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ABSTRACT

Background. Randomized, controlled trials comparing

breast-conserving therapy (BCT) with mastectomy have

demonstrated equivalent overall survival (OS), but recent

observational studies have shown improved OS in patients

undergoing BCT. These studies provide limited data on

young patients who are traditionally offered mastectomy

due to perceived higher disease risk. This study examines

the OS in a contemporary series of young women with

breast cancer undergoing upfront BCT compared with

mastectomy.

Methods. Women B40 years old with primary invasive

T1-T2, N0-N1 breast cancer were identified from the

National Cancer Database between 2006 and 2016. Patient

cohorts were based according to locoregional treatment:

BCT, mastectomy alone (Mx), and mastectomy with

radiotherapy (Mx/RT). Kaplan-Meier method followed by

Cox proportional-hazards regression with inverse proba-

bility of treatment weighting (IPTW) were performed to

account for treatment selection bias effects in OS.

Results. A total of 15,611 patients met the study criteria;

9,509 patients (60.9%) had BCT, 4,020 (25.8%) had Mx/

RT, and 2,082 (13.3%) had Mx alone. The median follow-

up was 4.6 years (interquartile range [IQR] 3.0–6.4). After

IPTW-adjustment, the 5-year OS was similar for BCT

(95%), Mx (95%), and Mx/RT (94%), and there was no

significant difference in OS in Mx (hazard ratio [HR] =

1.16, 95% confidence interval [CI] 0.90–1.51) and Mx/RT

(HR = 1.08, 95% CI 0.88–1.34) compared with BCT. Mx/

RT was associated with decreased survival in patients with

pT2N0 (HR = 1.78, 95% CI 1.12–2.84).

Conclusions. Among young patients with early-stage

breast cancer, overall survival was equivalent regardless of

surgical approach. Breast-conserving therapy remains a

safe option in young women despite the clinical tendency

to offer upfront mastectomy in young patients.

Breast cancer in patients younger than 40 years old

accounts for only 4% of all invasive breast cancer in the

United States. In 2019, approximately 1 in 65 women

developed the disease by the age of 40.1 Notably, young

women are more likely to present with aggressive disease

at diagnosis, with more advanced-stage, higher-grade

tumors, and a higher proportion of HER2-positive and

triple-negative breast cancer in comparison with patients

older than aged 40 years.2,3

Previous pivotal randomized controlled trials comparing

breast-conserving therapy (BCT), defined as breast-con-

serving surgery followed by radiation therapy, with

mastectomy have consistently shown equivalent overall

survival (OS).4–9 More recently, several cancer registry

database analyses have challenged the survival equivalence

of BCT and mastectomy, demonstrating a disease-free

survival and overall survival advantage in women with

both node-negative and node-positive, early-stage breast

cancer treated with BCT.10–13 However, these studies lack

a specific evaluation of the impact of the locoregional

therapies in young patients, who are disproportionately

offered mastectomy due to increased perceived risk of local

recurrence. Recently, increased trends of mastectomy in

patients with early-stage breast cancer have been reported,
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where younger women were more likely to undergo mas-

tectomy irrespective of tumor size, without evidence of

survival advantage.14

Using the National Cancer Database, we compared the

overall survival rates for young women with early-stage

breast cancer (T1-2, N0-1) treated with upfront BCT

compared with women treated with upfront mastectomy

with or without radiotherapy.

METHODS

Data Source

All-female patients with invasive breast cancer from

2006 to 2016 were selected from the National Cancer

Database (NCDB) breast cancer dataset, according to the

International Classification of Diseases for Oncology, 3rd

edition (ICD-O-3) codes C50.0-C50.9. The NCDB contains

data from more than 1500 CoC-accredited facilities that

collect 70% of newly diagnosed cancer cases in the United

States.15 Due to the deidentified nature of the data, this

study received institutional review board exemption status

after an independent regulatory review.

Study Design and Patients

We included women aged B40 years with primary,

invasive, unilateral, and early-stage breast cancer (i.e., T1-

T2, N0-N1) who underwent upfront surgery of the primary

tumor. We excluded all patients with ductal carcinoma

in situ (stage 0) and clinically inoperable breast cancer (N2

disease, stage IIIB, IIIC, and stage IV).16,17 Additionally,

patients were excluded if they had received neoadjuvant

systemic therapies, had a history of prior cancer, or had

missing survival data (Fig. 1).

Three cohorts were created according to the locore-

gional treatment: breast-conserving surgery followed by

radiation therapy (aka, breast-conserving therapy, BCT),

mastectomy alone (Mx), and mastectomy with radiother-

apy (Mx/RT).

Sociodemographic characteristics included age at diag-

nosis, race/ethnicity, comorbidity score (Charlson/Deyo

score), and type of health facility. Clinical and pathological

tumor size and lymph node status were categorized and

grouped in anatomic stages according to the 8th edition of

the AJCC Cancer Staging Manual.18 Additional tumor

features included histologic type and grade, lymphovas-

cular invasion, hormone receptor (HR) status (i.e., estrogen

receptor (ER), progesterone receptor (PgR)), and human

epidermal growth factor receptor 2 (HER2) statuses.

Additionally, patients were classified into four breast can-

cer subtypes: HR-positive/HER2-negative, HR-positive/

HER2-positive, HR-negative/HER2-positive, and HR-

negative/HER2-negative (aka, triple-negative breast

cancer).

Statistical Analysis

Baseline characteristics were compared using chi-

squared tests and ANOVA analysis or Kruskal-Wallis

rank-sum test for categorical and continuous variables,

respectively. Overall survival (OS) was calculated from the

time of diagnosis until death or last known follow-up. To

account for selection bias, univariate followed by multi-

variable Cox proportional-hazards regression analyses

were performed. Cox proportional-hazards regression with

inverse probability of treatment weighting (IPTW) using

propensity score method for the comparisons of OS

between study cohorts also was performed using the R/

twang package.19,20 The stabilized inverse probability

weights were derived from the GBM-ATE (generalized

boost models with average treatment effect) predicted

probabilities of treatments on age, race/ethnicity, insur-

ance, income, education, comorbidities, facility type, city

type, histologic type and grade, lymph-vascular invasion

152,981 breast cancer patients assessed for eligibility at NCDB

     18-40 years old

     Female patients

     Years of diagnosis: 2006-2016

47,780 invasive early-stage breast cancer 

(T1-T2, N0-N1 (stage I-II)

15,611 Final Cohort included in analysis

105,201 excluded

  38,023 Stage 0 (DCIS)

  330 clinically N2

  916 Stage IIIB

  5,739 Stage IIIC

  8,044 de novo Stage IV

  51,346 Unknown stage

  803 Unknown histology 

32,169 excluded

  10 Bilateral breast cancer

  3,129 Prior cancer

  13,114 Neoadjuvant systemic therapy

  58 No breast surgery  

  965 No lymph node examined

  10,947 Unknown ER, PgR, HER status

  3,946 Missing survival data

9,509 Breast 

Conserving Therapy

4,020 Mastectomy 

with Radiotherapy

2,082 Mastectomy 

alone

FIG. 1 Patient flow diagram. NCDB National Cancer Database; ER
estrogen receptor; PgR progesterone receptor; HER2 human

epidermal growth factor receptor 2
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(LVI), breast cancer subtypes (based on hormone receptor

and HER2 statuses), AJCC clinical and pathological stages,

tumor size, lymph node status, and adjuvant systemic

therapy. We assessed the balance of the covariates in the

weighted samples between study cohorts using standard-

ized mean differences. No correction was made for

multiple comparisons. Trends over time in BCT versus

mastectomy were compared using chi-squared tests for

trend. Multivariable logistic regression also was performed

to predict the likelihood of the receipt of mastectomy. All

statistical tests were two-sided, and P\ 0.05 was consid-

ered significant. All statistical analyses were performed in

R version 3.6.3 (R Core Team, 2020).

RESULTS

Patient Characteristics

Of the 15,611 patients who met the inclusion criteria,

9,509 patients (60.9%) underwent BCT, 4,020 (25.8%) had

Mx/RT, and 2,082 (13.3%) had Mx alone (Fig. 1). There

were significant differences in patient demographics and

tumor features among the unadjusted cohorts (Table 1).

Briefly, patients in the Mx/RT cohort more frequently had

larger tumors (clinical and pathological T2) and lymph

node metastatic involvement (both pN1 and pN2) than

patients in BCT and Mx alone cohorts, which was reflected

in more advanced pathological stage tumors (IIB: 36.1% in

Mx/RT vs. 11.3% in BCT vs. 13.8% in Mx alone, P \
0.001; IIIA: 18.3% in Mx/RT vs. 2.9% in BCT vs. 1.8% in

Mx alone, P\0.001). Additionally, there were fewer low-

grade tumors (grade I), more frequent lymph-vascular

invasion, and HER2-positive breast cancers in the Mx/RT

group. There were no significant differences among the

cohorts after adjustment (Supplementary Fig. 1).

Survival Data Analysis

The median follow-up was 4.6 years (IQR 3.0–6.4).

Unadjusted analyses showed that the BCT cohort was

associated with an OS advantage (Fig. 2A). However, in

the Kaplan-Meier survival analyses after IPTW adjust-

ments, the OS was similar for BCT, Mx alone, and Mx/RT

(5-year OS: 95%, 95%, and 94%; 7-year OS: 93%, 92%,

and 92%, respectively, Fig. 2B). Additionally, in the Cox

proportional-hazards regression analyses with IPTW

adjustment, there was no significant difference in hazard of

death in Mx (HR = 1.16, 95% CI: 0.90–1.51) and Mx/RT

(HR = 1.08; 95% CI 0.88–1.34) compared to BCT

(Figs. 2B and 3). Similarly, multivariable Cox propor-

tional-hazards regression analysis showed that surgery type

was not independently associated with the hazard of death

(Table 2). In the subgroup analysis stratified by age cate-

gories, pathological stages, and breast cancer subtypes,

there was no difference in risk of death among the groups

except for Mx/RT, which was associated with an increased

risk of death in patients with pathological stage T2N0 (HR

= 1.78, 95% CI: 1.12–2.84, P = 0.01; Fig. 2D). Mastectomy

alone was associated with an increased risk of death in

patients with pathological stage IIIA, especially T2N2 (HR

= 2.65, 95% CI: 1.15–6.11, P = 0.02; Fig. 2H and 3).

Trends in Treatments and Predictors of Mastectomy

Due to the lack of robust data from 2006 to 2009, we

focused our trend analysis from 2010 to 2016. Breast-

conserving therapy decreased over the study period from

67.4% in 2010 to 57.2% in 2016 (P\ 0.001). Conversely,

mastectomy followed by radiotherapy and mastectomy

alone increased from 20.1 to 27.3%, and 12.5 to 15.5%,

respectively (Supplementary Fig. 2). Logistic regression

analysis identified multiple predictors for receipt of mas-

tectomy (Supplementary Table 1). After controlling for

competing factors in the multivariable analysis, the odds of

receiving mastectomy were significantly higher for patients

with clinical stage IIB (odds ratio [OR]: 3.86, 95% CI:

3.43–4.34, P\0.001), the presence of LVI (OR: 2.20, 95%

CI: 2.04–2.38, P \ 0.001), lobular histology (OR: 2.02,

95% CI: 1.64–2.49, P\ 0.001), and HR-negative/HER2-

positive tumors, but significantly lower for African-

American women (OR: 0.78, 95% CI: 0.70–0.86, P \
0.001) or triple-negative breast cancer (OR: 0.76, 95% CI:

0.68–0.86, P\ 0.001).

DISCUSSION

This study evaluated differences in the overall survival

in young patients with early-stage breast cancer based on

the locoregional treatment. After adjustment for all con-

founding factors, including clinical-demographic

characteristics, tumor-pathological features, and systemic

adjuvant therapies, survival rates were equivalent in young

patients undergoing breast-conserving therapy or mastec-

tomy. Additionally, when the multivariable analysis was

performed, the type of surgery was not an independent

factor of survival.

The most appropriate method to evaluate the clinical

outcomes between therapeutic approaches is within the

setting of randomized, control trials (RCTs). However, this

comparison has not been made in young patients, and it is

unlikely to occur. Six pivotal RCTs, including mostly older

patients, have demonstrated equivalent OS for breast-con-

serving therapy and mastectomy.4–9 Considering the time

of patient enrollment (from 1972 to 1989) in these studies
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TABLE 1 Demographics, pathology, and treatment characteristics by study cohorts

Characteristics Patients, No. (%) P value�

BCT (n = 9509, 60.9%) Mx alone (n = 2082, 13.3%) Mx/RT (n = 4020, 25.8%)

Age, yr, mean (SD) 36.4 (3.7) 35.7 (4) 35.7 (3.9) \0.001

Age range, yr, No. (%) \0.001

18–30 834 (8.8) 250 (12) 461 (11.5)

31–40 8675 (91.2) 1832 (88) 3559 (88.5)

Race/Ethnicity, No. (%) \0.001

White non-Hispanic 5954 (62.6) 1343 (64.5) 2662 (66.2)

Black 1527 (16.1) 296 (14.2) 530 (13.2)

White Hispanic 762 (8) 184 (8.8) 336 (8.4)

Asian/Pacific Islander 733 (7.7) 160 (7.7) 264 (6.6)

Other/unknown 533 (5.6) 99 (4.8) 228 (5.7)

Charlson Comorbidity score, No. (%) 0.740

0 8902 (93.6) 1937 (93) 3774 (93.9)

1 529 (5.6) 127 (6.1) 218 (5.4)

C2 78 (0.8) 18 (0.9) 28 (0.7)

Histology, No. (%) \0.001

Ductal 8503 (89.4) 1851 (88.9) 3564 (88.7)

Lobular 202 (2.1) 66 (3.2) 134 (3.3)

Other 804 (8.5) 165 (7.9) 322 (8)

Clinical T stage, No. (%) \0.001

T1 6346 (66.7) 1246 (59.8) 1760 (43.8)

T2 3163 (33.3) 836 (40.2) 2260 (56.2)

Clinical N stage, No. (%) \0.001

N0 8526 (89.7) 1836 (88.2) 2655 (66)

N1 983 (10.3) 246 (11.8) 1365 (34)

AJCC clinical stage, No. (%) \0.001

I 5932 (62.4) 1154 (55.4) 1308 (32.5)

IIA 3008 (31.6) 774 (37.2) 1799 (44.8)

IIB 569 (6) 154 (7.4) 913 (22.7)

Pathological T stage, No. (%) \0.001

T1 6258 (65.8) 1248 (59.9) 1693 (42.1)

T2 3251 (34.2) 834 (40.1) 2327 (57.9)

Pathological N stage, No. (%) \0.001

N0 6843 (72) 1510 (72.5) 771 (19.2)

N1 2393 (25.2) 535 (25.7) 2515 (62.6)

N2 273 (2.9) 37 (1.8) 734 (18.3)

AJCC pathologic stage, No. (%) \0.001

I 4842 (50.9) 992 (47.6) 417 (10.4)

IIA 3318 (34.9) 765 (36.7) 1416 (35.2)

IIB 1076 (11.3) 288 (13.8) 1453 (36.1)

IIIA 273 (2.9) 37 (1.8) 734 (18.3)

LVI, No. (%) \0.001

Absent 6177 (65) 1335 (64.1) 1535 (38.2)

Present 1984 (20.9) 488 (23.4) 1977 (49.2)

Unknown 1348 (14.2) 259 (12.4) 508 (12.6)

Tumor grade, No. (%) \0.001

I 1467 (15.4) 294 (14.1) 269 (6.7)

II 3519 (37) 779 (37.4) 1604 (39.9)
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and significant improvements in surgical and adjuvant

therapies in recent decades, it is rational to assume that

there would be changes in survival. More recent, large,

population-based studies have reported improved survival

outcomes with BCT compared with mastectomy

patients.10,12,13 Several Surveillance, Epidemiology, and

End Results (SEER) database and NCDB analyses have

documented an association with improved breast cancer-

specific and overall survival in women treated with BCT

with both stages I and II breast cancer regardless of the

lymph node status,10,21 and in patients with triple-negative

breast cancer.22,23 Additionally, studies from the

Table 1 (continued)

Characteristics Patients, No. (%) P value�

BCT (n = 9509, 60.9%) Mx alone (n = 2082, 13.3%) Mx/RT (n = 4020, 25.8%)

III 4159 (43.7) 927 (44.5) 1978 (49.2)

Unknown 364 (3.8) 82 (3.9) 169 (4.2)

ER status, No. (%) \0.001

Negative 1849 (19.4) 402 (19.3) 662 (16.5)

Positive 7660 (80.6) 1680 (80.7) 3358 (83.5)

PgR, No. (%) 0.218

Negative 2390 (25.1) 528 (25.4) 957 (23.8)

Positive 7119 (74.9) 1554 (74.6) 3063 (76.2)

HER2 status, No. (%) \0.001

Negative 7720 (81.2) 1640 (78.8) 2993 (74.5)

Positive 1787 (18.8) 441 (21.2) 1026 (25.5)

Equivocal/Undetermined 2 (0) 1 (0) 1 (0)

BC Subtypes, No. (%) \0.001

HR?/ HER2- 6263 (65.9) 1348 (64.7) 2547 (63.4)

HR?/ HER2? 1515 (15.9) 355 (17.1) 857 (21.3)

HR-/ HER2? 271 (2.8) 88 (4.2) 172 (4.3)

HR-/ HER2- 1460 (15.4) 291 (14) 444 (11)

Axillary surgical staging, No. (%)*

SLNB 4693 (71.8) 893 (57.2) 935 (30.9) \0.001

SLNB ? ALND 1087 (16.6) 367 (23.5) 1268 (41.9)

ALND 758 (11.6) 300 (19.2) 825 (27.2)

Unknown 2971 522 992

Adjuvant systemic therapy, No. (%) \0.001

No 386 (4.5) 168 (8.9) 26 (0.8)

Yes 8230 (95.5) 1721 (91.1) 3330 (99.2)

Unknown 893 193 664

Chemotherapy, No. (%) \0.001

No 2959 (31.1) 691 (33.2) 254 (6.3)

Yes 6550 (68.9) 1391 (66.8) 3766 (93.7)

Endocrine therapy, No. (%) \0.001

No 2597 (27.3) 680 (32.7) 868 (21.6)

Yes 6912 (72.7) 1402 (67.3) 3152 (78.4)

Targeted therapy, No. (%) \0.001

No 8488 (89.3) 1838 (88.3) 3264 (81.2)

Yes 1021 (10.7) 244 (11.7) 756 (18.8)

BCT breast-conserving therapy; Mx mastectomy; RT radiation therapy; AJCC American Joint Committee on Cancer; LVI lymphovascular

invasion; ER estrogen receptor; PgR progesterone receptor; HER2 human epidermal growth factor receptor 2; BC breast cancer; HR hormone

receptor; SLNB sentinel lymph node biopsy; ALND axillary lymph node dissection
�Chi-squared tests and ANOVA analysis were performed for categorical and continuous variables
*Type of axillary surgery was only available from 2012 to 2016 in NCDB
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Netherlands Cancer Registry and the Swedish National

Breast Cancer Register reported an association with

improved OS in patients with early breast cancer treated

with BCT compared to mastectomy.12,13 In these obser-

vational studies, the survival advantage in favor of BCT

was more robust in patients older than 50 years, with more

advanced disease, or triple-negative breast cancer. In the

largest observational study, which included more than

800,000 patients from NCDB, patients who underwent

mastectomy were not associated with increased mortality

compared with those undergoing BCT.24 In our study,

which was restricted to patients aged 40 years or younger

from NCDB, the overall survival was equivalent between

the cohorts, supporting the existing literature that surgery

type does not impact survival.

Several studies have identified young age as an inde-

pendent predictor of ipsilateral in-breast recurrences after

BCT compared with older counterparts.25,26 This may be

one of the concerning factors associated with increased

rates of unilateral and bilateral mastectomies in younger

patients, without a demonstrated survival advantage.14,27 A

meta-analysis, including women aged 40 years or younger

from five population-based studies, T1-T2 invasive breast

cancer, found no overall difference in survival between

BCT and mastectomy (HR = 0.88, 95% CI: 0.78–1.01).

The studies included in this meta-analysis enrolled 22,398

patients from 1980 to 2007.28 More recently, the

bFIG. 2 Overall survival by Locoregional Treatment Group.

Unadjusted Kaplan-Meier curves for overall survival in all patients

(A). Cox proportional-hazards regression with IPTW using propensity

score method for the comparisons of overall survival in all patients

(B) and pathological anatomical stages pT1N0 (C), pT2N0 (D),

pT1N1 (E), pT2N1 (F), pT1N2 (H), and pT2N2 (I). IPTW inverse

probability of treatment weighting; BCT breast-conserving therapy;

Mx mastectomy; RT radiotherapy

Subgroups

Age 18 - 30

Pathological stage IA

HR (95% CI) P-value

Mx/RT

Mx alone

Mx/RT

Mx alone

Mx/RT

Mx alone

Mx/RT

Mx alone

1.08 (0.88-1.34)

1.16 (0.90-1.51)

0.46

0.26

1.24 (0.78-1.98) 0.36

1.81 (0.96-3.43) 0.07

1.07 (0.84-1.35) 0.58

1.09 (0.82-1.43) 0.56

0.87 (0.36-2.11) 0.76

0.831.06 (0.64-1.75)

Pathological stage IIB

Mx/RT

Mx alone

0.470.90 (0.68-1.20)

0.531.16 (0.73-1.83)

Mx/RT

Mx alone

0.091.36 (0.95-1.94)

0.851.04 (0.68-1.60)

0.690.91 (0.57-1.44)

0.012.84 (1.30-6.23)

HR-/HER2-

Mx/RT

Mx alone

0.061.41 (0.99-2.02)

0.571.14 (0.73-1.76)

HR+/HER2-

Mx/RT

Mx alone

0.480.90 (0.68-1.20)

0.781.06 (0.73-1.53)

HR-/HER2+

Mx/RT

Mx alone

0.600.73 (0.22-2.37)

0.991.00 (0.30-3.34)

HR+/HER2+

Mx/RT

Mx alone

0.891.04 (0.61-1.77)

0.071.88 (0.94-3.76)

Mx/RT

Mx alone

Favors BCTFavors Mx

All

Age 31 - 40

Pathological stage IIA

Pathological stage IIIA

0 0.5 1 2 3 4 5 6

FIG. 3 Mortality hazard ratios

compared to BCT in all patients

and subgroup analysis after

IPTW adjustment. Forest plot

showing the comparison of

overall survival among surgery

types, taking BCT as a reference

using Cox proportional-hazards

regression with IPTW for all

patients as well as subgroups

stratified by age categories,

pathological anatomical AJCC

stages, and breast cancer

subtypes. The stabilized inverse

probability weights were

derived from the GBM-ATE

(average treatment effect)

predicted probabilities on age,

race/ethnicity, insurance,

income, education,

comorbidities, facility type, city

type, histologic type and grade,

lymph-vascular invasion, breast

cancer subtypes, AJCC clinical

and pathological stages, tumor

size, lymph node status, and

adjuvant endocrine therapy,

adjuvant chemotherapy, and

adjuvant targeted therapy. IPTW
inverse probability of treatment

weighting; HR hazard ratio,

BCT breast-conserving therapy;

Mx mastectomy; RT
radiotherapy
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TABLE 2 Univariate and

multivariable Cox proportional-

hazards regression analysis for

overall survival

Variable Univariable analysis Multivariable analyses

HR 95% CI P value HR 95% CI P value

Study cohort

BCT

Mastectomy/RT 1.73 1.47–2.03 \0.001 0.97 0.81–1.16 0.715

Mastectomy alone 1.33 1.06–1.67 0.013 1.28 1–1.6 0.047

Age, yr, continuous 0.95 0.93–0.96 \0.001 0.96 0.95–0.98 \0.001

Age, yr, range

18–30

31–40 0.61 0.49–0.75 \0.001

Race/ethnicity

White non-Hispanic

Black 1.61 1.35–1.93 \0.001 1.32 1.09–1.58 0.003

White Hispanic 0.99 0.74–1.32 0.943 0.84 0.63–1.11 0.222

Asian/Pacific Islander 0.63 0.43–0.91 0.014 0.63 0.43–0.91 0.014

Other/unknown 0.69 0.47–1.02 0.066 0.68 0.46–1.01 0.056

Charlson comorbidity score

0

1 1.58 1.21–2.07 \0.001 1.46 1.12–1.92 0.006

C2 3.49 2.15–5.65 \0.001 3.2 1.97–5.19 \0.001

Histology

Ductal

Lobular 0.61 0.34–1.11 0.106 0.98 0.54–1.8 0.951

Other 0.67 0.48–0.92 0.012 0.72 0.53–1 0.050

AJCC clinical stage

I

IIA 2.2 1.86–2.6 \0.001 1.17 0.95–1.43 0.137

IIB 3.03 2.45–3.75 \0.001 1.18 0.91–1.52 0.214

IIIA

AJCC pathologic stage

I

IIA 1.99 1.6–2.47 \0.001 1.00 0.72–1.39 0.986

IIB 4.02 3.24–4.99 \0.001 1.35 0.81–2.27 0.251

IIIA 5.38 4.18–6.92 \0.001 2.11 1.27–3.51 0.004

Pathological T stage

T1

T2 2.41 2.07–2.81 \0.001

Pathological N stage

N0

N1 2.18 1.86–2.57 \0.001

N2 3.95 3.17–4.92 \0.001

LVI

Absent

Present 2.36 2.01–2.76 \0.001 1.61 1.35–1.92 \0.001

Unknown 1.26 1–1.59 0.050 1.04 0.82–1.31 0.757

Tumor grade

I

II 1.9 1.26–2.86 0.002 1.33 0.88–2.03 0.181

III 5.07 3.44–7.47 \0.001 2.49 1.65–3.77 \0.001

Unknown 5.01 3.09–8.1 \0.001 3.00 1.83–4.92 \0.001
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Prospective study of Outcomes in Sporadic versus Hered-

itary Breast Cancer (POSH), a large observational cohort

study, included 3,024 women aged 18 to 40 years between

2000 to 2008. In the multivariable analysis, there was no

significant difference in OS between BCT and mastectomy

(HR = 0.79, 95% CI: 0.61–1.03).29 This is consistent with

our study, which focused on a more contemporary series

(from 2006 to 2016) and found no differences in OS

between the different locoregional approaches.

Patients with pT2N0 disease who underwent mastec-

tomy are usually not candidates for radiation therapy.

However, postmastectomy radiotherapy may be considered

in patients with high-risk recurrence factors, such as grade

3, estrogen-receptor (ER) negative, or the presence of

lymph-vascular invasion.17 In our study, patients with

pT2N0 disease within the Mx/RT cohort more frequently

had LVI (30% vs. 15–20% in the other cohorts, P\0.001),

without significant differences in other pathologic param-

eters (Supplementary Table 2). These variables were

controlled in our propensity score model. We found that

postmastectomy radiation therapy (PMRT) was associated

with an increased likelihood of death in patients with

pT2N0 compared with BCT (HR = 1.78, 95% CI:

1.12–2.84). de Boniface et al. reported similar findings in

older patients, suggesting that more extensive surgeries

with radiotherapy do not appear to reduce mortality, but

increase the risk of death.13 The need for PMRT was

addressed by the Early Breast Cancer Trialists’ Collabo-

rative Group (EBCTCG) meta-analysis, using individual

data from 22 trials, comparing mastectomy with axillary

surgery with or without PMRT (N = 8,135 patients).

Women with lymph node-negative disease who underwent

TABLE 2 continued
Variable Univariable analysis Multivariable analyses

HR 95% CI P value HR 95% CI P value

ER

Negative

Positive 0.4 0.35–0.47 \0.001

PgR

Negative

Positive 0.42 0.36–0.48 \0.001

HER2

Negative

Positive 0.61 0.49–0.75 \0.001

Equivocal/undetermined 4.27 0.6–30.36 0.147

BC subtype

HR?/ HER2-

HR?/ HER2? 0.79 0.62–1.01 0.059 0.62 0.46–0.82 0.001

HR-/ HER2? 1.03 0.67–1.58 0.906 0.51 0.31–0.83 0.007

HR-/ HER2- 2.71 2.3–3.19 \0.001 1.57 1.19–2.06 0.001

Radiation therapy

No

Yes 0.91 0.73–1.13 0.374

Chemotherapy

No

Yes 2.74 2.14–3.5 \0.001 0.980 0.74–1.31 0.915

Endocrine therapy

No

Yes 0.48 0.41–0.55 \0.001 0.740 0.58–0.95 0.017

Targeted therapy

No

Yes 0.69 0.51–0.94 0.019 0.950 0.66–1.36 0.779

BCT breast-conserving therapy; Mx mastectomy; RT radiation therapy; AJCC American Joint Committee

on Cancer; LVI lymphovascular invasion; ER estrogen receptor; PgR progesterone receptor; HER2 human

epidermal growth factor receptor 2; BC breast cancer; HR hormone receptor
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PMRT had an absolute increase in overall mortality of 6%

at 20 years compared to patients without PMRT (relative

risk [RR] = 1.23, 95% CI 1.02–1.49).30 These findings

suggest that the absolute benefit of PMRT may be out-

weighed by its potential toxicities in patients with negative

lymph nodes.

Regarding node-positive disease, we found no signifi-

cant difference in hazard of death in patients with 1–3

positive lymph nodes regardless of surgical approach,

reflecting that lesser breast surgery does not change the

survival. EBCTCG meta-analysis reported no differences

in 20-year all-cause mortality in patients who underwent

mastectomy with or without PMRT.30 By contrast, we

observed that the lack of radiotherapy (i.e., mastectomy

alone) was associated with worse outcomes in patients with

larger tumors and high tumor burden in the axilla (i.e.,

T2N2), reflecting that mastectomy alone is insufficient

treatment and increases the risk of mortality (HR = 2.65,

95% CI: 1.15–6.11) compared with those undergoing BCT

or Mx/RT. The EBCTCG meta-analysis also revealed that

PMRT had a significant absolute reduction of 7.6% in the

20-year all-cause mortality in patients with four or more

positive lymph nodes.30

There are conflicting data regarding the appropriate

locoregional management of patients according to the

breast cancer subtype. For example, triple-negative breast

cancer (TNBC) is usually associated with younger age at

presentation, BRCA1 mutations, and carries an elevated

risk of locoregional recurrences (LRR) after both BCT and

mastectomy compared with luminal subtypes.31 Several

retrospective institutional and SEER database analyses

demonstrated similar or superior overall survival outcomes

favoring BCT vs. mastectomy (with or without radiother-

apy) in older patients with stage I-II TNBC.22,23,32,33 In our

study, which was limited to T1-T2 tumors in younger

women, there was no statistical difference in overall sur-

vival in TNBC patients who underwent Mx/RT compared

with BCT (HR = 1.41, 95% CI: 0.99–2.02, P = 0.06).

Similarly, a large NCDB study comparing mastectomy

with or without radiotherapy in patients with nonmetastatic

TNBC found no overall survival benefit in patients with

T1-T2N0.34 Altogether, these findings support the notion

that the locoregional option should not be guided only by

the TNBC subtype, and the indication of Mx/RT should

consider other risk factors, such as LVI or grade, as has

been suggested in a recent consensus guideline.35

Age has been postulated as a significant factor related to

the increase in mastectomy rates. Some studies have shown

that younger than 40 years of age is a significant predictor

of mastectomy choice over BCT.36,37 In our study, we

observed that breast-conserving therapy decreased by

10.2%, and Mx-RT and Mx alone increased by 7.2% and

3%, respectively, from 2010 to 2016. Several

clinicopathological factors have been associated with the

surgical choice. Our findings align with several other

studies showing an increased likelihood of mastectomy in

patients with increasing clinical-stage, lobular histology,

and the presence of LVI.38,39 Other factors interplay in the

complexity of the decision-making of the surgical choice.

Regardless of age, women often choose mastectomy for

fear of recurrence and a perceived survival benefit.40

Additional factors to consider are increased hereditary

risk—especially in younger patients, preoperative MRI,

advances in oncoplastic and reconstruction options influ-

encing surgeon preferences, race, education, comorbidities,

tumor location, and feasibility of postoperative RT.41,42

Our retrospective observational study was inherently

limited by nonrandomized data and limited variables

available in the NCDB. Therefore, causality can not be

inferred and the main obstacles to estimate differences

among the therapeutical cohorts lean on the confounding

variables. To minimize the selection bias, significant

baseline differences among the three cohorts necessitated

the adjustment of confounders using propensity score

methods.19,20 The equivalent survival among the cohorts

was similar in the propensity score model and the Cox-

multivariable analysis, suggesting that this equivalence is

not biased by the model. Unfortunately, the NCDB pro-

vides no information on ipsilateral breast recurrences or

breast cancer-specific mortality, limiting the analysis to

overall survival as the only clinical outcome evaluated.

Furthermore, NCDB does not account for other factors that

may influence the surgical decision, such as germline

mutation (e.g., BRCA1/2 status), multifocality/multicen-

tricity, invasive carcinoma with extensive in situ

component, or patient and physician preferences. NCDB

lacks granular information regarding adjuvant systemic

regimens (chemo/endocrine) and adherence to therapy over

time, which also may influence survival. Finally, to eval-

uate accurately the surgical impact, we excluded patients

receiving neoadjuvant therapy. This may have introduced a

selection bias by excluding higher-risk patients. Therefore,

further studies in young patients with HER2-positive or

triple-negative breast cancer who are candidates for

neoadjuvant therapy should be performed.

CONCLUSIONS

The results of our study support the use of breast-con-

serving therapy as the preferred option whenever

suitable in young patients with breast cancer. Despite the

clinical tendency to offer mastectomy in young patients,

breast-conserving therapy remains a safe option in young
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women. The recommendation for mastectomy as the pri-

mary surgical option should not be based on young age

alone.
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supplementary material available at https://doi.org/10.1245/s10434-
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