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Abstract

Aromatase inhibitors (Als) profoundly suppress estrogen levels in postmenopausal women and are
effective in breast cancer prevention among high-risk postmenopausal women. Unfortunately, Al
treatment is associated with undesirable side effects that limit patient acceptance for primary
prevention of breast cancer. A double-blind, randomized trial was conducted to determine whether
low and intermittent doses of letrozole can achieve effective estrogen suppression with a more
favorable side effect profile. Overall, 112 postmenopausal women at increased risk for breast
cancer were randomized to receive letrozole at 2.5 mg once daily (QD, standard dose arm), 2.5 mg
every Monday, Wednesday, and Friday (Q-MWF), 1.0 mg Q-MWF or 0.25 mg Q-MWF for 24
weeks. Primary endpoint was suppression in serum estradiol levels at the end of letrozole
intervention. Secondary endpoints included changes in serum estrone, testosterone, C-telopeptide
(marker of bone resorption), lipid profile and quality of life measures (QoL) following treatment.
Significant estrogen suppression was observed in all dose arms with an average of 75 — 78% and
86 — 93% reduction in serum estradiol and estrone levels, respectively. There were no differences
among dose arms with respect to changes in C-telopeptide levels, lipid profile, adverse events
(AEs) or QoL measures. We conclude that low and intermittent doses of letrozole are not inferior
to standard dose in estrogen suppression and resulted in a similar side effect profile compared to
standard dose. Further studies are needed to determine the feasibility of selecting an effective Al
dosing schedule with better tolerability.
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Introduction

Prospective studies indicate a positive relationship between circulating estrogen levels in
postmenopausal women and breast cancer risk [1]. The main source of estrogen in
postmenopausal women arises from the conversion of androgens to estrogens by aromatase
within adipose tissue. Adjuvant trials have shown that aromatase inhibitors (Al) (letrozole,
exemestane, anastrozole) are more effective than tamoxifen in preventing breast cancer
recurrence and reducing the risk of contralateral tumors in postmenopausal women [2, 3].
Exemestane and anastrozole are effective in breast cancer prevention among high-risk
postmenopausal women as shown in two randomized, placebo-controlled trials [4, 5].
Unfortunately, Al therapy is associated with significant adverse events (AES) which limit
patient acceptability [6, 7]. There has been great interest in finding the lowest, effective Al
dose that can improve drug tolerability and lead to better drug uptake and adherence.

Letrozole is the most potent nonsteroidal aromatase inhibitor with respect to tissue and
plasma estrogen suppression in postmenopausal women [8-10]. The current therapeutic dose
of letrozole is 2.5 mg once daily for the treatment of hormone sensitive breast cancer in both
the adjuvant and metastatic settings. Early phase clinical trials have explored the endocrine
and clinical activity of lower letrozole doses in postmenopausal women with advanced
hormone sensitive breast cancer. Daily letrozole doses ranging from 0.1 — 1.0 mg reduced
serum estrone (E1) and estradiol (E2) levels to greater than 86% and 67% within two weeks
of treatment, respectively [11-13]. In another study, daily letrozole doses of 0.5 mg reduced
E1 and E2 levels below the limit of detection in 73% and 24% of patients, respectively [14].
In this study, no differences were observed in the AE profiles between the 0.5 mg and 2.5
mg daily dosing groups [14]. The half-life for letrozole is 3—4 days [15] suggesting that
daily dosing may lead to increased drug accumulation and toxicity and that non-daily dosing
may effectively suppress estrogen. Earlier studies have shown that serum estrogen
suppression of greater than 72 hours was maintained with a single dose of 0.1 or 0.5 mg
letrozole; and estrogen suppression was maintained for 7 days with a single 2.5 mg dose
[16]. Taken collectively, the data suggest that low and intermittent letrozole doses may
provide adequate estrogen suppression for chemoprevention.

We conducted a double-blind, randomized, dose-finding study of letrozole to determine
whether low and intermittent doses can achieve effective estrogen suppression with a more
favorable side effect profile than standard dosing in postmenopausal women with increased
breast cancer risk.
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Materials and Methods

Study Design

Study Drug

This study was a double-blind, randomized study conducted at the University of Arizona
Cancer Center and Mayo Clinic Rochester to evaluate alternative letrozole dosing regimens.
The primary study endpoint was the percentage of serum E2 suppression following 24
weeks of letrozole intervention. The secondary endpoints included the effects of letrozole
intervention on serum E1 and testosterone levels, C-telopeptide (biochemical marker of
bone resorption), lipid profile, AEs and quality of life (QoL) measures. The study was
approved by the Institutional Review Board at each institution.

Study drug was supplied by the Division of Cancer Prevention, National Cancer Institute.
The drug product was distributed as a hard, gelatin capsule (size 3) for oral administration.
Each capsule contained 0 (placebo), 0.25, 1.0 or 2.5 mg of USP grade letrozole as the active
ingredient. Inactive components included microcrystalline cellulose, lactose monohydrate,
crospovidone, colloidal silicon dioxide, and magnesium stearate. The content of
microcrystalline cellulose was adjusted to compensate for the different masses of letrozole
drug substance in the different strength capsules, while the content of the remaining
ingredients remained constant. Capsules were packaged in blister cards to facilitate drug
adherence with intermittent dosing schedule. For the 2.5 mg QD arm, each blister contained
a capsule with 2.5 mg of letrozole. For the intermittent dosing arms, blisters corresponding
to Monday, Wednesday, and Friday contained capsules with the respective amount of
letrozole (2.5 mg, 1.0 mg, or 0.25 mg) with placebo capsules packed in the remaining
blisters.

Study Population

We recruited healthy postmenopausal women with > 1.66% probability of developing
invasive breast cancer within 5 years using the Breast Cancer Risk Assessment Tool (http://
www.cancer.gov/bcrisktool/) or with a history of lobular carcinoma in situ (LCIS) treated by
local excision alone. Postmenopausal status was defined as amenorrhea for greater than 12
months; history of hysterectomy and bilateral salpingo-oophorectomy; age =55 years of age
with prior hysterectomy with or without oophorectomy; age 35 to 54 with a prior
hysterectomy without oophorectomy or with unknown ovarian functional status with
documented follicle-stimulating hormone level within the institution’s postmenopausal
range. Other inclusion criteria included good performance status, normal liver and renal
function, and a bilateral mammogram within the past year with a BIRADS score <3. Study
exclusion criteria included a prior history of invasive breast cancer or ductal carcinoma in
situ; prior radiation therapy to the chest wall or breast; invasive cancer within the past five
years except for non-melanoma skin cancer; concomitant treatment (or treatment within
three months of study enrollment) with hormone replacement therapy, oral contraceptives,
luteinizing hormone-releasing hormone analogs, prolactin inhibitors, anti-androgens,
selective estrogen receptor modulators or herbal remedies; untreated osteoporosis; evidence
of a suspicious lesion on bilateral mammogram within the past year requiring further
workup. Written informed consent was obtained prior to study enrollment.
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Study Procedures

Participants underwent clinical and laboratory evaluation for eligibility during the
enrollment period. Eligible participants were randomized to receive 2.5 mg letrozole once
daily (QD, standard dose arm), 2.5 mg letrozole every Monday, Wednesday, and Friday (Q-
MWEF), 1.0 mg letrozole Q-MWF, or 0.25 mg letrozole Q-MWF for a 24-week period.
Fasting morning blood samples were collected at baseline, end of letrozole treatment and 6-
weeks post-intervention to obtain measurements of research endpoints and for safety
monitoring. Adherence was determined by pill count and patient self-reporting during each
visit. Safety of letrozole intervention was assessed by reported AEs and clinical labs.
Adverse events were graded using NCI Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0. QoL was assessed using the Menopause-Specific Quality of Life
Questionnaire (MENQOL) [17] and the Medical Outcomes Study 36-item Short Form
Health Survey (SF-36) version 2 for health-related QoL [18].

Serum estrogen and testosterone levels were measured by high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) assays [19, 20] with minor
modifications to improve assay specificity. The detection limits were 1.25 pg/ml for E2,
0.63 pg/ml for E1 levels and 0.02 ng/ml for testosterone using 0.5 ml of serum. Samples
with detection response below the limit of detection were assigned an arbitrary value. C-
telopeptide levels were measured using an ELISA based immunoassay (Immunodiagnostic
Systems, Inc. Fountain Hills, AZ). Lipid levels were determined in a certified commercial
lab.

Statistical Analysis

The primary endpoint was the percentage of serum E2 suppression following 24 weeks of
letrozole intervention. For study participants with missing serum E2 measurements at week
24 due to early termination of agent intervention, the serum E2 levels determined in the
early termination samples were used to determine the suppression level at the end of
intervention. Three one-sided two-sample t-tests were conducted on the ratio of the mean
percentage of suppression of each of the three alternative dosing arms to that of the standard
dose arm simultaneously to test for non-inferiority, where a non-inferiority margin of 0.7
was chosen. The same non-inferiority test was applied to compare the E1 suppression at the
end of intervention in the alternative dosing arms to that in the standard dose arm. One-way
ANOVA was performed to compare the continuous demographic characteristics (i.e. age
and BMI) and mean percent change in serum C-telopeptide and cholesterol levels at the end
of letrozole intervention among the dose groups. Fisher’s exact test was performed to
compare the categorical demographic characteristics among the dose groups.

Based on prior studies assessing the effects of Als on quality of life, score changes of 5
points from baseline on SF-36 and 0.5 points from baseline on MENQOL were considered
as potentially clinically meaningful [21, 22]. Fisher’s exact test was performed to compare
the proportion of women having worsened (SF-36 score, =5-point decrease; MENQOL
score, =0.5-point increase), improved (SF-36 score, =5-point increase; MENQOL, =0.5-
point decrease) or stable QoL relative to baseline among treatment groups. Fisher’s exact
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test was also performed to compare frequencies of self-reported AEs among the treatment
groups.

The study opened in March 2010 and closed to accrual in November 2013. The CONSORT
diagram is shown in Figure 1. One hundred and twelve eligible participants were
randomized into one of the four study arms (28 per arm). One, three, four, and three
participants in the 2.5 mg QD, 2.5 mg Q-MWF, 1.0 mg Q-MWF, and 0.25 mg Q-MWF arm,
respectively, were taken off agent intervention early due to AEs. Safety data were analyzed
on all subjects who initiated agent intervention. Other endpoints were analyzed on all with
available outcome data. The demographic characteristics and 5-year breast cancer risk of
randomized participants are summarized in Table 1. These characteristics were well
balanced among the dose arms. The mean age of participants was 63 years of age. Average
BMI of participants was 29.8 + 6.9 kg/m2. The majority of participants were white, non-
Latino. The average 5-year breast cancer risk was 3.25 + 1.54%. Sixty-two percent of study
participants were accrued from the University of Arizona and 38% from Mayo Clinic in
Rochester. The proportion of participants accrued between the 2 sites did not differ among
treatment arms (p = 0.90). On average, participants took 98% of the assigned pills and there
was no difference in agent adherence among the treatment arms (p = 0.63).

Baseline serum estrogen levels and the percentage of estrogen suppression at the end of
letrozole intervention are summarized in Table 2. Two participants in the 1.0 mg Q-MWF
arm had elevated baseline serum E2 levels, resulting in a higher mean E2 level in this
treatment arm. The percentage of estrogen suppression was significant for each dose arm (p
< 0.0001) at the end of intervention with an average of 75 — 78% and 86 — 93% suppression
for serum E2 and E1 levels, respectively. The percentage of estrogen suppression in the low
and intermittent dose arms were non-inferior to standard dose arm at the end of letrozole
intervention. Six weeks after letrozole discontinuation, the percentage of E2 suppression
remained significant for the 2.5 mg QD (—29.0 % 40.0%, p < 0.001) and 2.5 mg Q-WMF
treatment arms (—33.2 + 32.9%, p < 0.0001); the percentage of E1 suppression remained
significant for each treatment arm (—39.5 £ 29.5% for 2.5 mg QD, p < 0.0001; -25.4 +
31.9% for 2.5 mg Q-MWF, p < 0.01; -20.1 + 35.5% for 1.0 mg Q-MWF, p = 0.01; -22.3 £
34.4% for 0.25 mg Q-MWF, p < 0.01). Letrozole intervention did not result in significant
changes in serum testosterone levels and there was no difference in the percent change of
testosterone levels among the dose arms (data not shown).

Table 3 summarizes the change in serum C-telopeptide and lipids at the end of letrozole
intervention. There were no differences in baseline C-telopeptide levels among the study
arms. C-telopeptide levels increased significantly for each treatment group (47.67 £ 70.86%
for 2.5 mg QD, p < 0.01, 37.08 + 57.41% for 2.5 mg Q-MWF, p < 0.01; 48.73 * 46.23% for
1.0 mg Q-MWF, p < 0.0001; and 48.25 + 70.68% for 0.25 mg Q-MWF, p < 0.01). The
percent change in C-telopeptide levels was not different among the treatment groups (p =
0.88). Baseline total cholesterol, HDL, LDL, and cholesterol/HDL levels were also similar
among treatment arms. There was no difference in the percent change for total cholesterol,
HDL, LDL and triglyceride levels among the dose groups following letrozole intervention.
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Although a significant increase in cholesterol/HDL ratio was observed in the standard dose
arm (6.13 + 11.44%, p = 0.01), the change in cholesterol/HDL ratio was not different among
the dose groups (p = 0.67). The baseline triglyceride levels were also different among the
dose groups (p = 0.04) with the levels in the standard dose arm lower than those in the 2.5
mg Q-MWEF arm. Even though there was a significant increase in triglycerides in the
standard dose arm (27.45 + 36.61%, p = 0.01), the percent change in triglycerides was not
different among the treatment groups (p = 0.17).

The results of the quality-of-life responses at the end of letrozole intervention are
summarized in Table 4. For the mental and physical domains of the SF-36 tool, no
differences were observed in the proportion of women who experienced worsened, stable,
and improved QoL scores among the treatment groups. For MENQOL assessment, the
majority of study participants did not experience a clinically meaningful change in the QoL
scores within the psychosocial, physical, or sexual domains. No differences were observed
in the proportion of women who had worsened, stable, or improved QoL scores among the
dose groups for each domain assessed in MENQOL.

Safety data analysis was implemented on all study participants. Table 5 summarizes the
frequency of self-reported AEs. The majority of participants reported at least one AE. The
prevalence of participants with AEs deemed possibly, probably, and definitely related to
letrozole intervention differed significantly among the treatment arms (p = 0.04) with
60.7%, 35.7%, 71.4, 64.3% of participants reporting related AEs for 2.5 mg QD, 2.5 mg Q-
MWEF, 1.0 mg Q-MWF, and 0.25 mg Q-MWF, respectively. However, the frequency of
related AEs did not appear dose dependent.

Discussion

In this double-blind, randomized clinical trial of high-risk postmenopausal women, effective
estrogen suppression was demonstrated across all dosing regimens of letrozole: 2.5 mg
daily, 2.5 mg Q-MWF, 1 mg Q-MWF, 0.25 mg Q-MWF. Following 24 weeks of treatment,
estrogen suppression averaging between 75 — 78% and 86 — 93% from baseline, was
observed for serum E2 and E1 levels, respectively. The extent of estrogen suppression with
low and intermittent letrozole doses was non-inferior to the standard daily dose. Estrogen
suppression in the standard dose arm was observed six weeks following drug
discontinuation, with E2 and E1 levels suppressed by 29% and 40% from baseline,
respectively. The recuperation of estrogen levels 6 weeks after letrozole discontinuation
occurred in all treatment arms with a trend favoring dose-dependency.

Our study also examined whether low and intermittent letrozole doses would affect rates of
bone resorption. Increased bone resorption with letrozole therapy poses a significant
problem for postmenopausal women who are already at increased risk for developing
osteoporosis. C-telopeptide, a cross-linked peptide of type I collagen [23], is a sensitive
serum biochemical marker released during bone resorption and correlates inversely with
bone mineral density response to Al therapy. Therapy related response using C-telopeptide
levels can be determined within 3 to 6 months of therapy rather than 1 to 2 years, as
demonstrated with DEXA scans. Harper-Wynne et al. showed that 3 months of standard
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letrozole therapy leads to increased bone resorption, as measured by C-telopeptide levels
[24]. In our study, we demonstrate that C-telopeptide levels increased significantly from
baseline in all dose groups. The increase in C-telopeptide levels was similar among the
letrozole dose groups, suggesting that low and intermittent doses had similar adverse effects
on bone resorption compared to standard dose. Because the inhibition of aromatase impacts
normal physiological processes associated with steroid hormones [25, 26], we examined the
effects of different letrozole dosing regimens on lipid profile. There were no significant
changes noted in cholesterol levels for each dose arm. The finding of minimal changes in
serum lipids is consistent with results from prior placebo controlled trials [27, 28].

We assessed QoL measures related to menopausal symptoms and general health using two
validated questionnaires. Our results revealed no significant difference in QoL impact by
dose arm at the end of the intervention for either the SF-36 or the MENQOL. The impact of
the standard dose of letrozole compared with placebo on QoL was assessed in the MA.17
trial using SF-36 and MENQOL scores [21]. The study showed that the standard letrozole
dose did not have an adverse impact on overall QoL. Small effects were seen in some
domains consistent with a minority of patients experiencing changes in QoL compatible
with a reduction of estrogen synthesis. Such small effects are not likely detectable with the
sample size incorporated in our study.

Of the 112 participants, one, three, four, and three participants discontinued intervention
early due to AEs in the standard dose (2.5 mg QD), the 2.5 mg Q-MWF, 1.0 mg Q-MWF,
and 0.25 mg Q-MWF arms, respectively. The presence of adverse effects to result in early
termination was noted in each dose group but the number of early drop-outs did not show a
consistent dose relationship. There was a significant difference in the frequency of self-
reported related AEs among the dose arms, although the frequency did not appear to be dose
dependent.

There are some limitations with our study. We chose to measure the suppression in E2 levels
as the primary endpoint because E2 is the most biologically active estrogen. However,
letrozole intervention in all treatment arms effectively suppressed estrogens, resulting in
post-intervention E2 levels below the limit of detection in 64-67% of the participants and
E1 levels below the limit of detection in 53-63% of participants. Suppression of estrogen
levels below the limit of detection may have limited our ability to detect differences among
treatment arms. Future studies should consider the measurement of estrone sulfate to
differentiate the extent of estrogen suppression as estrone sulfate is rarely suppressed below
the limit of detection [29]. Furthermore, the study was adequately powered for evaluation of
estrogen suppression by non-inferiority test but not powered for evaluation of secondary
endpoints. It is possible that the lack of significant differences in AEs and QoL measures is
related to the small sample size. In addition, the study duration of 24 weeks was adequate to
evaluate estrogen suppression, but may not be long enough to observe changes in AEs and
QoL. Another limitation is that a univariate non-inferiority test does not adjust for potential
confounders such as age and BMI in regards to estrogen suppression.

We conclude that low and intermittent doses of letrozole (as low as 1/24t" of the total dose
received in the standard dose arm) were not inferior to the standard dose in estrogen
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suppression at the end of agent intervention. The effective estrogen suppression with low
and intermittent letrozole doses was accompanied by similar adverse effects on C-
telopeptide levels when compared to standard dose. The changes in QoL and self-reported
AEs were also similar among the dose groups. Future studies should characterize the
relationship between the extent of systemic estrogen suppression and breast tissue drug
activity and side effects to evaluate the feasibility of selecting an Al dose/schedule for
effective estrogen suppression with a favorable side effect profile.
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Table 2

Baseline serum estrogen levels and percent change in serum estrogens at the end of letrozole intervention.

Baseline | % Change | p-value® | Upper c1d

Estradiol (E2), pg/ml

2.5mg QD 5.4+2.82 | —76.8+39.4 | <0.0001 -
2.5 mg Q-MWF 6.616.0 —-74.7£37.3 | <0.0001 -62.7
1.0 mg Q-MWF 16.9+42.6 | —77.7+33.6 | <0.0001 -66.6
0.25 mg Q-MWF 6.1+6.1 -75.1£37.3 | <0.0001 -63.0
p-valueP 0.16 0.99

Estrone (E1), pg/ml

25mg QD 18.9+11.3 | -93.0£11.9 | <0.0001 -
2.5mg Q-MWF 20.2+135 | -86.5422.7 | <0.0001 -79.1
1.0 mg Q-MWF 18.1+137 | -88.1420.6 | <0.0001 -81.3
0.25 mg Q-MWF 20.8+119 | -88.1+24.7 | <0.0001 -80.1
p-valued 0.85 0.66

@meanzstandard deviation
bderived from one-way ANOVA
Cderived from paired t test for % changes within each group

dupper bound of the one-sided 95% CI for % changes. All alternative dosing arms were non-inferior to the standard dose arm, based on a non-
inferior margin of 0.7 (i.e., the upper bound in each alternative dosing arm was lower than 0.7 x mean % change in the standard dose arm)
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Table 3

Page 14

Baseline serum C-telopeptide and lipids and percent change in C-telopeptide and lipids at the end of letrozole

intervention.

Basdine | % Change | p-value®
C-telopeptide, ng/ml
25mg QD 0.53+0.46 | 47.67+70.86 <0.01
2.5 mg Q-MWF 0.47+0.25 | 37.08+57.41 <0.01
1.0 mg Q-MWF 0.38+0.17 | 48.73+46.23 | <0.0001
0.25 mg Q-MWF 0.39+0.23 | 48.25+70.68 <0.01
p-valued 0.21 0.88
Cholesterol, mg/dL
2.5mg QD 20443 3.68+11.66 0.11
2.5 mg Q-MWF 2044308 | 3.36£13.49 0.22
1.0 mg Q-MWF 198+35 2.17+13.85 0.47
0.25 mg Q-MWF 207+28 -1.75+£14.40 0.57
p-valueD 0.86 0.47
LDL, mg/dL
2.5mg QD 120+38 4.28+15.84 0.18
2.5 mg Q-MWF 117+30 5.83+23.68 0.23
1.0 mg Q-MWF 114431 2.28+19.37 0.59
0.25 mg Q-MWF 122426 -1.68+18.53 0.67
p-valued 0.82 0.58
HDL, mg/dL
2.5mg QD 65+15 -2.12+12.24 0.39
2.5 mg Q-MWF 6017 1.01+14.04 0.72
1.0 mg Q-MWF 64+15 -0.69+13.01 0.81
0.25 mg Q-MWF 6216 -1.78+12.46 0.50
p-valueP 0.63 0.82
Chol/HDL
25mg QD 3.30+0.86 6.13+11.44 0.01
2.5 mg Q-MWF 3.57+0.81 | 3.96+17.61 0.26
1.0 mg Q-MWF 3.16+0.63 3.41+11.09 0.16
0.25 mg Q-MWF 3.55+0.97 | 0.91+17.28 0.80
p-valueb P=0.25 P=0.67
Triglycerides, mg/dL
2.5mg QD 100+40 27.45%36.61 0.01
2.5 mg Q-MWF 135462 7.92+38.56 0.28
1.0 mg Q-MWF 103+28 16.20+43.67 0.10
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Basdine | % Change | p-value®
0.25 mg Q-MWF 122+52 7.09+28.32 0.24
p-valued 0.04 0.17

a -
meanzstandard deviation

btest equality among the four groups based on one-way ANOVA

Cderived from paired t test for the % change within each group
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