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Abstract

Purpose Adjuvant chemotherapy reduces recurrence in early-stage triple-negative breast cancer (TNBC). However, data are
lacking evaluating anthracycline + taxane (ATAX) versus taxane-based (TAX) chemotherapy in older women with node-
negative TNBC, as they are often excluded from trials. The purpose of this study was to evaluate the effect of adjuvant ATAX
versus TAX on cancer-specific (CSS) and overall survival (OS) in older patients with node-negative TNBC.

Patients and methods Using the SEER-Medicare database, we selected patients aged > 66 years diagnosed with Stage
T1-4NOMO TNBC between 2010 and 2015 (N=3348). Kaplan—Meier survival curves and adjusted Cox proportional hazards
models were used to estimate 3-year OS and CSS. Multivariant Cox regression analysis was used to identify independent
factors associated with use of ATAX compared to TAX.

Results Approximately half (N=1679) of patients identified received chemotherapy and of these, 58.6% (N =984) received
TAX, 25.0% (N=420) received ATAX, and 16.4% (N=275) received another regimen. Three-year CSS and OS was improved
with any adjuvant chemotherapy from 88.9 to 92.2% (p=0.0018) for CSS and 77.2% to 88.6% for OS (p <0.0001). In con-
trast, treatment with ATAX compared to TAX was associated with inferior 3-year CSS and OS. Three-year CSS was 93.7%
with TAX compared to 89.8% (p=0.048) for ATAX and OS was 91.0% for TAX and 86.4% for ATAX (p =0.032).
Conclusion While adjuvant chemotherapy was associated with improved clinical outcomes, the administration of ATAX
compared to TAX was associated with inferior 3-year OS and CSS in older women with node-negative TNBC. The use of
adjuvant ATAX should be considered carefully in this patient population.
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CI Confidence interval

NCI National Cancer Institute

RT Radiation therapy

CMF Cyclophosphamide, methotrexate, fluorouracil
HR Hazard ratio

CHF Congestive heart failure

Background

Breast cancer is the most common cancer diagnosed in
women with approximately 280,000 new cases in the USA
in 2020 [1]. Triple-negative breast cancer (TNBC) accounts
for 10-15% of cases and is defined by a lack of expression
of the estrogen receptor (ER), progesterone receptor (PR),
and lack of human epidermal growth factor 2 (HER2) over-
expression [1]. As such, endocrine and HER2-targeted thera-
pies are ineffective and cytotoxic chemotherapy remains the
mainstay of neoadjuvant or adjuvant treatment to prevent
recurrence even in patients diagnosed with early-stage,
node-negative TNBC [2, 3].

Patients diagnosed with TNBC have a higher risk of
metastatic recurrence and inferior disease-free and over-
all survival (OS) compared to stage-matched patients with
other breast cancer subtypes [3]. Adjuvant chemotherapy
proportionally provides more benefit in patients with TNBC
compared to ER +, HER2— breast cancer in preventing
metastatic recurrence and adjuvant chemotherapy is gener-
ally recommended for patients with early-stage TNBC and
tumors > (0.5 cm or node-positive disease [4, 5].

While TNBC is more common in younger women,
approximately one third of patients with TNBC
are > 65 years old [6]. Older patients remain under-repre-
sented in adjuvant chemotherapy clinical trials [7]. Given
the lack of prospective clinical trial data, treating this elderly
population remains a clinical challenge and there are risks
to both over- and under-treatment. On the one hand, func-
tional status does not always correlate with chemotherapy
tolerance and on the other, older patients with breast can-
cer and a preserved functional status are often treated with
less aggressive chemotherapy regimens despite some stud-
ies suggesting that these patients do benefit from standard
chemotherapy [8—11].

Chemotherapy regimens containing an anthracycline and
a taxane reduce the risk of breast cancer recurrence, breast
cancer mortality, and overall mortality compared to other
cytotoxic regimens as demonstrated in the Early Breast Can-
cer Trialists’ Collaborative Group (EBCTCG) meta-analysis
[5]. The ABC trials confirmed this finding prospectively
in patients with high-risk node-negative or node-positive
HER2- breast cancer, where there was a statistically sig-
nificant improvement in four-year invasive disease-free sur-
vival (iDFS) with doxorubicin and cyclophosphamide with a
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taxane compared to docetaxel and cyclophosphamide (90.7%
vs 88.2%, p=0.04), although the absolute benefit was small
in patients with node-negative TNBC (four-year iDFS of
89.5% vs 87.0% for an absolute change of 2.5%) [12]. Addi-
tionally, the majority of patients enrolled in the ABC trials
were younger than age 66 years and presumably at lower
risk of cardiac toxicity associated with anthracyclines that
increases with age [12, 13].

The benefit of the addition of an anthracycline to a tax-
ane-based chemotherapy regimen in older patients with
TNBC remains understudied with current available clinical
trial data [14]. The purpose of this study was to evaluate the
benefit of adjuvant chemotherapy, and specifically focus on
the administration of an anthracycline + taxane (ATAX) ver-
sus taxane-based (TAX) regimen, on cancer-specific survival
(CSS) and OS in older women with node-negative TNBC
using data from linked Surveillance, Epidemiology, and End
Results (SEER)-registry Medicare claim files. In addition,
we sought to explore whether age, tumor size, and the pres-
ence of comorbidities impacted selection of ATAX versus
TAX in clinical practice.

Methods
Data

The SEER-Medicare database links SEER registry data with
Medicare enrollment and claims data. The SEER registries
provide comprehensive population-based data on cancer
incidence and survival in the USA and include approxi-
mately 35% of the US population [15]. The SEER registries
include data on demographics, date of diagnosis, cancer site,
and stage at diagnosis. The Medicare data include vital sta-
tus and health service utilization information for Medicare
fee-for-service beneficiaries [16, 17]. The linkage of these
two data sources allowed analysis of breast cancer subtype,
stage at diagnosis, demographics, cardiac comorbidities,
receipt of chemotherapy drugs, cancer recurrence, and sur-
vival for individual patients. This study was conducted fol-
lowing local institutional review board approval.

Sample

We selected female beneficiaries aged 66 years or older
diagnosed with primary American Joint Committee on Can-
cer (AJCC) 7th version Stage T1-4NOMO invasive TNBC
between 2010 and 2015 (N =3348). We included patients
continuously enrolled in Medicare Part A and B for at least
12 months prior to and after their initial diagnosis. Patients
were excluded if the month of diagnosis was unknown,
diagnosis was by autopsy or death certificate, or patients
had T1mic or T1 NOS disease. In addition, we excluded 12
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patients who had no paid claims after diagnosis. The sample
selection process is shown in Fig. 1.

Data extracted included age, ethnicity, geographic region,
tumor stage, Charlson Comorbidity Index (CCI), type of
facility visited, cancer treatment, and history of cardiac and
non-cardiac conditions. CClI is a stratification tool that pre-
dicts 10-year survival in patients with comorbid conditions
such as dementia, liver disease, and heart disease.

First malignant primary tumoris breast cancer, diagnosed from 2010 to
2015:
N=178,228

Prior cardiac conditions included acute myocardial
infarction, atrial fibrillation, diabetes, heart failure, hyper-
lipidemia, hypertension, ischemic heart disease, peripheral
vascular disease, tobacco use, and history of myocardial
infarction (Supplemental Table S1) [18]. Patients with
Tla and T1b disease and T3 and T4 disease were analyzed
together in T1a/b and T3/T4 groups due to limited patient
numbers in these groups.

Excluded: Patients younger than 66:

A 4

N=65,506
A 4
Age 66 or olderat diagnosis:
N=112,722
R Excluded: Males:
' 4 N=1,068
Females:
N=111,654

Excluded: Patients diagnosed by autopsy or death certificate,
missing diagnosis date, or negative survival time:

A

Diagnosed otherthan by autopsy or death certificate, non-missing
diagnosis date, or non-negative survival time:
N=110,015

N=1,639

Excluded: Enrolledin HMO, or less than 12 months of continuous

A

Continuously enrolled in Medicare Part Aand Part B for 12 months prior
and 12 months afterdiagnosis:

FFS enrollment prior or after diagnosis:
N=46,964

A 4

N=63,051
Excluded: Her2+, HR+, or Unknown:
N=57,762
y
Triple Negative:
N=5,289
R Excluded: Cases otherthan NO/MO

i 7 N=1,832
NO/MO:
N=3,457

Excluded: TO/Tis, T Unknown, TImic, T1 NOS
N=97

A
Tla-T4:
N=3,360

R Excluded: No paid claims after diagnosis:
N=12
y
Any Paid claims afterdiagnosis:

N=3,348

Fig. 1 Sample selection. Newly diagnosed node-negative TNBC in women age 66 or older between 2010 and 2015 in SEER-Medicare
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Chemotherapy administration

The administration of neoadjuvant or adjuvant chemo-
therapy was determined using CPT and HCPCS procedure
codes for commonly used chemotherapy drugs. Patients
were identified as receiving ATAX if they received doxo-
rubicin or epirubicin plus paclitaxel, docetaxel, or nab-
paclitaxel and as receiving TAX if they received docetaxel,
paclitaxel, or nab-paclitaxel without doxorubicin or epi-
rubicin. Receipt of other drugs in combination with these
agents, including cyclophosphamide, was not specifically
captured.

Statistical analysis

Descriptive statistics were used to summarize demographic
features across the treatment groups. Chi-square analysis
was used to determine statistical significance of differences
in descriptive characteristics across treatment groups. Over-
all survival was defined as death due to any cause deter-
mined by the time from the month of diagnosis to death.
Cancer-specific survival was defined as death from cancer
determined by the time from the month of diagnosis to
death. Kaplan—Meier 3-year all-cause and cancer-specific
survival curves were generated for treatment groups and for
patients by age groups. OS and CSS between chemotherapy
regimens was estimated using adjusted Cox proportional
hazards models. Forest plots were generated using mul-
tivariate analysis and adjusted Cox proportional hazards
models. Logistic regression was used to estimate odds ratios
(OR) and 95% confidence intervals (CIs) for the association
between covariates and treatment groups.

Results
Cohort characteristics

Table 1 reports characteristics of the cohort. Patients were
aged 66-75 (56.8%) and 76 years or older (43.2%). The
majority of patients were white (77.6%) and 13% were black.
Most patients were diagnosed in the West, followed by the
South, Northeast, and Midwest regions of the country. The
majority of patients had Tlc (35.6%) or T2 (34.1%) tumors
and approximately half (46.6%) had a score of one or greater
on the CCI. Patients more commonly visited teaching hos-
pitals followed by National Cancer Institute (NCI) centers.
Surgery, radiation therapy (RT), and chemotherapy were the
most common treatment. The majority of patients (83.1%)
had prior cardiac conditions; however, only 27.8% had a
prior non-cardiac condition.
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Chemotherapy administration

Of the 3348 patients included in the cohort, 1679 (50.1%)
received chemotherapy with any agent. Patients aged 66
to 75 years received chemotherapy at a higher frequency
(77.4%) compared to patients aged 76 and older (22.6%).
The proportion of patients aged 66 or older receiving chemo-
therapy was highest in patients with T2 disease, with 32.4%
of patients with T1a/T1b disease, 55.5% with T1c disease,
57% with T2 disease, and 50% with T3/T4 disease receiv-
ing chemotherapy. As expected, chemotherapy was less fre-
quently administered to patients with a higher CCI, prior
heart failure, ischemic heart disease, and any prior cardiac or
non-cardiac condition. Of the patients who received chemo-
therapy, a higher proportion also received RT in addition
to chemotherapy and surgery (69.3% vs 30.7%). Ethnic-
ity, region of diagnosis, and facilities visited were similar
between the two groups.

Of the 1,679 patients who received chemotherapy, 984
(58.6%) received TAX, 420 (25.0%) received ATAX, and
275 (16.4%) received another chemotherapy regimen.
The most common other chemotherapy regimen received
was cyclophosphamide, methotrexate, fluorouracil (CMF)
(32.4%). Of the patients who received either ATAX or TAX,
we found a higher proportion of older patients received TAX
(65.9% of patients aged 6675 and 87.8% of patients 76 and
older). The majority of patients receiving ATAX had T2
tumors (49%) and the majority of patients receiving TAX
had T1c tumors (43%). A higher proportion of patients with
CCI >2, prior heart failure, prior ischemic heart disease, and
any prior cardiac or non-cardiac condition received TAX.
Ethnicity, region of the country, type of facility where care
was received, and treatment were similar between groups.

Independent factors associated with the use
of adjuvant chemotherapy

Table 2 reports estimates from a logistic regression model
used to predict variables associated with chemotherapy use.
Patients aged 76 and older were less likely to receive any
chemotherapy regimen with an OR of 0.16 (95% CI 0.13 to
0.18, p<0.0001) relative to women aged 66 to 75. Tumor
stage was also positively and statistically significantly asso-
ciated with chemotherapy use and women with T2 and T3/
T4 tumors were approximately 4 times more likely to receive
chemotherapy compared to women with T1a/T1b tumors.
The presence of prior cardiac conditions was not statisti-
cally associated with receipt of chemotherapy; however,
prior non-cardiac conditions were negatively and statisti-
cally significantly associated with chemotherapy receipt (OR
0.63, 95% CI 0.53 to 0.75, p <0.0001). Ethnicity, region,
and facility type were not statistically significantly differ-
ent between the chemotherapy and no chemotherapy group.
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Table 1 Descriptive characteristics and statistics, women diagnosed with TNBC by chemotherapy administration, SEER-Medicare 2010-2015

All patients Patients who received ATAX and TAX
Variable Overall No chemotherapy Any chemotherapy p-value Overall Taxane Tax- p-value
ane +anthra-
cycline
All patients 3348 1669 1679 1404 984 420
Age category
66 to 75 1903 (56.8) 603 (36.1) 1300 (77.4) <0.0001 1134 (80.8) 747 (75.9) 387 (92.1) <0.0001
76 and older 1445 (43.2) 1066 (63.9) 379 (22.6) 270 (19.2) 237 (24.1) 33(7.9)
Ethnicity
White 2597 (77.6) 1296 (77.7) 1301 (77.5) 0.8303 1087 (77.4) 761 (77.3) 326 (77.6)  0.7318
Black 435 (13.0) 212 (12.7) 223 (13.3) 185 (13.2) 127 (12.9) 58 (13.8)
Other 316 (9.4) 161 (9.7) 155 (9.2) 132(94) 96(9.8) 36(8.6)
Region at diagnosis
Northeast 666 (19.9) 323 (19.4) 343 (20.4) 04511  272(19.4) 179 (18.2) 93 (22.1) 0.0152
Midwest 444 (13.3) 235(14.1) 209 (12.5) 177 (12.6) 114 (11.6) 63 (15.0)
South 839 (25.1) 424 (254) 415 (24.7) 341 (24.3) 235(23.9) 106 (25.2)
West 1399 (41.8) 687 (41.2) 712 (42.4) 614 (43.7) 456 (46.3) 158 (37.6)
Tumor size
T1a/T1b 792 (23.7) 535 (32.1) 257 (15.3) <0.0001 202 (14.4) 167 (17.0) 35(8.3) <0.0001
Tlc 1193 (35.6) 531 (31.8) 662 (39.4) 566 (40.3) 425(43.2) 141 (33.6)
T2 1143 (34.1) 492 (29.5) 651 (38.8) 553 (39.4) 347 (35.3) 206 (49.1)
T3/T4 220 (6.6) 111 (6.7) 109 (6.5) 83 (5.9) 454.6) 38(9.1)
Charlson Comorbidity Index
0 1788 (53.4) 793 (47.5) 995 (59.3) <0.0001 859 (61.2) 573(58.2) 286(68.1)  0.0012
1 793 (23.7) 398 (23.8) 395 (23.5) 324 (23.1) 238(24.2) 86(20.5)
2 or more 767 (22.9) 478 (28.6) 289 (17.2) 221 (15.7) 173 (17.6) 48 (11.4)
Facilities visited in 6 months
NCI Center 484 (14.5) 216 (12.9) 268 (16.0) 0.0041 222 (15.8) 143 (14.5) 79 (18.8) 0.1305
Teaching Hospital 1820 (54.4) 895 (53.6) 925 (55.1) 786 (56.0) 558 (56.7) 228 (54.3)
Other 1044 (31.2) 558 (33.4) 486 (29.0) 396 (28.2) 283 (28.8) 113(26.9)
Treatment
Surgery alone 823 (24.6) 823 (49.3) 0 <0.0001
Surgery and RT 846 (25.3) 846 (50.7) 0
Surgery and chemotherapy 516 (15.4) 0 516 (30.7) 404 (28.8) 286(29.1) 118 (28.1)  0.7132
Surgery, RT, and chemo- 1163 (34.7) 0 1163 (69.3) 1000 (71.2) 698 (70.9) 302 (71.9)
therapy
Prior heart failure
No 3085 (92.1) 1486 (89.0) 1599 (95.2) <0.0001 1342 (95.6) 935 (95.0) 407 (96.9)  0.1156
Yes 266 (7.9) 183 (11.0) 80 (4.8) 62 (4.4) 49 (5.0) 13 (3.1)
Prior ischemic heart disease
No 2713 (81.0) 1294 (77.5) 1419 (84.5) <0.0001 1199 (85.4) 826(83.9) 373(88.8)  0.0181
Yes 635 (19.0) 375 (22.5) 260 (15.5) 205 (14.6) 158 (16.1) 47 (11.2)
Any prior cardiac conditions
No 533 (15.9) 217 (13.0) 316 (18.8) <0.0001 266 (19.0) 169 (17.2) 92 (23.1) 0.0095
Yes 2815 (83.1) 1452 (87.0) 1363 (81.2) 1138 (81.1) 815(82.8) 323 (76.9)
Any prior non-cardiac conditions
No 2417 (72.2) 1110 (66.5) 1307 (77.8) <0.0001 1117 (79.6) 765 (77.7) 352(83.8)  0.0099
Yes 931 (27.8) 559 (33.5) 372 (22.2) 287 (20.4) 219 (22.3) 68 (16.2)

Statistics are unweighted column percentages
NCI Center (National Cancer Institute (NCI)-Designated Cancer Center), radiation therapy (RT), tumor size is AJCC 7th edition
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Table 2 Logistic regression
analysis estimating OR

Variable

Chemotherapy vs no chemotherapy

Taxane + anthracycline vs

. N=3348 taxane N = 1404
of chemotherapy vs
no chemotherapy and OR (95% CI) p-value OR (95% CI) p-value
taxane + anthracycline-
containing regimen vs taxane- Age at diagnosis
containing regimen across 66 to 75 (ref)
;gf]igﬁlzeosi SSEER‘Medicafe 76 and older vs 66 to 75 0.16 (0.13, 0.18) <0.0001 0.25 (0.17, 0.38) <0.0001
Ethnicity
White (ref)
Black vs White 1.01 (0.79, 1.31) 0.9128 1.04 (0.71, 1.52) 0.8514
Other vs White 0.88 (0.67, 1.16) 0.3643 1.02 (0.66, 1.58) 0.9271
Region
West (ref)
Midwest vs West 0.91 (0.70, 1.19) 0.4917 1.84 (1.23,2.75) 0.0031
Northeast vs West 1.12 (0.90, 1.41) 0.3183 1.75 (1.24,2.48) 0.0014
South vs West 0.91 (0.74, 1.13) 0.3998 1.32 (0.94, 1.84) 0.1077
Tumor size
T1a/T1b (ref)
Tlc vs T1a/T1b 3.40 (2.75, 4.20) <0.0001 1.67 (1.10, 2.55) 0.0171
T2 vs T1a/T1b 4.30 (3.45, 5.35) <0.0001 3.33(2.19, 5.06) <0.0001
T3/T4 vs T1a/T1b 4.16 (2.93,5.92) <0.0001 5.19 (2.85, 9.46) <0.0001
Facility type
Other (ref)
NCI center vs other 1.11 (0.86, 1.43) 0.4329 1.14 (0.78, 1.68) 0.5075
Teaching hospital vs other 0.99 (0.82, 1.19) 0.9285 0.75 (0.56, 1.02) 0.0626
Prior cardiac conditions
No (ref)
Yes vs no 0.98 (0.78, 1.21) 0.8196 0.76 (0.56, 1.04) 0.0822
Prior non-cardiac conditions
No (ref)
Yes vs no 0.63 (0.53,0.75) <0.0001 0.73 (0.53, 1.00) 0.0528

Statistics are unweighted column percentages

NCI Center (National Cancer Institute (NCI)-Designated Cancer Center), radiation therapy (RT), odds ratio
(OR), reference (ref), tumor size is AJCC 7th edition

When comparing ATAX to TAX, women aged 76 and
older were less likely to receive ATAX with an OR of 0.25
(95% C10.17 to 0.38, p <0.0001) relative to women aged
66 to 75. Higher tumor stage was positively and statisti-
cally significantly associated with use of ATAX compared
to TAX and women with T3/T4 tumors were over 5 times
as likely to receive ATAX compared to women with T1a/
T1b tumors. Prior cardiac and non-cardiac conditions were
negatively associated with ATAX administration, although
this trend did not reach statistical significance. Patients
diagnosed in the Northeast and Midwest were more likely
to be treated with ATAX compared to those in the West.
There were no significant differences in ethnicity or facil-
ity type between treatment groups.

@ Springer

ATAX treatment is associated with inferior survival
in older women

We performed a univariate Kaplan—Meier analysis of sur-
vival estimating CSS and OS over 3 years (Fig. 2). There
was a statistically significant improvement in CSS and
OS in patients who received any form of adjuvant chemo-
therapy (Fig. 2A). Three-year CSS was 92.2% for patients
who received adjuvant chemotherapy compared to 88.9%
(p=0.0018) for those who did not. Similarly, 3-year OS for
patients who received adjuvant chemotherapy was 88.6%
compared to 77.2% (p <0.0001) for those who did not.

For patients who received adjuvant chemotherapy
with TAX or ATAX, there was a statistically significant
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Fig.2 Kaplan—Meier survival curves demonstrating survival prob-
ability over 3 years. Total number at risk is reflected at 0 months
and 36 months for all curves. (A) Cancer-specific survival (CSS)
and overall survival (OS) for patients who received chemotherapy
and those who did not. (B) CSS and OS for patients who received

improvement in 3-year CSS and OS for patients who
received TAX compared to ATAX (Fig. 2B). Three-year
CSS was 93.7% for patients who received TAX compared to
89.8% for patients who received ATAX (p=0.048). Three-
year OS for patients who received TAX was 91.0% compared
to 86.4% for patients who received ATAX (p=0.032). There
was also a statistically significant improvement in 3-year
CSS and OS for patients aged 66 to 75 years who received
TAX compared to ATAX (Fig. 2C, D). Three-year CSS was
94.4% in patients aged 66—75 who received TAX compared
to 89.2% (p=0.0105) for those who received ATAX and
OS was 92.4% for TAX and 87.0% for ATAX (p=0.0113).
For patients aged 76 and older, there was no statistically
significant difference in 3-year CSS and OS.

0.6
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anthracycline + taxane-containing (ATAX) chemotherapy vs taxane-
containing (TAX). (C) OS distributed by those who received ATAX
vs TAX aged 66 to 75 and 76 and older. (D) CSS distributed by those
who received ATAX vs TAX aged 66 to 75 and 76 and older

Analysis of overall survival controlling for covariates

Cox proportional hazard estimations, controlling for all
covariates, are depicted in Fig. 3. Treatment with any chem-
otherapy regimen was associated with improved OS with
a hazard ratio (HR) of 0.64 (95% CI 0.52-0.80, p <0.001)
with greater benefit in patients with higher T stage. When
compared to TAX, ATAX did not improve OS across all
cases (HR 1.49, 95% CI 1.01-2.20, p=0.047). When con-
trolling for T stage, treatment with ATAX versus TAX
was not associated with a statistically significant improve-
ment in OS. In fact, we observed a trend toward inferior
OS with ATAX compared to TAX at higher T stages (Tlc:
HR 1.65, 95% CI 0.74-3.66, p=0.218; T2: HR 1.61, 95%
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CI10.92-2.84, p=0.097; T3/4: HR 1.47,95% CI 0.44-4.85,
p=0.528).

Trends were similar for CSS with benefit observed for
any chemotherapy regimen administered (HR 0.75, 95% CI
0.54-1.03, p=0.076) (Fig. 3). The administration of ATAX
compared to TAX did not result in a statistically significant
improvement in CSS in any T stage subgroup. There was no
subset that clearly seemed to benefit from ATAX compared
to TAX with regard to OS or CSS.

Discussion

We retrospectively evaluated practice patterns and clinical
outcomes for older women diagnosed with node-negative
TNBC using the SEER-Medicare database. We conducted
this study, as the question is not asked or answered in
prospective trials, as older patients are under-represented,
or plainly excluded due to comorbid conditions. Due to
lack of randomized control trials in this patient population,
retrospective analysis is the best data available to guide
decisions in this elderly population. We specifically set
out to evaluate the benefit of adjuvant chemotherapy in
these patients and more specifically the benefit of ATAX
compared to TAX.

Consistent with prior reports, our study confirmed the
benefit of adjuvant chemotherapy in older patients with
node-negative TNBC based on an observed improvement
in CSS (92.2% versus 88.9%, p=0.0018) and OS (88.6%
versus 77.2%, p <0.0001) [9, 19]. Our study is unique in
evaluating clinical outcomes for these patients receiving
ATAX compared to TAX. We found that patients who
received ATAX had inferior CSS (89.8% versus 93.7%,
p=0.048) and OS (86.4% versus 91.0%, p=0.032) com-
pared to patients receiving TAX. Furthermore, when
controlling for covariates including T stage, OS across
all cases was worse with treatment of ATAX compared
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to TAX (HR 1.49, 95% CI 1.01-2.20, p =0.047). As
expected, patients who received ATAX were younger and
had fewer comorbidities, but still had inferior OS com-
pared to those who received TAX. Our results do not
account for a longer follow-up period and likely a further
increase in cardiac complications.

We noted a significantly inferior 3-year CSS (89.2%
versus 94.4%, p=0.0105) and OS (87.0% versus 92.4%,
p=0.0113) in early-stage node-negative TNBC patients
aged 66-75 when treated with ATAX compared to TAX.
These results were not consistent in patients > 76 years
old; however, sample size was limited in this group and the
same trend was observed. We performed Cox proportional
hazard estimations controlling for T stage and the admin-
istration of ATAX compared to TAX was not associated
with a statistically significant improvement in CSS or OS
in any T stage group. This suggests that the inferior CSS
and OS observed in patients receiving ATAX compared to
TAX was not due more patients with higher risk disease
treated with ATAX. The majority of patients who received
ATAX or TAX in our study had T1c or T2 disease (in total
79.7%, N=1119) and smaller numbers of patients with
T1a/b or T3/4 disease were included, limiting our conclu-
sions in these populations.

In the ABC trials, the absolute benefit of ATAX compared
to TAX was small for patients with node-negative TNBC
(4-year iDFS change of 2.5%) [12]. While the addition of
anthracyclines to taxane-based chemotherapy regimens
does improve clinical outcomes in patients with early-stage
HER2-negative breast cancer, the benefit needs to be bal-
anced with the risk of toxicity [20]. It is likely that treatment-
related toxicity played a role in the inferior OS observed in
patients treated with ATAX compared to TAX. When com-
pared to TAX, ATAX is generally a longer treatment regi-
men (16-20 weeks depending on if the paclitaxel is admin-
istered dose dense every 2 weeks X4 or weekly X 12 weeks)
compared to docetaxel cyclophosphamide (administered
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Fig.3 Forest plots for multivariate analysis of (A) overall survival (OS) and (B) cancer-specific survival (CSS). Hazard ratios shown overall and

by stage after reflecting for all other covariates
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every 3 weeks x4 for a total of 12 weeks). ATAX is also a
3-drug regimen compared to a 2-drug regimen with TAX
and is often administered on a dose-dense schedule. In addi-
tion, treatment with an anthracycline can be more toxic.
When comparing treatment with taxane-based therapy to an
anthracycline and taxane therapy, one review article found
that the anthracycline-containing group had an increased
risk of toxicity [21]. Patients in the anthracycline group were
found to have higher grade 3 or 4 mucositis, thrombocyto-
penia, and neuropathy when compared to the taxane-based
group [21]. It may be difficult for an elderly population to
overcome the higher percentage of toxicities associated with
ATAX, leading to inferior outcomes.

Patients who had prior cardiac conditions in our study
were less likely to be treated with an anthracycline which
is consistent with current guidelines [22]. In prior studies,
while patients receiving ATAX were in general younger
and more likely to be without cardiac comorbidities,
patients older than 65 were approximately twice as likely
to experience anthracycline-induced congestive heart
failure (CHF) compared to younger patients [23, 24]. It
is possible that patients who received ATAX had worse
outcomes because they developed cardiac conditions, a
risk that may be less significant in patients younger than
65 years of age. However, this statement is just a theory as
it is difficult to draw firm conclusions without supporting
cardiac data. Future studies evaluating cardiac outcomes
following treatment with ATAX compared to TAX could
be of interest.

Despite multiple studies demonstrating the benefit
of adjuvant chemotherapy in patients with early-stage
TNBC, limited data exist to guide decision-making in
older patients [5, 12]. In the ABC trials, for example, only
29% of patients were older than age 60 [12]. Geriatric
assessment tools can be useful in evaluating older patients
and making treatment decisions that are not based solely
on patient age [25]. Previous studies are mixed in report-
ing tolerability for anthracyclines and taxanes in elderly
patients with some reporting major short-term toxicity and
others reporting general tolerability [11, 26, 27]. Further-
more, older patients are more likely to have pre-existing
cardiac conditions or cardiac risk factors that can increase
risk of cardiotoxicity [28, 29]. All of these factors can
make selecting a treatment regimen difficult.

In our study, adjuvant chemotherapy was administered
to approximately three-fourths of patients aged 66-75
and < 30% of patients older than 76 years. Not surpris-
ingly, patients were also more likely to receive chemother-
apy if they had larger tumors. Patients located in North-
east and the Midwest were more likely to receive ATAX
versus TAX when compared to the West. This supports
that there are regional differences in chemotherapy pref-
erence, which may be driven by large academic centers.

Patients with non-cardiac comorbidities were less likely to
receive any adjuvant chemotherapy regimen. This may be
explained by a perceived higher risk of treatment compli-
cations and a shorter life expectancy by the treating pro-
vider. Administration of adjuvant chemotherapy was asso-
ciated with improved CSS and OS in this elderly patient
population, highlighting the benefit in selected patients.
Similarly, a recent study found benefit in the addition of
chemotherapy to patients older than 70 years with node-
positive and node-negative TNBC [9]. The survival ben-
efit shown in these results highlights the importance of
considering chemotherapy in this elderly, node-negative
TNBC population.

This study has several limitations: First, there is likely
inherent bias in that patients projected to have a longer life
expectancy were more likely to receive adjuvant chemother-
apy. Second, although we used the most recent SEER-Medi-
care data, the data may not reflect the most recent practices
and are specific to the fee-for-service population. In addition,
we do not have information of cause of death, toxicity, or
quality of life. Nevertheless, this study supports considera-
tion of adjuvant chemotherapy in elderly patients without
significant co-morbid conditions who are expected to have a
sufficient life expectancy to obtain benefit and brings pause
to the use of ATAX in this population.

Conclusion

To our knowledge, this is the largest cohort study to eval-
uate administration of ATAX versus TAX and examine
clinical outcomes in older patient treated for early-stage
TNBC. Similar to other studies, this analysis supports
the consideration of chemotherapy in an elderly, node-
negative TNBC population. What differs from other
studies is we did not find a survival benefit with use of
ATAX compared to TAX; this differed from the ABC tri-
als and EBCTCG meta-analysis which looked at a wider
and younger age range [5, 12]. Providers should approach
elderly, node-negative TNBC patients cautiously and con-
sider use of TAX in place of an anthracycline-containing
regimen. Further efforts should be put toward developing
large, randomized trials that include elderly patients to
better understand the benefits and pitfalls of therapies in
elderly patients.
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