INTRODUCTION

MicroRNAs (miRNAs) have emerged as a new class of non-
coding genes involved in regulating cell proliferation, differ-
entiation and viability (1). miRNAs are single-strand small
RNA molecules that are between 19 and 22 nucleotides in
length. miRNAs primarily regulate gene expression through
the inhibition of RNA translation by base pairing of their
‘seed region’, nucleotides 2—8, to the 3’ untranslated region
of the target RNAs (2). miRNA can also facilitate targeting
of specific mRNAs for cleavage, resulting in the down-
regulation of target mRNAs (3).

Hypoxia is a common feature of pathological conditions
such as tissue ischemia and inflammation, as well as solid
tumors (4). Multiple hypoxic responses that impact tumori-
genesis are mediated through the hypoxia-inducible factors
(HIFs), composed of alpha (HIF-o) and beta (HIF-(;
ARNT) subunits (4). Under hypoxia, HIF-a subunits are sta-
bilized and heterodimerize with HIF-B in the nucleus. This
heterodimeric complex binds to hypoxia response elements
(HREs) and modulates the expression of multiple target
genes that are important for angiogenesis, cell survival and
tumorigenesis. Two HIF-a proteins, HIF-1a and HIF-2a
regulate the expression of overlapping and unique target
genes (4). In addition to the transcriptional activation of
multiple genes, hypoxia is also involved in the regulation of
miRNAs (5).

Several studies have reported that miR-210 is a highly
up-regulated miRNA in hypoxic cells and have demonstrated
its importance for cell survival (6—8). miR-210 was shown
to be HIF-1a dependent and to have a functional role during
tumor initiation (7). A recent study showed that HIF-la
could be a predominant and sufficient regulator of miR-210;
however, in the presence of HIF-la, HIF-2a could also
mediate miR-210 expression (8). In addition to being one of
the predominant hypoxia-inducible miRNAs, the expression
of miR-210 is reported to be up-regulated in many cancers
including breast (9,10), non-small-cell lung (11), head and
neck (12) and pancreatic cancers (13), glioblastoma (14),
malignant melanoma (8,15) and renal cell carcinoma (16).
Overexpression of miR-210 was shown to indicate a poor
prognosis in breast cancer patients (9,10), head and neck
(12) and pancreatic cancer patients (13). miR-210 was also
shown to be overexpressed at late stages of non-small-cell
lung cancer (11).

Emerging data demonstrate that stratification of tumors by
gene expression profiles divides breast cancer into four
common subtypes that are associated with different clinical
outcomes (17). Two of them are estrogen receptor (ER) posi-
tive (luminal and luminal/HER2+) and two are ER negative
(basal-like and HER2 positive) (17,18). Although the immu-
nohistochemical staining profile can be a useful surrogate for
gene expression analysis, the optimal immunohistochemical
profile of the basal-like subtype remains unclear. However,
the basal-like category is composed almost entirely of triple-
negative breast cancers (TNBCs; tumors lacking ER,
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progesterone receptor (PgR) and HER2 expression) (18,19).
A simplified method of classification, based on immunohis-
tochemical assays for ER, PgR and HER2, is clinically
useful, and clinicians are increasingly taking triple-negative
status into account in clinical decision-making and therapeut-
ic protocol design. Triple-negative and basal-like tumors
account for about 10—15% of all invasive breast cancers,
and they usually have higher histological grades and more
aggressive clinical behavior than hormone receptor-positive
breast cancers (20,21).

In this study, we investigated the correlations between
miR-210 expression, and clinicopathological parameters and
prognosis in Japanese TNBC patients.

METHODS
PATIENTS

A total of 161 surgically resected breast carcinomas with
tissues available were selected from the archive of the
Department of Breast and Endocrine Surgery, Nagoya City
University Hospital in Japan. Specimens were obtained from
patients who underwent surgery between January 1996 and
July 2007. Tissues were fixed in 10% buffered formalin and
embedded in paraffin and/or placed in liquid nitrogen imme-
diately after resection and stored at —80°C until RNA
extraction. Informed consent was obtained before the
surgery. The histological grade was estimated according to
the Bloom and Richardson method proposed by Elston and
Ellis (22). Disease-free survival (DFS) was defined as the
interval from the date of primary surgery to the earliest oc-
currence of one of the following: locoregional recurrence,
distant metastasis or death from any cause. Overall survival
(OS) was defined as the interval from the date of primary
surgery to death from any cause. The median follow-up
period was 5.4 years (range 3—149 months). This protocol
was approved by the Institutional Review Board of Nagoya
City University Graduate School of Medical Sciences and
conformed to the guidelines of the 1975 Declaration of
Helsinki.

QUANTITATIVE REVERSE TRANSCRIPTION-PCR DETECTION
oF MIRNA anD MRNA

Total RNA from homogeneous microscopically confirmed
breast cancer tissue was isolated from ~500 mg of each
frozen specimen with TRIZOL reagent (Invitrogen Japan
K.K., Tokyo, Japan) for RNA extraction according to the
manufacturer’s recommendations as described previously
(21). cDNA was reverse transcribed from total RNA samples
using specific miRNA primers from the TagMan MicroRNA
Assays and reagents from the TagMan MicroRNA Reverse
Transcription kit (Applied Biosystems, Foster City, CA,
USA). The resulting cDNA was amplified by PCR using
TaqMan MicroRNA Assay primers with the TagMan
Universal PCR Master Mix and analyzed with a 7500 ABI
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PRISM Sequence Detector System according to the manu-
facturer’s instructions (Applied Biosystems) as described
previously (23). The relative levels of miR-210 expression
were calculated from the relevant signals by normalization
with the signal for U6B miRNA expression. The assay
names for miR-210 were has-mir-210 (Applied Biosystems).

IMMUNOHISTOCHEMICAL ANALYSIS

ERa and PgR protein expression status was confirmed by
immunohistochemistry (IHC) as follows. One 4-pm section
of each submitted paraffin block was stained first with hema-
toxylin and eosin to verify that an adequate number of inva-
sive carcinoma cells were present and that the fixation
quality was adequate for IHC analysis. Serial sections
(4 wm) were prepared from selected blocks and float
mounted on adhesive-coated glass slides, for staining with
monoclonal mouse anti-human ERa antibody (1D5; DAKO,
Glostrup, Denmark) at 1:100 dilution and monoclonal mouse
anti-human PgR antibody (636; DAKO) as described previ-
ously (21). The DAKO Envision system (DAKO
EnVision-labeled polymer, peroxidase) was used for detec-
tion. Immunostaining for epidermal growth factor receptor
(EGFR) was performed using the EGFRpharmDx assay
detection system (prediluted; DAKO). After the entire slide
was evaluated by light microscopy, expression of ERa and
PgR was scored by proportion and intensity, according to
Allred’s procedure (24). In brief, the proportion scores that
represented the estimated proportion of tumor cells staining
positive were as follows: 0 (none), 1 (<1/100), 2 (>1/100,
<1/10), 3 (=1/10, <1/3), 4 (=1/3, <2/3) and S (>2/3).
Any brown nuclear staining in invasive breast epithelium
counted toward the proportion score. The intensity scores,
representing the average intensity of the positive cells, were
as follows: 0 (none), 1 (weak), 2 (intermediate) and 3
(strong). The proportion and intensity scores were then
added to obtain a total score, which could range from 0 to
8. Tumors with a score of 0 or 2 were considered to be nega-
tive and those with a score of 3 or greater were considered
to be positive for ERa expression. HER2 immunostaining
was evaluated using the same method as is employed by the
HercepTest (DAKO). To determine the score for HER2
expression the membrane staining pattern was assessed and
scored on a scale of 0 to 3+. Tumors with scores of 0 and 1
were considered to be negative for HER2 overexpression. To
determine the score for EGFR expression, the membrane
staining pattern was assessed and scored on a scale of 0 to
3+ using the same method as for the HER2 scoring. Tumors
with scores of 0 and 1 were considered to be negative and
tumors with scores of 2 and 3 were considered to be positive
for EGFR overexpression.

STATISTICAL ANALYSES

All molecular and immunohistochemical analyses were per-
formed blinded to clinical data. Statistical calculations were

performed with StatView-J 5.0 software (SAS Institute,
Inc., Cary, NC, USA). The Mann—Whitney U-test was
performed for the analyses of ERa protein and miR-210
expression. The relationships between ERa protein expres-
sion or miR-210 expression, and clinicopathological factors
were assessed by x” and Fisher’s exact probability tests.
DFS and OS curves were generated by the Kaplan—Meier
method and verified by the log-rank test. A Cox propor-
tional hazards regression analysis was used for univariate
and multivariate analyses of prognostic values. Differences
were considered significant when a P value < 0.05 was
obtained.

RESULTS
MIR-210 ExpressioNn aNnD ERa STATUS

We examined the correlation between miR-210 expression
and ERa protein expression in 161 samples of Japanese
breast cancer tissue (58 triple-negative TNBC, and 103 ER
positive and HER2 negative), because miR-210 has been
linked to the metastatic potential of TNBCs (10). In order to
simplify the analysis, we excluded HER2-positive breast
cancer from this analysis. In order to examine the relation-
ship between miR-210 expression and ERa expression
levels, we divided the ERa-positive, HER2-negative breast
cancers (7 = 103) into two subgroups: one group showed
low ERa protein expression (Allred score: 3—6; n = 42) and
another group showed high ERa protein expression (Allred
score: 7 or 8; n = 61; Table 1). Except for tumor grade, the
characteristics of the analyzed breast cancers were similar
with regard to patient age, tumor size and nodal status
among these two groups of ERa-positive, HER2-negative
breast cancers and TNBCs (Table 1). TNBCs showed higher
tumor grades than did the ERa-positive and HER2-negative
breast cancers. As shown in Fig. 1, the miR-210 expression
in TNBCs (median relative miR-210 expression: 6.2; average
relative miR-210 expression: 11.1 4+ 2.60) was significantly
higher than that in both the high ERa expression tumors
(median 1.39, average 2.48 + 0.43; Mann—Whitney U-test,
P < 0.001) and the low ERw expression tumors (median
1.51, average 3.15+0.61; Mann—Whitney U-test,
P < 0.001).

MIR-210 EXPRESSION AS A PROGNOSTIC MARKER IN BREAST
CANCER

Next, we examined the relationship between the expression
of miR-210 in tumor specimens and patient outcome in 58
TNBCs with long-term follow-up. miR-210 expression
showed a significant inverse correlation with DFS when
divided at the median miR-210 expression level (log-rank
test; P = 0.046). Then, TNBCs were divided into three
groups according to miR-210 expression levels: low expres-
sion (relative miR-210 expression <4; n = 19), intermediate
expression (4 < relative miR-210 expression <9; n = 19)
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Table 1. Patient and tumor characteristics in ERa-positive and HER2-negative breast cancers, and TNBCs

Total (161) ERa(+) HER2(—) Triple negative P value®
(n=158)
Subtotal Allred score: Allred score:
(n=103) 3—6 (n=42) 7, 8 (n=61)
Age (years)
<50 51 30 18 12 21 0.38
>50 110 73 24 49 37
Tumor size (cm)
<2 42 27 10 17 15 >0.99
>2 117 74 30 44 43
Unknown 2 2 2 0 0
Nodal status
Negative 95 35 25 30 40 0.12
Positive 58 41 15 26 17
Unknown 8 7 2 ] 1
Grade
1 21 18 9 9 3 <0.0001
2 65 49 20 29 16
3 53 14 7 / 39
Unknown 22 22 6 16 0

ER, estrogen receptor.
*ERa (+) HER2(—) vs. triple negative.

Mann—Whitney U-test
P<0.001
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Figure 1. miR-210 expression and estrogen receptor (ERa) protein expres-
sion levels according to the Allred score (Allred score 0: n = 58; Allred
score: 3—6: n = 42; Allred score: 7 or 8: n = 61). The horizontal line indi-
cates the median concentration, the box covers the 25th—75th percentiles
and the maximum length of each whisker shows the 10th or 90th percentiles,
respectively. There was no tumor showing ERa protein expression at the
level of Allred score 2 in this study.

and high expression (relative miR-210 expression >9;
n = 20; Table 2). The characteristics of patients and their
tumors in each group were similar with regard to age, tumor
size, nodal status, grade, EGFR protein expression and adju-
vant chemotherapy (Table 2). As shown in Fig. 2a and b,
patients with TNBCs showing low miR-210 expression had
significantly better DFS compared with TNBC patients
showing intermediate or high miR-210 expression (log-rank
test; P =0.03 and 0.02, respectively), and TNBC patients
showing low miR-210 expression also had marginally better
OS than did those with high miR-210 expression (log-rank
test; P = 0.05). The Cox univariate and multivariate analyses
demonstrated that miR-210 was an independent prognostic
indicator of a poor outcome in TNBCs (Table 3). Next, we
studied the relationship between the expression of miR-210
and patient outcome in 40 node-negative TNBCs.
Interestingly, the 5-year DFS was ~60% in patients with
high miR-210 expression tumors (n = 11), while no patient
with low-miR-210 expression tumors (n = 14) revealed
recurrent disease (Fig. 3a and b). DFS and OS curves in
intermediate miR-210 expression tumors (rn = 15) fall
between the curves representing low- and high miR-210
expression tumors (Fig. 3a and b).
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Table 2. Correlations between miR-210 expression and clinicopathological
parameters in TNBCs

Total miR-210 expression P value
(n=58)
Low Intermediate ~ High
n=19) @=19) (n=20)
Age (years)
<50 21 6 7 8 0.77
>50 37 13 12 12
Tumor size (cm)
<2 15 5 4 6 >0.99
>2 43 14 15 14
Nodal status
Negative 40 14 15 11 0.22
Positive 17 4 4 9
Unknown 1 1 0 0
Grade
1 3 1 1 1 0.44
2 16 7 5 4
3 39 11 13 15
EGFR
0,1+ 37 14 12 11 0.18
2+, 34 13 2 5 6
Unknown 8 3 2 3
Chemotherapy
+ 42 14 13 15 0.76
~ 15 ] 6 4
Unknown 1 0 0 1

EGFR, epidermal growth factor receptor.

DISCUSSION

TNBCs are of higher histological grades and have more
aggressive clinical behavior than do hormone receptor-
positive breast cancers. TNBCs include tumors with the
BRCA1 mutation. BRCAl is a tumor suppressor gene
which, when mutated, is associated with the development of
hereditary breast cancer. Recently, it has been reported that
polyadenosine diphosphate ribose polymerase (PARP)
inhibitor, which is believed to induce synthetic lethality in
BRCA-deficient cells, might have therapeutic effect in
patients with BRCA1 or BRCA2 mutations (25). However,
the efficacy of PARP inhibitor in patients without BRCALI or
BRCA2 mutations is unclear. Although effective tailored
therapies have been developed for patients with hormone
receptor-positive or HER2-positive disease, patients with
TNBCs are unlikely to benefit from currently available tar-
geted systemic therapy. Therefore, it is an urgent matter in
the treatment of TNBCs that some useful tools are developed
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Figure 2. Kaplan—Meier survival curves are shown for disease-free survival
(DES) (a) and overall survival (OS) (b) for all patients with triple negative
breast cancer (TNBC; n = 58) stratified according to miR-210 expression.
The expression levels were stratified by the median value. The DFS (c) and
OS (d) are shown for patients with different miR-210 levels. According to
miR-210 expression level, TNBCs were divided into three groups.

and made available, such as new prognostic factors and/or
new predictive factors for antitumor agents.

The role of miRNAs in cancer and their potential utility
as prognostic factors have become apparent (26). miR-210
has been reported to be highly up-regulated miRNAs in
hypoxic cells, and its transcription is regulated by both
HIF-1a (7,9,27) and HIF-2«x (8). HIF-1a directly binds to an
HRE on the proximal miR-210 promoter (7). When the
miR-210 core promoter is compared across species, this
HRE is highly conserved, indicating the importance of
hypoxia in regulating miR-210 expression across species
(28). Recently, two groups have reported that a high



Table 3. miR-210 expression in TNBCs. Cox proportional hazards

regression analysis

Univariate

Multivariate

P value P value HR of recurrence (95% CI)

miR-210 expression

Low 1.0 (reference)

High or intermediate  0.036 0.049 4.39 (1.00 to 19.28)
Nodal status

Negative 1.0 (reference)

Positive 0.011 0.018 3.06 (1.20 to 7.80)
Tumor size (cm)

<2 1.0 (reference)

=9 0.653 0.710 1.23 (0.40 to 3.76)
Grade

lor2 1.0 (reference)

3 0.557 0.280 0.59 (0.22 to 1.53)
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HR, hazard ratio; CI, confidence interval.

expression of miR-210 in breast cancer patients was asso-

ciated with a poor prognosis (9,10). As breast cancers are
classified into several subtypes and the biology and the clin-
ical outcome are different among its subtypes (17,18,21), we
hypothesized that miR-210 expression would vary among
them. In this study, we showed that miR-210 expression in
TNBCs was significantly higher than that in ER-positive and
HER2-negative tumors. Because TNBCs are heterogeneous,
we classified the tumors according to their miR-210 expres-
sion levels. We found that TNBC patients with low expres-
sion of miR-210 had a better prognosis than did those with
intermediate- and high miR-210 expression tumors despite
the clinicopathological characteristics of the patients, such as
tumor grade and the rate of adjuvant chemotherapy, being
similar among the three groups. Our data thus supported the
report presented by another group (10). Notably, among 40
node-negative TNBCs, the 5-year DFS was ~60% in
patients whose tumors had high or intermediate miR-210
expression, while no patient with low miR-210 expression
experienced recurrent disease. As we did not perform micro-
dissection to obtain cancer cells, the proportion of the
normal cell fraction, e.g. lymphoid cells and stromal cells, in
TNBC samples might have influenced our results.

Several targets of miR-210 have been reported recently
(7,8,29-31). According to these reports, one of the most
important roles of miR-210 appears to be associated with
‘mitochondrial dysfunction’. Chan et al. (29) have recently
reported that miR-210 targeted the iron—sulfur cluster
assembly protein (ISCU), and two other groups also sup-
ported this conclusion (30,31). By repressing ISCU1/2
during hypoxia, miR-210 decreases the activity of prototyp-
ical iron—sulfur proteins controlling mitochondrial

a Low (n=14)
__ 100
¢
%’ h Intermediate {n=15})
] -
s 80
=2
©u -
3
5 80— \
@
(ﬂu -
g High {n=11)
5 40—
1]
2 -
=
2 20
<
[&] e
T T T T T3 T T T 1 1 1
Q 2 4 51 8 10 12 14
Time (ysars)
Patients at risk
Year 0 2 4 6 8 10 12 14
Low 14 14 13 10 8 3 1 0
Intermediate 15 15 10 4 2 1 0 0
High 17 4 4 1 1 0 0
Low (n=14}
100
< .
% 80— Intermediate (n=15)
3
10 -
@ High (n=11
g g0 9 )
=3
°© -
=
3 40
&
5 .
O
20—
T T T T T T T T T T T T T T
a 2 4 6 8 10 12 14
Time (years}
Patients at risk
Year 4] 2 4 & 8 10 12 14
Low 14 14 13 10 8 3 1 o]
Intermediate 15 i5 i2 3 1 54
High 118 4 4 1 1 0

Figure 3. Kaplan—Meier survival curves are shown for DFS (a) and OS (b)
for node-negative patients with TNBC (n = 40) stratified according to
miR-210 expression. According to miR-210 expression level, TNBCs were
divided into three groups.

metabolism (29). Consequently, miR-210 represses mito-
chondrial respiration. Puisségur et al. (11) have also reported
that subunit D of succinate dehydrogenase complex (SDHD)
is a direct target of miR-210. SDHD is an enzyme of the tri-
carboxylic acid cycle and a functional member of the mito-
chondrial respiratory chain (complex II) (32).

The regulation of these mitochondrial components by the
miR-210 pathway has contrasting consequences for the regu-
lation of cell death and survival under normoxic or hypoxic
conditions (11,31). miR-210 overexpression in normoxia
would create a mitochondrial dysfunction including a mis-
match in electron transport that could lead to an increase in
toxic reactive oxygen species (31) and increased apoptosis
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(11,31). miR-210 thus appears to exert a maladaptive role
in normoxia (11,31). In contrast, during hypoxia, the
miR-210-dependent repression of the electron transport
chain via ISCU1/2 and SDHD would be protective by par-
ticipating in the homeostatic down-regulation of mitochon-
drial respiration (6,11,29,31).

The reduced mitochondrial respiration could be respon-
sible for the tumor cell growth advantage in a hypoxic
microenvironment. One hypothesis suggests that a reduced
mitochondrial function could conserve O, for alternative use
(33). When the distance travelled by O, to reach the outer-
most cell was defined as the diffusion limit, the limit is a
function of the O, content within the blood vessels and the
rate of consumption within the tumor cells as O, diffuses out
from the vessels. Decreasing consumption is theoretically the
most efficient way to extend this diffusion limit in vivo
(33,34). The second hypothesis suggests that a reduced mito-
chondrial function could yield an increase in anabolic sub-
strates (33). Rapidly dividing tumor cells require large
amounts of precursors for proteins, nucleic acids and lipids
(35). An increased glucose uptake by tumor cells and a
decreased consumption of metabolites for energy in the
mitochondria provide more substrates for lipid and nucleic
acid synthesis (33).

Tumors with high miR-210 expression might have a
growth advantage via reduced mitochondrial respiration in a
hypoxic microenvironment. Because TNBCs usually have
aggressive clinical behavior, they could have some areas of
hypoxic microenvironment inside their tumors, where
miR-210 could be highly expressed. On the other hand,
HR-positive tumors are usually of lower histological grade
and less aggressive than TNBCs. We demonstrated that
miR-210 expression in TNBCs was higher than in
HR-positive tumors. We consider that our data support the
hypothesis described above. However, Camps et al. (9) have
reported no interaction between ER and miR-210 expression
levels. They evaluated ER status by ELISA while ER expres-
sion was confirmed by IHC analysis in the present study.
Therefore, the methodology for evaluation of ER status
might be responsible for these different results.

In this study, patients with TNBCs that expressed low
levels of miR-210 had a more favorable prognosis, although
the prognosis of TNBCs is relatively poor. Thus, the degree
of miR-210 expression might be a clinically useful prognos-
tic factor for decision-making regarding treatment in the ad-
juvant setting, especially in node-negative TNBC patients.
Although we used frozen samples for this study, miRNA
assays could also have been performed using formalin-fixed
paraffin-embedded samples because technology has been
rapidly advancing in this field. Although the multifaceted
roles of miR-210 have been gradually clarified under
hypoxia and normoxia status, the biological functions of
miR-210 that are involved in providing a growth advantage
for TNBCs are not fully understood. Further research might
help to reveal that miR-210 could be not only a prognostic
factor, but also a therapeutic target in TNBCs.
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Objective: Very few findings regarding the perceived needs of elderly cancer patients have
been reported. This study investigated needs and psychological distress perceived by and/or
quality of life of elderly cancer patients.

Methods: Randomly selected ambulatory patients with cancer participated in this study. The
patients were asked to complete the Short-form Supportive Care Needs Survey question-
naire, which covers five domains of need (health system and information, psychological, phys-
ical, care and support, and sexual); the Hospital Anxiety and Depression Scale and the
European Organization for Research and Treatment of Cancer QLQ-C 30.

Results: Complete data were available for 619 cancer patients, including 113 subjects who
were over 70 years old. The needs and the psychological distress perceived by the elderly
patients were comparable with those perceived by relatively younger patients, although
elderly patients perceived fewer sexual needs. Regarding the quality of life global health
status, most symptom-related quality of life parameters were not significantly different
between the two groups, while significant differences were observed with regard to several
functional domains, including physical, emotional and social domains in addition to financial
difficulties.

Conclusions: Only a few differences in the needs and the psychological distress perceived
by patients existed between the elderly and the younger subjects, although some differences
in the quality of life domains were noted, probably as a result of the influence of aging itself.
Medical staff should provide elderly cancer patients with good clinical care similar to that pro-
vided to younger patients while considering the different impacts of aging on each quality of
life dimension.
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INTRODUCTION

One of the most important risk factors for the development
of cancer is aging because of which more than half of all
new cancers occur in elderly people (1). In Japan, which cur-
rently has the greatest life expectancy at birth in the world
(averaging 83 years for men and women), cancer has con-
tinuously been the leading cause of death since 1981, and
more than one-third of Japanese people die of cancer (2).
Thus, Japan has attracted the attention of many countries as
one of the most rapidly aging societies in the world, and
Japan will become a super-aging society with people aged
65 years and over accounting for 25% of the population in
the near future.

Needless to say, providing appropriate patient-centered
care as well as optimal active anti-cancer treatment to
elderly cancer patients is part of good clinical oncology
practice. Nevertheless, very few studies have specifically
focused on the treatment and care for elderly cancer patients,
as many studies exclude elderly patients (3). Furthermore,
since elderly cancer patients are physically, psychologically
and socially heterogeneous in addition to differing from
younger patients with regard to their physical functioning,
psychological well-being, life circumstances, role demands,
values and preferences, the treatment and care for elderly
cancer patients is complex, especially considering individua-
lized optimal care (1,4,5).

Several previous studies have investigated differences in
quality of life (QOL) between young and old cancer patients,
and many of these studies have revealed that older subjects’
emotional, social and economical functioning are generally
better and their physical functioning is worse than that of
their younger counterparts, despite the absence of significant
differences in their total and/or global QOL (6-9).
Concerning other relevant outcomes, including patients’ psy-
chological distress and supportive care needs, older cancer
patients experience similar or somewhat less psychological
distress and generally have less information and sexual needs
(10—12,13), although very few studies have investigated age
differences among other domains of patients’ supportive care
needs.

Findings regarding older cancer patients’ supportive care
needs are essential because the assessment of needs offers a
number of advantages. First, needs perceived by patients and
patient-important outcomes can be directly assessed, enab-
ling a more direct determination of necessary resources.
Actually, the patients’ problems and symptoms do not neces-
sarily reflect the actual needs (14). Second, such assessments
enable the magnitude of a particular need to be identified,
thereby allowing some prioritization of service needs so that
the available resources can be allocated where the need is
most urgent. Third, an assessment of needs enables identifi-
cation of individuals and/or patient subgroups with higher
need levels, thereby enabling prevention or minimization of
problems through appropriate early interventions (15). Thus,
understanding the needs perceived by elderly patients will
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enable medical staff to develop services or procedures spe-
cially designed to meet them, providing valuable guidance
for forthcoming super-aging societies.

To the best our knowledge, no large study has investigated
age-specific differences regarding QOL and psychological
distress in addition to supportive care needs among elderly
cancer patients in an Asian country.

The purposes of this study were: (i) to investigate age-
specific differences in supportive care needs in addition to
psychological distress and QOL of elderly cancer patients
and (ii) to determine the frequency of unmet supportive care
needs in such individuals. Our hypotheses were that elderly
cancer patients generally perceive fewer supportive care
needs and less psychological distress, compared with
younger patients, because our previous studies demonstrated
that older cancer patients are less likely to be referred to the
psycho-oncology service and that the incidence of psychi-
atric morbidity is lower (16,17).

PATIENTS AND METHODS
PARTICIPANTS AND PROCEDURES

This study was conducted with data obtained from our two
previous studies that were published in 2010 and 2011. The
first study subjects were randomly sampled ambulatory
cancer patients of the outpatient oncology unit at Nagoya
City University Hospital (Study 1) (18). The other study sub-
jects were randomly sampled ambulatory female patients
with breast cancer attending the outpatient clinic for
Oncology, Immunology and Surgery at Nagoya City
University Hospital (Study 2) (19).

The eligibility criteria for inclusion in both the studies
were as follows: (i) a diagnosis of cancer (all stages and any
time point after diagnosis), (i) an age of 20 years or older,
(iii) an awareness of the diagnosis of cancer and (iv) a
general condition sufficient to enable the completion of the
survey questionnaire [0-3 on the Eastern Cooperative
Oncology Group (ECOG) performance status]. The exclusion
criteria were patients with (i) severe mental or cognitive dis-
orders (e.g. uncontrolled schizophrenia, dementia and delir-
ium) or (ii) an inability to understand the Japanese language.

Both the studies were approved by the Institutional
Review Board and Ethics Committee of Nagoya City
University Graduate School of Medical Sciences, Japan, and
were conducted in accordance with the principles outlined in
the Helsinki Declaration. Written consent was obtained from
each patient after a thorough explanation of the purpose and
the methods involved in the study had been provided.

ProOCEDURE

After informed consent had been obtained, the patients were
asked to complete the following self-administered question-
naires (described in the following section) at home and to
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- return them the following day. If any of the questions were
answered inadequately, clarifications were sought over the
telephone.

PaTiENTS’ PERCEIVED NEEDS: THE SHORT-FORM SUPPORTIVE
CaRrEe NEEDS SURVEY QUESTIONNAIRE

The Short-form Supportive Care Needs Survey
(SCNS-SF34) is a self-administered instrument for assessing
the needs perceived by patients with cancer (20,21). The
SCNS-SF34 consisted of 34 items covering five domains of
need: psychological (10 items), health system and informa-
tion (11 items), physical and daily living (5 items), patient
care and support (5 items) and sexual (3 items). The respon-
dents were asked to indicate the level of their need for help
over the previous month in relation to their cancer, using the
following five response options: [1, No Need (Not applic-
able); 2, No Need (Satisfied); 3, Low Need; 4, Moderate
Need and 5, High Need]. Subscale scores were obtained by
summing the individual items. In addition, the total score
was obtained by summing all the subscales (range, 34—170).
A higher score indicated a higher perceived need. Besides,
the scale could be used to obtain information on the pres-
ence/absence and the number of unmet perceived needs (a
rating of three or higher was regarded as an unmet need), de-
pending on the researcher’s question on a clinical aspect.
The validity and the reliability of the Japanese version of the
SCNS-SF34 have been established (22).

PsvcuorogicaL DisTress: HospITAL ANXIETY AND DEPRESSION
ScaLg

The Hospital Anxiety and Depression Scale (HADS) has
been developed for use in medically ill patients and does not
contain any questions regarding physical symptoms (23).
The HADS is a self-reported questionnaire consisting of 14
items. The subjects are asked to rate on a 4-point Likert
scale how they felt during the previous week. The HADS
consists of an anxiety and a depression subscale (0—21
points each), and the total score can range from 0 to 42. A
higher score indicates more severe depression and anxiety.
The Japanese version of the HADS has been validated for
cancer populations (24). The optimal cut-off point for
screening for adjustment disorders and/or major depressive
disorders (indicating psychological distress) was 10/11,
while the cut-off for major depression (indicating serious
psychological distress) was 19/20.

QuaALITY OF LIFE

The QOL of the patients was assessed using the European
Organization for the Research and Treatment of Cancer
(EORTC) QLQ-C30 (25). The QLQ-C30 is a 30 item, self-
reported questionnaire covering functional (Global Health
Status, Physical Functioning, Role Functioning, Emotional
Functioning, Cognitive Functioning and Social Functioning)

and symptom-related aspects (fatigue, nausea and vomiting,
pain, dyspnea, insomnia, appetite loss, constipation, diarrhea
and financial difficulties) of QOL in cancer patients. The
validity and the reliability of the Japanese version of the
EORTC QLQ-C30 have been confirmed (26). A high func-
tional score represents a high QOL. A high symptom score
indicates a strong symptom.

SOCIODEMOGRAPHIC AND B1oMEDICAL FACTORS

An ad hoc self-administered questionnaire was used to
obtain information on the patients’ sociodemographic sta-
tuses, including their marital status, level of education and
employment status. The performance status, as defined by
the ECOG, was evaluated by the attending physicians and
was an objective index of a patient’s physical functioning,
ranging from 0 (no symptoms) to 4 (bedridden). All other
medical information (duration since diagnosis, clinical stage
and anti-cancer treatment) was obtained from the patients’
medical records.

STATISTICAL ANALYSIS

To investigate the differences regarding the needs and psy-
chological distress perceived by and/or QOL of the patients
between two different age groups, an unpaired s-test and a
Mann—Whitney test were conducted, as appropriate. We
chose 70 years of age as the cut-off in this study because
many age-related changes occur after this age (27). After
these univariate analyses, we used an analysis of covariance
(ANCOVA) to examine whether the differences were
observed even after adjustments for potential confounding
factors, including sex, cancer site (breast cancer vs. other
cancers), clinical stage (IV or recurrence vs. other stages)
and performance status (defined by ECOG).

To determine the frequencies of perceived needs of the
elderly patients, data only for the subjects in their 70s were
extracted. Then, each score for the 34 items of need was
used (a rating of three or higher was regarded as the presence
of an unmet need) to evaluate the frequencies of individual
unmet perceived needs.

A P value of < 0.05 was regarded as statistically signifi-
cant, and all the reported P values were two-tailed. All statis-
tical procedures were conducted using the SPSS 18.0J
version software for Windows (SPSS Inc., 2009).

RESULTS
PATIENT CHARACTERISTICS

A total of 619 patients (response rate, 93%), including 405
subjects from Study 1 (cancer patients attending the out-
patient oncology unit) and 214 subjects from Study 2 (breast
cancer patients attending the outpatient clinic), participated
in the study. The sociodemographic and clinical characteris-
tics of these 619 patients are shown in Table 1. Among



Table 1. Participant characteristics

Characteristics Al % >70 years % <70 years %
No. 619 100 113 18 506 82
Sex

Female 536 87 86 76 450 89

Male 83 13 27 24 56 11
Marital status

Married 467 75 68 60 399 79
Living with others

Present 549 89 92 81 457 90
Education

>12 years 227 37 18 16 209 41
Employment status

Full-time/part-time 248 40 20 18 228 45
Cancer site

Breast 480 78 65 58 415 82

Colorectal 55 9 18 16 37 7

Lung 19 3 8 7 11 2

Lymphoma 16 3 3 3 13 3

Stomach 14 2 7 6 7 1

Others 35 6 12 11 23 5
Clinical stage

Recurrent/metastatic 193 31 53 47 140 28
Performance status®

0 536 87 90 80 446 88

1 72 12 17 15 55 11

2 8 1 4 4 4 1

3 3 1 2 2 1 0.2
Current anti-cancer treatment”

Chemotherapy 265 43 57 50 208 41

Radiation therapy 14 2 0 0 14 3

“Bastern Cooperative Oncology Group criteria.
Multiple choice.

them, 113 subjects (18%) were more than 70 years old, of
whom approximately two-thirds and one-half were married
and had recurrent/metastatic cancer, respectively. The most
common cancer site was the breast in both groups. The back-
ground characteristics of the two age-specific subject groups
were similar, as shown in Table 1.

AGE-SPECIFIC DIFFERENCES IN SUPPORTIVE CARE NEEDS,
PsycuorogicaL Distress aND QOL

Findings with regard to age-specific differences in supportive
care needs, psychological distress and QOL are shown in
Table 2. Regarding supportive care needs, the elderly subject
group showed fewer sexual needs, but no significant
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Table 2. Differences in needs, psychological distress and quality of life
(QOL) between the elderly and the younger subjects

Variables Mean (SD) P P
>70 years <70 years
Needs
Psychological 24.0(10.3) 24.2(10.5) 0.87 —
Health system and information 29.6 (11.5) 27.0 (11.8) 0.04 0.11

Physical and daily living 9.8 (4.3) 9.7 (4.4) 090 —
Patient care and support 11.2(4.6) 10.6 (4.6) 021 —
Sexual 3.92.0) 4624 <001 <0.01
Total score 78.5(26.7) 76.1 (28.3) 040 —
Psychological distress
Anxiety 45(3.2) 4937 026 —
Depression 5135 4937 0.53 —
Total score 9.6(6.0) 9.8(6.9) 081 —

Quality of life
Global Health Status

Physical functioning

653 (20.8) 62.7 (23.4) 028 —
785 (20.1) 85.8(15.5) <0.01  0.02

Role functioning 78.0 (26.4) 764 (26.1) 056 —

Emotional functioning 83.6 (16.6) 78.5(19.8) 001 <00l
Cognitive functioning 754 (184) 79.2(19.7) 0.06 —
Social functioning 84.5(20.1) 79.7(23.9) 0.03 <0.01
Fatigue 34.6 (22.5) 32.9(22.9) 048 —
Nausea and vomiting 5.6(123) 8.6(18.1) 0.03 <0.01
Pain 16.8 (22.0) 20.2(21.3) 0.13 —
Dyspnea 19.2 (22.6) 15.9(21.7) 0.16 —
Insomnia 19.8 (24.7) 223(25.1) 034 —
Appetite loss 18.3 (26.0) 159(25.3) 036 —
Constipation 21.5(25.9) 20.6(25.1) 0.73 —
Diarrhea 11.5(2L.7) 9.9(19.5) 045 —
Financial difficulties 13.9(22.1) 27.4(31.7) <0.01 <0.0!

“Adjusted for sex, cancer site, cancer stage and performance status if a
significant difference was observed using a univariate analysis.

age-specific differences were observed among the other need
domains. Concerning psychological distress, both the age
groups experienced similar incidences of anxiety and depres-
sion. Although the global health status was similar in the
two age groups, several significant age-specific differences
in the QOL domains were observed. The elderly subjects
had a lower physical functioning but they had better emo-
tional functioning, better social functioning, less nausea/
vomiting and fewer financial difficulties.

FreqQuency oF UNMET NEEDS OF THE ELDERLY

The most common unmet need (rated three or more on the
5-point Likert scale) is shown in Table 3. ‘Fears of spreading
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Table 3. Prevalence of the 10 most common unmet needs” among the elderly (>70 years) cancer patients

Unmet needs Needs domain %
Fears of spreading of cancer Psychological 66
Concerns about the worries of those close to you Psychological 58
‘Worry that the results of treatment are beyond your control Psychological 58

Being informed about things you can do to help yourself get well

Being adequately informed about the benefits and side-effects of treatments before you choose to have them

Being informed about your test results as soon as feasible

1.
2.
3.
4,
5. Being informed about cancer which is under control or diminishing
6.
7.
8. Anxiety

9.

Being given explanations of those tests for which you would like explanations

Health system and information 53
Health system and information 50
Health system and information 49
Health system and information 49
Psychological 48

Health system and information 47

10. Being given information (written, diagrams, drawings) about aspects of managing your illness and side-effects at home Health system and information 47

#Rated three or more on a 5-point Likert scale for each item of the Short-form Supportive Care Needs Survey questionnaire.

of cancer’ was the most common, followed by ‘Concerns
about the worries of those close to you’, ‘Worry that the
results of treatment are beyond your control’, ‘Being
informed about things you can do to help yourself to get
well” and ‘Being informed about cancer, which is under
control or diminishing’. The prevalence of the five most
common unmet needs was over 50%, and all of these unmet
needs belonged to the psychological domain or the health
system and information domain. Fach patient had a mean +
SD of unmet needs of 13 + 10. The mean + SD values of
the unmet needs in each domain were as follows: psycho-
logical needs (10 items), 4.8 4 4.0; health system and infor-
mation (11 items), 4.9 + 4.4; physical and daily living needs
(5 items), 1.7 + 1.9; patient care and support needs (5
items), 1.2 + 1.9 and sexual needs (3 items), 0.2 + 0.7.

DISCUSSION

The needs as well as the psychological distress perceived by
the elderly patients were almost comparable with those per-
ceived by the relatively younger cancer patients, although
the elderly patients perceived fewer sexual needs.
Furthermore, the global health status and most symptom-
related QOL parameters were not significantly different
between the two groups, while significant differences in
several functioning scores, including physical, emotional and
social ones, in addition to financial difficulties were
observed. In contradiction to our hypotheses, the elderly
cancer patients generally perceived similar supportive care
needs and levels of psychological distress, compared with
the relatively younger patients.

With regard to differences in perceived supportive care
needs, those among the elderly subjects were similar to
those among the younger subjects, with the exception of
sexual needs. While the observed difference in sexual needs
is not unexpected, several other findings are interesting. In

particular, the similar needs for health system and informa-
tion among the older and the younger subjects was somewhat
unexpected, since many previous studies have demonstrated
that information needs among elderly patients are generally
fewer than among younger subjects (12,13). On the other
hand, while many studies have specifically focused on infor-
mation needs regarding so-called ‘bad news’, such as cancer
diagnosis and prognosis, the needs questionnaire used in the
current study concerned needs regarding good news (‘Being
informed about cancer which is under control or diminishing
[that is, remission]’), not bad news. Although the general
cancer-related information needs were similar for the two
age groups, the elderly patients were not more likely to need
information regarding ‘bad news’ (10). These findings
suggest that medical staff members should carefully consider
the quality and quantity of communication with elderly
patients. Furthermore, elderly patients may generally per-
ceive a similar degree of supportive care needs, compared
with relatively younger patients, with the exception of sexual
needs and ‘bad news’.

This study demonstrated that the amount of information
and the number of psychological needs were relatively high
among elderly cancer patients, compared with the other need
domains, and this finding was consistent with the results of
previous studies conducted in cancer patients (28—31). In
particular, regarding the individual unmet needs among
elderly patients, ‘Fears of spreading of cancer’ was the most
common, and approximately two-thirds of the subjects per-
ceived a need for help. One Japanese survey that investigated
the concerns of 7885 cancer patients reported that the most
common concerns were over problems associated with the
psychological domain, of which fears of recurrence of
cancer and/or metastasis was the most common problem
(32). These findings as well as previous findings suggest that
medical resources and/or the development of an intervention-
al program for the reduction of fears/anxieties associated



with recurrence and spreading of cancer are needed for the
care of cancer patients, (33) as very few strategies exist for
the management of specific sources of distress (34). Since
cancer patients’ ‘Fears of spreading of cancer * are generally
differentiated from anxiety disorders, which are character-
ized by irrational fears/anxieties, in psychiatric nosology, the
development of a novel intervention program is needed to
address these needs (35).

With regard to psychological distress, no significant differ-
ences were observed between the elderly and the younger
patients. Although some previous studies found that relative-
ly younger cancer patients were more likely to experience
severe psychological distress, (16) this study and a recent
meta-analysis have shown that age may not be a strong con-
tributing factor to patients’ psychological distress (36). As
described later, despite the absence of a difference in psy-
chological distress, the finding that elderly patients can
maintain better emotional functioning suggests a relatively
smaller impact of psychological distress on daily life.
Nevertheless, the current findings suggest the need for appro-
priate support for elderly patients with psychological
distress.

There were several interesting findings regarding age-
specific differences in the QOL domains. The elderly
patients had a lower physical functioning, suggesting that the
influence of aging on the physical status may be reflected in
the QOL results. On the other hand, concerning the
symptom-related QOL, the elderly patients had less nausea/
vomiting. While the reason for this finding is uncertain,
elderly patients may be unlikely to receive highly cytotoxic
chemotherapeutic agents. Furthermore, the elderly patients
showed better social functioning and experienced fewer fi-
nancial difficulties. Differences in life stages, such as the
fact that elderly patients have completed their parenting re-
sponsibilities and have retired from work, may explain these
results. These results suggest that elderly patients may have
unique QOL issues in some domains, and the assessment of
the impact of aging on the individual QOL may be essential
for a better care for elderly cancer patients. Thus, a compre-
hensive geriatric assessment may be desirable for elderly
patients.

This study had several limitations. First, the data on com-
parison with healthy elderly subjects required for a rigorous
investigation into the influence of aging on cancer patients’
psychosocial outcome are unfortunately not available.
Second, as this was a cross-sectional study, we could not
rule out the possible unreliability of the findings. Third,
since supportive care needs can be influenced by the
patients’ cultural backgrounds and the medical system of the
country they belong to, the findings may not be applicable to
other patient populations. Fourth, since the study was con-
ducted at one institution, an institutional bias may exist.
Last, since this study focused on ambulatory cancer patients
and relatively few patients with low physical functioning
were enrolled, the results may not be applicable to inpatients
and patients with terminal cancer. Especially, low physical
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functioning of elderly patients leads to more needs, further
studies are needed to address the needs of elderly patients
with low physical functioning.

In conclusion, only a few differences in the needs and psy-
chological distress perceived by patients existed between the
elderly and the younger subjects, although some differences
in the QOL domains may have arisen mainly as a result of
the aging process itself. Medical staff should provide elderly
cancer patients with good clinical care similar to that pro-
vided to younger patients, considering the impact of aging
on each dimension of the QOL.
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This randomized phase Il study was intended to identify the opti-
mal dose of TAS-108, a novel steroidal antiestrogen, for the treat-
ment of breast cancer in postmenopausal Japanese women. The
potential clinical effects of TAS-108 on the uterus, bone, serum
lipids, and hormones were also investigated. Postmenopausal
women with hormone receptor-positive metastatic breast cancer
who had previously received one or two endocrine therapies
were randomly assigned to one of the three possible dose levels
of TAS-108 (40, 80 or 120 mg/day). Oral TAS-108 was given daily,
and the efficacy and safety of the three doses were evaluated. A
total of 97 patients (33, 32, and 32 in the 40-, 80-, and 120-mg
groups, respectively) were treated with TAS-108. The clinical ben-
efit rate was 30.3% for the 40-mg, 25.0% for the 80-mg, and
25.0% for the 120-mg group. The 40-mg group achieved the pre-
specified target threshold. TAS-108 at all dose levels was well tol-
erated and appeared to have no harmful effects in terms of the
variables examined in this study. We conclude that the optimal dose
of TAS-108 among the three doses is 40 mg, once daily, for further
studies. JAPIC Clinical Trials Information number: Japic CTI -
121754. (Cancer Sci 2012; 103: 1708-1713)

Aromatase inhibitors have been widely used as first-line
endocrine therapeutic agents for postmenopausal patients
with HR-positive breast cancer and also adjuvant therapy in
postmenopausal women with early breast cancer.®® However,
tamoxifen showed equivalent disease-free survival compared
with Als in patlents with low tumor values of Ki-67 in an
adjuvant trial,”® and it has also been reported that tamoxifen
holds potential for sequentlal treatment of postmenopausal
patients with MBC progressmg after Al treatment. There-
fore, tamoxifen still remains an important treatment option in
HR-positive breast cancer. However, due to its estrogen-like
effects on the uterus, tamoxifen has been associated with the
risk of developing endometrial cancer,” which has been an
important motivating factor in the development of new types
of antiestrogen with different pharmacologic profiles.

A novel steroidal antiestrogenic compound, TAS-108 binds
strongly to ERo and ERP with a mechanism of action
unlike tamoxifen,® and in humans is mainly metabolized by

Cancer Sci | September 2012 | vol. 103 | no. 9 | 1708-1713

CYP3A4 enzymes in the liver.”” TAS-108 shows pure antago-
nistic activity as it blocked both the N-terminal AF-1 and
C-terminal AF-2 transactivation functions of ERa, abolished
the recruitment of co-activators, but promoted the recruitment
of co-repressors and allowed normal DNA binding. Addition-
ally, TAS-108 has shown antagonistic effects on a mutant ERa
reported to have a tamoxifen-resistant phenotype and prelimi-
narily shown to have antitumor activity against tamoxifen- and
Al-resistant cell lines.®” TAS-108 has also shown fewer estro-
genic effects on the uterus than tamoxifen in animal models.®
Furthermore, a preclinical study suggested possible positive
effects of TAS-108 on BMD.®

Several phase I studies were carried out in the USA 1nv01v—
ing postmenopausal healthy women and MBC patients."'®!" In
these studies, TAS-108 was well tolerated at all doses of
40-160 mg, and showed possible antitumor activity

Two phase I studies of TAS-108 in Japan in 12 postmeno-
pausal healthy women"® and 15 MBC patients,"® involving
doses of 40, 80, or 120 mg showed a favorable safety profile,
and encouraging antitumor activity in the MBC group. How-
ever, these studies were not designed to establish the optimal
dose of TAS-108.

The present multicenter study was carried out to evaluate
both the efficacy and safety of three different TAS-108 doses,
and subsequently to identify the optimal dose of TAS-108 for
further studies in postmenopausal Japanese patients with MBC.
Considering long-term use, especially in the adjuvant setting,
the effect on aspects not directly related to cancer would be
especially important for administration in postmenopausal
women. We also investigated the potential clinical impact of
TAS-108 on the uterus, bone, serum lipids, and hormones.

Patients and Methods

Study design and treatment. In this multicenter, randomized,
non-blinded phase II study carried out in Japan, patients were
randomly assigned to receive oral TAS-108 with a daily dose
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of either 40, 80 or 120 mg (in units of 40 mg tablets; Taiho
Pharmaceutical, Tokyo, Japan) after the first daily meal for
24 weeks or until disease progression, development of unac-
ceptable toxicity, or withdrawal of consent. Patients with
favorable response (CR, PR, or SD) at 24 weeks could con-
tinue the treatment. Two stratification factors: response to prior
endocrine treatment, and presence of visceral metastasis, were
used to balance the patient populations among the three dose
groups at randomization.

At baseline, a full medical history was taken and a physical
examination carried out. Patients also underwent clinical labo-
ratory tests, examination of vital signs, electrocardiogram, and
PS evaluation. At 2 and 4 weeks after initiating drug intake,
and subsequently every 4 weeks, evaluations were carried out,
including physical examination, toxicity assessment, and clini-
cal laboratory tests. Endometrial thickness was measured by
transvaginal (transabdominal) ultrasonography at baseline and
every 24 weeks during treatment. Lumbar spine (L2-1.4) BMD
was assessed by dual energy X-ray absorptiometry at baseline
and after 24 weeks of treatment. Serum hormones (E2, FSH,
prolactin, thyroid-stimulating hormone, cortisol, testosterone,
and sex hormone-binding globulin), serum lipid (apolipoprotein
A-I and B) and BMMs (serum osteocalcin and I-CTP) were
assessed at baseline and at regular intervals (measured at SRL
Medisearch, Tokyo, Japan). All blood tests including for serum
lipids (total cholesterol, high-density lipoprotein cholesterol,
low-density lipoprotein cholesterol, and triglycerides), were
carried out on specimens obtained before the first daily meal.

Eligibility criteria. Postmenopausal HR-positive women aged
20-80 years with histologically or cytologically proven, locally
advanced or MBC, were eligible for the study if they appeared
suitable for endocrine therapy. The postmenopausal status was
defined as being amenorrheic for at least 1 year (for patients
aged 50 years or over), being amenorrheic for at least 1 year
and with both serum E2 and FSH levels in the postmenopausal
range, or being amenorrheic due to radiotherapy for at least
3 months with both E2 and FSH levels in the postmenopausal
range (for patients aged under 50 years). All patients had to
have at least one progressive target lesion after one or two dif-
ferent endocrine therapies. Patients could have received one
prior chemotherapy regimen, unless it had been given as the
most recent prior treatment. Patients who had had only
adjuvant endocrine therapy were eligible if they had relapsed
during therapy or <6 months from the completion or discontin-
uation of the therapy. Other inclusion criteria included:
adequate organ function; a predicted life expectancy of
>3 months; PS of 2 or less on the Zubrod scale.

Patients were ineligible if they had allergies to steroid prepa-
rations; abnormal vaginal bleeding at the start of the treatment;
past serious thromboembolism; current serious complication(s);
active double cancer; inflammatory breast cancer, lung metas-
tasis with cancer-related lymphangitis, brain metastasis with
any symptoms, and widespread liver metastasis.

The study was approved by the institutional review board of
each participating center. Written informed consent was
obtained from all patients.

Efficacy and safety assessments. Tumor response assessments
were carried out at baseline and at 8-week intervals. The
response was assessed according to the Response Evaluation
Criteria in Solid Tumors criteria."* For CR and PR, the
response had to be confirmed more than 4 weeks after the first
date when a response was documented. The efficacy results
were reviewed and determined by the independent CEC. Ret-
rospective analyses for the response to TAS-108 were carried
out to explore the subgroup, including patients who had
tamoxifen- or Al-resistant tumors, defined as patients who had:
(i) previously failed to respond to the most recent prior treat-
ment for advanced disease; (ii) progressed following response
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to treatment; and (iii) relapsed either on adjuvant therapy or
within 6 months from the completion of adjuvant therapy.
Adverse events were graded according to the Common Termi-
nology Criteria for Adverse Events, version 3.0.

Statistical considerations. The primary end-point was the
CBR at 24 weeks, defined as the percentage of eligible
patients who achieved a CR, PR, or SD for at least 24 consec-
utive weeks. The secondary end-points included ORR (CR or
PR) and TTP. The secondary end-points also included safety
and effects on ET, BMD, BMMs, serum lipids, and hormone
levels.

We considered 35% as a clinically meaningful CBR and that
that would be the expected CBR of TAS-108 in the study pop-
ulation, whereas a 10% CBR would be considered poor and
lacking promise for future development. Sample size was esti-
mated to ensure both appropriate precision for CBR estimation
in all evaluable patients and sufficient statistical power to
reject the null hypothesis with adjusted significance level for
multiple comparisons. At least a total of 84 evaluable patients,
28 in each dose group, were required to carry out binomial
tests for P; = 35% and Py = 10% in each dose group with
2.5% family-wise one-sided type-I error level with 80% statis-
tical power in each test. For CBR estimation in total, and
assuming a 5% drop-out rate, a total of 96 patients, 32 in each
dose group, were planned to be enrolled in the study.

The Kaplan—-Meier method was used to estimate TTP, which
was defined as the time from first drug administration to dis-
ease progression. The 98.3% exact binomial CI was estimated
for CBR and ORR in each dose group.

In order to explore the potential clinical impact of TAS-108
on the uterus, bone, serum lipids, and hormones, we carried
out non-parametric analysis. Bone mineral density and BMMs
were assessed in patients with no bone metastasis at baseline.
Because of uncertainty regarding the asymptotic normality of
changes in variables, the Wilcoxon signed-rank test was used
to assess the significance of changes from baseline within each
dose group with a value <0.05 considered as statistically sig-
nificant.

Results

Patient population. A total of 98 patients were enrolled at 34
centers in Japan (Appendix I). One patient randomized to the
120-mg group was censored and did not receive any TAS-108
treatment due to not having had endocrine therapy as the most
recent prior treatment. The treated patient population therefore
comprised 97 patients who were fully assessable for efficacy
and safety; 33 in the 40-mg group, and 32 each in the 80-mg
and 120-mg groups. The baseline characteristics of the patients
were well balanced among the three dose groups (Table 1).
The study population included 14 patients with metastatic dis-
ease refractory to prior tamoxifen treatment and 70 were
refractory to prior Al treatment.

Efficacy. The CBR determined by CEC was 30.3% (98.3%
CI, 13.3-52.4) in the 40-mg group, 25.0% (98.3% CI,
9.5-47.2) in the 80-mg group, and 25.0% (98.3% CI, 9.5~
47.2) in the 120-mg group, respectively (Table 2). The 40-mg
group exceeded the target threshold of 10% in its lower limit
of CI. The CEC-determined ORR was 9.1% (98.3% CI, 1.3~
27.9) in the 40-mg group, 9.4% (98.3% CI, 1.3-28.6) in the
80-mg group, and 6.3% (98.3% CI, 0.4-24.3) in the 120-mg
group, respectively (Table 2). The median TTP was
4.6 months in the 40-mg group, 3.7 months in the 80-mg
group, and 3.6 months in the 120-mg group (Table 2). The
Kaplan—-Meier curve of TTP is shown in Figure 1.

In the subgroup analysis of the patient population of tumor
refractory to tamoxifen or Al, TAS-108 treatment produced a
CBR of 28.6% and 27.1%, respectively (Table 3).

Cancer Sci | September 2012 | vol. 103 | no.9 | 1709
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Table 1. Patient characteristics at baseline

Dose group
- Total
Characteristics 40 mg 80 mg 120 mg (n = 97)
(n =33) (n =32) (n = 32)
Median age, 63.0 (44-80) 63.0 (50-74) 58.5 (48-78) 62.0 (44-80)
years (range)
Performance status, n (%)
0 28 (85) 27 (84) 28 (88) 83 (86)
1 5 (15) 5 (16) 4 (13) 14 (14)
2 0(0) 0(0) 0(0) 0(0)
Body mass 23.2 23.0 22.1 227
index (median),
kg/m?
Prior treatment, n (%)t
Endocrine therapy regimens
1 19 (58) 13 (41) 21 (66) 53 (55)
2 14 (42) 19 (59) 11 (34) 44 (45)
Chemotherapy regimens
0 21 (64) 28 (88) 23 (72) 72 (74)
1 12 (36) 4(13) 9 (28) 25 (26)
Sites of metastasis, n (%)
Soft tissue 20 (61) 23 (72) 19 (59) 62 (64)
Bone 12 (36) 15 (47) 17 (53) 44 (45)
Visceral 23 (70) 23 (72) 23 (72) 69 (71)
Other 2 (6) 0(0) 4(13) 6 (6)
Receptor status, n (%)+
ER+/PgR+ 22 (67) 20 (63) 19 (59) 61 (63)
ER+/PgR— 11 (33) 9 (28) 11 (34) 31 (32)
ER—/PgR+ 0(0) 2 (6) 1(3) 3(3)
ER—/PgR— 0 (0) 0 (0) 0(0) 0 (0)
HER2+ 4 (12) 4(13) 7 (22) 15 (15)
HER2— 24 (73) 23 (72) 23 (72) 70 (72)
HER2 5 (15) 5(16) 2 (6) 12 (12)
unknown
Disease-free interval, n (%)
<2 years 5 (15) 5 (16) 5 (16) 15 (15)
>2 years 21 (64) 22 (69) 17 (53) 60 (62)

tCounting a case treated with adjuvant endocrine therapy/chemother-
apy as one regimen, if it had relapsed either during therapy or within
6 months of completion of therapy. tHormone receptor status (estro-
gen receptor [ER])/progesterone receptor [PgR]) was determined by
each study site.

Table 2. Efficacy results

Dose group
40 mg 80 mg 120 mg
(n = 33) (n = 32) (n = 32)
Response
CBR, % 30.3 25.0 25.0
98.3% CI 13.3-52.4 9.5-47.2 9.5-47.2
ORR, % 9.1 9.4 6.3
98.3% Cl 1.3-27.9 1.3-28.6 0.4-24.3
CR, n (%) 0 (0.0) 0 (0.0) 0 (0.0)
PR, n (%) 3(9.1) 3(9.4) 2 (6.3)
SD > 24 weeks, n (%) 7 (21.2) 5 (15.6) 6 (18.8)
SD < 24 weeks, n (%) 15 (45.5) 14 (43.8) 13 (40.6)
PD, n (%) 8 (24.2) 10 (31.3) 11 (34.4)
Time to progression, months
Median 4.6 3.7 3.6
95% Ci 3.6-5.4 2.1-5.7 1.9-5.6

CBR, clinical benefit rate; Cl, confidence interval; CR, complete
response; ORR, objective tumor response rate; PD, progressive disease;
PR, partial response; SD, stable disease.

Safety. Most patients (72.2%) experienced drug-related AEs
(definite, probable, possible) including hot flushes, hyperhidro-
sis, and nausea as non-hematological toxicities (Table 4). The

1710

most common was hot flush, reported by 22.7% of patients. A
majority of these AEs observed were mild (grades 1-2) and
there was no clear dose dependency regarding severity or fre-
quency of AEs. Discontinuation due to TAS-108-related toxic-
ity was rare (2/97; one patient with grade 3 hypoacusis and
one patient with grade 3 dizziness in the 80-mg group). One
patient in the 80-mg group had surgery for grade 3 cataracts in
both eyes.

Exploratory analysis. Table 5 shows the results of analysis
for each value. TAS-108 did not cause significant endometrial
thickening (median baseline ET, 3.3 mm; 24 weeks ET,
4.0 mm; n = 37). No change was observed in median BMD
(—0.30%; n = 20), serum I-CTP, and osteocalcin levels. The
median triglyceride level decreased significantly from 104.0 to
86.0 mg/dL. (P < 0.0001); there were no changes in other
serum lipids. Increases in PRL, testosterone, and sex hormone-
binding globulin levels were observed.

Discussion

This randomized phase II study was designed to evaluate the
efficacy and safety of 40, 80, or 120 mg TAS-108 given orally
once daily in postmenopausal patients previously treated with
one or two regimens of endocrine treatment (with a maximum
of one regimen of chemotherapy), with HR-positive MBC, par-
ticularly including prior AI- and/or tamoxifen-resistant disease.

As the first step toward the best dose selection, we sought to
find the “active” dose level(s) among the three dose groups
based on the analysis of the primary end-point. The tolerability
at the active dose level(s) was subsequently assessed to
achieve a relative balance between efficacy and toxicity of
TAS-108. In consequence, it is found that the lower dose of
40 mg showed, numerically, the highest CBR (30.3%) at
24 weeks and met the targeted expectations for clinical activ-
ity. This finding suggests that the two higher doses might have
been beyond the plateau phase of the dose-response curve and
therefore had a potential “reverse dose-response” effect. The
safety parameters were similar between the three doses. In
addition, secondary efficacy analyses supported the choice
because TAS-108 at a dose of 40 mg had similar but slightly
higher antitumor activity than the two higher doses. The
40 mg dose of TAS-108 was therefore recommended for fur-
ther controlled studies against current therapeutic standards.
The results observed in this study were largely similar to those
reported by Buzdar et al.*

With the widespread use of Als in the adjuvant setting, sev-
eral drugs have recently been reported to be potentially effec-
tive in the treatment for breast cancer patients following the
failure of Al treatment. Subgroup analysis revealed that there
is biological evidence for a CBR of 28.6% (tamoxifen refrac-
tory) and 27.1% (Al refractory), and this finding supports the
concept that there may be no major cross-resistance between
tamoxifen/Al and TAS-108. These encouraging results suggest
that this drug can expand the choice of endocrine therapy for
MBC patients in that population.

The safety profile of TAS-108 at all dose levels was favor-
able even when compared with the known safety profile of
tamoxifen or other selective estrogen receptor modulators,
which was similar to that in a phase I study by Sacki er al.'®
The frequent drug-related AEs were hot flush, hyperhidrosis,
and nausea, which were of only mild severity (grade 1 or 2),
and did not interfere with TAS-108 treatment. The frequency
and severity of AEs did not appear to be related to the dose of
TAS-108, which has been reported Ogreviously in a single-dose
study and repeated-dose studies. 3 In the present study,
grade 3 cataract was reported as a serious AE in one patient
aged 63 years. Taking into account the report that tamoxifen
can cause visual disorders, the relationship of the cataract to

doi: 10.1111/].1349-7006.2012.02354.x
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women with breast cancer treated with three 0
different doses of TAS-108.

Table 3. Subgroup analysis for response to TAS-108 within each
dose group (tumor refractory to prior tamoxifen and aromatase
inhibitor treatment)

Aromatase inhibitor
refractory (n = 70)

Tamoxifen refractory
(n = 14)

Clinical benefit 271

rate (%)

28.6

TAS-108 was considered “possible”. No other clinical observa-
tions associated with the significant side-effects of tamoxifen
or Als, such as thromboembolic events or bone fracture, have
been reported. Therefore, the low toxicity profile of TAS-108,
coupled with the evidence of activity in MBC patients, justifies
further clinical testing.

To date, there is no apparent clinical evidence of a stimulat-
ing effect of TAS-108 on the endometrium in prior phase I
studies involving Japanese and Caucasians patients,"'® and
in the present exploratory analysis TAS-108 did not cause sig-
nificant endometrial thickening. In this study, no change was
observed in BMD or BMMs, unlike with tamoxifen. This
observation suggests that TAS-108 may have few estrogenic
effects on bone. Serum triglyceride was significantly decreased
with no unfavorable changes in other cardiovascular risk fac-
tors tested in this study. TAS-108 had no significant clinical

6 9 12 15 18 21 24 27 30
Time to progression (months)

effect on hormones. We acknowledge that because this was
not an adjuvant study, there were several limitations to this
exploratory analysis, such as a reduction in the number of
MBC patients due to withdrawal from this study, and a rela-
tively short length of drug exposure (particularly for analysis
of the uterus and bone). Therefore, the effects of TAS-108 on
these values seemed tentative and need further investigation.
However, the present analysis assessing the clinical potential
impact of TAS-108 suggests that this drug may not negatively
affect the safety profile of postmenopausal patients.

In conclusion, TAS-108 at the 40 mg dose level showed
promising results regarding the primary end-point of this study,
and it was well tolerated at all dose levels in postmenopausal
Japanese patients who had received one or two previous endo-
crine therapies. Based on these results, we determined the opti-
mal dose of oral TAS-108 to be 40 mg, once daily, for further
clinical studies.

TAS-108, a novel steroidal antiestrogen, may have the
potential to develop into a clinically useful second- or third-
line endocrine therapy for HR-positive breast cancer refractory
to Al and/or tamoxifen.
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Table 4. Drug-related adverse events occurred in >10% of postmenopausal Japanese women with breast cancer treated with TAS-108, in

either dose group

Dose group
Total (n = 97)
Eventt 40 mg (n = 33) 80 mg (n = 32) 120 mg (n = 32)
All grades,  Grades 3-5, All grades,  Grades 3-5,  All grades, Grades 3-5, All grades,  Grades 3-5,

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Hot flush 7 (21.2) 0 (0) 8 (25.0) 0(0) 7 (21.9) 0 (0) 22 (22.7) 0 (0)
Hyperhidrosis 2 (6.1) 0 (0) 3 (9.4) 0(0) 6 (18.8) 0 (0) 11 (11.3) 0 (0)
Nausea 1(3.0) 0 (0) 3(9.9) 0 (0) 5 (15.6) 0(0) 9(9.3) 0 (0)
Uterine leiomyoma 0 (0) 0 (0) 4 (12.5) 0 (0) 1(3.1) 0 (0) 5(5.2) 0 (0)
Blood cholestero! increased 4(12.1) 0 (0) 13.1) 0 (0) 0 (0) 0(0) 5(5.2) 0 (0)

tPatients could have had more than one event.
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Table 5. Analysis of endometrial thickness (ET), bone mineral density (BMD), bone metabolism markers (BMMs), serum lipids, and endocrine
hormones in postmenopausal Japanese women with breast cancer treated with TAS-108

Change or percentage change§ from
baseline to 8t or 24+ weeks

Variable n Baseline (median) 81 or 24% weeks (median)
Median Range &l
ET, mm 37 3.30 4.00 0.00 —6.00-13.10 0.0850
BMD, g/cm? 20 0.83 0.84 -0.30 -10.74-8.79 0.5220
BMMs
Serum Osteocalcin, ng/mL 50 9.50 9.20 -0.62 —38.75-85.42 0.8420
Serum I-CTP, ng/mL 51 3.40 3.40 -3.03 —52.86-105.26 0.4120
Serum lipids
Total-cho, mg/dL 93 208.00 212.00 0.00 —78.00-94.00 0.4410
HDL-cho, mg/dL 92 62.00 63.90 0.00 —28.00-51.00 0.1960
LDL-cho, mg/dL 91 121.00 127.00 3.00 —57.00-81.00 0.0830
Triglycerides, mg/dL 93 104.00 86.00 —13.00 —217.00-301.00 <0.0001
APO-A1, mg/dL 93 147.00 151.00 4.00 —45.00-59.00 0.1810
APO-B, mg/dL 93 99.00 99.00 1.00 —33.00-42.00 0.6680
Endocrine hormones
E2, pg/mL 93 10.00 11.00 0.00 —11.00-33.00 0.1310
FSH, miU/mL 93 44.49 44.80 —2.60 —24.27-26.88 0.3210
Prolactin, ng/mL 93 8.33 8.45 0.42 —41.12-40.79 0.0280
Testosterone, ng/dL 93 0.21 0.22 0.02 -0.23-0.31 0.0190
TSH, pU/mL 93 2.58 2.51 0.00 —5.90-94.30 0.6350
Cortisol, pg/dL 93 13.60 13.20 0.20 -16.30-22.10 0.7540
SHBG, nmol/L 93 71.40 91.90 14.00 —110.00-133.40 <0.0001

fTBone metabolism markers, serum lipids, and endocrine hormones were assessed at the 8-week point in patients who received TAS-108 for

8 weeks or more. $Endometrial thickness and BMD were assessed at the 24-week point in patients who received TAS-108 for 24 weeks or more.
§Data are presented as change from baseline, except BMD and BMM:s as percentage change from baseline. 9/P-values based on the Wilcoxon
signed-rank test. APO-A1, apolipoprotein A-I; APO-B, apolipoprotein B; HDL-cho, high-density lipoprotein cholesterol; I-CTP, cross-linked carboxy-
terminal telopeptide of type | collagen; LDL-cho, low-density lipoprotein cholesterol; SHBG, sex hormone-binding globulin; Total-cho, total

cholesterol; TSH, thyroid-stimulating hormone.
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ter (Yokohama), Yokohama Municipal Citizen’s Hospital (Yokohama), Kitasato University School of Medicine (Sagamihara), Niigata Cancer
Center Hospital (Niigata), Seirei Hamamatsu General Hospital (Hamamatsu), Aichi Cancer Center (Nagoya), Nagoya Medical Center (Nagoya),
Nagoya City University Graduate School of Medical Sciences (Nagoya), Osaka Medical Center for Cancer and Cardiovascular Diseases (Osaka),
Graduate School of Medicine, Osaka University (Suita), Osaka National Hospital (Osaka), Osaka Kouseinenkin Hospital (Osaka), Sakai Municipal
Hospital (Sakai), Kansai Rosai Hospital (Amagasaki), Hyogo Cancer Center (Akashi), Shikoku Cancer Center (Matsuyama), Hiroshima University
Hospital (Hiroshima), Kurashiki Central Hospital (Kurashiki), Kyushu Cancer Center (Fukuoka), and Kumamoto Municipal Hospital (Kumamoto).
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