
Abstract. Background: The optimal sequence of
radiotherapy (RT) and hormone therapy using aromatase
inhibitors (AI) in patients with breast cancer treated with
breast-conserving surgery is unclear. Several short-term
analyses have shown that there are no differences in breast
cancer outcomes according to the treatment sequence.
However, long-term outcomes have not been reported.
Patients and Methods: We retrospectively analyzed disease-
free survival events in 315 consecutive breast cancer patients
who underwent breast-conserving surgery, RT, and received
adjuvant AI at our Institute between 2001 and 2009. We
compared the outcomes between treatment sequences of AI
and RT (concurrent vs. sequential). Results: With a median
follow-up of 5.6 years, no significant differences between the
2 groups in terms of disease-free survival (unadjusted p=0.6;
adjusted p=0.5) were observed. Conclusion: Similarly to
previous short-term reports, AI administration after RT and
AI concurrently with RT are both reasonable treatment
options for early-stage breast cancer patients treated with
breast-conserving surgery. 

Breast-conserving surgery, radiotherapy (RT) for the affected
breast, and adjuvant hormone therapy using tamoxifen or
aromatase inhibitors (AI) are standard treatments for post-
menopausal early breast cancer patients with hormone
receptor-positive tumors (1, 2). However, the optimal sequence
of radiotherapy and hormone therapy remains unclear (3). Until

now, there have been several reports on the association of the
sequencing of tamoxifen and radiotherapy with long-term
patient outcomes (4-6). In these reports, there were no
differences in long-term outcomes with treatment sequences of
tamoxifen and RT (4-6). However, in cases of AI, only short-
term (i.e., less than 3 years) outcomes have been reported (7-9),
and not long-term outcomes. It is clinically important to
evaluate longer-term outcomes of hormone receptor-positive
breast cancer patients because these patients have a marked risk
of recurrence for a prolonged period (10, 11). 

Previously, we reported on treatment sequences of AI and
RT in post-menopausal breast cancer patients with a median
follow-up time of 2.9 years (7). In the present study, we report
updated data with a median follow-up time of 5.6 years. 

Patients and Methods

Patients and inclusion criteria. We previously reported 264
consecutive women with breast cancer treated with breast-
conserving surgery, RT, and AI at the Osaka Medical Center for
Cancer and Cardiovascular Disease between October 2001 and
August 2008 (7). In the present analysis, the patient population was
expanded to include those who underwent surgery until December
2009, and we updated the follow-up data until March 2014.
Inclusion criteria were as follows: (i) post-menopausal patients with
clinical stage I or II breast cancer; (ii) patients treated with breast-
conserving surgery; (iii) tumors were estrogen and/or progesterone
receptor-positive; (iv) patients who received postoperative RT for
the affected breast at a total median dose of 50 Gy in 2-Gy fractions
or 63.2 Gy as a boost if there was a microscopically involved
surgical margin; and (v) patients who received adjuvant AI
(anastrozole: 1 mg, letrozole: 2.5 mg, or exemestane: 25 mg) daily
for 5 years postoperatively. Exclusion criteria were as follows: (a)
prior malignancy other than breast cancer; (b) ductal carcinoma in
situ; and (c) patients who received neoadjuvant therapy at the initial
treatment. In total, 315 patients were included in this analysis. The
median follow-up was 5.6 years.

According to the treatment sequence of AI and RT, patients were
divided into a concurrent or sequential group. Patients who received
AI during RT followed by continued AI were defined as the
concurrent group, and those who received RT followed by AI as the
sequential group.
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Post-operative management. Patients received a physical
examination every 3-6 months for 5 years after surgery and annually
thereafter. Mammograms were performed annually after surgery.
The estrogen and progesterone receptor statuses were determined
by immunohistochemistry, and tumors with 10% or more positively
stained tumor cells were classified as positive. The HER-2 status
was considered positive if immunohistochemistry was 3+ or
fluorescence in situ hybridization (HER-2/neu to chromosome 17
ratio) was >2.0.

As previously analyzed (7), grade 3, 4, or 5 pneumonitis, rib
fracture, and axillary vein thrombosis were evaluated according to
the Radiation Therapy Oncology Group Late Toxicity Criteria (12).
Grade 3, 4, or 5 arm edema was assessed according to the National
Cancer Institute Common Toxicity Criteria, version 3.0 (13).

Statistical analyses. Patients’ characteristics according to the
treatment sequence of AI and RT were compared using the chi-
square test or Student’s t-test. Disease-free survival (DFS) was
defined as the period from the date of surgery to that of recurrence
or death, and was calculated by the Kaplan-Meier method. The log-

rank test was used to evaluate differences in DFS among the various
patient sub-groups. Multivariate analyses for DFS were performed
using the Cox proportional hazards model. In the calculation of
DFS, occurrences of local, regional, or distant metastases,
contralateral breast cancer, and deaths without evidence of
recurrence were treated as events. 

All statistical tests and p-values were two-tailed, and p-values
<0.05 were considered significant. All statistical tests were
performed with the IBM SPSS Statistics 21 software (IBM Japan,
Nihonbashi Hakozaki-cho, Tokyo, Japan). 

Results

In Table I, patients’ characteristics according to treatment
sequence are shown. Out of the 315 patients, 158 (50%)
were defined as the concurrent group and 157 (50%) were
defined as the sequential group. Out of the 315 patients,
301 (96%), 14 (4%), and 0 (0%) were administered
anastrozole, letrozole, and exemestane, respectively. Ten

ANTICANCER RESEARCH 34: 4311-4314 (2014)

4312

Table I. Patients’ characteristics (N=315).

Concurrent (N=158) Sequential (N=157) p-Value
No. of patients (%) No. of patients (%)

Age, years Median 61 61 0.7
Range 48-81 49-80

Follow-up periods Median 5.1 6.9 0.0001
Range 1.6-11.0 0.9-11.8

p-T stage 1 96 (61) 85 (54) 0.3
2 60 (38) 68 (43)
Unknown 2 (1) 4 (3)

Grade 1 47 (30) 38 (24) 0.3
2 82 (52) 76 (48)
3 28 (18) 40 (25)
Unknown 1 (1) 3 (2)

Histological type Invasive ductal 148 (94) 148 (94) 0.8
Other 10 (6) 9 (6)

No. of positive lymph nodes 0 124 (78) 116 (74) 0.4
1 to 3 21 (13) 29 (18)
4 or more 9 (6) 6 (4)
Unknown 4 (3) 6 (4)

Lymphovascular invasion Negative 89 (56) 75 (48) 0.2
Positive 68 (43) 79 (50)
Unknown 1 (1) 3 (2)

Surgical margin status Negative 151 (96) 141 (90) 0.07
Positive 7 (4) 15 (10)
Unknown 0 (0) 1 (1)

Estrogen receptor status Positive 155 (98) 147 (94) 0.05
Negative 2 (1) 8 (5)
Unknown 1 (1) 2 (1)

Progesterone receptor status Positive 112 (71) 94 (60) 0.04
Negative 44 (28) 61 (39)
Unknown 2 (1) 2 (1)

HER-2 status Positive 12 (8) 5 (3) 0.08
Negative 144 (91) 150 (96)
Unknown 2 (1) 2 (1)

Adjuvant chemotherapy Yes 27 (17) 30 (19) 0.6
No 131 (83) 127 (81)



patients (3%) switched from AI to tamoxifen because of
adverse events. Between the concurrent and sequential
groups, frequencies of the following factors were
significantly different: follow-up period and progesterone
receptor status.

The median follow-up period was 5.1 (range=1.6-11.0)
years in the concurrent group and 6.9 (range=0.9-11.8) years
in the sequential group. Fourteen (9%) patients had DFS
events in the concurrent group, and 18 (12%) patients had
such events in the sequential group. Detailed DFS events are
shown in Table II. There was a non-significant tendency
toward a difference in death without evidence of recurrence
between the 2 groups (p=0.08 by chi-square test). All non-
breast cancer deaths occurred in the concurrent group. The
causes of death were cardiac dysfunction (n=1) and
aspiration pneumonia (n=2). There were no differences in
DFS rates according to treatment sequence (p=0.6 by log-
rank test). The 5-year DFS was 94% in both sequential and
concurrent groups (Figure 1). Multivariate analyses using
tumor size (pT1 vs. pT2), lymph nodal status (positive vs.
negative), histological grade (1 vs. 2 or 3), estrogen receptor
status (positive vs. negative), progesterone receptor status
(positive vs. negative), HER-2 status (positive vs. negative),
and treatment sequence (concurrent vs. sequential) also
demonstrated no significant differences according to the
treatment sequence (hazard ratio, 1.3 [95% confidence
interval, 0.6 to 2.7], p=0.5).

To exclude confounding factors, we further performed
statistical analyses excluding 65 patients with positive
axillary nodes or 57 patients who received adjuvant
chemotherapy. Again, there was no significant difference
between the 2 groups in DFS by uni- or multivariate analyses
(data not shown).

Similarly to previously reported results with a shorter
follow-up (7), severe adverse events were very rare in both
groups. Grade 3 to 5 rib fracture and axillary vein
thrombosis did not occur in either group. Grade 3
pneumonitis occurred in 1 patient (1%) of the concurrent
group and none of the sequential group. Grade 3 arm edema
occurred in 2 patients in each group.

Discussion

In the present study, there was no association between long-
term outcomes and the sequence of AI and RT, which is in
agreement with previous reports (7-9). We have previously
(7) demonstrated that there was no difference in DFS
between the concurrent group (n=113) and sequential group
(n=151), with a median follow-up of 2.9 years. Azria et al.
(8) reported a randomized phase II study with assigned
groups to letrozole and RT concurrently (n=75) or letrozole
after RT (n=75) involving hormone receptor-positive post-
menopausal patients treated with breast-conserving surgery.
With a median follow-up of 26 months, no significant
differences in patient outcomes were noted between the 2
groups. Vladimir et al. (9) reported a retrospective analysis
of their experiences at the Allegheny General Hospital. Fifty-
seven patients received anastrozole and RT concurrently and
126 patients received hormone therapy (anastrozole or
tamoxifen) after completion of RT. Out of these, 1 and 5
local failures occurred with a median follow-up of 28 and
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Figure 1. Disease-free survival curves according to treatment sequence.

Table II. Disease-free survival events according to treatment sequence (N=315).

Events Concurrent (N=158) Sequential (N=157) p-Value
No. of patients (%) No. of patients (%)

Local recurrence 1 (1) 3 (2) 0.3
Regional recurrence 3 (2) 2 (1) 0.7
Distant recurrence 5 (3) 10 (6) 0.2
Contralateral breast cancer 2 (1) 3 (2) 0.6
Death without evidence of recurrence 3 (2) 0 (0) 0.08



30.8 months, respectively. In these studies (7-9), the median
follow-up times were less than 3 years, which may be too
short to evaluate the prognosis of patients with hormone
receptor-positive breast cancer. The peak of the annual
hazard risk of recurrence was 2-3 years after surgery (10).
However, the hazard of recurrence for hormone receptor-
positive patients was relatively constant (10, 11). Therefore,
it is clinically important to assess longer-term outcomes in
this patient population. Our study cohort comprised of a
larger patient population and longer follow-up period
compared with previous reports (7-9). However, because
patients with hormone receptor-positive tumors show
recurrence beyond 5 years (11), much longer follow-up
periods are required to validate our results.

Because of the retrospective nature of this study, there
were several statistical differences in clinical and
pathological factors between the 2 groups. Although
adjustment was realized using multivariate analyses, it could
not be ruled out that several biases remained unadjusted for
between the 2 groups. 

In conclusion, AI administration after RT and AI
concurrently with RT are both reasonable treatment options.
Further studies with a longer follow-up are warranted.
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