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ABSTRACT

Background. Choosing Wisely guidelines recommend

against surgical axillary staging (AS) in women C70 years

with ER?/HER2– early stage breast cancer (BC). This

study examined the impact of AS omission on survival in

older patients with BC.

Methods. This was a population-based cohort study using

health administrative data in Ontario, Canada. We identi-

fied women aged 65–95 years who underwent surgery for

Stage I/II BC between 2010 and 2016. Patients were

weighted by propensity scores for receipt of AS that

included patient and disease characteristics using overlap

weights. Association with overall survival (OS) was cal-

culated using weighted Cox models, and breast cancer-

specific survival (BCSS) was calculated using weighted

Fine and Gray models, adjusting for biomarkers and

adjuvant treatments. Adjuvant treatment receipt was mod-

elled with weighted log-binomial models.

Results. Among 17,370 older women, the 1771 (10.2%)

who did not undergo AS were older, more comorbid, and

less likely to undergo mastectomy. Women who did not

undergo AS were less likely to receive adjuvant

chemotherapy (RR 0.68, 95% CI 0.57–0.82), endocrine

therapy (RR 0.85, 95% CI 0.81–0.89) or radiotherapy (RR

0.69, 95% CI 0.65–0.74). After weighting and adjustment,

there was no significant difference in BCSS (sdHR 0.98,

95% CI 0.77–1.25), but women who did not undergo AS

had worse OS (HR 1.14, 95% CI 1.04–1.25). The results

among 6215 ER?/HER2– women C70 years undergoing

SLNB vs no AS were similar.

Conclusions. The omission of AS in older women with

early stage BC was not associated with adverse BCSS,

although OS was worse.

The use of surgical axillary lymph node staging among

older women with early stage breast cancer is controver-

sial. Two randomized controlled trials completed between

1993 and 2002 showed no significant difference in survival

between women who received axillary lymph node dis-

section (ALND) and no staging.1–3 These findings

informed clinical guidelines4 and a recommendation from

the Choosing Wisely campaign5 to omit surgical axillary

staging in women C 70 years of age with estrogen receptor

(ER)?, human epidermal growth factor receptor (HER)-

2(–) early stage breast cancer.
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Despite this evidence, surgeons have expressed concern

with the recommendations, citing the low morbidity of

modern staging procedures such as sentinel lymph node

biopsy (SLNB), and the utility of SLNB in making deci-

sions about adjuvant treatments.6,7 Indeed, population-

based studies have demonstrated that older women who do

not undergo axillary staging are approximately half as

likely to receive adjuvant chemotherapy or radiotherapy.8

Surgeons’ practice patterns have reflected these concerns–

over 80% of older women continue to receive axillary

staging, with no appreciable decrease over time.8–10

Population-based studies of axillary staging have found

that patients without axillary staging tend to be older, with

more comorbid illnesses, and more favorable disease

characteristics than those who underwent staging, sug-

gesting that surgeons are selective in their omission of the

procedure.8,10,11 Despite this, observational research stud-

ies report that older women who do not undergo axillary

staging have worse overall survival, even after adjustment

for patient and disease characteristics; however, these

studies have limitations.8,10,11 In particular, there has been

inconsistent use of competing risks analysis10 (which

considers the competing risks of death from other causes in

this elderly population), comorbidity is not available in

some data sources,8 HER2 status is not incorporated in all

analyses,10,11 and information on adjuvant treatments is not

comprehensive.8 It remains unclear to what extent the

association between axillary staging and survival is due to

unmeasured confounding or underutilization of adjuvant

treatments informed by SLNB. We assembled a popula-

tion-based cohort of women 65 years and older undergoing

surgery for early stage breast cancer in Ontario between

2010 and 2016.

The aim of this study was to examine the impact of

omitting surgical axillary staging on breast cancer specific

and overall survival in older women with early stage breast

cancer, addressing limitations of previous work and

exploring the role adjuvant treatment use may have in

modifying the effect of axillary staging omission.

METHODS

Study Design and Data Source

We performed a population-based cohort study using

linked health administrative data in Ontario, Canada. Data

were obtained from ICES12 (formerly known as the Insti-

tute for Clinical Evaluative Sciences), an independent, non-

profit research institute that maintains health administrative

data for more than 14 million Ontarians. These data sets

were linked using unique encoded identifiers and analyzed

at ICES (Supplementary Material 1). We followed the

STROBE statement in the preparation of this manuscript

(Supplementary Material 2).13 The use of the data in this

project is authorized under section 45 of Ontario’s Personal

Health Information Protection Act (PHIPA) and does not

require review by a Research Ethics Board.

Patient Population

Using the Ontario Cancer Registry (OCR), we identified

Ontario women aged 65–95 years with valid Ontario

Health Insurance Plan (OHIP) numbers who underwent

surgery for Stage I/II breast cancer diagnosed between

January 1, 2010 and December 31, 2016. International

Classification of Diseases for Oncology (ICD-O-3) codes

were used to select patients with invasive breast neoplasms

with histology of interest (Supplementary Material 3).

Exclusion criteria included (a) invalid birth/death date

or male sex, (b) non-Ontario resident, (c) not pathologic

Stage I/II disease, (d) previous history of breast cancer,

(e) invalid records for retrieving tumor information, (f) did

not receive breast surgery within 6 months of diagnosis,

(g) neoadjuvant chemotherapy, (h) bilateral disease, or

(i) neoadjuvant endocrine therapy. Clinical stage was not

available in the data sets used and could not be used as an

exclusion criterion. This is consistent with limitations of

similar studies using the SEER cancer registry, where

clinical stage is not additionally available in patients with

pathological nodal information.8,10

Exposure and Covariates

The primary exposure of interest was omission of axil-

lary staging, compared with receiving axillary staging.

Procedure codes representing SLNB and ALND (Supple-

mentary Material 4) were used to identify women who

received axillary staging. Women who underwent mas-

tectomy or breast conserving surgery (BCS) without

procedural codes indicating SLNB or ALND were defined

as not receiving axillary staging. Axillary procedures did

not need to occur on the same day as the primary breast

surgery to be included. If ALND was performed after an

initial SLNB, but within 6 months of the breast cancer

diagnosis date, axillary staging was classified as ALND.

Patient characteristics were determined from the

Registered Persons Database, disease/tumor characteristics

were taken from the OCR, and healthcare interac-

tions/surgeries were assessed using the Canadian Institute

for Health Information Discharge Abstract Database.

Covariates included age at diagnosis, year of diagnosis,

histology, surgery type (mastectomy or BCS), tumor grade,

tumor size (\ 2 cm or C 2 cm), hormone receptor status

and HER2 status, laterality, Charlson comorbidity score (0/

missing, 1, 2, and C 3), previous history of non-breast
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cancer (\ 5 years, C 5 years, no past malignancy),

socioeconomic status/rurality, and receipt of adjuvant

chemotherapy, radiotherapy, and endocrine therapy. The

7th edition of the American Joint Committee on Cancer

(AJCC) guidelines was used for breast cancer stage.

We determined socioeconomic status using income

quintiles from Canadian census data, which assign indi-

viduals into income strata based on their postal code of

residence.14 Rurality was similarly derived from Canadian

census data, with rural status defined as residence in a

community B 10,000 individuals in size. Adjuvant

chemotherapy was defined as chemotherapy administered

within 12 months following diagnosis. Chemotherapy was

determined from the Cancer Activity Level Reporting

database, New Drug Funding Plan database, and OHIP

billing codes. Adjuvant radiotherapy was defined using the

same data sources as radiotherapy administered within 12

months following diagnosis, and was categorized as chest

wall/breast radiotherapy, axillary radiotherapy, or combi-

nation radiotherapy using body region codes. Endocrine

therapy was defined as the administration of the following

medications, as observed in the Ontario Drug Benefit

database, at any point between diagnosis and the last day of

follow-up: tamoxifen, anastrozole, letrozole, exemestane,

and raloxifene. There was no limitation on administration

date as endocrine therapy would be unlikely to be used as

the sole treatment for newly metastatic or recurrent disease.

Age was treated as continuous and the remaining

covariates were considered categorical. HER2 status was

only available in patients diagnosed in 2012 and later and

was therefore not included in the main analysis. If HER2

status was missing, and patients received trastuzumab, they

were considered to be HER2 positive.

Outcomes

The primary outcomes of interest were overall survival

(OS) and breast cancer-specific survival (BCSS). The index

date was the date of breast cancer diagnosis. OS was

defined as the number of months from index date to death,

or until January 31, 2020. Patients were censored at the

study cut-off. Deaths for BCSS were classified as death due

to breast cancer, or death due to other causes. The final date

of follow-up for BCSS was June 30, 2017.

Cause of death was determined from the Ontario Cancer

Registry and the Ontario Office of the Registrar General.

To be defined as a breast cancer death, a woman must have

a death certificate including breast cancer (ICD-10 code

C50^^) in addition to evidence of the following: recurrence

accompanied by change in treatment (surgery,

chemotherapy, radiotherapy, or endocrine therapy) within

60 days, recurrence or change in treatment alone with no

evidence of a second primary malignancy, admission to

hospital with the primary diagnosis of breast cancer within

60 days of death, or palliative care billing codes with no

evidence of a second primary malignancy. Women with

breast cancer on their death certificate with no evidence of

recurrent or progressive disease underwent independent

review of their most recent hospitalization prior to death by

two members of the research team (MC and LP) to deter-

mine cause of death. Conflicts were resolved by discussion

and, if required, a third reviewer (ER) was used for

adjudication.

Secondary outcomes included receipt of adjuvant treat-

ments after surgery, including chemotherapy, endocrine

therapy, and radiotherapy.

Statistical Analysis

Baseline characteristics stratified by axillary staging status

were ascertained and differences between the two groups were

assessed using standardized mean differences (SMDs). To

address confounding between those who did and those who

did not receive axillary staging, we built a propensity score

model for axillary staging including age at diagnosis, year of

diagnosis, socioeconomic status, tumor size, ER/progesterone

receptor (PR) receptor status, grade, Charlson comorbidity

score, breast surgery type, histology, and history of cancer.

Receipt of adjuvant treatments was not included in the

propensity score model as they occur temporally after axillary

staging. However, these important potential confounders were

included in the final survival models as non-time-varying

covariates. Patients were weighted by their propensity scores

using overlap weights.15–17

We generated weighted and unweighted Kaplan-Meier

curves to compare OS between women who did and did not

undergo axillary staging. The hazard ratio (HR) and 95%

confidence interval (CI) of axillary staging omission was

determined using weighted Cox proportional hazards mod-

els. A robust sandwich estimator was used to estimate the

variance. For BCSS, we accounted for the competing risk of

death from non-breast-cancer causes, and the subdistribution

hazard ratio (sdHR) and 95% CI were determined from

weighted Fine and Gray models.18 Additional post-weight-

ing adjustment was performed for receipt of adjuvant

treatments. We were a priori interested in exploring the

impact of adjuvant treatments on omission of axillary stag-

ing; thus, models were specified including interaction terms

between each of chemotherapy, endocrine therapy, and

radiotherapy administration and axillary staging strategy.

For the secondary outcomes, adjuvant treatment receipt

was modelled with weighted log-binomial models and risk

ratios (RR) with 95% CIs reported. Subgroup analyses

were additionally performed by age (65–69 and 70?

years), Charlson score (0/missing and 1?), and lobular

histology. We also examined women in whom HER2 status
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was available (diagnoses after 2012). This cohort was

restricted to women age 70? with ER?, HER2 negative

tumors undergoing either SLNB or no axillary staging (the

clinical scenario discussed in the Choosing Wisely

guidelines5).

Patients with missing data for any covariate except

HER2 status were excluded. The data analysis for this

paper was generated using SAS version 9.4 (SAS Institute

Inc., Cary, NC, USA) and R (R Foundation for Statistical

Computing, Vienna, Austria). All statistical tests were two-

sided, and a p-value of B 0.05 was considered statistically

significant.

RESULTS

Patient Characteristics

We identified 27,616 women aged 65–95 years under-

going surgery for malignant breast cancer between 2010

and 2016 in the OCR. After application of the exclusion

criteria, 17,370 women with Stage I/II breast cancer were

included (Fig. 1). Of these, 15,599 (89.8%) underwent

axillary surgery and 1771 (10.2%) did not. Baseline patient

characteristics are presented in Table 1.

Omission of Axillary Staging Compared with those that

underwent axillary staging, those that did not were older

(median 82 years vs 72 years; p\ 0.001, SMD = 0.87).

More than 90% of women under the age of 80 underwent

axillary staging, while the majority of women between 90

and 95 years did not undergo axillary staging (Fig. 2).

Women who did not undergo axillary staging were also

more likely to have BCS (77.8 vs. 74.1%; p\0.001, SMD

= 0.08), have comorbid illnesses (8.6% Charlson 3? vs.

3.8%; p\ 0.001, SMD = 0.20), and larger tumors (49.6%

C 2 cm vs. 41.2%; p\0.001, SMD = 0.17). Patients who

did not have staging were similar in terms of ER positivity

and PR positivity compared with those who had staging

(ER positive 88.9% vs. 88.7% and PR positive 80.6 vs.

79.6%; p[ 0.05 for both). After the cohort was weighted

Women  65-95 years with malignant
breast cancer who underwent surgery

2010-2016
N = 27,616

N = 8,903

Cohort after exclusions
N = 18,713

Final cohort
N = 17,370

Omission of axillary
staging

N = 1,771

Recieved axillary staging
N = 15,599

Missing data among patient characteristics (1,343)

Invalid birth date, death date, or sex (372)
Non-ontario resident (≤10)
Not Stage I/II disease (6,015)
Previous history of breast cancer (≤20)
Invalid record for tumour characteristics (316)
Received breast surgery >6 months after diagnosis (1,565)
Neoadjuvant chemotherapy (188)
Bilateral disease (223)
Neoadjuvant endocrine therapy (200)

FIG. 1 Development of a cohort of older breast cancer patients. Exclusions were applied sequentially in the order presented
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by the propensity score, important confounders included in

the propensity score model were well balanced between the

two groups (all SMDs\ 0.1; Table 1).

Overall Survival

Over the study period, 3393 women died (19.5%) and

median follow-up was 6.3 years (IQR 4.7–8.2 years).

Unadjusted 5-year overall survival was lower for women

who did not undergo axillary staging (68.0%, 95% CI

65.7–70.2 vs. 87.7%, 95% CI 87.1–88.2; p\ 0.001). The

weighted Kaplan-Meier curve is presented in Fig. 3A.

Unadjusted curves are shown in Supplementary Material 5.

After propensity score weighting and adjustment account-

ing for age, year of diagnosis, SES, tumor size, receptor

status, tumor grade, comorbidity, surgery type, tumor his-

tology, cancer history, and adjuvant treatments, women

who did not undergo axillary staging continued to have

worse OS (HR 1.14, 95% CI 1.04–1.25; Table 2). How-

ever, there were differences among subgroups. There was

no significant difference in OS after weighting and

adjustment among women aged 65–69 (HR 1.35, 95% CI

0.95–1.90), and those with no comorbidities (HR 1.09,

95% CI 0.97–1.23). Subgroup analyses in older women

(70? years), patients with lobular histology, and those with

Charlson comorbidity scores of 1 or greater had results

similar to the main analysis. The results among 6215 ER?/

HER2- women C 70 years undergoing SLNB vs no axillary

staging were also similar (adjusted HR 1.24, 95% CI

1.07–1.45).

Breast Cancer-Specific Survival

Among the 3393 deaths observed in the cohort, 564

(16.7%) were determined to be breast cancer deaths.

Median follow-up was 3.5 years (IQR 1.9–5.3 years). For

women who did not undergo axillary staging, there was a

higher 5-year incidence of breast cancer deaths (7.6%, 95%

CI 6.1–9.2 vs. 4.3%, 95% CI 3.9–4.7; p\ 0.001; Fig. 3B

and Supplementary Material 6). However, after weighting

and adjustment for covariates, there was no significant

difference between the groups for BCSS (sdHR 0.98, 95%

CI 0.77–1.25). Similar results were seen for subgroups

including older vs younger women, those with and without

comorbidities, patients with lobular carcinoma, and

patients meeting the Choosing Wisely criteria (ER?/

HER2– women C 70 years undergoing SLNB vs no axil-

lary staging). These results are shown in Table 2.

Receipt of Adjuvant Treatments

At baseline, 20.8% of women who received axillary

staging received adjuvant chemotherapy compared with

6.3% of women who did not undergo staging (p\ 0.001;

SMD = 0.43). Similar patterns were seen for radiotherapy

and endocrine therapy (Table 1). After propensity score

weighting, women who did not undergo axillary staging
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FIG. 2 Proportion of patients

receiving axillary staging by age
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continued to be less likely to receive adjuvant

chemotherapy (risk ratio [RR] 0.68, 95% CI 0.57–0.82),

endocrine therapy (RR 0.85, 95% CI 0.81–0.89) or breast/

chest wall radiotherapy (RR 0.69, 95% CI 0.65–0.74).

However, these patients were also more likely to receive

axillary radiotherapy (RR 1.33, 95% CI 1.06–1.66). These

results are presented in Table 3.

Differences were seen among subgroups. When

restricted to those with comorbidities or lobular histology,

there were no significant differences in adjuvant

chemotherapy use by axillary staging strategy (Table 3).

Patients were less likely to receive endocrine therapy or

breast/chest wall radiotherapy in all subgroups examined.

The finding that patients not receiving axillary staging were

more likely to have axillary radiotherapy was only found

among those with no comorbidities (RR 1.40, 95% CI

1.09–1.81) and patients 70 years and older (RR 1.32, 95%

CI 1.02–1.70).

Adjuvant Treatments Modified the Effect of Axillary

Staging Omission

To assess whether the effect of axillary staging on sur-

vival was modified by adjuvant treatment use, adjusted

survival models included an interaction term between these

factors (Fig. 4). We observed differences in overall sur-

vival according to adjuvant treatment use. Women who did

not undergo axillary staging and did not receive adjuvant

treatments had worse OS compared with women who had

axillary staging without adjuvant treatments. This was

shown for chemotherapy (HR 1.14, 95% CI 1.04–1.25),

endocrine therapy (HR 1.19, 95% CI 1.04–1.35), and

radiotherapy (HR 1.23, 95% CI 1.10–1.38). However,

among patients who received adjuvant chemotherapy,

endocrine therapy, chest wall/breast radiotherapy, or axil-

lary radiotherapy, there were no significant differences in

OS by axillary staging strategy (Fig. 4A).

There were no significant differences in BCSS after

adjustment between women who did and did not receive

axillary staging according to adjuvant treatment use

(Fig. 4B).

DISCUSSION

This population-based study of older women with early

stage breast cancer in Ontario showed that women who did

not undergo staging were older, had more comorbidities,

and had larger tumors. These patients were also signifi-

cantly less likely to receive adjuvant chemotherapy,

endocrine therapy, or chest wall/breast radiotherapy. After

adjustment for baseline characteristics, omission of axillary

staging was associated with worse overall survival, but not

breast cancer-specific survival. Results were similar when

restricted to women meeting the Choosing Wisely criteria

(age 70? with ER?, HER2 negative tumors undergoing

either SLNB or no axillary staging). Importantly, omission

of axillary staging was not associated with worse BCSS

among women who did not receive further adjuvant

treatments.

There is a growing literature demonstrating that the

proportion of older breast cancer patients who do not

undergo axillary staging is less than 20%, and does not

appear to be decreasing over time.8–10,19 Researchers have

highlighted a need to understand factors associated with

omission of axillary staging.9 Consistent with prior

research,8,10,11 women who did not have staging were older
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and had more comorbidities. Although previous studies

have shown more favorable disease characteristics for

these women, we found these patients were more likely to

have larger tumors.8,10

This study builds upon previous observational studies in

this area, and addresses some important limitations of the

literature. In a study of 157,584 older women in the

National Cancer Database (NCDB), Chagpar et al.10

showed omission of axillary staging was associated with

worse OS (HR 1.58, 95% CI 1.53–1.63), even after

adjustment for patient and disease characteristics. The

same authors performed a parallel analysis in the SEER

registry (N = 115,059), showing similar results for OS (HR

2.39, 95% CI 2.33–2.45) and BCSS (HR 2.21, 95% CI

2.09–2.34). Our group performed a replication study8 in

the SEER registry (N = 144,329), utilizing more advanced

methods of addressing confounding (propensity score

overlap weighting) and competing risks analysis for BCSS.

Although we also found that omission of axillary staging

was associated with worse OS (HR 1.22, 95% CI

1.19–1.25) and BCSS (HR 1.14, 95% CI 1.08–1.21), the

effect estimates were more attenuated compared with the

early Chagpar et al.10 study. However, we did not have

access to comorbidity data in SEER, and details sur-

rounding adjuvant treatment were limited.

The current study is able to address the limitations of the

prior analyses. We have incorporated comorbidity data into

the propensity score model and, after weighting, the cohort

was well-balanced with respect to this confounder. Using

healthcare administrative data sets, we were also able to

accurately determine adjuvant chemotherapy, endocrine

therapy, and radiotherapy use and incorporate all three

factors into our survival models. Our results show a further

attenuation of the effect size for omission of axillary

staging on OS (HR 1.14, 95% CI 1.04–1.25), with a lower

confidence limit near the null. Our results for BCSS show

no significant difference between the two staging strategies

(HR 0.98, 95% CI 0.77–1.25). These findings suggest that

we have addressed unmeasured confounding to a greater

degree than previous studies, and omission of axillary

staging may not adversely affect BCSS. We have also

confirmed these results in a population that meets the

Choosing Wisely criteria.

There is a clear relationship between the decision to

omit axillary staging and receipt of adjuvant treatments.20

We have confirmed these findings, showing that women

who did not receive axillary staging were less likely to

have adjuvant chemotherapy, endocrine therapy, or chest

wall or breast radiotherapy. However, our study is the first

to examine axillary radiotherapy separately from chest wall

or breast radiotherapy, and showed omission of axillary

staging was associated with increased likelihood of

receiving axillary radiotherapy. This association wasT
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maintained when the cohort was restricted to women with

no comorbidities. This important finding requires further

exploration. While it is possible this may represent targeted

axillary treatment for worrisome pathology in the primary

tumor, we did not find significantly worse BCSS among

women who were not staged and who did not receive

further adjuvant treatments. This suggests that women who

do not have axillary staging are highly selected and the

lack of information about the axilla does not result in

adverse breast cancer outcomes.

There are limitations to this analysis. The Ontario

Cancer Registry does not contain separate information on

clinical staging when pathological staging information is

available (i.e., from lymph node staging). Therefore, we

were unable to confirm whether patients were clinically

node negative prior to axillary staging. Similar limitations

are present in the SEER registry data and affect other

studies in this area.8,10 However, we excluded T3/T4

tumors, patients with metastatic disease, and those who

received neoadjuvant chemotherapy. Although we have

access to comorbidity and more granular adjuvant treat-

ment data, and used advanced methods of addressing

confounding, there is likely residual confounding. Worse

OS with no difference in BCSS among women who did not

have axillary staging and did not receive further adjuvant

treatments suggests that this group has competing risks of

death from non-breast-cancer causes. The Charlson score is

calculated based on a weighted index of comorbid diseases

and is an adequate representation of medical complexity

compared with individual comorbidity adjustment.21,22

However, the score does not provide insight into patient

values and decision-making with respect to pursing

aggressive breast cancer treatment in older women. There

is a delay in the availability of cause of death in our data

sources after a death is registered; therefore, the median

follow-up for the BCSS analysis is shorter than the OS

analysis. This may have led to an underestimation of breast

cancer events and lower power. Finally, our competing

risks analysis may be limited by the accuracy of cause of

death in the Ontario Cancer Registry. However, we

extensively explored the cohort for evidence of disease

recurrence and treatment changes among those with breast

cancer listed as the cause of death.

The evidence supporting omission of axillary staging in

older women with early stage breast cancer is controver-

sial. Unlike the de-escalation of treatment that has occurred

more broadly in breast cancer,19 surgeons continue to offer

axillary staging in older women and have expressed

uncertainty about the strength of evidence in this area.7

This population-based study addresses limitations of pre-

vious observational work showing worse survival among

older women who do not receive staging. Our results

suggest women who do not receive staging are highlyT
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selected, but do not experience worse breast cancer-specific

mortality as a result, even when they do not have further

adjuvant treatments. However, it is still unclear whether

omission of axillary staging can be extended to older

women with early stage breast cancer more broadly, and

careful consideration should be given to the information

gained from staging against the morbidity of modern

SLNB. Further qualitative or prospective work is needed to

understand the complex decision making that is occurring

between older breast cancer patients and their surgeons

when approaching the role of axillary staging.

Supplementary Information The online version contains

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

023-13274-0.
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