

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
% 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 obrtained 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 3.2324

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 a2 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: 22.2+3.5 22.1+3.3

Mean+8D, kg/m?
Histology type

Infiltrating ductal carcinoma 87 (88.8) 91 (91.9)

Infiltrating lobular carcinoma 3@.1) 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 (Q)

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.
2Qther included adenocarcinoma (n = 3).

baseline characteristics generally were well balanced
between the trearment 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 treatrent 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
cither 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 ramoxifen
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 supetior 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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