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Abstract

Purpose To assess potential disparities in guideline-concordant care delivery among women with early-stage triple-negative
and HER2-positive breast cancer treated with breast conserving therapy.

Methods Women >40 years old diagnosed with pT2NOMO triple-negative or HER2-positive breast cancer treated with pri-
mary surgery and axillary staging between 2012 and 2017 were identified using the National Cancer Database (NCDB). The
primary outcome was receipt of adjuvant systemic therapy and radiation concordant with current guidelines. Multivariable
log-binomial regression was used to assess the prevalence of optimal therapy use across patient and cancer characteristics.
Kaplan—Meier curves were used to assess 5-year overall survival. Multivariable Cox proportional hazards regression was
used to compare the impact of optimal therapy on 5-year mortality.

Results 11,785 women were included with 7,843 receiving optimal therapy. Receipt of optimal therapy decreased with
age even after adjusting for comorbidities and cancer characteristics; other sociodemographic factors were not associated
with differences in receipt of optimal therapy. Among patients who did not receive adjuvant systemic therapy, most were
not offered the treatment (49%) or refused (40%). Overall 5-year survival was higher among women who received optimal
therapy (89% [95% CI 88.0-89.3] vs. 66% [95% CI 62.9-68.5]). Patients who received suboptimal therapy were over twice
as likely to die within 5 years of their diagnosis (adjusted HR 2.44, 95% CI 2.12-2.82).

Conclusion Age is the primary determinant of the likelihood of a woman to receive optimal adjuvant therapies in high-risk
early-stage breast cancer. Patients who did not receive optimal therapy had significantly diminished survival.

Keywords Adjuvant chemotherapy - Adjuvant radiotherapy - Healthcare disparities - HER2-positive breast cancer - Triple-
negative breast cancer

Introduction

Over the last 25 years, breast cancer therapy has evolved
dramatically with an increasing focus on tailoring treat-
ment to cancer phenotype and individual patient character-
istics [1, 2]. Although survival has generally improved for
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The American Cancer Society, in setting the 2035 chal-
lenge goal to reduce cancer mortality by 40%, identifies the
elimination of disparities in cancer screening and care across
multiple demographic and socioeconomic categories as a
critical component [8]. Instrumental to remedying such dis-
parities is not only identifying patient groups with poorer
relative outcomes but identifying which therapies are being
neglected and the specific risk factors that drive suboptimal
treatment.

Thus, the purpose of this study was to assess potential
disparities in optimal care delivery (defined as the use of
guideline-concordant adjuvant radiation and systemic ther-
apy) among women with early-stage triple-negative (TN)
and HER2-positive (HER2+) breast cancer treated with
breast conserving therapy, a population for whom there are
strong recommendations for the use of adjuvant therapies
[1]. We hypothesized that demographic and socioeconomic
measures would be associated with disparities in the opti-
mal delivery of adjuvant radiation and systemic therapy in
women with early TN and HER2+ breast cancer.

Methods

All women >40 years old diagnosed with TN or
HER?2 + breast cancer between 2012 and 2017 were iden-
tified using the National Cancer Database (NCDB). The
NCDB is a database of incident cancer cases developed
by the American Cancer Society and the Commission on
Cancer of the American College of Surgeons. The NCDB
was established in 1989 and is a nationwide, facility-based,
comprehensive clinical surveillance oncology dataset that
captures roughly 70% of all newly diagnosed cancer cases
each year in the USA. Breast cancer patients were included
in this study if they received primary surgery with partial
mastectomy and axillary staging procedure and were ulti-
mately staged pathologic T2 and node-negative (pT2NOMO).
Women were excluded if they were treated with neoadju-
vant therapy (radiation or systemic therapy) or were missing
information on chemoradiation (Fig. 1).

The primary outcome of interest was whether a woman
underwent optimal therapy in line with guidelines, defined
as the following: For women treated in 2012, this included
having undergone adjuvant chemotherapy and radiation.
For women treated 2013-2017, this included having under-
gone adjuvant systemic therapy (chemotherapy for TNBC;
chemotherapy and anti-HER?2 therapy for HER2 +) and radi-
ation. This difference in optimal therapy definition is due to
a change in NCDB reporting: In 2013, six drugs previously
classified as chemotherapy, including trastuzumab and per-
tuzumab, were reclassified as immunotherapy. Treatment did
not have to be administered by the reporting facility.
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Descriptive statistics were used to compare patient and
cancer characteristics among women who did and did not
receive optimal therapy as defined above. Multivariable
log-binomial regression was used to assess the likelihood or
prevalence of optimal therapy use across patient and cancer
characteristics (prevalence ratio [PR]). Variables included in
the model were age group, race/ethnicity, Charlson Comor-
bidity Index (CCI) score, primary insurance type, median
income in the patient’s ZIP code, educational ascertainment
in the patient’s ZIP code (measured as the percentage of
adults >25 years old that did not graduate from high school),
cancer histology, cancer subtype, facility type, and region.
The model was also adjusted for year of diagnosis. Median
income and educational ascertainment were measured using
data from the 2016 American Community Survey (ACS),
years 2012-2016. The Cochran—Armitage Trend Test was
used to assess rates of optimal treatment by year between
2012 and 2017.

We also assessed the association of optimal therapy, com-
pared to suboptimal, on overall 5-year survival. To account
for the time needed to receive optimal treatment, follow-
up began 8 months after diagnosis for all patients. Patients
with < 8 months of follow-up time due to either early death
or loss to follow-up were excluded. Kaplan—-Meier curves
were used to assess differences in 5-year overall survival.
Multivariable Cox proportional hazards regression was used
to compare the impact of optimal therapy, compared to sub-
optimal, on 5-year mortality after adjusting for age group,
race/ethnicity, CCI score, primary insurance type, median
income in the patient’s ZIP code, educational ascertainment
in the patient’s ZIP code, cancer histology, cancer subtype,
facility type, and region.

All analyses were conducted using SAS version 9.4 (SAS
Inc., Cary, NC). The University of North Carolina IRB
determined this study to be exempt (IRB# 20-1493).

Results

Overall, 11,785 women were included with 7843 (67%)
receiving optimal therapy (both adjuvant systemic therapy
and radiation). Among patients who did not receive optimal
therapy (n=3,942), 1638 (42%) received adjuvant radia-
tion without adjuvant chemotherapy, 1045 (27%) received
adjuvant chemotherapy without adjuvant radiation, and 1259
(32%) received neither adjuvant chemotherapy nor radiation
(Fig. 1).

Table 1 shows receipt of optimal therapy by clinicopatho-
logic and demographic factors including multivariable bino-
mial regression by each variable. The likelihood of receiving
optimal therapy was decreased for age deciles 70-79 years
old (prevalence ratio [PR] 0.71, 95% CI 0.68-0.75) and
80-90 (PR 0.24, 95% CI 0.21-0.28) even after adjusting for
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Fig.1 STROBE Flow Chart.
STROBE flow chart demon-
strating inclusion/exclusion of
patients identified in National

Adult women (240 years old)
diagnosed from 2014-2017

N= 1,364,
Cancer Database 1,364,366
* HER2-/HR+, N = 779,940
* Missing status, N = 308,900
y y
HER2+/HR+ HER2+/HR- Triple Negative
N = 108,538 N = 47,517 N =119,471
* Mastectomy, N = 118,891
* No surgery, N = 28,586
* Missing surgery, N =1,716
A 4
Underwent lumpectomy
N =126,333
* Not MO/T2/NO, N = 95,344
* Missing TNM, N = 14,487
A 4
Non-metastatic, pT2, pNO
N = 16,502
* Neoadjuvant chemo, N =
1,448
* Missing chemo, N = 3,104
y A 4
Adjuvant No adjuvant
Chemotherapy/HER2 chemotherapy/HER2
directed therapy directed therapy
N =9,003 N =2,947
° * Neoadjuvant radiation, N =72
* Missing radiation, N = 93
A A A 4 A 4
Adjuvant No adjuvant Adjuvant No adjuvant
Radiation radiation Radiation radiation

N = 7,843 (67%)

N = 1,045 (9%)

N = 1,259 (11%)

N = 1,638 (14%)

comorbidities and cancer characteristics. Patients over age
90 were excluded due to low numbers. Cancer phenotype
was also significantly associated with likelihood of receiv-
ing optimal therapy. Compared to patients with hormone
receptor-positive (HR+), HER2 + cancer, patients with hor-
mone receptor-negative (HR—), HER2 + (PR 1.30, 95% CI
1.24—1.36) or TN cancer (PR 1.28,95% CI 1.22—-1.33) were

more likely to receive optimal therapy. Patients with tumor
histology other than ductal or lobular were also less likely
to receive optimal therapy. No other variables demonstrated
statistical significance.

Over the study period, the prevalence of women who had
optimal therapy decreased significantly (p <0.0001; Fig. 2).
In 2012, 74% of patients received optimal therapy compared
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Table 1 Patient demographics
and association with receipt of

optimal therapy
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Optimal treatment?

Suboptimal treatment®

7841 (67%) 3777 (33%) PR (95% CI)*

Age, years, median (IQR) -
Age groups, n (%)

40-49 years old 1424 (18%) 327 (9%) 0.99 (0.97, 1.02)

50-59 years old 2516 (32%) 573 (15%) 1.0 (ref)

60-69 years old 2512 (32%) 814 (22%) 0.98 (0.95, 1.01)

70-79 years old 1184 (15%) 1083 (29%) 0.71 (0.68, 0.75)

80-89 years old 205 (3%) 980 (26%) 0.24 (0.21, 0.28)
Race/ethnicity, n (%)

Non-Hispanic White 5122 (67%) 2657 (72%) 1.0 (ref)

Non-Hispanic Black 1764 (23%) 681 (18%) 0.99 (0.97, 1.02)

Hispanic 462 (6%) 209 (6%) 0.98 (0.93, 1.03)

Non-Hispanic other 310 (4%) 139 (4%) 0.97 (0.92, 1.03)
CClI score, n (%)

0 6318 (81%) 2830 (75%) 1.0 (ref)

1 1168 (15%) 649 (17%) 1.01 (0.98, 1.04)

2 231 (3%) 193 (5%) 0.96 (0.89, 1.04)

>3 124 2%) 105 (3%) 0.94 (0.85, 1.04)
Primary insurance, n (%)

Private insurance/managed care 4347 (56%) 1118 (30%) 1.0 (ref)

Medicare 2466 (32%) 2288 (61%) 0.90 (0.87, 0.93)

Medicaid 685 (9%) 244 (7%) 0.95 (0.92, 0.99)

Other government insurance 96 (1%) 34 (1%) 0.93 (0.84, 1.03)

Uninsured 157 (2%) 56 (2%) 0.93 (0.86, 1.01)
Median residential income?, n (%)

<$40,227 1365 (20%) 678 21%) 0.97 (0.93, 1.01)

$40,227—8$50,353 1491 (22%) 733 (22%) 0.99 (0.96, 1.02)

$50,354—$63,332 1549 (23%) 769 (23%) 0.98 (0.95, 1.01)

>$63,333 2394 (35%) 1128 (34%) 1.0 (ref)
Residential educational attainment®, n (%)

>17.6% 1482 (22%) 729 (22%) 0.99 (0.95, 1.04)

10.9-17.5% 1871 (27%) 921 (28%) 1.01 (0.97, 1.04)

6.3-10.8% 1905 (28%) 908 (27%) 1.01 (0.98, 1.04)

<6.3% 1549 (23%) 759 (23%) 1.0 (ref)
Cancer histology, n (%)

Ductal 6714 (86%) 2961 (78%) 1.0 (ref)

Lobular 447 (6%) 349 (9%) 0.96 (0.91, 1.01)

Other 680 (9%) 467 (12%) 0.86 (0.82, 0.90)
Cancer subtype, n (%)

HER2+/HR+ 1137 (15%) 1097 (29%) 1.0 (ref)

HER2 +/HR— 1106 (14%) 394 (10%) 1.30 (1.24, 1.36)

Triple-negative 5598 (71%) 2286 (61%) 1.28 (1.22, 1.33)
Current CoC accreditation, n (%)

Community 830 (13%) 491 (11%) 0.97 (0.93, 1.01)

Comprehensive community 3509 (45%) 1702 (45%) 1.00 (0.98, 1.03)

Academic/research 2385 (30%) 1064 (28%) 1.0 (ref)

Integrated network 1117 (14%) 520 (14%) 1.00 (0.96, 1.03)
Facility region, n (%)

Northeast 1666 (21%) 775 21%) 1.0 (ref)

Midwest 1941 (25%) 833 (22%) 0.99 (0.96, 1.02)

South 3034 (39%) 1510 (40%) 0.98 (0.95, 1.01)
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Table 1 (continued) Optimal treatment? Suboptimal treatment®
7841 (67%) 3777 (33%) PR (95% CI)*
West 1200 (15%) 659 (17%) 0.97 (0.94, 1.01)

PR prevalence ratio, CI confidence interval, /QR inter-quartile range, CCI Charlson comorbidity index,
HER?2 human epidermal growth factor receptor 2, CoC Commission on cancer

4Optimal treatment is classified as receiving adjuvant chemotherapy/HER2-directed therapy and radiation

bSuboptimal treatment is classified as adjuvant chemotherapy/HER2-directed therapy without radiation,
adjuvant radiation without chemotherapy/HER2-directed therapy, and no adjuvant therapy

“Estimated using log-binomial regression; model included all variables in the table, as well as year of diag-

nosis

4Median household income in patient’s ZIP code; estimated and categorized into quartiles using the 2016
American Community Survey data, spanning 2012-2016

“Proportion of adults >25 years old in patient’s ZIP code that did not graduate from high school; estimated
and categorized into quartiles using the 2016 American Community Survey data, spanning 2012-2016

to 58% in 2017. In this cohort, 81% of patients received
chemotherapy and/or HER2-directed therapy in 2012, com-
pared to 70% in 2017. Likewise, 86% of patients received
adjuvant radiation in 2012, compared to 72% in 2017.

Table 2 demonstrates the relationship of patient demo-
graphic and clinical variables with optimal therapy broken
down into receipt of adjuvant systemic therapy or radiation
therapy separately. Again, age was the only major difference
demonstrated across treatment status. In the youngest deciles
in our cohort, radiation was more likely to be omitted than
systemic therapy, whereas in women 60 years of age and
older, systemic therapy was more likely to be omitted than
radiation.

Sociodemographic factors including race/ethnicity,
median residential income, and residential educational
attainment were not associated with differences in receipt
of optimal therapy. Having non-private health insurance
(including being uninsured) was associated with slightly
lower prevalence of optimal therapy use, although due to
small sample sizes the effects were not significant (Medi-
care: PR 0.90; 95% CI 0.87-0.93; Medicaid: PR 0.95; 95%
CI 0.92-0.99; Other government insurance: PR 0.93, 95% CI
0.84-1.03; uninsured: PR 0.93, 95% CI 0.86—1.01). Facility
characteristics, including Commission on Cancer accredi-
tation and region, were also not associated with receipt of
optimal therapy. Comorbidities also had minimal impact on
receipt of optimal therapy.

Among patients who did not receive adjuvant chemo-
therapy or anti-HER?2 therapy (n =2897), 1442 (49%) were
not offered the treatment, 1152 (40%) were offered treatment
but refused, 325 (11%) had a documented contraindication,
and < 1% died prior to treatment. Among those who did not
receive adjuvant radiation, 1083 (55%) were not offered
treatment, 764 (39%) refused, 129 (7%) had a documented
contraindication (Table 3).

Overall survival was significantly different among women
who did and did not undergo optimal therapy (Fig. 3). In

the optimal therapy group, 5-year survival was 89% (95%
CI 88.0-89.3) compared to 66% (95% CI 62.9-68.5) in the
suboptimal therapy group. After adjusting for patient demo-
graphics including age and comorbidities, cancer character-
istics, and facility type, patients who received suboptimal
therapy were over twice as likely to die within 5 years of
their diagnosis (HR 2.44, 95% CI 2.12-2.82). The associa-
tion with suboptimal therapy and worse survival was true for
patients both < 70 years old and > 70 years old, although the
separation of the survival curves is more pronounced for the
older age group (Fig. 3b, c).

Discussion

We constructed a cohort of patients for whom the use of
adjuvant systemic therapy and radiation therapy is strongly
supported by guidelines [9]. We found that age was the pri-
mary determinant for whether a woman received this optimal
vs. suboptimal care. Interestingly and importantly, socioeco-
nomic factors like race/ethnicity, median residential income,
and insurance status had minimal impact on treatment.
Efforts to limit overtreatment through widespread de-
implementation of low-value care for older women with
breast cancer has been slow and must be balanced with the
risk of undertreatment leading to poorer outcomes, par-
ticularly with high-risk TN or HER2 + cancers. In older
women with breast cancer, competing risks of non-cancer-
associated mortality must be weighed against treatment
options and the ability to tolerate treatment. Guidelines and
expert recommendations have incorporated studies demon-
strating the safety of scaling back of care for some older
patients, including omitting radiation in women with early
HR+, HER2-negative (HER2-) cancer, selective omis-
sion of axillary surgery, tailoring chemotherapy regimens,
shorter radiation courses, and primary endocrine therapy
for the particularly frail [9, 10]. In patients with high-risk
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Fig.2 Receipt of optimal
therapy by year of diagnosis.

a Percent of women receiving
optimal therapy (systemic ther-
apy and radiation therapy) by
year of diagnosis. p <0.0001 by
Cochran—Armitage Trend test.
b Percent of women receiving
chemotherapy/HER2-directed
therapy or radiation therapy by
year of diagnosis
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disease, however, there is no data to support omission of
adjuvant systemic therapy and radiation. The benefits of
adjuvant chemotherapy combined with targeted therapy for
HER?2 + breast cancer are well established, though notably
age is the greatest risk factor for treatment-related cardiac
events [11-16]. For women with TN breast cancer, adjuvant
chemotherapy is recommended for all primary tumors larger
than 1 cm or with node-positive disease [1]. The use of
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Year of Diagnosis

adjuvant chemotherapy in older patients presents additional
challenges but is generally accepted for fit older patients
with life expectancy greater than 10 years and may be tai-
lored to patients with additional comorbidities or declining
functional status [17, 18]. Adjuvant radiation may be safely
omitted in older women with low risk hormone receptor-
positive, HER2- tumors after BCS [1, 19, 20], although it
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Table 2 l')at.ient an‘? cancer Chemotherapy/HER2-directed Radiation
charactf:rlstlcs s.tratlﬁed therapy
by receipt of adjuvant
chemotherapy/HER2-directed Yes No Yes No
therapy and radiation
8883 (76%) 2735 (24%) 9429 (81%) 2189 (19%)
Age, years, median (IQR)
Age groups, n (%)
4049 years old 1577 (18%) 174 (6%) 1504 (16%) 247 (11%)
50-59 years old 2748 (31%) 341 (12%) 2677 (28%) 412 (18%)
60-69 years old 2789 (31%) 537 (20%) 2826 (30%) 500 (23%)
70-79 years old 1487 (17%) 780 (29%) 1714 (18%) 553 (25%)
80-89 years old 282 (3%) 903 (33%) 708 (8%) 477 (22%)
Race/ethnicity, n (%)
Non-Hispanic White 5804 (67%) 1975 (74%) 6316 (69%) 1463 (69%)
Non-Hispanic Black 1989 (23%) 456 (17%) 2001 (22%) 444 (21%)
Hispanic 538 (6%) 133 (5%) 534 (6%) 137 (6%)
Non-Hispanic other 344 (4%) 105 (4%) 363 (4%) 86 (4%)
CCI score, 1 (%)
0 7137 (80%) 2011 (74%) 7479 (79%) 1669 (76%)
1 1327 (15%) 490 (18%) 1464 (16%) 353 (16%)
2 275 (3%) 149 (5%) 314 (3%) 110 (5%)
>3 144 (2%) 85 (3%) 172 (2%) 57 (3%)
Primary insurance, n (%)
Private insurance/managed care 4766 (54%) 699 (26%) 4726 (51%) 739 (34%)
Medicare 2954 (34%) 1798 (66%) 3552 (38%) 1200 (55%)
Medicaid 776 (9%) 153 (6%) 755 (8%) 174 (8%)
Other government insurance 110 (1%) 20 (1%) 111 (1%) 19 (1%)
Uninsured 177 2%) 36 (1%) 171 2%) 42 2%)
Median residential income®, n (%)
<$40,227 1575 (20%) 468 (20%) 1636 (20%) 407 (21%)
$40,227—$50,353 1683 (22%) 541 (23%) 1808 (22%) 416 21%)
$50,354—$63,332 1768 (23%) 550 (23%) 1865 (23%) 453 (23%)
>$63,333 2712 (35%) 810 (34%) 2851 (35%) 671 (34%)
Residential educational attainment®, 1 (%)
>17.6% 1703 (22%) 508 (21%) 1771 (22%) 440 (23%)
10.9-17.5% 2138 (28%) 654 (28%) 2247 (27%) 545 (28%)
6.3-10.8% 2164 (28%) 649 (27%) 2279 (28%) 534 (27%)
<6.3% 1742 (22%) 566 (24%) 1876 (23%) 432 22%)
Cancer histology, n (%)
Ductal 7606 (86%) 2069 (76%) 7892 (84%) 1783 (81%)
Lobular 512 (6%) 284 (10%) 612 (6%) 184 (10%)
Other 765 (9%) 382 (14%) 925 (10%) 222 (10%)
Cancer subtype, n (%)
HER2 +/HR+ 1390 (16%) 844 (31%) 1611 (17%) 623 (28%)
HER2 +/HR— 1255 (14%) 245 (9%) 1215 (13%) 285 (13%)
Triple-negative 6238 (70%) 1646 (60%) 6603 (70%) 1281 (59%)
Current CoC accreditation, n (%)
Community 987 (11%) 334 (12%) 1017 (11%) 304 (14%)
Comprehensive community 3973 (45%) 1238 (45%) 4225 (45%) 986 (45%)
Academic/research 2708 (30%) 741 (27%) 2827 (30%) 622 (28%)
Integrated network 1215 (13%) 422 (15%) 1360 (14%) 277 (13%)
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Table 2 (continued)

Chemotherapy/HER2-directed Radiation

therapy

Yes No Yes No

8883 (76%) 2735 (24%) 9429 (81%) 2189 (19%)

Facility region, n (%)

Northeast 1890 (21%) 551 (20%) 2002 (21%) 439 (20%)
Midwest 2170 (24%) 604 (22%) 2296 (24%) 478 (22%)
South 3457 (39%) 1087 (40%) 3662 (39%) 882 (40%)
West 1366 (15%) 493 (18%) 1469 (16%) 390 (18%)

PR prevalence ratio, CI confidence interval, /QR inter-quartile range, CCI Charlson comorbidity index,
HER?2 human epidermal growth factor receptor 2, CoC Commission on Cancer

4Optimal treatment is classified as receiving adjuvant chemotherapy/HER2-directed therapy and radiation

®Suboptimal treatment is classified as adjuvant chemotherapy/HER2-directed therapy without radiation,
adjuvant radiation without chemotherapy/HER2-directed therapy, and no adjuvant therapy

“Median household income in patient’s ZIP code; estimated and categorized into quartiles using the 2016
American Community Survey data, spanning 2012-2016

4Proportion of adults > 25 years old in patient’s ZIP code that did not graduate from high school; estimated
and categorized into quartiles using the 2016 American Community Survey data, spanning 2012-2016

Table 3 Reason for omission of chemotherapy or radiation therapy

No chemotherapy  No radiation
N=2897* N=2304*
Reason, n (%)
Not part of planned treatment 1291 (48) 1010(54)
Contraindicated® 298 (11) 117 (6)
Refused by patient or family® 1115 (41) 737 (40)
Recommended, unknown reason; 36 70
or patient died prior to treatment
Unknown status 0 255

*Includes 1259 patients who received neither chemotherapy nor radi-
ation

"Treatment was not recommended/administered because it was con-
traindicated due to other patient risk factors (comorbid conditions,
advanced age, etc.)

“Treatment was recommended by the patient’s physician, but was
refused by the patient, the patient’s family member, or the patient’s
guardian. The refusal was noted in patient record

remains the standard for women with TN or HER2 + tumors
treated with partial mastectomy.

In 2009, the CALGB investigators randomized women
ages 65 and older to standard chemotherapy or capecitabine
and demonstrated that adjuvant chemotherapy was supe-
rior in this patient population [21]. Despite these and other
data, studies have demonstrated disparities in the delivery
of adjuvant chemotherapy in older adult women similar to
what we have shown. In a 2019 study by Williams et al.,
one in six older women received guideline-discordant care
(most commonly undertreatment) and this was associated
with higher costs and rates of healthcare utilization [22]. A
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German study comparing adjuvant therapy in women older
than 70 compared to their younger counterparts also dem-
onstrated significant undertreatment with both systemic and
local therapy despite similar distribution of tumor biology
[23]. In a second European study, examining women over
80, 50% of women were undertreated, which was associated
with decreased disease-specific survival [24]. In a study of
data from the Surveillance, Epidemiology and Endpoints
Registry (SEER), women over 67 had higher rates of mor-
tality than younger controls when diagnosed with Stage 2
breast cancer, and this risk of mortality compared to controls
increased when less aggressive therapy was given [25].
Our data also showed that patients who did not receive
optimal therapy had significantly diminished survival com-
pared with those receiving optimal, guideline-concordant
therapy. This effect persisted after controlling for multi-
ple demographic and clinicopathologic factors, including
age and comorbidity. This is consistent with other recent
analyses of NCDB in older patients with breast cancer.
Crozier et al. showed that for women 70 years and older
with surgically treated stage I-III TN breast cancer, pro-
pensity matched patients who received chemotherapy or
were recommended but did not receive chemotherapy dem-
onstrated an improvement in overall survival with admin-
istration of chemotherapy (hazard ratio [HR] 0.69, 95% CI
0.60-0.80) [26]. This effect persisted also for patients with
increased comorbidity score (HR 0.74, 95% CI 0.59-0.94).
Tamirisa et al. showed that adjuvant chemotherapy was
associated with survival in a propensity matched cohort
of patients with node-positive, HR+ HER2— breast can-
cer who were > 70 years with Charlson/Deyo comorbidity
score >2 [27]. From the data available in NCDB; however, it
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Fig.3 Overall survival. a
Overall survival for all patients
by receipt of optimal vs. sub-
optimal treatment. b Overall
survival for patients <70 years
old by receipt of optimal vs.
suboptimal treatment. ¢ Overall
survival for patients > 70 years
old by receipt of optimal vs.
suboptimal treatment

it ——— Optimal treatment

100 4

90

80

70+

60+

504

40|

Overall Survival, %

30

20+

Wilcoxon p=0.0001

T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60

Months after Diagnosis
Suboptimal treatment 2860 2740 2526 2214 1827 1400 1,186 986 727
Optimal treatment 6762 6665 6456 6015 5372 4,720 4,073 3458 2742

520
2,142

St i it ——— Optimal treatment

B 100

90

80+

70+

60 -

50

40

Overall Survival, %

304

20+

Wilcoxon p<0.0001

T T T T T T T T T T T
0 6 12 18 24 30 36 42 48 54 60

Months after Diagnosis
Suboptimal treatment 1276 1,222 1,138 1,004 845 602 558 460 355
Optimal treatment 5638 5556 5303 5048 4537 4008 3460 2,061 2,367

265
1,857

Suboptimal treatment — — — Optimal treatment |

C 100

90+
804

70

60

50+

40

Overall Survival, %

304
20

10

Wilcoxon p<0.0001

B T T T T T T T T T T

0 6 12 18 24 30 36 42 48 54 60
Meonths after Diagnosis

Suboptimal treatment 1584 1518 1,380 1210 986 812 633 526

Optimal treatment 1,124 1,110 1,065 a7z B44 750 615 500

380 279
380 295

@ Springer




518

Breast Cancer Research and Treatment (2021) 189:509-520

is impossible to estimate excess deaths attributable to breast
cancer as opposed to uncaptured comorbid status or other
determinants of health. Additionally, the depth of data fields
present in the NCDB may not capture the level of detail
needed to control for all patient selection factors and distin-
guish patient selection from treatment effects. Interestingly,
we found that those patients with HER2+/HR+ cancers
were least likely to receive optimal therapy (compared to
TNBC and HR—/HER?2 + patients). The mortality benefit of
chemotherapy in older women has been shown to be greatest
in those with HR— cancers, as well as patients with larger,
node-positive cancers [28—30], and perhaps our data reflect
a reliance on adjuvant endocrine therapy in HER2+/HR+
patients.

The reasons for patients not receiving optimal therapy in
our study were similar for patients missing chemotherapy
and/or radiation, with roughly 50% not offered treatment by
providers, 40% refusing therapy, and 10% with a contrain-
dication to therapy. Reasons that therapy was not offered
or refused are not provided in more detail. Undertreatment
may be contributing to older women not seeing the same
improvement in outcomes compared to their younger coun-
terparts [31]. Older patients of the same chronologic age
may have strikingly different comorbidities [32] and differ-
ent perspectives on the tradeoffs between quality of life and
longevity [33] making decisions regarding adjuvant treat-
ment complex [18]. Geriatric assessment tools exist to help
make this decision [34, 35]. Online prediction tools such
as Predict Breast Cancer may be used to help assess life
expectancy and the marginal benefit of adjuvant chemo-
therapy [36]. Notably, in our data, the available measure
of comorbidity likely underestimates frailty in the elderly,
which may be contributing to the decisions for excluding
adjuvant therapy [37]. This is evidenced in our overall sur-
vival curves in which suboptimal therapy is associated with
worse overall survival in both younger and older patients,
but the downward slope of the curve is much steeper in the
older patients (and is not likely a reflection of unmeasured
worse disease biology in this group).

Distance to treating facilities was not included in this
analysis. Distance to an available radiation oncology facility
has been associated with rates of BCT vs mastectomy [38].
Interpretation of distance data in NCDB, which includes
great circle distance from a patient’s ZIP code to a reporting
facility, is more difficult.as not all patients are treated at their
reporting facility, different elements of care (surgery, radia-
tion, chemotherapy) are delivered at different locations, and
this distance measure does not reflect closest available treat-
ment facility and thus is a poor measure of access. Further,
the relationship between distance and measures of adequacy
of care and/or outcomes in NCDB is often not monotonic
and may demonstrate improvement with increasing distance

@ Springer

reflecting patient selection and regionalization of care [39,
40].

There was a significant decrease in the proportion of
older patients receiving optimal therapy over time, from
74% in 2012 to 58% in 2017. The cause of this consistent,
significant decline is not clear, though it may reflect the com-
plexities of de-implementation such that therapies deemed
inappropriate for one type of cancer (i.e. radiation for early-
stage, HR+ breast cancer) may be applied to situations in
which they might not apply. Alternatively, there may be
increased awareness of ongoing efforts to fully evaluate our
older adult patients, taking into careful consideration risks
and benefits of therapy. It may represent a selection bias
such that healthier patients were selected for neoadjuvant
chemotherapy, which is increasingly more prevalent, and
therefore our cohort represents a significantly frailer and/
or sicker population than in earlier years. Finally, we cannot
exclude an artifact of data collection or reporting creating
this apparent decline.

We recognize several limitations to our study, most nota-
bly the lack of disease-specific survival data. Additionally,
we lacked more granular data on the comorbid conditions
of patients, which likely reflects an underestimation of mor-
bidity, although this has not been shown to affect 5-year
overall survival in a prior study [41]. NCDB participation is
voluntary and likely underrepresents patients treated in rural
hospitals. Finally, although we did not see evidence of racial
disparities in delivery of optimal therapy in this patient pop-
ulation, this may be related to under-representation of Black
women and Hispanic women in the NCDB.

In women who undergo breast conserving surgery for
T2NO TN and HER2 + breast cancer, guideline-concordant
care includes adjuvant chemotherapy and radiation. As
patients age, the competing risks of mortality as well as pref-
erences regarding quality of life, including ability to tolerate
toxic treatments and the life expectancy to see benefits, influ-
ence decision-making. Further study is needed to facilitate
appropriate de-escalation of care while ensuring that older
patients are not undertreated.
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