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of the disease, but also to the development of new strategies
for diagnosis and therapy.
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Axillary lymph node dissection in sentinel node

positive breast cancer: is it necessary?

Seigo Nakamura

Purpose of review

Sentinel lymph node biopsy [SLNB) has become a gold standard procedure for axillary lymph node
evaluation in clinically node-negative patients. In those patients with positive SLNB, completion axillary
lymph node dissection (ALND} has been routely performed. Recent clinical trials suggest that ALND is not
necessary in some cases, even when the sentinel lymph node [SLN) is positive. The appropriate conditions
under which ALND may be eliminated are defined in this review.

Recent findings

The American College of Surgeons Oncology Group {ACOSOG) Z0011 trial studied the impact of SLNB
alone versus completion axillary node dissection [AND) on survival in clinically node-negative breast
cancer patients undergoing partial mastectomy and whole breast irradiation who were found to have a
positive SLN on pathological evaluation. Results of this study showed no survival advantage for complete
AND in patients with one or two positive SLNs. In other words, those patients appeared to be treated

safely without completion AND.

Summary

Despite the small sample size and limited stastical power and the relatively short median follow up for
ACOSOG Z0011, many breast cancer teams no longer believe it mandatory to perform axillary dissection
for patients with one or two positive SLNs. The results of other prospective randomized trials called After
Mapping of the Axilla: Radiotherapy Or Surgery study and International Breast Cancer Study Group trial
23-01 study will be available soon, and may further change the confidence with which ALND is

performed or eliminated.

Keywords

After Mapping of the Axilla: Radiotherapy Or Surgery study, American College of Surgeons Oncology
Group Z0011, axillary dissection, sentinel lymph node biopsy

Sentinel lymph node biopsy has become a gold
standard procedure for women with breast cancer
who present with clinically negative axillary lymph
nodes [1-4]. Lymphedema and paresthesias occur in
approximately 5-8% of patients after sentinel node
biopsy (SNB) and 10-20% of patients after axillary
lymph node dissection (ALND) [5°%,6-9]. SNB is,
thus, the optimum approach in terms of morbidity
for the assessment of axillary metastasis in clinically
node-negative breast cancer.

The results of American College of Surgeons
Oncology Group (ACOSOG) Z0010 and National
Surgical Adjuvant Breast and Bowel Project (NSABP)
B32 trials help estimate the prevalence and prog-
nostic significance of positive sentinel lymph nodes
(SLNs) found only by immunohistochemistry
[10-12]. Among patients with negative intraopera-
tive frozen section who are found to be SLN positive

1040-872X © 2013 Wolters Kluwer Health | Lippincott Williams & Wilkins
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on final pathologic examination, the risk of non-
SLN metastases is low [13-15]. A growing number of
patients are electing not to undergo completion
ALND; a decision that may in part be due to the
adoption of a predictive nomogram based on patho-
logic variables for the risk of non-SLN metastasis
[16,17].

Retrospective studies have indicated that in up
to 40-60% of cases with a positive sentinel node the
sentinel node is the only positive node [13-15,18].
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KEY POINTS
e From the result of ACOSOG Z0011, AND may safely

be omitted in breast conservation patients whose tumor
size is 5¢cm or less with clinically node negative and
who will have whole breast radiation and appropriate
systemic adjuvant therapy.

e Because there are several critiques to ACOSOG Z0011,
we should carefully follow up such patients who have not
received axillary dissection and pay aftention to the
result of other similar studies (AMAROS study and
Infernational Breast Cancer Study Group 23-01.)

A positive SLN will prompt a recommendation for
systemic therapy in the vast majority of women.
Whether surgical excision of any positive nonsenti-
nel nodes would improve long-term outcome has
been an issue of uncertainty.

ACOSOG Z0011 is a prospective randomized
trial to determine the effects of complete axillary
node dissection (AND) on survival of patients with
SLN metastasis of breast cancer [19,20""]. Women
who were eligible for the trial had tumors less than
Scm, clinically negative axillary lymph nodes,
lumpectomy to negative margins, no neoadjuvant
chemotherapy, planned whole breast irradiation,
and 1 or 2 positive SLNs. Almost all received
systemic adjuvant chemotherapy and/or endocrine
therapy. The results show that ALND is not associ-
ated with 5-year overall survival and 5-year disease-
free survival. Cases of lymphedema were signifi-
cantly higher in the ALND group. Therefore, this
study does not support the routine use of ALND in
breast cancer with 1-2 involved SLNs and under-
going breast conserving therapy including whole
breast irradiation. This requires that the role of
ALND be reconsidered [217].

It has been a standard practice to perform ALND in
breast cancer patients with positive SLN, and this is
done in the majority of patients. However, contro-
versy exists over the management of patients found
to have positive SLN by immunohistochemical
(IHC) staining alone. Tan ef al. [22] reported worse
survival for patients with occult metastasis detected
by serial sectioning and immunohistochemistry.
The results of the ACOSOG Z0010 and NSABP B32
trials will help estimate the prevalence and prog-
nostic significance of positive SLN found only by
immunohistochemistry [23,24]. A systematic review
by Bear et al. also concluded occult axillary node

2 www.co-obgyn.com

metastases detected by serial sections and/or IHC
staining of SLN are prognostically significant [24].
However, NSABP B-32 showed the magnitude of
the difference in outcome at S years was quite small
(1.2 percentage points) [25]. Therefore, there
appears to be little clinical benefit of including
IHC analysis of hematoxylin and eosin stained
negative sentinel nodes in patients with breast
cancer [26].

Veronesi et al. [26] from the Furopean Institute of
Oncology presented 10-year follow up of their
single-institution trial designed to compare out-
comes in patients who received no axillary dissec-
tion if the sentinel node was negative, with patients
who received complete axillary dissection. From
March 1998 to December 1999, 516 patients with
primary breast cancer under 2 cm were randomized
either to SNB and complete axillary dissection (axil-
lary dissection arm) or to SNB with axillary dissec-
tion only if the sentinel node contained metastases
(sentinel node arm). Eight patients in the axillary
dissection arm had false-negative sentinel nodes on
histologic analysis: a similar number [8, 95% confi-
dence interval (CI) 3-15] of patients with axillary
involvement was expected in sentinel node arm
patients who did not receive axillary dissection;
but only two cases of overt axillary metastasis
occurred. There were 23 breast cancer-related events
in the sentinel node arm and 26 in the axillary
dissection arm (log-rank, P==0.52), whereas overall
survival was greater in the sentinel node arm (log-
rank, P=0.15). They concluded that preservation of
healthy lymph nodes may have beneficial con-
sequences. Even though there might be around
5% false-negative rate in the sentinel node arm,
axillary dissection should not be performed in clin-
ically node-negative patients without performing
SNB.

Spiguel et al. [277] retrospectively reviewed their
institution’s 12-year experience with SNB alone for a
tumor-positive sentinel node. Among 3 806 patients
who underwent SNB, 2 139 underwent SNB alone, of
which 1997 were tumor negative and 123 were
tumor positive. Sentinel nodes were staged node-
positive (N1mic or N1) according to American Joint
Committee on Cancer criteria.

Mean age was 57 years (range 32-92 years) and
mean tumor size was 1.9cm (range 0.1-9cm).
Eighty-nine (72%) underwent lumpectomy and 34
(28%) underwent mastectomy. Ninety-three per-
cent of patients underwent some form of adjuvant
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therapy. Forty-two patients (34%) did not undergo
radiation and there were no axillary recurrences in
this group. At median follow-up of 95 months, there
has been only one axillary recurrence (0.8%) and 13
deaths, four of which were attributed to metastatic
breast cancer and the rest to nonbreast-related
causes.

They also concluded that axillary recurrence is
rare after SNB alone especially in case of favorable
patient or tumor characteristics (older age, ER
positive and Her2 negative etc.) and standard use
of adjuvant therapy.

The German Clinical Interdisciplinary Sentinel
study was a large prospective randomized phase III
trial performed in 33 German centers [28"]. One
thousand one hundred and eighty two patients with
operable, clinically node negative and invasive
breast cancer were equally randomized to either a
strategy of standard axillary dissection (SAD) inde-
pendent of the SNB finding (SAD arm, n=594), or to
a strategy of performing SAD only in case of a
positive SNB finding or failure of sentinel node
detection (control arm, n=>588), but observation
only in patients with negative SNB. The trial was
designed to exclude an absolute difference in
relapse-free survival (RES) of 5% after 5 years with
sufficient confidence. After a maximum follow-up
time of 115 months, a total of 93 RFS events (40/53)
and a total of 53 death events (23/30) were observed.
Comparisons of RFS yielded a hormone receptor of
1.44 (95% CI 0.95-2.18; P=0.084), and of overall
survival yielded a hormone receptor of 1.53 (0.88-
2.66; P=0.13). Paresthesia, lymphedema and pain

were significantly less common in the SNB-negative
group. It means that this trial also showed that the
false-negative rate of SNB was negligible in terms of
RFS and overall survival.

ACOSOG Z0011 is a prospective randomized trial to
determine the effects of complete AND on survival
of patients with SLN metastasis of breast cancer.
Eight hundred and ninety one clinically node-nega-
tive patients, TINO and T2NO, with one or two H&E
positive SLNs (Fig. 1) were randomized to no further
axillary surgery or to axillary dissection.

The trial was conducted among 115 centers in
the United States between 1999 and 2004. The
sample size was not reached to the targeted enroll-
ment (1900 women with final analysis after 500
deaths), but the trial was closed early because
mortality rate was lower than expected, and final
follow up for data analysis was completed in 2010.
[The result was presented at ASCO2010 (Fig. 2) and
published in JAMA 2011 [19,20].

Type of operation was not associated with out-
come in 5-year overall survival (92.5% in the senti-
nel group, versus 91.8% in the axillary group, Fig. 3)
and 5-year disease-free survival (83.9% of the senti-
nel node group, versus 82.2% of the ALND group
(Fig. 4). About 70% of participants in the axillary
lymph node group had side effects such as shoulder
pain, weakness, infection and tingling, versus 25%

SN-positive
randomized patients
N=2891

SLND only arm
N =446

e3> 10) patients withdrew

ALND arm
N =445
25 patients withdrew .
prior to surgery
ALND arm
N =420

Intent-to-treat sample

SLND only arm
N =436

32 patients did not
have ALND

11 patients had

i
ALND

ALND arm
N =388

Treatment received sample

SLND only arm
N=425

2% 1. ACOSOSG Z0011 patient accrual. Adapted from [2077].
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Recurrence 6% - ALND (n = 420)

| SLND (n=436)

4% -

2%

0% - T
Local Regional Total

Locoregional
P=0.11, ALND vs SLND.

Abbreviations: ALND, axillary lymph node dissection; SLND, sentinel lymph node dissection.
Giuliano AE, et al. J Clin Oncol. 2010;28:18S.

. ACOSOG Z0011: Syear recurrence rafes.
Adapted from [32].

in the sentinel group. Cases of lymphedema were
significantly higher in the axillary group. Therefore,
this study does not support the routine use of ALND
in early nodal metastatic breast cancer in women
undergoing breast conservation including whole
breast irradiation.

Although additional axillary involvement was
observed 27% in the ALND group, axillary recur-
rence rate was extremely low at 0.5% in the SLND
group. There are several speculations. One is that
systemic adjuvant treatment with hormonal
therapy and/or chemotherapy has some effect in
preventing locoregional recurrence. And the other
is that tangent radiation fields used to the breast also
covered the low axillary area and brought a thera-
peutic effect to the low axillary lymph nodes. Sup-
porting this are the results of NSABP B-04, a trial

comparing radical mastectomy (including ALND),
total mastectomy without ALND, and total mastec-
tomy with radiation therapy to the regional lymph
nodes [27"]. An update of this study with a median
follow-up of 180 months (range 12-221 months)
showed that long-term survival did not differ after
axillary radiotherapy and axillary dissection. The
only difference was better axillary disease control
in the group with axillary dissection. In the Z0011
study, all the cases had the radiation to the residual
breast, however, the radiation fields were not fully
prescribed by the protocol, and the radiotherapy
delivered is not fully specified.

There are several critiques for this study. First,
the sample size is small because axillary recurrence
was observed in two cases in the ALND group and
four in the SLND group. Second, median follow
up is 6.3 years and too short because most women
(83%) had ER-positive cancers and would, thus, be
expected to recur late. :

From this study, AND may safely be omitted in
breast conservation patients whose tumor size is
Scm or less clinically node negative and who will
have whole breast radiation and appropriate
systemic adjuvant therapy.

There is another approach for sentinel node
positive cases. Kim et al. [29] reported the signifi-
cance of FDG-PET/CT to determine the indication of
AND or SNB in breast cancer patients. They per-
formed FDG-PET/CT scans in 137 biopsy-proven
breast cancer patients planning to have an SNB
to select patients for either AND (PET/CT N+) or
SNB (PET/CT NO). In performing SNB, they also

% Locoregional 100
recurrence-free and alive

90 1

80

70 1

60 1

50 1

40 1

30 4
20 ~——ALND
~~~~~ No ALND
10 - P-value = 0.24
0 ¥ v ¥ ¥ ¥ T
0 1 2 3 4 5 6 7 8

Time (years)
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. ACOSOG Z0011: recurrence-free survival. Adapted from [20%].
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performed additional non-SNB (ADD), which was
enlarged at the lower axilla. Twenty-seven patients
with positive scans underwent complete AND as a
primary procedure, and 110 patients with negative
scans underwent SNB and ADD. There were eight
cases of false-negative scans, and no case of false-
positive scan. Among 110 SNB and ADD cases, there
were only eight cases (7.3%) of positive axillary
basins in permanent biopsy, including two cases
of late positives that had micrometastases in the
sentinel node only. On the basis of an FDG-PET/
CT, 27 unnecessary SNBs (true positive scans) have
been eliminated. They concluded that an FDG-PET/
CT reduced both unnecessary SNBs and positive

ACOSOG Z0011: overall survival. Adapted from [33].

axillary basins, enhancing the identification rates
of sentinel node and the accuracy of SNB.

The After Mapping of the Axilla: Radiotherapy Or
Surgery (AMAROS) study has been conducted in The
European Organisation for Research and Treatment
of Cancer. The main endpoint of this study is axillary
recurrence rate (Fig. 5) [30] and secondary endpoints
are axillary recurrence free survival, disease-free
survival, overall survival, quality of life, shoulder
function analysis, and economic evaluation. Four
thousand seven hundred and sixty seven patients
had already been recruited (Feb 2001~2010). This
study is comparing ALND to axillary radiation and
will be available in a couple of years.

Random
assignment

T1,2(<3cm) No
invasive breast cancer

]
Sentinel node biopsy

]
Sentinel node biopsy

negative positive
|
f |
L No additional Axillary lymph node Axillary radiation
treatment dissection therapy
AMAROS study design. American Society of Clinical Oncology.
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IBCSG 23-01

A randomized trial of axillary dissection vs. no axillary dissection for patients
with clinically node negative breast cancer and micrometastastes in the sentinel
node

Sentinel lymph node biopsy trial

Design

Patients with

+ Clinically node-negative breast cancer
+ Size of largest tumor lesion <5 cm

+ Sentinel node biopsy

+ SN micrometastases <2 mm

Randomize

®

Axillary lymph

node dissection

No axillary lymph

nede dissection

IBCSG23-01 study design. http://www.ibcsg.
org/Public/Health_Professionals/Closed_Trials/
IBCSG%2023-01/Pages/IBCSG23-01.aspx.

The International Breast Cancer Study Group
trial 23-01 study was conducted at the European
institute of Oncology in Milan (Fig. 6) [31]. The
study included patients with disease limited to a
relatively small primary tumor treated with initial
SNB. Those who have micrometastasis (<2 mm) are
randomized to axillary dissection or no further treat-
ment. The result of this study is also awaited.

This result of ACOSOG Z0011 has profoundly
impacted our understanding of axillary manage-
ment in women with clinically node-negative breast
cancer. The results of this study suggest that AND
may safely be omitted in breast conservation
patients whose tumor size is 5 cm or less with clin-
ically node negative and who will have whole breast
radiation and appropriate systemic adjuvant ther-
apy [32,33]. But there are several critiques of the
study, and further study is required. In patients for
whom axillary dissection is eliminated, careful
follow of their axillary is required, and we must also
await the results of other similar studies (AMAROS
study and International Breast Cancer Study Group
23-01.)
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BACKGROUND: The increasing costs associated with large-scale adjuvant trials mean that the prognostic value of biologic markers is
increasingly important. The expression of nuclear antigen Ki-67, a marker of cell proliferation, has been correlated with treatment effi-
cacy and is being investigated for its value as a predictive marker of therapeutic response. In the current study, the authors explored
correlations between Ki-67 expression and tumor response, estrogen receptor (ER) status, progesterone receptor (PgR) status, and
histopathologic response from the STAGE study (Study of Tamoxifen or Arimidex, combined with Goserelin acetate to compare Effi-
cacy and safety). METHODS: In a phase 3, double-blind, randomized trial (National Clinical Trials identifier NCTO0605267), premeno-
pausal women with ER-positive, early stage breast cancer received either anastrozole plus goserelin or tamoxifen plus goserelin for
24 weeks before surgery. The Ki-67 index, hormone receptor (ER and PgR) status, and histopathologic responses were determined
from histopathologic samples that were obtained from core-needle biopsies at baseline and at surgery. Tumor response was deter-
mined by using magnetic resonance imaging or computed tomography. RESULTS: In total, 197 patients were randomized to receive
either anastrozole plus goserelin (n = 98) or tamoxifen plus goserelin (n = 99). The best overall tumor response was better for the
anastrozole group compared with the tamoxifen group both among patients who had a baseline Ki-67 index >20% and among those
who had a baseline Ki-67 index <20%. There was no apparent correlation between baseline ER status and the Ki-67 index in either
group. Positive PgR status was reduced from baseline to week 24 in the anastrozole group. CONCLUSIONS: In premenopausal
women with ER-positive breast cancer, anastrozole produced a greater best overall tumor response compared with tamoxifen regard-
Jess of the baseline Ki-67 index. Cancer 2013;119:704-13. © 2072 American Cancer Society.

KEYWORDS: anastrozole, aromatase inhibitor, biomarker, necadjuvant, Ki-67, premenopausal breast cancer.

INTRODUCTION
In addition to ablative surgery, radiotherapy, and cytotoxic chemotherapy, an additional standard treatment option for
premenopausal women with estrogen receptor (ER)-positive breast cancer is the ER antagonist tamoxifen, either alone or
in combination with ovarian function suppression." Temporary and potentially reversible ovarian suppression can be
achieved by treatment with a luteinizing hormone-releasing hormone analog, such as goserelin. Goserelin in combination
with tamoxifen has demonstrated improved progression-free survival and disease-free survival compared with goserelin
alone in premenopausal women with hormone receptor-positive (ER-positive and/or progesterone receptor [PgR]-posi-
tive) breast cancer in the advanced” and adjuvant’ settings.

Nonsteroidal aromatase inhibitors (Als), including anastrozole and letrozole, and the irreversible steroidal aromatase
inactivator exemestane have demonstrated improved efficacy compared with tamoxifen in the advanced*” and adjuvant®
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12 treatment settings. Therefore, Als in combination with
ovarian suppression have been evaluated for the treatment
of premenopausal women with ER-positive breast
cancer. !>

Neoadjuvant treatment for breast cancer provides an
opportunity for downstaging of large tumors to allow
patients to undergo breast-conserving surgery rather than
mastectomy. Chemotherapy can offer an effective neoad-
juvant treatment; however, increasing evidence suggests
that ER-positive tumors are less sensitive to chemother-
apy."® It has been demonstrated that neoadjuvant endo-
crine therapy has efficacy in the treatment of ER-positive
disease among postmenopausal women, resulting in simi-
lar objective response rates and rates of breast-conserving
surgery for Als compared with more cytotoxic chemother-
apy.'® Therefore, the role of neoadjuvant endocrine ther-
apy in premenopausal women is also of interest.

With the increasing costs associated with large-scale
adjuvant trials, both the prognostic value of biologic markers
and the long-term predictive value of short-term trials are
increasingly important. The expression of nuclear antigen
Ki-67, a marker of cell proliferation, reportedly has been
correlated with treatment efficacy and is being investigated
for its value as a predictive marker of therapeutic response.'”
In a cross-trial comparison, an increased reduction in Ki-67
expression after neoadjuvant treatment with anastrozole
compared with tamoxifen was observed consistently; and
increased progression-free survival has been reported for
anastrozole versus tamoxifen in the adjuvant Arimidex, Ta-
moxifen, Alone or in Combination (ATAC) trial #'%*?

The STAGE study (Study of Tamoxifen or Arimi-
dex Combined With Goserelin Acetate to Compare Effi-
cacy and Safety) was the first randomized trial to compare
anastrozole plus goserelin versus tamoxifen plus goserelin
in the neoadjuvant setting (24 weeks of therapy) in pre-
menopausal women with ER-positive and human epider-
mal growth factor receptor 2 (HER2)-negative, operable
breast cancer. The patients who received anastrozole plus
goserelin in that trial had a superior best overall tumor
response compared with the patients who received tamox-
ifen plus goserelin, as measured on magnetic resonance
imaging (MRI) or computed tomography (CT) studies
(anastrozole plus goserelin, 64.3%; tamoxifen plus gosere-
lin, 37.4%; estimated difference, 26.9%; 95% confidence
interval [CI], 13.5-40.4; P < .001). The treatment effect
was consistently in favor of anastrozole, regardless of the
measurement methods (caliper and ultrasound). The his-
topathologic response rate also was better in the anastro-
zole group (anastrozole plus goserelin, 41.8%; tamoxifen
plus goserelin, 27.3%; estimated difference, 14.6%; 95%
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Cl, 1.4-27.7; P = .032). Both treatment regimens were
well tolerated, consistent with the known safety profiles of
anastrozole, tamoxifen, and goserelin.20 The geometric
mean Ki-67 index at baseline was 21.9% in the anastro-
zole group and 21.6% in the tamoxifen group. At week
24, the Ki-67 index was reduced in both treatment groups
(t0 2.9% in the anastrozole group and to 8% in the tamox-
ifen group). The reduction from baseline to week 24 was sig-
nificantly greater with anastrozole than with tamoxifen. The
estimated ratio of reduction between groups was 0.35 (95%
CI, 0.24-0.51; P < .001).” Here, we report an exploratory
analysis of the STAGE study that investigated potential cor-
relations between the Ki-67 index and the best overall tumor
response, ER status, PgR status, or histopathologic response.

MATERIALS AND METHODS

Study Design and Patients

In this phase 3, double-blind, randomized, parallel-group,
multicenter trial, the participating patients were premeno-
pausal women >20 years with ER-positive and HER2-
negative breast cancer who had operable and measurable
lesions (tumors measuring 2-5 cm, negative lymph node
status [NO], and no metastases [MO]). Inclusion and
exclusion criteria have been described previously.*

Patients were randomized 1:1 to receive either oral
anastrozole 1 mg daily with a tamoxifen placebo or oral ta-
moxifen 20 mg daily with an anastrozole placebo. Both
treatment groups received goserelin 3.6 mg as a subcuta-
neous injection every 28 days. Treatment continued for
24 weeks before surgery or undil patients met any criterion
for discontinuation.

The primary study endpoint was the best overall tu-
mor response during the 24-week neoadjuvant treatment pe-
riod. Secondary endpoints included histopathologic
response, changes in estrone (E;) and estradiol (E;) serum
and breast tumor tissue concentrations, changes in Ki-67
expression, and tolerability. For this exploratory analysis, we
assessed correlations between Ki-67 expression and tumor
response, ER status, PgR status, or histopathologic response.

The protocol was approved by an institutional
review board at all study sites, and all enrolled patients
provided written informed consent. The study (National
Clinical Trials identifier NCT00605267) was conducted
in accordance with the Declaration of Helsinki and good
clinical practice, the applicable local regulatory require-
ments, and the AstraZeneca policy on Bioethics.

Assessments
Tumor measurements were performed using caliper meas-
urements, ultrasound, or MRI or CT studies. The
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Enrolied (n=204) | [ piscontinued study

before randomization (n = 7)
 Incorrect enroliment = 5
e Voluntary discontinuation = 2

Randomized (n = 197)

Anastrozole plus
goserelin group
(n=98)

Tamoxifen plus
goserelin group
(n=99)

Did not receive treatment (n = 1)
[ | ¢ Voluntary discontinuation = 1

Recelved tamoxifen
plus goserelin
(n=98)

Received anastrozole
plus goserelin
(n=98)

Discontinued study

treatment (n = 3)

e Disease progression = 1

¢ Voluntary discontinuation = 2

Discontinued study

treatment (n = 8)

¢ Disease progression = 5

¢ Adverse event = 1

¢ Voluntary discontinuation = 2

Breast surgery
performed (n = 85)

Breast surgery
performed (n = 90)

Figure 1. This is a CONSORT (Consolidated Standards of
Reporting Trials) diagram of the current study.

primary analysis indicated that the best overall tumor
response for anastrozole versus tamoxifen was consistent,
regardless of the measurement method used.”® We present
tumor response data from the MRI or CT measurements
at day 0 and at 24 weeks. The objective tumor response
was assessed according to modified Response Evaluation
Criteria in Solid Tumors (RECIST).*!

The status of Ki-67, ER, and PgR was determined
using histopathologic core-needle biopsy specimens that
were collected at baseline and at surgery. Tissue sections
were fixed in formalin and stored at room temperature
before immunohistochemical staining. Ki-67 expression
was determined by staining sections with an anti-MIB-1
antibody at a central laboratory (SRL Inc., Tokyo, Japan)
for assessment by a central review board. For all slides,
photomicrographs were taken from 3 to 5 hotspots at
%20 magnification using light microscopy. Two patholo-
gists independently assessed the photomicrographs, and
the Ki-67 index was calculated as the ratio of Ki-67-posi-
tive cancer cells from a total of 1000 cancer cells. ER-posi-
tive status and PgR-positive status at baseline were defined
as >10% staining of cancer cell nuclei determined by a pa-
thologist at each individual study site (nuclei were assessed
using mouse monoclonal antibody clones 6F11 and 16,
respectively). Staining for ER and PgR also was assessed in
parallel using Allred scores by the Central Pathologist
Review Committee.”> An Allred score (the proportion
score plus the intensity score) of >3 defined ER or PgR
positivity, a score from >3 to <7 indicated medium
expression, and a score of >7 indicated rich expression.

Histopathologic effects were assessed by comparing
histopathologic samples that were obtained at baseline
and at surgery. For the assessment of histopathologic
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response, the following categories were used: grade 0 indi-
cated no response; grade la, marked change in <1 of 3
cancer cells; grade 1b, marked changes in >1 of 3 but <2
of 3 cancer cells; grade 2, marked changes in >2 of 3 can-
cer cells; and grade 3, necrosis or disappearance of all can-
cer cells and replacement of all cancer cells by granuloma-
like and/or fibrous tissue. The histopathologic response
was defined as the proportion of patients whose tumors
were classified as grade 1b, 2, or 3.%%%*

Post hoc subset analyses were used to determine corre-
lations between the baseline Ki-67 index (>>20% vs <20%)
and the best overall tumor response. The percentage change
in the Ki-67 index for responders (patients whose best over-
all tumor response was a complete or partial response) versus
nonresponders (patients whose best overall tumor response
was stable or progressive disease) also was compared. Corre-
lations between the baseline Ki-67 index and the histopa-
thologic response at week 24 also were evaluated, and we
used post hoc analyses to investigate correlations between
changes in the Ki-67 index from baseline to week 24 and
ER or PgR status at baseline. Positive ER and PgR status
(Allred score >3) also was assessed at baseline and at week
24. Preoperative Endocrine Prognostic Index (PEPI) scores,
which were calculated post hoc as the sum of risk points
weighted by the size of the hazard ratio for tumor size, path-
ologic lymph node status, ER status, and Ki-67 expression
for both recurrence-free and breast cancer-specific survival,
were determined for each patient at surgery according to the
methods described by Ellis and colleagues.?

Statistical Analysis
The sample size calculation and the main statistical analy-
ses have been described previously.*® All randomized
patients were included in the intent-to-treat analysis set.
In a post hoc exploratory analysis, chi-square tests
were performed to compare the best overall tumor
response at week 24 between baseline Ki-67 index catego-
ries (>20% vs <20%) within each treatment group and
between treatment groups within each baseline Ki-67
index category. A chi-square test also was used to compare
the histopathologic response at 24 weeks between the
baseline Ki-67 index categories within each treatment
group. All tests were made at the nominal 2-sided signifi-
cance level of .05.

RESULTS
Patients

In total, 197 patients were randomized to receive either
anastrozole plus goserelin (n = 98) or tamoxifen plus
goserelin (n = 99) (Fig. 1). Patient demographics and
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TABLE 1. Patient Demographics and Baseline
Tumor Characteristics

No. of Patients (%)

Anastrozole Tamoxifen

Characteristic Plus Goserelin Plus Goserelin
No. of patients 98 99
Age: Median [range] 44 [28-54] 44 [30-53]
Body mass index: 22.24+3.5 22.1£8.3

Mean+SD, kg/m?
Histology type

Infiltrating ductal carcinoma 87 (88.8) 91 (91.9)

Infiltrating lobular carcinoma 3(3.1) 3 (3)

Other® 8(8.2) 5(5.1)
Tumor grade

1 42 (42.9) 48 (48.5)

2 36 (36.7) 26 (26.3)

3 4(4.1) 14 (14.1)

Not assessable 1(1) 0 (0)

Not done 15 (15.3) 11 (11.1)
Hormone receptor status

ER positive 98 (100) 99 (100)

PgR positive 93 (94.9) 87 (87.9)

HER2 negative 98 (100) 99 (100)

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth fac-
tor receptor 2; PgR, progesterone receptor; SD, standard deviation.
2Qther included adenocarcinoma (n = 3).

baseline characteristics generally were well balanced
between the treatment groups (Table 1). Paired samples
for calculating changes in the Ki-67 index from baseline
to week 24 were available for 89 patients in the anastro-
zole plus goserelin group and for 86 patients in the tamox-
ifen plus goserelin group.

Correlation of the Baseline Ki-67 Index and Best
Overall Tumor Response

With a mean baseline Ki-67 index of 21.9% and 21.6%
in the anastrozole and tamoxifen treatment groups,
respectively, we used post hoc subset analyses to compare
patients according to their baseline Ki-67 index (>20 vs
<20%). For anastrozole versus tamoxifen, best overall tu-
mor response from baseline to week 24 was better with
anastrozole plus goserelin versus tamoxifen plus goserelin
both in patients who had a baseline Ki-67 index >20%
(73.2% vs 44.8%; P = .002) and in patients who had a
baseline Ki-67 index <20% (52.5% vs 29%; P = .035)
(Fig. 2A).

Within the treatment groups, the best overall tumor
response from baseline to 24 weeks, as measured by MRI
or CT, was significantly better with anastrozole plus
goserelin for patients who had a baseline Ki-67 index
>20% than for those who had a baseline Ki-67 index
<20% (73.2% vs 52.5%; P = .036). Among patients in
the tamoxifen plus goserelin group, the best overall tumor
response was 44.8% for patients who had a baseline Ki-67
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index >20% and 29% for those who had a baseline Ki-67
index <20% (P =.118) (Fig. 2A).

Correlation of the Baseline Ki-67 Index and
Histopathologic Response

There was no significant difference in the histopathologic
response between patients who had a baseline Ki-67 index
>20% versus patents who had a baseline Ki-67 index
<20% in either treatment group (Fig. 2B).

Correlation of Change in the Ki-67 Index and
Responders/Nonresponders

A waterfall plot of changes in the Ki-67 index for individ-
ual patients, illustrated according to responders or nonres-
ponders, is provided in Figure 3. There was no apparent
relation between a change in Ki-67 expression from base-
line to week 24 for responders and nonresponders in
either treatment group.

Correlation of the Baseline Ki-67 Index and
Estrogen Receptor or Progesterone Recepitor
Status

In both treatment groups, positive ER status, as deter-
mined by the Allred score, was observed in 100% of
patients at baseline and at week 24, and >90% of patients
in both treatment groups were ER rich (baseline Allred
score, >7). Therefore, it was not possible to determine
any potential relation between the baseline ER Allred
score and the percentage change in Ki-67 expression from
baseline to week 24 in either treatment group.

In the anastrozole plus goserelin group, 98.9% of
patients were positive for PgR expression at baseline, and
34.4% were positive for PgR expression at week 24. The
percentage of patients with positive PgR status was not
altered from baseline (91.9%) to week 24 (89.5%) in the
tamoxifen plus goserelin group (Fig. 4A). In both treat-
ment groups, the mean decrease in the Ki-67 index was
greater in patients who had a baseline PgR Allred score
>7 (anastrozole group, —88.8%; tamoxifen group,
~67.6%), compared with patients who had a baseline
PgR Allred score <7 (anastrozole group, —74.1%j tamox-
ifen group, —32.8%) (Fig. 4B).

Preoperative Endocrine Prognostic Index Score
In the anastrozole treatment group, 33.3% of patients had
a PEPI score of 0 compared with 11.4% in the tamoxifen
group. Fewer patients (21.4%) had a PEPI score >4 in
the anastrozole group compared with patients in the
tamoxifen group (36.7%; P = .002) (Table 2).

DISCUSSION
In this exploratory analysis, we investigated changes in Ki-
67 expression among patients from the STAGE study, a
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Figure 2. These charts illustrate the baseline Ki-67 index (>20% vs <20%) according to (A) the best overall tumor response and
(B) the histopathologic response at 24 weeks. Magnetic resonance imaging or computed tomography was used to measure
responses. The best tumor response was defined a complete or partial response during the 24-week treatment period.

phase 3 randomized trial that compared tumor response
for anastrozole plus goserelin versus response tamoxifen
plus goserelin during 24 weeks of neoadjuvant treatment
in premenopausal women with ER-positive breast cancer.
The primary analysis indicated that the reduction in the
Ki-67 index for patients who received goserelin was
greater with anastrozole coadministration compared with
tamoxifen, suggesting a greater inhibitory effect on tumor
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cell proliferation with this treatment combination.*’

Given the reported clinical prognostic value of Ki-67
expression after short-term neoadjuvant endocrine ther-
apy for breast cancer,'® this is in concordance with our
finding that anastrozole combined with goserelin demon-
strates a superior best overall tumor response compared
with tamoxifen plus goserelin. Although Ki-67 is per-
ceived as a reliable predictive endpoint, the outcomes of
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Figure 3. This is a waterfall plot of reductions in nuclear antigen Ki-67 levels in (A) the anastrozole plus goserelin treatment group
and (B) the tamoxifen plus goserelin treatment group. Magnetic resonance imaging or computed tomography was used to mea-
sure responses. Responders were defined as those patients who had a complete or partial response during the 24-week treat-

ment period.

the parallel adjuvant trial by the Austrian Breast and
Colorectal Cancer Study Group (ABCSG) did not reflect
outcomes related to the Ki-67 changes we observed:
Results from the ABCSG-12 study indicated that there
was no difference in disease-free survival between patients
who received anastrozole versus tamoxifen (hazard ratio,
1.08; 95% CI, 0.81-1.44; P = .591).%° The reason for
this difference is not clear, although there were differences
in the baseline characteristics of patients in each study: the
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STAGE study assessed a more hormone-dependent phe-
notype of tumor (ER-positive/HER2-negative in the
STAGE study vs ER-positive/HER2-negative and ER-
positive/HER2-positive in the ABCSG-12 trial), and the
proportion of women with a body mass index >25 kg/m”
was lower in the STAGE study (17% vs 33%). The
ABCSG-12 group did not assess Ki-67 levels. It is also
interesting to note that, as recently pointed out by Gon-
calves et al,”” in our study, serum estradiol suppression
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Figure 4. (A) Progesterone receptor status is illustrated at baseline and at 24 weeks. (B) Changes in the Ki-67 index and the
baseline PgR Allred score are illustrated. PgR-positive (PgR+) indicates an Allred score >3; PgR-negative (PgR—), an Allred score

<2.

appeared to decrease at week 24 compared with week 4,
although the suppression was not statistically significant.
This suggests the possibility of a gradual tachyphylaxis of
the estrogen-suppressing effects of combined goserelin
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and anastrozole treatment, which potentially may explain
the difference in outcomes between the ABCSG-12 and
STAGE studies. However, further investigations would
be required to confirm this.
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TABLE 2. Preoperative Endocrine Prognostic Index Score

PEPI Score: No. of Patients (%)

Treatment Group No. of Patients 0 1-3 >4
Anastrozole plus goserelin 84 28 (33.3) 38 (45.2) 18 (21.4)
Tamoxifen plus goserelin 79 9 (11.4) 41 (51.9) 29 (36.7)
P for anastrozole vs tamoxifen — - .002

Abbreviation: PEPI, Preoperative Endocrine Prognostic index.
2P values were determined using the chi-square test.

In the current study, the best overall tcumor response
was superior with anastrozole compared with tamoxifen,
irrespective of the baseline Ki-67 index. Within the anas-
trozole treatment group, we observed that the best overall
tumor response was significantly better in patients who
had a baseline Ki-67 index >20% versus patients who had
a baseline Ki-67 index <20%. However, in the anastro-
zole group, we observed a numerically lower histopatho-
logic response in patients who had a baseline Ki-67 index
>20% compared with those who had a baseline Ki-67
index <20%. It was reported previously that baseline Ki-
67 expression was not associated with outcome after neo-
adjuvant endocrine treatment (including anastrozole,
letrozole, and tamoxifen) in ER-positive, postmenopausal
women who had breast cancer.'*?

There was no apparent relation between a reduction
in the Ki-67 index for responders and nonresponders in
either treatment group. Although there tended to be more
nonresponders among patients in the tamoxifen group
who had less of a reduction in the Ki-67 index, the Spear-
man rank-correlation between the percentage change in
the Ki-67 index and the best percentage change in greatest
tumor dimension for the tamoxifen group was a modest
0.314. This observation is essentially consistent with what
was reported previously by Dowsett et al, who conducted
a similar analysis of postmenopausal patients who received
neoadjuvant tamoxifen, anastrozole, and the tamoxifen/
anastrozole combination.”® This variation in the Ki-67
index change between responders and nonresponders
indicates that the mechanism of estrogen-dependent
growth is heterogeneous among breast tumors. Tumor
growth is determined by a balance between cell prolifera-
tion and apoptosis. Stimulation of cell proliferation by
estrogen may be dominantly implicated in tumor growth
in some tumors, whereas inhibition of apoptosis by estro-
gen may be dominantly implicated in other tumors.
Thus, a responder does not necessarily have a greater
reduction in the Ki-67 index compared with a nonres-
ponder if apoptosis is induced more strongly in the former
than the latter after treatment.
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In the neoadjuvant setting, endocrine therapy has
demonstrated greater (or equivalent) efficacy in post-
menopausal women with a lower Ki-67 index.”>*® In
contrast, in our study, both anastrozole and tamoxifen
produced greater response rates in premenopausal women
with a higher Ki-67 index. It is therefore possible that the
main pathways of proliferative stimulation (and the effec-
tiveness of endocrine treatments) may differ between pre-
menopausal and postmenopausal women with ER-
positive breast cancer, according to their level of Ki-67
expression. In general, high Ki-67 expression is tradition-
ally is believed to offer a poor prognosis and is predictive
of response to chemotherapy regimens.’
results suggest that endocrine therapy has at least compa-
rable effectiveness for premenopausal patients with ER-
positive breast cancer who have a high Ki-67 index.

No correlation could be determined between a
change in the Ki-67 index and baseline ER status in either
treatment group. However, the number of patients who
were identified as PgR-positive decreased at week 24 in
the anastrozole treatment group, an effect that was not
observed in the patients who received tamoxifen plus
goserelin. PgR expression also was reduced under neoad-
juvant Al treatment for breast cancer in the ABCSG 17
study, although it remains to be determined whether the
down-regulation of PgR may be used as a marker of clini-
cal efficacy.” In our study, the reason why the positive
rate of PgR was reduced in the anastrozole plus goserelin
arm compared with the tamoxifen plus goserelin arm is
most likely because of the estrogenic action of tamoxifen,
which would induce PgR expression.

Although there may be a potential correlation
between a reduction in Ki-67 and the baseline PgR Allred
score in patients who receive anastrozole plus goserelin
versus tamoxifen plus goserelin, further analyses will be
required to determine whether a Ki-67 reduction in
patients with high baseline PgR expression translates into
a clinical benefit.

After treatment with anastrozole, a lower proportion
of patients had a PEPI score >4 (indicating a high risk of

1
However, our
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recurrence) compared with the tamoxifen treatment
group. The PEPI model has been validated previously and
has indicated significant differences in recurrence-free sur-
vival in the adjuvant setting between 3 PEPI risk groups
(PEPI risk scores of 0, 1-3, and >4), with a PEPI score of
0 indicating a very low risk of relapse.*® Data from the ad-
juvant treatment setting will provide added knowledge for
the individualization of future adjuvant treatments after
neoadjuvant therapy for breast cancer.

Currently, very little is known about the prognostic
effect of Ki-67 in premenopausal women. However, in 1
recent study, the prognostic significance of Ki-67 was
investigated in women with ER-positive breast cancer
who had received short-term presurgical tamoxifen, and
Decensi and colleagues reported that the Ki-67 response
was a good predictor of recurrence-free survival and over-
all survival.”?

To our knowledge, this is the first randomized study
to investigate the potential of Ki-67 as a clinical biomarker
for Al efficacy in premenopausal women with ER-positive
breast cancer. It has been demonstrated that a reduction in
Ki-67 expression as a result of neoadjuvant Al treatment can
be a potentially useful marker of improved surgical out-
comes in postmenopausal women with ER-positive breast
cancer, and such a reduction has been identified as predic-
tive of favorable outcomes in the adjuvant treatment pe-
riod.>* A reduction in Ki-67 expression during neoadjuvant
treatment teportedly was greater with anastrozole versus ta-
moxifen in postmenopausal women who had ER-positive
breast cancer,'® and a parallel result also was observed in the
corresponding adjuvant trial, in which recurrence-free sur-
vival also was greater for those who received anastrozole.®
Yet another similar result was observed for letrozole, in
which a greater Ki-67 reduction was observed compared
with tamoxifen in the neoadjuvant setting,”® Greater clinical
effectiveness also was observed for letrozole in the neoadju-
vant setting, both in terms of the objective response rate and
the rate of breast-conserving surgery.>°

In conclusion, tumor response was greater with anas-
trozole compared with tamoxifen, regardless of the baseline
Ki-67 index, in premenopausal women who received goser-
elin as neoadjuvant therapy for ER-positive, early stage
breast cancer. The current results indicate that endocrine
therapy may offer a more tolerable treatment option than
cytotoxic chemotherapy as neoadjuvant treatment for these
patients, and further studies of the anastrozole plus gosere-
lin treatment combination in this setting are warranted.
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Preoperative evaluation for intraductal spread
of breast cancer through current imaging tests:
their strengths and limitations

Preoperative CT evaluation of intraductal spread
of breast cancer and surgical treatment
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Abstract 1t is always a challenge to accurately determine
the appropriate extent of resection in breast-conserving
surgery (BCS), in order to reduce the need for re-excision,
prevent local recurrence, and optimize cosmetic results.
Detecting intraductal spread alone with high sensitivity
may not be enough to realize safe BCS. Computed
tomography carried out with the patient in the supine
position accompanied by adequate marking is effective for
preoperative determination of the optimum extent of BCS.
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surgery - Extent of surgery - Extensive intraductal
component

Abbreviations
BCS Breast-conserving surgery

CT Computed tomography

EIC Extensive intraductal component

HU Hounsfield units

MD-CT Multidetector-row computed tomography
MIP Maximum intensity projection

MMG Mammography

uUsS Ultrasonography
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Breast cancer diagnosis

Although computed tomography (CT) is not a primary
modality for screening the breast or differentiating between
malignant and benign breast lesions, some studies have
reported that CT was able to reveal the primary tumor with
high sensitivity [1]. Diagnostic criteria for breast cancer
using CT include an irregular margin, irregular shape, and
rim enhancement [2]. Spiculation was strongly suggestive of
malignancy when detected incidentally by use of CT [3-5].
Irregular shape and axillary lymphadenopathy are also
morphological predictors. The CT values of malignant
lesions were higher than those of benign lesions. The cut-off
value ranged from 60 Hounsfield units (HU) at 30 s [6, 7] to
90 HU on the 1-min images [8]. Optimum timing of the early
phase scan was 80 s after injection of contrast media [9].

Multidetector-row computed tomography (MD-CT)
detected contralateral breast cancer in 2.6% of newly
diagnosed breast cancer cases [10].

Preoperative MD-CT evaluation of the extent of cancer
in the breast

Extensive intraductal spread is often accompanied by
invasive ductal carcinoma and becomes a major cause of
positive margins after breast-conserving surgery (BCS). It
is always a challenge to accurately determine the appro-
priate extent of resection in order to prevent local recur-
rence, reduce the need for re-excision, and optimize
cosmetic results. Diagnostic criteria for intraductal spread
using CT (axial image) are non-mass-like enhancement
which is contiguous with and enhanced to the same extent
as the index tumor, and the presence of linear or segmental
enhancement around the main tumor [11]. The maximum
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