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ABSTRACT

Purpose. Although the 21-gene recurrence score (RS)
assay has been validated to assess the risk of distant
recurrence in hormone receptor-positive breast cancer
patients, the relationship between RS and the risk of
locoregional recurrence (LRR) remains unclear. The pur-
pose of this study was to determine if RS is associated with
LRR in breast cancer patients and whether this relationship
varies based on the type of local treatment [mastectomy or
breast-conserving therapy (BCT)].

Methods. 163 consecutive estrogen receptor-positive
breast cancer patients at our institution had an RS gener-
ated from the primary breast tumor between August 2006
and October 2009. Patients were treated with lumpectomy
and radiation (BCT) (n = 110) or mastectomy alone
(n = 53). Patients were stratified using a pre-determined
RS of 25 and then grouped according to local therapy type.
Results. Median follow-up was 68.2 months. Patients who
developed an LRR had stage I or IIA disease, >2 mm
surgical margins, and received chemotherapy as directed
by RS. While an RS > 25 did not predict for a higher rate
of LRR, an RS > 24 was associated with LRR in our
subjects. Among mastectomy patients, the 5-year LRR rate
was 27.3 % in patients with an RS > 24 versus 10.7 %
(»p = 0.04) in those whose RS was <24. RS was not
associated with LRR in patients who received BCT.
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Conclusions. Breast cancer patients treated with mastec-
tomy for tumors that have an RS > 24 are at high risk of
LRR and may benefit from post-mastectomy radiation.

Over the past decade, genomic profiling has made a
significant impact on the treatment of women with breast
cancer. The 21-gene recurrence score (RS) assay (Onco-
type DX; Genomic Health, Redwood City, CA, USA) has
emerged as one of the most commonly used genomic
profiling assays to tailor chemotherapy recommendations
in patients with estrogen receptor (ER)-positive, lymph
node-negative breast cancer.'™

While the use of the 21-gene RS to determine a patient’s
risk of developing distant metastatic disease has become
increasingly common, the use of this assay to determine the
risk of locoregional recurrence (LRR) is only beginning to
be explored.*” Traditionally, patient, tumor, and treatment
characteristics have been associated with LRR risk.®’
Among patients treated with breast-conserving therapy
(BCT) specifically, close or positive surgical margins,
higher T stage, and lymphovascular space invasion (LVSI)
have been associated with a higher risk of LRR.® Other
studies of breast cancer patients treated with mastectomy
alone and no radiation have shown that positive nodes and
extranodal extension predict for LRR.’

The impact of breast cancer gene expression on LRR has
not been as closely examined. Studies of patients with
tumors that are high grade, triple negative, human epider-
mal growth factor receptor 2 (HER2)-positive, and/or
exhibit high Ki67 expression suggest that tumor biology
may play a role in the development of LRR.>'*!" Genomic
profiling of breast tumors could therefore potentially
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improve the ability to predict an LRR in an individual
patient and determine whether more aggressive local
therapy is warranted (e.g. post-mastectomy radiation or an
increased boost dose in patients treated with BCT).

The association between RS and LRR has been exam-
ined in two prior studies. Both studies used the original
21-gene RS risk stratification criteria, with RS < 18, RS
18-30, and RS > 31 considered low, intermediate, and
high risk, respectively. These risk groups were based on
patient score distribution in the developmental training sets
rather than clinical outcome data.'> In a retrospective
analysis of the National Surgical Adjuvant Breast and
Bowel Project (NSABP) B-14 and B-20 trials, an associ-
ation between RS and the risk of LRR was found.'? In
these studies, patients were treated with systemic regimens
that are not typically first-line therapy (e.g. cyclophos-
phamide, methotrexate, and fluorouracil and tamoxifen in
post-menopausal patients) in the modern era, and therefore
the question remains whether a relationship between the
RS and LRR exists in patients treated with current systemic
agents shown to independently improve local control.'*'
Moreover, in NSABP B-14 and B-20, the ability of the RS
to predict LRR appeared to be impacted by patient age and
local treatment modality. While a high RS predicted for
LRR in mastectomy non-radiation patients, irrespective of
age, RS did not predict for LRR in BCT patients over the
age of 50 years.'” A retrospective analysis of the Eastern
Cooperative Oncology Group (ECOG) E2197 trial also did
not find any relationship between LRR and RS among their
BCT patients, regardless of age.'® These findings suggest
that radiation may obscure the impact of RS to predict
LRR, and that the RS could potentially predict which
tumors respond to RT.

The present study was performed to explore the rela-
tionship between RS and LRR in patients treated with
radiation following lumpectomy and in patients treated
with mastectomy alone. We hypothesized that RS would
predict for LRR in mastectomy patients treated without
radiation but would not predict for LRR in BCT patients.
We therefore proposed that the RS may be used to identify
a subgroup of patients treated with mastectomy alone that
may benefit from more aggressive local treatment,
including radiation.

Recently, the Trial Assigning Individualized Options for
Treatment (TAILORX) used an RS > 25 to define a high-
risk group of patients based on clinical outcome data
indicating a 20 % risk of distant metastasis at 10 years.'
Additionally, the ongoing RxPonder trial (Rx for Positive
Node, Endocrine Responsive breast cancer; clinical trial
registry NCTO01272037) is using an RS > 25 to define
high-risk patients.'” For this study, we therefore chose a
pre-defined RS > 25 as a clinically relevant cut-off to

determine a group of patients at high enough risk of LRR to
perhaps warrant more aggressive local therapy.

METHODS AND MATERIALS

After obtaining Emory University Institutional Review
Board approval, we reviewed the records of 163 consecu-
tive breast cancer patients treated at Emory University
between August 2006 and October 2009. All patients had
ER-positive tumors with a 21-gene RS generated from the
primary breast tumor removed at the time of definitive
surgery. Patients who received partial breast irradiation,
neoadjuvant chemotherapy, or endocrine therapy were
excluded, as were patients who did not receive post-
lumpectomy radiation, adjuvant chemotherapy as directed
by an RS > 31, or adjuvant endocrine therapy. Patients
with HER2 positive disease were also excluded. All tumors
were staged according to the 7th edition of the American
Joint Committee on Cancer’s staging system.'®

Patients received BCT (n = 110) or mastectomy alone
(n = 53). Lymph nodes were evaluated with either sentinel
lymph node biopsy and/or full axillary nodal dissection
when indicated. Among BCT patients, the median radiation
dose was 45 Gy (45-50.4) with a 14.92 Gy (0-15) boost.
All patients with an RS > 31, and 27 of 31 patients (87 %)
with an RS > 25, received adjuvant chemotherapy. Twenty
patients with an RS < 25 received adjuvant chemotherapy.
Taxane-based (n = 33), anthracycline-based (n = 11), and
cyclophosphamide, methotrexate, fluorouracil (n = 1)
chemotherapy regimens were administered. The specific
chemotherapy regimens of two patients were not available
in the medical record.

Statistical Analysis

LRR was defined as biopsy-proven tumor recurrence in
the ipsilateral breast, chest wall, axilla, supraclavicular or
infraclavicular fossae, or internal mammary lymph nodes at
any time point (with or without distant metastases). Time
to LRR and follow-up was calculated from the date of
surgery.

The univariate association of each predictor variable
with covariates was examined using the Wilcoxon rank-
sum, Chi square or Fisher’s exact tests. The RS was
dichotomized using an outcome-oriented approach, where
an optimal cut-off point is chosen corresponding to the
most significant relation with LRR based on the log-rank
statistic.'” This cut-point was then verified visually using a
Martingale residual plot for risk score.?’ Survival functions
were estimated using the Kaplan—Meier method, and the
log-rank test was used to assess the difference in LRR
between patients with high or low risk, classified by RS.*!
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Univariate survival analysis was carried out with a Cox
proportional hazards model, in the entire cohort and in
patients divided by treatment (mastectomy or BCT).”
Multivariable survival analyses were further conducted by
including all covariates and using a backward variable
selection method with an alpha level of removal of 0.1. All
analyses were carried out using SAS 9.3 software (SAS
Institute, Inc., Cary, NC, USA) and R package version
2.15.3 (The R Foundation for Statistical Computing) with a
significance level of 0.05.

RESULTS
Patient and Tumor Characteristics by Local Treatment

Subjects were divided into those who received BCT
(n = 110) and those who received mastectomy without
radiation (n = 53). Median follow-up time was 5.71 years
in both treatment groups. The median age of patients who
received BCT was significantly higher than those treated
with mastectomy alone [59.5 (range 36-85) vs. 51 (range
39-83) years; p < 0.001]. More BCT patients than mas-
tectomy patients had lymph node-negative (93 vs. 81 %;
p = 0.03) disease and pathologic stage I tumors (86 vs.
53 %; p < 0.001). Among the two treatment groups, there
were no differences in the proportion of patients with an
RS > 25 or those who received adjuvant chemotherapy
(Table 1). Additional characteristics are listed in Table 1.

Locoregional Recurrence, Recurrence Score, and Local
Treatment

On univariable analysis, an RS > 25 did not predict for
LRR in the entire cohort or within patients divided by local
treatment type (mastectomy or BCT). Based on the out-
come-oriented cut-point approach using the log-rank
statistic and Martingale residual plot, an optimal RS cut-off
value of 24 was identified, with an RS > 24 predicting for
a higher rate of LRR (p = 0.04; Fig. 1). This relationship
appeared to be strongest in the mastectomy-alone patients,
where the 5-year rate of LRR was significantly higher in
patients who had tumors with an RS > 24 than those with
an RS <24 (27.3 vs. 10.7 %, respectively; p = 0.04;
Fig. 2). In addition to RS, clinicopathologic and treatment
factors (i.e. patient age at diagnosis, race, lymph node
status, grade, LVSI, T stage, adjuvant chemotherapy, and
surgical margins) previously associated with LRR risk
were examined. On univariable analysis, an RS > 24 was
the only predictor of LRR in patients treated with mas-
tectomy. Among patients treated with BCT, there was no
difference in LRR by RS. No BCT patient developed an
LRR at 5 years in either subgroup divided by an RS of 24

TABLE 1 Patient and tumor characteristics by local treatment

Characteristic Breast- Mastectomy  p value
conserving alone
therapy (N = 53)
(N = 110)
Follow-up time [months; 67 (20-109) 67 (2-88) 0.46
median (range)]
Age, years
<50 25 (23) 23 (43) <0.001
>50 85 (77) 30 (57)
pStage
I 95 (86) 28 (53) <0.001
I 15 (14) 25 (47)
T stage
1 95 (86) 32 (60) <0.001
2 15 (14) 21 (40)
Lymph node
Negative 102 (93) 43 (83) 0.03
Positive (pN1) 8 (7) 10 (19)
Grade
1 41 (37) 18 (34) 0.52
2 59 (54) 27 (51)
3 10 (9) 8 (15)
LVSI
No 13 (12) 10 (19) 0.40
Yes 94 (88) 43 (81)
<2 mm surgical margins
No 91 (83) 48 91) 0.19
Yes 8(7) 50)
Adjuvant chemotherapy
No 78 (71) 38 (72) 0.92
Yes 32 (29) 15 (28)
RS > 25
No 88 (80) 43 (81) 0.87
Yes 22 (20) 10 (19)
RS > 24
No 87 (79) 42 (79) 0.98
Yes 23 (21) 11 21)

Data are expressed as n (%) unless otherwise specified

pStage pathological stage, T tumor, LVSI lymphovascular space
invasion, RS recurrence score

(p = 0.59; Fig. 3). None of the above variables predicted
for LRR on univariable analysis in the BCT patients.
Limited patient numbers precluded multivariable ana-
lysis in either treatment group. Multivariable analysis was
therefore performed to identify predictors of LRR in the
entire cohort. In addition to RS, the clinicopathologic and
treatment factors listed above were examined. None of
these additional variables predicted for LRR on univariable
analysis. Multivariable analysis revealed that an RS > 24
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FIG. 1 Martingale residual plot of RS and locoregional recurrence.
The Martingale residuals represent the difference over time of the
observed number of events to the expected number of events under
the assumed Cox proportional hazards model. A smoothed curve
based on average residual across each covariate value is fit, and if
there appears to be a change in slope then the variable can be
dichotomized where the change occurs. In the above figure, the
average residual decreases as recurrence score increases through
scores of 20-25. From that point, the average residual increases
slightly before leveling off, indicating an adequate cut-point for
recurrence score in that range. This residual plot was used in
combination with the method for maximizing the log-rank statistic to
identify an optimal cut-point for our covariate (RS) at a value of 24.
RS recurrence score

(p = 0.04) and treatment with mastectomy and no radia-
tion (p = 0.006) were the only significant predictors of
LRR.

Of note, all patients who developed an LRR were pStage
I or ITA (see Table 2). Eight patients within the mastec-
tomy-alone group and three patients who received BCT
developed a recurrence. Among the 11 patients who
developed a LRR, two patients had grade 3 disease, two
patients had LVSI, one patient had less than a 2 mm

margin following mastectomy, and one patient had N1mi
disease. The patient with N1mi disease who later devel-
oped an LRR was treated with adjuvant chemotherapy for
the initial breast tumor.

DISCUSSION

Breast cancer is a biologically heterogeneous disease.”
However, currently, clinicians do not typically make local
therapy decisions based on tumor gene expression. The
present study indicates that there is a relationship between
the 21-gene RS and LRR in breast cancer patients.
Although the pre-determined RS of 25 was not associated
with LRR, we found that an RS > 24 is predictive of LRR
among our patients, which took into account one additional
subject with an RS of 25 who later developed an LRR. On
univariable analysis, an RS > 24 was predictive of LRR in
mastectomy patients but not in BCT patients who received
radiation. Mastectomy patients who recurred did not have
risk factors that would typically prompt the recommenda-
tion for post-mastectomy radiation therapy, and our data
suggest the RS may be used to identify a previously
unrecognized group of mastectomy patients who could
potentially benefit from post-mastectomy radiation.

Various gene expression signatures predictive of LRR in
breast cancer have been previously explored. For example,
one study found that both a 34-gene expression prediction
model and ER negativity predicted for LRR in breast
cancer patients treated with mastectomy.”* Studies of
patients treated with BCT have yielded mixed results, with
most of the positive findings indicating a relationship
between genetic signatures and LRR in younger, pre-
menopausal patients.**> The majority of studies exploring
the relationship between gene expression signatures and
LRR have been limited by small patient numbers,
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TABLE 2 Patient and treatment characteristics of subjects with locoregional recurrence
Primary Age RS T stage N stage Margin LVSI Chemotherapy Time to recurrence
treatment (years) status (months)
BCS + XRT 45 38 lc 0 Negative No Yes 48
BCS + XRT 47 13 lc 0 Negative No No 88
BCS + XRT 42 20 lc 0 Negative No No 54
Mastectomy 55 18 lc 1mi Negative No Yes 22
Mastectomy 65 30 2 0 Negative No Yes 12
Mastectomy 46 28 Ic 0 Negative Yes Yes 36
Mastectomy 56 30 0 Negative Yes Yes 14
Mastectomy 59 6 0 Negative No No 38
Mastectomy 57 4 lc 0 Negative No No 58
Mastectomy 40 25 2 0 Negative No No 63
Mastectomy 43 10 1b 0 Negative No No 21

T tumor, N node, LVSI lymphovascular space invasion, RS recurrence score, BCS breast-conserving surgery, XRT radiation therapy

heterogeneous treatments, and the inclusion of patients
with mixed receptor subtypes, lymph node-positive dis-
ease, and involved tumor margins after surgery.*>>*2°
Due to these inconsistent results, none of the above genetic
signatures have been adopted into standard practice.
Nevertheless, among genomic profiling assays, the
21-gene RS is attractive due to its widespread use in a
relatively homogeneous cohort of breast cancer patients
and its ability to predict distant metastasis and potential
benefit of chemotherapy. Our findings indicating that the
RS may predict LRR in breast cancer patients treated with
mastectomy is consistent with previous results.'? Further-
more, our data suggesting that RS does not predict for LRR
in patients treated with BCT is also supported by previous
research.'® Another study found a relationship between RS
and LRR in BCT patients under 50 years of age, but no
association was found in women aged 50 years or older."?

Among our BCT patients, 77 % of subjects were aged
50 years or older. Many of these BCT patients were
diagnosed with low-risk disease, which may explain why
we found no relationship between RS and LRR where the
10-year rate of LRR does not exceed 10 %.

The potential biological mechanism by which the
21-gene RS may be predictive of LRR in mastectomy and
not in BCT patients warrants consideration. Previous
research has indicated that wound fluids and growth factors
that stimulate proliferation, migration and invasion of
breast cancer cells are released following surgery in breast
cancer patients. Five of the 21 genes used in the RS assay
are instrumental in tumor proliferation, and the prolifera-
tion group score determined from these five genes are one
of the major determinants of the overall RS. It is possible
that a high RS is indicative of inherent cellular sensitivity
and response to growth factors released at the time of



N. K. Jegadeesh et al.

surgery, stimulating residual malignant cells or otherwise
dormant cells to de-differentiate and develop into locally
recurrent disease. Targeted Intraoperative Radiotherapy
(TARGIT) has already been shown to decrease the stimu-
latory effect of wound response fluids otherwise observed
in surgical fluids sampled from BCT patients who do not
receive radiation.”” Likewise, post-mastectomy radiation
treatment could potentially suppress the release of growth
factors following mastectomy and abrogate the LRR risk in
a patient with a high RS.

The strengths of our study include a long follow-up
period in a relatively large cohort of patients treated with
modern systemic therapies shown to impact LRR. In
NSABP B-14 and B-20, patients were treated with
tamoxifen alone or with older chemotherapy regimens,
including methotrexate and fluorouracil or cyclophospha-
mide, methotrexate, and fluorouracil.”®?° Despite the use
of modern systemic chemotherapy in our patients, a rela-
tionship between RS and LRR continued to exist.
Limitations include a relatively low overall event rate due
to the low-risk breast cancer population in which the RS
was generated. All patients had stage I and II disease that
was ER-positive, and the majority were post-menopausal.
Furthermore, only 20 % of patients had an RS > 25. Due
to the low event rate, a multivariable analysis for each local
treatment group could not be performed. Nevertheless,
even within this low-risk breast cancer population, we
found a relationship between RS and LRR underscoring the
potential of the RS to identify a group of patients thought to
otherwise have low risk of LRR based on traditional clin-
icopathologic factors.

CONCLUSIONS

Our study demonstrates that there is a relationship
between RS and LRR and that this relationship appears to
be most robust in mastectomy patients treated without
radiation. The RS may identify patients traditionally trea-
ted with mastectomy alone (e.g. pStage I or II) who may
benefit from post-mastectomy radiation due to their higher
risk of LRR even after treatment with modern systemic
agents. Future prospective trials are needed to validate
these findings in a larger cohort of patients.
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