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Abstract

BACKGROUND: De-intensification of adjuvant therapy is being considered for older women
with early-stage, biologically-favorable breast cancer. Although radiation therapy (RT) can be
omitted in some cases, toxicity from endocrine therapy (ET) is not trivial, and adherence rates
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vary. We hypothesized that adjuvant RT alone would produce comparable survival outcomes as
adjuvant ET alone among elderly patients treated with lumpectomy.

METHODS: We searched the National Cancer Database (2010-2014) for healthy women (=70
years, Charlson/Deyo (CD) score 0-1) with TINO hormone-receptor—positive, HER-2-negative
breast cancer treated with lumpectomy and adjuvant ET or RT. Propensity scores were used to
match patients for analysis.

RESULTS: We identified 2995 patients (median age, 78 years), most (81%) with a CD score of 0,
clinical stage 1A (77%), of whom 65% received ET alone and 35% RT only after lumpectomy. On
multivariate analysis of the matched cohort, older age (HR 1.10 (95% CI 1.07-1.13), P<0.001) CD
score 1 (HR 1.92 (95% CI 1.37-2.70), P=0.0002), and living in a metropolitan (vs. urban) area
(HR 3.09 (95% ClI 1.43-6.67), P=0.004) were associated with inferior OS, whereas treatment with
ET (vs. RT) was not (HR 1.13, (95% CI 0.85-1.49), P=0.406). At a median follow-up of 45
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months, no difference was found in OS between ET versus RT cohorts (85% and 86%,
respectively; P=0.44).

CONCLUSIONS: For healthy, older women with biologically favorable breast cancer treated
with lumpectomy, adjuvant RT or ET is associated with equivalent 5-year OS rates. A randomized
controlled trial is warranted to explore these adjuvant monotherapy options in elderly patients with
hormone receptor-positive breast cancer.

Keywords

elderly patients; early-stage breast cancer; endocrine therapy; hormone therapy; radiation therapy;
overall survival

INTRODUCTION

Breast cancer is the most common malignancy in women and predominately affects those
older than 70 years.13 As the U.S. population continues to age, the incidence of invasive
breast cancer in this population will also increase; however, gains from advances in
screening, detection, and treatment of this disease have been less evident for older women.
1.4-5 Surgical resection remains the cornerstone of treatment for early breast cancer for
patients of any age, and several studies have examined the efficacy, morbidity, and mortality
of subsequent adjuvant therapies for older patients, including endocrine therapy (ET) alone,
radiation therapy (RT) alone, and combination ET+RT.26-9 Adding adjuvant RT to ET has
consistently shown a local control benefit; however, given the biologically favorable nature
of breast cancers among women diagnosed at age 70 or older, interest has been expressed in
de-intensifying adjuvant treatment for breast cancer in elderly women. De-intensification
remains up for debate, however, as many women in this age group are healthy, with minimal
comorbid conditions, and thus may live for many years after diagnosis. In fact, the average
life expectancy for women with no comorbidities (Charlson/Deyo (CD) score 0) aged 70 is
19 years and for women with low/medium comorbidities (CD score 1-2) is 16 years.10

Adjuvant ET has been shown to decrease the risk of disease recurrence by 41% and the risk
of death by 34% in women with estrogen receptor (ER)—positive early-stage breast cancer. 11
ET also has the added benefit of preventing cancer, not only in the contralateral breast, but
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also elsewhere;12-13 however, this therapy also has the potential for negative side effects
such as arthralgia and hot flashes, leading to poor patient adherence or discontinuation of the
drug. On average, adherence rates for hormonal therapy range from 41% to 72%.14-17 To
our knowledge, no study has directly compared survival outcomes for healthy elderly
women treated with lumpectomy followed by either ET or RT alone. A patient-level
microsimulation using the relative effectiveness between treatments of the NSABP B-21 trial
was recently published and revealed similar findings to modern trials: ET was superior in
preventing contralateral cancers and RT was superior in preventing ipsilateral breast-tumor
recurrence.® The authors concluded that adjuvant RT alone is a safe option for healthy
elderly women with early stage breast cancer, therefore, providing further rationale for
performing a population level analysis to validate this model.19 We thus undertook this study
of the National Cancer Database (NCDB) to evaluate survival outcomes for women aged
=70 years with hormone receptor—positive early breast cancer treated with lumpectomy
followed by either adjuvant ET or RT alone.

METHODS

Patient Population

The NCDB, a joint project of the Commission on Cancer (CoC) of the American College of
Surgeons and the American Cancer Society, is a hospital-based registry that captures
approximately 70% of newly diagnosed cancer cases in the United States and Puerto Rico
and draws data from >1500 commission-accredited cancer programs. Originating in 1989,
the NCDB now contains approximately 34 million records. Data registries contain patient
characteristics, cancer stage, tumor histologic characteristics, type of first treatment
administered, and outcomes. Vital status data is provided by CoC accredited hospitals,
which requires a 90% annual follow-up rate for analytic patients diagnosed within the prior
5 years. The American College of Surgeons and the CoC have not verified and are not
responsible for the analytic or statistical methods used, or for the conclusions drawn from
these data, by the investigators of this study. The analysis was exempt from the institutional
review board at our institution given its retrospective nature and the lack of identifying
patient information provided in the NCDB User File.

We queried the NCDB User File for female patients, 70 years of age or older, with TINO
hormone receptor—positive, HER-2—negative breast cancer diagnosed in 2010-2014 and
treated with lumpectomy followed by adjuvant ET or RT (Fig. 1). Patients were included if
they had a CD score of 0 or 1, where 0 meant no comorbid conditions and 1 included any
one of the following: myocardial infarction, congestive heart failure, peripheral vascular
disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic
disease, peptic ulcer disease, mild liver disease, or diabetes. Patients could have ER+ and/or
progesterone receptor—positive (PR+) disease. Exclusion criteria were receipt of
chemotherapy at any time, receipt of RT to any area other than the breast or breast regional
lymphatics, or receipt of both ET and RT. The lumpectomy had to have been done before ET
or RT was begun, assessed by treatment start day from date of diagnosis or documentation of
any neoadjuvant ET or RT. All patients had AJCC 7" Ed. clinical stage IA or IB breast
cancer, with either no regional nodes examined or no nodes documented as being positive.
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Patients diagnosed in 2015 were excluded, as no survival data for such patients were
included in the database. The start date of 2010 was the first year that data on HER-2 status
had been captured in the NCDB.

Statistical Analyses

We used propensity score matching to reduce the influence of selection bias on the estimates
of treatment effect on overall survival (OS) from these observational data.19-2! The
propensity score is the conditional probability of receiving a specific treatment (ET or RT)
given a set of observed covariates. The following covariates were included in the
multivariate logistic regression model (MVA) to create the propensity scores: age at
diagnosis, CD score (0, 1), education level (proportion of patients within a zip code that did
not graduate from high school [229%, 20%—28.9%, 14%-19.9%, <14%]), income (Median
household income for each patient’s area of residence [<$30,000, $30,000-$34,999,
$35,000-$45,999, $46,000+]) and geographic location of treatment (defined by matching the
Federal Information Processing Standard county code for a patient against the U.S.
Department of Agriculture Economic Research Service: metropolitan (urbanized county
population of at least 50,000), urban (county population of more at least 2,500 outside of a
metropolitan area), rural (county population of less than 2,500), or unknown). We identified
1:1 matched doublets, one case for each of the two treatments (RT vs. ET) by using a 5-to-1-
digit greedy match algorithm.22 Absolute standardized differences were used to assess
balance in the covariates between the two treatment groups, with an absolute standardized
difference of <10% for the groups, suggesting a substantial and reasonable balance between
the two groups.

OS time was measured from the date of diagnosis to the date of death, with OS for surviving
patients right-censored at the time of last contact. The distribution of OS was estimated by
the Kaplan-Meier method.23 For the non-matched cohort, log-rank tests24 were used to test
differences in survival between treatment groups (RT vs. ET). Regression analyses of
survival data based on the Cox proportional hazards model2® were conducted for OS in a
multivariate setting. For the matched cohort, stratified log-rank tests with the matched pairs
as strata were fitted to evaluate differences in OS between the treatment groups. We further
adjusted for the matching factors by using double robust estimation under the Cox model.2
All tests were two-sided. Pvalues of <0.05 were considered statistically significant. All
analyses were done with SAS (version 9.4, Cary, NC) and S-plus (version 8.04, TIBCO
Software Inc., Palo Alto, CA).

RESULTS

Population Characteristics

Of the 2,445,870 patients included in the obtained dataset, 2995 women were identified as
meeting the inclusion criteria. The median age at diagnosis was 78 years (range 70-90
years). Most patients had a CD score of 0 (81%) and white ethnicity (91%). The majority of
patients also had a median quartile income of >$46,000 (44%); lived in zip codes where
<14% of the population did not graduate high school (45%); had public insurance (89%);
lived in a metropolitan area (82%); and were treated at a Comprehensive Community Cancer

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2020 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buszek et al. Page 5

Program (56%). Sixty-five percent of patients (n=1957) received adjuvant ET alone after
lumpectomy and 35% (n=1038) received adjuvant RT alone after lumpectomy. Detailed
population and treatment characteristics are summarized in Table 1.

Overall Survival Outcomes

The median follow-up time for all patients was 44.6 months. The 5-year OS for patients
treated with ET alone was 82.8% and the 5-year OS for patients treated with RT alone was
86.1% (logrank P=0.09).

Propensity Matched Analysis and Outcomes

A total of 998 patients who received adjuvant ET were successfully propensity score
matched with 998 patients who received adjuvant RT at a 1:1 ratio. The absolute
standardized difference between groups for all variables was <10%, representing a well-
matched cohort. In the matched cohort, the median age of patients was 77 years (range 70—
90). Five-year OS rates were 84.6% for patients given adjuvant ET and 85.9% for those
given adjuvant RT (logrank test £=0.44). Without adjusting for the other risk factors, the
difference in OS between the propensity score matched RT-only and ET-only groups was not
statistically significant (P=0.44, Fig. 2). After adjusting for the variables used for matching
using the double robust estimation under the Cox model, the difference in OS between
propensity score matched RT-only and ET-only subgroups remained insignificant (P= 0.41).

Multivariate Analyses

On MVA of the unmatched cohort, CD score of 1 (hazard ratio [HR] (95% confidence
interval (CI)) 1.964 (1.53, 2.519), A<0.0001) and older age (HR (95% CI) 1.103 (1.081,
1.126), £<0.001) remained significantly associated with worse OS. After adjusting for age
and CD score in the multivariate Cox proportional hazards model, the difference in OS
between the RT-only and ET-only subgroups was not statistically significant (HR (95% CI)
0.96 (0.759, 1.213), A=0.73).

On MVA of the matched cohort, older age (HR 1.097, A<0.001) and a CD score of 1 (HR
1.922, P=0.0002) predicted worse survival, and living in an urban area (versus a
metropolitan area) predicted improved survival (HR 0.323, £=0.004; Table 2). Neither
income nor education predicted survival.

DISCUSSION

As the U.S. population continues to age, the optimal adjuvant treatment regimen for healthy,
elderly women with early-stage breast cancer should be tailored in light of the biology of the
disease, competing risks of morbidity and mortality, and a desire to optimize quality of life
for this age group. Unfortunately, elderly patients are often excluded from clinical trials and
are scarce in most prospective reviews.2” Strikingly, the disparity between the incident
disease population and the age of cancer clinical trial participants appears to be increasing
over time.
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Buszek et al. Page 6

Three randomized phase Il trials have particularly focused on outcomes in elderly women
with early stage breast cancer, examining if RT can be omitted in the setting of ET. First, in
the CALGB C9343 trial of women aged =70 with ER+ clinical stage | breast cancer treated
by lumpectomy, patients were randomized to either adjuvant ET+RT or ET alone. This study
found no difference in five year OS rates between those given ET+RT (87%) and those
treated with ET alone (86%; p=0.94). Additionally, there were no differences in rates of
mastectomy for local recurrence or distant metastasis (DM).28 Five-year overall survival in
this study of 86—-87% was comparable to the findings reported in our study, here, in the
NCDB. Second, the PRIME 11 study evaluated women aged =65 years with early, low-risk
breast cancer (hormone receptor—positive, NO, T1-2 up to 3 cm, and grade 3 or
lymphovascular invasion [but not both]) treated with lumpectomy followed by
randomization to adjuvant ET with or without RT.2% At a median follow-up of 5 years, no
differences were found in regional recurrence, DM or OS. Rates of ipsilateral breast tumor
recurrence (IBTR) were 1.3% in women who received RT and 4.1% in those who did not.
Third, ABCSG 8A evaluated 869 postmenopausal women with favorable early breast cancer
treated by lumpectomy followed by ET with or without RT and found a 5-year local relapse
rate of 5.1% after ET and 0.4% after ET+RT (£=0.0001), with no difference in DM or 0S.30
In sum, these studies demonstrated no survival advantage with the addition of RT to ET but
consistently showed a local control benefit of adding RT to ET.

None of these studies, however, evaluated whether adjuvant RT alone was equivalent to
adjuvant ET alone. In 2002, NSABP B-21 attempted to answer this question in all age
groups and reported results after lumpectomy and adjuvant ET alone, RT alone, or ET+RT
for women with <1 cm, node-negative breast cancer, the majority of which were HR
positive. Only 16% of the study cohort included women 70 years or older. The addition of
RT reduced the cumulative incidence of IBTR compared to that of ET alone (16.5% for ET
alone, 9.3% for RT+placebo, and 2.8% for ET+RT). ® Notably, there was no difference in
the three arms in either DM DFS or OS with ET alone or RT alone, similar to the findings of
our study.

Current clinical guidelines recommend at least 5 years of treatment with adjuvant ET to
prevent recurrence and improve survival.31 However, the toxicity of ET is not trivial,
particularly for older women,32-39 and reported adherence rates range from 41% to 88% for
tamoxifen and 50% to 72% for aromatase inhibitors.14-17 Prior studies suggest that long-
term adherence rates for ET are highest for women aged 51-69, but decline among women
over 70.33-34

In contrast, RT for breast cancer is generally well tolerated by most patients and does not
significantly impair their daily activities. Acute side effects, the most common being skin
reactions (10%), are self-limiting and resolve within 4—-6 weeks after treatment. Forms of
late toxicity may include moderate to marked persistent breast edema (1-11%), change in
breast skin appearance (6-23%) or fibrosis (7-38%).40-41 Moreover, adherence rates are

high at 98%-99% 3940 and treatment time ranges from 1 to 5 weeks.4!

One of the goals of ET is to reduce not only the risk of local recurrence, but also the risk of
contralateral breast cancer.643 However, with increasing age, the incidence of a contralateral
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breast cancer appears lower than that of patients with breast cancer diagnosed at younger
ages.*447 Thus, the potential benefit of ET monotherapy over RT may be reduced in older
women. Theoretically, ET may also have a benefit of decreasing DM, but in biologically
favorable early-stage breast cancer, the risk of DM is low at 1.5% to 3.3% and does not seem
to be affected by adjuvant RT as opposed to adjuvant ET (P=0.28)%: indeed, among patients
aged =70 in NSABP B-21, tumor recurrence rates were similar for those given RT versus
ET, and no difference was found in OS (93%-94%, P=0.93) 6.

In our large retrospective analysis of healthy older women with hormone receptor—positive,
HER-2 negative disease, adjuvant ET and adjuvant RT were both associated with
outstanding outcomes, with median survival time not yet reached at a median follow-up time
of 44.6 months and no differences in OS rates. These findings make the option of adjuvant
RT alone worth investigating further, especially considering continued advances in
hypofractionated and partial-breast irradiation enabling increasingly shortened treatment
times for adjuvant RT. Therefore, RT alone may be a useful approach given the real-world
risks of noncompliance with or discontinuation of ET for such patients.

The NCDB provides a valuable tool for studying large, real-world cohorts and for seeking
answers to questions that are unlikely to be studied in prospective randomized clinical trials.
Also, elderly patients are not well represented in clinical trials in oncology, and as such the
NCDB is particularly valuable for understanding oncologic outcomes in this sizeable
proportion of patients. For example, the NSABP B-14 trial of adjuvant ET excluded women
aged =70,12 and only 16% of the 1000 women in NSABP B-21 were aged =70.8 The current
study of 2995 healthy woman with breast cancer diagnosed at an advanced age is unlikely to
be replicated in such large numbers prospectively. Nevertheless, the nature of the NCDB
carries inherent limitations arising from potential miscoding of variables, undetectable
selection bias, absence of recurrence data, and missing data for some variables, specifically
adherence to either regimen (ET or RT). We restricted analysis to patients confirmed to have
clinical node negative disease which did not require pathologic evaluation of the axilla, and
our findings are not applicable to those patients with pathologic node positive disease. Of the
patients included in our study, the vast majority (86%, 2563 patients) underwent a biopsy or
aspiration of a regional lymph node, 14% underwent no lymph node surgery, and only 86
patients (2.9%) had pathologically confirmed lymph node involvement. Additionally, a
median follow up time of less than 5 years in patients with early stage, hormone receptor
positive breast cancer may be premature, as differences may not become apparent until
longer follow-up.12 HER-2 status was included in the NCDB starting in 2010, which limited
the numbers of patients for this study, as well as the duration of follow up. Finally, the
NCDB provides information only on all-cause survival, but not progression-free survival,
cancer-specific survival, or local recurrence.

In conclusion, this analysis of the NCDB suggests that healthy elderly women with hormone
receptor—positive, HER-2—negative disease treated with lumpectomy followed by adjuvant
ET or RT do very well with either type of adjuvant therapy. The availability of short
radiation treatment times, with low toxicities, may be considered for such patients in light of
the relatively higher risk of toxicity from ET, which could lead to non-adherence with or
outright discontinuation of that therapy.
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Figure 1.
CONSORT diagram. NCDB, National Cancer Database; RT, radiation therapy; ET,

endocrine therapy; LN, lymph node; ER, estrogen receptor; PR, progesterone receptor.
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Figure 2.
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Kaplan-Meier estimates of overall survival by treatment group, in (A) all non-matched
patients, and (B) patients matched for age at diagnosis, Charlson/Deyo comorbidity score,
education, and geographic location. ET, endocrine therapy; RT, radiation therapy.
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TABLE 1.

Page 13

Characteristics of healthy patients with stage I, hormone receptor positive, HER2 non-amplified breast cancer
treated with adjuvant monotherapy captured in the NCDB 2010-2014.

Value or No. of Patients (Column %)

All Patients (n=2995)  ET only (n=1957) RT only (n=1038)  p \alue®
Age, median (range), years 78 (70-90) 78 (70-90) 77 (70-90) <0.0001
Ethnicity 0.2733
White 2729 (91) 1774 (91) 955 (93)
Black 164 (5) 111 (6) 53 (5)
Other 78 (3) 57 (3) 21(2)
Unknown 24 (1) 15 (0) 9 (0)
Charlson/Deyo Score * 0.0005
0: no comorbid conditions 2418 (81) 1544 (79) 874 (84)
1: single comorbid condition 577 (19) 413 (21) 164 (16)
Insurance Status 0.1813
Public 2663 (89) 1749 (89) 914 (88)
Private 297 (10) 181 (9) 116 (11)
Uninsured 10 (0) 8 (0) 2 (0)
Missing 25(1) 19 (1) 6 (1)
Income level Quartiles 0.0003
<$30,000 253 (8) 183 (9) 70 (7)
$30,000-$34,999 451 (15) 322 (17) 129 (12)
$35,000-$45,999 900 (30) 577 (30) 323 (31)
$46,000+ 1307 (44) 831 (43) 467 (46)
Missing 84 (3) 44 (2) 40 (4)
Education level 4 0.0032
29%+ 312 (10) 227 (12) 85 (8)
20%-28.9% 570 (19) 382 (20) 188 (18)
14%-19.9% 684 (23) 434 (22) 250 (24)
<14% 1345 (45) 870 (45) 475 (46)
Missing 84 (3) 44 (2) 40 (4)
Home location 0.0060
Metro 2461 (82) 1574 (80) 887 (86)
Urban 411 (14) 298 (15) 113 (11)
Rural 53 (2) 38 (3) 15 (1)
Unknown 70 (2) 47 (2) 23(2)
Treatment Facility 0.0352
Academic/Research 756 (25) 523 (27) 233(22)
Community Program 572 (19) 363 (19) 209 (20)
Comprehensive Community Program 1667 (56) 1071 (55) 596 (57)
Facility Location <0.0001
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Value or No. of Patients (Column %)

All Patients (n=2995)  ET only (n=1957) RT only (n=1038)  p \alue®

Midwest 774 (26) 529 (27) 245 (24)
Northeast 615 (21) 408 (21) 207 (20)
South 1001 (33) 677 (35) 324 (31)
West 605 (20) 343 (17) 262 (25)
Tumor size, median (range) mm 14 (1-700) 10 (1-700) 9 (1-60) <0.0001

a . . -
P-value of comparison of patient’s characteristics between RT alone and ET alone
*
A Charlson/Deyo score of 1 represents having one of the following comorbid conditions: myocardial infarction, congestive heart failure,
peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, mild liver

disease, or diabetes.

fPercentage of people in the patient’s zip code who did not graduate from high school.

Abbreviations: NCDB: National Cancer Database, ET: endocrine therapy, RT: radiation therapy.
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TABLE 2.

Multivariable analysis of factors associated with the risk of death in a propensity score matched cohort of
elderly patients with early stage breast cancer treated with adjuvant ET or RT.
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Variable Hazard Ratio  95% Confidence Interval P Value
Adjuvant Monotherapy
RT only Reference 0.4064
ET only 1.125 0.852-1.485
Age 1.097 1.069-1.125 <0.0001
Charlson/Deyo Score 0.0002
0: no comorbid conditions Reference
1: single comorbid condition 1.922 1.367-2.702
Income level 0.3487
<$30,000 Reference
$30,000-$34,999 1.369 0.621-3.019
$35,000-$45,999 1.709 0.813-3.539
$46,000+ 1.348 0.621-2.926
Education level 0.9604
<14% Reference
14%-19.9% 1.014 0.692-1.487
20%-28.9% 1.012 0.655-1.565
29%+ 1.180 0.635-2.193
Facility rurality 0.0139
Urban Reference
Metro 3.001 1.434-6.665
Rural 1.033 0.127-8.433
Unknown 0.910 0.111-7.448
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