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Purpose: This study aimed to analyze the efficacy and prognostic
significance of adjuvant tamoxifen in breast cancer patients with
various hormone receptor statuses. Methods: Typically, 1,260
female breast cancer patients were recruited in this study. The
correlation between estrogen receptor (ER)/progesterone receptor
(PR) phenotypes and clinical characteristics was investigated,
and the survival rate was assessed after 5-year follow-up. Results:
The 5-year overall survival (85%) was better in women under the
age of 50 years. Patients with ER+/PR+ tumors had a better
5-year survival rate (94%); those with ER-/PR- tumors experi-
enced the worst outcome (74% survival rate); whereas single-

positive cases were in between. In 97 out of 128 patients with
ER-/PR+ tumors, tamoxifen was given as adjuvant hormonal
therapy, and it increased the survival benefit in the lower grade
group in terms of overall survival and disease-free survival (p=
0.01 and p=0.03, respectively). Conclusion: For high-grade
tumors with ER-/PR+, adjuvant tamoxifen therapy may have no
survival benefit, whereas for the patients with low-grade ER-/
PR+ tumors, adjuvant tamoxifen therapy is highly suggestive.
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INTRODUCTION

Adjuvant endocrine therapy is usually offered after surgery
and radiotherapy for breast cancers. It is effective only among
patients with hormone receptor-expressed tumors, such as
estrogen receptor (ER)-positive and/or progesterone receptor
(PR)-positive [1,2]. It can reduce the risk of deaths due to
breast cancer and recurrence in those patients, who have been
widely confirmed for breast cancer through many clinical
trials [2-4]. It has been reported that after a long-term follow-
up, more than 34% of significant reduction in the relative risk
for recurrence and death was observed in patients with adju-
vant hormonal therapy [2]. Thus, the ER and PR status of
breast tumors are now routinely determined, so that physician
can suggest an appropriate endocrine therapy for the patient.

In general, it has been reported that more than 67% of breast
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cancers are sensitive to tamoxifen therapy [5-8]. Typically, ER
as a predictor of endocrine therapy efficacy is well accepted.
Nevertheless, the role of PR in predicting the efficacy of endo-
crine therapy is still controversial. However, some reports have
shown the limit value of PR as a therapeutic predictor [9],
others highlighted the use of PR status as a predictive factor
for benefit from adjuvant endocrine therapy, also demonstrat-
ing its significance in prognostic outcomes [10].

The first aim of this study was to identify the efficacy of
adjuvant tamoxifen in patients with ER-/PR+ breast tumors.
The second aim was to stratify the survival curve as well as risk
factors of breast cancer, according to the hormone receptor
status in Taiwanese women.

METHODS

Patients

The studies were approved by the Institutional Review Board
and Ethics Committee of the Changhua Christian Hospital.
(Approval number 090902). Specifically, patients, diagnosed
between 2002 and 2006, were identified from the Changhua
Christian Hospital cancer registry databases. Due to incomplete
information pertaining to hormone receptor status before
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2002, analysis was initiated from 2002.

Using the registry software, well-trained case managers
collected uniform information about all the patients with breast
cancer, who have been examined at least once as outpatients
or inpatients in the daily clinical service. The baseline data
included demographic characteristics, tumor characteristics
and ER/PR status. The Nottingham modification of the Scarff-
Bloom-Richardson grading scheme was applied in the histo-
logic grading of invasive breast cancer. Basically, this grading
scheme is based on three morphologic features: degree of
tumor tubule formation, tumor mitotic activity and nuclear
pleomorphism of tumor cells. The sum of these scores stratifies
breast tumors into Grade I (score 3-5, well differentiated),
Grade II (score 6-7, moderately differentiated) and Grade III
(score 8-9, poorly differentiated) malignancies. In this study,
the AJCC staging system [11] was used, and a variety of edit
checks and procedures were employed to omit duplicate records.
The quality of the cancer registry database was reviewed and
approved by a committee, which consisted of radiologists,
oncologists, pathologists, surgeons, and an epidemiologist with
special expertise in breast cancer.

Immunohistochemistry (IHC)

For detection of the patients’ ER and PR statuses, IHC analy-
ses were performed on the formalin-fixed, paraffin-embedded
breast cancer tissues, with anti-ER (clone SP1, dilution 1:200;
Lab Vision, Fremont, USA) and anti-PR antibodies (clone SP2,
dilution 1:250; Lab Vision) by an autostaining system (Ventana
Medical Systems Inc., Tucson, USA). A report of 10% or greater
of cells that had nuclear staining for ER was considered a posi-
tive result as well as PR.

The determination of HER2 gene amplification was also
performed with IHC method (Dako, Carpinteria, USA).
Assessment of staining was based on a semi quantitative score
(range, 0 to 3+). Absence of or weak incomplete membrane
staining (0 to 1+) was considered a negative result; 2+ staining
with complete membrane was considered as equivocal over-
expression; and 3+ staining was considered overexpression.

Statistics analysis

Data are expressed as the mean + standard deviation (SD)
for continuous variables. ANOVA analysis was used for the
comparison of continuous variables, and categorical variables
were normally tested by the x* test when appropriate. In
addition, for small numbers counted in categorical variables
(e.g., grade and staging) a Fisher’s exact test was performed.
All p-values are two-tailed; a p-value of less than 0.05 was
considered to indicate statistical significance. Cumulative
survival rates of breast cancer cases were analyzed by the
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Kaplan-Meier method, and differences in cumulative survival
were assessed using the Log-rank method. The SAS 9.1.3 (SAS
Institute Inc., Cary, USA) for windows software package was
used for analysis.

RESULTS

Typically, 1,260 female patients were included in this analysis
with an average age of 51.5+ 12.0 years. A total of 92 deaths
from breast cancer were ascertained after follow-up until 31,
December 2007. Of these cases, ER+/PR+, ER+/PR-, ER-/
PR+, and ER-/PR- were 680 (54%), 139 (11%), 128 (10%),
and 313 cases (25%), respectively. In the subgroup analysis of
ER-/PR+ tumors, tamoxifen was given as adjuvant hormonal
therapy in 97 out of 128 cases. As shown in Table 1, tumor
characteristics among women with breast cancer according to
ER and PR status was analyzed. There was no significant
difference among the 5 groups with regard to age, tumor size,
lymph node status, distant metastasis and stage. Besides, the
distributions of hormone receptor status among the series in
this study compared to other studies were shown in Table 2.
The ER+ phenotype was around 24% to 82%, and the ER-/
PR+ status accounted for 3% to 11%. Furthermore, 15% to
66% were double-negative tumors.

The effects of ER/PR status on overall survival

The mean 5-year overall survival was 85%; 5-year overall
survival was higher in women <50 years as compared to
women > 50 years (p<0.0496) (Figure 1A). In Figure 1B, higher
5-year survival rate was detected in double-positive tumors
(94%), and double-negative tumors were associated with a
5-year overall survival of 74%, which was statistically different
from the double-positive tumors (p < 0.0001).

Disease-free survival was also significantly different between
the four groups (Figure 1C). Patients with double-positive
tumors had the highest disease-free survival while the ER-/
PR+ and double-negative groups had the lowest.

The relationship between total breast cancer deaths and ER
and PR status were also analyzed (Table 3). In the ER-/PR-
group, the mortality rate was high (15%) whereas the mortality
rate in the ER+/PR+ group was low as 3%.

The effect of tamoxifen on ER-/PR+ tumors

Table 3 shows the breast cancer death among women with
breast cancer by ER and PR expression, there were 5 cases of
breast cancer death in the group without tamoxifen (4 out of 5
were older than 50 years) and 8 in the group that received
tamoxifen (4 cases were older than 50 years); the overall survival
rate was not significant between these two groups.
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Table 1. Descriptive statistic for tumor characters among women with breast cancer according to ER/PR status

Li-Heng Yang, et al.

ER-/PR- ER-/PR+ ER-/PR+ ER+/PR- ER+/PR+
Type (h=3193) (n=31)* (h=97) (h=139) (h=680) p-value
No (%) No (%) No (%) No (%) No (%)
Age (yn) 0.5229
Mean+SD 51.80+£12.12 53.42+9.35 53.19+12.86 51.43+10.99 51.22+12.13
Range 23-87 31-69 30-99 27-79 22-93
Median 51.00 53.00 51.00 51.00 49.00
Tumor size (cm) 0.0642
<20 238 (86.6) 17 (80.9) 75(91.5) 114(90.5) 513 (92.1)
>2.0 37 (13.4) 4(19.1) 7(8.5) 12(9.5) 44 (7.9)
Other or unknown 38 10 15 13 123
Lymph node 0.2425
Negative 192 (64.9) 12 (54.5) 48 (52.7) 76 (57.6) 382 (60.9)
Positive 104 (35.1) 10 (45.5) 43 (47.3) 56 (42.7) 245 (39.1)
Other or unknown 17 9 6 7 53
Distant metastasis 0.1250
No 284 (95.9) 20 (100.0) 88(98.9) 127 (96.9) 615 (98.6)
Yes 12 (4.1) 0(0.00) 1(1.1) 43.1) 9(1.4)
Other or unknown 17 11 8 8 56
Histological grade <0.0001
L 132 (45.7) 21(70.0) 48 (53.9) 91 (68.9) 470(77.9)
Had received chemotherapy 101 (76.5) 11 (52.4) 33(68.9) 66 (72.5) 277 (58.9)
i 157 (54.3) 9(30.0) 41 (46.1) 41(31.1) 133 (22.1)
Had received chemotherapy 116 (73.9) 3(33.3 32(78.0) 26 (63.4) 72 (54.1)
Other or unknown 24 1 8 7 77
Stage 0.1414
<ll 107 (36.9) 9 (45.0) 29 (32.6) 41(31.3) 256 (41.3)
>l 183 (63.1) 11 (65.0) 60 (67.4) 90 (68.7) 364 (58.7)
Other or unknown 23 11 8 8 60
HER2 <0.0001
Negative 174 (61.7) 15 (57.7) 43 (50.6) 104 (83.9) 516 (83.1)
Positive 108 (38.3) 11 (42.9) 42 (49.4) 20 (16.1) 105 (16.9)
Other or unknown 31 5 12 15 59
Breast cancer-related death 48 5 8 11 20
The meaning of grade is histological grade.
ER=estrogen receptor; PR = progesterone receptor; HER2 = HER2/neu overexpression; SD=standard deviation.
*Without hormone therapy; "With hormone therapy.
Table 2. The proportions of ER and PR expression in patients in recent studies
No. (%)
Study No. of total cases ER+ (%)
ER+/PR+ ER+/PR- ER-/PR+ ER-/PR
Osborne et al. [5] 1,366 113 (32) 121 (33) 13 (4) 111 31) 65
Rakha et al. [6] 1,944 963 (55) 272 (16) 60 (3) 448 (26) 71
Bird et al. [21] 129 - - 12 (10) 79 (66) 24
Anderson et al. [7] 243,808 - - - - 80
Arpino et al. [8] 54,865 31,415 (57) 13,404 (25) 1,621 (3) 8,425 (15) 82
Carey et al. [12] 496 243 (49) 52 (11) 37(7) 164 (33) 60
Yuetal. [22] 1,836 (43) (20) (11) (26) 63
This study 1,260 680 (54) 139 (1) 128 (10) 313 (25) 65

ER=estrogen receptor; PR = progesterone receptor.

In the univariate Cox regression analysis of factors associated positive groups (ER+/PR-, hazard ratio of 0.78; ER+/PR+,
with overall survival and disease-free survival, the significant hazard ratio of 0.70) versus the double-negative (Table 4).
differences were found in overall survival between the ER- Furthermore, differences in disease-free survival were detected
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Figure 1. The 5-year survival rate. (A) Overall survival was determined by age. Overall survival (B) and disease-free survival (C) according to estrogen
receptor (ER) and progesterone receptor (PR) status.
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Age >50 yr Age <50 yr Total
Type Breast cancer 5-year Breast cancer 5-year Breast cancer 5-year
death/cases survival rate (%) death/cases survival rate (%) death/cases survival rate (%)
ER-/PR- 25/171 745 23/142 68.5 48/313 71.8
ER-/PR+* 4/23 1/8 - 5/31 -
ER-/PR+ 4/52 80.7 4/45 78.5 8/97 79.5
ER+/PR- 8/78 84.2 3/61 94.8 11/139 89.1
ER+/PR+ 12/329 90.4 8/351 95.7 20/680 92.9
Total 53/653 81.5 39/607 87.6 92/1,260 84.5
ER=estrogen receptor; PR = progesterone receptor.
*Without hormone therapy; "With hormone therapy.
Table 4. Univariate Cox regression analysis of factors associated with overall survival in breast cancer patients
Disease-free survival Overall survival
Feature
HR 95% Cl p-value HR 95% Cl p-value
ER-/PR+ vs. ER-/PR-* 1.80 0.82-3.93 0.1430 2.02 0.80-5.13 0.1397
ER-/PR+ vs. ER-/PR- 1.06 0.62-1.83 0.8335 0.86 0.40-1.82 0.6866
ER+/PR- vs. ER-/PR- 0.91 0.79-1.05 0.2039 0.78 0.62-0.97 0.0230
ER+/PR+ vs. ER-/PR- 0.80 0.73-0.87 <0.0001 0.70 0.62-0.80 <0.0001
HR=hazard ratio; Cl=confidence interval, ER=estrogen receptor; PR = progesterone receptor.
*Without hormone therapy; 'With hormone therapy.
Table 5. Multivariate Cox regression analysis of factors associated with overall survival in patients
Disease-free survival Overall survival
Feature
HR 95% Cl p-value HR 95% Cl p-value
ER-/PR+* vs. ER-/PR- 1.85 0.84-4.06 0.1270 2.09 0.82-5.32 0.1234
ER-/PR+" vs. ER-/PR- 1.07 0.62-1.84 0.8164 0.85 0.40-1.81 0.6797
ER+/PR- vs. ER-/PR- 0.91 0.79-1.06 0.2125 0.78 0.62-0.97 0.0234
ER+/PR+ vs. ER-/PR- 0.80 0.73-0.87 <0.0001 0.71 0.62-0.81 <0.0001

Adjusted by chemotherapy.
HR=hazard ratio; Cl=confidence interval; ER =estrogen receptor; PR=progesterone receptor.
*Without hormone therapy; 'With hormone therapy.
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between the double-positive versus the double-negative groups
(hazard ratio of 0.80). In the multivariate Cox regression anal-
ysis, the significant differences were found in disease-free
survival and overall survival between ER+/PR+ versus the
double-negative. There was no survival significant difference
between ER-/PR+ and double-negative tumors (Table 5).
Although it is a well known evidence that double-positive
versus double-negative patients had survival benefit after
adjuvant hormonal therapy [2], the benefit between ER-/PR+
and double-negative patients were still controversial in our
study.

The patients were further stratified based on histological
grade: low-grade (I and II) and high-grade (III). No survival
benefit was detected with adjuvant tamoxifen therapy in the
high-grade group. However, adjuvant tamoxifen treatment
significantly improved survival in low-grade patients (Figure
2A and B). Significant differences between the double-nega-
tive and ER-/PR+ groups with or without tamoxifen were
detected (Figure 2C and D). In low-grade tumors, patients
with ER-/PR+ tumors who did not receive tamoxifen treat-
ment had the worst outcome whereas the ER-/PR+ group
who received the hormonal therapy had the best outcome in
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terms of overall survival and disease-free survival (p=0.0144
and p=0.0328, respectively).

DISCUSSION

Determination of ER and PR expression by IHC analysis is
routinely used for the identification of patients, who are most
likely to benefit from endocrine therapy. Currently, ER/PR
status is probably the best predictive marker. Tamoxifen has
been widely accepted as an adjuvant endocrine therapy after
surgery, leading to improved disease-free and overall survival
and reduced recurrence rate. As shown in Table 2, the data
demonstrates that ER+ tumors accounted for about 65% of all
tumors, whereas approximately 25% were double-negative
tumors. Therefore, in Taiwan, the ER+ rate was lower than
that reported in Western countries [6-8]. However, single-
positive and double-negative tumors accounted for 21% and
25% of the tumors, respectively, which is consistent with data
from other countries [5,6,8,12].

Who benefits from adjuvant endocrine therapy? Although
the older endocrine therapies included surgical ablative proce-
dures and high dose hormones in the early 1970s, current
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guidelines call for the determination of ER and PR status in all
primary invasive breast cancers. Adjuvant endocrine therapy
should be considered only in ER- or PR-positive patients [13].
In the 2000s, the gold standard for adjuvant endocrine therapy
was tamoxifen, and the duration of treatment was 5 years.
After 5 years of adjuvant tamoxifen treatment, the reduction
in annual rate of recurrence and mortality was 41% and 34%,
respectively [2]. Furthermore, the reduction in contralateral
breast cancer was 39%, and the 15-year absolute reduction in
recurrence and mortality was 12% and 9.2%, respectively,
which were significantly different from patients not receiving
tamoxifen [2].

ER-positive status included both ER+/PR+ and ER+/PR-
phenotypes. Osborne et al. [14] demonstrated that double-
positive tumors had higher response rate when compared
with ER+/PR- tumors. Loprinzi et al. [15] also showed that PR
level was responsive to the treatment benefit; the higher the ER
expression, the more likely PR was to be positive.

In the present study, identification of breast cancer biomark-
ers was of great significance, and determination of the response
to hormonal therapy was a key point to survival. Rakha et al.
[6] reported a large series of primary invasive breast cancer
with long-term follow-up. The clinical outcome showed that
double-positive breast cancer had the best outcome followed
by single-positive tumors; the double-negative phenotype had
the worst outcome, which was consistent with the results from
this study.

In Taiwan, a predominance of breast cancers was ER+, and
adjuvant endocrine therapy was indicated in these cases. This
study also demonstrates that adjuvant endocrine therapy was
statistically more effective in ER+ tumors when compared with
double-negative tumors in overall and disease-free survival.

There have been many controversies in breast cancer man-
agement. Novel drugs (i.e., aromatase inhibitors) were available
for the treatment of hormone receptor-positive breast cancer
patients. Recent adjuvant endocrine therapy trials included
initial, initial and sequential, sequential, switching, and extended
adjuvant therapies [4,16-20]. However, there were certain
questions like, which treatment should be started first? What
is the duration of treatment; how long the treatment should
be continued? Thus, new strategies were needed for the treat-
ment of hormone receptor-positive breast cancer.

In this study, 25% of breast cancers were ER-/PR-, and
therefore, adjuvant hormone therapy was not indicated. This
group experienced the worst disease-free survival and overall
survival, which was consistent with previous studies [5,6,8,13].
PR- breast cancer may have impaired ER signaling, rendering
them less responsive to tamoxifen treatment. Therefore,
chemotherapy should be given in a more aggressive manner
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to these patients.

In previous studies, the frequency of ER-/PR+ phenotype
has been reported to be 4% to 10% [5-8,10,12,21]. In this
phenotype, some ER-/PR+ tumors in the elderly might be due
to lower expression of ER level. However, Yu et al. [22] revealed
that Chinese breast cancer patients with ER-/PR+ tumors were
mainly premenopausal and younger in age. They received less
benefit from adjuvant tamoxifen therapy. In this study, the
frequency of ER-/PR+ tumors was about 10%, and there were
no significant differences in age, tumor size, lymph node status,
distant metastasis, and stage among the tumors (Table 1).

This study demonstrated an association with better outcome
for the ER+/PR- phenotype when compared with the double-
negative group. There was no significant difference between
the ER-/PR+ and double-negative groups in overall and
disease-free survival. In the previous study by Rakha et al. [6],
patients with single-positive tumors (ER+/PR- and ER-/PR+)
had prognostic and predictive differences in overall survival
and disease-free interval when compared with patients who
had double-positive tumors. Unfortunately, their study had
only six patients treated with adjuvant tamoxifen after surgery
in the ER-/PR+ group. The small number of cases in the group
may lead to the false significant correlation and may not reflect
the real response to hormonal therapy.

Still, the role of PR in endocrine treatment is unclear. In clin-
ical practice, the effect of hormone therapy has been a matter
of controversy for patients who had ER-/PR+ tumors [23,24].
In fact, the benefit of endocrine therapy was seldom discussed
in the previous studies and to the best of our knowledge, this is
for the first time that the treatment effect on PR status in
Taiwanese women with breast cancer has been demonstrated.
In the ER-/PR+ group, 97 cases were treated with tamoxifen
and 31 cases were left untreated with tamoxifen. Tamoxifen
demonstrated little benefit in this group when compared with
the double-negative tumors, and the result was consistent with
a previously reported study [6]. However, upon further stratifi-
cation by histological grade, no survival difference was detected
in high-grade patients treated with tamoxifen when compared
with double-negative tumors in terms of overall survival and
disease-free survival (p=0.5359 and p=0.3474). However, a
survival benefit was observed within the low grade patients
treated with tamoxifen (p=0.0144). Thus, the histological
grade may be an important predictive factor for response to
tamoxifen treatment in the sub-group of ER-/PR+ patients.

Chemotherapy was administered to the patients according
to the breast cancer treatment guideline in our hospital. Adju-
vant chemotherapy was given if the patient fulfilled the criteria.
The addition of tamoxifen to chemotherapy certainly produced
some additional benefits [3]. Our data showed that in subgroup
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of ER-/PR+, and in low grade cancers with or without tamoxi-
fen treatment, the percentages of chemotherapy administered
were 69% and 52%, respectively. Adjuvant chemotherapy might
have imparted survival benefit to this group of patients, which
is consistent with a previous study [3]. However, in high-grade
subgroup with or without tamoxifen treatment, chemotherapy
was administered in 78% and 33% of cases, respectively. High-
grade tumor with ER-/PR+, adjuvant tamoxifen therapy may
have no survival benefit even with high percentage of chemo-
therapy. Rakha et al. [25] reported that histological grade was
an important independent prognostic factor when compared
to lymph node status, tumor size, and vascular invasion in
invasive breast carcinoma. Furthermore, some studies suggest
that HER2/neu-positive patients may be less sensitive to endo-
crine therapies [26], and HER2/neu amplification is a marker
of relative endocrine resistance [27,28]. In Taiwan, the use
of trastuzumab (Herceptin) in an adjuvant setting was not
covered by the national insurance due to the medical policy of
Taiwan. In our study, a high percentage (48%) of patients was
HER2/neu-positive in the ER-/PR+ group. Therefore, the ben-
efit of trastuzumab and resistance of endocrine therapy
through HER2/neu status was not assessed in this study.

There were several limitations in this study, such as the
small number of patients (total 128 cases). Data from the
Early Breast Cancer Trialist Collaborative Group (EBCTCQG)
meta-analyses demonstrated that the benefits of tamoxifen on
survival only start to appear close to 5 years, and increase over
the next 10 years [27,28]. However, we found significant differ-
ence in survival after 2 years follow-up. Although we believe
that tamoxifen was effective in some ER-/PR+ patients with
relative dependence on histological grade, randomized clinical
trials are needed to understand the real treatment effect of
hormonal therapy on ER-/PR+ tumors.

Differences in histological grade and outcome between
hormonal receptor statuses were also detected. Patients with
ER+/PR+ tumors had better clinical outcomes; patients with
ER-/PR- tumors experienced the worst outcome; whereas
single-positive cases were in between. Most of the oncologists
would recommend adjuvant hormone therapy for any patient,
whose tumor shows receptor positivity, as either ER and/or
PR. However, according to our study, in cases of high-grade
tumor with ER-/PR+, adjuvant tamoxifen therapy may have no
survival benefit whereas for the patients with low-grade ER-/
PR+ tumors, adjuvant tamoxifen therapy is highly suggestive.
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