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Visual Abstract
IMPORTANCE Successful therapeutic cancer prevention requires definition of the minimal
effective dose. Aromatase inhibitors decrease breast cancer incidence in high-risk women,
but use in prevention and compliance in adjuvant settings are hampered by adverse events.
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Supplemental content

OBJECTIVE To compare the noninferiority percentage change of estradiol in postmenopausal
women with estrogen receptor-positive breast cancer given exemestane, 25 mg, 3 times
weekly or once weekly vs a standard daily dose with a noninferiority margin of -6%.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, presurgical, double-blind phase 2b
randomized clinical trial evaluated 2 alternative dosing schedules of exemestane.
Postmenopausal women with estrogen receptor-positive breast cancer who were candidates
for breast surgery were screened from February 1, 2017, to August 31, 2019. Blood samples
were collected at baseline and final visit; tissue biomarker changes were assessed from
diagnostic biopsy and surgical specimen. Biomarkers were measured in different laboratories
between April 2020 and December 2021.

INTERVENTIONS Exemestane, 25 mg, once daily, 3 times weekly, or once weekly
for 4 to 6 weeks before surgery.

MAIN OUTCOMES AND MEASURES Serum estradiol concentrations were measured by
solid-phase extraction followed by liquid chromatography-tandem mass spectrometry
detection. Toxic effects were evaluated using the National Cancer Institute terminology
criteria, and Ki-67 was assessed by immunohistochemistry.

RESULTS A total of 180 women were randomized into 1of the 3 arms; median (IQR) age was
66 (60-71) years, 63 (60-69) years, and 65 (61-70) years in the once-daily, 3-times-weekly,
and once-weekly arms, respectively. In the intention-to-treat population (n = 171), the least
square mean percentage change of serum estradiol was -89%, -85%, and -60% for
exemestane once daily (n = 55), 3 times weekly (n = 56), and once weekly (n = 60),
respectively. The difference in estradiol percentage change between the once-daily

and 3-times-weekly arms was -3.6% (P for noninferiority = .37), whereas in compliant
participants (n = 153), it was 2.0% (97.5% lower confidence limit, -5.6%; P for
noninferiority = .02). Among secondary end points, Ki-67 and progesterone receptor were
reduced in all arms, with median absolute percentage changes of -7.5%, -5.0%, and -4.0%
for Ki-67 in the once-daily, 3-times-weekly, and once-weekly arms, respectively (once daily vs
3 times weekly, P = .31; once daily vs once weekly, P = .06), and -17.0%, -9.0%, and -7.0%
for progesterone receptor, respectively. Sex hormone-binding globulin and high-density
lipoprotein cholesterol had a better profile among participants in the 3-times-weekly arm
compared with once-daily arm. Adverse events were similar in all arms.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, exemestane, 25 mg,

given 3 times weekly in compliant patients was noninferior to the once-daily dosage in

decreasing serum estradiol. This new schedule should be further studied in prevention Author Affiliations: Author
studies and in women who do not tolerate the daily dose in the adjuvant setting. affiliations arelisted at the end of this

article.
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Efficacy of Alternative Dose Regimens of Exemestane in Postmenopausal Women With Breast Cancer

reast cancer incidence is increasing and remains the

leading cause of cancer-related burden, even though

mortality is decreasing.! Modern prevention strate-
gies are risk based and include personalized screening, life-
style changes, selective estrogen receptor modulators,?and aro-
matase inhibitors (Als),>* specifically exemestane and
anastrozole.” Tamoxifen and, more recently, anastrozole have
shown a long-lasting benefit after drug discontinuation? with
no new late adverse events (AEs).®

Exemestane is a steroidal Al, and its action results in an
irreversible binding to the aromatase enzyme, causing perma-
nent inactivation even when the drug is cleared.” A phase 1
study of postmenopausal volunteers showed that a single dose
of 5 mg was already effective,® and 25 mg was considered
the minimal dose with the maximal estradiol suppression.
This effect was reached on day 3 and persisted up to 7 days.®

In the adjuvant-treatment setting, exemestane has shown
greater efficacy than tamoxifen in high-risk premenopausal
women in association with ovarian suppression, as well as in
postmenopausal women.!°*? In the prevention setting, ex-
emestane showed a 65% relative risk reduction in the annual
incidence of invasive breast cancer relative to placebo.?

Adverse events play a prominent role in the low uptake of
preventive therapy.!* Moreover, nonadherence to Alsis common
in the adjuvant setting due to AEs, and it increases risk of breast
cancer recurrence.”® However, the safety profile of existing drugs
could be improved by searching for the minimal effective dose.'®
For instance, we showed that low-dose tamoxifen 5 mg/d given
for 3 years halved disease recurrence in women with previ-
ously diagnosed intraepithelial neoplasia.”

This presurgical phase 2b randomized clinical trial ad-
dressed 2 alternative exemestane dosing schedules com-
pared with the standard dose in the percentage change reduc-
tion of serum estradiol level, a surrogate biomarker of efficacy.'®
Furthermore, tissue biomarkers, including Ki-67, circulating
sex hormones, lipids, and AEs, were evaluated.

Methods

Study Design

The study design was described in detail in a recent
publication.!® Briefly, this was an international, presurgical,
3-arm, double-blind, noninferiority phase 2b trial (eFigure 1
in Supplement 1 shows participants by center). Main inclu-
sion criteria were postmenopausal patients with (1) con-
firmed estrogen receptor-positive breast cancer stage cTO to
cT2 or cNO to cN1 and (2) blood tests within their laboratory
normal limits or with alterations with no clinical relevance.
Participants were excluded if their body mass index (BMI; cal-
culated as weight in kilograms divided by height in meters
squared) was less than 18.5 and if they had previous breast can-
cer treatment, uncontrolled illness, recent diagnoses of other
cancers, or severe osteoporosis. Women were randomized (1:
1:1) to exemestane, 25 mg, once daily, 3 times weekly, or once
weekly for 4 to 6 weeks prior to surgery, stratified by center
and BMI less than 25 vs 25 or higher. To maintain double blind-
ing, weekly blister packs were manufactured containing 7 ac-
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Key Points

Question What is the noninferiority percentage change of serum
estradiol with 2 exemestane alternative schedules (25 mg 3 times
weekly or once weekly) compared with the standard dose

of 25 mg once daily?

Findings In this randomized clinical trial of 180 postmenopausal
women with estrogen receptor-positive breast cancer,
exemestane, 25 mg, given 3 times weekly was noninferior to a
once-daily schedule in reducing circulating estradiol in compliant
participants, whereas the once-weekly schedule was less effective.
Adverse events were similar in all arms.

Meaning Exemestane, 25 mg, given 3 times weekly in adherent
patients was noninferior to the standard daily dose; this reduced
schedule should be further studied in prevention studies and in
women who do not tolerate the daily dose in the adjuvant setting.

tive pills for the once-daily arm, 3 active pills and 4 placebos
for the 3-times-weekly arm, and 1active pill and 6 placebos for
the once-weekly arm. Pills were numbered from 1to 7 in each
blister pack. The final visit, scheduled on the day of surgery
or the day before, included assessment for toxic effects, con-
comitant medications, blood collection, and compliance/
review of pill diary. Participants continued the intervention un-
til the night before surgery. Surgery was performed ideally on
day 29 or alternatively on day 36 or 43 to maintain the same
treatment schedule in each arm. Toxic effects were evaluated
by Medical Dictionary for Regulatory Activities Terminology
categories using the National Cancer Institute terminology cri-
teria (Common Terminology Criteria for Adverse Events, ver-
sion 4.0.3). Menopausal symptoms were assessed by a self-
administered questionnaire (Menopause-Specific Quality of
Life Questionnaire2® [Mapi Research Trust]) comparing pre-
treatment and posttreatment answers.

The protocol (Supplement 2) was approved by the Na-
tional Cancer Institute Central Institutional Review Board and
the local Italian institutional review boards, as well as the Re-
gional Committees for Medical and Health Research Ethics in
Western Norway. All participants provided written informed
consent. This study followed the Consolidated Standards of
Reporting Trials (CONSORT) reporting guideline.

Biomarkers Assessment
Morning fasting blood samples were collected at baseline and
final visit (S-Monovette [Sarstedt]). After clotting, the tubes
were centrifuged at 2000 times gravity for 10 minutes at room
temperature. Serum was aliquoted (1 mL) in barcoded, la-
beled, plastic microtubes and stored at —80 °C until assayed.
Serum estradiol (the primary end point) and estrone con-
centrations were measured by solid-phase extraction (SPE) fol-
lowed by liquid chromatography-tandem mass spectrometry
(LC-MS/MS) detection, with lower limit of quantification of 1.0
pg/mL for serum estradiol (to convert to pmol/L, multiply by
3.671) and 5 pg/mL for estrone (to convert to pmol/L, multi-
ply by 3.698) (API 5000 [Syneos Health]). Total serum es-
trone and estrone sulfate were measured using a liquid-
liquid extraction (LLE) and analyzed via LC-MS/MS, with 50

JAMA Oncology May 2023 Volume 9, Number5

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 07/07/2023

665


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.0089?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.0089?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089
http://www.equator-network.org/reporting-guidelines/consort/
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089

666

Research Original Investigation

Efficacy of Alternative Dose Regimens of Exemestane in Postmenopausal Women With Breast Cancer

Figure 1. CONSORT Diagram
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60 Study completion?
1 Participant withdrawal
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and 25 pg/mL lower limit of quantification, respectively (API
4000 [Syneos Health]).

Due to the overall low estradiol concentrations in post-
menopausal women treated with Als, we also analyzed se-
rum estradiol and estrone levels as secondary end points with
an ultrasensitive LC-MS/MS method, using automated LLE
without derivatization (lower limit of quantification was 0.8
pmol/L, corresponding to 0.22 pg/mL for serum estradiol, and
0.2 pmol/L, corresponding to 0.05 pg/mL, for estrone) at
Haukeland University Hospital in Norway (QTRAP 6500+
[SCIEX]). Serum androstenedione and testosterone were also
analyzed using a LC-MS/MS method (API 5500 [SCIEX]).?!
Sex hormone-binding globulin (SHBG) serum levels were
measured by a chemiluminescent immunoassay (IDS-iSYS
Multi-Discipline Automated System [Immunodiagnostic Sys-
tems Limited]), with a lower limit of detection of 0.03 pg/mL
(to convert to nmol/L, multiply by 8.896). Lipid profiles (total
cholesterol, high-density lipoprotein [HDL], low-density lipo-
protein, and triglycerides) were determined locally at base-
line and final visit.

Pretreatment and posttreatment measurements were
centralized at the pathology division of the European Insti-
tute of Oncology to minimize the variability among centers.
The Ki-67 was assessed by immunohistochemistry according
to recommendations?? using the Mib-1 monoclonal antibody
with automated immunostainer (DakoCytomation [Agilent]).2*
Immunohistochemistry was used to determine the expres-
sion of estrogen receptor and progesterone receptor (PgR) using
pharmDx (Agilent) and human epidermal growth factor re-
ceptor 2 using HercepTest (Agilent).

Statistical Analysis

The primary objective of this study was to assess if the reduc-
tion in serum estradiol (measured by SPE) with the 2 lower-
dosing schedules was noninferior to the standard dosage on
the percentage change and absolute change of serum estra-
diol from baseline to posttreatment and compare differences
between each experimental arm and the standard dose. Only
the primary end point analysis was noninferiority.

JAMA Oncology May 2023 Volume 9, Number5

end point.

Noninferiority P values with estimates of the difference
between once-daily vs 3-times-weekly schedules and once-
daily vs once-weekly schedules in the percentage change in
time and corresponding 1-sided 97.5% ClIs were provided with
the -6% noninferiority limit, which was based on expert opin-
ion. The primary analysis was intention to treat (ITT). We also
conducted a planned per-protocol analysis of compliant par-
ticipants (defined as participants who received >80% of the
active scheduled pills and underwent blood testing as per pro-
tocol schedule). A per-protocol analysis of compliant partici-
pants was also conducted for Ki-67.

Given the expected relative reduction in estradiol of at least
80% with exemestane, 25 mg, once daily, we assumed a non-
inferiority difference of -6% from baseline in percentage
change of estradiol after treatment with 25 mg 3 times weekly
or 25 mg once weekly, using a 1-sided, 2-sample t test. A total
sample size of 162 participants had 80% power to detect anon-
inferiority of -6% in the mean percentage change of the lower-
dose regimens compared with the standard dose. The true dif-
ference between the mean percentage changes was assumed
to be 0%. The data were drawn from populations with com-
mon SDs of 11%. Assuming a 10% dropout rate, 180 partici-
pants had to be randomized. The significance level of the test
for the main end point was set at P = .025 to account for mul-
tiple comparisons. For secondary end points, 2-tailed P < .05
was considered statistically significant. Statistical analyses
were performed using SAS, version 9.4 (SAS Institute). Addi-
tional information on statistical analyses is available in
eMethods in Supplement 1.

. |
Results

Participant Characteristics

From February 1, 2017, to August 31, 2019, a total of 230 women
were screened, and 180 women were randomized into 1 of the
3 arms (Figure 1); median (IQR) age was 66 (60-71) years, 63
(60-69) years, and 65 (61-70) years in the once-daily, 3-times-
weekly, and once-weekly arms, respectively. Four partici-
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Table 1. Least Square (LS) Mean Percentage Change in Estradiol in Each Study Arm

Receiving Exemestane, 25 mg, by Regimen

LS mean change Difference in 97.5% Confidence P for

Arm (95% Cl), %* Contrast LS mean, % limit, % noninferiority®

Intention to treat

Solid-phase extraction
QDb -89 (-95 to -83) QD vs TIW -3.6 -17.8 .37
TIW -85 (-98 to -73) QD vs QW -28.8 -48.7 .98
Qw -60 (-78 to -42) NA NA NA NA

Liquid-liquid extraction
QD -96 (=97 to -95) QD vs TIW -4.9 -8.7 .28
TIW =91 (=95 to -88) QD vs QW -23.9 -29.2 >.99
Qw =72 (-77 to -67) NA NA NA NA

Compliant

Solid-phase extraction
QDb =91 (-98 to -84) QD vs TIW 2.0 -5.6 .02
w -92 (~96 to -89) QD vs QW 15 314 >.99 AbbreV|at|or_1: NA, not applicable;

QD, once daily; QW, once weekly;
Qw —69 (=76 to -62) NA NA NA NA TIW, 3 times weekly.

Liquid-liquid extraction 3 LS mean percentage changes are
QD -96 (-97 to -95) QD vs TIW -3.8 -7.4 11 from a generalized linear model,
w 292 (95 to -89) QD vs QW 223 573 > 99 and 95% Cls were obtained with

bootstrap.
Qw -74 (-78 to -69) NA NA NA NA

pants did not start the treatment, and 4 dropped out (2 for per-
sonal reasons, 1 for AEs, and 1 for a severe AE unrelated to study
treatment). The final evaluable participants for the primary end
point included 55, 56, and 60 receiving exemestane, 25 mg,
once daily, 3 times weekly, and once weekly, respectively. Study
participants were stratified by center and BMI. eTable 1 in
Supplement 1shows the baseline participant and cancer char-
acteristics. Drug intake was high, as 153 (89%) participants took
at least 80% of the pills without difference among arms and
between compliant and noncompliant participants (eTable 2
in Supplement 1). Forty-seven, 52, and 54 participants under-
went blood testing as per protocol schedule in the once-daily,
3-times-weekly, and once-weekly arms, respectively. Eighty-
eight, 44, and 16 participants had surgery exactly after 4, 5,
or 6 weeks, respectively.

Circulating Biomarkers

In the ITT population, the reduction in serum estradiol (SPE
method) by the mean percentage change of serum estradiol was
-89%, -85%, and -60% among the once-daily, 3-times-
weekly, and once-weekly arms, respectively; in the compli-
ant participants (n = 153), it was -91%, -92%, and -69%, re-
spectively (Table 1). In the ITT population, the difference in
estradiol percentage change between once-daily and 3-times-
weekly arms was -3.6% (P for noninferiority = .37; Figure 2A),
whereas in compliant participants it was 2.0% (97.5% lower
confidence limit, -5.6%; P for noninferiority = .02; Table1and
Figure 2A and B), indicating that the 3-times-weekly dosage
was noninferior to the once-daily dosage among compliant par-
ticipants. A secondary analysis using a more sensitive method
(LLE) for estradiol showed similar estradiol reduction, with
-96%, -91%, and -72% among the once-daily, 3-times-
weekly, and once-weekly arms, respectively, in the ITT analy-
sis and -96%, —-92%, and -74%, respectively, in the compliant

jamaoncology.com

b1.Sided noninferiority t test.

participants, but did not reach the noninferiority margin
(Table 1). The median percentage change in estradiol in each
arm showed no difference between the once-daily and 3-times-
weekly dosages, using either SPE or LLE (Figure 2C and D).
Finally, the percentage of participants with estradiol suppres-
sion below detection limit was 69.0%, 65.4%, and 17.2% by
the SPE method and 77.7%, 47.2%, and 3.4% by LLE in the once-
daily, 3-times-weekly, and once-weekly arms, respectively
(once daily vs 3 times weekly, P = .78; eFigure 2 in Supple-
ment 1).

Table 2 summarizes median absolute changes adjusted for
baseline and percentage changes for other hormones and lip-
ids analyzed. In this secondary end point analysis, there were
no statistical differences for estrone, total estrone, and es-
trone sulfate between the once-daily and the 3-times-daily
arms, whereas the lower dose was less effective. No major
changes were observed for androstenedione or testosterone
with any dose, whereas for SHBG, a dose response was noted,
with an absolute change of -12.8, -7.0, and -2.3 nmol/L for ex-
emestane once daily, 3 times weekly, and once weekly, respec-
tively. Regarding the lipid profile, there was an expected
HDL cholesterol reduction with the once-daily dosage vs only
a marginal effect with the 2 lower-dose regimens (-10, -4,
and 1 mg/dL with once daily, 3 times weekly, and once weekly,
respectively).

Tissue Biomarkers

Cell proliferation measured by the Ki-67 labeling index and PgR
expression were analyzed pretreatment and posttreatment
(Table 3). The median Ki-67 percentage absolute change ad-
justed for baseline was -7.5%, -5.0%, and -4.0% in the once-
daily, 3-times-weekly, and once-weekly arms, respectively,
showing no statistically significant differences among arms
(once daily vs 3 times weekly, P = .31; once daily vs once weekly,
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Figure 2. Circulating Estradiol in Each Study Arm Receiving Exemestane, 25 mg, by Regimen
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P =.06). As exploratory analysis, Ki-67 expression was also ana-
lyzed in compliant participants and normal adjacent tissue. Due
to the very low expression of Ki-67 in normal tissue, no modu-
lation was observed (Table 3). In adherent participants (eFig-
ure 3 in Supplement 1), the reduction of Ki-67 was similar to
the ITT analysis. Additionally, PgR expression was modu-
lated by exemestane, with a median absolute change of -17.0%
in the once-daily arm, -9.0% in the 3-times-weekly arm, and
-7.0% in the once-weekly arm (once daily vs 3 times weekly,
P = .44; once daily vs once weekly, P = .06; Table 3).

Adverse Events

Overall, treatment was well tolerated, with a total of 358 AEs
(255 [71%] were grade 1). No statistically significant differ-
ences were detected among the 3 arms. eTable 3 in
Supplement 1 summarizes AEs occurring in 5% or more of par-
ticipants. Women’s perception of menopausal symptoms
showed no clinically relevant differences among arms (eTable 4
in Supplement 1).

|
Discussion

The uptake of breast cancer preventive therapy is low despite
strong evidence for efficacy with selective estrogen receptor
modulators and Als, primarily because of the fear of AEs.14:24:2
Compliance to Als is also hampered by AEs in the adjuvant
setting, and this decreases efficacy.'® The risk-benefit ratio of

JAMA Oncology May 2023 Volume 9, Number 5

existing drugs could be improved by dose de-escalation stud-
ies searching for the minimal effective dose.'® The previous
published phase 3 trial of low-dose tamoxifen to treat breast
intraepithelial neoplasia recurrence showed retained effi-
cacy and fewer toxic effects compared with placebo.!”

For these reasons, we wanted to explore 2 alternative
exemestane schedules in reducing estradiol levels, a risk
biomarker,'® and a measure of Al potency.?®27 In earlier
studies,®° exemestane showed a prolonged effect despite its
short half-life, but the minimal effective dose was not as-
sessed. Johannessen et al*® showed that the maximal estra-
diol and estrone suppression can already be reached with 10
mg/d, which may be the equivalent of 25 mg 3 times weekly.?°

In the current study, exemestane, 25 mg, 3 times weekly was
noninferior to the standard daily dosing in the compliant par-
ticipants, representing 89% of the whole population, with a
-92% mean decrease of estradiol in the 3-times-weekly arm and
-91% in the once-daily arm using the per-protocol SPE method.
However, in the ITT analysis, we did not show a noninferiority
effect below 6% of 3-times-weekly arm. The different findings
between compliant and noncompliant participants are not due
tobaseline characteristics, but are probably due to the lower vari-
ability in estradiol in the former group. The present findings also
indicate that the median percentage change of estrone, total es-
trone, and estrone sulfate showed no differences between once-
daily and 3-times-weekly dosing, whereas a dose-response
modulation was noted for SHBG, with the daily dose signifi-
cantly reducing this protective biomarker.>° The weekly dose

jamaoncology.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 07/07/2023


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.0089?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.0089?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2023.0089?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0089

Original Investigation Research

Efficacy of Alternative Dose Regimens of Exemestane in Postmenopausal Women With Breast Cancer
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