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ABSTRACT

Background. Young age at breast cancer diagnosis has

been associated with increased risk of recurrence and

mortality. We reevaluated this assumption in a large,

modern cohort of women diagnosed with breast cancer at

age B40 years.

Methods. We identified women with breast cancer at

age B40 years at a single institution from 1996–2008. We

assessed locoregional recurrence (LRR), distant recurrence,

disease-free survival (DFS), and overall survival (OS), and

correlated patient and tumor characteristics with outcomes.

Results. We identified 584 women aged B40 years with

breast cancer. Median age was 37 years, and median fol-

low-up was 124 months; 61.5 % were stages 0–I and

38.5 % were stages II–III. Overall, 57.4 % had lumpec-

tomies and 42.5 % mastectomies. DFS was 93 % at 5 years

and 84.5 % at 10 years. OS was 93 % at 5 years and

86.5 % at 10 years. On multivariate analysis, worse DFS

was associated with positive nodes (p = 0.002); worse OS

was associated with larger tumor size (p = 0.042). When

stratified by lumpectomy versus mastectomy, there were no

significant differences in survival or recurrence. For

lumpectomy patients, DFS was 96 % at 5 years and 88 %

at 10 years; OS was 96 % at 5 years and 89 % at 10 years.

For mastectomy patients, DFS was 89.5 % at 5 years and

79 % at 10 years; OS was 90 % at 5 years and 83 % at

10 years. Lumpectomy LRR rates were 1 % at 5 years and

4 % at 10 years. Mastectomy LRR rates were 3.5 % at

5 years and 8.7 % at 10 years.

Conclusions. Outcomes for women with breast cancer at

age B40 years have improved. Lumpectomy recurrence

rates are low, suggesting that lumpectomy is oncologically

safe for young breast cancer patients.

In 2015, the American Cancer Society estimated 10,500

new diagnoses of invasive breast cancer and 1650 in situ

cases for women ages B40 years.1 Despite increasing

public awareness about breast cancer, advances in breast

cancer screening, and increased availability of genetic

testing, we previously reported that up to 71 % of breast

cancers in young women were palpable at diagnosis with

larger tumors and a higher rate of positive axillary nodes at

presentation compared with older women.2

Young age at breast cancer diagnosis was previ-

ously found to be an independent risk factor for disease

recurrence.3–5 Among 10,709 women in five NSABP trials,

12-year rates of ipsilateral breast tumor recurrences for

women ages B49, 50–59, and C60 years were 9.6, 5.8, and

5.6 %, respectively.5 In patients of all ages, the risk of in-

breast recurrence after breast-conserving therapy (BCT)

with radiation is approximately 1 % per year, up to

20 years after initial treatment.6 Patients who develop

locoregional recurrence (LRR), as in-breast, chest wall, or
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regional nodal recurrence, have an increased risk of

metastatic disease and death from breast cancer.4,7

Historically, young age has been associated with poorer

survival. In one study, 980 women diagnosed with early-

stage breast cancer between 1981 and 1991 were divided

into three groups (ages B35, 36–50, and[50 years), and

younger women were found to have a worse overall sur-

vival (71 vs. 83 vs. 92 %, respectively).8 However,

differences related to age may be narrowing as the man-

agement of breast cancer improves. Better preoperative

imaging, margin assessment, endocrine therapy, systemic

therapy, and standard use of radiation therapy with a tumor

bed boost can reduce recurrence and improve survival.9–11

We sought to reevaluate outcomes in a large, modern

cohort of women diagnosed with stages 0–III breast cancer

by age 40 years. We assessed rates of recurrence and sur-

vival and examined patient factors, tumor characteristics,

and treatment modalities potentially associated with out-

comes in young breast cancer patients.

MATERIALS AND METHODS

Following Institutional Review Board approval, retro-

spective review of medical records identified women

aged B40 years at a single institution who were diagnosed

with stages 0–III breast cancer in 1996–2008. Demo-

graphic data, family history, initial presentation, genetic

testing, imaging studies, surgery type, tumor characteris-

tics, and neoadjuvant/adjuvant therapy received were

recorded. Standard BRCA1/2 sequencing was used for

genetic testing for most patients; rearrangement testing was

added in patients diagnosed after 2006. Only a small

number of patients underwent multigene panel testing.

However, if updated or additional testing was performed,

these results were included. Site of first recurrence and the

interval between recurrence and/or death or last follow-up

were recorded. If the first recurrence was locoregional, the

TABLE 1 Patient and tumor characteristics of 584 breast cancer

patients aged B40 years

Patient/tumor characteristic N (%)

Age, year (of 584)

B25 7 (1.2)

26–30 46 (7.9)

31–35 142 (24.3)

36–40 389 (66.6)

Race/ethnicity

White/Caucasian 492 (84.2)

Hispanic/Latino 31 (5.3)

Asian 31 (5.3)

Black/African-American 16 (2.7)

Unknown 14 (2.4)

Positive family history (of 584) 300 (51.3)

Genetic mutation (of 298 tested) 81 (27.2)

Prior thoracic radiation (of 584) 13 (2.2)

Clinical T stage at diagnosis (of 584)

Tis 121 (20.7)

T1 255 (43.7)

T2 163 (27.9)

T3 33 (5.6)

T4 12 (2.1)

Type of surgery (of 584)

Mastectomy 248 (42.5)

Lumpectomy 335 (57.3)

ALND, occult primary 1 (0.2)

Final tumor pathology (of 584)

DCIS 118 (20.2)

IDC 445 (76.2)

ILC 18 (3.1)

Other invasive carcinoma 3 (0.5)

Nodal status (of 466)

Negative 245 (52.6)

Positive 221 (47.4)

Final pathologic stage (of 584)

0 135 (23.1)

I 196 (33.6)

II 183 (31.3)

III 70 (12)

Highest tumor grade (of 584)

I 51 (8.7)

II 150 (25.7)

III 231 (39.6)

Unknown 152 (26)

Receptor status

ER? (of 535) 403 (75.3)

PR? (of 528) 388 (73.5)

HER2? (of 409) 91 (22.3)

Triple negative (of 520) 71 (13.7)

Radiation therapy

TABLE 1 continued

Patient/tumor characteristic N (%)

Lumpectomy ? radiation (of 332) 320 (96.4)

PMRT (of 247) 90 (36.4)

Systemic therapy

Neoadjuvant (of 466 invasive) 86 (18.5)

Adjuvant (of 466 invasive) 320 (68.7)

Endocrine therapy (of 400 ER?) 314 (78.5)

None (of 584) 123 (21.1)

ALND axillary lymph node dissection; DCIS ductal carcinoma in situ;

IDC invasive ductal carcinoma; ILC invasive lobular carcinoma; ER

estrogen receptor; PR progesterone receptor; HER2 human epidermal

growth factor 2; PMRT postmastectomy radiation therapy
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first site of distant recurrence was also recorded. Patients

were censored at their last follow-up visit.

We assessed LRR, distant recurrence (DR), disease-free

survival (DFS), and overall survival (OS). LRR was

defined as recurrent cancer in the ipsilateral breast, chest

wall, or regional lymph nodes (ipsilateral axillary, internal

mammary, infraclavicular, and/or supraclavicular) as

defined by the American Joint Committee on Cancer

(AJCC 7th Edition).12 Contralateral or histologically dis-

tinct breast cancers were considered new events and were

not included in the recurrence analyses. Survival data were

gathered using the consensus of the Tumor Registry,

Massachusetts Death Certificate Data, and the Social

Security Master Death Index to determine the date of death

for each patient.

Univariate analyses were conducted using Pearson’s Chi

squared test, and multivariate analyses were conducted

using Cox’s proportional hazard regression modeling.

Survival and recurrence data were analyzed using the

Kaplan–Meier estimator method. The log-rank test was

used for the comparison of survival/recurrence curves. A p

value B0.05 was considered statistically significant. All

analyses were done using Stata (StataCorp. 2011. Stata

Statistical Software: Release 12. College Station, TX:

StataCorp LP.)

RESULTS

We identified 628 women aged B40 years diagnosed

with stages 0–III primary breast cancer from 1996–2008.

Follow-up data were available for 584 patients (Table 1).

Median follow-up was 124 months (range 5–236); median

age was 37 years (range 21–40) with 33 % B35 and

9 % B30 years. The majority of patients were self-identi-

fied as white/Caucasian (84.2 %, n = 492), and the

remainder as Hispanic/Latino (5.3 %, n = 31), Asian

(5.3 %, n = 31), black/African-American (2.7 %, n = 16),

or unknown (2.4 %, n = 14). Clinically, 20.6 % were stage

0, 40.9 % stage I, 33.4 % stage II, and 5.1 % stage III.

Overall, 57.4 % had lumpectomies, 42.5 % had mas-

tectomies, and one patient had an axillary dissection

without breast surgery for positive axillary nodes with an

occult primary. Among lumpectomy patients, 96 % (320/

335) received radiation, and 36 % of mastectomy patients

(90/248) received postmastectomy radiation (PMRT).

Among patients with invasive cancer, 79.8 % (372/466)

received chemotherapy, the majority (75.5 %, n = 281)

receiving AC (doxorubicin and cyclophosphamide) or AC-

T (doxorubicin, cyclophosphamide, and paclitaxel). For the

91 patients with HER2 positive invasive cancer, trastuzu-

mab was administered in 48.4 % (n = 44). Among those

with ER? invasive cancers, 87 % (288/331) received

endocrine therapy, and 37.7 % (26/69) of those with

ER? DCIS received endocrine therapy.

In follow-up of the entire cohort, there were 27 new

breast primaries (4.6 %, histologically distinct and/or in the

contralateral breast), 132 locoregional and/or distant
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FIG. 1 Kaplan–Meier estimates for the entire cohort of (a) locore-

gional recurrence, (b) overall survival, and (c) overall survival

stratified by clinical disease stage
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recurrences, and 86 deaths from all causes. Overall, sur-

vival was quite high and LRR quite low compared with

historical data. Kaplan–Meier estimates for LRR were 2 %

at 5 years and 5.9 % at 10 years (Fig. 1a). DFS was 93 %

at 5 years and 84.5 % at 10 years (data not shown). OS was

93 % at 5 years and 86.5 % at 10 years (Fig. 1c). For

patients with stage 0 disease, OS was 100 % at 5 years and

96.7 % at 10 years. For patients with stage I disease, OS

was 96.5 % at 5 years and 88.1 % at 10 years. For patients

with stage II disease, OS was 88.3 % at 5 years and 82.5 %

at 10 years. For patients with stage III disease, OS was

72.6 % at 5 years and 60.6 % at 10 years (Fig. 1d).

Among 446 women with invasive cancer, there were

122 locoregional and/or distant recurrences and 81 deaths

from all causes at median follow-up of 124 months (range

5–235). Among 118 women with DCIS, there were 10

locoregional and/or distant recurrences and 5 deaths from

all causes at median follow-up of 125 months (range 11–

236). In the entire cohort, median time from diagnosis of

breast cancer to any recurrence was 42 months (range 3–

158). Median time to death following any recurrence was

65 months (range 5–201, n = 79).

Across the cohort of 584 patients, worse DFS and OS

were associated with positive lymph nodes and larger

tumor size. On univariate analysis, survival was not

associated with ER/PR status, HER2 status, triple-negative

disease, or the presence of a high-risk genetic mutation

(Supplemental Table 1; Supplemental Fig. 1). For DFS,

multivariate analysis, including age, invasive disease,

tumor size, tumor grade 3, presence of lymphovascular

invasion (LVI), positive lymph nodes, type of surgery,

chemotherapy, and radiation, showed that only positive

lymph nodes remained individually significant in predict-

ing a worse DFS (by Cox regression, p = 0.002; Table 2).

With respect to OS, multivariate analysis including the

same variables showed that only tumor size remained

individually significant in predicting a worse OS (by Cox

regression, p = 0.042; Table 2).

We next evaluated how breast-conserving therapy

(BCT) versus mastectomy affected patient outcomes. In

this retrospective series, selection of surgical procedures

was based on tumor features and patient and physician

preferences.

Table 3 summarizes patient and tumor characteristics

stratified by surgical procedure (lumpectomy vs. mastec-

tomy). Median follow-up was slightly longer for

lumpectomy patients (means: 127 vs. 115 months,

p = 0.007). There were no significant differences in age at

diagnosis, presence of genetic mutations, histological

tumor type, or nodal status between lumpectomy and

TABLE 2 Multivariate analyses (by Cox regression) of disease-free survival and overall survival

Variable Hazard ratio p value 95 % Confidence interval

Disease-free survival

Age (continuous) 1.03 0.255 0.98–1.09

Invasive disease (vs. in situ) 1a n/a n/a

Tumor size (continuous) 1.02 0.73 0.92–1.12

Tumor grade 3 (vs. grades 1/2) 1.4 0.092 0.95–2.07

Presence of LVI 1.29 0.225 0.85–1.96

Positive lymph nodes 2.04 0.002 1.31–3.19

Mastectomy (vs. lumpectomy) 1.39 0.165 0.87–2.23

Chemotherapy (vs. none) 0.96 0.887 0.53–1.74

Radiation (vs. none) 1.16 0.635 0.64–2.1

Overall survival

Age (continuous) 1.02 0.492 0.96–1.09

Invasive disease (vs. in situ) 1a n/a n/a

Tumor size (continuous) 1.12 0.042 1.004–1.26

Tumor grade 3 (vs. grades 1/2) 1.36 0.212 0.84–2.2

Presence of LVI 1.3 0.307 0.78–2.17

Positive lymph nodes 1.56 0.106 0.91–2.68

Mastectomy (vs. lumpectomy) 1.51 0.14 0.87–2.6

Chemotherapy (vs. none) 2.52 0.086 0.88–7.24

Radiation (vs. none) 1.33 0.43 0.65–2.74

p values\ 0.05 are shown in bold

LVI lymphovascular invasion
a Invasive disease was omitted due to collinearity
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mastectomy patients. As expected, women undergoing

mastectomy were more likely to have a higher clinical T

stage (p\ 0.001). There were significant differences in the

distribution of disease stages between those undergoing

lumpectomy versus mastectomy (p = 0.001), with stage 0

and stage III tumors more common among mastectomy

patients. Triple-negative status was similar between

lumpectomy and mastectomy patients. The mastectomy

cohort included more high T-stage patients, and as

expected, neoadjuvant chemotherapy was more common

(p = 0.038). After adjusting for T stage, the difference in

receipt of neoadjuvant chemotherapy did not persist.

For patients undergoing BCT, DFS was 96 % at 5 years

and 88 % at 10 years, and OS was 96 % at 5 years and 89 %

at 10 years. For patients undergoing mastectomy, DFS was

89.5 % at 5 years and 79 % at 10 years, whereas OS was

90 % at 5 years and 83 % at 10 years. These differences are

not surprising as the mastectomy group included more

patients with higher T stage and disease stage (Table 3).

However, there were no significant differences in survival or

recurrence based on the initial surgical procedure (log-rank

test, unadjusted, all p[ 0.05; Fig. 2a, b).

Risk of LRR was very low after lumpectomy among

young women in our series. Rates of any LRR after

lumpectomy were 1 % at 5 years and 4 % at 10 years.

Rates of ipsilateral breast recurrence after lumpectomy

were 0.6 % at 5 years and 2.8 % at 10 years, and rates of

regional nodal recurrence after lumpectomy were 0.3 % at

5 years and 1.3 % at 10 years. For mastectomy patients,

rates of any LRR were 3.5 % at 5 years and 8.7 % at

10 years. Rates of ipsilateral chest wall recurrence after

mastectomy were 2.1 % at 5 years and 4.7 % at 10 years,

and rates of regional nodal recurrence were 1.8 % at

5 years and 5.9 % at 10 years.

When stratified by clinical stage and surgical treatment

(lumpectomy vs. mastectomy), there was no significant
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FIG. 2 Kaplan–Meier estimates for the entire cohort stratified by

type of surgery (lumpectomy vs. mastectomy) of (a) locoregional

recurrence (log-rank test, p = 0.614) and (b) overall survival (log-

rank test, p = 0.096). Kaplan–Meier estimates of overall survival

stratified by type of surgery for women with (c) Stages 0–I (Stage 0,

log-rank test, p = 0.749; Stage I, log-rank test, p = 0.673), and (d)

Stages II–III disease (Stage II, log-rank test, p = 0.156; Stage III, log-

rank test, p = 0.281)
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difference in OS for patients with stages 0 or I disease

(Fig. 2c; stage 0, log-rank test, p = 0.749; stage I, log-rank

test, p = 0.673). However, for those with stages II–III

disease, mastectomy patients had a trend towards a worse

OS (Fig. 2d, stage II, log-rank test, p = 0.156; stage III,

log-rank test, p = 0.281). After adjusting for tumor size

using clinical T stage, surgical procedure (lumpectomy vs.

mastectomy for stages II–III) was not significantly

TABLE 3 Patient and tumor characteristics of 583 breast cancer patients aged B40 years, stratified by type of surgery; univariate analyses by

Pearson’s Chi squared test

Patient/tumor characteristics 335 Lumpectomy N (%) 248 Mastectomy N (%) p value

Age, year (of 583)

B25 5 (1.5) 2 (0.8) 0.233

26–30 24 (7.2) 22 (8.9)

31–35 73 (21.8) 69 (27.8)

36–40 233 (69.5) 155 (62.5)

Positive family history (of 584) 175 (47.8) 125 (50) 0.593

Genetic mutation (of 298 tested) 39 (24.2) 42 (30.7) 0.213

Prior thoracic radiation (of 584) 1 (0.3) 12 (4.8) \0.001

Clinical T stage at diagnosis (of 583)

Tis 65 (19.4) 55 (22.2) \0.001

T1 166 (49.5) 89 (35.9)

T2 92 (27.5) 71 (28.6)

T3 12 (3.6) 21 (8.5)

T4 0 12 (4.8)

Final tumor pathology (of 583)

DCIS 64 (19.1) 54 (21.8) 0.302

IDC 255 (76.1) 189 (76.2)

ILC 14 (4.2) 4 (1.6)

Other invasive carcinoma 2 (0.6) 1 (0.4)

Nodal status (of 465)

Negative 149 (55) 96 (49.5) 0.242

Positive 122 (45) 98 (50.5)

Final pathologic stage (of 583)

0 68 (20.3) 67 (27) 0.001

I 128 (38.2) 68 (27.4)

II 108 (32.2) 74 (29.8)

III 31 (9.3) 39 (15.7)

Highest tumor grade (of 431)

I 35 (13.9) 16 (8.9) 0.227

II 89 (35.3) 61 (34.1)

III 128 (50.8) 102 (57)

Receptor status

ER? (of 534) 241 (77.7) 162 (72.3) 0.151

PR? (of 527) 238 (77.8) 150 (67.9) 0.011

HER2? (of 408) 46 (20) 44 (24.7) 0.254

Triple negative (of 519) 40 (13.2) 31 (14.4) 0.681

Systemic therapy

Neoadjuvant (of 465 invasive) 41 (15.1) 44 (22.7) 0.038

Adjuvant (of 465 invasive) 188 (69.4) 131 (67.5) 0.672

Endocrine therapy (of 400 ER?) 191 (80.3) 123 (75.9) 0.301

p values\ 0.05 are shown in bold

DCIS ductal carcinoma in situ; IDC invasive ductal carcinoma; ILC invasive lobular carcinoma; ER estrogen receptor; PR progesterone receptor;

HER2 human epidermal growth factor 2
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associated with OS (by Cox regression, p = 0.160 for the

surgical treatment, p = 0.005 for clinical T stage).

DISCUSSION

Several large studies published before 2010 found

young age at diagnosis to be an independent predictor of

poor prognosis.13–16 Beadle et al. found OS to be 64.6 % at

10 years, whereas Coulombe et al. reported an OS of

78.1 % at 10 years.17,18 In our study, OS was 86.5 % at

10 years, suggesting that recent improvements in diagnosis

and treatment have translated into improved outcomes for

young women.

We found no significant difference in survival when

comparing lumpectomy versus mastectomy among our

patients. A recent meta-analysis evaluating BCT versus

mastectomy in 22,598 women ages B40 years with early-

stage breast cancer also found no significant difference in

the risk of death related to the surgical procedure.19

In addition to improved OS, we report significantly

lower LRR rates compared with older series. For example,

Voogd et al. reported 10-year actuarial LRR rates for

patients aged B35 years as 35 % after BCT.20 Beadle et al.

reported a 10-year actuarial LRR rate of 15.8 % following

BCT and 12.5 % following mastectomy in a cohort of 652

women aged B35 years.17 In comparison, our LRR was

4 % after BCT and 8.7 % after mastectomy at 10 years by

Kaplan–Meier analysis. In a separate study of 1434 con-

secutive patients undergoing BCT at our institution, some

of whom also were included in this study, the 5-year LRR

rate following BCT in women aged 23–46 years was

5 %.21

We found that age (as a continuous variable in women

aged B40 years) was not significantly associated with

recurrence or survival. This may suggest that if a woman is

diagnosed with breast cancer at age B40 years, her exact

age may not contribute substantially to her prognosis.

Bharat et al. previously reported that younger women

were 1.5 times more likely to die from breast cancer than

older women.13 In contrast, outcomes in our cohort of

young women with breast cancer were very similar to

outcomes in the general breast cancer population.

According to 2015 data from the American Cancer

Society, survival among all women with invasive breast

cancer is 89 % after 5 years and 83 % after 10 years.1

When women diagnosed with breast cancer between 2005

and 2011 were stratified by stage using SEER data,

Howlander et al. reported 5-year relative survival rates of

99 % for those with localized disease and 85 % for

regional disease, which is comparable to our findings in

women aged B40 years.22 In the SEER data, 61 % had

localized disease at diagnosis, whereas 32 % had regional

disease, similar to the stage distribution among our young

patients.1,22 These data suggest that young women’s

breast cancers are now being detected at stages similar to

older women’s cancers.

The reasons for the improved outcomes observed in our

study are likely multifactorial. Patients in our series, par-

ticularly in later years, had the benefit of digital

mammography as well as the increasing use of breast MRI

in their preoperative workup (data not shown). Better

preoperative imaging allows for improved surgical treat-

ment planning and identification of patients not eligible for

breast conservation. Better staging also allowed us to

exclude patients with metastatic disease at diagnosis who

may have been included in prior series of young breast

cancer patients.

Improved lumpectomy margin assessment has been

shown to improve outcomes.23 Standardization of speci-

men handling and orienting, use of shaved margins, and

intraoperative specimen radiography have helped to

improve lumpectomy margin assessment, reduce the need

for reoperation, and potentially decrease the risk of local

recurrence.24–26

Advancements in radiation therapy strategies likely

contributed to favorable outcomes in our cohort. We rou-

tinely used a boost to the lumpectomy tumor bed, which

has been shown to reduce LRR in young women.27 The use

of PMRT in more than a third of our mastectomy patients

potentially contributed to our low LRR rate after mastec-

tomy and also may contribute to improved survival.28,29

The evolution of systemic therapy, in particular, routine

use of endocrine therapy after the 1998 Early Breast

Cancer Trialists meta-analysis, has undoubtedly improved

outcomes in young breast cancer patients.30 In our cohort,

more than 77 % of patients with ER-positive breast cancer

received endocrine therapy, which improves control of

both local and distant disease. Randomized trials have

shown that addition of a taxane to anthracycline-based

regimens provides improved DFS.31,32 Current NCCN

guidelines recommend preferential use of regimens incor-

porating both anthracyclines and taxanes, and use of these

agents was standard in our cohort.33

Despite the marked improvement in young women’s

breast cancer outcomes reflected in our cohort, strategies

for further improvement exist. Genetic testing of more

young women with strong family histories would allow

earlier identification of risk gene mutation carriers for high-

risk screening and risk reducing surgery.33,34 Although

NCCN guidelines outline eligibility for MRI screening of

high-risk women, we previously reported underutilization

of high-risk screening algorithms and genetic testing in

young women.33,35 Finally, our results show that despite

remarkable progress, young women still have ongoing risks
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of recurrence and mortality over time, confirming the need

for continued improvement in systemic and other therapies.

In summary, outcomes for women diagnosed with breast

cancer at age B40 years have improved over time, with

stage distribution and survival now similar to that of older

women. Rates of LRR following BCT are low, suggesting

that BCT is an oncologically safe approach for young

breast cancer patients. We believe that improvements in

preoperative imaging and margin assessment, routine use

of modern radiation and endocrine therapy, and advances

in chemotherapy regimens have all contributed to

improving the prognosis of young breast cancer patients. In

the future, better identification and screening of high-risk

patients may further improve outcomes.
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