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PURPOSE Tamoxifen administered for 5 years at 20 mg/d is effective in breast cancer treatment and prevention,
but toxicity has limited its broad use. Biomarker trials showed that 5 mg/d is not inferior to 20 mg/d in decreasing
breast cancer proliferation. We hypothesized that a lower dose given for a shorter period could be as effective in
preventing recurrence from breast intraepithelial neoplasia but have a lower toxicity than the standard dose.

PATIENTS AND METHODS We conducted a multicenter randomized trial of tamoxifen, 5 mg/d or placebo ad-
ministered for 3 years after surgery in women with hormone-sensitive or unknown breast intraepithelial neo-
plasia, including atypical ductal hyperplasia and lobular or ductal carcinoma in situ. The primary end point was
the incidence of invasive breast cancer or ductal carcinoma in situ.

RESULTS Five hundred women 75 years of age or younger were included. After a median follow-up of 5.1 years
(interquartile range, 3.9-6.3 years), there were 14 neoplastic events with tamoxifen and 28 with placebo (11.6 v
23.9 per 1,000 person-years; hazard ratio, 0.48; 95% Cl, 0.26 to 0.92; P = .02), which resulted in a 5-year
number needed to treat of 22 (95% ClI, 20 to 27). Tamoxifen decreased contralateral breast events by 75%
(three v 12 events; hazard ratio, 0.25; 95% ClI, 0.07 to 0.88; P = .02). Patient-reported outcomes were not
different between arms except for a slight increase in frequency of daily hot flashes with tamoxifen (P = .02).
There were 12 serious adverse events with tamoxifen and 16 with placebo, including one deep vein thrombosis
and one stage | endometrial cancer with tamoxifen and one pulmonary embolism with placebo.

CONCLUSION Tamoxifen at 5 mg/d for 3 years can halve the recurrence of breast intraepithelial neoplasia with a
limited toxicity, which provides a new treatment option in these disorders.

J Clin Oncol 37:1629-1637. © 2019 by American Society of Clinical Oncology
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INTRODUCTION

Breast intraepithelial neoplasia, including atypical
ductal hyperplasia (ADH), lobular carcinoma in situ
(LCIS), and ductal carcinoma in situ (DCIS), has a five

is effective in the adjuvant treatment of hormone
receptor—positive breast cancer® and for the pre-
vention of breast cancer in at-risk women on the basis
of the Gail model, including those with ADH and LCIS

to 10 times higher risk of developing into invasive
breast cancer compared with the general population
and accounts for 15% to 25% of breast neoplasms on
the basis of screening mammography.! The natural
history of breast intraepithelial neoplasia is heteroge-
neous. Some forms remain indolent, whereas other
forms can progress to life-threatening invasive disease,
which has led to controversial issues with regard to its
optimal approach.?

Tamoxifen, a selective estrogen receptor (ER) modu-
lator and a precursor of molecular targeted medicines,

whose risk of subsequent invasive canceris 10and 13
per 1,000 per year, respectively.* However, the toxicity
of tamoxifen, including venous thromboembolic
events and endometrial cancer, is a significant
problem and may explain the low uptake of tamoxifen
as preventive therapy.® The increase of menopausal
symptoms during tamoxifen therapy, including vaso-
motor symptoms and sexual and gynecologic distur-
bances, is also a cause of decreased quality of life and
treatment withdrawal.®” The lack of a demonstrated
breast cancer mortality benefit for tamoxifen given for
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primary prevention or after DCIS combined with adverse
effects suggests a need for an alternative strategy, such as
dose de-escalation. We conducted studies to determine the
minimum effective dose of tamoxifen, which was not initially
assessed.®® Biomarker trials revealed that 5 mg/d was
noninferior to 20 mg/d in inhibiting proliferation of breast
cancer!® and normal endometrial tissue.'* A prospective
cohort study also showed that 10 mg on alternate days
halves recurrence of DCIS in postmenopausal women.*?

In the present phase Il trial, we assessed whether ta-
moxifen administered for 3 years at 5 mg/d is effective at
reducing DCIS, invasive recurrence, or contralateral breast
cancer from breast intraepithelial neoplasia without sig-
nificant toxicity in terms of serious adverse events and
patient-reported outcomes.

PATIENTS AND METHODS
Participants and Procedure

We conducted a multicenter phase Il trial of tamoxifen
5 mg/d versus placebo administered for 3 years in women
75 years of age or younger with an Eastern Cooperative
Oncology Group performance status of 1 or less and op-
erated hormone-sensitive (ER or progesterone receptor
= 1%) or unknown breast intraepithelial neoplasia (ADH,
DCIS, or LCIS). Women with high-grade or comedo/necrotic
DCIS received adjuvant radiotherapy of 50 Gy in 25
courses. Women were visited every 6 months and had a
mammography and transvaginal ultrasound annually for
3 years of treatment and 2 years of follow-up. The study
(TamO1) was approved by the ethics committee of the
sponsor (Galliera Hospital, Genoa, ltaly) and participating
sites, and all women signed a written informed consent.
Main exclusion criteria were any prior cancer, any ta-
moxifen contraindications, mental disorders, pregnancy,
grade 2 or higher biochemical alterations according to the
National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4), prior use of anti-estrogens,
current use of dicumarols, and CYP2D6 inhibitors such
as selective serotonin reuptake inhibitors.

Treatment

Tamoxifen 5 mg or identical placebo tablets were provided by
Doppel Farmaceutici (Cortemaggiore, PC, Italy) under good
manufacturing practice in bottles containing 210 tablets.
Randomization and treatment started after surgery, whereas
radiotherapy could be concomitant or before tamoxifen
treatment for patients accrued 12 to 60 months after surgery.
A review of baseline histologic reports was performed at the
coordinating center to check eligibility, but measurements
of immunohistochemistry were not centrally repeated. All
breast events that occurred during the trial were centrally
adjudicated by a clinical committee. Treatment compliance
was assessed by pill count. Adherence was defined at
each study visit as the use of at least 85% of pills during
the 6-month study period.

1630 © 2019 by American Society of Clinical Oncology

Study End Points

The primary end point was the incidence of invasive breast
cancer or DCIS. Secondary end points were incidence of
ADH or LCIS, endometrial cancer, other second primary
cancers, deep venous thromboembolic events, coronary
heart disease, bone fractures, cataract, and menopausal
symptoms. Correlative studies of biomarkers included
mammographic density, circulating insulin-like growth
factor (IGF) 1 and IGF binding proteins, IGF binding protein
3, sex hormone binding globulin, C-reactive protein,
CYP2D6 single nucleotide polymorphisms, tamoxifen, and
metabolite blood levels.

Toxicity was assessed by the Common Terminology Cri-
teria for Adverse Events (version 4). Because meno-
pausal symptoms are a major cause of decreased quality
of life and treatment dropout from tamoxifen trials,®’
patient-reported symptoms associated with both meno-
pause and the known adverse effects of tamoxifen were
recorded. Hot flashes were evaluated according to Sloan
et al,'®> where the daily frequency and scores were com-
puted for each patient by combining both severity (mild,
moderate, severe, and very severe) and frequency from
daily diaries and averaging across the last study week
before each semiannual visit. The Breast Cancer Pre-
vention Trial Symptom Scale'# calculates scores on each
subscale by averaging a number of items during the last
4 weeks before each semiannual visit, including vasomotor
symptoms, sexual and vaginal problems, and musculo-
skeletal pain/arthralgia.

Randomization

Patients were randomly assigned (1:1) to one of the two
treatment arms in a masked fashion by a Web-based
system using the minimization algorithm. Random se-
quences were generated by one of the authors (L.B.)
according to the Moses-Oakford algorithm. Only the system
administrator had access to the allocation sequences.
Stratification criteria were center, time from diagnosis to
randomization (within 12 v 12 to 60 months), and histotype
(ADH + DCIS v LCIS).

Statistical Analyses

The study was initially powered to detect a 50% reduction
in the incidence of invasive breast cancer or DCIS by as-
suming an annual rate of events of 20 per 1,000 person-
years with placebo,*®1€ 5 years of recruitment, 2 years of
follow-up, and a 10% dropout rate. With 80% power and a
5% one-sided significance, 1,400 participants were nec-
essary to observe 55 events. Initial statistical assumptions
were revised by the independent data monitoring com-
mittee according to the lower-than-expected accrual,
mainly because of financial constraints, and the higher risk
in the placebo arm. On June 28, 2018, the committee
recommended the disclosure of results because 80% of the
originally expected events were observed, all women had
completed the treatment period, and there was a significant
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Enrollment
Women younger than 75 years with IEN
(ADH or LCIS or ER-positive or unknown DCIS)

Assessed for eligibility
(n=1,160)

Excluded

Allocated
(n = 500)
Stratification criteria
Center
Time from diagnosis to randomization
(within 12 v 12-60 months)
Histotype (ADH + DCIS v LCIS)

Did not meet inclusion criteria (n = 157)
Declined to participate (n = 503)

(n = 660)

FIG 1. Participant flow diagram.
The intention-to-treat population
included all patients who underwent
random assignment (n = 253 in the
tamoxifen arm; n = 247 in the pla-
cebo arm). The safety population
included all patients who received at
least one dose of trial agent (n = 249

radiotherapy in
high-grade or
comedo/necrotic

DCIS
Completed study treatment (n =195) OFoIIow—up: : Completed study treatment (n =202)
5 i n treatment: . a
Discontinued study treatment (n = 58) Discontinued study treatment (n = 45)
X every 6 months )
Patient request (n = 24) i Patient request (n=19)
After treatment:

Lost to follow-up (n =5) early for Lost to follow-up (n=5)
Investigator’s decision (AEs) (n=29) yearly Investigator’s decision (AEs) (n=21)
at least 2 years
Analyzed . Analyzed
(n = 253) Analysis (n = 247)

in the tamoxifen arm; n = 246 in the
placebo arm). Completion of the

Allieozise to study is defined as having com-
tamoxifen 5 mg/d )

or placebo pleted the 36-month double-blind
for 3 years treatment phase. ADH, atypical
AIIocat_ed to tamoxife_n ) (n = 253) (double-blinc!, AIIocat_ed to placebo } ) (n =247) ductal hyperplasia; AE, adverse

Received allocated intervention (n = 249) parallel arm design): Received allocated intervention (n = 246) . .
Did not receive allocated intervention Postsurgery Did not receive allocated intervention event; DCIS, ductal carcinoma in
Consent withdrawn (n=3) concurrent to Consent withdrawn (n=1) situ; ER, estrogen receptor; IEN,
Not eligible after randomization (n = 1) adjuvant intraepithelial neoplasia; LCIS, lob-

ular carcinoma in situ.

benefit and a low toxicity that could change clinical
practice.

The Kaplan-Meier cumulative incidence of invasive breast
cancer or DCIS (primary end point) and of contralateral
breast events was estimated by adopting the reverse
Kaplan-Meier technique to calculate median follow-up
time.t” Log-rank test was used to test differences be-
tween arms. Cox proportional hazards regression modeling
was also performed as supportive analysis. We reported P
values and hazard ratios (HRs) from nonstratified analyses
because stratified log-rank Pvalues and Cox analyses gave
superimposable results. Because of the highly over-
dispersed and zero-inflated distribution of frequency and
score of hot flashes, the analysis was performed by
adopting a negative binomial regression model; a Poisson

Journal of Clinical Oncology

model was used for the other vasomotor symptoms (the
distribution was less overdispersed), and linear modeling
was adopted for the endometrial thickness. In all the re-
gression models, the variance-covariance matrix was es-
timated to account for repeated measures and provided
robust SEs that allowed for intrawoman correlation. Cova-
riates were age and menopausal status. Tests for in-
teraction between time and treatment arm were performed
within all the regression models. The Kaplan-Meier method
was also used to estimate treatment adherence by pill count
at different follow-up times by treatment arm. Effect sizes of
clinically relevant outcomes were calculated using the
number needed to treat or harm and the likelihood to be of
help or harm.*® The primary analysis included all randomly
assigned patients according to the intention-to-treat
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TABLE 1. Main Participant and Tumor Characteristics at Baseline

Characteristic Tamoxifen Placebo
No. of patients 253 247
Age, years, mean (SD) 54 (9.6) 54 (9.1)
Menopausal status
Pre 115 (46) 109 (44)
Post 137 (54) 138 (56)
Age at menopause, years, mean (SD) 50 (4.6) 49 (5.8)
Body mass index, kg/m?, mean (SD) 25.7 (4.8) 25.3 (4.2)
Waist-to-hip ratio, mean (SD) 0.86 (0.1) 0.86 (0.1)
Endometrial thickness, mm, mean (SD) 5.1 (3.7) 4.7 (3.2)
First-/second-degree FH breast or ovarian 94 (37) 95 (38)
cancer

Histologic type

ADH (DIN 1b) 51 (20) 50 (20)

LCIS (LIN 2-3) 27 (11) 25 (10)

DCIS grade 1 (DIN 1c) 42 (17) 40 (16)

DCIS grade 2 (DIN 2) 72 (29) 87 (35)

DCIS grade 3 (DIN 3) 60 (24) 45 (18)
Type of surgery

Conservative (Q/L) 211 (84) 203 (82)

Mastectomy 40 (16) 44 (18)

Axillary dissection 1(0) —
Comedo 29 (12) 24 (10)
Necrotic 64 (25) 60 (24)
Multifocal neoplasia 73 (29) 67 (27)
ER, %, median (IQR) 90 (60-95) 90 (65-95)
PR, %, median (IQR) 70 (20-90) 60 (14-90)
HER2/neu

0-2 79 (79) 89 (81)

3 21 (21) 21 (19)
Ki-67, %, median (IQR) 10 (5-20) 10 (5-18)
Radiotherapy 108 (45) 107 (45)

NOTE. Data are presented as No. (%) except where otherwise noted. One patient
with invasive breast cancer at baseline was not eligible. Percentages were
calculated excluding missing data.

Abbreviations: ADH, atypical ductal hyperplasia; DCIS, ductal carcinoma in situ;
DIN, ductal intraepithelial neoplasia; ER, estrogen receptor; FH, family history;
HER2, human epidermal growth factor receptor 2; IQR, interquartile range; Ki-67,
protein encoded by the MKI67 gene; LCIS, lobular carcinoma in situ; LIN, lobular
intraepithelial neoplasia; PR, progesterone receptor; Q/L, quadrentectomy/
lumpectomy; SD, standard deviation.

principle. Censoring to last follow-up visit available was
applied when patient follow-up data were not complete.
The safety analysis included all patients who received at
least one dose of study treatment. Prespecified subgroup
analyses (= 12 v 12 to 60 months from diagnosis, ADH +
DCIS v LCIS, ER positive v unknown) and post hoc sub-
group analyses, including ADH or LCIS v DCIS per the Gail

1632 © 2019 by American Society of Clinical Oncology

model,* were performed only for exploratory purposes and
according to the test for interaction approach. Because
there was only one noncancer death, competing risk
analysis was not performed. No multiplicity adjustment
methods were adopted. Although we calculated sample
size with a one-sided «-error, results are shown with 95%
Cls and two-sided P values. All analyses were performed
using Stata 14.2 statistical software (StataCorp, College
Station, TX).

RESULTS

Between November 1, 2008, and March 31, 2015, 1,160
women were screened and 500 75 years of age or younger
were included in the study. The participant flow diagram is
shown in Figure 1. The main participant and tumor
characteristics were evenly distributed between arms
(Table 1). The mean age was 54 years (standard deviation,
9 years), and 55% of participants were postmenopausal.
Twenty percent had ADH, 11% had LCIS, and the
remaining 69% had DCIS. In total, 33% of participants had
ER or progesterone receptor unknown neoplasms, of which
63% were among those with ADH or LCIS and 20% among
those with DCIS. There were no participants with ER-
negative DCIS.

After a median follow-up of 5.1 years (interquartile range,
3.9-6.3 years), there were 14 breast neoplastic events (in-
vasive breast cancer or DCIS) in the tamoxifen arm (rate,
11.6 per 1,000 person-years) and 28 breast events in the
placebo arm (rate, 23.9 per 1,000 person-years; HR, 0.48;
95% Cl, 0.26 to 0.92; log-rank P = .02). Kaplan-Meier es-
timates of cumulative incidence rates of breast events (in-
vasive breast cancer or DCIS) in the tamoxifen and placebo
arms at b yearswere 6.4% and 11.0%, respectively, resulting
in @ number needed to treat of 22 (95% Cl, 20 to 27). In
consideration of contralateral breast cancer incidence, there
were three events in the tamoxifen arm and 12 in the placebo
arm (HR, 0.25; 95% Cl, 0.07 to 0.88; P = .02). The cu-
mulative incidences of the primary end point (invasive breast
cancer or DCIS) and contralateral breast events are shown in
Figure 2. Table 2 lists the characteristics of the breast
neoplastic events. The majority of recurrences were invasive.
There was no evidence for a different biology of tumors
occurring in the tamoxifen arm compared with the placebo
arm. There was one recurrence in the tamoxifen arm versus
two in the placebo arm (HR, 0.50; 95% Cl, 0.05 to 5.47) in
participants with prior ADH, two versus six in those with prior
LCIS (HR, 0.31; 95% Cl, 0.06 to 1.51), and 11 versus 20
(HR, 0.53; 95% CI, 0.25 to 1.11) in those with DCIS (P for
interaction = .8). There was no significant heterogeneity in
prespecified subgroups (Appendix Table Al, online only).
The risk of invasive or DCIS recurrence in ADH, DCIS, and
LCIS strata adjusting for tamoxifen effect is shown in Ap-
pendix Figure Al (online only).

There were 12 serious adverse events in the tamoxifen arm
and 16 in the placebo arm, including one deep vein
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FIG 2. Kaplan-Meier estimates of (A) cumulative incidence of breast cancer events (invasive breast cancer or ductal carcinoma in situ and of (B) contralateral
breast cancer events in the overall intention-to-treat population (ITT) by allocated arm. Numbers in parentheses represent the number of events that occurred
within each time interval by treatment arm. The log-rank test was used to draw inferences. The estimate of the hazard ratio (HR) was based on a univariable
Cox proportional hazards regression model (ie, with only the treatment arm variable). In the overall ITT population, there were 42 breast cancer events (14 in
the tamoxifen arm and 28 in the placebo arm) of which there were 15 contralateral breast cancer events (three in the tamoxifen arm and 12 in the placebo
arm). The 3-year cumulative incidence rate of breast cancer events was 2.3% (95% Cl, 1.7% to 6.6%) in the tamoxifen arm and 7.6% (95% Cl, 4.8% to
11.8%) in the placebo arm, and the 5-year cumulative incidence rate was 6.4% (95% Cl, 3.7% t0 10.9%) and 11.0% (95% Cl, 7.4% to 16.0%), respectively.
The 3-year cumulative incidence rate of contralateral breast cancer was 0.4% (95% Cl, 0.1% to 3.1%) in the tamoxifen arm and 2.5% (95% Cl, 5.5% to
1.1%) in the placebo arm, and the 5-year cumulative incidence rate was 1.1% (95% Cl, 0.3% to 4.5%) and 4.2% (95% Cl, 2.2% to 8.0%), respectively.

thrombosis, one stage | endometrial cancer in the ta-
moxifen arm versus one pulmonary embolism in the pla-
cebo arm (rate, 0.85 per 1,000 person-years). The 5-year
number needed to harm resulting from a cumulative in-
cidence rate of 0.87% with tamoxifen and 0.41% with
placebo was 218 (95% Cl, 193 to 265), and the likelihood
of being helpful was 10 times higher (218 v 22) than being
harmful. Second primary cancers were four in the ta-
moxifen arm and six in the placebo arm. Table 3 lists the
serious adverse events. There were two deaths in the
placebo arm, one as a result of breast cancer and one as a
result of myocardial infarction, and one death was a result
of breast cancer in the tamoxifen arm. Appendix Table A2
(online only) lists nonserious investigator-reported adverse
events that occurred in more than 2% of participants. More
hot flashes and vaginal bleeding and less headache were
recorded in the tamoxifen arm, whereas there was no
difference in endometrial polyps between tamoxifen and
placebo (2.8% v 1.6%). The mean endometrial thickness
in postmenopausal women increased significantly by ap-
proximately 1 mm while on tamoxifen (Appendix Fig A2,
online only).

Overall, there was a slight increase in daily frequency of
participant-reported hot flashes in the tamoxifen arm over
the 3-year treatment period (P = .02; Fig 3A). On average,
the incidence rate ratio of daily number of hot flashes in the
tamoxifen versus placebo arm was 1.46 (95% Cl, 1.05 to
2.00). In the 3-year treatment period, a woman had a mean

Journal of Clinical Oncology

daily hot flash frequency of 2.1 (95% Cl, 1.7t0 2.5) v1.5
(95% Cl, 1.1 to 1.8) in the tamoxifen versus placebo arms,
respectively. However, the hot flashes score was not dif-
ferent between arms (P = .16; Fig 3B). Likewise,
participant-reported outcomes according to the Breast
Cancer Prevention Trial Symptom Scale were not different
between the tamoxifen and placebo arms. Specifically,
there was no difference in vaginal dryness and pain during
sexual intercourse (Fig 3C) or in musculoskeletal symptoms
and arthralgia (Fig 3D).

Appendix Figure A3 (online only) shows the time to first
nonadherent study visit. Compliance with study therapy
was defined as adherence (= 85% of pills) for the first 2.5
years of the study; 62.8% of patients overall met criteria for
study compliance (65% in the tamoxifen arm and 61% in
the placebo arm).

DISCUSSION

Treatment de-escalation is a leading concept of modern
medical oncology, particularly in conditions such as non-
invasive neoplasia where mortality reduction has not been
demonstrated.?192° We assessed the efficacy and safety of
a lower dose of tamoxifen given for a shorter period in
patients with preinvasive disorders of the breast who have a
five to 10 times higher risk of invasive breast cancer.!? Qur
findings indicate that tamoxifen at 5 mg/d for 3 years can
halve the recurrence of hormone-sensitive breast
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TABLE 2. Main Characteristics of Breast Neoplastic Events During the Trial by
Allocated Arm

Characteristic Tamoxifen (n = 14)  Placebo (n = 28)
Invasiveness

Invasive 11 (79) 19 (68)

DCIS 3 (21) 9 (32)
Side of recurrence

Ipsilateral 11 (79) 16 (57)

Contralateral 3 (21) 12 (43)
Grade

1 1 (10) 3 (13)

2 5 (50) 9 (38)

3 4 (40) 12 (50)
Vascular invasion*

Focal 2 (15) 14

Present 3(23) 14
Tumor diameter, mm, median (IQR) 10 (8-17) 16 (6-22)
ER, %, median (IQR) 83 (70-95) 90 (60-95)
PR, %, median (IQR) 60 (5-80) 23 (0-90)
HER2/neu

Oto2 8 (80) 21 (84)

3 2 (20) 4 (16)
Ki-67, %, median (IQR) 24 (11-32) 20 (13-28)

NOTE. Data are presented as No. (%) except where otherwise noted.
Percentages were calculated excluding unknown data.

Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2,
human epidermal growth factor receptor 2; Ki-67, protein encoded by
the MKI67 gene; IQR, interquartile range; PR, progesterone receptor.

*Only in patients with invasive cancers.

intraepithelial neoplasia without noticeable toxicity. More-
over, low-dose tamoxifen decreased by 75% the onset of a
contralateral breast cancer, which indicates a potential
primary preventive effect, and decreased invasive cancer

TABLE 3. Serious Adverse Events by Allocated Arm

Adverse Event Tamoxifen (n = 249) Placebo (n = 246)
Endometrial cancer 1(0.4) —
Deep vein thrombosis or 1(0.4) 1(0.4)
pulmonary embolism
Other neoplasms 4 (1.6) 6 (2.4)
Coronary heart disease 2 (0.8) 2 (0.8)
Infection 2(0.8) 2 (0.8)
Saphenous varices 1(0.4)
Temporal angioma — 1 (0.4)
Tibial fracture — 1(0.4)
Gallbladder stones — 1(0.4)
Death 1(0.4) 2(0.8)
Total 12 (4.8) 16 (6.5)

NOTE. Data are presented as No. (%). The safety analysis included all patients
who received at least one dose of drug or placebo (495 patients).

1634 © 2019 by American Society of Clinical Oncology

by more than 40%, which prevents more-intensive adju-
vant treatments. After a median of 5 years, serious adverse
events were not significantly different from placebo. The
relevance of the disease, the trial pragmatic approach that
reflects standard clinical procedures, and the feasibility and
inexpensiveness of the treatment make our findings gen-
eralizable and easily applicable in real-world clini-
cal practice, including large fractions of underserved
populations.

Our results are consistent with the effect of 20 mg/d ta-
moxifen in the National Surgical Adjuvant Breast and Bowel
Project (NSABP) B-24 subgroup analysis of hormone-
sensitive DCIS, where the HR was 0.58 (95% Cl, 0.42 to
0.81).2! The similar antiproliferative activity of low-dose
tamoxifen compared with the standard dose!® predicted
the results of the present trial, confirming the reliability of
the proliferation antigen protein encoded by the MKI67
gene as a surrogate biomarker of efficacy. Indeed, the
change of protein encoded by the MKI67 gene after a few
weeks of hormonal treatment predicted subsequent sur-
vival in window-of-opportunity, presurgical trials of breast
cancer.??2* Mortality was not an end point in our population
at low risk for early death, where the cumulative risk of
recurrence at 5 years in the placebo arm was only 11%.
Nevertheless, our results indicate a 5-year number needed
to treat of 22 and a likelihood of being helpful 10 times
higher than being harmful, a favorable trade-off compared
with the full dose.*252¢

Drug-related serious adverse events were not increased
during low-dose tamoxifen therapy. Specifically, there was
no increase in deep vein thrombosis and pulmonary
embolism. The risk of pulmonary emboli with the full dose
of tamoxifen was threefold in the NSABP P-1 trial,® and the
odds ratio of venous thromboembolism in four prevention
trials of full-dose tamoxifen was 1.60 (95% CI, 1.21 to
2.12).2728 On the basis of these findings, we would expect
2.4 cases of deep vein thrombosis and pulmonary
embolism with 20 mg/d in our study. In addition, we ob-
served one stage | endometrial cancer in the tamoxifen
arm, with a mean rate of 0.85 per 1,000 person-years. In
the NSABP B-24 trial of DCIS,® the risk of endometrial
cancer was tripled compared with placebo (1.53 v0.45 per
1,000 person-years). Likewise, in the NSABP P-1 trial,® the
rate of endometrial cancer was 2.24 per 1,000 person-
years in the tamoxifen arm v0.88 per 1,000 person-years in
the placebo arm (rate ratio, 3.28), with a greater difference
in women 50 years of age and older. The odds ratio of
endometrial cancer with tamoxifen in the prevention trials
was 2.18 (95% ClI, 1.39 to 3.42).2” We would therefore
expect 2.7 cases of endometrial cancer with 20 mg/d in our
study, so our data indirectly suggest that the risk of deep
vein thrombosis and pulmonary embolism or endometrial
cancer is approximately 2.5 times lower with 5 mg/d than
with 20 mg/d. Of note, we found no increase in endometrial
polyps and a small change of endometrial thickness, two
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FIG 3. Marginal predicted means of daily (A) hot flash frequency and (B) score (frequency X intensity), (C) vaginal dryness or pain with intercourse, and
(D) musculoskeletal pain or arthralgia during the double-blind treatment phase. Values at baseline (month 0) are observed mean. Daily frequency but not
daily score of hot flashes in the tamoxifen arm increased significantly relative to the placebo arm (Pfor treatment effect = .02 and .16, respectively). There
was no difference between arms on vaginal dryness or pain with intercourse and musculoskeletal pain or arthralgia (Pfor treatment effect = .40 and .41,
respectively).
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markers of increased endometrial proliferation that occur
with 20 mg/d.?®

Because menopausal symptoms, including vasomotor
symptoms, sexual discomfort, and gynecologic problems
have a profound effect on quality of life and adherence to
tamoxifen, particularly in the prevention setting,®” we paid
special attention to these participant-reported outcomes with
the use of validated self-administered questionnaires at each
visit. Our findings show that the frequency of hot flashes was
1.5-fold higher with tamoxifen compared with placebo. In
addition, there was a higher proportion of physician-reported
hot flashes with tamoxifen (14%) versus placebo (7%) as an
adverse event. However, the hot flash score was not different
between arms. The low toxicity of low-dose tamoxifen is
confirmed by the same adherence in both arms compared

Journal of Clinical Oncology

with the full dose where adherence was 10% lower in the
tamoxifen arm mostly because of menopausal symptoms.” In
our previous tamoxifen prevention trial of 20 mg/d, the rate of
newly diagnosed hot flashes was 67 per 1,000 in the placebo
armand 119 per 1,000 in the tamoxifen arm (rate ratio, 1.78;
95% Cl, 1.57 to 2.00).3° Of note, hot flashes have been
associated with increased cardiovascular morbidity and
mortality®! possibly because of decreased arterial dilation, so
our findings with low-dose tamoxifen are encouraging. Other
domains of the Breast Cancer Prevention Trial Symptom
Scale were not affected by tamoxifen at a low dose, including
pain with intercourse, vaginal dryness, and musculoskeletal
pain and arthralgia, with the latter being the most frequent
adverse effect of aromatase inhibitors. In contrast, the full
dose is associated with at least a doubling of vasomotor
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symptoms, sexual problems, and other participant-reported
outcomes compared with placebo.®”-3°32 Of note, tamoxifen
markedly reduced the incidence of headache similarly to the
full dose.*°

Study limitations include the lower-than-planned number
of events, mostly as a result of the financial constraints of
this academic, publicly funded trial and the early publi-
cation of results because of its practice-changing potential.
However, the extended time of recruitment and follow-up
and the higher-than-expected risk in the placebo arm made
our study sufficiently powered to detect reliable treatment
effect estimates without subgroup heterogeneity. The rel-
atively low adherence is also a study weakness, which may
have diluted treatment benefit.
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FIG A1. Kaplan-Meier estimates of cumulative breast cancer in-
cidence by histologic type (atypical ductal hyperplasia [ADH], lobular
carcinoma in situ [LCIS], ductal carcinoma in situ [DCIS]) regardless of
treatment with tamoxifen. Numbers in parentheses represent the
number of events that occurred within each time interval by treatment
arm. The log-rank test was used to draw inferences. The hazard ratios
(HRs) for LCIS versus ADH and DCIS versus ADH were estimated from
a Cox proportional hazards regression model adjusted for treatment
arm; the HR of the treatment effect (data not shown), adjusted for the
histologic type, was 0.48 (95% Cl, 0.25 to 0.91). In the overall in-
tention-to-treat population, there were 42 breast cancer events (three
in the ADH group, 31 in the DCIS group, and eight in the LCIS group).
The 5-year cumulative incidence rate of breast cancer was 3.2% (95%
Cl, 1.0% t09.5%) in the ADH group, 9.0% (95% Cl, 6.1% t0 13.0%) in
the DCIS group, and 18.0% (95% Cl, 9.2% to 33.4%) in the LCIS
group. The HRs compared with ADH are adjusted for treatment arm.
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FIG A2. Estimated marginal means of endometrial thickness (in
millimeters) change in postmenopausal women during the double-
blind treatment phase by allocated arm. Endometrial thickness in the
tamoxifen arm was significantly increased compared with the placebo
arm.
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FIG A3. Kaplan-Meier curve for time to first nonadherent study visit
according to treatment arm. Numbers in parentheses represent the
number of events that occurred within each time interval by treatment
arm. The log-rank test was used to draw inferences. Overall, 62.8% of
women were adherent for at least 2.5 years. The mean time on
treatment was 2.3 years (standard deviation, 1.1). Kaplan-Meier es-
timate for adherence was not significantly different in women who took
tamoxifen (64.8%) compared with those who took placebo (60.7%).
Overall, dropout rates were highest within the first 6 months since
randomization (10.3% in the tamoxifen arm; 12.2% in the placebo
arm) and decreased thereafter. HR, hazard ratio.
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TABLE A1. Prespecified Subgroup Analyses

Low-Dose Tamoxifen in Breast Intraepithelial Neoplasia

Subgroup No. of Patients P* HR (95% CI)

Diagnosis within 12 months 458 .16 0.41 (0.20 to 0.82)
since random assignment

Diagnosis between 12 and 42 1.59 (0.27 t0 9.53)
60 months

ADH + DCIS 447 54 0.53 (0.26 to 1.08)

LCIS 52 0.31 (0.06 to 1.51)

ER positive 333 .84 0.51 (0.24 to 1.10)

ER unknown 166 0.45 (0.14 to 1.49)

Abbreviations: ADH, atypical ductal hyperplasia; DCIS, ductal carcinoma in situ;
ER, estrogen receptor; HR, hazard ratio; LCIS, lobular carcinoma in situ.
*For interaction with treatment arm.

TABLE A2. Nonserious Adverse Events
Tamoxifen (n = 249),

Placebo (n = 246),

*Fisher’s exact test.
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Adverse Event No. (%) No. (%) P*
Hot flashes 34 (13.7) 18 (7.3) .03
Arthralgia 14 (5.6) 21 (8.5) 22
Vaginal dryness 5(2.0) 8(3.3) 42
Vaginal bleeding 10 (4.0) 3(1.2) .09
Headache 1(0.4) 11 (4.5) .003
Vaginal discharge 6 (2.4) 5(2.0) 1.00
Endometrial polyps 7 (2.8) 4(1.6) .54
Muscle cramping/myalgia 6 (2.4) 4 (1.6) .75

NOTE. The safety analysis included all patients who received at least one dose of
drug or placebo (495 patients). Events that occurred in at least 2% of patients are
reported. Patients may have had more than one event.
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