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a b s t r a c t

Objectives: A decrease in Ki67 during neoadjuvant therapy predicts response to tamoxifen. Previous
trials have shown a decreased Ki67 in breast tumors with as little as two or more weeks of preoperative
tamoxifen. Shortening the preoperative treatment time in window of opportunity clinical trials makes
these trials more attractive to women. POWERPIINC examined the effect of 7 days of preoperative
tamoxifen on breast tumor proliferation and patient symptoms.
Methods: Women with untreated stage I/II, ER-positive, invasive breast cancer with no contraindica-
tions to tamoxifen were enrolled. Women received 20 mg of tamoxifen for 7 days up to the day of
surgery. Proliferation was assessed by Ki67 immunohistochemistry before and after 7 days of
tamoxifen. Symptoms and QOL were assessed by the FACT-ES and MENQOL. Adherence was measured
by pill counts.
Results: 52 women were enrolled, and 44 were evaluable for Ki67. The median age was 58.5 years, and
the median tumor diameter was 1.2 cm. Most women (73%) were post-menopausal. Most tumors were
PR positive (88%) and HER2-negative (92%). The Ki67 decreased by a geometric mean of 40% (95% CI 29%
e63%), and 73% (95% CI 57%e85%) of women had tumors with decreased proliferation (p ¼ 0.0001 by
paired t-test). Adherence to taking tamoxifen during the preoperative period was 100%. Women reported
minimal bother from psychosocial or physical symptoms at baseline or on the day of surgery.
Conclusion: Seven days of tamoxifen showed a similar relative decrease in Ki67 as that reported for
longer courses, was acceptable to women, and could be considered for window of opportunity studies.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The addition of systemic therapy to the surgical treatment of
breast cancer has significantly improved survival of patients. A

mainstay of systemic therapy for hormone receptor positive breast
cancer is endocrine therapy [1,2]. Despite the known advantages,
the adherence with short and long term systemic endocrine ther-
apy is less than ideal [3e5]. As many as 10% of patients per year
discontinue their therapy, despite its life saving potential. Even in
the setting of randomized trials, which likely overestimate adher-
ence compared to the general population, nearly a quarter of pa-
tients don't complete their treatment course [6].

Preoperative trials, also called window-of-opportunity trials, are
a rapid way of determining the biological effect of cancer drugs.
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Most trials have utilized time lengths of preoperative treatment of 2
weeks or more. Pre-treatment values of Ki67 have been shown to
be prognostic, while the change (decrease) in Ki67 with 2 weeks of
hormonal therapy appears to predict recurrence free survival [7,8].

Women in the United States are often fearful of delaying surgery
for preoperative trials [9]. In our experience, women aremore likely
to participate in a one week preoperative trial than a trial lasting
two weeks or more [10]. Therefore, this trial was designed to
determine if a change in proliferation could be detected with short
course (7 days) of treatment.

2. Methods

2.1. Study design

PreOperative Window of Endocrine TheRapy Provides Infor-
mation to Increase Compliance (POWERPIINC) was a single site,
single arm window of opportunity study sponsored by the Hunts-
man Cancer Institute. The hypothesis was that Ki67 expression
would decrease by 40% after 7 days of presurgical tamoxifen ther-
apy. The primary outcome was the reduction in Ki67 expression in
tumors after 7 days of preoperative tamoxifen. Key secondary ob-
jectives included evaluating tamoxifen adherence and symptom
patterns at baseline and day of surgery.

2.1.1. Organization and monitoring
The trial was approved by the Huntsman Cancer Institute pro-

tocol review committee as well as the University of Utah Institu-
tional Review Board. The trial was registered at clinicaltrials.gov
(#NCT01614210). The trial was overseen by the Huntsman Cancer
Institute Data SafetyMonitoring Committee (DSMC). Stopping rules
were that if the DSMC and/or the PI had concern about unexpected
safety issues the study would be stopped.

2.2. Eligibility

Women were eligible for this trial if they were age 18 years or
older and had been diagnosed with hormone receptor positive
(>1% estrogen or progesterone receptor) invasive breast cancer by
core needle biopsy. They had to be clinically stage 1 or 2 by AJCC 7th
edition and a candidate for surgical therapy. They were required to
have an ECOG performance score of 0e1 and not have received
chemotherapy or endocrine therapy for breast cancer in the last 5
years. We required that they have paraffin fixed core needle tissue
block or biopsy punch available for analysis for proliferative
markers and they could not be pregnant or lactating. Exclusion
criteria included pregnancy; lactating; prior personal history of
uterine cancer, stroke, deep vein thrombosis or pulmonary embo-
lism; current therapy with strong CYP2D6 inhibitors; prior malig-
nancy except for adequately treated cervical cancer in situ, basal
cell or squamous cell skin cancer; concurrent coumarin type anti-
coagulation therapy; or any other contraindication to tamoxifen
therapy.

2.3. Study conduct

2.3.1. Enrollment
Women were approached about the trial after a core needle

biopsy diagnosing the hormone positive breast cancer and before
surgical intervention. Eligible women who gave informed consent
were enrolled. After enrollment, baseline data were collected on
the patients including demographics of the patient and the tumor.
The women then completed two self-administered quality of life
measures specific to breast cancer and menopausal/endocrine
symptoms: the FACT-ES and the MENQOL [11,12]. The FACT-ES

(Functional Assessment of Cancer Therapy- Breast Cancer plus
Endocrine Symptoms) is a 46 item measure that combines the
FACT-B, a measure of breast cancer quality of life, with 18 items
related to endocrine symptoms. The FACT-B component has 4
subscales that include physical well-being, social/family well-
being, emotional well-being and functional well-being. In each
subscale, higher numbers indicate better quality of life. The MEN-
QOL (Menopause-Specific Quality of Life questionnaire) is a 29 item
measure of health related quality of life and symptoms during
menopausal or endocrine therapy and includes 4 subscales: vaso-
motor, psychosocial, physical, and sexual symptoms. Each subscale
has a possible score from 1 to 8 with higher numbers indicating
greater symptom burden.

2.3.2. Intervention
After baseline data were collected, enrolled patients were given

a drug calendar and the Tamoxifen 20 mg prescription covering the
7 day preoperative period. The FACT-ES and MENQOL were
repeated on the day of surgery. Adverse events were recorded using
CTCAE Version 4.0. Pill counts were performed on the day of
surgery.

Proliferation in the tumor was measured in the pretreatment
biopsy and on the surgical specimen using Ki67 (Clone MIB-1,
Dako) immunohistochemistry. Percent of invasive cancer cells
expressing Ki67 in the pre-tamoxifen and post-tamoxifen samples
was performedmanually by a certified expert pathologist (RF), who
counted at least 500 cells in the most representative portion of the
invasive tumor, calculating the ratio of Ki67 positive cells over the
total number of cells.

2.4. Statistical analysis

For the primary outcome, change in Ki67 after seven days of
tamoxifen therapy, a one sample t-test was applied to the log-ratio
of Ki67 at resections to pre therapy. Assuming standard deviation of
2 [13] and a correlation of 0.5 between the baseline and resection
Ki67 values [14], we estimated 47 evaluable patients would give an
80% power to detect a 40% decrease in Ki67 with a one-sided alpha
of 0.05. To account for a 10% dropout rate, we planned to recruit 52
women.

For the primary outcome, change in Ki67 after seven days of
tamoxifen therapy, a one sample t-test was applied to the log-ratio
of Ki67 at resections to pre therapy.We planned that if the ratio was
not normally distributed, wewould use a non-parametricWilcoxon
test.

For the secondary objectives we used descriptive statistics such
as means, standard deviations, ranges, proportions, correlation
coefficients and confidence intervals to summarize the outcomes
associated with tamoxifen adherence, symptoms and quality of life.

3. Results

3.1. Patient characteristics

Between, August 2013 and October 2015, 64 women were
approached, 55 agreed to be screened, 52 were enrolled and started
tamoxifen, and 44 were eligible for the primary endpoint because
pre and post tamoxifen samples were available for Ki67 analysis.
(Fig. 1). Patient demographics are shown in Table 1. The women
were representative of the population of women with early stage
breast cancer, with primarily small tumors in post-menopausal
women. However, the ranges of both patient age and tumor size
were large.
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3.2. Proliferation

Thirty-two (73%, 95% CI 57%e85%) women had a decrease in
Ki67 after 7 days of tamoxifen(Fig. 2). The geometric mean decrease
in Ki67 was 40% (95% CI, 29e63%) after seven days of preoperative
tamoxifen. The Lillefour's test confirmed normality of the data, so a
t-test could be used to assess the change in Ki67, showing a sta-
tistically significant decrease in Ki67 with seven days of tamoxifen
(p ¼ 0.0001) (Table 2).

3.3. Patient reported outcomes

Compliance with taking tamoxifen in the 7 day preoperative
period was excellent. All women (52 out of 52, 100%) took all of
their pills as prescribed. Two women did not take 7 days of
tamoxifen, one because the pharmacy incorrectly dispensed 6 pills

instead of 7 and one because she went off study after 6 days when
her surgery was rescheduled for unrelated reasons. Baseline scores
on the FACT-ES, and MENQOL are shown in Tables 3 and 4. There
was no significant change in quality of life or in menopausal
symptom burden measured on the FACT-ES or MENQOL. There
were several small changes seen in psychosocial function, physical
QOL and well-being, social well-being, and emotional well-being
from baseline to the day of surgery. Changes in FACT-ES
(rho ¼ �0.02, p ¼ 0.9), or its subscores, and MENQOL subscores
(rho ranged �0.21 to 0.068, p ranged 0.19 to 0.68), did not correlate
with changes in Ki-67.

4. Discussion

POWERPIINC successfully demonstrated the feasibility of con-
ducting a perioperative study of tamoxifen with 7 days given

Fig. 1. CONSORT diagram of patient flow through the study.

Table 1
Patient demographic characteristics.

Median (range) or number (percent)

All subjects, N ¼ 52 Primary endpoint, N ¼ 44

Tumor diameter at baseline by US, cm 1.2 (0.1e10) 1.2 (0.1e10)
Age, years 58.5 (38e79) 58.0 (38e79)
Menopausal status
Pre-menopausal 8 (15) 8 (18)
Peri-menopausal 6 (13) 6 (14)
Post-menopausal 38 (73) 30 (68)

Receptor status
ERþ 52 (100) 44 (100)
PRþ 46 (88) 38 (86)
HER2þ 4 (8)a 3 (7)

Functional status
Independent 50 (96) 42 (95)
Partially dependent 2 (4) 2 (5)

a One subject had missing HER2 status.
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preoperatively. There was a high acceptance rate (86%) in women
willing to participate in the study and take tamoxifen preopera-
tively. The decrease in proliferation seen with seven days was
similar to that seen in other studies using two weeks of preoper-
ative endocrine therapy [15]. It is also similar to what is seen with
10 days of anastrozole in a small study [16]. Our study can thus lay
the foundation and provide important background data for plan-
ning future perioperative studies of endocrine therapy.

In the European IMPACT trial, decreases in the proliferative
marker Ki67 were seen in 84e93% of patients with hormone
positive breast cancer after 2 weeks of neoadjuvant endocrine
therapy [7,15]. In the P024 trial, after 4 months of neoadjuvant
endocrine therapy with either letrozole or tamoxifen, Ki67,
pathological tumor size, node status and ER status were each
independently associated with recurrence-free and overall sur-
vival [17]. Based on these results, several randomized trials are
examining the effect short course preoperative endocrine therapy
[8]. Results from POWERPIINC reported here suggest that the
duration of preoperative therapy can be shortened to 7 days for

Fig. 2. Before and after graph of the Ki67 for the 44 women evaluable for the primary
endpoint.

Table 2
Before treatment and after treatment Ki67 for all evaluable women.

Variable N Median (interquartile range) Range P-value (95% CI)

Pre Ki67 (%) 45 17.0 (7.8e26.6) 3.70e89.20
Post Ki67 (%) 46 9.0 (4.4e16.1) 0.50e62.80
Log10(Post Ki67/Pre Ki67) 44 �0.15 (�0.38e0.04) �1.08e0.34 0.0001335 (�0.33e�0.12)

Table 3
Descriptive and comparative statistics for the FACT-ES at baseline and on the day of surgery after 7 days of tamoxifen treatment. Higher numbers indicated higher quality of life.

FACT-ES subscale Possible range Mean Median (range) P-value (95% CI)

Physical well-being Baseline (N ¼ 50) 0e28 24.9 26 (15e28)
Day of surgery (N ¼ 47) 25.7 26 (15e28)
Surgery vs baseline (N ¼ 46) 0 (�3.5e13) 0.24 (�0.49e2.00)

Social/family well- being Baseline (N ¼ 50) 0e28 23.9 24 (11e28)
Day of surgery (N ¼ 47) 24.6 25 (0e28)
Surgery vs baseline (N ¼ 46) 1 (-28e10) 0.0141 (0.50e2.83)

Emotional well-being Baseline (N ¼ 50) 0e24 17.8 18 (7e24)
Day of surgery (N ¼ 47) 18.1 19 (7e24)
Surgery vs baseline (N ¼ 46) 0 (�6e10) 0.21 (�0.50e2.00)

Functional well-being Baseline (N ¼ 50) 0e28 21.5 21 (11e28)
Day of surgery (N ¼ 47) 21.5 22 (0e28)
Surgery vs baseline (N ¼ 46) 1 (�28e10) 0.16 (�0.50e2.00)

Endocrine symptoms Baseline (N ¼ 45) 0e72 8.1 7 (0e34)
Day of surgery (N ¼ 41) 10.7 9 (0e49)
Surgery vs baseline (N ¼ 37) 0 (�9e16) 0.21 (�1.0e4.50)

Total scale Baseline (N ¼ 50) 0e180 151.3 152 (117e180)
Day of surgery (N ¼ 47) 151.8 153 (108e176)
Surgery vs baseline (N ¼ 46) 1.5 (�54e21) 0.0956 (�0.52e6.67)

Table 4
Descriptive and comparative statistics for the MENQOL at baseline and on the day of surgery after 7 days of tamoxifen treatment. Higher numbers indicate greater symptom
burden.

MENQOL subscale Mean Median (range) P-value (95% CI)

Vasomotor Baseline (N ¼ 50) 1.79 1.33 (1e5)
Day of surgery (N ¼ 47) 1.96 1.33 (1e7)
Surgery vs baseline (N ¼ 46) 0.0 (�2.33e3.00) 0.61 (�0.33e0.83)

Psychosocial Baseline (N ¼ 50) 1.88 1.71 (1e4.14)
Day of surgery (N ¼ 47) 1.67 1.57 (1e3.71)
Surgery vs baseline (N ¼ 44) �0.143 (�2.29e1.14) 0.033 (�0.57e�0.00045)

Physical Baseline (N ¼ 48) 1.79 1.58 (1e4)
Day of surgery (N ¼ 46) 1.61 1.45 (1e3.21)
Surgery vs baseline (N ¼ 43) �0.11 (�1.90e1.05) 0.020 (�0.32e�0.026)

Sexual Baseline (N ¼ 48) 1.54 1 (1e6.33)
Day of surgery (N ¼ 44) 1.61 1 (1e6.67)
Surgery vs baseline (N ¼ 43) 0 (�1.67e2.00) 0.92 (�0.67e0.67)
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future trials. Whether the changes in Ki67 after 7 days of
tamoxifen correlate with clinical outcomes or adherence is being
evaluated as part of the long term follow up of this study and will
be reported in the future.

Interestingly, we saw little change in symptom scores in the
preoperative tamoxifen therapy period. This was true across both
FACT ES and MENQOL scales. Statistically significant small changes
in symptoms reported from baseline to the day of surgery may not
be clinically significant and actually indicated a slight lessening of
symptoms. Thus, taking the 7 days of tamoxifen did not increase
symptom burden in the preoperative period. It is possible that the
lack of increased symptoms was due to tamoxifen not reaching
steady state in 7 days. We plan long term follow up with our quality
of life measures and this should help clarify whether any of these
factors are related to awoman's willingness to complywith therapy
in the long term.

Our study does have a few weaknesses. To maximize the effi-
ciency of the study, we did not collect data on some variables, such
as strength of ER-positivity, type of surgery, or CYP450 genotypes.
Although these would not impact the primary outcome, they may
impact on adherence with endocrine therapy long term. This trial
was not randomized, so regression to the mean or retesting effects
are possible, but the variation in Ki-67 with repeat biopsies is well
described in other studies with placebos or no treatment, which
showed no change in mean or median Ki-67 [18,19]. We did not
look at other potential markers of tamoxifen sensitivity, such as ER-
b or plasma estradiol [20,21]. Ki-67 is known to vary between labs,
so all of our samples were analyzed in the same laboratory by the
same pathologist [22].

Several open questions remain for future research. Despite the
correlation between decrease in Ki67 and freedom from breast
cancer recurrence, it is not known whether telling women the
amount of Ki67 decrease could increase adherence and/or tolerance
to endocrine therapy. It is also unknown if there is a relationship
between symptom burden from tamoxifen and either tumoral
changes seen with short course preoperative therapy or symptoms
experienced during perioperative therapy.

In conclusion, 7 days of tamoxifen decreases proliferation in
breast cancer by an average of 40%, which is similar to what is seen
with longer courses. Women were willing to participate and take
tamoxifen the week prior to surgery without undue symptom
burden. Short preoperative trials are feasible and can be used to
both explore the biologic effects of novel therapies or to examine
the attitudes of and symptoms experienced by women with breast
cancer.
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