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a b s t r a c t

Objective: Anti-aromatase therapy is important in the treatment of breast cancer in postmenopausal
women but they have effects on the bone mineral density (BMD) and osteoporosis. Cyclooxygenase-2
(COX-2) inhibitors have been shown to be effective in chemoprevention in animal and clinical studies.
A proof of principle study was performed to investigate the efficacy of combing anti-aromatase therapy
(exemestane) and COX-2 inhibitors neoadjuvantly. The changes in the BMD, bone turnover proteins and
quality-of-life (QoL) were analyzed and presented here.
Method: 82 postmenopausal patients with histologically confirmed invasive hormone-sensitive breast
cancers were included for the neoadjuvant therapy (NHT). 30 patients received exemestane (EXE) 25 mg
daily and celecoxib (CXB) 400 mg twice daily (group A), 24 patients received EXE 25 mg daily (group
B) and 28 patients received letrozole (LET) 2.5 mg daily (group C). The same assigned treatment was
intended to continue for 2 years to study the changes in the bone metabolism. BMD of 48 patients were
analyzed; 23 belongs to group A, 10 to group B and 15 to group C. The serum bone turnover proteins
bone-specific alkaline phosphatase (BAP) and carboxyterminal crosslinked telopeptide of type I collagen
(ICTP), were measured with commercially available test kits before treatment, 3 months and 15 months
after treatment. Functional Assessment of Cancer Therapy core questionnaire (FACT-G) with its additional
breast cancer subscale were performed at baseline, 4, 8, and 12 weeks after NHT.
Result: Difference between groups (p = 0.007) for BMD at femur was significant. The changes of BMD in
group B patients were significantly greater than patients in group A (p = 0.011, CI = 0.063–0.437), and
group C (p = 0.003, CI = 0.146–0.620). The mean BAP increased from baseline in group B patients but
decreased from baseline in group C patients at 3 months and 15 months. No statistical significance was

found in the FACT-G scores and FACT-B scores among different groups at baseline, week 4, week 8 and
week 12 after NHT. The Breast Cancer Subscale scores in group A patients were significantly higher than
that of group C patients (p = 0.021). After 4 weeks of NHT, negative changes of FACT-B and FACT-G scores
were found in group B and C patients, but there were positive changes in group A patients. Significant
differences of FACT-B score (p = 0.008) and FACT-G score (p = 0.019) were observed at that time point.
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1. Introduction

Breast cancer is the most common cancer among women world-
wide, which accounts for about 26% of all female cancers [1,2]. The
global cancer incidence was estimated at 1.15 million new cases
in 2002 [1]. Regular and early screening and therapeutic devel-
opments have played an important role in increasing the survival

rate, and that more patients are now receiving long-term adjuvant
treatments.

Many breast cancer cases are associated with female hormones
exposure and the relationship between hormone and breast cancer

dx.doi.org/10.1016/j.jsbmb.2010.12.018
http://www.sciencedirect.com/science/journal/09600760
http://www.elsevier.com/locate/jsbmb
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as been discussed since 1896 [3]. Menarche at an early age and a
ate menopause may increase the breast cancer risk, while an early

enopause may decrease the risk [4–6]. The breast epithelium
roliferation due to the hormone fluctuations has been associated
ith increased chances of cancer initiation [7]. Our previous study

howed that about 55% of patients possessed hormonal receptors
nd the frequency of hormonal receptor positivity increased with
dvancing age [8]. These suggest that the steroid receptor plays
n important role in breast tumorigenesis and that tumor cells
nd normal breast cells may have different steroid receptor sig-
aling. It is therefore of interest for researchers to investigate the
ffectiveness of steroid inhibitors on breast cancer.

Aromatase is an enzyme complex which belongs to the
ytochrome P450 (CYP) 19 family [9–11]. It is expressed in many
uman tissues, but its level is highest in ovaries of premenopausal
omen, and in the peripheral adipose tissues of postmenopausal
omen [12–14]. Aromatase converts androgen into estrogen,
hich then circulates and binds to the estrogen receptor (ER), by
hich they promote the growth of epithelial cells. The ERs then

ind to gene promoters in the nucleus, thus activating cell divi-
ion and inhibit apoptosis. In premenopausal women, most of the
strogen is produced in the ovaries and are sensitive to luteiniz-
ng hormone (LH) changes; however, in postmenopausal women,

ost estrogen is produced from the conversion of androgens in
eripheral tissue [15]. Therefore, the inhibition of the ER expres-
ion has become a useful target in estrogen-dependent diseases,
uch as breast cancer.

The role of aminoglutethimide [16], a non-selective inhibitor
locking the cholesterol side-chain cleavage enzymes and C-21,
-11, and C-18 steroid hydroxylases [17,18], is able to reduce estro-
en production by over 90% [19,20]. Its success led to the research
nd development of the second generation AIs such as formestane
nd fadrozole with improved potency. However, the dosage was
imited by either metabolic or symptomatic side effects, such as
atigue, dizziness, nausea and vomiting. The third generation drugs
re therefore further developed to inhibit the activity of aromatase
t usable dosages associated with fewer side effects, and with a
igher specificity.

The third-generation AIs are classified according to their
hemical structures as steroidal (type I inhibitors), for example
xemestane; or nonsteroidal (type II inhibitors), such as letrozole
nd anastrozole. All the AIs block the aromatase activity by inhibit-
ng the estrogen synthesis. But they differ in the aromatase binding

echanism, and the androgenic properties.
The type 1 steroidal AI acts as a competitive inhibitor against

ndrostenedione and as an enzyme inactivator. As enzyme inac-
ivators they function as “suicide inhibitors” in which aromatase
onverts the AI into a chemically reactive intermediate which can
e bound covalently to the substrate binding site of the aromatase.
s a result, the enzyme is irreversibly inactivated and the AI inac-

ivator is unable to bind to other enzymes permanently [21]. These
Is have selectivity for the enzyme target. The recovery of enzyme
ctivity is dependent on the enzyme re-synthesis and the drug
harmacokinetics. Therefore, the type I AI has got a long-term effec-
iveness.

The type II AIs can interact noncovalently with the iron atom
f the heme prosthetic group of the enzyme due to the presence
f a basic nitrogen atom [22]. They occupy the substrate-binding
ite of the enzyme and thus prevent the androgen substrate from
inding to the catalytic site [23]. But this mechanism is reversible,
nd the AIs can be competitively displaced by the endogenous sub-
trates. The structural aspects of the drugs determine the inhibition

pecificity to the aromatase enzyme, thus creating a high-affinity
inding and limits the AIs from binding to other enzymes. Many AIs
ave been developed in the past 20 years, and current researches
re now focusing on the use of AIs and the combination with other
y & Molecular Biology 125 (2011) 112–119 113

drugs for better efficacy and tolerability. Despite the fact that the
efficacy of AI for the treatment of breast cancer in post-menopausal
women has been supported by randomized clinical trials [24,25],
these patients may be prone to long-term side effects such as osteo-
porosis.

Beside aromatase, prostaglandin E2 can stimulate estrogen
biosynthesis as well [26]. The cyclooxygenase (COX) enzymes cat-
alyze the conversion of arachidonic acid to prostaglandins. Its
inducible isoform, COX-2, which is commonly overexpressed in
breast cancer, was found to induce the CYP-19 [26,27]. In addi-
tion, its high level was associated with angiogenesis and bone
and lymph node metastasis [28–30]. The therapeutic possibilities
of COX-2 inhibition has been investigated since epidemiologi-
cal studies suggested the inverse association between regular
intake of nonsteroidal anti-inflammatory drugs (NSAIDs) and the
breast cancer risk [31–33]. COX-2 inhibitors were found to be
able to inhibit the carcinogenesis of mammary tumors in rodent
models [34–37]. Celecoxib (CXB), a promising selective COX-2
inhibitor, demonstrated its chemopreventive ability in rodent mod-
els with breast cancer. The combined use of COX-2 inhibitors
and AI is being studied and they showed promising results as
well [38–42].

Randomized clinical trials have shown the effectiveness of
using AIs in breast cancer patients, but these drugs may increase
adverse events associated with bone health [43,44]. Breast cancer
patients receiving cancer chemotherapy may have a higher bone
loss chance and a higher potential risk for developing osteoporo-
sis, especially in postmenopausal women, which is probably due
to the decreased estrogen concentration [45–47]; whereas in pre-
menopausal women, premature menopause and bone loss may
be induced by ovarian damage by chemotherapy [48]. The rate of
treatment-associated bone loss may be higher than that in nor-
mal postmenopausal women. Breast cancer patients who receive
AIs have an estimated bone loss rate of 2.6% per year [49]; whereas
normal women have an estimated annual rate of 2% during the first
years of menopause, and about 1% per year afterwards [50]. Osteo-
porotic patients might suffer from bone fractures, pain, disability
and even mortality [51]. Therefore, a better understanding of how
these drugs affect bone density is necessary.

The selective estrogen-receptor modulator, tamoxifen (TAM),
has been the standard endocrine adjuvant therapy of early breast
cancer [52]. It interferes with the estrogen from binding to its recep-
tor. 5 years of adjuvant TAM therapy has been proven as an efficient
treatment, it may reduce the disease recurrence by about 50% and
mortality by 28% in estrogen-receptor-positive (ER+) tumors [53].
It also has a positive effect on bone health in postmenopausal
breast cancer patients. However, the clinical use of TAM against
osteoporosis is limited due to its toxicity [54,55]. Although TAM
has been the gold standard treatment, it has now been challenged
by the AIs which have got fewer side effects. The adverse events
experienced by patients receiving TAM such as hot flashes, vaginal
bleeding, endometrial cancer, thromboembolic events have been
associated with long-term TAM treatment [56–59] and these would
be reduced by the substitution of AIs. It is also not recommended
to receive TAM therapy beyond 5 years because there is no further
benefit [54].

Raloxifene hydrochloride is pharmacologically related to TAM,
which has been shown to prevent osteoporosis and breast cancer
[60,61]. It is a unique selective estrogen receptor modulator (SERM)
due to its role of estrogen antagonist in the uterus [62]. It also
has antiresorptive effects on bones but less major adverse events
had been found in experimental animals and humans than TAM. In

Black et al.’s study, a prevention of bone loss and reduced serum
cholesterol had been found in ovariectomized rats after receiving
raloxifene [63]. Similar results were also reported in Draper et al.’s
study, they found that raloxifene (200 mg/day or 600 mg/day) and
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Parameters were compared using the SPSS for windows release
Fig. 1. Flow diagram of the process through the phases of the random

onjugated equine estrogen both reduced biochemical markers of
one turnover versus placebo [64].

Bone mineral density (BMD), a good indicator of bone loss, is
eing used to measure the amount of calcium in bone (bone den-
ity) and determines the fracture risk. It is strongly recommended
or patients especially those with a high risk of getting osteoporo-
is to determine their BMD before receiving any treatments. BMD is
ower in breast cancer patients than normal population group [65]

hich might be attributed to the long-term estrogen deprivation.
hile TAM is beneficial on bone health [48], an increased bone loss

as been observed with the use of EXE and LET [44,48]. EXE induces
one resorption and formation [66], which increases bone loss at a
ate of 2–3% per year [67]. Similarly, LET also has an increased bone
oss rate at 2–3% per year [68]. Thus the BMD has to be carefully

onitored during the treatment.
Quality-of-life (QoL) is another important key for considering

he long-term use of therapy, but is rarely performed in studies of
eoadjuvant hormonal therapy (NHT) for breast cancer. This sub-
tudy was also conducted to compare the effects of the group taking
teroidal AI in combination with COX-2 inhibitor, with the group
aking steroidal AI alone, and the group with nonsteroidal AI on
hanges in BMD, bone turnover proteins and QoL during NHT in
ostmenopausal women.

. Materials and methods

.1. Patient population

The study was approved by the Institutional Review Board of
he University of Hong Kong/Hospital Authority Hong Kong West
luster. All patients were postmenopausal with invasive breast
ancer which expressed positive estrogen receptor (ER) and/or
rogesterone receptor (PgR) status. Other major eligibility criteria

ncluded an ECOG performance status ≤3 or a Karnofsky perfor-
ance status ≥70, ability of the patient to give written consent

nd follow instruction well, clinical size of tumor ≥3 cm. Exclusion
riteria included negative hormonal receptor status, known sensi-
ivity to anti-aromatase drugs or celecoxib, major cardiac disease
r LVEF less than 50%, coronary artery disease, active liver disease,
enal impairment, and prior history of other malignancy within 5
ears of study entry except for basal cell carcinoma or the skin or
arcinoma-in situ of the uterine cervix. The nature and purpose of
he trial was explained to the patients and informed consent was
btained for inclusion in the trial.
.2. Study design

In this randomized study, patients were randomly assigned
o receive EXE 25 mg daily and CXB 400 mg twice a day (group
ial. Abbreviations: R: randomization; QD: once daily; BID: twice a day.

A), EXE 25 mg daily (group B) and LET 2.5 mg daily (group C)
for 3 months before surgery. Changes in the bone metabolism
were determined as a sub-study in patients responding to the
preoperative treatments and receiving the same assigned treat-
ment for at least 2 years after surgery (Fig. 1). Bone mineral
density (BMD) was measured by dual-energy X-ray absorptiom-
etry (DEXA) scan at 12 and 24 months after surgery and the serum
bone turnover proteins were measured with commercially avail-
able test kits before treatment, 3 months and 15 months after
treatment.

Assessment of BMD was done by DEXA scan in lumbar
spine (L1–L4) and in the femoral neck. BMD’s t-score (the
standard deviation from the mean value in normal adult) was
obtained. To ensure consistency, all DEXA scans were stan-
dardized and performed at Hong Kong Sanatorium & Hospital,
HKSAR. Assessment of bone metabolism based on measurements
of the bone formation marker and bone resportion marker levels
in serum: bone-specific alkaline phosphatase (BAP) and car-
boxyterminal crosslinked telopeptide of type I collagen (ICTP),
respectively.

2.3. Quality-of-life (QoL)

The Functional Assessment of Cancer Therapy-Breast (FACT-B)
questionnaire has been used to assess the QoL. The FACT-B has 27
questions which measure the general QoL that are associated with
cancer; and 9 questions which are breast cancer subscale (BCS).
The FACT-G has five subscales assessing physical well being (PWB),
social/family well-being (SWB), emotional well-being (EWB), and
functional well-being (FWB). 34 out of 79 evaluable patients com-
pleted the FACT-G with its BCS at baseline, 4, 8, and 12 weeks
after NHT. Incomplete questionnaires were included for cross-
sectional analysis. The patients have to indicate how true the
statement has been for them during the last 7 days using a five-
point scale (from 0 [not at all], 1 [a little bit], 2 [somewhat], 3
[quite a bit], to 4 [very much]). A high score equate with a good
QoL, whereas a low score equate with a poorer QoL. Some items
have been negatively framed, so they are reversed for further anal-
ysis.

2.4. Statistical analysis
11.0 (SPSS Inc., USA). One-way ANOVA tests were used to compare
means between all groups and post hoc tests were performed to
compare means between each group. p-Values of less than 0.05
were considered as statistically significant.
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Fig. 2. Change in BMD of femur and lumbar spine at 24 months from 12 months

. Results

.1. BMD

Changes in BMD at femur and lumbar were compared at 24
onths from 12 months after surgery between groups. A signifi-

ant difference was observed between groups (p = 0.007) for BMD
t femur (Fig. 2A), but not significant at spine (Fig. 2B). At 24
onths after surgery, there were changes in the BMD at the femur

or groups B and C patients, except for group A patients which
emained stable. The changes of BMD at femur in group B patients
ere significantly greater than patients in group A (p = 0.011,
I = 0.063–0.437), and group C (p = 0.003, CI = 0.146–0.620).

.2. Serum bone turnover proteins

Taking into account of all patients, no significant changes
ere found in BAP at 3 months (Fig. 3A), and ICTP at 3 and 15
onths after the treatment when compared to baseline (Fig. 3B).
lthough the mean BAP mildly increased from baseline in group

patients but decreased from baseline in group C patients, no

ignificant difference was observed in the percentage change in
AP and ICTP at 3 months and 15 months from baseline between
roups.

ig. 3. Change in bone turnover proteins BAP (A) and ICTP (B) at baseline, at 3 months, and
CTP: carboxyterminal crosslinked telopeptide of type I collagen.
surgery in group A, B and C patients. Abbreviations: BMD: bone mineral density

3.3. Quality-of-life (QoL)

No statistical significance was found in the FACT-G scores (PWB,
SWB, EWB, and FWB) and FACT-B scores (sum of FACT-G and BCS
scores) among different groups at baseline, week 4, week 8 and
week 12 after NHT (Table 1). The BCS scores were similar among
three groups, but the BCS scores in group A patients were signifi-
cantly higher than that of group C patients (p = 0.021). At 4 weeks
after the NHT, the SWB score in group A patients was the highest,
whereas group C patients had the lowest score, and the difference
was significant (p = 0.05). Similarly, there were significant differ-
ences in EWB scores (p = 0.032) across the three groups after 12
weeks of NHT, however this time group C patients had the highest
score, followed by group A patients and group B patients (Table 1).
In addition, after 4 weeks of NHT, negative changes of FACT-B
(Fig. 4) and FACT-G (Fig. 5) scores were found in group B and C
patients, but there were positive changes in group A patients. Sig-
nificant differences of FACT-B score (p = 0.008) and FACT-G score
(p = 0.019) were observed at that time point.

4. Discussion
The survival rate of breast cancer has largely increased due
to the improved therapies [69]. A good example is TAM, which
has long been the gold standard of treatment against hormone-

15 months after treatment. Abbreviations: BAP: bone-specific alkaline phosphatase;
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ig. 4. FACT-B score changes in group A, B, and C patients after 4 weeks of neoad-
uvant hormonal therapy.

ensitive breast cancer. Unfortunately, drug resistance develops in
ome tumors [70] leading to the development of AI. Nevertheless,
he long-term use of AI might have adverse impact on bone health.
steoporosis has become an important public health issue in many
eveloped countries. Therefore, people are now more concerned
bout preventing bone mineral loss and bone fracture. However,
t is a complicated disease because many factors are involved and
strogen deficiency may play an important role. The use of AI for
reatment of hormone-sensitive breast cancer patients becomes an

mportant clinical issue due to its adverse effect despite its clinical
ffectiveness.

In postmenopausal women, EXE and LET lower the estrogen
evels in serum by 52–72% and 88–98%, respectively [71]. In our

able 1
omparison of mean scores of QoL between groups at baseline, week 4, week 8, and wee

Baseline Week 4

Mean(SD) pc Mean(SD) pc

PWB
A 24.43(3.34) 25.19(2.23)
B 24.27(3.24) 25.00(2.67)
C 26.44(3.39) 0.122 26.15(2.92) 0.257

SWB
A 20.13(3.96) 20.77(3.59)
B 18.57(4.05) 19.90(5.05)
C 20.19(5.02) 0.507 17.50(8.01) 0.127

EWB
A 17.30(3.01) 18.30(2.72)
B 17.00(5.36) 19.05(2.99)
C 19.33(3.09) 0.183 19.16(2.51) 0.470

FWB
A 21.91(4.18) 23.46(4.38)
B 20.15(4.97) 20.19(7.19)
C 22.19(6.22) 0.512 20.58(8.03) 0.177

FACT-Ga

A 83.78(10.59) 88.96(9.57)
B 81.50(10.18) 84.33(13.97)
C 87.53(12.56) 0.362 81.43(15.57) 0.160

BCS
A 25.30(3.44) 26.35(3.05)
B 25.08(2.43) 25.81(2.42)
C 26.81(1.28) 0.159 25.50(3.91) 0.637

FACT-Bb

A 109.09(12.95) 115.26(11.29)
B 106.00(12.16) 110.17(14.33)
C 114.40(12.86) 0.235 107.30(16.65) 0.169

a FACT-G scores equates to the sum of PWB, SWB, EWB and FWB scores.
b FACT-B scores equates to the sum of FACT-G and BCS scores.
c p-Value for difference between groups.
* Statistically significant.
Fig. 5. FACT-G score changes in group A, B, and C patients after 4 weeks of neoad-
juvant hormonal therapy.

study we have found surprising results that the BMD at 24 months
and the bone formation protein BAP at 12 months were raised in
group B patients who took oral EXE 25 mg daily. This indicates
that patients taking EXE might have a lower chance of suffering
from osteoporosis or other skeletal problems. A study had found
that bone formation markers were significantly but negatively cor-
related with BMD in femur in placebo group [72]. A preclinical
study found that ovariectomised rats had reduced bone forma-

tion and resorption markers after taking EXE [73]. Similarly in
Coleman et al.’s study, they found that the fracture risk was sig-
nificantly higher in the patient group taking EXE [74]. However,
our results are consistent with Martinetti et al.’s study, which they

k 12 of neoadjuvant hormonal therapy.

Week 8 Week 12

Mean(SD) pc Mean(SD) pc

24.19(2.80) 24.24(2.40)
23.89(2.71) 23.89(3.37)
25.55(3.32) 0.157 25.39(3.73) 0.320

20.04(3.77) 19.88(3.40)
17.94(6.58) 17.67(6.87)
19.76(5.34) 0.388 17.17(9.93) 0.386

18.27(2.81) 18.22(2.64)
19.20(2.73) 17.79(1.93)
18.75(2.41) 0.509 19.68(1.60) 0.032*

21.42(5.11) 21.68(4.43)
18.44(8.02) 19.50(7.25)
19.14(6.66) 0.278 17.78(9.63) 0.209

85.00(10.39) 84.68(8.77)
77.80(14.81) 78.64(14.85)
81.91(8.48) 0.184 81.82(19.37) 0.483

26.00(2.81) 26.80(2.08)
25.44(2.68) 25.33(3.43)
25.09(3.93) 0.614 23.89(6.01) 0.067

110.74(11.57) 111.32(9.07)
103.20(14.69) 103.36(13.97)
106.27(10.96) 0.191 107.91(20.14) 0.299
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lso observed an increase in bone turnover proteins in EXE treat-
ent patient group [75]. And recently Subar et al. suggested that

he bone turnover markers in healthy women were increased after
aking EXE [76]. Moreover, Goss et al. found that BAP was reduced
y 20.1% in patients taking LET [77]. Some other studies also sug-
ested that LET increases bone loss and fracture risk [78–82]. This
lso indicates that EXE, as a steroidal AI, has got different effect
n BMD and bone turnover proteins as no-steroidal LET. However,
study with longer duration and larger sample size is needed to

onfirm this phenomenon.
In order to explain the difference of AIs, the basic bone physiol-

gy has to be understood first. Both androgen and estrogen regulate
he normal bone turnover [83]. The importance of estrogen in bone

etabolism has been suggested for long; however its underlying
echanism is still not fully understood [84]. Generally, the bone
etabolism is regulated by the expression of intracellular and cell

urface estrogen receptors by osteoblasts and osteoclasts. Estro-
en induces the bone formation activity by osteoblasts. In addition,
strogen reduces bone resorption by decreasing the cytokine pro-
uction such as interleukin-1 [85]. Besides, estrogen also increases
he production of a cytokine called osteoprotegerin, which trig-
ers more osteoclastic apoptosis [86,87]. As a result, estrogen
oss increases the bone turnover, which makes the normal bone
esorption and formation lose control [84], and eventually causes
steoporosis. The reason which caused the difference on bone
oss between EXE and LET could be the different steroidal struc-
ure. 17-hydroexemestane, the principal metabolite of EXE plays
n important role. It is androgenic, and thus it protects the bone
rom losing. In contrast, LET is lack of such androgenic activity
88–90]. A previous study showed [67] a possible loss of BMD in
atients receiving adjuvant exemestane than that receiving tamox-

fen. Patients receiving exemestane had relatively lower mean
aseline T-scores of −0.44 ± 1.46 and −0.48 ± 1.31 at spine and
ip respectively than those receiving tamoxifen with T-scores of
0.10 ± 1.22 and −0.23 ± 1.11, respectively. The true adverse effect
n the change in one-year BMD was barely comparable between
roups and that the change indeed did not contribute to osteoporo-
is. In our study, we did not compare the change in BMD between
XE and tamoxifen, but between different AIs at 24 months from
2 months after surgery and that a positive change in BMD was
bserved in EXE alone group. The true impact on BMD might be
ore clearly observed after prolonged adjuvant exemestane.
Apart from the concerned adverse effects of breast cancer ther-

py, good QoL is also essential for breast cancer patients during
nd after treatment. In this sub-study, patients receiving exemes-
ane and celecoxib had better QoL as illustrated by positive change
n FACT-G and FACT-B scores. The QoL was relatively worsened in
atients receiving AI only. Obviously, patients given letrozole suf-
ered from more side effects predominantly by mood alteration,
one and/or muscle aches and hot flashes [38] although, in gen-
ral, side effects by AI were tolerable. It coincides with relatively
orse QoL demonstrated in this sub-study. In view of the positive

mprovement in QoL in the group with celecoxib, further investiga-
ion on the possibility of adding COX-2 inhibitor to AI in adjuvant
r neoadjuvant setting is deserved.

Higher level of COX-2 in cancer cells has been associated with
oor programmed cell death and was associated with poor prog-
osis. Therefore, COX-2 has become a therapeutic target. Many
tudies have been investigating the combination use of chemother-
py drugs and COX-2 inhibitors, and some of them have suggested
better response [91–93]. The efficacy of adding COX-2 inhibitor

o AI was comparable to AI alone [38], this sub-study has how-

ver demonstrated that patients receiving a combination of EXE
nd CXB had a better QoL and a stable bone metabolism in general.
herefore, further studies are needed to observe the effect of this
ombination.

[
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Long-term treatment with AI may have different impacts on
BMD, bone turnover proteins and QoL for breast cancer patients.
Except BMD, bone turnover proteins have been useful as bio-
chemical markers in assessing metabolic bone diseases. They are
relatively safe and cheap than other imaging techniques. They are
better in detecting small changes in bone formation and resorption
than imaging techniques [94]. Our results have suggested that it is
necessary to monitor the bone density in patients over time during
the entire treatment, so that treatment against osteoporosis can be
done immediately once a reduction in BMD has been detected.

In recent years, estrogen deprivation is regarded as one of
chemopreventive strategies for breast cancer. The National Surgi-
cal Adjuvant Breast and Bowel Project has launched a clinical trial
since 1999 with the use of selective estrogen receptor modulators
in a population of health postmenopausal women who are at risk
of breast cancer [95,96]. Results are controversial between the use
of TAM and raloxifene, but it demonstrated an important milestone
for the application of anti-estrogen for breast cancer chemopreven-
tion. As for the use of AI, it is still controversial whether EXE can be
used as a preventive agent or not notwithstanding an improvement
in BMD. Further investigation is needed to identify the underlying
mechanism of how EXE might increase the BMD and bone turnover
proteins. It is also notable that patients receiving both EXE and CXB
had a relatively stable change in BMD and bone turnover proteins.
Although the cardiotoxicity was concerned with the use of NSAID,
the combination use of celecoxib and exemestane could be further
explored for appropriate dosage and duration in chemoprevention
of breast cancer. More studies with larger sample size and longer
investigation time can be done to observe the clinical significance
of combination use of AI and COX-2 inhibitor.

5. Conclusion

Patients receiving both EXE and CXB had a relatively stable
change in BMD and bone turnover proteins and relatively better
QoL.
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