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Purpose: To assess whether the poor prognosis of triple-negative breast cancer (TNBC) necessitates a
more aggressive surgical approach. Methods: We examined the association of: breast-conserving surgery
(BCS); BCS plus radiotherapy; mastectomy; and mastectomy plus radiotherapy with overall and breast
cancer-specific survival of stage I-Ill TNBC patients aged 66 years and older. We used unweighted and
inverse probability of treatment weighted Cox proportional hazards regression and the Fine and Gray
sub-distribution model. Results: Among 4333 women, individuals who were selected for BCS, mastectomy
or mastectomy plus radiotherapy had lower adjusted overall and breast cancer-specific survival compared
with women who had BCS plus radiotherapy. Conclusion: In this population-based study, women with
TNBC treated with BCS plus radiotherapy have a better prognosis than those treated with BCS, mastectomy
or mastectomy plus radiotherapy. Given the poor prognosis of TNBC and selection bias inherent in
observational studies, these findings should be confirmed in further studies such as randomized clinical
trials.

First draft submitted: 2 November 2021; Accepted for publication: 27 June 2022; Published online:
27 July 2022

Keywords: breast cancer-specific survival e overall survival e radiotherapy e surgery e triple-negative breast cancer

Breast cancer is the most commonly diagnosed cancer among women in the USA. Triple-negative breast cancer
(TNBC) is a breast cancer subtype associated with an aggressive clinical course, characterized by lack of expression
of estrogen receptor, progesterone receptor and HER2 [1,21. TNBC accounts for 12-15% of all invasive breast
cancer cases in the USA and is more likely to be diagnosed among Black women [3]. Compared with other subtypes,
TNBC has the highest recurrence rates and poorest survival rates, is usually of higher grade and has larger tumor
size at diagnosis [1,4]. Because TNBC tumors do not express HER2 or the progesterone or estrogen receptors,
neither hormone therapy nor medications that work by blocking HER2 are used to treat patients with TNBC [3].
This raises the question of whether the poor prognosis of TNBC warrants a more aggressive surgical approach and
whether there is value in expanded use of radiation therapy among women with TNBC who receive mastectomy.

Breast-conserving surgery (BCS) and mastectomy are the two surgical options for breast cancer patients. Guide-
lines recommend that BCS should be followed by radiotherapy (RT) (i.e., BCS 4+ RT) (5]. While patients who
receive mastectomy can receive RT, it is generally only recommended for cases with positive surgical margins or
lymph node involvement (¢]. The National Comprehensive Cancer Network surgical guidelines for breast cancer
do not vary by breast cancer subtype [6]. While randomized trials have shown that breast cancer patients undergoing
BCS + RT or mastectomy have similar survival rates [7-9], to our knowledge no randomized trials have compared
different surgical treatments for TNBC.

Several observational studies have explored the use of surgery and RT for TNBC but have produced conflicting
findings. Two population-based studies found that patients with TNBC treated with BCS + RT had superior breast
cancer-specific survival and overall survival (OS) compared with those who received mastectomy or mastectomy
plus RT (10,111. However, the studies had only 3 years of follow-up and did not adjust for comorbidities that ~ Futu re’s,

may impact surgical treatment for breast cancer [12). Two single-institution studies also found that patients with ~ Medicine ™
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TNBC who received BCS 4 RT had higher OS compared with those who received mastectomy or mastectomy
plus RT [13,14. However, other single-institution studies found no difference in OS among patients with TNBC
undergoing BCS + RT or mastectomy [15,16].

Odur study aims to examine whether the poor prognosis of TNBC necessitates a more aggressive surgical approach
(i.e., mastectomy instead of BCS) and whether RT after BCS or mastectomy improves OS and breast cancer-specific
survival among older women in the USA. The goal is to inform guidelines for surgical treatment in this population.

Patients & methods

Data

We used the National Cancer Institute’s linked Surveillance Epidemiology and End Results (SEER)-Medicare
database, which combines SEER population-based cancer registries data and Medicare claims. The SEER cancer
registries provide population-based cancer surveillance data covering approximately 30% of the USA [17]. SEER
data include patient sociodemographic and tumor characteristics, first course of treatment and follow-up vital
statistics. Medicare is a federally funded insurance program that provides coverage to 97% of the US population
aged 65 years and older. SEER-Medicare links 93% of eligible cancer cases to their Medicare claims [18].

Study population

The study cohort included women aged 66 years or older diagnosed with stage I-1II triple-negative breast cancer as
their first or only cancer between 2010 and 2015 and who received surgery. Medicare claims for most individuals
in SEER—Medicare are not available before age 65 years. Requiring individuals to be 66 years or older ensured we
had at least 1 year of Medicare claims to assess comorbidities before cancer diagnosis. We required the women to
be enrolled in Medicare fee-for-service for at least 12 months before and after cancer diagnosis or until death. This
ensured that women had complete claims. We excluded women who did not have a known month of diagnosis
and whose diagnosis was based on autopsy or death certificate (Supplementary Table 1).

Patient characteristics

Patient demographic characteristics obtained from Medicare included age at diagnosis, race and comorbidity.
Other sociodemographic variables included US census region and census median household income. We used the
Charlson comorbidity score to calculate comorbidity and categorized it as 0, 1, 2 or 3+ [19]. Patient-level tumor
characteristics obtained from SEER included tumor size and stage at diagnosis.

Treatment

The four treatments considered were: breast-conserving surgery (BCS); BCS plus radiotherapy; mastectomys;
and mastectomy plus radiotherapy. We used MedPAR, Outpatient and Carrier files to identify the treatments
(Supplementary Table 2) [20-22].

Outcome

Our outcomes were breast cancer-specific survival (BCSS) and overall survival (OS). Survival was defined as number
of months from cancer diagnosis to death. Cause and date of death information were obtained from SEER. We
used SEER’s death date because it is linked to cause of death information. Observations were censored at the date
of death or end of the observation period (31 December 2015).

Statistical analysis
We used Pearson’s ¥ -square test to compare clinical and sociodemographic characteristics among the four treatment
groups.

Overall survival

The Kaplan—Meier method was used to assess the cumulative incidence of all-cause mortality by treatment. The
log rank test was used to test differences between the survival curves. Cox proportional hazards regression was used
to evaluate the effect of treatment method on OS, controlling for tumor size, tumor stage, age at diagnosis, race,
census tract median household income, US census region and Charlson comorbidity score.

Inverse probability of treatment weighting

Separately, we also used an inverse probability of treatment weighting (IPTW) Cox proportional hazards regression
to evaluate the effect of treatment method on OS. To reduce treatment selection bias, we estimated propensity
scores and used them in IPTW. Weighting patients by the inverse probability of the treatment received is another
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way to remove the association between the baseline covariates and treatment received [23]. We used polytomous
logistic regression to estimate the probability of treatment conditional on these baseline variables: tumor size, tumor
stage, age at diagnosis, race, census tract median household income, US census region and Charlson comorbidity
score. The inverse of each person’s estimated probability of getting each treatment is the IPTW. We stabilized and
truncated the IPTW to reduce variance induced by patients with extreme weights [24,25]. Stabilized IPTW was
calculated by multiplying the IPTW by the estimated probability of receiving the treatment that each individual
received [26]. The stabilized IPTWs were truncated at the 1st and 99th percentile [24]. After IPT'W, we used Pearson’s
X -square to test the balance of the baseline variables and all variables were balanced.

Breast cancer-specific survival

We used the Fine and Gray competing risk approach, where death due to breast cancer was the event of interest
and death from other causes was considered a competing risk 27]. We used a competing risk approach because
individuals dying from other causes impacts the number of individuals who can die from breast cancer [28].
Cumulative incidence functions (CIFs) were used to estimate the incidence of death due to breast cancer by
treatment. Gray’s test was used to test differences between the CIFs. We used a Fine and Gray subdistribution
hazard model to evaluate the effect of treatment method on BCSS while controlling for demographic and clinical
characteristics. Separately, we also used an IPT'W Fine and Gray subdistribution hazard model to evaluate the effect
of treatment method on BCSS. The stabilized and truncated IPTW method is described above.

We assessed the proportional hazard assumption in each analysis by specifying an interaction of treatment with
survival time. The proportional hazard assumption was not violated.

Treatment pair comparisons & effect by stage

For each of the OS and BCSS models, we did pairwise comparisons to determine whether pairs of treatments
differed, using Tukey’s multiple comparison test to compare each pair and adjust for multiple comparisons. To
examine whether the overall treatment effects were the same within each stage, we split the dataset by stage (I, 1I
and III) and redid the analysis described above.

Sensitivity analysis

We conducted a series of sensitivity analyses to confirm that our findings did not vary based on analytic decisions.
First, we confirmed that removing the <11 individuals who survived for less than 1 month after diagnosis did not
impact model estimates. We report the number of women excluded as ‘<11’ to comply with the SEER-Medicare
data use agreement which does not allow reporting of numbers less than 11 [29]. Second, we assessed whether using
specific age and tumor size categories impacted our results. We tested this by running the models described above

with age as a continuous predictor, and categorizing the tumor sizes into smaller subcategories (<2, >2 and <5,
>5and <10, and >10 cm).

Chemotherapy receipt

We conducted an analysis to examine whether our findings differed depending on chemotherapy receipt. First,
the Kaplan—Meier method was used to assess the cumulative incidence of all-cause mortality by treatment and
chemotherapy receipt. The log rank test was used to test differences between the survival curves. Second, CIFs were
used to estimate the incidence of death due to breast cancer by treatment and chemotherapy receipt. Gray’s test was
used to test differences between the CIFs. Third, we further adjusted for chemotherapy in the Cox proportional
hazards regression and Fine and Gray subdistribution hazard models described above.

Factors associated with utilization of radiotherapy after BCS

Multivariate logistic regression was used to examine factors associated with receipt of RT after BCS.
All statistical tests were two-sided, and the level of significance was set at p < 0.05. All analyses used SAS (PC
SAS 9.4, SAS Institute, Inc., NC, USA).

Results

Population description

A total of 4598 women met our inclusion criteria (Supplementary Table 1). Of these, 94% (n = 4333) received
surgery (mastectomy or breast-conserving surgery). Of the 4333, 49% (n = 2110) were treated with BCS +
radiotherapy, 28% (n = 1219) with mastectomy, 14% (n = 602) with mastectomy + RT and 9% (n = 402) with
BCS. All the sociodemographic and clinical characteristics differed by treatment group except race. However, all
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Table 1. Baseline patient demographic and clinical characteristics.

Characteristics BCS (n = 402) BCS + RT Mastectomy Mastectomy + RT  p-valuet IPTW
(n =2110) (n =1219) (n = 602) p-value’
n % n % n % n %
Age at diagnosis (years) <0.0001 0.86
66-74 135 33.58 1254 59.43 533 43.72 348 57.81
75-84 139 34.58 716 33.93 474 38.88 185 30.73
85+ 128 31.84 140 6.64 212 17.39 69 11.46
Race 0.35 0.72
White 331 82.34 1746 82.75 994 81.54 499 82.89
Black 50 12.44 283 13.41 156 12.80 77 12.79
Other 21 5.22 81 3.84 69 5.66 26 4.32
Region <0.0001 0.21
Midwest 57 14.18 268 12.70 166 13.62 92 15.28
Northeast 71 17.66 479 22.70 188 15.42 110 18.27
South 107 26.62 486 23.03 376 30.84 165 27.41
West 167 41.54 877 41.56 489 40.11 235 39.04
Stage <0.0001 0.29
| 199 49.50 1274 60.38 428 35.11 51 8.47
1l 173 43.03 731 34.64 623 51.11 231 38.37
1] 30 7.46 105 4.98 168 13.78 320 53.16
Tumor size <0.0001 0.42
<2cm 211 52.49 1370 64.93 481 39.46 120 19.93
>2 and <5cm 164 40.80 665 31.52 586 48.07 277 46.01
>5cm 27 6.72 75 3.55 152 12.47 205 34.05
Charlson comorbidity score <0.0001 0.37
0 245 60.95 1569  74.36 810 66.45 443 73.59
1 84 20.90 331 15.69 203 16.65 95 15.78
2 30 7.46 11 5.26 118 9.68 38 6.31
3+ 43 10.70 929 4.69 88 7.22 26 4.32
Census tract median household income <0.0001 0.99
<US$40,000 87 21.64 346 16.40 281 23.05 1 18.44
US$40,001-50,000 69 17.16 280 13.27 191 15.67 105 17.44
US$50,001-60,000 60 14.93 325 15.40 197 16.16 95 15.78
>US$60,000 156 38.81 1055 50.00 462 37.90 257 42.69
Missing 30 7.46 104 4.93 88 7.22 34 5.65

T p-values based on Pearson x2.
BCS: Breast-conserving surgery; IPTW: Inverse probability of treatment weighting; RT: Radiotherapy.

the characteristics were balanced when we used stabilized and truncated inverse probability of treatment weightings
(IPTWs; all p > 0.05). Compared with women who received other treatments, women who received BCS + RT
were younger, more likely to have stage I disease, had smaller tumors (<2 cm), had lower Charlson comorbidity
scores and were more likely to live in the northeast US census region and to be in the highest census tract median

household income grouping (>US$60,000) (Table 1).

Overall survival
The treatment groups differed significantly according to the Kaplan—Meier curves (p < 0.0001) (Figure 1). The
unadjusted Kaplan—Meier curves show higher overall survival (OS) for women who were selected for BCS + RT
compared with those who were selected for BCS, mastectomy or mastectomy + RT. Specifically, the 5-year OS
rates for women who underwent BCS + RT, mastectomy, mastectomy + RT, and BCS were 81.44, 57.16, 47.18
and 51.07%, respectively (Table 2).

Findings from our multivariate and IPTW Cox proportional hazard models were similar (Table 3 & Supple-
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Figure 1. Overall survival: Kaplan-Meier curves by treatment. Kaplan-Meier survival curves for each of the four
treatments: breast-conserving surgery, breast-conserving surgery + radiotherapy, mastectomy and mastectomy +
radiotherapy.

BCS: Breast-conserving surgery; RT: Radiotherapy.

Table 2. Unadjusted 5-year all-cause and breast cancer mortality cumulative incidence.

BCS + RT Mastectomy Mastectomy + RT BCS
5-year overall survival (%) All patients 81.44 57.16 47.18 51.07
Received chemotherapy 84.33 67.98 54.34 63.94
No chemotherapy receipt 77.54 49.01 22.62 45.78
5-year cumulative incidence of death All patients 8.35 18.56 36.02 20.44
due to breast cancer (%) Received chemotherapy 9.84 18.7 34.12 19.33
No chemotherapy receipt 6.36 18.59 42.63 21.21
5-year cumulative incidence of death All patients 10.21 24.28 16.81 28.49
due to other causes (%) Received chemotherapy 5.83 13.32 11.54 16.72
No chemotherapy receipt 16.1 324 34.75 33.02

BCS: Breast-conserving surgery; RT: Radiotherapy.

mentary Table 3). Here we present output from the multivariate Cox proportional hazard models. The three other
treatments differed significantly from BCS + RT after controlling for sociodemographic and clinical characteristics.
Women who received BCS, mastectomy or mastectomy + RT had significantly higher hazard of death compared
with women who had BCS + RT (hazard ratios [HRs]: 3.05 [95% CI: 2.43-3.83], 2.03 [95% CI: 1.70-2.43]
and 1.74 [95% CI:1.39-2.17], respectively) (Table 3). In pairwise comparisons adjusted for multiple comparisons
(Table 4), five pairs of treatments differed significantly. Women who had BCS or mastectomy or mastectomy+ RT
had significantly higher hazard of death compared with those who had BCS + RT (adjusted p-values <0.0001),
and women who had BCS had significantly higher hazards of death compared with those who had mastectomy or

future science group www.futuremedicine.com 957



Research Article

Mburu, Kulasingam, Hodges & Virnig

Table 3. Multivariate Cox proportional hazards model predicting all-cause mortality.

HR 95% ClI p-value

Treatment

BCS + RT 1.00 (Reference)

BCS 3.05 2.43-3.83 <0.0001

Mastectomy 2.03 1.70-2.43 <0.0001

Mastectomy + RT 1.74 1.39-2.17 <0.0001
Tumor size

<2cm 1.00 (Reference)

>2 and <5cm 1.09 0.85-1.41 0.49

>5cm 1.61 1.23-2.10 0.0005
Stage

| 1.00 (Reference)

1 2.03 1.54-2.68 <0.0001

1] 4.10 3.06-5.50 <0.0001
Age at diagnosis (years)

66-74 1.00 (Reference)

75-84 1.52 1.30-1.77 <0.0001

85+ 2.49 2.08-2.98 <0.0001
Race

White 1.00 (Reference)

Black 0.89 0.72-1.09 0.24

Other 0.98 0.71-1.35 0.90
Charlson comorbidity score

0 1.00 (Reference)

1 1.26 1.05-1.50 0.01

2 1.49 1.18-1.89 0.001

3+ 2.30 1.85-2.87 <0.0001
Census tract median household income

<US$40,000 1.00 (Reference)

US$40,001-50,000 1.07 0.87-1.33 0.52

US$50,001-60,000 1.00 0.80-1.24 0.97

>US$60,000 0.90 0.75-1.09 0.29

Missing 1.02 0.76-1.35 0.92
Region

Midwest 1.24 1.02-1.52 0.03

Northeast 0.97 0.80-1.18 0.74

South 1.21 1.02-1.44 0.03

West 1.00 (Reference)

BCS: Breast-conserving surgery; HR: Hazard ratio; RT: Radiotherapy.

mastectomy + RT (HRs: 1.50 [adjusted p = 0.0008] and 1.75 [adjusted p = 0.0001], respectively). However, the
hazard of death did not differ between those who had mastectomy versus mastectomy + RT (adjusted p = 0.39).

Several factors were independent predictors of increased hazard of death (Table 3). Women with tumor size
>5 cm had higher hazard of death than those whose tumor size was <2 cm (HR: 1.61; 95% CI: 1.23-2.10).
Women whose tumors were stage II or III had higher hazard of death than those whose tumors were stage I (HR:
2.03 [95% CI: 1.54-2.68] and HR: 4.10 [95% CI: 3.06-5.50], respectively). Lastly, older women (75-84 and 85+
years) had a higher hazard of death than younger women (66-74 years); women with higher Charlson comorbidity
score had a higher hazard of death than those with lower scores; and women who lived in the midwest and south
US census regions had a higher hazard of death compared with those who lived in the west.
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Table 4. Pairwise comparison: multivariate Cox proportional hazards model predicting

all-cause mortality.

Treatment HR 95% Cl p-valuef
BCS vs BCS + RT 3.05 2.43-3.84 <0.0001
BCS vs mastectomy + RT 1.75 1.35-2.27 0.0001
BCS vs mastectomy 1.50 1.22-1.85 0.0008
Mastectomy + RT vs BCS + RT 1.74 1.39-2.17 <0.0001
Mastectomy vs BCS + RT 2.03 1.70-2.43 <0.0001
Mastectomy vs mastectomy + RT 1.17 0.96-1.42 0.39

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census
region and Charlson comorbidity score.

TThe Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons.

BCS: Breast-conserving surgery; HR: Hazard ratio; RT: Radiotherapy.
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Figure 2. Cumulative incidence of death due to breast cancer. Cumulative incidence function curves for each of the
four treatments: breast-conserving surgery, breast-conserving surgery + radiotherapy, mastectomy and mastectomy
and radiotherapy.

BCS: Breast-conserving surgery; RT: Radiotherapy.

Breast cancer-specific survival
Gray's test indicated that the treatment groups differed significantly in their cumulative incidence functions (CIFs;
p < 0.0001) (Figure 2). The unadjusted CIFs showed lower cumulative incidence of death due to breast cancer for
women who received BCS + RT compared with those who received mastectomy, mastectomy + RT, or BCS. The
5-year cumulative incidences of death due to breast cancer for women who underwent BCS + RT, mastectomy,
mastectomy + RT, and BCS were 8.35, 18.56, 36.02 and 20.44%, respectively (Table 2).

As with OS, findings were similar from our multivariate and IPTW Fine and Gray subdistribution hazard
models (Table 5 & Supplementary Table 4). Here we present output from the multivariate Fine and Gray

Research Article

future science group www.futuremedicine.com

959



Research Article

Mburu, Kulasingam, Hodges & Virnig

Table 5. Fine and Gray subdistribution hazard model for breast cancer death.

sHR 95% ClI p-value

Treatment

BCS + RT 1.00 (Reference)

BCS 2.67 1.88-3.80 <0.0001

Mastectomy 1.64 1.26-2.12 0.0002

Mastectomy + RT 1.95 1.45-2.63 <0.0001
Tumor size

<2cm 1.00 (Reference)

>2 and <5cm 1.15 0.82-1.61 0.41

>5cm 1.69 1.20-2.39 0.003
Stage

| 1.00 (Reference)

1 3.04 2.03-4.54 <0.0001

1] 6.67 4.38-10.15 <0.0001
Age at diagnosis (years)

66-74 1.00 (Reference)

75-84 1.13 0.92-1.40 0.25

85+ 1.51 1.16-1.97 0.003
Race

White 1.00 (Reference)

Black 0.74 0.55-1.02 0.06

Other 0.64 0.38-1.08 0.09
Charlson comorbidity score

0 1.00 (Reference)

1 0.96 0.74-1.25 0.76

2 1.30 0.94-1.80 0.12

3+ 1.23 0.84-1.81 0.29
Census tract median household income

<US$40,000 1.00 (Reference)

US$40,001-50,000 1.03 0.76-1.40 0.85

US$50,001-60,000 1.03 0.76-1.39 0.85

>US$60,000 0.85 0.65-1.11 0.22

Missing 1.01 0.67-1.52 0.97
Region

Midwest 1.32 1.00-1.73 0.05

Northeast 0.89 0.63-1.18 0.41

South 1.26 1.00-1.60 0.05

West 1.00 (Reference)

BCS: Breast-conserving surgery; RT: Radiotherapy; sHR: Subdistribution hazard ratio.

subdistribution hazard model. The three other treatments differed significantly from BCS + RT after controlling
for sociodemographic and clinical characteristics. Women who had BCS, mastectomy or mastectomy + RT
had significantly higher hazard of death due to breast cancer compared with women who had BCS + RT
(subdistribution hazard ratios [sHRs]: 2.67 [95% CI: 1.88-3.80], 1.64 [95% CI: 1.26-2.12], 1.95 [95% CI:
1.45-2.63], respectively) (Table 5).

In pairwise comparisons adjusted for multiple comparisons (Table 6), four pairs of treatments differed. Women
who had BCS, mastectomy or mastectomy + RT had a significantly higher hazard of death due to breast cancer
compared with those who had BCS + RT (adjusted p < 0.0001, 0.001 and <0.0001, respectively). Also, women
who had BCS had a significantly higher hazard of death due to breast cancer compared with those who had a
mastectomy (sHR: 1.63; adjusted p = 0.02). However, the hazard of death due to breast cancer did not differ
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Table 6. Pairwise comparison: Fine and Gray subdistribution hazard model for breast cancer

death.

sHR 95% Cl p-valuef
BCS vs BCS + RT 2.67 1.88-3.80 <0.0001
BCS vs mastectomy + RT 1.37 0.93-2.03 0.40
BCS vs mastectomy 1.63 1.18-2.27 0.02
Mastectomy + RT vs BCS + RT 1.95 1.45-2.63 <0.0001
Mastectomy vs BCS + RT 1.64 1.26-2.12 0.001
Mastectomy vs mastectomy + RT 0.84 0.64-1.09 0.56

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census region and
Charlson comorbidity score.

The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons.

BCS: Breast-conserving surgery; RT: Radiotherapy; sHR: Subdistribution hazard ratio.

Table 7. Multivariate Cox proportional hazards model predicting all-cause mortality by stage.

Stage | Stage I Stage lll
Treatment HR 95% CI p-value HR 95% CI p-value HR 95% Cl p-value
BCS + RT 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
BCS 2.69 1.82-3.97 <0.0001 2.61 1.88-3.62 <0.0001 6.50 3.5-11.93 <0.0001
Mastectomy 1.84 1.31-2.58 0.0005 1.98 1.55-2.55 <0.0001 2.57 1.64-4.03 <0.0001
Mastectomy + RT 3.34 1.76-6.34 0.0002 2.22 1.60-3.09 <0.0001 1.45 0.96-2.20 0.09

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.
BCS: Breast-conserving surgery; HR: Hazard ratio; RT: Radiotherapy.

Table 8. Pairwise comparison: multivariate Cox proportional hazards model predicting all-cause mortality by stage.

Stage | Stage I Stage Il
Treatment HR 95% Cl p-valuef HR 95% Cl p-valuef HR 95% Cl p-value®
BCS vs BCS + RT 2.69 1.82-3.97 <0.0001 2.61 1.88-3.62 <0.0001 6.50 3.54-11.93 <0.0001
BCS vs mastectomy + RT 0.80 0.4-1.60 0.93 1.17 0.81-1.70 0.84 4.47 2.71-7.39 <0.0001
BCS vs mastectomy 1.46 0.98-2.19 0.25 1.31 0.98-1.76 0.26 2.53 1.54-4.16 0.002
Mastectomy + RT vs BCS + RT 3.34 1.76-6.34 0.001 2.22 1.60-3.09 <0.0001 1.45 0.96-2.20 0.3
Mastectomy vs BCS + RT 1.84 1.31-2.58 0.003 1.98 1.55-2.55 <0.0001 2.57 1.64-4.03 0.0002
Mastectomy vs mastectomy + RT 0.55 0.29-1.06 0.28 0.89 0.66-1.20 0.88 1.77 1.33-2.35 0.0005

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.
The Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons.
BCS: Breast-conserving surgery; HR: Hazard ratio; RT: Radiotherapy.

significantly for those who had a mastectomy versus mastectomy + RT or BCS versus mastectomy + RT (adjusted
p = 0.56 and 0.40, respectively).

Several factors were independent predictors of increased hazard of death due to breast cancer (Table 5). Women
with tumor size >5 cm had higher hazard of death due to breast cancer than those whose tumor size was <2 cm
(sHR: 1.69; 95% CI: 1.20-2.39). Women whose tumors were stage II or III had higher hazard of death due to breast
cancer than those whose tumors were stage I (sHRs: 3.04 [95% CI: 2.03-4.54] and 6.67 [95% CI: 4.38-10.15],
respectively). Lastly, women aged 85+ years had higher hazard of death due to breast cancer than those whose aged
66-74 years.

Treatment effect by stage

The overall pattern persisted when we divided the data into three subsets defined by stage. In stages I and II,
BCS + RT was associated with significantly higher OS and breast cancer-specific survival compared with BCS,
mastectomy or mastectomy + RT. However, among women with stage I1I disease, BCS + RT, mastectomy or mas-
tectomy + RT did not differ significantly in breast cancer-specific survival, while BCS + RT and mastectomy + RT
did not differ significantly in OS (Tables 7-10).
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Table 9. Fine and Gray subdistribution hazard model for breast cancer death by stage.

Stage | Stage Il Stage il
Treatment sHR 95% Cl p-value sHR 95% Cl p-value sHR 95% CI p-value
BCS + RT 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
BCS 2.46 1.15-5.27 0.02 1.97 1.19-3.25 0.01 5.35 2.40-11.91 <0.0001
Mastectomy 1.35 0.71-2.58 0.36 1.65 1.17-2.33 0.004 1.78 1.01-3.14 0.05
Mastectomy + RT 4.87 1.88-12.58 0.001 2.25 1.48-3.42 0.0002 1.71 1.04-2.81 0.03

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.
BCS: Breast-conserving surgery; RT: Radiotherapy; sHR: Subdistribution hazard ratio.

Table 10. Pairwise comparison: Fine and Gray subdistribution hazard model for breast cancer death by stage.

Treatment

BCS vs BCS + RT
BCS vs mastectomy + RT

BCS vs mastectomy

Mastectomy + RT vs BCS + RT

Mastectomy vs BCS + RT

Mastectomy vs mastectomy + RT

Stage | Stage Il Stage Il

sHR 95% Cl p-valuef sHR 95% Cl p-valuef sHR 95% Cl p-valuef
2.46 1.15-5.27 0.09 1.97 1.19-3.25 0.04 5.35 2.40-11.91 0.0002
0.51 0.17-1.48 0.60 0.88 0.50-1.53 0.97 3.12 1.59-6.15 0.01
1.82 0.82-4.05 0.45 1.19 0.75-1.90 0.88 3.01 1.50-6.01 0.01
4.87 1.88-12.58 0.006 2.25 1.48-3.42 0.0009 1.71 1.04-2.81 0.14
1.35 0.71-2.58 0.80 1.65 1.17-2.33 0.02 1.78 1.01-3.14 0.19
0.28 0.10-0.74 0.06 0.74 0.49-1.10 0.43 1.04 0.72-1.51 0.99

Covariates adjusted for included tumor size, tumor stage, age at diagnosis, race, census tract median household income, US census region and Charlson comorbidity score.
TThe Tukey multiple comparison test was used to compare each pair and adjust for multiple comparisons.
BCS: Breast-conserving surgery; RT: Radiotherapy; sHR: Subdistribution hazard ratio.

Sensitivity analysis
Excluding individuals who survived for less than a month, using age at diagnosis as continuous and smaller tumor
size categories did not change our findings (Supplementary Tables 5A & B, 6A & B, 7A & B & 8A & B).

Chemotherapy receipt

Overall, just over one-half (56%; n = 2425) of patients received chemotherapy; 29.35% of BCS, 60.66% of
BCS + RT, 45.04% of mastectomy and 79.40% of mastectomy + RT patients received chemotherapy (Supple-
mentary Table 9). Chemotherapy receipt was associated with higher unadjusted 5-year OS in all the four treatments
(BCS, BCS + RT, mastectomy and mastectomy + RT; Table 2). Similar to the overall analysis, the unadjusted
Kaplan—Meier curves show higher OS for women who received BCS + RT compared with those who received BCS,
mastectomy or mastectomy + RT regardless of chemotherapy receipt (Supplementary Figures 1 & 2). Chemother-
apy receipt was associated with higher unadjusted 5-year cumulative incidence of death due to breast cancer among
BCS + RT or mastectomy patients and lower unadjusted 5-year cumulative incidence of death due to breast cancer
among those who had mastectomy + RT or BCS (Table 2). Similar to the overall analysis, the unadjusted CIFs
showed lower cumulative incidence of death due to breast cancer for women who received BCS + RT compared
with those who received mastectomy, mastectomy + RT, or BCS regardless of chemotherapy receipt (Supplemen-
tary Figures 3 & 4). Adjusting for chemotherapy in the main models did not change our findings (Supplementary
Tables 10A & B & 11A & B).

Factors associated with utilization of RT after BCS

Of the BCS patients, 16% did not receive RT after BCS. On multivariate analysis, individuals aged 75-84 and
85+ years had a lower likelihood of receiving RT after BCS compared with individuals aged 66-74 years (odds
ratios: 0.57 [95% CI: 0.44-0.73] and 0.11 [95% CI: 0.08-0.16], respectively). Patients with census tract median
household income >US$60,000 were more likely to receive RT after BCS compared with those with a census tract
median household income <US$40,000 (odds ratio: 1.65; 95% CI: 1.18-2.32). Higher comorbidity score was
associated with less likelihood of receiving RT after BCS (Supplementary Table 12).

Discussion
This population-based study of women diagnosed with stage I-III TNBC found that being selected for BCS +

RT was associated with lower 5-year cumulative incidence of all-cause and breast cancer-specific death compared
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with mastectomy, mastectomy + RT or BCS. These findings persisted in the multivariate and IPTW Cox pro-
portional and Fine and Gray subdistribution hazard models, in which individuals who had BCS + RT had a
lower hazard of all-cause and breast cancer-specific mortality compared with those who had mastectomy, mastec-
tomy + RT or BCS. Similar patterns were observed in stage-specific analysis. Being selected for BCS + RT was
associated with significantly higher OS and BCSS among women who had stage I or stage II disease. Although
BCS + RT did not differ significantly from mastectomy and mastectomy + RT in stage III, women who selected
for BCS + RT had better OS and BCSS than did women who received other treatments. We note that the analysis
of stage III, where the sample size was only 623, had lower statistical power compared with stage I (n = 1952)
and stage II (n = 1758). Similar to the overall analysis, individuals selected for BCS + RT had lower unadjusted
5-year cumulative incidence of all-cause and breast cancer-specific death compared with individuals selected for
mastectomy, mastectomy + RT or BCS, regardless of chemotherapy receipt. Adjusting for chemotherapy in our
analysis did not change our findings. This could be because the National Comprehensive Cancer Network guide-
lines do not consider the type of surgery the patient received when determining whether they should also receive
chemotherapy.

Based on results from randomized trials of surgical treatment for breast cancer, we would have expected women
undergoing BCS + RT or mastectomy to have similar hazards of death after accounting for clinical and demographic
factors [7-91. Our finding of worse OS and BCSS for women receiving mastectomy than for those receiving BCS + RT
suggests other factors could have differed between these groups of women that were notaccounted for in our analyses.
Several factors determine receipt of surgical and radiation treatment; we took steps to reduce the effect of these
factors on our findings. In our study, patients who underwent mastectomy or mastectomy + RT tended to be
older and to have higher stage and larger tumor size compared with those who underwent BCS or BCS + RT. We
accounted for these differences in our multivariate and IPTW analysis. Older patients, who generally have more
comorbidities, were more likely to receive mastectomy than BCS + RT [12]. To account for comorbidities, we
adjusted for the Charlson comorbidity score [19]. Patients who received mastectomy had higher 5-year other-cause
mortality compared with those who had BCS + RT, further suggesting that patients undergoing mastectomy are
different from those undergoing BCS + RT. To address this issue, we assessed BCSS, which does not include
deaths due to other causes and is thus a better estimator of treatment effect. However, there are other potential
confounders that we could not account for; therefore, residual selection bias contributes to some of our findings.
We lacked information such as lymphovascular invasion and surgical margins, which may be associated with
poorer prognosis (30,31]. We also lacked information on provider and patient preferences, which impact treatment
receipt [32]. Another explanation for better survival rates among those who were selected for BCS + RT compared
with mastectomy is our outcomes of interest: OS and BCSS. Two observational studies found that among early-
stage patients with TNBC, BCS + RT and mastectomy did not differ in terms of locoregional recurrence [14-16].
Unfortunately, we could not assess recurrence in our study because the Surveillance, Epidemiology and End Results
(SEER) Medicare data do not include information about recurrence. However, our finding that BCS + RT was
associated with improved survival is consistent with conclusions from other population-based observational studies
in early breast cancer in general [33-3¢6] and among patients with TNBC (10,11,37].

Our study, which used the SEER—Medicare database, has several advantages over the Chen ez 4/. (10) and Wang
et al. 11] studies, which used SEER data. These advantages include adjustment for patient comorbidity, which
may impact the treatment received [12], accounting for competing risks of death from non-breast cancer causes,
and longer follow-up time (5 vs 3 years). Also, the sensitivity of the SEER data in identifying radiation therapy
is low, so using SEER-Medicare data allowed us to have more complete and accurate radiation information [38].
Lastly, unlike in previous studies on TNBC surgical and RT treatments [10,11,13-16], we assessed all surgical and RT
combination options available to patients with TNBC, thus providing a more comprehensive understanding of the
effectiveness of these treatments.

The National Comprehensive Cancer Network guidelines recommend that early-stage breast cancer patients
receive radiation therapy following BCS because omitting RT after BCS is associated with an increased risk of
recurrence and mortality [39]. However, 16% of patients who received BCS did not receive RT, which is similar to
the proportion reported in previous studies [40,41]. In our study, predictors for not receiving RT after BCS included
older age, higher comorbidity and lower census tract median household income. Our findings confirm previously
published studies which found that lack of RT after BCS is more common in elderly individuals and those with
lower socioeconomic status [42,43]. As expected, in the multivariate analysis, women who received BCS without
RT had the lowest OS and BCSS. In our study, most women who received BCS without RT had smaller tumors
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that were diagnosed at an earlier stage. Early-stage smaller tumors, which have a lower risk of recurrence, may have
contributed to these women not receiving radiation after BCS. However, given that radiation after BCS reduces
recurrence even among women with tumors of better prognosis (e.g., early-stage and estrogen receptor-positive
tumors) [44] and the aggressive biology of TNBC, omission of RT after BCS is problematic and needs to be addressed
urgently.

In our study we did not observe any differences by race in survival outcomes after controlling for treatment,
sociodemographic and clinical characteristics. These findings are consistent with several studies that found that
among patients with TNBC, racial groups did not differ in OS and BCSS after controlling for treatment and
sociodemographic characteristics [10,11,15,45,46]. Although we did not find racial disparities in survival, it is important
to note that TNBC is more likely to be diagnosed among Black women and has a worse prognosis than other
subtypes, so there is still an urgent need for better treatment strategies for TNBC [1].

This study had several limitations. First, we only included individuals who were at least 66 years old and
enrolled in Medicare fee-for-service, so our findings may not generalize to a younger population or those enrolled
in health maintenance organizations. Second, we were unable to assess recurrence because SEER does not collect
this information. Third, we could not control for some clinical factors such as margin status, family history/genetic
risk and nonclinical factors such as patient and physician preferences, which may impact both treatment receipt
and outcome. Although we used IPTW and multivariate analysis to address selection bias, this remains a concern
in observational studies such as ours. Despite these limitations, our study, which used population-based data and is
a nationally representative sample of elderly individuals, contributes valuable new information on the effectiveness
of surgical treatment for TNBC in this population.

Conclusion

This population-based cohort study of older patients with triple-negative breast cancer found that breast-conserving
surgery (BCS) followed by radiotherapy is associated with better survival outcomes compared with BCS only,
mastectomy only or mastectomy plus radiation. Residual selection bias is a concern in our study; therefore further
investigation, for example in randomized clinical trials, is warranted to confirm our findings. The decision between
BCS and mastectomy is complicated, and shared decision-making between patients and clinicians is necessary. Other
factors to consider in the decision-making include availability of breast reconstruction surgery, contraindications
for radiotherapy, complications of radiotherapy and better cosmetic outcomes of BCS compared with mastectomy.

Summary points

e The poor prognosis of triple-negative breast cancer (TNBC) raises the question whether mastectomy (the most
aggressive surgical approach) is associated with better prognosis compared with breast-conserving surgery (BCS)
among patients with TNBC.

e Using the Surveillance, Epidemiology and End Results—Medicare linked database, we identified women aged
66 years and older diagnosed with stage -1l TNBC between 2010 and 2015.

e In a sample of 4333 women, 49% were treated with BCS + radiotherapy (RT), 28% with mastectomy, 14% with
mastectomy + RT and 9% with BCS.

e Women who received BCS, mastectomy or mastectomy + RT had significantly higher hazard of death compared
with women who had BCS + RT.

e Similarly, women who had BCS, mastectomy or mastectomy + RT had significantly higher hazard of death due to
breast cancer compared with women who had BCS + RT.

e In this population-based study, women with TNBC treated with BCS + RT have a better prognosis compared with
those treated with BCS, mastectomy or mastectomy + RT.

e Our findings, consistent with previous observational studies, suggest that BCS + RT is associated with better
prognosis in patients with early-stage TNBC. However, it was not possible to control for all potential confounders;
thus there is a need to confirm our findings in a randomized clinical trial.

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217 /cer-2021-0273
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