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Abstract
Purpose This phase II study evaluated the efficacy and safety of anastrozole concurrent with tegafur/uracil (UFT) as neo-
adjuvant therapy for ER-positive postmenopausal breast cancer.
Methods Postmenopausal Japanese women with ER-positive, HER2-negative, T2,N0-1,M0 breast cancer seen at tertiary 
hospitals were eligible for this open-label, randomized, multicenter study. Patients were randomized 1:1 by minimization 
to orally receive either anastrozole (1 mg once daily) plus UFT (tegafur/uracil combination in 1:4 molar ratio; 270 mg/m2/
day in two divided doses) or anastrozole (as above) alone for 24 weeks. Tumor response was assessed by investigator and 
central review as per RECIST v1.1. The primary endpoint was the proportion of patients with best overall response of CR 
or PR [clinical response rate (RR)] determined by central radiologic review.
Results The study was prematurely terminated due to Grade ≥ 3 liver dysfunction reported in 3 patients receiving anastrozole/
UFT. Of 57 patients randomized before termination (29 anastrozole/UFT, 28 anastrozole), all were analyzed for safety and 56 
(28 each group) for tumor response. Compared with anastrozole alone, anastrozole/UFT did not achieve significantly higher 
RR [39.3% (90% CI 23.8–56.5%) vs 14.3% (90% CI 5.0–29.8%); p = 0.0683, Fisher’s exact test], but produced significantly 
greater tumor shrinkage (mean tumor reduction rate 31.0 vs. 14.2%; p = 0.0181, unpaired t-test). Grade ≥ 3 adverse events 
were more common with anastrozole/UFT than with anastrozole (17.2 vs. 0%).
Conclusion Although the study was terminated owing to the altered liver function, it showed that there was a trend to greater 
shrinkage of tumor in the combination group for ER-positive, HER2-negative postmenopausal breast cancer.
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Introduction

Breast cancer, even at its early stage, often presents with 
disseminated micrometastases, which cannot be adequately 
controlled by locoregional treatments based on surgery and 
radiotherapy. Neoadjuvant and adjuvant systemic chemother-
apy and endocrine therapy have been proposed to eradicate 
these micrometastases [1–3]. Neoadjuvant chemotherapy, 
which has been the mainstay of neoadjuvant medical breast 
cancer treatment, has proven benefits, such as increasing the 
likelihood of breast conservation and improving the long-
term prognosis in patients achieving pathological complete 
response (pCR). Of note, some investigators have reported 
similar long-term prognosis of breast cancer patients after 
neoadjuvant chemotherapy to that after adjuvant (postopera-
tive) chemotherapy [4]. Factors known to affect the breast 
cancer response to neoadjuvant chemotherapy include hor-
mone-receptor (HR) status and human epidermal growth 
factor receptor 2 (HER2) status of the tumor. In patients with 
estrogen receptor (ER)-positive, HER2-negative tumors, 
neoadjuvant chemotherapy has limited activity, rarely caus-
ing pCR, and has not been shown to improve the long-term 
prognosis [5, 6]. Neoadjuvant endocrine therapy with an 
aromatase inhibitor (AI) has emerged as a newer strategy 
for breast cancer of this phenotype [7]. A randomized con-
trolled study has shown comparable efficacy of neoadjuvant 
AI versus chemotherapy for ER-positive, HER2-negative, 
postmenopausal breast cancer with regard to pCR and breast 
conservation rates, but significantly less adverse events with 
AI than with chemotherapy [8]. However, breast cancers 
with aggressive clinical features such as Luminal B sub-
type are less responsive to endocrine treatments, showing 
poor response even to neoadjuvant AI. Regarding cytotoxic 
agents, metronomic dosing has been devised to avoid their 
dose-dependent toxicities and to sustain their effects, so as 
to produce antiangiogenesis that can indirectly lead to an 
inhibition of tumor cell proliferation. Metronomic therapy 
with cyclophosphamide and UFT (tegafur/uracil combina-
tion in a fixed molar ratio of 1:4) has gained wide acceptance 
[9, 10]. Anastrozole administered in combination with UFT 
exhibited significantly higher antitumor activity as compared 
with either agent alone against a human breast cancer cell 
line grown in mice [11], suggesting promising activity of 
endocrine therapy concurrent with metronomic chemother-
apy for breast cancer in humans.

With these backgrounds, we conducted this randomized 
phase II study to evaluate anastrozole plus UFT as neoadju-
vant therapy for HR-positive breast cancer in postmenopau-
sal Japanese women.

Materials and methods

Study design

This was an open-label, randomized, multicenter, phase II 
study designed to evaluate the efficacy and safety of anas-
trozole plus UFT versus anastrozole alone as neoadjuvant 
therapy for ER-positive, HER2-negative breast cancer in 
postmenopausal Japanese women. The study was approved 
by the institutional review board of each study site and was 
conducted in accordance with the Declaration of Helsinki 
and ethical principles of clinical investigations. Prior to 
enrollment, all patients provided informed consent to the 
study. The study has been registered with UMIN-CTR 
(UMIN000006434).

Patients and treatment

Eligible patients were postmenopausal women with ER-
positive (≥ 10%), HER2-negative (immunohistochemistry 
staining score 0 or 1+, or fluorescence in situ hybridization 
negative), T2,N0-1,M0 invasive ductal or lobular carcinoma 
of breast who had an Eastern Cooperative Oncology Group 
(ECOG) performance status (PS) score of 0 or 1. Patients 
were centrally enrolled and randomized 1:1 to receive anas-
trozole plus UFT or anastrozole alone. Randomization was 
done by the minimization method following stratification 
with respect to extent of lymph node involvement (N0 or 
N1) and progesterone receptor (PgR) status of the tumor 
(positive, negative or unknown).

Patients allocated to the anastrozole alone group were 
given oral anastrozole at 1 mg once daily for 24 weeks, 
whereas those allocated to the anastrozole plus UFT group 
were given oral anastrozole at the same dosage in addition 
to oral UFT at 270 mg/m2/day (recommended daily dose 
per body surface area at enrollment) in two divided doses 
for 24 weeks. Throughout the treatment period, patients in 
both groups were prohibited to receive any non-study treat-
ment for breast cancer (e.g., hormones other than anastro-
zole, cytotoxic agents, radiotherapy, and biological response 
modifiers). Patients in the anastrozole/UFT group were also 
prohibited to receive any antineoplastic agent other than 
UFT. All patients were to undergo surgery at 1–4 weeks 
after the end of the protocol neoadjuvant treatment.

Endpoints and statistical analysis

The primary endpoint was the proportion of patients with 
best overall response of CR or PR (clinical response rate 
[RR]) determined by central radiologic review as per 
RECIST v1.1. A tumor lesion with larger diameter ≥ 10 mm 
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as measured by MRI (preferred) or CT and ≥ 10 mm as 
measured using a caliper was defined as measurable. Tumor 
size was measured by MRI or CT at the start and the end of 
the protocol treatment and using a caliper and ultrasonog-
raphy every 4 weeks during the treatment. Overall response 
was determined every 4 weeks based on combined assess-
ment of the response of target lesion(s) and appearance of 
any new lesion, and the best of the overall responses seen 
during the treatment period was defined as best overall 
response. Secondary endpoints included percent changes in 
tumor diameter measured by MRI or CT from baseline to 
the end of treatment for individual patients (tumor reduction 
rate), histological tumor response, and proportion of patients 
undergoing breast conserving surgery (breast conservation 
rate) as well as severity and frequency of adverse events 
(AEs). Histological tumor response was assessed according 
to criteria adapted from the General Rules for Clinical and 
Pathological Recording of Breast Cancer ver16 (2008), and 
the proportions of patients showing Grade ≥ 1b response was 
calculated. AEs were coded and graded using the CTCAE 
v4.0.

By reference to RR values previously obtained with neo-
adjuvant anastrozole using caliper-based tumor size meas-
urements [12, 13], the threshold RR was assumed to be 45%. 
The least number of subjects needed to show an expected 
RR of 65% for anastrozole plus UFT with a one-sided alpha 
error rate of 5% and a statistical power of 90% was calcu-
lated as 53. Hence, a sample size of 120 (60 per group) was 
planned by taking into account the potential of excluding 
ineligible subjects.

The efficacy analysis set was composed of all randomized 
patients but those who proved to be ineligible after rand-
omization. The safety analysis set was composed of all ran-
domized patients but those who received no doses of the 
protocol treatment assigned.

For RR (primary endpoint), the 90% confidence inter-
val (CI) was calculated to test whether the lower bound of 
the 90% CI for the RR obtained with anastrozole plus UFT 
was at or above the threshold RR (45%). In an exploratory 
manner, RR data were compared between the two groups 
using Fisher’s exact test. Among secondary endpoints, tumor 
reduction rates were compared between the two groups using 
the unpaired t-test. All tests were two-sided, and a p value 
less than 0.05 was considered statistically significant.

Results

Accrual was suspended on March 27, 2012, when 57 
patients had been enrolled because of serious liver dys-
function [increased alanine aminotransferase (ALT) and 
increased aspartate aminotransferase (AST)] reported in 3 
of 29 patients assigned to the anastrozole plus UFT group by 

this date. Subsequently, the data center performed an interim 
analysis of data from the 57 patients. The independent data 
monitoring board concluded that the results of the analysis 
did not warrant continuation of the study and recommended 
the protocol committee to terminate the study. Following 
the recommendation, the committee decided to terminate 
the study on February 19, 2014.

Patient characteristics

All 57 patients enrolled between December 1, 2010 and 
March 27, 2012 were randomized to receive either anas-
trozole plus UFT (n = 29) or anastrozole alone (n = 28). All 
of them were evaluated for safety, while 28 in each group 
were evaluated for tumor response (Fig. 1). The patient ran-
domized to the anastrozole plus UFT group and excluded 
from the efficacy analysis set proved to be ineligible after 
randomization. The two treatment groups were well-matched 
with respect to baseline characteristics (Table 1).

Efficacy

As shown in Table 2, the anastrozole plus UFT group had 
RR (90% CI) of 39.3% (23.8–56.5%) with two CRs (7.1%) 
and 9 PRs (32.1%); the lower bound of the 90% CI was less 
than the threshold RR (45%). Thirteen patients (46.4%) had 
best overall response of SD. The RR in the experimental 
group was numerically but not significantly higher than that 
in the control group [14.3% (90% CI 5.0–29.8%); p = 0.0683, 
Fisher’s exact test]. In the experimental and control groups, 
two versus zero patients achieved CR, while no versus 3 
patients experienced PD. Of 25 and 27 patients evaluable 
for histological tumor response in the respective groups, 8 
(32.0%) and 12 (44.4%) patients showed Grade ≥ 1b histo-
logical response as per the criteria adapted from the Gen-
eral Rules for Clinical and Pathological Recording of Breast 
Cancer ver16.

Figure 2 shows a waterfall plot of tumor reduction rate. 
As compared with anastrozole alone, anastrozole plus UFT 
produced significantly greater tumor shrinkage with the 

Enro l l ed  (N=57)   
       

Randomi zed  (N=57)   
       
       

An a s t rozo le  p lu s  UFT  
Eva lua t ed  fo r  sa fe t y (N=2 9 )  

  An a s t rozo le  a lo n e  
Eva luat ed  fo r  sa fe t y (N=2 8 )  

       
 Exc luded  (N=1)    
 -  P ro ven  ine l ig ib i l i t y    
       

Eva lua t ed  fo r  e f f i c ac y  (N=28)    Eva luat ed  fo r  e f f i c ac y  (N=28)  

Fig. 1  Subject disposition



758 Cancer Chemotherapy and Pharmacology (2018) 81:755–762

1 3

mean (SD) tumor reduction rate being 31.0 (29.17) % ver-
sus 14.2 (17.30) % (p = 0.0181, unpaired t-test).

After receiving the protocol treatment, 25 patients 
in the anastrozole plus UFT group and 28 in the anas-
trozole alone group were offered surgery. Of these, 19 
[76.0% (95% CI 54.9–90.6%)] and 16 [57.1% (95% CI 
37.2–75.5%)] patients underwent breast conserving 
surgery.

Safety

AEs occurred in 22/29 patients (75.9%) in the anastrozole 
plus UFT group versus 17/28 patients (60.7%) in the anastro-
zole alone group (p = 0.2630, Fisher’s exact test). Grade ≥ 3 
AEs were more frequent in the anastrozole plus UFT group 
(n = 5, 17.2%) than in the anastrozole alone group (n = 0, 
0%) (p = 0.0518, Fisher’s exact test). The most common AEs 

Table 1  Patient characteristics

BSA body surface area, ECOG Eastern Cooperative oncology group, IHC immunohistochemistry, PgR pro-
gesterone receptor, PS performance status
*Wilcoxon rank sum test or Fisher’s exact test

N (%) Anastrozole plus 
UFT (N = 29)

Anastrozole alone 
(N = 28)

P value*

Age [years], median (range) 70 (51–87) 65.5 (50–81) 0.0901
BSA  [m2], median (range) 1.5 (1.3–1.9) 1.5 (1.3–1.9) 0.0935
N status 1.0000
 N0 21 (72.4) 20 (71.4)
 N1 8 (27.6) 8 (28.6)

PgR‒IHC 1.0000
 Negative 8 (27.6) 8 (28.6)
 Positive 21 (72.4) 20 (71.4)

Histological subtypes 1.0000
 Invasive carcinoma of no special type 27 (93.1) 26 (92.9)
 Special subtypes (invasive lobular carcinoma) 2 (6.9) 2 (7.1)

Form of surgery offered at presentation 0.2829
 Breast conserving surgery 15 (51.7) 19 (67.9)
 Mastectomy 14 (48.3) 9 (32.1)

PS (ECOG) 1.0000
 0 27 (93.1) 26 (92.9)
 1 2 (6.9) 2 (7.1)

Table 2  Clinical response rate (RR)

Bes t  ove ra l l  r e sponse Ana s t rozo le  p lus  UFT (N = 28) Ana s t rozo le  a lone  (N = 2 8)
N % 90% CI N % 90% CI

Cen t ra l  r ev i ew
RR (CR +  PR ) 11 39 .3 23 .8–56 .5 4 14 .3 5 .0–29 . 8

CR 2 7 .1 0 0
PR 9 32 .1 4 14 .3
SD 13 46 .4 19 67 .9
PD 0 0 3 10 .7
NE 4 14 .3 2 7 .1

Inves t iga to r  r ev iew
CR +  PR
Cal ipe r -base d 17 60 .7 43 .5–76 .2 14 50 .0 33 .3–66 . 7
Ul t r a sound 19 67 .9 50 .6–82 . 1 13 46 .4 30 .1–63 .4
MRI  o r  CT 11 39 .3 23 .8–56 . 5 10 35 .7 20 .8–53 .0

p = 0.0683, Fisher’s exact test
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in the anastrozole plus UFT group included increased ALT 
(55.2%), increased AST (48.3%), increased blood bilirubin 
(41.4%), thrombocytopenia (31.0%), and fatigue (31.0%) 
(Table  3). Grade 3 AEs were increased AST (10.3%), 
increased ALT (10.3%), back pain (3.4%), and hypertriglyc-
eridemia (3.4%). No Grade ≥ 3 AEs were reported in the 
anastrozole alone group. No deaths occurred in either group.

Discussion

In this randomized phase II study, we evaluated the efficacy 
and safety of anastrozole plus UFT versus anastrozole alone 
as neoadjuvant therapy for ER-positive, HER2-negative 
postmenopausal breast cancer.

Although the study was terminated owing to the altered 
liver function, it showed there was a trend to greater shrink-
age of tumor in the combination group.

In general, tumor cells with higher proliferative activity 
are more sensitive to chemotherapy. Endocrine therapy 

inhibits the proliferation of tumor cells and therefore coun-
teracts the cytotoxic activity of chemotherapy used con-
comitantly [14]. In contrast, metronomic chemotherapy 
has been suggested to enhance the antitumor activity of 
endocrine therapy, as it inhibits tumor growth through 
antiangiogenesis. Previous studies have demonstrated a 
benefit of 2-year postoperative adjuvant therapy with UFT 
concurrent with tamoxifen for ER-positive breast cancer 
[15–18]. In the present study, anastrozole plus UFT pro-
duced a higher tumor reduction rate as compared with 
anastrozole alone.

During this combination therapy, 2 patients achieved CR 
and no patients had best overall response of PD. The former 
finding suggests that the addition of UFT may enhance the 
activity of endocrine therapy, while the latter finding reflects 
the activity of UFT against hormone-resistant tumor cells 
potentially existing in an HR-positive breast tumor. Thus, 
the combination of UFT with anastrozole may have con-
ferred broad-spectrum antitumor activity that could cover 
hormone-sensitive as well as hormone-resistant tumors.

Fig. 2  Waterfall plot of tumor 
reduction rate (percent reduc-
tion in unidimensional radio-
logic measurements)

Tu mo r r e duct i o n ra te  as  pe r  i nv es t ig ator  a s se s sment  
 Treat me nt  groups  
 Anas t r oz ole  p l us  UF T 

(N=28)  
Anas t r oz ole  a lo ne  

(N=28)  
P t s  asse s sed ,  N  2 5  2 4  

Mean  31 .0  14 .2  
S tanda rd  dev ia t io n  2 9 . 1 7  1 7 . 3 0  

Min imu m -13 .0  -34 .5  
Med ian  2 7 . 8 0  1 3 . 1 5  

Maxi mu m  100 .0  51 .1  
P t s  wi th  mi s s in g  da t a ,  N  3  4  

p t s  pa t i en t s  Un p a i red  t - t e s t ,  p=0 .018 1  
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This study failed to show that the lower bound of the 
90% CI for the RR in the anastrozole plus UFT group was 
at or above the threshold RR (45%). We used radiological 
(MRI or CT) tumor measurements to determine the RR (pri-
mary endpoint) despite the use of previous response data 
obtained by caliper-based measurements to set the thresh-
old RR. Radiological response assessments are generally 
worse than caliper-based assessments, as was observed in 
the present study [RR 37.5% (21/56) vs 55.4% (31/56) as 
per investigator assessment]. This might partially account 
for the failure of the study to meet its primary endpoint. The 
RR determined by caliper-based measurements in patients 
treated with anastrozole plus UFT was 60.7% (17/28), which 
is comparable to the expected value (65%) and deserves 
evaluation.

While anastrozole plus UFT tended to produce greater 
clinical tumor response as compared with anastrozole alone, 
histological tumor response showed an opposite tendency. 
This might be partly due to a great inter-site, inter-rater vari-
ability in ratings of histological tumor response to neoadju-
vant endocrine therapy, which is likely to occur when many 
of the pathologists involved have little experience in this 
rating.

Grade ≥ 3 liver dysfunction occurred in 3 patients (10.3%) 
in the anastrozole plus UFT group. All events resolved and 
none of them resulted in death. Although a previous special 
drug-use survey reported similar frequency of liver dysfunc-
tion between patients treated with UFT plus anastrozole and 
those treated with UFT alone [19], the occurrence of severe 
liver dysfunction after concurrent treatment with anastrozole 
and UFT in the present study indicates the need for careful 
monitoring of liver function during this combination therapy 
in practice.

This study had several limitations. First, the study was 
probably underpowered, because it was terminated before 
achieving the planned sample size (n = 120). Second, no 
patients enrolled in this study were followed up for survival 
after years, because the association of achievement of pCR 
after neoadjuvant treatment with a better long-term outcome 
remained controversial. Third, this study was conducted with 
no regard to classification by risk factors; luminal breast 
cancer with high-risk features (e.g., with a high Ki67 index) 
may be sensitive to chemotherapy.

Furthermore, the optimal duration of neoadjuvant therapy 
for breast cancer has not been established. In the present 
study, patients were to receive neoadjuvant endocrine or 
chemoendocrine therapy for 24 weeks (6 months). Previous 
studies have reported a higher breast conservation rate after 
6-month versus 4-month neoadjuvant therapy [20], achieve-
ment of maximal tumor response after 6- to 12-month neo-
adjuvant therapy [21], and a significantly higher tumor 
response rate after 12 months than a shorter period of neo-
adjuvant therapy [22]. In the N-SAS BC06 study, the major-
ity of postmenopausal Japanese women with breast cancer 
scheduled to undergo mastectomy could undergo breast 
conserving surgery after receiving neoadjuvant therapy for 
6 months [23]. To increase the likelihood of breast conser-
vation, neoadjuvant therapy should be continued for at least 
3 to 4 months, preferably for up to 6 months, as long as the 
patient shows no disease progression during the therapy.

Recently, a cyclin-dependent kinase (CKD) 4/6 inhibi-
tor has emerged as a promising new drug for HR-positive 
breast cancer. The CKD 4/6 inhibitor in combination with an 
endocrine agent has been shown to significantly prolong pro-
gression-free survival as compared with the endocrine agent 
alone in advanced breast cancer [24–26], and this effect 

Table 3  Adverse events 
collected in a solicited manner

Events, N (%) Anastrozole plus UFT (N = 29) Anastrozole alone (N = 28)

Any grade Grade ≥ 3 Any grade Grade ≥ 3

Alanine aminotransferase increased 16 (55.2) 3 (10.3) 6 (21.4) 0
Aspartate aminotransferase increased 14 (48.3) 3 (10.3) 4 (14.3) 0
Blood bilirubin increased 12 (41.4) 0 0 0
Thrombocytopenia 9 (31.0) 0 1 (3.6) 0
Fatigue 9 (31.0) 0 2 (7.2) 0
Anorexia 7 (24.1) 0 0 0
Nausea 7 (24.1) 0 0 0
Leukopenia 5 (17.2) 0 4 (14.3) 0
Diarrhea 4 (13.8) 0 4 (14.3) 0
Creatinine increased 3 (10.3) 0 3 (10.7) 0
Skin hyperpigmentation 3 (10.3) – 0 –
Hemoglobin increased 2 (6.9) 0 1 (3.6) 0
Mucositis oral 2 (6.9) 0 2 (7.2) 0
Vomiting 1 (3.4) 0 0 0
Rash maculopapular 1 (3.4) 0 1 (3.6) 0
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was reported to be independent of the degree of endocrine 
resistance, hormone-receptor expression level, and PIK3CA 
mutational status [26].

In conclusion, although the study was terminated owing 
to the altered liver function, it showed there was a trend 
to greater shrinkage of tumor in the combination group. 
The combination of an AI with an oral fluoropyrimidine 
may become an attractive option as neoadjuvant therapy for 
ER-positive, HER2-negative breast cancer. A study is cur-
rently underway to evaluate the benefit of endocrine therapy 
combined with S-1 as adjuvant (postoperative) therapy for 
ER-positive, HER2-negative breast cancer (POTENT study). 
The results of this ongoing study will further clarify the 
clinical role of adding metronomic chemotherapy to endo-
crine therapy for this phenotype of breast cancer.
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