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Abstract

Background. Hormone receptor status has been one of the
most important factors in predicting the response to endo-
crine therapy in breast cancer patients. However, half of
those patients with estrogen receptor-positive tumors do
not respond to endocrine therapy. There have been no
universal factors for predicting resistance to endocrine
therapy in this population. Recently, p53 status has been
extensively used as a predictive factor for response to sys-
temic therapy, because tumor cells lacking p53 function do
not respond to systemic therapy due to a failure in
apoptosis. We therefore studied the relationship between
the efficacy of endocrine therapy and biological factors,
including p53.

Methods. The expression of p53, Ki67, and human epider-
mal growth factor receptor (HER)2 was examined by
immunostaining in the primary tumors of 53 patients who
received endocrine therapy for recurrent or advanced
breast cancer. The following clinical factors were also ana-
lyzed: site treated, disease-free interval, and response to
first-line endocrine therapy. To evaluate the significance of
these factors, time to endocrine therapy failure (TTEF), or
the total duration of sequential endocrine therapies was
adopted as representing the clinical outcome.

Results. The median TTEF was 16.1 months (range, 2.5
89.9 months). Multivariate analysis showed significantly
reduced TTEF associated with no response to first-line en-
docrine therapy (P = 0.006 and P = 0.002 in all patients and
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in recurrent patients, respectively) and associated with posi-
tive p53 expression (P = 0.066 and P = 0.004, respectively).
Conclusion. pS3 expression status was a significant molecu-
lar marker as well as the response to first-line endocrine
therapy for predicting TTEF in recurrent breast cancer with
hormone-sensitive disease.

Key words Time to endocrine therapy failure - Response to
first-line endocrine therapy - p53 expression status

Introduction

Hormone receptor status has been one of the most impor-
tant factors in predicting the response to endocrine therapy
for breast cancer patients." However, half of these patients
with estrogen receptor (ER)-positive tumors do not re-
spond to endocrine therapy.”® Previous investigators have
researched mechanisms of resistance to endocrine therapy
and have attempted to identify reliable factors for predict-
ing such resistance in patients with ER-positive tumors.**
Recently, human epidermal growth factor receptor (HER)2
has been regarded as one of the most reliable predictors in
that population; however, its significance varies according
to the therapeutic endocrine compounds used. For ex-
ample, HER2 overexpression is relevant to resistance to
tamoxifen™ but is not relevant for resistance to the third-
generation aromatase inhibitors (Als).*’

Recently, pS3 expression status has been extensively
used as a predictive factor for response to systemic
therapy,”’ because tumor cells with nonfunctional p53
do not respond to systemic therapy due to a failure in
apoptosis.

We therefore studied the relationship between the effi-
cacy of endocrine therapy and biological factors, including
p53, as well as Ki67 and HER2. In addition to these biologi-
cal factors, we also examined the significance of clinical
factors that have already been accepted in practice, includ-
ing the disease-free interval (DFI), response to first-line
endocrine therapy (RFET), and the site treated.
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To evaluate the significance of these factors, we adopted
time to endocrine therapy failure (TTEF), or the total dura-
tion of sequential endocrine therapies without interruption
by chemotherapy, radiotherapy, or surgery, as representing
the clinical outcome. The TTEF is as important as clinical
response to endocrine therapy, because it directly affects
the quality and duration of life. Therefore, we introduced it
as an index of efficacy of endocrine therapy and studied
factors that were predictive for it.

Patients and methods
Study cohort and characteristics

The study cohort consisted of 53 patients with advanced
or recurrent breast cancer. These patients were treated
with endocrine compounds at Kumamoto City Hospital,
Kumamoto, Japan, between October 1984 and December
2004. The research protocol for this study was approved by
the Ethics Committee of Kumamoto City Hospital. In-
formed consent was obtained from all patients before enter-
ing this study. The patients’ characteristics are shown in
Table 1. The mean age was 55.5 years (range, 38-75 years).
Of all 53 patients, 23% were premenopausal and 77% were
postmenopausal; 91% (48/53) of the patients had ER- and/
or progesterone receptor (PgR)-positive tumors, whereas
there were no patients with ER- and PgR-negative tumors.
In the remaining 5 patients (9%), the ER and PgR status of
the tumors was unknown; 4 of these 5 patients had recurrent
disease, and 1 had advanced disease. The 4 patients with
recurrent disease had long DFIs (median, 88.0 months;
range, 59-132 months).

The cancer was recurrent in 47 patients, and advanced in
6 patients. All of the recurrent patients had undergone sur-
gical treatment for primary breast cancer (either mastec-
tomy or lumpectomy). After surgery, 2% of the 47
recurrent patients received no additional therapy. and, in
6% of these 47 patients, details of additional therapy were
not known. Of the remaining recurrent patients, 21%
received systemic adjuvant therapy consisting of endocrine
therapy alone, 9% received chemotherapy alone, and
62% received combined endocrine therapy and chemo-
therapy. Patients who had axillary lymph node involvement
had received chemotherapy with either S-fluorouracil de-
rivatives for 2 years or a combination of cyclophosphamide,
methotrexate, and fluorouracil (CMF) if treated before
April 1999, and if treated after May 1999, they received
epirubicin and cyclophosphamide (EC). However, 1 patient
with marked lymph node involvement received paclitaxel
following EC as adjuvant therapy. All 6 patients with ad-
vanced disease had distant metastasis at the start of the
endocrine therapy.

Before the first-line endocrine therapy, 36% (19/53) of
the patients with recurrent or advanced disease had received
chemotherapies. In these 19 patients, the profiles of prior
chemotherapy were as follows: anthracycline-containing
chemotherapy, 6; taxane-containing chemotherapy, 5;
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sequential anthracycline and taxanes, 4; and chemotherapy
based on oral fluorouracil, 4.

Treatment and follow up

All patients were treated with endocrine compounds se-
quentially according to an algorithm described previously."
After entering this study, all of the participants took an
antiestrogen (tamoxifen or toremifen), a luteinizing
hormone-releasing hormone analogue, a third-generation
Al (anastrozole, exemestane, or letrozole), a second-
generation Al (fadrozole), or medroxyprogesterone ac-
etate. At the start of the endocrine therapy, 23% (12/53) of
the patients were premenopausal. However, all of the
premenopausal patients experienced menopause during
the endocrine therapy. Therefore, all of the 53 patients
received a third-generation Al at any level of treatment
(i.e., first-line, second-line, etc; Table 2).

In addition to endocrine intervention, bisphosphonates
were administered to patients with bone metastases when
the disease progressed or when the patients complained of
bone pain. The sequences of and changes in endocrine com-
pounds were decided according to the physicians’ discretion
on the basis of menopausal status. The details of the clinical
courses and clinicopathological factors in the patients were
recorded in a prospective database after the initial adminis-
tration of the first-line endocrine compound. Patients were
observed for disease progression and treatment failure at
least once every 4 weeks after the start of the endocrine
therapy. We recorded the time from the start of the endo-
crine therapy to the interruption of sequential endocrine
therapies or follow-up discontinuance, and calculated the
TTEF by the Kaplan-Meier method. Information on the
patients before the first-line endocrine therapy was investi-
gated from medical charts. The median follow-up duration
was 24.8 months (range, 3.2-117.1 months).

Evaluation of response to endocrine therapy

Measurable disease was defined as the presence of
bidimensionally or unidimensionally measurable lesions as
determined by physical examination, ultrasound, or radio-
graphic scan. Osteolytic bone lesions were considered
measurable. Single metastatic lesions smaller than 0.5 cm,
malignant pleural effusions or ascites, positive bone scan,
and purely osteoblastic or intratrabecular bone lesions were
not classified as measurable disease. Lesions not classified
as measurable constituted nonmeasurable but assessable
disease.

The objective response to endocrine therapy was as-
sessed clinically according to criteria of the International
Union Against Cancer." Objective responses were classi-
fied as complete response (CR), partial response (PR),
stable disease (SD), or progressive disease (PD) for both
measurable and nonmeasurable disease. A best response of
SD was only assigned when responses of SD or better were
observed for at least 24 weeks. Responders were those pa-
tients with a best objective response of CR or PR. Patients



428

Table 2. Therapeutic course and efficacy of endocrine therapy in patients with recurrent or advanced breast cancer

Table 1. Clinical and biological characteristics of patients with recurrent or advanced breast

cancer

Characteristics

Number of patients (%)

Total number of patients

Age at the start of endocrine therapy (years; mean, 55.5)
<50
>50
Range

Menopause at the start of endocrine therapy
Premenopausal
Postmenopausal

Disease setting
Recurrent
Advanced

Hormone receptor
ER and/or PgR-positive
ER and PgR-negative
ER and PgR unknown
Ki67
Negative
Positive

pS3
Negative
Positive

HER?2
Negative
Positive

Site treated
Soft tissue
Bone
Viscera

Disease-free interval (months; mean, 61.5)"
<24
>24

Adjuvant therapy”
Endocrine therapy
Chemotherapy
Combined
Not done
Unknown

Prior chemotherapy for recurrent or advanced diseases
Done
Not-done
Unknown

53 (100)

16 (30)
37 (70)
38t0 75

12 (23)
41 (77)

47 (89)
6 (11)

48 (91)
0 (0)
5(9)

17 33)
35 (67)

37 (73)
14 (27)

40 (78)
11 (22)

15 (28)
16 (30)
22 (42)

12 (26)
35 (74)

10 (21)
4(9)
29 (62)
12)
3(6)

19 (36)
31 (58)
3(6)

Ki67 data were available for 52 samples, and p53 and HER2 data were available for 51 samples

Dichotomized values were used

ER, estrogen receptor; PgR, progesterone receptor; HER2, human epidermal growth factor

receptor 2
*Only in recurrent patients

Number of patients (%)

Level of treatment

First-line Second-line Third-line Fourth-line Fifth-line Total
No of patients at each level 53 (100) 38 (100) 23 (100) 7 (100) 3 (100)
Treatment with third-generation Al 31 (58) 22 (58) 10 (43) 3(43) 2 (67) 53 (100)
Response to endocrine therapy” 19 (36) 5(13) 1(4) 1(14) 0(0)
Achievement of clinical benefit” 34 (64) 13 (34) 3 (13) 2 (29) 1(33)

*Sum of confirmed complete responses (CRs) and partial responses (PRs)

®Sum of confirmed CRs, PRs and confirmed stable diseases (SDs), SDs lasting for 24 weeks, Al, aromatase inhibitor



with clinical benefit were defined as those responding (CR +
PR) plus those with SD for at least 24 weeks. The objective
response was judged independently by two physicians. If
they judged differently, a third opinion was sought for a
final judgment.

Immunohistochemical analysis

Operative or biopsy specimens were fixed in buffered for-
malin and embedded in paraffin wax. One 4-um section
from each submitted paraffin block was first stained with
hematoxylin and eosin in order to verify that an adequate
number of invasive ductal carcinoma cells were present and
that the quality of fixation was sufficient for immunohis-
tochemical analysis. Serial sections (4-um) were prepared
from selected blocks and float-mounted on adhesive-coated
glass slides for estrogen receptor (ER) o, progesterone
receptor (PgR), Ki67, p53, and HER?2 staining. Primary
antibodies included mouse monoclonal antihuman ER a
antibody (DAKO Glostrup, Denmark) at 1:75 dilution for
ER a, mouse monoclonal antihuman progesterone receptor
(PgR) antibody (DAKO) at 1:700 dilution for PgR, mono-
clonal mouse antihuman Ki67 antibody (DAKO) at 1:50
dilution for Ki67, monoclonal mouse antihuman p53
protein antibody (Japan Tanner, Osaka, Japan) at 1:50
dilution for p53, and humanized antihuman HER2/neu
oncoprotein antibody (DAKO; HercepTest) for HER2.
The DAKO EnVision system (DAKO EnVision labeled
polymer, peroxidase) was used as the detection system for
ER o, PgR, p53, and Ki67.

Immunohistochemical scoring

Immunostained slides were scored after the entire slide had
been evaluated by light microscopy. The expressions of ER
and PgR were scored according to the proportion of posi-
tive-stained cells. Any brown nuclear staining in invasive
breast epithelium was counted as positive staining. Tumors
in which the proportion of positive-stained cells was 10% or
greater were considered to be positive for ER and PgR
expression. HER2 immunostaining was evaluated with the
Hercep Test (DAKO). To determine the score for HER2
expression, the membrane staining pattern was estimated
and given a score of 0 to 3+.

Tumors with scores of 2 or greater were considered to be
positive for HER2 overexpression. The expression status
of p53 and Ki67 was assessed according to the estimated
proportion of nuclear staining in tumor cells that were
positively stained. Scoring criteria for p53 were as follows:
(score, proportion of nuclear staining; none, 0; <1/20, 1;
1/20-1/2, 2; and >1/2, 3). Scoring criteria for Ki67 were as
follows (score, proportion of nuclear staining: none, 0; <1/5,
1; 1/5-1/2, 2; and >1/2, 3). Tumors with a score of 3 for pS3
were considered to be positive for pS3 expression, and tu-
mors with a score of 2 or 3 for Ki67 were considered to be
positive for Ki67 expression. In this study, Ki67 data were
available for 52 samples, and p53 and HER2 data were
available for 51 samples.
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Statistical methods

Estimation of TTEF was performed by the Kaplan-Meier
method, and differences between TTEF curves were as-
sessed with the log rank test. Cox’s proportional hazards
model was used for univariate and multivariate analyses of
factors predictive for TTEF. A two-sided P value of <0.05
was considered statistically significant.

Results
Treatment compounds and efficacy of endocrine therapy

With regard to treatment compounds used, 58% (31/53),
58% (22/38), and 43% (10/23) of the patients were treated
with third-generation Als at first, second, and third-line
endocrine therapy, respectively (Table 2). The response
rates for endocrine therapies were 36%, 13%, and 4%, at
first, second, and third-line endocrine therapy, respectively
(Table 2). The median TTEF was 16.1 months (range, 2.5
89.9 months). Of all the 53 patients, 18 were still responding
to endocrine therapy at the end of this study. In the remain-
ing 35 patients, ultimate endocrine therapy failure was ob-
served during the follow-up period. Among these 35
patients, 17 had PD in measurable visceral lesions; 7 were
receiving bisphosphonate or irradiation for symptomatic
bone lesions, or had PD in bone lesions; 4 patients had PD
at local sites; 6 patients had tumor marker elevation without
apparent PD; and 1 patient had a new brain metastasis. No
patients refused endocrine therapy owing to compound-
related toxicities or other factors during the follow-up
period.

Relationship between time to endocrine therapy failure
(TTEF) and clinicopathological factors

Positivity for all the molecular markers tested (Ki67, pS53,
HER?2) was associated with significantly reduced TTEF. P
values for Ki67, p53, and HER2 were 0.047, 0.005, and
0.034, respectively (Fig. 1). In regard to clinical factors, no
response to first-line endocrine therapy failure (RFET) was
associated with significantly reduced TTEF (P = 0.011).
On the other hand, there was no relationship between
sites treated or DFI and TTEF (P = 0.326 and 0.190,
respectively).

Predictive analysis for time to endocrine therapy
failure (TTEF)

On univariate analysis (Table 3), Ki67 status (P = 0.047),
p53 status (P = 0.005), and HER?2 status (P = 0.034), as well
as RFET (P = 0.011) were strongly able to predict TTEF.
On multivariate analysis, the site treated was excluded for
the prediction of TTEF, because there was thoroughly no
relationship between site treated and TTEF on the
univariate analysis. Multivariate analysis in all patients
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Fig. 1a-f. Relationship between time to endocrine therapy failure
(TTEF) and clinicopathological factors in 53 patients with recurrent or
advanced breast cancer with hormone-responsive disease. TTEF was
significantly longer in patients whose tumors were negative for a Ki67,
b p53, or ¢ human epidermal growth factor receptor 2 (HER2) than in
patients whose tumors were positive for Ki67 (P = 0.047), p53 (P =

showed reduced TTEF associated with no RFET (P =
0.006) and with positive p53 status, although this association
did not quite reach significance (P = 0.066). On multivariate
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0.005), or HER2 (P = 0.034), respectively. In regard to clinical factors,
there were no relationships between d sites treated or e disease-free
interval (DFI) and TTEF (P = 0.326 or 0.190, respectively). On the
other hand, f TTEF was significantly longer in patients who responded
to first-line endocrine therapy (ET) than in patients who did not re-
spond to first-line endocrine therapy (P = 0.011). NS, not significant

0.004) and no RFET (P = 0.002) were significantly predic-
tive for reduced TTEF. There was no significant relation-
ship between TTEF and Ki67 or HER?2 either in all patients
or in the recurrent patients, and there was no significant



relationship between TTEF and DFT in the recurrent pa-
tients.

Discussion

We investigated the expression of p53, Ki67, and HER2 in
primary breast tumor specimens as molecular markers, and
DFI and RFET as clinical factors in predicting TTEF, in 53
patients with recurrent or advanced breast cancer who re-

Table 3. Univariate Cox regression model analysis of time to endo-
crine therapy failure in patients with recurrent or advanced breast
cancer

Parameter Time to endocrine therapy
failure
OR (95% CI) P value
Ki67
Negative 1 0.047
Positive 2.3 (1.0-5.4)
P53
Negative 1 0.005
Positive 2.9 (1.4-6.2)
HER2
Negative 1 0.034
Positive 24 (11-5.4)
Site treated
Soft tissue 1 0.326
Bone 2.0 (0.8-5.4)
Viscera 1.7 (0.6-4.3)
Disease-free interval
(months)
>24 1 0.190
<24 1.6 (0.8-3.4)
Response to first-line ET
Response 1 0.011
No response 3.1(1.3-74)

CI, confidence interval; OR, odds ratio; ET, endocrine therapy
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ceived endocrine therapy without concurrent therapies.
Also, we introduced TTEF as an index of efficacy for endo-
crine therapy. Our results indicate that p53 expression sta-
tus and response to first-line endocrine therapy are strongly
predictive of TTEF in recurrent or advanced breast cancer.

Time to treatment failure (TTF) is as important as clini-
cal response in evaluating the efficacy of endocrine therapy.
TTF generally reflects the quality and duration of life in
patients with advanced or recurrent breast cancer.”"* We
therefore introduced TTEF as an indicator for the outcome
of endocrine therapy, which might better reflect the quality
and duration of life than other outcomes, such as overall
survival. It can be considered as reasonable to turn our
attention from time to death to time to endocrine therapy
failure in evaluating the outcome of endocrine therapy.

In the present study, the cohort were expected to re-
spond to endocrine therapy because most of the patients
were judged positive for hormonal receptor or had a long
DFI (Table 1). However, in general, some patients, even
those with ER-positive tumors, do not respond to endocrine
therapy.” There have been no ideal predictors for the effi-
cacy of endocrine therapy in this population. From this
point of view, the essence of the present study was to iden-
tify predictors of resistance to endocrine therapy among
those who were considered to be responsive to it. We found
that the pS3 expression status and RFET were significant
predictors of TTEF in such a cohort. Kurebayashi et al."”
indicated that the RFET was the best predictive factor for
response to second-line endocrine therapy in patients with
hormonal receptor-positive tumors or long DFI. We also
showed its significance in predicting TTEF. Undoubtedly,
the response to first-line endocrine therapy can be a useful
and appropriate factor for predicting the efficacy of endo-
crine therapy, especially in practical medicine. However, we
cannot predict TTEF at the start of first-line endocrine
therapy. Therefore, p53 status can be an important factor in
predicting TTEF at the start of first-line endocrine therapy.

Table 4. Multivariate Cox regression model analysis of time to endocrine therapy failure in
patients with recurrent or advanced breast cancer

Parameter TTEF (all patients) TTEF (recurrent patients)
OR (95% CI) P OR (95% CI) P
Ki67
Negative 1 0.16 1 0.218
Positive 2.1 (0.7-6.1) 2.0 (0.7-6.1)
pS3
Negative 1 0.066 1 0.004
Positive 2.2 (0.9-5.0) 4.6 (1.6-13.4)
HER2
Negative 1 0.175 1 0.726
Positive 1.8 (0.8-4.5) 1.2 (0.5-3.0)
Disease-free interval
(months)
>24 1 0.806
<24 1.1 (0.4-3.2)
RFET
Response 1 0.006 1 0.002
No response 3.6 (1.4-9.0) 7.5 (2.2-25.8)

TTEF, time to endocrine therapy failure; CI, confidence interval; OR, odds ratio; RFET, response

to first-line endocrine therapy failure
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Previous reports have presented varying views about the
correlation between response to endocrine therapy and p53
status. Some investigators reported that there was no corre-
lation between them,'®"” while others reported the signifi-
cance of p53 status in predicting response to endocrine
therapy.*"®” These varying opinions may be caused by the
following factors: first, differences between studies in the
characteristics of patients and population sizes; second,
differences in methods used to evaluate p53 status
(immunostaining, cDNA sequencing, and so on); and third,
differences in the thresholds used for evaluating p53
expression status. With regard to methods of evaluating
pS3 status, the reliability of p53 status, measured by
immunostaining, in predicting response to endocrine
therapy is controversial because of the discordant results
reported, as described above. However, in all studies using
cDNA sequencing to detect mutations in the p53 gene, p53
mutations were significantly predictive of resistance to en-
docrine therapy.*"® In addition, Berns et al.® showed that
20% of tumors with a mutant p53 gene did not have p53
protein accumulation in nuclei of tumor cells. Conversely,
there is a possibility of p53 protein accumulation in nuclei
even if there is no mutation in the p53 gene. On the basis of
these reports, we may speculate that the results based on
cDNA sequencing are more reliable than those based on
immunostaining.

In the present study, p53 status was assumed to be posi-
tive when nuclear staining was seen in more than 50% of
tumor cells. This threshold is higher than that reported by
other researchers. Therefore, the high expression of p53 in
our study may be considered to reflect mutations of the p53
gene more precisely. Consequently, there may be fewer
false-positive cases in our data than in previous reports.
Actually, there was no relationship between p53 status and
TTEF, using the threshold between score 1 and score 2 for
p53 status (data not shown). In a previous study, Elledge. et
al." set up a threshold of 10% for the proportion of positive
cells by immunostaining, but could not show a correlation
between p53 protein accumulation in nuclei and resistance
to tamoxifen. These findings indicate that setting up a
threshold for p53 status in immunostaining can be central in
deciding the significance of p53 status. In the present study,
the rate of p53 positivity was 27% (14/51). As we could
predict early endocrine therapy failure in about a quarter of
our patients, we could regard our threshold of p53 status as
reasonable.

At first-line endocrine therapy, 31 patients were treated
with third-generation Als. Among these 31 patients, those
with p53-positive tumors had a significantly shorter TTF
than those without p53-positive tumors, although the sig-
nificance was proven only by univariate analysis (data not
shown). This finding indicates that p53 expression status
may be a universal factor for predicting the efficacy of endo-
crine therapy, irrespective of the therapeutic endocrine
compound used, in contrast to HER2 expression status.®’

In conclusion, the present study indicated that p53 ex-
pression status and RFET were significant predictive fac-
tors for TTEF in hormone-sensitive recurrent or advanced
breast cancer. In particular, p53 expression status could be

an important molecular marker for predicting TTEF at the
start of first-line endocrine therapy.
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