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Abstract

Background Mastectomy rates in women with breast cancer are higher in younger women than in older women. The impact
of this more extensive surgery on overall survival (OS) and locoregional recurrence in younger women is unknown, especially
after neoadjuvant systemic therapy (NST). This study evaluated surgical management and outcomes of patients aged < 45
versus > 45 years enrolled in multicenter NST clinical trial, [-SPY?2.0 (NCT01042379, PMID 37325931).

Methods We conducted a secondary data analysis comparing locoregional treatment in patients aged < 45 versus > 45 years
with clinical or molecular high-risk clinical stage II-III breast cancer treated from April 2010 to June 2022. Multivariate Cox
proportional hazards models were used to evaluate associations between type of breast surgery with OS and locoregional
recurrence-free interval by age group and tumor receptor subtype.

Results Of 1737 patients, 698 (40.2%) were aged < 45 years. There were no significant differences in patient or tumor char-
acteristics or residual cancer burden distribution between age groups. Although breast-conserving surgery was significantly
less common in younger women (36.8% vs 48.5%, p < 0.001), surgery type was not associated with OS or locoregional
recurrence-free interval for patients aged < 45 years.
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Conclusions Greater extent of breast surgery was not associated with improved outcomes in women aged < 45 years. Choice
of surgical procedure in the management of breast cancer is multifactorial, but young age alone does not warrant mastectomy

following NST.

Keywords Young women - Breast cancer - High risk - Surgery - Mastectomy - Breast conserving surgery

Despite breast-conservation therapy (BCT) having simi-
lar oncologic outcomes to mastectomy for many patients
with early-stage breast cancer, mastectomy rates continue
to be higher in younger women than in older women.'™ The
choice of mastectomy or BCT is guided by many factors,
including tumor-to-breast ratio, patient concern for recur-
rence, family history, and high-risk germline pathogenic
variants. Young age has also been historically considered
as a potential reason to consider more extensive breast
surgery. The causes for and impact of this more extensive
breast surgery on overall survival and locoregional recur-
rence in younger women is relatively unknown, especially
in the setting of surgery after neoadjuvant systemic therapy
(NST).” The goal of this study was to evaluate the trends
and outcomes in the surgical management of patients aged
< 45 versus > 45 years enrolled in the I-SPY2.0 clinical
trial (NCT01042379, PMID 37325931), a multicenter NST
adaptive platform trial.

We have previously shown that BCT was not associated
with worse locoregional outcomes than mastectomy, even
in this high-risk I-SPY2.0 trial population receiving NST.!°
Instead, response to therapy as reflected by residual can-
cer burden (RCB) was a significant predictor of recurrence,
regardless of type of breast surgery performed.'%!! How-
ever, data on the optimal surgery approach for the breast
and axilla in younger women are sparse, with most studies
demonstrating high rates of mastectomy in younger than in
older women. Here, we evaluated differences in breast sur-
gery in women aged < 45 years compared with those aged
> 45 years, and the association between type of breast and
axillary surgery and oncologic outcomes, stratified by tumor
receptor subtype and response to therapy.

Methods

Clinical and pathological factors were evaluated comparing
patients aged < 45 versus > 45 years at the time of diagno-
sis with clinical stage II-III breast cancer enrolled in the
[-SPY2.0 clinical trial from April 2010 through June 2022.
I-SPY2.0 is a prospective, randomized, adaptive platform
study testing novel therapies in the neoadjuvant setting, with
the rate of pathologic complete response at surgery being
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the primary endpoint. Patients are randomized to various
treatment arms based on tumor characteristics, including
receptor subtype; for [-SPY2.0, all patients undergo testing
with a 70-gene assay (MammaPrint, Agendia, Irvine, CA,
USA). MammaPrint is a 70-gene messenger RNA expres-
sion signature that is approved by the US Food and Drug
Administration to estimate prognosis of early-stage breast
cancer and aid in treatment selection.'? Patients undergo
serial breast imaging with magnetic resonance imaging on
clinical trial. Of note, the type of breast surgery performed is
not mandated by the clinical trial but rather reflects surgical
recommendations and patient choice.

The age cutoff of 45 years was chosen to align with other
planned analyses looking at outcomes for young women on
the I-SPY2.0 clinical trial. A subgroup analysis of women
aged < 40 years was also performed. Surgical therapy of the
breast was categorized as breast-conserving surgery (BCS)
or mastectomy (including total mastectomy, skin-sparing
mastectomy, and nipple-sparing mastectomy). Axillary sur-
gery was classified as sentinel lymph node (SLN) surgery or
axillary lymph node dissection (ALND), with patients who
had both SLN surgery and ALND categorized in the ALND
group. Rates of nodal conversion from clinical node-positive
to pathologic node-negative status and vice versa were also
reviewed. Germline genetic mutation results and data on
adjuvant radiation and adjuvant systemic therapy administra-
tion were not completely collected at the time of this study
and were therefore unavailable for analysis.

To compare associations between continuous baseline
characteristics and age groups, the Wilcoxon rank-sum
test was used. To compare associations between categori-
cal baseline characteristics and age groups, Pearson's Chi-
squared test and Fisher's exact test were used. Tumor recep-
tor subtype was categorized as hormone receptor positive
(HR+), HER2 negative, triple negative (TNBC), or HER2
positive. HR+ breast cancer was defined as having estro-
gen receptor and/or progesterone receptor >5%. Associa-
tions between breast surgery and overall survival (OS) as
well as local recurrence-free interval (LRFI) were examined
stratified by age with the Kaplan—-Meier method, log-rank
test, and multivariate Cox proportional hazard regression
models, adjusting for patient and clinical factors of tumor
receptor subtype, clinical T category (T1/2 vs. T3/4), clinical
nodal status (cNO vs. cN+), histologic grade, axillary sur-
gery type, and RCB classification.'! Statistical analyses were
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performed using R version 4.5.1. Two-tailed p-values < 0.05
were considered statistically significant.

Results
Patient and Tumor Characteristics

In total, 1737 patients were included in this study, 698
(40.2%) aged < 45 years and 1039 (59.8%) aged > 45 years
(Fig. 1). There were no significant differences in patient
characteristics of self-reported race/ethnicity or tumor
features, including receptor subtype, clinical tumor/nodal
categories, or histologic grade by age groups. RCB class

5 40

59'8% Age Groups

=45
I .>45
I-_
0 65 70 75 80

distribution after NST was also similar between age groups
(Table 1). Median follow-up time was 5.2 years, and 5-year
LRFI was 91% in patients aged < 45 years and 92% in
patients aged > 45 years. The 5-year OS was 88% in both
age groups.

45 50 55 6

Patient Age

Breast Surgery

Rates of BCS were significantly lower in those aged < 45
years than in those > 45 years (36.8% vs 48.5%, p < 0.001)
(Fig. 2A). However, there was an uptrend in the rates of BCS
over the study period, increasing from 29% in 2010 to 50%
in 2022 for patients aged < 45 years (Fig. 2B). This increase
in the rate of BCS over time occurred in patients with RCB
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class 0, I, and II disease, whereas patients aged < 45 years
with RCB class III disease had stable rates of BCS over
time (Fig. 2C). When evaluating breast surgery type by age
groups within tumor receptor subtypes, patients aged < 45
years had higher rates of mastectomy than patients aged >
45 years within the HR+HER2- (66.0% vs 53.3%, p < 0.001)
and the TNBC (60.3% vs 47.4%, p = 0.002) subtypes. There
was no difference in breast surgery type by age within the
HER2+ subtype (62.0% vs 53.9%, p = 0.12).

Axillary Surgery

There were no significant differences in extent of axillary
surgery between those aged < 45 years and those aged >
45 years (SLN surgery: 65.0% vs 65.4%; ALND: 35.0% vs
34.6%, p = 0.9) (Fig. 3A). When evaluating axillary sur-
gery by age groups within tumor receptor subtypes, there
was no significant difference in any subtype (HR + HER2-:
p =0.6, TNBC: p = 0.8, and HER2+: p = 0.5). The numbers
of total lymph nodes removed at surgery and total positive
lymph nodes removed at surgery were similar between the
age groups (Table 1). The rates of nodal conversion (from
clinical node positive to negative or negative to positive)
were also similar for patients aged < 45 years and those aged
> 45 years (Fig. 3B).

Overall Survival by Breast Surgery Type

There was no significant difference in OS by breast sur-
gery type across the tumor receptor subtypes (HR+HER2-:
p =0.3, TNBC: p = 0.1, and HER2+: p = 0.3) for patients
aged < 45 years (Fig. 4A). On multivariate analysis, there
was no significant difference in OS by breast surgery type
for patients aged < 45 years (hazard ratio [HR] 0.74; 95%
confidence interval [CI] 0.40-1.38; p = 0.346) (Fig. 4B).
OS decreased with increasing histologic grade (HR 2.46;
95% CI 1.08-5.58; p = 0.031) and demonstrated a strong,
stepwise association with higher RCB class (RCB I-III; HR
range: 25.57-100.80; all p < 0.003).

Locoregional Recurrence-Free Interval by Breast
Surgery Type

Similarly, for patients aged < 45 years, there was no sig-
nificant difference in LRFI by breast surgery type across
the tumor receptor subtypes (HR+HER2-: p = 0.06, TNBC:
p = 0.3, and HER2+: p = 0.3) (Fig. 5A). There was no sig-
nificant difference in LRFI by breast surgery type (mastec-
tomy vs. BCS) on multivariate analysis (HR 0.64; 95% CI
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0.32-1.31; p = 0.222) (Fig. 5B). Factors influencing LRFI
were higher histologic grade (HR 3.69; 95% CI 1.45-9.39;
p = 0.006) and RCB class (I-11T; HR 4.30-14.39; all p<
0.042).

Patients Aged < 40 Years

In a sub-analysis of patients aged < 40 years (n = 444),
the rate of women undergoing BCS was 32.4% (p < 0.001)
(Fig. 6A). Multivariate analysis also did not show a sig-
nificant difference in OS (HR 0.72; 95% CI 0.32-1.58, p
= 0.4) (Fig. 6B) or LRFI (HR 0.95; 95% CI 0.40-2.23, p
=.0.3) (Fig. 6C) by mastectomy or BCS for patients aged
<40 years.

Discussion

In this analysis of over 1700 women treated with NST,
young women aged < 45 years had higher rates of mastec-
tomy; however, locoregional survival and OS was similar
for BCS and mastectomy. These results confirm previous
findings that young women with early-stage breast cancer
who undergo NST have comparable survival outcomes for
BCS and mastectomy.

Landmark clinical trials such as NSABP B-06, EORTC
10801, the Milan I Trial, NCI trial, and a meta-analysis by
the Early Breast Cancer Trialists' Collaborative Group dem-
onstrated the safety of BCT in younger women.'>"'7 How-
ever, these historical studies had generalizability limitations,
including predating modern molecular subtype classifica-
tion, outdated systemic therapy regimens and radiation tech-
niques with late toxicity, limitation in tumor size for clini-
cal trial inclusion, and heterogeneity in surgical technique
and margins. Specifically, young patients were excluded
or enrolled in low numbers, and the subgroup information
about younger women was limited. More recent analyses
have also confirmed that BCS and mastectomy are both con-
sidered safe surgical treatments for appropriately selected
young patients with locally and locoregionally advanced
breast cancer, with adjuvant radiation as indicated. Several
large database studies found similar LRFI and OS between
the two surgical approaches.' %1820 Most of these studies
included patients treated with upfront surgery, with sparse
data available for young women undergoing NST. Previ-
ously published studies comparing BCS and mastectomy
after NST did not primarily focus on the outcomes of young
women. 2023

This study highlights outcomes related to breast sur-
gery choice for young women with high-risk breast cancer
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Table 1 Patient and tumor

L Characteristic Age group p-Value
characteristics by age groups
< 45 years > 45 years
(n =698) (n=1039)
Self-reported race 0.084
White 536 (78.2%) 837 (81.6%)
Black 80 (11.7%) 116 (11.3%)
Asian/other 69 (10.1%) 73 (7.1%)
Ethnicity 0.075
Not Hispanic 584 (84.3%) 900 (87.3%)
Hispanic 109 (15.7%) 131 (12.7%)
Tumor subtype 0.13
HR+HER2- 309 (44.3%) 441 (42.4%)
TNBC 247 (35.4%) 344 (33.1%)
HER2+ 142 (20.3%) 254 (24.4%)
Histologic grade 0.4
i 147 (29.1%) 230 (31.6%)
1 358 (70.9%) 498 (68.4%)
Baseline clinical T category 0.3
cT0-2 464 (67.7%) 716 (70.3%)
cT3-4 221 (32.3%) 302 (29.7%)
Baseline clinical nodal status 0.8
Negative 315 (46.3%) 471 (46.9%)
Positive 365 (53.7%) 534 (53.1%)
Number of total nodes removed (mean) 8.42 + 8.55 8.40 + 8.13 0.6
Number of positive lymph nodes removed 1.43 +3.63 1.35 +3.16 > 0.9
RCB index (mean) 1.53 (1.43) 1.52 (1.40) > 0.9

Data are presented as mean + standard deviation or n (%) unless otherwise indicated.

Wilcoxon rank sum test; Fisher’s exact test; Pearson’s Chi-squared test

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; T, tumor; RCB, residual cancer
burden; TNBC, triple-negative breast cancer.

who underwent NST. Reassuringly, BCS and mastectomy
demonstrated similar OS and LRFI, irrespective of tumor
subtype. This study found that younger women enrolled in
I-SPY2.0 had similar tumor size and response to NST as
older women, suggesting that anatomic candidacy for BCS
was similar between younger and older women. Although
rates of BCS were lower for the younger age group, notably,
there was an increase in use of BCS across the study period
of 2010-2022, indicating shifting contemporary breast sur-
gical practices for women aged < 45 years after NST.
Surgical decision-making for young women with
breast cancer is complex and involves multiple consid-
erations, and the data available for review were limited.
Concern about second breast cancer and ongoing imag-
ing surveillance can influence breast surgery decision-
making, and rates of both contralateral prophylactic
mastectomy and new contralateral cancers need investi-
gation. Germline pathogenic variants are more common

in younger women and could also account for higher
rates of mastectomy in this patient population. This study
is limited by the lack of germline genetic testing results,
although these data are currently being collected across
the clinical trial. Individual risk factors significant for
prognosis in young women, such as postpartum status,
were unavailable for analysis and may have been influ-
ential in shared surgical decision-making. Additionally,
factors related to patient decision-making relative to sur-
gical recommendations for surgical management were not
explicitly collected. Some patients might have selected
mastectomy as a means of avoiding radiotherapy, though
higher-risk patients such as those in the I-SPY2.0 clinical
trial may be more likely to have features prompting the
need for postmastectomy radiotherapy.

The choice of 45 years as the primary cutoff to com-
pare age cohorts was made in concordance with other
planned I-SPY2.0 clinical trial studies evaluating young
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Fig. 2 Breast surgery type A by age group, B over study time period (April 2010 to June 2022) by age groups and C by residual cancer burden
(RCB) class. BCS, breast-conserving surgery.

women with breast cancer; therefore, a subgroup analy- literature.'™ The clinical relevance of distinguishing <
sis of women aged < 40 years was conducted to better 40 years versus < 45 years may be impactful in thinking
align with the definition of young women in the existing  about differing psychosocial factors, fertility concerns,
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Fig.2 (continued)

and menopausal status. Reassuringly, the subgroup find-
ings for women aged < 40 years were concordant with
those aged < 45 years. Importantly, longer-term follow-
up will be needed to confirm these results, although clin-
ical and molecular high-risk tumors are known to have
the risk of early rather than late recurrence.

In summary, this study demonstrated that young
women with early stage, high-risk breast cancer in the
I-SPY2.0 clinical trial had lower rates of BCS than older
women. The extent of breast surgery did not impact on
locoregional recurrence or OS in women aged < 45 years
after adjusting for other clinical characteristics and treat-
ment response. Given RCB class was associated with
LRFI and OS, tumor biology and response to therapy
appear to be more impactful for young women in this
study than choice of mastectomy or BCS. The choice of
surgical procedure in the management of breast cancer is

23 Breast Surgery

Breast Surgery
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multifactorial, and young age alone does not necessarily
warrant mastectomy following NST.
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Fig.4 A Kaplan—-Meier estimates of overall survival (OS) by breast lary lymph node dissection; BCS, breast-conserving surgery; HER2,
surgery type across tumor subtypes and B forest plot depicting hazard human epidermal growth factor receptor 2; HR, hazard ratio; HR+,
ratios from Cox proportional hazards model for OS by breast surgery hormone receptor; RCB, residual cancer burden; SLN, sentinel lymph
type and associated factors in patients aged < 45 years. ALND, axil- node surgery; T, tumor; TNBC, triple-negative breast cancer.
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Fig.5 A Kaplan—Meier estimates of local recurrence-free interval
(LRFI) by breast surgery type across tumor subtypes in patients aged
< 45 years. B Forest plot depicting hazard ratios (HRs) from Cox pro-
portional hazards model for LRFI by breast surgery type and associ-

ated factors in patients aged < 45 years. ALND, axillary lymph node
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dissection; BCS, breast-conserving surgery; HER2, human epidermal
growth factor receptor 2; HR+, hormone receptor; RCB, residual
cancer burden; SLN, sentinel lymph node surgery; T, tumor; TNBC,
triple-negative breast cancer.
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Fig. 6 Sub-analysis for patients aged < 40 years. A Rates of breast axillary lymph node dissection; BCS, breast-conserving surgery;
surgery by age group with 40 years as cutoff. Forest plot depicting HER2, human epidermal growth factor receptor 2; HR+, hormone
hazard ratios from Cox proportional hazards model for B overall sur- receptor; RCB, residual cancer burden; SLN, sentinel lymph node
vival (OS) and C local recurrence-free survival (LRFI) by breast sur- surgery; T, tumor; TNBC, triple-negative breast cancer.

gery type and associated factors in patients aged < 40 years. ALND,
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cT3-4 107 * 1.78 (0.86, 3.69) 0.12
Baseline Clinical Nodal Status Negative 140 .: Reference
Positive 177 * 2.04 (0.86, 4.84) 0.11
Histologic Grade v 88 -: Reference
11 229 + 3.90 (1.24, 12.28) 0.02
Type of Axillary Surgery SLN Only 206 l: Reference
Any ALND 111 ’—.é—‘ 0.63 (0.28, 1.43) 0.27
RCB Class 0 107 .: Reference
I 37 ~—H 3.63 (0.89, 14.80) 0.07
I 134 -—F 3.50 (1.06, 11.58) 0.04
11 39 —— | 17.24 (4.50, 66.10) <0.001
1

Fig.6 (continued)
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