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Abstract

This review paper analyzed publications of adjuvant tamoxifen and
aromatase inhibitor use following surgery for breast ductal carcinoma
in situ (DCIS). Key endpoint analyses were risk of invasive and non-
invasive malignancies and new contralateral breast cancers. Meta-
analysis of three studies showed a relative risk of 0.69 (95% confi-
dence interval, 0.60-0.79, P<0.05) for breast malignancies with tamox-
ifen treatment in a mixed radiotherapy treatment/naive cohort.
Subgroup analysis of DCIS populations in multiple studies showed a
trend to benefit with aromatase inhibitor treatment.

Introduction

Ductal carcinoma in situ (DCIS) is a non-invasive form of breast
cancer accounting for twenty percent of mammogram-detected breast
cancer in Western treatment centres.! DCIS has been traditionally
viewed as a precursor to invasive disease, however patients with DCIS
have an increased risk of second breast malignancy and breast cancer
death compared with the general population.2 Tamoxifen has become
an established adjuvant treatment in the setting of oestrogen receptor
positive invasive disease following definitive local treatment. Its role is
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less established as an adjuvant treatment for DCIS following breast-
conserving surgery, with or without radiotherapy. A limited number of
studies have shown a statistically significant reduction in local DCIS
recurrence with adjuvant tamoxifen therapy following surgical resec-
tion of oestrogen-receptor positive DCIS. Its application, however,
remains limited by potential thromboembolic side effects and risk of
endometrial cancer with extended therapy.?

The optimal management of DCIS, in particular adjuvant hormonal
treatment following surgery, remains a vexing issue. Two seminal ran-
domised studies reported the use of tamoxifen as adjuvant therapy in
a population with DCIS treated with primary surgical excision, with or
without radiotherapy. The incidence of local recurrence was reduced
in the National Surgical Adjuvant Breast and Bowel Project (NSABP B-
24) trial, the findings, which were reported in 1999.# These results
were not supported by British data in the United Kingdom
Coordinating Committee on Cancer Research (UKCCCR) trial where
statistical significance was not reached.® Outcomes from the above
two trials were the subject of a Cochrane review which demonstrated
a statistically signficicant reduction in non-invasive breast cancer
events from pooled data with tamoxifen treatment following surgical
excision.

Aromatase inhibitors remain an established treatment in post-
menopausal women with oestrogen-receptor positive invasive and
metastatic disease. The drug class has a principle action in inhibiting
the aromatase enzyme responsible for conversion of androgens syn-
thesised in the adrenal medulla to oestrogen. Their role as an adjuvant
treatment in DCIS remains controversial with limited studies pub-
lished to date.

Methods of research

The primary clinical question: does adjuvant hormonal therapy in
the form of tamoxifen or aromatase inhibitor treatment, following sur-
gical excision of DCIS with or without radiotherapy reduce the risk of
future breast malignancy, was the focus of our review. A secondary
analysis based on local recurrence and contralateral breast cancer
would also be posed.

To this end a review of the current literature was undertaken to
source suitable published studies from peer-reviewed journals within
the area.

A search of electronic databases ‘MEDLINE’ and ‘PUBMED’ for rele-
vant published articles was undertaken in February 2015. Search
terms were limited to those with accepted medical subject headings
(MeSH) relevant to the clinical area and included: ‘ductal carcinoma’,
‘DCIS’, ‘tamoxifen’, ‘aromatase inhibitor’, ‘breast cancer’, ‘breast neo-
plasm’, ‘hormonal’ and ‘adjuvant’. Publications deemed sufficiently
relevant to the topic and published between January 1990 and
February 2015 were included in the review.
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Publications for consideration for inclusion for review included ran-
domised controlled trials, observational type studies and comparative
studies. Articles regarding simple case reports, review articles or those
limited to isolated in vitro research were not included in the review.
Studies with patient cohorts with DCIS treated with tamoxifen or aro-
matase inhibitors from subgroup analysis or pooled data were also
included in the review.

Where sufficient comparable trial data existed, a meta-analysis was
undertaken using methods published by DerSimonian and Laird.”
Statistical analysis was undertaken using industry standard software
such as Stata® 14 or similar for combining risk estimate data. Tests for
heterogeneity included q test statistic. Relative risk estimates and
Forest Plot analysis were calculated for both primary and secondary
clinical aims of the study. To maintain consistency in the statistical
analysis, direct comparison of primary and secondary study outcomes
was recalculated using the same statistical software. This resulted in
small variances in relative risk estimates from those of the original
publications.

Results

The preliminary literature review retrieved in excess of one hundred
abstracts. Eliminating publications from animal and in vitro models
and those articles without data involving adjuvant hormonal treatment
or with specific reference to DCIS patient populations or subgroups,
resulted in 31 publications remaining for further review. In this
remaining selection were eight randomised-controlled trials (RCT),
one cohort study and two comparative studies. The remaining articles
were not included in the review: 13 review articles, two editorial or
comment publications, two guidelines, one survey, and two articles
which on subsequent review were found to be based on in vitro mate-
rial and a case report.

Published results in one of the above eight randomised-controlled
trials were not yet available and hence could not be included in the
review, as was another RCT which published in vitro data. Neither of
the two comparative studies reported results of adjuvant hormonal
treatment for a DCIS population or subgroup and were eliminated from
further review.

Further review of the literature in December 2015 using the search
methods described above, did not yield any further relevant publica-
tions.

Two randomised-controlled trials and one cohort study with pub-
lished outcome data on adjuvant tamoxifen treatment for DCIS post-
surgery were included in the review. Five randomised-controlled trials
of aromatase-inhibitors for DCIS post-surgery were included in the
review.

Tamoxifen

A seminal study in the area of adjuvant therapy for DCIS was the
NSABP B-24 study published in 1999.4 This was a multi-centre, double
blind prospective randomised trial of 1804 women with DCIS. Both
treatment arms were treated with wide local excision and fractionated
radiotherapy (50 Gy) with randomised hormonal treatment to tamox-
ifen (20mg daily) or placebo. With a median follow-up period of 74
months, the study found fifty-three fewer breast cancers at 5 years in
those treated with tamoxifen compared with placebo (11 vs 17%,
P=0.003). There was also a reduction in new diagnoses of invasive ipsi-
lateral malignancies in those treated with tamoxifen (RR 0.53, 95%CI
0.32-0.86, P=0.01). No change in overall survival was found between
the two treatment groups. The study illustrated some limitations of
tamoxifen therapy including thromboembolic events, which were high-
er in the tamoxifen treatment arm. The rate of endometrial cancer was
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higher in the tamoxifen group (7 cases, 0.12%/year) versus placebo (3
cases, 0.06%/year), RR = 2.24 (95% CI, 0.51-13.44, P=0.38).

The international UK/ANZ DCIS trial published initial results in 2003
and was followed by long-term results in 2011.8 The cohort of 1701
women who underwent local excision for DCIS were randomised into
fractionated radiotherapy at a total of 50Gy, tamoxifen (20 mg daily), or
both. The mean follow-up was 12.7 years. Treatment with tamoxifen
was demonstrated to reduce the rate of new ipsilateral DCIS with HR
0.70 (0.51-0.86, P=0.03) without a statistically significant reduction in
ipsilateral invasive disease (HR 0.95, CI 0.66-1.38, P=0.79). Tamoxifen
treatment was also shown to reduce all new breast events compared to
placebo HR 0.71 (95% CI, 0.58-0.88, P=0.002). There was no statistical-
ly significant difference in mortality across all treatment groups. In
addition, no statistically significant difference in treatment-related
deaths (all cause and thromboembolic) were observed in the tamoxifen
treatment arm compared to those not receiving hormonal treatment.

A recently published cohort study by the population-based Wisconsin
in situ cohort study (WISC) group, investigated the disease-free sur-
vival (DFS) in a cohort of 1676 patients diagnosed with DCIS over a
period of eleven years.” The median age of women enrolled was 55.1
years and the majority were reported as post-menopausal (58.5%). The
mean follow-up period was 7.1 years (0.4-15.1 years). Total number of
second breast cancer events was low for the population size at 143 doc-
umented cases. Tamoxifen uptake appeared to increase during the
period of the study and a total of 358 patients were prescribed tamox-
ifen following breast conserving surgery and radiotherapy. In compari-
son, reported aromatase inhibitor use was low (42 patients following
surgery and radiotherapy). Outcome data for patients treated with
breast conserving surgery and adjuvant tamoxifen and radiotherapy
showed a similar risk for a second cancer event as those women treated
with ipsilateral mastectomy HR = 1.2, (95% CI, 0.71-2.02).

Statistical analysis

Three studies were selected for meta-analysis; NSABP B-24, UK/ANZ
and WISC. The NSABP B-24 trial cohort received radiotherapy following
breast-conserving surgery and were divided into tamoxifen treatment
and placebo cohorts. The UK/ANZ and WISC studies could be further
subdivided into patients treated with tamoxifen both with and without
radiotherapy. However, subgroup analysis of patients receiving tamox-
ifen and radiotherapy versus radiotherapy alone reduced overall treat-
ment numbers markedly, meaning statistical significance was not
reached in any new breast cancer risk category in these studies
(Figures 1-4).

All new breast malignancies

All three of the above studies demonstrated a statistically significant
risk reduction in all breast cancer recurrence events following treat-
ment with breast conserving therapy and adjuvant tamoxifen treat-
ment, in a combined radiotherapy and radiotherapy-naive patient
group (Figure 1; NSABP B-24 RR = 0.65, 95% CI 0.52-0.83; UK/ANZ RR
=0.73, 95% CI 0.61-0.88; WISC RR = 0.66, 95% CI 0.45-0.98, P<0.05).
The overall relative risk of the combined meta-analysis data for the
three studies for all breast cancer recurrences was 0.69 (95% CI, 0.60-
0.79, P<0.005).

In the UK/ANZ trial, the only trend to risk reduction with tamoxifen
in radiotherapy-treated patients was found in pooled ‘all new’ breast
malignancies (RR 0.77; 95% CI, 0.49-1.21, P<0.05) which were likely
attributable to new DCIS cases (RR 0.69; 95% CI, 0.34-1.4, P<(0.05). The
WISC study showed a risk reduction in all new breast cancers with
tamoxifen treatment with prior radiotherapy (RR 0.62; 95%CI, 0.39-
0.99, P<0.05) although with low absolute numbers for new breast
malignancies limiting further analysis.
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New contralateral breast malignancies

Analysis of contralateral breast cancer events in a combined radio-
therapy and radiotherapy naive patient group, in both the NSABP B-24
and UK/ANZ trials showed a statistically significant reduction in rela-
tive risk with hormonal therapy; RR = 0.56 (95% CI, 0.34-0.90, P<0.05)
and RR = 0.44 (95% CI, 0.25-0.77, P<0.05), respectively (Figure 2).
There was a trend to benefit in this patient group in the WISC study
without reaching statistical significance RR = 0.70, (95% ClI, 0.36-1.37,
P<0.05). Pooled study data gave an overall relative risk of new con-
tralateral breast events of 0.54 (95% CI, 0.39-0.75, P<0.05). The advan-
tage of tamoxifen was lost when only those patients with prior radio-
therapy treatment were included in the analysis, although absolute
number of contralateral events were low (9/316).

New non-invasive breast malignancies/ductal carci-
noma in situ

Only the UK/ANZ trial demonstrated a statistically significant reduc-
tion in non-invasive breast cancer events RR =0.68 (95% ClI, 0.52-0.90,
P<0.05). The NSABP B-24 data showed a trend towards benefit for adju-
vant treatment with tamoxifen in reducing new non-invasive breast
malignancies, RR = 0.76, (95% CI, 0.53-1.08, P<0.05) while no advan-
tage was demonstrated in the WISC study, RR = 1.01, (95% CI, 0.48-
2.08, P<0.05). Combining the data through meta-analysis gave an over-
all relative risk of 0.73 (95% ClI, 0.60-0.90, P<0.05) for new non-invasive
breast events (Figure 3). Limiting the analysis to those women who
underwent previous treatment with radiotherapy did not significantly
alter this trend, although lower patient numbers widened each corre-
sponding confidence interval meaning statistical significance was no
longer reached in the UK/ANZ group.
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New invasive breast malignancies

The NSABP B-24 study demonstrated a statistically significant
reduction in invasive breast cancer events following adjuvant tamox-
ifen therapy, RR = 0.57 (95% CI, 0.41-0.80). Both the UK/ANZ and WISC
studies showed a trend towards benefit without reaching statistical sig-
nificance for tamoxifen therapy in reducing invasive breast cancer post
DCIS (RR = 0.80, 95% CI, 0.59-1.08; RR = 0.50, 95% CI 0.16-1.58,
P<0.05 respectively). Combined meta-analysis of invasive breast can-
cer events from the three studies gave a relative risk of 0.68 (95% CI,
0.54-0.84, P<0.05), Figure 4. Limiting the analysis to those women in
the UK/ANZ trial and WISC study that had previously undergone radio-
therapy did no significantly alter this overall trend.

Aromatase inhibitors

The IBIS Il was an international, double-blind, randomised placebo-
controlled trial of 3864 postmenopausal women who were deemed at
risk of breast cancer.!? The investigators used multiple criteria such as
familial cancer history, individual cancer history and nulliparity prior to
age 30 to determine those at higher risk of breast cancer. This also
included a diagnosis of DCIS within the previous six months with com-
pleted local treatment, which represented about 8.3% and 8.5% in those
allocated to the anastrozole and placebo treatment arms, respectively.
Thirty-two women (2%) in the anastrozole treatment group developed
an invasive breast malignancy within the follow-up period of five years
compared with 64 (3%) women in the placebo group. This represented
a hazards ratio of 0.50 for development of invasive breast cancer (95%
CI, 0.32 — 0.76, P=0.001) and HR = 0.47 (95% CI 0.32-0.68, P<0.0001)
for any breast cancer. Unfortunately no subgroup analysis of DCIS
patients was completed, limiting the applicability of the data to this
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Figure 1. All new breast cancer events. First analysis includes
radiotherapy treated and radiotherapy naive patient cohort +/-
tamoxifen. Second analysis includes only patients treated with
adjuvant radiotherapy +/- tamoxifen.

Figure 2. Contralateral new breast cancer events. First analysis
includes radiotherapy treated and radiotherapy naive patient
cohort +/- tamoxifen. Second analysis includes only patients
treated with adjuvant radiotherapy +/- tamoxifen.
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patient group. In the IBIS II trial the adverse effect profile of anastro-
zole showed a significant difference in musculoskeletal side effects
such as moderate arthralgia, carpal tunnel syndrome and joint stiffness
(64% versus 58%, RR = 1.1, 95% CI 1.05-1.16, P<0.05). There was also
a higher report of vasomotor side effects and hypertension in the anas-
trozole treatment arm, without any overt statistically significant
increases in thromboembolic events.

The National Cancer Institute of Cancer Clinical Trial Group (NCIC
CTG) MAP.3 primary breast cancer prevention trial studied the effect of
exemestane versus placebo in the prevention of invasive and non-inva-
sive breast malignancies in 4560 post-menopausal women with a medi-
an follow-up interval of 35 months.!! This study population included
about 2.5% participants who had previously been treated for DCIS with
mastectomy. Eleven cases (0.4%) of invasive breast cancer were report-
ed in the exemestane treatment arm compared with 32 (1.4%) for the
placebo treated arm of the study, HR = 0.35 (95% CI, 0.18-0.70,
P=0.002). Total reported breast cancers were also less in the exemes-
tane arm (n=20, 0.9%) compared to placebo (n=44, 2%), HR = 0.47
(95% CI, 0.27-0.79, P=0.004). Tolerability of exemestane was slightly
less favourable to placebo with 15% discontinuing therapy secondary to
side effects, compared with 10% for placebo. However, no statistically
significant difference was found in fracture risk or cardiovascular
events between the two treatment groups.

A number of trials have investigated the use of extended adjuvant
treatment with aromatase inhibitors in postmenopausal women previ-
ously treated with five years tamoxifen therapy for early breast cancer.
Trials of this extended adjuvant therapy include The National Cancer
Institute of Canada Clinical Trials Group (NCIC CTG) MA.17 study of
5187 patients with randomisation to letrozole/placebo; NSABP B33 of
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Figure 3. New non-invasive breast cancer/ductal carcinoma in
situ events. First analysis includes radiotherapy treated and radio-
therapy naive patient cohort +/- tamoxifen. Second analysis
includes only patients treated with adjuvant radiotherapy +/-
tamoxifen.
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1598 patients randomised to exemestane/placebo and the Austrian
Breast Cancer Study Group (ABCSG) 6A Trial of 856 patients ran-
domised to anastrozole/placebo.!214 All of these studies demonstrated a
statistically significant reduction in breast cancer recurrence com-
pared to placebo with extended adjuvant aromatase inhibitor therapy.
However, the predominant patient population in these trials had under-
gone treatment for invasive breast cancers. In each trial no report was
made on the number of study participants previously treated for DCIS.

Statistical analysis

Insufficient studies of aromatase inhibitor adjuvant treatment in
DCIS following surgery were able to sourced. The above studies had
limited subgroup data available for further statistical review. Meta-
analysis was not completed for this treatment group.

Discussion

Combined data from studies of adjuvant hormonal treatment with
tamoxifen post breast conserving surgery for DCIS have demonstrated
a statistically significant reduction in new breast malignancies. The
precise effect of radiotherapy in combination with tamoxifen is diffi-
cult to determine due to relatively low patient numbers in two trials
selected for meta-analysis (UK/ANZ, WISC). The reduction in invasive
ipsilateral malignancy in the NSABP B-24 study was not supported by
data from UK/ANZ trial. Further, data from the UK/ANZ trial suggests
that the reduction in new breast malignancies with tamoxifen therapy
is largely attributable to non-invasive cancers. Previous authors have
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Figure 4. New invasive breast cancer events. First analysis
includes radiotherapy treated and radiotherapy naive patient
cohort +/- tamoxifen. Second analysis includes only patients
treated with adjuvant radiotherapy +/- tamoxifen.
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proposed the younger age of the cohort in the American trial as well as
the inclusion of patients with positive surgical resection margins for
this discrepancy.® In both trials a limitation of tamoxifen was its throm-
boembolic side effects, particularly limiting in older patient groups.

No analysis by outcome subgroup in the WISC study reached statis-
tical significance, which is likely, a reflection of the low number of
events recorded. This also limits further analysis by treatment group
based on radiotherapy exposure.

The tolerability of tamoxifen remains an important limitation in its
application. The associated risk of thromboembolic events and
endometrial cancer risk are well documented with its use.’ It is perhaps
this toxicity profile, combined with the broad utility of aromatase
inhibitors as adjuvant treatment in the post-menopausal patient group
that drives further study into their role for DCIS. Somewhat frustrating-
ly, published randomised clinical trials utilising aromatase inhibitors
as adjuvant treatment specifically to DCIS are lacking. Further, the side
effect profile of aromatase inhibitors remains a limitation in some
patients. The predominant side effects of this drug class include mus-
culoskeletal type, vasomotor and bone mineral density loss, the former
a having significant role in drug discontinuation in the above trials.

The IBIS II study demonstrated a reduction in DCIS and total breast
cancers in a high-risk patient group treated with anastrozole. However,
this heterogeneous group only had a minority of patients with a history
of DCIS (around 8 percent) so results do not directly correlate with this
patient subgroup.

Given DCIS remains a common pathological finding in resection
specimens from health networks utilising mammogram screening pro-
grammes, further studies to determine optimum adjuvant hormonal
therapy are needed. The large NSABP B-35 and IBIS II DCIS multicen-
tre trials are notable.l>16 Each has reached accrual of a large post-
menopausal DCIS cohort exceeding 3000 patients following breast con-
serving surgery with radiotherapy. Subgroup analysis of further therapy
with tamoxifen and anastrozole should be instructive.

Conclusions

This review supports the role of tamoxifen in reducing the incidence
of new breast malignancies post breast conserving surgery for DCIS,
with or without radiotherapy. The utility of aromatase inhibitors in the
adjuvant setting for DCIS will remain controversial until further clini-
cal trials determine their role.
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