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ABSTRACT

Background. Recurrence score (RS) testing in early-
stage, ER-positive breast cancer is used to predict the
benefit of adjuvant chemotherapy for disease recurrence
and overall survival. TAILORx results decreased the
ambiguity of “intermediate risk” RS by creating a binary
classification system. We aimed to determine how women
> 70 years with intermediate RS were redistributed post-
TAILORx and to identify predictors of low RS.
Methods. Patients > 70 years with early-stage, node-
negative, ER-positive breast cancers in the National Cancer
Database(2006-2014) were included. “Pre-TAILORXx” RS
were classified as low (0-17), intermediate (18-30), and
high (> 30). “Post-TAILORx” RS were classified as low
(0-25) and high (> 25).

Results. In total, 14,925 women were included. Average
age was 74 years. 60% (n = 9009) had low pre-TAILORx
RS, 31% (n = 4635) intermediate, and 9% (n = 1281) high.
Of 4635 patients with intermediate RS, 72% (n = 3660)
were reclassified to low RS. Only 12% (n = 1783) of
patients received chemotherapy. Of patients with pre-
TAILORx intermediate RS who received chemotherapy,
55% (n = 417) would have been spared chemotherapy by
being reclassified with low RS post-TAILORx. The
strongest predictor of post-TAILORx low RS was tumor
grade; 95% of well-differentiated had low RS, compared
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with 56% of poorly/undifferentiated tumors (p < 0.001).
Smaller tumor size also was associated with low RS. Age
was not associated with RS.

Conclusions. With post-TAILORx RS criteria, the vast
majority of patients > 70 years can be classified as low-
risk and unlikely to benefit from chemotherapy. Given that
the elderly have greater rates of chemotherapy-associated
complications, reconsideration of routine RS testing in
patients > 70 years is warranted. Tumor grade and size
also may inform the decision to omit RS testing.

In 1989, the National Surgical Adjuvant Breast and
Bowel Project (NSABP) published results from a ran-
domized clinical trial (B-14) investigating the use of
adjuvant endocrine therapy for women < 70 years of age
with early-stage, estrogen receptor (ER)-positive, node-
negative breast cancers. Compared with placebo, tamox-
ifen resulted in improved recurrence-free survival (RFS).1
Subsequently, B-20 was initiated to investigate the use of
adjuvant chemotherapy in addition to tamoxifen for early-
stage, ER-positive, node-negative cancers. This study
found an advantage in both RFS and overall survival (OS)
in patients who received chemotherapy in addition to
tamoxifen. Interestingly, these advantages were the great-
est in younger women, specifically those < 50 years of
age.”

Long-term findings showed that the vast majority of
patients do not experience a disease recurrence in 10 years,
even without chemotherapy; 10-year RFS in women trea-
ted with tamoxifen alone was found to be 78% in patients
enrolled in B-14 and 79% of patients enrolled in B-20.
Long-term results from B-20 again demonstrated greater
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benefit of adjuvant chemotherapy in younger women; a
progressive reduction in recurrence was seen with
increasing age at surgery in patients treated with tamoxifen
but not chemotherapy.’ Given these relatively low risks of
recurrence, a 21-gene assay was developed and used to
create a classification system to identify women at high risk
of recurrence and thus most likely to benefit from
chemotherapy. These recurrence score (RS) risk categories
(low: RS < 18, intermediate: 18-30, high: > 30) were
used to guide adjuvant treatment decisions. However, best
practices for women with intermediate scores remained
unclear, with systemic treatments prescribed using a
combination of patient and tumor characteristics, and
physician preference, rather than evidence-based, objective
tools.* The TAILORX study sought to determine the benefit
of chemotherapy in these intermediate RS patients, ran-
domizing patients with a RS of 11-25 to receive a
combination of chemotherapy followed by endocrine
therapy or endocrine therapy alone.” These adjuvant ther-
apy regimens resulted in similar disease-free survival
(DFS), RFS, and OS.’ Application of these results
decreased the ambiguity of an “intermediate risk” RS by
stratifying scores into a binary classification system (low:
0-25, high: > 25).°> However, the benefit of chemotherapy
in elderly women and best practices for this age group
remains unknown.

The uncertain benefit of chemotherapy in elderly
patients is multifactorial, including the decreased benefit
seen in elderly patients receiving chemotherapy in B-20,
the heterogeneity in the health and functional status of
older patients, and the increased risks in overtreatment with
chemotherapy in elderly patients.>>® Thus, it is critically
important in this age group to accurately risk stratify
women based on risk of recurrence.

Our goals were to (1) determine how women > 70
years of age with intermediate recurrence scores were
redistributed using post-TAILORX criteria, (2) to deter-
mine the rates of adjuvant chemotherapy utilization in
these patients, and (3) to identify predictors of low RS,
based on TAILORKX criteria using a large national database.

METHODS
National Cancer Database

The National Cancer Database (NCDB) is a collabora-
tion between the American College of Surgeons
Commission on Cancer and the American Cancer Society.’
Data are sourced from more than 1500 Commission on
Cancer accredited hospitals across the United States. The
NCDB was queried for adult patients > 70 years of age
with T1 or T2, NO, ER-positive, HER2-negative breast

cancer from 2006 to 2014. Patients with missing RS were
excluded. RS was defined as “pre-TAILORx” (low: 0-17,
intermediate: 18-30, high: > 30) and “post-TAILORx”
(low: 0-25, high > 25).

Statistical Analysis

Statistical analysis was conducted using SAS Version
9.4 (SAS Institute Inc., Cary, NC) and SAS macros or
software developed at the Biostatistics and Bioinformatics
Department at Winship Cancer Institute.® Statistical sig-
nificance was predefined as two-tailed p < 0.05.
Descriptive statistics for each variable were reported. The
percentage of patients with low RS via both pre- and post-
TAILORKX criteria, intermediate RS via pre-TAILORx and
low RS via post-TAILORX criteria, intermediate RS via
pre-TAILORx and high RS via post-TAILORX criteria, and
high RS via both pre- and post-TAILORx criteria were
calculated. The univariate association between each
covariate and study outcomes (receipt of chemotherapy and
low or high post-TAILORx RS) was assessed using the Chi
squared test. The multivariable association between age,
tumor size, and tumor grade and low RS was assessed
using logistic regression and reported as odds ratios (OR)
with corresponding 95% confidence intervals (CI).

RESULTS
Patient Characteristics

A total of 14,925 women > 70 years of age with T1-T2,
NO, ER-positive, HER2-negative breast cancer were
included. Mean age was 74 years. Seventy-six percent
(n = 11,355) and 26% (n = 3750) of women had T1 tumors
and well differentiated histology, respectively. Twelve
percent of women (n = 1783) received chemotherapy.
Sixty percent (n = 9009) had a low RS based on pre-
TAILORX criteria, 31% (n = 4635) intermediate RS, and
9% (n = 1281) high RS. Of women initially classified with
intermediate RS, 79% and 21% were reclassified to low
and high RS, respectively (Table 1).

Receipt of Chemotherapy

Using pre-TAILORXx criteria, 2% (n = 200) of patients
with low RS, 17% (n = 753) with intermediate RS and
65% (n =830) with high RS received chemotherapy
(p < 0.001). Using post-TAILORX criteria, 5% (n = 617)
of patients with a low RS received chemotherapy compared
with 52% (n = 1166) with high RS (p < 0.001). Of the
patients with intermediate RS before TAILORx who
received chemotherapy, 55% (n = 417) would have been
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TABLE 1 Baseline demographic and clinicopathologic data

Variable N (%)
Age

70-74 9295 (62.3)

75-79 4253 (28.5)

> 80 1377 (9.2)
Age (mean £ SD) 74.1 + 3.7
Charlson-Deyo Score

0 11,532 (77.3)

1+ 3393 (22.7)
AJCC Clinical T

1 2619 (17.5)

1A 515 (3.5)

1B 2864 (19.2)

1C 5342 (35.8)

2 3570 (24.0)
AJCC Clinical N

0 14,925 (100)
ER+ 14,925 (100)
HER2— 14,925 (100)
Tumor size

<lcm 3086 (20.7)

1-2 cm 7324 (49.1)

>2cm 4506 (30.2)
Tumor grade

Well differentiated 3750 (26.4)

Moderately differentiated 8045 (56.6)

Poorly differentiated/undifferentiated 2410 (17.0)
Lymphovascular invasion (present) 1974 (15.0)
Recurrence score (pre-TAILORX)

Low (0-17) 9009 (60.4)

Intermediate (18-30) 4635 (31.1)

High (> 30) 1281 (8.6)
Recurrence score (post-TAILORX)

Low (0-25) 12,669 (84.9)

High (> 25) 2256 (15.1)
Recurrence score (pre/post-TAILORx)

Low/low 9009 (60.4)

Intermediate/low 3660 (24.5)

Intermediate/high 975 (6.5)

High/high 1281 (8.6)
Received chemotherapy 1783 (12.2)

spared chemotherapy by being reclassified with low RS
after TAILORx (Table 2).

Predictors of Low-Risk Recurrence Score

On univariate analysis, age, T stage, tumor size, tumor
grade, and lymphovascular invasion were associated with

post-TAILORx low RS. Specifically, younger age, Tl
tumors, well differentiated tumors, smaller tumor size, and
absence of lymphovascular invasion were more likely to be
associated with a low RS (Tables 3 and 4). On multivari-
able analysis, higher tumor grade (moderately
differentiated vs well differentiated: OR 0.43, 95% CI
0.36-0.51; poorly differentiated vs well differentiated: OR
0.07, 95% CI 0.06-0.09, all p < 0.001) and T2 tumors (T2
vs T1: OR 0.83, 95% CI 0.71-0.96, p = 0.015) were sig-
nificantly less likely to be associated with a low RS, while
increasing age and lymphovascular invasion were not
associated with RS (Table 4).

DISCUSSION

Since the development of the 21-gene RS assay in 2004,
RS testing has been adopted to guide adjuvant therapy
decisions. Partin and colleagues found a threefold increase
in the percentage of patients receiving RS testing in the first
5 years after development, with 50% of patients receiving
RS testing in 2009.” Since that time, RS testing has become
incorporated into practice guidelines, with the American
Society of Clinical Oncology and the National Compre-
hensive Cancer Network including RS testing in their
guidelines in 2007 and 2008, respectively.'®'' The RS now
forms the backbone of the prognostic staging groups pre-
sented in the 8th edition of the AJCC Cancer Staging
manual, highlighting the importance of disease biology in
staging and treatment decision making.'”

After B-20 showed benefit of chemotherapy in addition
to tamoxifen, the majority of women with ER+, node-
negative breast cancer were recommended to receive
adjuvant chemotherapy, mostly based on T stage.” The
development of the 21-gene RS allowed for a more
nuanced understanding of tumor biology and potential
benefit from chemotherapy.* Paik and colleagues demon-
strated that patients included in B-20 did not benefit
equally from chemotherapy when stratified by RS; patients
with high RS benefited greatly from chemotherapy,
whereas patients with low RS did not. Patients with inter-
mediate RS did not appear to benefit from chemotherapy;
however, the uncertainty in the relative risk estimate did
not definitively exclude a clinically relevant benefit for
these patients.'” Thus, a large degree of uncertainty in
treating these patients remained, until TAILORx allowed
for a binary classification system, reclassifying 69% of
women enrolled in the study from intermediate to low risk
of distant recurrence.” Given that the majority of women
are classified as low risk and unlikely to benefit from
chemotherapy, the question arises as to whether recurrence
score testing is mandated in all women with early stage,
ER+, node-negative breast cancer.
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TABLE 2 Receipt of Chemotherapy P value
chemotherapy by recurrence
score Yes N (%) No N (%)
Recurrence score (pre-TAILORX)
Low (0-17) 200 (2.3) 8593 (97.7) < 0.001
Intermediate (18-30) 753 (16.6) 3775 (83.4)
High (> 30) 830 (65.3) 441 (34.7)
Recurrence score (post-TAILORX)
Low (0-25) 617 (5.0) 11,746 (95.0) < 0.001
High (> 25) 1166 (52.3) 1063 (47.7)
Recurrence score (pre/post-TAILORXx)
Low/low 200 (2.3) 8593 (97.7) < 0.001
Intermediate/low 417 (11.7) 3153 (88.3)
Intermediate/high 336 (35.1) 622 (64.9)
High/high 830 (65.3) 441 (34.7)
Bold values indicate statistical significance (p < 0.05)
;ﬁiﬁgagloﬁégirigiie;bizs by Recurrence score P value
recurrence score (Post- Low (0-25) High (> 25)
TAILORX) N (%) N (%)
Age
70-74 7938 (85.4) 1357 (14.6) 0.003
75-79 3603 (84.7) 650 (15.3)
> 80 1128 (81.9) 249 (18.1)
Tumor size
<lcm 2721 (88.2) 365 (11.8) < 0.001
1-2 cm 6302 (86.1) 1022 (13.9)
>2cm 3638 (80.7) 868 (19.3)
Tumor grade
Well differentiated 3559 (94.9) 191 (5.1) < 0.001
Moderately differentiated 7124 (88.6) 921 (11.4)
Poorly differentiated/undifferentiated 1347 (55.9) 1063 (44.1)
Lymphovascular invasion < 0.001
Present 1557 (78.9) 417 (21.1)
Not present 9598 (85.8) 1582 (14.2)

Bold values indicate statistical significance (p < 0.05)

Although increasing age is the primary risk factor for
breast cancer, multiple studies have shown breast cancers
in elderly women to have more indolent, lower risk fea-
tures compared with tumors in younger women, which
likely explains why younger women have been shown to
derive greater benefit from chemotherapy; low-risk tumors
rarely require chemotherapy due to low rates of recur-
rence.”'*'> A study using data from the San Antonio
Breast Cancer Database and the Surveillance, Epidemiol-
ogy, and End Results Database found that tumors in elderly
women were more likely to have normal p53 expression
and lower proliferative indices compared with tumors in

younger women.'* Gennari and colleagues, in a single-in-
stitution study of 2999 women, found that breast cancer in
elderly women is also more likely to be estrogen receptor
expressing, less likely to be HER2 overexpressing, and less
likely to have peritumoral vascular invasion compared with
breast cancer in younger women.'” Similarly to these
studies, we found that the majority of elderly women in our
cohort also had indolent tumors, as reflected by well or
moderate differentiation.

Although elderly women are a heterogeneous group in
terms of health status, on the whole elderly cohorts have
higher rates of comorbid conditions. In elderly women with
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TABLE 4 Multivariable association with low recurrence score (Post-TAILORX)

Univariate Analysis

Multivariable Analysis

Covariate OR (95% CI) p value OR (95% CI) p value
Age

70-74 Reference - Reference -

75-79 0.95 (0.86-1.05) 0.298 0.96 (0.86-1.08) 0.534

> 80 0.77 (0.67-0.90) < 0.001 0.84 (0.71-1.00) 0.053
Charlson-Deyo Score

0 Reference - Reference -

1+ 0.95 (0.86-1.06) 0.379 1.04 (0.92-1.18) 0.512
AJCC Clinical T Stage

1 Reference - Reference -

2 0.61 (0.56-0.68) < 0.001 0.83 (0.71-0.96) 0.015
Tumor size

<lcm Reference - Reference -

1-2 cm 0.83 (0.73-0.94) 0.004 1.04 (0.90-1.21) 0.607

>2cm 0.56 (0.49-0.64) < 0.001 0.93 (0.77-1.12) 0.439
Tumor grade

Well differentiated Reference - Reference -

Moderately differentiated 0.42 (0.35-0.49) < 0.001 0.43 (0.36-0.51) < 0.001

Poorly differentiated/undifferentiated 0.07 (0.06-0.08) < 0.001 0.07 (0.06-0.09) < 0.001
Lymphovascular invasion 0.63 (0.55-0.69) < 0.001 0.96 (0.84-1.10) 0.565

Bold values indicate statistical significance (p < 0.05)

breast cancer, comorbid conditions have been shown to
impact overall survival to a much greater degree than
breast cancer. After 12 years of follow-up in a study of
women > 70 with early-stage, ER+ breast cancer, Hughes
and colleagues found that only 3% of patients had died due
to breast cancer, whereas 49% died due to other causes.'®
These findings were mirrored in recent data published from
Japan in which OS was significantly worse with increasing
age, however breast cancer specific survival (BCSS) was
not, indicating comorbidities are contributing to mortality
at a greater rate than breast cancer recurrence in elderly
women.'” This is especially important to keep in mind
when considering adjuvant therapies that can be associated
with significant complications. Given the heterogeneity in
the health status of older patients and increased rates of
comorbidities, treatment decisions must be individualized
in order to deliver the best possible care to this population.

Receipt of chemotherapy in the elderly can be associ-
ated with  significant complications,  morbidity,
hospitalization, and decreases in cognitive and functional
status. The extent of these complications varies with the
overall health of the individual and with her comorbidities.
Adjuvant chemotherapy in breast cancer has been associ-
ated with a threefold risk of acute kidney injury, and,
emphasizing the interaction of comorbidities with
chemotherapy, elderly patients with diabetes have been

shown to have significantly increased odds of hospitaliza-
tion for any chemotherapy toxicity, for infection or fever,
and for neutropenia or anemia.'®'* Adjuvant chemotherapy
leads to hospitalization rates from 13 to 24% in elderly
women, contributing to significant declines in functional
status and quality of life in 30-60% of patients.®***! The
goals and wishes of the patients themselves in this unique
population are important to consider when making adju-
vant treatment decisions, where independent living and
preservation of mental faculties may be a higher priority
than modest recurrence gains.

The concept of tailoring adjuvant therapy in elderly
patients with early breast cancer is not new. In the CALGB
9343 study, Hughes and colleagues studied the effect of
adjuvant radiation combined with endocrine therapy com-
pared to endocrine therapy alone in women > 70 years.
Radiation provided a small, yet significant benefit in
locoregional recurrence (LRR).'® However, this benefit did
not translate into a benefit in OS or distant DFS, leading to
the conclusion that adjuvant radiation may be omitted after
breast conservation surgery (BCS) in elderly women
> 70.'° Similarly, in the PRIME II study, Kunkler and
colleages considered omission of adjuvant radiation after
BCS in women > 65 years old with low risk tumors.
Radiation was associated with a modest reduction in LRR
at 5 years; however, there were no differences in regional



Recurrence Score Testing in Elderly Women

3157

> 70 year old
woman with early
stage ER+ breast
cancer
Omit recurrence score no Able to tolerate
testing chemotherapy?
v
Omit recurrence score no Will patient accept
. —
testing chemotherapy?

Tumor grade

T

Consider recurrence score
testing if results will
change management

Tumor size > 2 cm

Well differentiated ‘ Moderately differentiated ‘

Poorly/Undifferentiated

|

|

Omit recurrence score
testing

Discuss recurrence score
testing with patient

Consider recurrence score

testing

FIG. 1 Proposed algorithm for considering recurrence score testing in elderly women with early-stage, ER+ breast cancer

recurrence, distant metastases, contralateral breast cancer,
new breast cancers, or OS between those who did and did
not receive radiation.??> Given low LRR rates, the authors
concluded that radiation had no effect on long-term out-
comes, and omission in select patients was warranted.?*
We advocate for a personalized approach to recurrence
score testing in the elderly population (Fig. 1). The initial
consideration for RS testing should be whether a patient is
functional enough to tolerate systemic therapy, followed
closely by whether or not they would accept said therapy if
offered, and these questions are to be decided by detailed
discussion and consideration with the patient as the defi-
nition of “tolerate” is likely to vary amongst individuals.
As we demonstrated, tumor grade is the strongest predictor
of low RS. Patients with poorly differentiated tumors
should be tested, if they are functionally able to tolerate
chemotherapy and would be interested in receiving it, as
they are significantly more likely than patients with well-
differentiated tumors to have high RS. Our results suggest
that 95% of elderly patients with well-differentiated tumors
have low RS, and thus testing in this cohort is not a cost-
effective measure. Patients with moderately differentiated
tumors may be electively tested after thorough considera-
tion and discussion with their physician, keeping in mind

that 89% will have low RS. Finally, larger tumors can be
considered for testing, regardless of grade, provided that
the results would change management.

Recurrence score testing is an important adjunct in the
personalization of breast cancer treatment. It highlights the
importance of tumor biology over standard clinicopatho-
logic measures to guide the receipt of systemic therapy. We
advocate for the nuanced use of this test, particularly for
elderly patients, to enhance resource utilization in an
already overburdened healthcare system.

This study has several limitations. Use of a retrospective
database naturally is prone to selection bias; however, the
NCDB is a large dataset with a comprehensive represen-
tation of the national population. Patients without RS data
were excluded from analysis, thus excluding patients who
were not considered for chemotherapy creating additional
risk of selection bias. Only 7% of patients in the NCDB had
recurrence score data. The exclusion of patients without
recurrence score data likely accounts for the high overall
performance status of the patients in our study as likely
patients who would not tolerate chemotherapy or would not
accept it were not tested.
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With updated TAILORx data, the majority of women
with early stage, node-negative, ER-positive, HER2-nega-
tive cancers have a low risk for recurrence. This is
particularly true in elderly women with more favorable
tumor biology, perhaps making this group of patients an
“ultra-low risk” cohort. Mortality in this age group is
largely due to comorbidities, rather than breast cancer
recurrence, and frequently patients in this age group are
unwilling to receive chemotherapy. Given that these
women have a greater rate of chemotherapy associated
complications, and considering increased healthcare costs
associated with testing, reconsideration of routine RS
testing in patients > 70, especially in those with well-dif-
ferentiated tumors is warranted. We propose that the
decision to use recurrence score testing be individualized in
this elderly cohort. In addition to taking into account
functional status and ability to tolerate chemotherapy,
tumor grade and size also may better inform the decision to
use RS, especially in elderly patients with well-differenti-
ated tumors or those who can be considered as being
“ultra-low” risk.
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