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Abstract

Objective—We hypothesized that the Oncotype Dx® 21-gene Recurrence Score (RS) could
guide neoadjuvant systemic therapy (NST) to facilitate breast conserving surgery (BCS) for
hormone receptor positive (HR+) breast cancers.

Methods—This study enrolled patients with HR+, HER2-negative, invasive breast cancers not
suitable for BCS (size = 2 cm). Core needle biopsy blocks were tested. For tumors with RS < 11,
patients received hormonal therapy (NHT); patients with RS >25 tumors received chemotherapy
(NCT); patients with RS 11-25 were randomized to NHT or NCT. Primary endpoint was whether
1/3 or more of randomized patients refused assigned treatment.

Results—Sixty-four patients were enrolled. Of 33 patients with RS 11-25, 5 (15%) refused
assignment to NCT. This was significantly lower than the 33% target (binomial test, p=0.0292).
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Results for clinical outcomes (according to treatment received for 55 subjects) included successful
BCS for 75% of tumors with RS < 11 receiving NHT, 72% for RS 11 — 25 receiving NHT, 64%
for RS 11 — 25 receiving NCT, and 57% for RS > 25 receiving NCT.

Conclusions—Using the RS to guide NST is feasible. These results suggest that for patients

with low or intermediate RS, NHT is a potentially effective strategy.
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INTRODUCTION

Systemic therapy for early-stage breast cancer has contributed significantly to improving
outcomes over the past 3 decades. More recently, it has been made clear that primary
systemic therapy (neoadjuvant therapy) is equal to postoperative or adjuvant therapy in
terms of disease-free and overall survival [1,2,3]. Although it was originally introduced as
way to make locally advanced inoperable breast cancer operable, it has become an important
tool for increasing the feasibility of breast conservation surgery (BCS) in women with
operable, but large, breast cancers (relative to overall breast size). Neoadjuvant systemic
therapy (NST) has been shown to facilitate BCS for large cancers [1,3,4,5]. While hormone
receptor positive (HR+) cancers do respond to neoadjuvant chemotherapy (NCT), pathologic
complete responses (pCR) are unlikely, reaching only 10-15% in most trials [4,6,7].
Neoadjuvant hormonal therapy (NHT), on other hand, may make BCS possible with less
toxicity than NCT, and it has been shown to induce objective responses in more than two-
thirds of selected patients with HR+ cancers [8,9,10]. A recent meta-analysis of studies
including NHT concluded that NHT was equally effective for selected HR+ breast cancers
as NCT [9]. However, particularly in the United States, NCT is the standard approach for
appropriate patients and NHT is seldom utilized [11]. A review of data from the National
Cancer Data Base found that from 2004 to 2012, less than 3% of patients 50 years of age or
older who had T2-T4 HR+ breast cancers received NHT [12]. Even after the publication of
the Z1031 trial data [8], the use of NHT has not changed significantly.

In addition to HR status and histopathologic tumor type, multiple studies have recently
shown that gene expression profiles, either microarray-based or RT-PCR based, can predict
prognosis as well as the likelihood of responsiveness to chemotherapy [13,14]. These assays
were first developed and validated in analyses from legacy adjuvant trials or convenience
sample cohorts of patients with long term follow-up and archived tissue. The 21-gene
Oncotype DX® Breast Recurrence Score (RS) assay was developed by Genomic Health,
Inc. for patients with HR-positive early-stage breast cancer [15,16]. This test provides an
individualized RS result from 0 to 100, which correlates with the 10-year risk of distant
recurrence as well as a risk category of low, intermediate, or high based on pre-specified cut
points: low RS < 18; intermediate RS = 18-30; high RS = 31. Furthermore, the RS result has
been shown to predict the likelihood of benefitting from the addition of chemotherapy to
hormonal therapy for HR+ tumors in the adjuvant setting [15,16]. The National Surgical
Adjuvant Breast and Bowel Project (NSABP) B-20 trial (N=2299) showed a small overall
benefit for the addition of chemotherapy to hormonal therapy in women with node-negative,
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HR+ breast cancer. In a subset of 651 patients, which accounted for about one fourth of the
larger cohort, only patients with a high RS result showed a statistically significant reduction
in the risk of distant recurrence, with an absolute reduction of 28% in the 10-year risk of
distant recurrence with the addition of adjuvant chemotherapy. Prior to 2006 (when the
Oncotype DX assay was formally incorporated), clinical guidelines such as the National
Comprehensive Cancer Network (NCCN) and St. Gallen [17,18,19,20,21] recommended
adjuvant chemotherapy be given to patients with HR+, node-negative, early-stage breast
cancer, which may account for nearly half of all breast cancer patients in the United States
[22,23]. However, based on the RS result, less than 10-15% of such patients would likely
benefit from chemotherapy [24]. Indeed, after more than a decade, the 21-gene RS assay has
become widely incorporated into clinical diagnostic work-ups by oncologists and their
patients to inform decisions about adjuvant chemotherapy [16,25,26,27,28,29,30,31].
Additional data from the SWOG 8814 trial suggest that the RS may also predict the
likelihood of benefit from chemotherapy, even for patients with nodal metastases [32].

Recently, there have been multiple small studies incorporating the RS in the neoadjuvant
setting. These studies have shown that pCR or clinical complete response (cCR) to
chemotherapy almost never occurs in patients with a low RS [13,14,14,33,34]. Furthermore,
others have shown that clinical responses with NHT are more likely if the patients have a
low RS [35,36]. This fits well with the finding from the NSABP B-14 study showing that a
low RS predicted the greatest benefit from adjuvant treatment with tamoxifen as well as the
results of the B-20 study showing the absence of benefit from chemotherapy in patients with
a low RS [27,16]. While similar observations have also been seen with other tests, including
the 70-gene profile and the PAM-50 assays, based on intrinsic subtypes, neither of these 2
assays has formally demonstrated that the assay result predicts the likelihood of
chemotherapy benefit in any setting (adjuvant or neoadjuvant) [37,38,39]. One early report
using the PAM-50 assay to define intrinsic subtype showed that there was some indication
that luminal A patients had little chance of a pCR with chemotherapy, but still had a good
prognosis; luminal B tumors, on the other hand, were also unlikely to respond well to
chemotherapy, but had a worse prognosis [40,38].

Based on the clinical validation of the 21-gene RS assay to predict the likelihood of
chemotherapy benefit in patients with ER+ early-stage breast cancer, we hypothesized that
the 21-gene RS assay could be used to guide the decision to treat with NHT versus NCT to
facilitate BCS, and we designed this pilot trial to evaluate the feasibility of using this
approach in a larger multicenter trial.

METHODS

Patient eligibility

This prospective multi-center study enrolled female patients with HR+ (defined as > 10%
tumor staining by immunohistochemistry [IHC]), HER2-negative (according to ASCO/CAP
guidelines [41,42], invasive breast cancers (size = 2 cm) which, in the opinion of the
surgeon, were not suitable for BCS unless reduced in size by neoadjuvant therapy. Diagnosis
had to be made by core needle biopsy. Other key eligibility requirements included: signed
and dated IRB-approved consent form that conforms to federal and institutional guidelines;
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at least 18 years of age; an ECOG performance status of 0 or 1; and ipsilateral axillary
lymph nodes evaluated by imaging (MRI or ultrasound) within 6 weeks prior to registration.
If indicated for abnormal lymph nodes, fine needle aspirate (FNA) or core needle biopsy was
performed. Subjects were evaluated by a treating physician, reviewed and discussed by the
multi-disciplinary breast team, and considered to be a candidate for chemotherapy.

Patients were deemed ineligible for the following reasons: FNA alone to diagnose the
primary tumor; excisional biopsy or lumpectomy performed prior to registration; surgical
axillary staging procedure or sentinel node biopsy performed prior to registration; tumors
clinically staged as inflammatory breast cancer; ipsilateral cN2b or cN3 disease (patients
with cN1 or cN2a disease were eligible); definitive clinical or radiologic evidence of
metastatic disease; synchronous or metachronous contralateral invasive breast cancer
(patients with synchronous and/or metachronous contralateral ipsilateral ductal or lobular
carcinoma in situ [DCIS or LCIS] were eligible); HER-2 test result of IHC 3+, regardless of
FISH results, if performed; any history of ipsilateral invasive breast cancer or DCIS, if
treated with radiation therapy; history of non-breast malignancies, except for in situ cancers
treated only by local excision and basal cell and squamous cell carcinomas of the skin,
within 5 years prior to registration; treatment including radiation therapy, chemotherapy,
and/or targeted therapy for the currently diagnosed breast cancer prior to registration;
cardiac disease (history of and/or active disease) that would preclude the use of
chemotherapy; pregnancy or lactation at the time of registration; other non-malignant
systemic disease that would preclude the patient from receiving study treatment or would
prevent required follow-up; psychiatric or addictive disorders or other conditions that, in the
opinion of the investigator, would preclude the patient from meeting the study requirements;
or use of any investigational product within 30 days prior to registration.

Study design

The protocol was approved by each of the 7 local human investigations committees or IRBs,
with assurances filed with and approved by the U.S. Department of Health and Human
Services. Written informed consent was obtained from all individual participants included in
the study.

The study schema is shown in Figure 1. Tissue blocks from the biopsies were sent to the
Genomic Health laboratory (Clinical Laboratory Improvement Amendments certified) for
RS testing according to standard procedures [16]. Treatment was assigned based on the RS
result: patients with RS < 11 were to receive NHT; patients with RS =26 were to receive
NCT,; patients with midrange RS = 11-25 were randomized to NHT or NCT.

The primary objective was determining the feasibility of randomizing patients with
midrange RS values (11-25) between NHT and NCT. The primary endpoint was to
determine whether one-third or more of randomized patients would refuse assigned
treatment. Secondary endpoints included: clinical partial and complete response (cPR, cCR)
rates using RECIST criteria by either ultrasound or physical exam (using the same method
as was used at baseline), overall clinical response rates, pCR in the breast (defined as no
histologic evidence of invasive tumor cells in the surgical breast specimen), pCR in the
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breast and nodes, and successful BCS (partial mastectomy with negative margins followed
by radiation therapy).

Patients who were considered potential candidates for BCS were to have the primary tumor
site marked in some way prior to initiating chemotherapy or, at least, prior to disappearance
of the tumor clinically. This could be achieved with insertion of a radiopaque marker or clip,
tattoos of the tumor boundary on the skin (especially for smaller breasts), or by making a
transparent template with the tumor site marked on it. Other techniques were acceptable, as
long as they provided assurance that the primary tumor site could be located and excised. If
a clip was used, a specimen radiograph was to be performed to confirm its removal. For
patients assigned to NHT, tamoxifen was used for pre-menopausal women and an aromatase
inhibitor (choice of which one up to the investigator) for post-menopausal women.
Treatment was to continue for 4 to 6 months, with at least monthly assessments of response,
followed by surgery. If tumor progression was noted at any time, the patient could be taken
to surgery immediately or switched to cytotoxic chemotherapy at the investigator’s
discretion. For patients assigned to NCT, the regimen was chosen at the treating oncologist’s
discretion, but in general an anthracycline/taxane based regimen, with 6 to 8 courses of
therapy lasting 4 to 6 months was recommended. Response to therapy was to be assessed
prior to each course of therapy. If tumor progression was noted at any time during the first
therapeutic regimen, then the patient could either be switched to the second planned regimen
or could be taken to surgery immediately. If progression occurred during the second
regimen, the patient was generally taken to surgery.

Postoperative adjuvant therapy for all subjects was at the discretion of the investigator/
treating physician. Adjuvant chemotherapy could be given, using any regimen considered
appropriate, generally before irradiation or starting hormonal adjuvant therapy. For all
patients, regardless of neoadjuvant therapy, hormonal therapy was to be administered after
surgery, chemotherapy (if given), and radiation (if given) for a total of at least 5 years.

Statistical methods

To avoid possible confounding effects and ensure adequate balance between the 2 treatment
groups (hormonal vs cytotoxic therapy), randomization was stratified by site. To avoid
possible risk for selection bias, a blocked randomization scheme with randomly permuted
block sizes (unknown to the investigators) was conducted. The randomization list was
generated by the study biostatistician (WW). A random number generator was used to
generate a random sequence of the 2 assignments. The treatment assignments were sealed in
envelopes, ordered according to the sequence generated and placed securely in the research
nurse’s office. A 1-sample binomial test was used to compare the observed refusal rate with
one-third, along with its 95% CI. Fisher’s exact test, logistic regression (for a binary
endpoint), and/or ordinal regression (for an ordinal endpoint) were used to compare the 4
treatment groups for the secondary endpoints [43]. To compare the 4 groups in terms of each
of the clinical characteristics, the Fisher’s exact test (for race, menopausal status, T-stage, N-
stage, ER, PR, and tumor grade) and the Kruskal-Wallis test (for age and baseline tumor
size) were used. All statistical analyses were performed in SAS 9.4, and all statistical testing
was 2-sided and considered significant if a P value was smaller than the type I error of 5%.
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RESULTS

Seven U.S. and Canadian centers enrolled 64 patients: 5 were excluded (1 delay in RS result,
1 tissue block lost at participating center, 1 HR testing discrepancy, 2 deemed not eligible [1
for no pregnancy test and 1 for inadequate tissue for RS assay]). The CONSORT diagram is
shown in Figure 2. Groups were defined as: A: RS < 11, treated with NHT; B: RS = 11-25,
treated with NHT; C: RS = 11-25, treated with NCT; D: RS = 26, treated with NCT. The
distributions of RS values, using either the “standard” cutoffs (< 18, 18-30, and > 31) or the
study-specific cutoffs (<11, 11-25, >26), are shown in Figure 3. Patient and tumor
characteristics are shown in Table 1, according to treatment actually received. Not
surprisingly, patients in Group A had the highest percentage of low grade tumors (41.7%)
and patients in Group D had the highest percentage of high grade tumors (14.3%). Groups C
and D had similar percentages of low grade tumors (26.1 % and 23.1%, respectively) and
high grade tumors (10.5% and 7.7%, respectively).

Of the 33 patients with an RS of 11-25, only 5 (15%; 95% CI =2.9% — 27.4%) refused
assignment to NCT (2 chose NHT and finished the study; they are included in the response
outcomes). This was significantly lower than the 33% target (binomial test, p=0.0292)
stipulated in the primary endpoint.

The results for response and other outcome endpoints are shown in Table 2 (according to
treatment received). The total number of patients included in the secondary analyses was 55.
One patient had missing data for clinical response. Overall objective clinical response rates
were quite high for Groups A, C and D, ranging from 72.7 to 92.9%, with Group D being
the highest. Group B patients, with an RS of 11-25 and receiving NHT, had the lowest
clinical response rate at 50% (Fisher’s exact test: overall P value = 0.0490). After adjusting
for effects from confounders, including age, race, menopausal status, and site, Group B
patients had a significantly lower clinical response rate, compared with Group C (Ordinal
regression: P = 0.0369). There were also somewhat lower clinical response rates in black
versus white women, especially when treated with NCT (Ordinal regression: P=0.0288 for
race and P=0.0707 for interaction between race and treatment). Complete responses were
more likely in the 2 groups receiving NCT (36.4% in Group C and 28.6% in Group D versus
8.3% for A and 22.2% for B (Fisher’s exact test: P = 0.0422). Only one patient in each of
Groups A and B had a breast pCR, and there were none in Group C. In Group D patients,
with an RS of 26 or greater and receiving NCT, the breast pCR rate was 21.4% and breast
plus nodes pCR rate was 14.3%. None of the other groups had a pCR for the breast plus
nodes. Importantly, greater than 70% of the patients in the groups A and B who were treated
with NHT achieved successful BCS. Fewer, but still a majority of patients in groups C
(63.6%) and D (57.1%) who were treated with NCT achieved successful BCS successfully.

DISCUSSION

The molecular profiling of breast cancers has now become common practice as a tool for
making decisions on whether to use adjuvant chemotherapy after surgery, especially for
node-negative and HR+ cancers. A number of different molecular profiles are now
commercially available. As of December 2016, the Oncotype Dx assay had been performed
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600,000 times, and approximately 20% of the specimens have been core needle biopsies
(personal communication from AS at GHI). When the RS assay is run on core biopsy
samples, there is a greater than 90% success rate for generating a RS. Presumably, the
purpose of most of these specimen submissions was to make a pre-operative decision about
whether to choose NCT versus NHT versus primary surgery. Despite these numbers, as
noted above, very few patients who would be eligible for NHT actually receive this
treatment in the United States.

This pilot trial, along with other reports, demonstrates the feasibility of using molecular
profiling of a core biopsy specimen to help with decision making in the neoadjuvant setting,
and it provides support for a larger prospective trial, with only 15% of patients with an RS of
11-25 refusing randomized assignment to treatment. The sample sizes in this trial are too
small to allow firm conclusions about outcomes, but the clinical response rate and success
rate of BCS with NHT for patients with an RS less than 11 were quite reasonable. For
patients with an RS of 11-25, the clinical response rate with NCT was higher than for NHT,
but the rates of successful BCS were similar. The highest clinical response rates occurred in
patients with an RS of 26 or greater receiving NCT, and the only pCRs for breast + nodes
observed were in this group. We did not observe any unexpected adverse events that delayed
surgery in any of these groups, but it is clear that in terms of making BCS possible, NHT is
adequate therapy for patients with an RS of up to 25 and is less toxic than chemotherapy.
This agrees with previous studies showing low rates of clinical or pathologic complete
responses in patients with a low RS. This study is also in agreement with the prospective
study of Yardley et al. [33] showing no pCRs in patients with low RSs. The results reported
here are also consistent with data showing that patients with low RSs derive little or no
benefit from adding chemotherapy to hormonal therapy; chemotherapy for these patients
only adds toxicity. Retrospective studies have demonstrated that patients with low RSs are
unlikely to respond well to chemotherapy but are more likely to respond to NHT, while
higher RS predicts a greater likelihood of a good response to chemotherapy
[36,13,14,34,36,35]. These results also confirm prior studies showing that patients with a
low RS have little to no benefit from chemotherapy, similar to the recently published reports
of prospective outcomes in patients with RS less than 11 in the adjuvant setting for both
node-negative and node-positive patients [44,45,46].

Although we would advocate a larger prospective trial to confirm the outcomes observed
here, in the absence of such a trial, these data along with the prior studies cited above do
provide support for this strategy for patients who present with tumors that are suboptimal for
BCS. Wider use of NHT to make BCS possible in patients with HR-positive tumors and low
and intermediate RS should be encouraged, particularly for patients with comorbidities that
make NCT less desirable. For patients with low RSs, there seems to be little justification for
the added toxicity of chemotherapy, either adjuvant or neoadjuvant. The results reported here
for patients with intermediate RSs (showing that NHT is not inferior to NCT in the
neoadjuvant setting) may foreshadow the pending results in the adjuvant setting for
intermediate RS cancers in the Trial Assigning Individualized Options for Treatment
(TAILORX).
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CONCLUSIONS

This pilot study demonstrates the feasibility of using the RS to guide NST, with only a 15%
refusal rate of assigned treatment in patients with an RS of 11-25. Prospective
demonstration that the RS can provide value in neoadjuvant decision making and thus safely
and effectively spare patients exposure to the cost and toxicity of chemotherapy is an
essential step towards further personalizing care while not sacrificing outcomes.
Furthermore, although patients who had an RS of 11-25 and received NHT had a lower rate
of objective clinical responses, the rate of successful BCS (> 70%) was similar to the
patients with an RS of less than 11 and to patients with an RS of 11-25 treated with
chemotherapy. None of the patients with an RS of 11-25 who received NCT had a pCR.
These findings should enable physicians to have greater confidence in the value of NHT.
These results demonstrate that conducting a similarly designed larger trial is feasible and
suggests that for patients with an RS of 25 or less, NHT is a potentially effective strategy.
They also support the use of the RS to identify appropriate patients for NCT versus NHT,
similar to its previously validated value in the adjuvant setting.
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TABLE OF ABBREVIATIONS

BCS Breast conservation surgery

cCR Clinical complete response

cPR Clinical partial response

DCIS Ductal carcinoma in situ

FNA Fine needle aspirate

HR+ Hormone receptor positive

IHC Immunohistochemistry

NCCN National Comprehensive Cancer Network
NCT Neoadjuvant chemotherapy

NHT Neoadjuvant hormonal therapy

NSABP National Surgical Adjuvant Breast and Bowel Project

NST Neoadjuvant systemic therapy
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Synopsis

This multi-center trial explored the possible utility of using a 21-gene recurrence score to
determine whether women with T2 or larger breast cancers should be treated with
chemotherapy or hormonal therapy. Of 64 patients enrolled 33 had intermediate scores
(11-25), and only 5 refused randomized treatment. More than 70% of women with low
(< 112) or intermediate scores receiving neoadjuvant hormonal therapy achieved
successful breast conservation.
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HR+/Her-2 Neg. Breast Cancer
Needing Neo Rx to Achieve BCT

Core Biopsy for Gene
Expression Profile (RS)

Neoadjuvant Randomize Neoadjuvant
Hormonal Tx Chemotherapy

Neoadjuvant Neoadjuvant
Hormonal Tx Chemotherapy

Endpoints: Clinical Response, BCT, RCB, pCR

Fig. 1.
Protocol schema

J Surg Oncol. Author manuscript; available in PMC 2018 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bear et al. Page 14
64 patients enrolled
P 5 excluded/ineligible:
1 delayed RS
1 Lost Bx block in path dept.
1 HR discrepancy
59 evaluable for 1 No pregnancy test
Primary endpoint 1 insufficient tumor for RS
Recurrence Score
RANDOMIZATION
Group A Group B Group C Group D
RS < 11 RS 11-25 RS 11-25 RS 226
N=12 N=17 | N=16 N=14 5 Refused assignment
2 patients To chemotherapy
Moved to B |~ — (but 2 agreed to FU on
) For analysis NHT)
Group A Group B Group C Group D
RS<11 RS 11-25 RS 11-25 RS > 26
N=12 N=19 N=14 N=14

Fig. 2.

CONSORT diagram of subjects enrolled
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% With Score (“Standard” Cutoffs) % With Score (Protocol Cutoffs)

mRS<18 BmRS<11
m RS 11-30 m RS 11-25
mRS231 mRS2>26

Fig. 3.
Distribution of patients according to their RS values: based on “standard” cutoffs (A) and
cutoffs used to allocate patients in this study (B)
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