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Summary
Background Understanding the survival outcomes associated with breast-conserving therapy (BCT) and mastectomy
after preoperative systemic therapy (PST) enables clinicians to provide more personalized treatment
recommendations. However, lack of firm survival benefit data limits the breast surgery choices of human
epidermal growth factor receptor 2 (HER2)-positive breast cancer patients who receive PST. We sought to
determine whether BCT or mastectomy after PST for early operable HER2-positive breast cancer is associated
with better long-term survival outcomes and determine the degree to which PST response affects this association.

Methods In this observational cohort study, we compared the long-term survival outcomes of BCT and
mastectomy after PST for HER2-positive breast cancer and evaluated the impact of PST response on the
relationship between breast surgery performed and survival outcomes. Our cohort included 625 patients with
early operable HER2-positive breast cancer who received PST followed by BCT or mastectomy between
January 1998 and October 2009. These patients also received standard postoperative radiation, trastuzumab,
and endocrine therapy as indicated clinically. We used propensity score matching to assemble mastectomy
and BCT cohorts with similar baseline characteristics and used Kaplan–Meier plots and Cox proportional
hazards regression to detect associations between surgery types and outcomes. Furthermore, in this study, we
analyzed the original data of 625 patients using the inverse probability of treatment weighting (IPTW) method
to enhance the reliability of the comparison between the mastectomy and BCT cohorts by addressing potential
confounding variables.

Findings Propensity score matching yielded cohorts of 221 patients who received BCT and 221 patients who
underwent mastectomy. At the median follow-up time of 9.9 years, compared with BCT, mastectomy was
associated with worse overall survival (hazard ratio, 1.66; 95% confidence interval [CI]: 1.08–2.57; P = 0.02).
In patients who had axillary lymph node pathological complete response, mastectomy was associated with
worse overall survival before matching (hazard ratio, 2.17; 95% CI: 1.22–3.86; P < 0.01) and after matching
(hazard ratio, 2.12; 95% CI: 1.15–3.89; P = 0.02). Among patients with pathological complete response in the
breast, the survival results did not differ significantly between BCT and mastectomy patients. IPTW method
validated that BCT offers better overall survival in patients who had axillary lymph node pathological
complete response.

Interpretation People with HER2-positive breast cancer who have already had PST are more likely to survive after
BCT, especially if they get a pathological complete response in the axillary lymph nodes. These findings
underscore the necessity for further investigation into how responses to PST can inform the choice of surgical
intervention and the potential impact on overall survival. Such insights could lead to the development of
innovative tools that support personalized surgical strategies in the management of breast cancer.
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Research in context

Evidence before this study
We conducted a search across PubMed, Web of Science, and
Google Scholar databases to collate data on survival outcomes
in breast cancer patients who underwent mastectomy or
breast-conserving therapy (BCT). The search criteria
encompassed articles that contained the terms “breast
cancer” or “breast carcinoma” in conjunction with
“mastectomy” or “breast-conserving therapy” or “BCT”, and
included any of the terms “survival”, “overall survival,” or
“OS”. This review was specifically focused on studies published
between January 1, 2021 and April 30, 2023 that included
female breast cancer patients who had completed breast
surgery. No restrictions were placed on the languages of
publications. From this search, 30 studies were identified. The
majority of the studies indicated a superior survival outcome
associated with BCT as compared to mastectomy in patients
with early-stage breast cancer. Nevertheless, two studies
reported no significant statistical difference in survival
outcomes between the BCT and mastectomy cohorts. It is
noteworthy that advancements in preoperative systemic
therapy (PST) for breast cancer have progressively enhanced
the probability of achieving a pathological complete response.
Currently, PST represents the established standard for the

management of locally advanced breast cancer. However,
there is a paucity of research evaluating the long-term survival
outcomes of patients who receive BCT or mastectomy
following PST. Specifically, studies are scarce that focus on
patients achieving a pathological complete response in the
axillary lymph nodes and/or breast after PST.

Added value of this study
In our longitudinal cohort study, we observed that patients
with human epidermal growth factor receptor 2 (HER2)-
positive breast cancer who achieved pathological complete
response in the axillary lymph nodes following PST exhibited
significantly superior overall survival when treated with BCT
compared to those who undergo mastectomy.

Implications of all the available evidence
The findings from our study contribute valuable insights for
surgical planning following PST. They indicate that for
patients with HER2-positive breast cancer who demonstrate a
radiological complete response in the axillary lymph nodes
using advanced breast imaging, BCT can be considered a
viable option, provided there are no contraindications.
Introduction
Breast-conserving therapy (BCT; lumpectomy followed by
whole-breast moderate-dose radiotherapy) and mastec-
tomy are the two primary types of breast cancer removal
surgery. Lumpectomy is an operation in which a woman
has a lump such as a tumor removed from one of her
breasts, rather than having the whole breast removed
which is defined as mastectomy. Types of mastectomy in
modern breast surgery include modified radical mastec-
tomy, simple mastectomy, skin-sparing mastectomy, and
nipple-areolar-sparing mastectomy. BCT results in
acceptable cosmetic outcomes and, compared with mas-
tectomy, better physical and psychological well-being1;
fewer postoperative complications, such as lymphedema,
chest numbness; and improved quality of life. In addi-
tion, whole-breast moderate-dose radiotherapy eliminates
potential breast micro metastatic disease and alters the
tumor microenvironment to favor the activation of the
immune infiltrate.2
For patients with locally advanced breast cancer,
especially human epidermal growth factor receptor 2
(HER2)-positive breast cancer, the standard of care in-
cludes preoperative systemic therapy (PST) nowadays,
which is intended to reduce the risk of distant recurrence,
downstage the extent of disease in the breast and/or
regional lymph nodes, and provide information to predict
response to adjuvant therapies.3 The results of recent
clinical trials suggest that newer HER2-targeting agents
enhance the sensitivity of HER2-positive breast cancer to
preoperative chemotherapy and result in significantly
higher rates of pathological complete response, which is
generally associated with a higher use of BCT.4,5

However, the breast surgical management of pa-
tients who receive PST is complicated.6 A prior study
revealed that removing residual lesions, as opposed to
the primary tumor, does not impact the recurrence rate
in individuals undergoing BCT after PST.7 Although
numerous studies found that overall survival rates are
www.thelancet.com Vol 32 April, 2024
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comparable, recent observational studies suggested that
initial BCT may be associated with better 10-year sur-
vival than mastectomy, which is partly attributable to the
improvements in breast imaging, pathological margin
assessment, systemic therapy, and radiotherapy.8–10

However, the optimal breast surgical approach for
many HER2-positive breast cancer patients achieving a
pathological complete response following PST remains
uncertain since the better survival results of BCT was
based on adjuvant populations.

So far, there has not been enough research that looks
at whether BCT or mastectomy is better for long-term
survival in HER2-positive breast cancer patients after
PST, especially for those who get a pathological com-
plete response in the axillary lymph nodes and/or breast
tissue. The study’s goals are to find out how the type of
breast surgery (BCT or mastectomy) a patient has affects
their chance of survival and to see how PST-induced
responses affect the relationship between breast sur-
gery choices and patient overall survival.
Methods
Study design and participants
This observational cohort study was conducted in accor-
dance with the Declaration of Helsinki and approved by
MD Anderson’s Institutional Review Board (IRB). IRB
waived the requirement to obtain individual informed
consent. We searched MD Anderson’s electronic medical
records and tumor registry system and identified 2448
consecutive women diagnosed with early-stage HER2-
positive breast cancer between January 1998 and
October 2009. Among these patients, 951 patients were
not amenable to upfront resection of breast cancers or
expected to undergo surgery after PST, and these patients
were further selected according to the inclusion and
exclusion criteria in our study. Eligible patients were age
18 years or older, had histologically confirmed primary
HER2-positive breast cancer, had known estrogen re-
ceptor (ER) status, and received chemotherapy with or
without anti-HER2 therapy followed by mastectomy or
BCT. HER2 positivity was defined as a score of 3+ on
immunohistochemical analysis or as positive results on
fluorescence in situ hybridization. All patients had breast
carcinoma of the early stages [breast Tumor stage 1–T3,
axillary lymph Node stage 0–N3, and without distant
Metastases (0) disease] based on the seventh edition of
the American Joint Committee on Cancer Staging Sys-
tem. A flow chart of patient selection is given in
Supplementary Figure S1. The final analysis included
625 patients. This study follows the Strengthening the
Reporting of Observational studies in Epidemiology
(STROBE) guidelines (Supplementary S1 Checklist).

Procedures
All patients underwent only one surgery after PST and
BCT patients received postoperative moderate-dose
www.thelancet.com Vol 32 April, 2024
radiation to the whole breast in our study. Patients also
received standard postoperative adjuvant radiation,
trastuzumab, and endocrine therapy as clinically indi-
cated. These BCT patients with high-risk factors as
referenced in mastectomy patients had also received
axillary lymph nodes dissection and postoperative adju-
vant radiation to the regional lymph node region, which
employed the same postoperative adjuvant radiation
criteria and indication as mastectomy patients. Two
trained physicians (X.H. and A.Q.) reviewed the pa-
tients’ medical records and extracted clinicopathological
information, survival information, and treatment infor-
mation. Two senior physician investigators (S.-C.J.Y.
and X.H.) checked the final data and resolved ambig-
uous data.

Outcomes
Pathological complete response was defined as the
absence of any invasive cancer in the breast and lymph
nodes after preoperative systemic therapy, with the
exception of residual ductal carcinoma in situ. Breast
complete response (BCR) was defined as no residual
invasive cancer in the breast. Lymph node complete
response (LCR) was defined as no residual invasive
cancer in the axillary lymph nodes. Overall survival was
defined as the time from the date of breast cancer
diagnosis to the date of death from any cause or last
follow-up. Patients alive or lost to follow-up were
censored at the date they were last known to be alive.
Patients were followed until June 30, 2018. The longest
follow-up time was 20 years.

Statistical analysis
Because certain baseline characteristics can influence the
choice of surgery type following PST for HER2-positive
breast cancer, we used propensity score matching to
create cohorts of mastectomy patients and BCT patients
whose distributions of such baseline characteristics were
similar. We use the model-based variance estimator from
the maximum partial likelihood estimator for the Cox
proportional hazards model in the matched analysis.
Using nearest neighbor propensity score matching and
the R package “MatchIt”, a total of 442 patients with
HER2-positive breast cancer were chosen. The criteria
used for matching included age, tumor stage, BCR, LCR,
PST regimen (which included preoperative systemic
therapy and/or postoperative trastuzumab treatment),
postoperative adjuvant endocrine therapy, and post-
operative adjuvant radiation therapy (which includes the
radiation field surrounding the regional lymph node re-
gion and/or chest wall, as opposed to the moderate-dose
radiotherapy to the entire breast in BCT). These factors
may have an impact on the type of surgery that is chosen
in clinical practice, as well as significant variables in
single variable statistical analysis in our analysis. The
demographic data, tumor characteristics, and treatment-
related variables of these matched cohorts were
3
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compared using the Pearson chi-square test. In the
matched cohorts, adjustment for the comparative risk of
overall survival was accomplished with the use of a Cox
proportional hazards regression model that was stratified
on the matched pair to preserve the benefit of matching.
We also used propensity score matching to create cohorts
of LCR and BCR patients matched according to tumor
stage, PST regimen, age, postoperative adjuvant endo-
crine therapy and postoperative adjuvant radiation ther-
apy. The Kaplan–Meier method was used to calculate
overall survival rates according to breast surgery type and
other prognostic factors. The log-rank test was used to
identify significant differences between groups. Multi-
variable Cox proportional hazard models with adjustment
for significant prognostic factors in the univariable anal-
ysis were used to identify associations between breast
surgery types and survival outcomes among patients who
had LCR or BCR. We also employed univariable and
multivariable Cox proportional hazard models to ascer-
tain the relationship between different types of breast
surgery and survival outcomes across all patients. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were
reported. And the proportional hazards assumption was
test and Schoenfeld individual test p values were >0.05.
To validate the robustness of our findings, we conducted
an analysis using inverse probability of treatment
weighting (IPTW). All statistical analyses were done us-
ing SPSS 22.0 (IBM Corporation, Armonk, NY, USA)
and R software (version 3.6.1, R Foundation for Statistical
Computing, Vienna, Austria. http://www.R-project.org/).
P values of less than 0.05 were considered significant.

Roles of the funding source
The study funders had no role in the collection, analysis,
and interpretation of data; the writing of the report; or
the decision to submit for publication. No pharmaceu-
tical company nor other agency were involved in this
study, and this research received no specific grant
funding, with any role of the funding source in this
work. The corresponding authors had full access to the
data and have final responsibility for publication.
Results
Patients
The characteristics of all 625 patients by surgery type
before and after matching are shown in Table 1. Of these
patients, 221 (221/625, 35.4%) underwent BCT and 404
(404/625, 64.6%) underwent mastectomy. Before
matching, 260 (260/625, 41.6%) had pathological com-
plete response and 365 (365/625, 58.4%) had residual
disease. The median follow-up time for all 625 patients
was 9.6 years (interquartile range, 5.8–12.8 years). Pro-
pensity score matching yielded BCT and mastectomy
cohorts with 221 patients each. These cohorts had iden-
tical numbers of patients with stage I or II disease or with
stage III disease; with or without LCR after matching;
with or without postoperative adjuvant endocrine therapy,
and menopause status. Distributions of ER status, nu-
clear grade, with or without trastuzumab as part of PST;
age at diagnosis; with or without postoperative adjuvant
radiotherapy, and with or without BCR after PST did not
differ significantly between the matched cohorts.

Survival outcomes for matched cohorts
At the median follow-up time of 9.9 years, the overall
survival rate of the BCT patients (86.0%; 95% CI:
81.3%–90.8%) was significantly higher than that of the
mastectomy patients (79.3%; 95% CI: 72.8%–84.5%)
(P = 0.02) (Fig. 1). The results of the univariable and
multivariable analyses for overall survival after matching
are given in Table 2. In the univariable analysis, BCR
(P < 0.01), LCR (P < 0.01), and chemotherapy with
trastuzumab (P < 0.01) were associated with better
overall survival, whereas mastectomy (P = 0.02) was
associated with worse overall survival. The surgery type,
BCR, LCR, age at diagnosis, PST regimens, and disease
stage were adjusted for in the multivariable analysis. In
the multivariable analysis, BCR (hazard ratio, 0.48; 95%
CI: 0.29–0.81; P < 0.01), LCR (hazard ratio, 0.49; 95%
CI: 0.31–0.78; P < 0.01), and chemotherapy with tras-
tuzumab (hazard ratio, 0.50; 95% CI: 0.30–0.84;
P = 0.01) were associated with better overall survival,
whereas mastectomy (hazard ratio, 1.62; 95% CI:
1.05–2.51; P = 0.03) was associated with worse overall
survival. Age at diagnosis and disease stage were not
significantly associated with overall survival.

Survival outcomes for LCR and BCR cohorts
To evaluate the effect of surgery type on the survival
outcomes of patients who had LCR or BCR after PST,
we performed propensity score matching of the LCR
and BCR populations. Among both patients who had
LCR and patients who had BCR, those who received
BCT had significantly better overall survival than those
who underwent mastectomy (P = 0.02 and 0.03,
respectively) (Fig. 2A and B). The characteristics of the
patients who had LCR after PST by surgery type before
and after matching are given in Supplementary
Table S1. After matching, the BCT and mastectomy
groups’ distributions of disease stage, nuclear grade,
BCR status, PST regimen, and postoperative adjuvant
radiation therapy did not differ significantly (P = 0.70,
0.57, 0.14, 0.74, and 0.44, respectively).

The results of the multivariable analyses for overall
survival among patients who had LCR or BCR before
and after matching are given in Table 3. For patients
who had LCR, mastectomy was an independent negative
prognostic factor for overall survival both before
matching (hazard ratio, 2.17; 95% CI: 1.22–3.86;
P < 0.01) and after matching (hazard ratio, 2.12; 95% CI:
1.15–3.89; P = 0.02). For patients who had BCR, neither
BCT nor mastectomy was associated with overall sur-
vival before or after matching.
www.thelancet.com Vol 32 April, 2024
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Characteristic Before PSM After PSMa

BCT, n = 221 Mastectomy,
n = 404

P BCT, n = 221 Mastectomy,
n = 221

P

PST response, n (%) 0.07 0.51

Non-pCR 118 (53.4) 247 (61.1) 118 (53.4) 110 (49.8)

pCR 103 (46.6) 157 (38.9) 103 (46.6) 111 (50.2)

BCR, n (%) 0.18 0.63

No 110 (49.8) 225 (55.7) 110 (49.8) 104 (47.1)

Yes 111 (50.2) 179 (44.3) 111 (50.2) 117 (52.9)

LCR, n (%) <0.01 0.91

No 50 (22.6) 154 (38.1) 50 (22.6) 48 (21.7)

Yes 171 (77.4) 250 (61.9) 171 (77.4) 173 (78.3)

Age, n (%) 0.01 0.39

<50 years 101 (45.7) 229 (56.7) 101 (45.7) 111 (50.2)

≥50 years 120 (54.3) 175 (43.3) 120 (54.3) 110 (49.8)

Menopause status, n (%) 0.24 0.96

Premenopausal 100 (45.2) 211 (52.2) 100 (45.2) 97 (43.1)

Postmenopausal 120 (54.3) 191 (47.3) 120 (54.3) 123 (55.7)

Unknown 1 (0.5) 2 (0.5) 1 (0.5) 1 (0.5)

PST, n (%) 0.81 0.45

Chemotherapy without trastuzumab 102 (46.2) 192 (47.5) 102 (46.2) 111 (50.2)

Chemotherapy with trastuzumab 119 (53.8) 212 (52.5) 119 (53.8) 110 (49.8)

Nuclear grade, n (%) 0.60 0.33

I or II 42 (19.0) 86 (21.3) 42 (19.0) 51 (23.1)

III 178 (80.5) 314 (77.7) 178 (80.5) 167 (75.6)

Unknown 1 (0.5) 4 (1.0) 1 (0.5) 3 (1.4)

Adjuvant endocrine therapy 0.51 >0.99

No 119 (53.8) 205 (50.7) 119 (53.8) 120 (54.3)

Yes 102 (46.2) 199 (49.3) 102 (46.2) 101 (45.7)

ER status, n (%) 0.02 0.18

Negative 115 (52.0) 170 (42.1) 115 (52.0) 100 (45.2)

Positive 106 (48.0) 234 (57.9) 106 (48.0) 121 (54.8)

Disease stage, n (%) <0.01 >0.99

I or II 173 (78.3) 266 (65.8) 173 (78.3) 173 (78.3)

III 48 (21.7) 138 (34.2) 48 (21.7) 48 (21.7)

Postoperative adjuvant radiation therapy n (%) <0.01 0.57

No 115 (52.0) 155 (38.4) 115 (52.0) 108 (48.9)

Yes 106 (48.0) 249 (61.6) 106 (48.0) 113 (51.1)

BCT, breast-conserving therapy; PST, preoperative systemic therapy; pCR, pathological complete response; BCR, breast complete response; LCR, lymph node complete
response; ER, estrogen receptor. aMatching variables were disease stage, BCR, LCR, PST regimen, age, adjuvant endocrine therapy, and adjuvant radiation therapy.

Table 1: Characteristics of patients by surgery type before and after propensity score matching (PSM).

Articles
Survival outcomes for the entire cohort
The results of the univariable and multivariable analyses
for the overall survival of all patients are given in Table 4.
In the univariable analyses, compared with mastectomy
patients, BCT patients had significantly higher rates of
10-year overall survival (hazard ratio, 2.05; 95% CI:
1.39–3.02; P < 0.01). In the multivariable analysis,
mastectomy (hazard ratio, 1.69; 95% CI: 1.14–2.51;
P < 0.01) was associated with worse overall survival,
whereas BCR (hazard ratio, 0.54; 95% CI: 0.35–0.83;
P < 0.01), LCR (hazard ratio, 0.48; 95% CI: 0.32–0.72;
P < 0.01), and chemotherapy with trastuzumab (hazard
www.thelancet.com Vol 32 April, 2024
ratio, 0.56; 95% CI: 0.38–0.81; P < 0.01) were associated
with better overall survival. Age at diagnosis and disease
stage had no significant association with overall survival.
In the inverse probability of treatment weighting anal-
ysis of all patients with HER2-positive breast cancer who
received PST, the hazard ratio for mastectomy was 1.89
(95% CI: 1.26–2.86; P < 0.01). The inverse probability of
treatment weighting analysis also showed that BCT was
associated with better overall survival in the entire cohort
of patients with HER2-positive breast cancer and in pa-
tients who had LCR or BCR (Supplementary
Figure S2A–C).
5
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Fig. 1: Survival outcomes of matched patients who underwent breast-conserving therapy or mastectomy. Overall survival (OS) of matched
patients by surgery type. The vertical dotted line represents the median follow-up time.
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Discussion
We found that, when PST response was not taken into
account, BCT after PST was associated with better
overall survival than mastectomy. When PST response
was taken into account, BCT offered a significant sur-
vival benefit over mastectomy for patients who had LCR
after PST but not for those who had BCR after PST.
While the sample sizes in subgroup analyses were
small, the lack of a statistically significant difference
between BCT and mastectomy within the BCR sub-
group does not mean that there is no true difference
because of inadequate statistical power. Our results
represent the most dependable data available to discern
whether BCT or mastectomy provides superior overall
survival for individuals undergoing PST. Additionally,
our findings contribute to understanding the association
between breast surgery type and survival outcomes in
patients experiencing LCR after PST. The findings of the
present study should help improve the selection of pa-
tients for BCT and provide more insight into breast
surgery choice. In addition, the response to PST can
have important implications for the choice of surgery in
patients with early operable disease.
Our finding that BCT patients had better survival
outcomes than mastectomy patients is contrary to the
traditional consensus that BCT and mastectomy yield
similar survival outcomes. Our findings are in
agreement with those of Agarwal et al.,11 who also
demonstrated that BCT patients have better survival
outcomes than mastectomy patients. In previous
studies of patients receiving BCT after PST, patho-
logical complete response and LCR were associated
with lower risks of all-cause mortality, locoregional
recurrence, and distant metastasis.12,13 These findings
are in accordance with those of our study, which
demonstrated that LCR can confer a survival benefit in
patients with HER2-positive breast cancer. Moreover,
the mechanism of the finding that BCT offered a
significant survival benefit over mastectomy for pa-
tients who had lymph node complete response after
PST needs to be explored further. In this study, we
focused on breast surgical options after PST and
compared the overall survival of BCT and mastectomy
patients with or without receipt of postoperative
adjuvant radiation to the regional lymph node region
and/or chest wall. The factors of postoperative
www.thelancet.com Vol 32 April, 2024
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Covariate Univariable analysis Multivariable analysis

HR (95% CI) P HR (95% CI) P

Breast surgery (n)

BCT (221)

Mastectomy (221) 1.66 (1.08–2.57) 0.02 1.62 (1.05–2.51) 0.03

BCR (n)

No (214)

Yes (228) 0.30 (0.19–0.49) <0.01 0.48 (0.29–0.81) <0.01

LCR (n)

No (98)

Yes (344) 0.31 (0.20–0.47) <0.01 0.49 (0.31–0.78) <0.01

Age (n)

<50 years (212)

≥50 years (230) 1.29 (0.84–1.98) 0.25 1.36 (0.88–2.09) 0.17

PST (n)

Chemotherapy without trastuzumab (213)

Chemotherapy with trastuzumab (229) 0.33 (0.20–0.53) <0.01 0.50 (0.30–0.84) 0.01

Nuclear grade (n)

I or II (93)

III (345) 1.29 (0.74–2.26) 0.37

ER status (n)

Negative (215)

Positive (227) 1.02 (0.67–1.56) 0.92

Postoperative adjuvant radiation therapy

No

Yes 1.42 (0.92–2.17) 0.11

Disease stage

I or II (346)

III (96) 1.22 (0.47–1.44) 0.49 1.11 (0.51–1.60) 0.73

HR, hazard ratio; CI, confidence interval; BCT, breast-conserving therapy; BCR, breast complete response; LCR, lymph node complete response; PST, preoperative systemic
therapy; ER, estrogen receptor. The surgery type, BCR, LCR, age at diagnosis, PST regimens, and disease stage were adjusted for in the multivariable analysis.

Table 2: Results of univariable and multivariable analyses for overall survival after propensity score matching.

Articles
adjuvant radiation, systemic therapy and stage in both
cohorts were well balanced using propensity score
matching method. The LCR minimized the impact of
potential residual disease in lymph node on the out-
comes. Our data suggest that whole-breast moderate-
dose radiotherapy was one of the major factors that
contributed to the better survival outcomes of patients
who received BCT after PST. A previous study showed
that moderate-dose radiation to the breast, compared
with mastectomy, had a better potential to release
neoantigens to activate an antitumoral immune
response in patients with high tumor burden14,15

Therefore, the better survival outcomes of LCR pa-
tients who received BCT may be attributed to the
transformative impact of radiotherapy on the primary
breast tumor microenvironment, encompassing the
expression of new molecules, release of neoantigens,
and enhancement of original receptors in immune
and tumor cells.16–18 We speculate that a more exten-
sive surgery like mastectomy depresses the immune
response to breast cancer cells. However, the complex
www.thelancet.com Vol 32 April, 2024
relationship among surgical trauma, medical treat-
ment, moderate-dose radiation to the breast, and im-
mune response remains largely unknown.

Kuerer et al.19 recently reported that surgery might
be omitted in patients with an exceptional response to
PST and standard whole-breast radiotherapy. In our
study, if the primary gross tumor has disappeared
after PST, radiotherapy primarily targeting sur-
rounding breast microscopic disease might lead to
minimal benefits in patients experiencing BCR.20

Wrubel et al.,21 who reported findings similar to
ours, suggested that improved systemic therapy op-
tions combined with the locoregional control provided
by radiotherapy with tangential axillary exposure may
contribute to the survival benefit. The role of post-
operative breast radiation in eliminating micro-
metastases, potentially shed or spread during surgery,
becomes more comprehensible in this context. Radi-
ation, recognized for its potent induction of apoptosis
in tumor cells,22 and it exhibits the capacity to
augment antitumor immunity. Another study showed
7
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Fig. 2: Survival outcomes of matched patients who had lymph node complete response or breast complete response following pre-
operative systemic therapy and who underwent breast-conserving therapy or mastectomy. A. Overall survival (OS) of matched patients
with lymph node complete response after preoperative systemic therapy (PST) by surgery type. B. OS of matched patients with breast complete
response after PST by surgery type. The vertical dotted line represents the median follow-up time.

Articles

8

that tumors from patients who received preoperative
chemotherapy had a distinct B-cell subset with B-cell–
dependent anti-tumor immunity.23 Further research is
needed to determine the mechanism underlying the
greater survival benefit of BCT.
Whether residual disease is present in lymph nodes
after PST is a vital determinant of outcomes.24 To pre-
cisely evaluate PST response, other researchers investi-
gated the use of core or fine-needle biopsy combined
with imaging, which had false negative rates ranging
www.thelancet.com Vol 32 April, 2024
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Results LCR group BCR group

HR (95% CI) P HR (95% CI) P

After matchinga

BCT Reference Reference

Mastectomy 2.12 (1.15–3.89) 0.02 1.74 (0.60–5.02) 0.31

Before matching

BCT Reference Reference

Mastectomy 2.17 (1.22–3.86) <0.01 2.00 (0.83–4.85) 0.13

Note: Matching variables in patients with LCR were disease stage, BCR, PST
regimen, age, and adjuvant endocrine therapy; Matching variables in patients
with BCR were disease stage, LCR, PST regimen, age, adjuvant endocrine
therapy, and adjuvant radiation therapy. After matching, Multivariable adjusted
factors in patients with LCR were BCR and surgery type; Multivariable adjusted
factors in patients with BCR were surgery type and radiotherapy; which were
significantly associated with OS in the univariate analysis. Before matching,
Multivariable adjusted factors in patients with LCR were BCR and surgery type;
Multivariable adjusted factors in patients with BCR were LCR, surgery type and
radiotherapy; which were significantly associated with OS in the univariate
analysis. HR, hazard ratio; CI, confidence interval; BCT, breast-conserving
therapy. aAfter matching, in the LCR group, the BCT and mastectomy cohorts
each included 171 patients; and in the BCR group, the BCT and mastectomy
cohorts each included 111 patients.

Table 3: Results of the multivariable analyses for overall survival (OS)
among patients who had lymph node complete response (LCR) or
breast complete response (BCR) before and after propensity score
matching (PSM).

Articles
from 37% to 50%.25,26 However, noninvasive technolo-
gies based on molecular imaging with advanced anti-
body conjugated probes and potentially artificial
intelligence, radiomics, and convolutional neural net-
works may pave a new way for the future.27

Few studies have analyzed the factors that are
potentially associated with long-term overall survival,
particularly surgery type, in HER2-positive breast can-
cer patients who receive PST. In our study, overall
survival was the primary endpoint because most aging
breast cancer survivors face an increasing risk of
morbidity and mortality from cardiovascular disease,
and breast cancer and cardiovascular disease share
some risk factors.28,29 In addition, chemotherapy and
anti-HER2 therapy can induce cardiotoxicity.30 Effective
radiotherapy and systemic therapy have probably
reduced the incidence of local recurrence. Previous
studies showed that anti-HER2 therapy can decrease
the rate of locoregional recurrence.31 The unprece-
dented survival results of the ISPY-2 trial implied that a
pathological complete response after PST might reduce
the recurrence rate by 80%, even in patients with
HER2-positive breast cancer.32 Tumor size, node posi-
tivity, HER2-positive disease, and triple-negative dis-
ease all have been reported to be associated with the
successful downstaging of ineligible patients to BCT.30

Several clinical trials, including the NeoSphere,33 Pe-
ony,34 KRISTINE,35 and TRAIN-2 trials,36 have
confirmed the benefits of using dual or multiple anti-
HER2 therapies in the preoperative setting for
www.thelancet.com Vol 32 April, 2024
patients with HER2-positive breast cancer, but few tri-
als have focused on the breast surgical management of
these patients. Our results also demonstrate that the
addition of anti-HER2 therapy to chemotherapy conveys
a long-term survival benefit in patients with HER2-
positive breast cancer who received PST regardless of
age, hormone receptor status, or tumor stage.

This study has inherent limitations. Firstly, the
ethnic characteristic of the study population was
missing. While it was an observational cohort study with
a comprehensive long-term follow-up, the accuracy of
overall survival data was ensured, and the low rate of
loss to follow-up at MD Anderson Cancer Center
strengthens data reliability. However, the non-
randomized observational design represents a limita-
tion. Initially varying distributions of age at diagnosis,
ER status, postoperative adjuvant radiation therapy sta-
tus, and disease stage between the BCT and mastectomy
groups were addressed through propensity score
matching to mitigate selection bias, and these covariates
were further considered in the multivariable analysis. In
addition, our study sample was not large enough to
perfectly match by different postoperative adjuvant ra-
diation dose/fractionation; the possible effect of
different postoperative adjuvant radiation dose/frac-
tionation in our study was not included in our study.
Moreover, locally advanced disease did not have a
negative effect on survival outcomes, possibly because of
the small number of patients who had it. Because the
combination of pertuzumab and trastuzumab results in
higher pathological complete response rate compared to
trastuzumab alone does, the use of both monoclonal
antibodies is currently the standard of care in the pre-
operative setting.37 The effect of BCT in patients treated
with pertuzumab and trastuzumab requires further
investigation. Also, for patients who do not have path-
ological complete response after PST, adjuvant trastu-
zumab emtansine (T-DM1) therapy can offer a clinical
benefit.38 Moreover, the BCR subgroup did not experi-
ence many events sufficient to detect statistical signifi-
cance of any BCT protective hazard. Additional studies
with larger cohorts would be necessary to evaluate the
effects of novel HER2-targeted therapies on survival
patient outcomes in the preoperative setting.

In conclusion, our data suggest that for patients with
HER2-positive breast cancer, BCT following PST is
associated with improved overall survival compared to
mastectomy. This improvement is also observed in pa-
tients exhibiting a complete response in the axillary
lymph nodes post-PST. More research is needed to
confirm that making surgical decisions based on
radiological responses after PST is a good way to predict
what will happen in this group of patients and to learn
more about the molecular processes that give patients
who get a complete lymph node response a better
chance of overall survival.
9
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Covariate Univariable analysis Multivariable analysis

10-year OS, % (95% CI) P HR 95% CI P

Breast surgery (n) <0.01

BCT (221) 86.0 (81.3–90.8) 1.0 [reference]

Mastectomy (404) 72.9 (68.3–77.9) 1.69 1.14–2.51 <0.01

BCR (n) <0.01

No (335) 68.2 (63.0–73.8) 1.0 [reference]

Yes (290) 88.6 (84.8–92.5) 0.54 0.35–0.83 <0.01

LCR (n) <0.01

No (204) 57.8 (50.7–65.8) 1.0 [reference]

Yes (421) 87.2 (83.9–90.6) 0.48 0.32–0.72 <0.01

Age (n) 0.50

<50 years (330) 77.6 (72.8–82.6) 1.0 [reference]

≥50 years (295) 78.0 (73.1–83.2) 1.19 0.85–1.65 0.31

PST (n) <0.01

Chemotherapy without trastuzumab (294) 68.0 (62.5–73.9) 1.0 [reference]

Chemotherapy with trastuzumab (331) 87.4 (83.7–91.2) 0.56 0.38–0.81 <0.01

Nuclear grade (n) 0.80

I/II (74) 80.6 (73.6–88.3)

III (256) 77.1 (73.2–81.2)

Postoperative adjuvant radiation therapy <0.01

No 84.1 (79.6–88.9) 1.0 [reference]

Yes 72.8 (68.0–78.0) 1.15 0.78–1.70 0.49

ER status (n) 0.80

Negative (285) 77.4 (72.4–82.7)

Positive (340) 78.0 (73.4–83.0)

Disease stage (n) 0.90

I/II (439) 77.6 (73.5–81.8) 1.0 [reference]

III (186) 78.2 (71.9–85.1) 1.01 0.68–1.49 0.80

HR, hazard ratio; CI, confidence interval; BCT, breast-conserving therapy; BCR, breast complete response; LCR, lymph node complete response; PST, preoperative systemic
therapy; ER, estrogen receptor.

Table 4: Results of univariable and multivariable analyses for overall survival (OS) for the entire cohort.
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