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ABSTRACT

Background: The management of residual axillary disease after neoadjuvant therapy (NAT) remains
controversial, as current recommendations often treat ypN1 breast cancer as a homogeneous entity despite
potential prognostic heterogeneity. Evidence supporting uniform axillary surgical strategies across different
levels of residual nodal burden is limited. We investigated whether survival associations related to axillary
surgical evaluation differ according to residual nodal burden in ypN1 disease, using an adjuvant cohort to
validate a SEER-based proxy for surgical extent.

Methods: Patients with 1-3 positive lymph nodes were identified in the SEER database (2000-2022) and
stratified into neoadjuvant (NAT; n=30,560) and adjuvant (AT; n=197,586) cohorts. Axillary surgical
evaluation was categorized as limited (2-3 examined nodes) or extensive (>10 examined nodes). Survival
was analyzed using Kaplan—Meier methods and log-logistic accelerated failure-time models, adjusted with
inverse probability of treatment weighting.

Results: In the ypN1 cohort, limited axillary evaluation was not associated with inferior overall survival
among patients with a single residual positive node (IPTW-adjusted HR: 1.15, p=0.134; time ratio [TR]:
0.86, p=0.184). In contrast, limited evaluation was associated with worse survival in patients with two
positive nodes (HR: 1.70, 95%CI 1.54—1.87; TR: 0.58, 95%CI 0.53—0.64). The findings were similar when
using breast cancer-specific survival as the endpoint.

Conclusions: Survival associations related to axillary surgical evaluation after NAT vary according to
residual nodal burden. Axillary de-escalation appears feasible in patients with a single residual positive
node but cannot be extrapolated to those with multiple residual nodes, underscoring heterogeneity within

ypN1 disease.

Keywords:
Accelerated Failure Time Model; Breast Neoplasms; Cox Regression Analysis; Lymphatic Metastasis;

Neoadjuvant Systemic Therapy; Neoplasm Staging.
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1. INTRODUCTION

Sentinel lymph node biopsy (SLNB) has enabled substantial axillary de-escalation in breast cancer
surgery, demonstrating oncological safety comparable to axillary lymph node dissection (ALND) while offering
improved quality of life [1]. In the adjuvant (upfront surgery) setting, multiple randomized trials established
that completion ALND can be safely omitted in selected patients with limited nodal involvement, provided
appropriate local and systemic therapies are administered [2-6]. More recently, the SENOMAC trial further
expanded these indications, and current American Society of Clinical Oncology (ASCO) guidelines now
support omission of ALND in clinically node-negative patients with limited nodal disease undergoing upfront
surgery [7, 8]. Importantly, however, these data were generated exclusively in the adjuvant setting and may not
be directly extrapolated to other clinical contexts.

In contrast, axillary management after neoadjuvant systemic therapy (NAT) remains an area of
ongoing uncertainty. Patients with residual nodal disease (ypN1) are commonly managed with ALND, despite
the absence of randomized evidence demonstrating a survival benefit of uniform surgical escalation in this
population [2-6]. Existing studies in the post-NAT setting have largely focused on technical performance
metrics of SLNB—such as false-negative rates and mapping strategies—rather than long-term oncologic
outcomes [9-13]. Moreover, residual nodal disease after NAT represents a distinct biological scenario that may
be enriched for relative treatment refractoriness — reflecting not only intrinsic resistance but also tumor type-
specific chemosensitivity patterns, pharmacokinetic variability, or incomplete drug delivery — raising the
possibility that prognostic implications may vary according to the extent of residual nodal burden.

Despite this, ypN1 disease is typically treated as a homogeneous category in clinical decision-making.
Whether the survival associations related to axillary surgical extent differ between patients with minimal versus
greater residual nodal burden (e.g., one versus two positive nodes) remains insufficiently explored. Addressing
this gap is critical to defining the boundaries of safe axillary de-escalation after NAT.

In this population-based study, we examined the association between axillary disease burden—
quantified by the number of examined and positive lymph nodes—and overall survival among patients receiving
NAT. To ensure methodological robustness, parallel analyses were conducted in a large adjuvant cohort,

serving as an internal benchmark to validate our surgical proxy and analytic approach by reproducing
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established level 1 evidence from the upfront surgery setting. This framework allowed for a more reliable

interpretation of survival associations in the less-defined neoadjuvant context.

2. MATERIALS

2.1 Data Source and Study Design

This retrospective, population-based observational study used data from the Surveillance,
Epidemiology, and End Results (SEER) program (17 registries, November 2024 submission), covering
diagnoses from 2000 to 2022. The study evaluated survival associations according to axillary disease burden
and the extent of axillary surgical evaluation, using the number of examined lymph nodes as a proxy for surgical
extent.

Patients were stratified into two cohorts based on treatment sequence: (1) a neoadjuvant therapy (NAT)
cohort, including patients with residual nodal disease after systemic therapy (ypN1), and (2) an adjuvant therapy
(AT) cohort, consisting of patients who underwent upfront surgery (pN1). The AT cohort was analyzed in
parallel as an internal methodological benchmark, allowing assessment of whether the surgical proxy and
analytic approach reproduced survival patterns consistent with established evidence from the adjuvant setting

before application to the NAT cohort.

2.2 Ethics Approval

This study used publicly available, de-identified data. According to Resolution No. 510/2016 of the
Brazilian National Health Council (CEP/CONEP), analyses of anonymized secondary databases do not require
ethics committee approval or informed consent. The National Institutes of Health (NIH) and the SEER program

similarly do not require additional approval for the use of de-identified data.

2.3 Selection Criteria
Women diagnosed with invasive breast cancer (ICD-O-3 codes 8500, 8520, 8522, 8523, or 8524) and

with 1-3 positive lymph nodes were eligible. Exclusion criteria included age <18 years or unknown; missing
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cause of death; survival <l day; multiple primary cancers; occult, Paget, or lysed tumors; bilateral disease;
absence of definitive breast surgery; and missing data on molecular subtype or nodal yield.

The primary exposure was the extent of axillary surgical evaluation, categorized as limited (2-3
examined lymph nodes) or extensive (>10 examined lymph nodes). The cohort selection process is illustrated
in Supplementary Figure 1 and detailed in the Supplementary Materials.

For the purposes of this study, “axillary de-escalation” refers to the omission of complete ALND in
favor of a more limited axillary surgical evaluation, operationalized by the number of examined lymph nodes.
The threshold of 2—-3 nodes reflect the median SLNB yield consistently reported across prospective studies
(typically 2-3 sentinel nodes) [14], while the threshold of >10 nodes represent the minimum required for
adequate ALND staging by standard oncological criteria [2, 15, 16]. It should be noted that the 2-3 node
category may encompass a heterogeneous mix of procedures, including standard dual-tracer SLNB and targeted
axillary dissection (TAD), the latter combining SLNB with retrieval of a pre-treatment biopsy-marked positive
node. TAD achieves a substantially lower false-negative rate (FNR) than SLNB alone and may therefore
represent a biologically more accurate intermediate staging approach [17, 18]; however, SEER data do not
permit differentiation between these procedures. Furthermore, since 2018, SEER has included a qualitative
variable describing the type of axillary surgery (SLNB, ALND), but internal data review revealed substantial
misclassification: numerous cases coded as “SLNB only” reported more than 10 or 20 examined lymph nodes,
a pattern inconsistent with SLNB. Accordingly, the qualitative variable was not used, and quantitative nodal

yield was adopted as the primary measure of surgical extent, consistent with prior literature [2, 14, 15, 19-23].

2.4 Statistical Analysis

Clinical and pathological characteristics were summarized using descriptive statistics. Associations
between categorical variables were assessed using y? tests, with effect sizes estimated by Cramér’s V and
Kendall’s 1. The primary endpoint was overall survival (OS). The secondary endpoints was breast cancer-
specific survival (BCSS).

Survival was initially evaluated using Kaplan—Meier curves, with log-rank, Tarone-Ware, or Breslow
tests selected according to censoring patterns. Multivariable Cox proportional hazards models were fitted to

estimate hazard ratios (HRs) and 95% confidence intervals (Cls). The proportional hazards assumption was
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assessed using Schoenfeld residuals (cox.zph) [24, 25]. When violations were identified for the primary
exposure (nodal yield), time-dependent effects were modeled using the tt() function with a log(time)
transformation. Other covariates violating the proportional hazards assumption were handled using stratified
Cox models.

To provide a complementary time-based interpretation and ensure robustness to proportional hazards
violations, parametric accelerated failure time (AFT) models were also fitted [25, 26]. Log-logistic, log-normal,
and Weibull distributions were evaluated, with the log-logistic model selected based on Akaike and Bayesian
information criteria and Cox—Snell residuals [26]. AFT coefficients were exponentiated to yield time ratios
(TRs), where TR <1 indicates a reduction in survival time. Concordant inverse patterns between HRs and TRs
were used to support the consistency of findings.

Confounding was addressed using propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW). PSM employed fuzzy 1:1 matching with a caliper of 0.0001. IPTW used stabilized
weights derived from marginal treatment probabilities [27, 28]. Covariate balance was assessed using
standardized mean differences (SMDs) [29], with values <0.2 indicating acceptable balance. Variables with
residual imbalance were included in doubly robust survival models [30]. Robust standard errors were applied
in all weighted analyses. Weight truncation (maximum weights approximately 10, based on upper percentiles)
was explored to enhance numerical stability, with truncated models retained given their near-identical estimates
[27,31].

Survival probabilities at 36, 60, and 120 months were estimated using Monte Carlo simulation
incorporating parameter uncertainty. Interaction terms between axillary surgical evaluation and key clinical
variables — specifically radiation therapy and residual nodal burden (1 vs. 2 positive nodes) — were tested,
retaining interactions with p<0.10. All analyses were conducted using R version 4.4.1 and SPSS version 27.0.

As an exploratory, hypothesis-supporting analysis, Categorical Principal Components Analysis
(CATPCA) was performed on the neoadjuvant cohort to characterize the multivariate association structure
among surgery approach, axillary nodal yield, residual positive nodes, and other clinical covariates, and to
assess whether nodal burden and surgical approach behaved as independent dimensions of variation rather than

redundant proxies (full methodology and results in Supplementary Materials).
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3. RESULTS

Since 2018, the SEER database has included a qualitative variable describing the type of axillary
surgery performed (e.g., SLNB, ALND). However, internal data review revealed substantial misclassification,
with numerous cases coded as “SLNB only” reporting more than 10 or 20 examined lymph nodes, a pattern
consistent with complete axillary dissection (data not shown). Given this limited reliability for capturing
surgical intent, we did not use this qualitative variable. Instead, consistent with prior literature supporting
quantitative nodal yield as a robust surrogate for axillary surgical extent [14, 19-22, 32], patients were classified
according to the number of pathologically examined lymph nodes: 1 node, 2-3 nodes, 4-9 nodes, and >10

nodes. Baseline characteristics across groups are summarized in Table 1.

3.1 Methodological Validation: The Adjuvant (AT) Cohort

The adjuvant therapy (AT; pN1) cohort was analyzed as an internal methodological benchmark to
assess whether the nodal yield—based proxy reproduced survival patterns consistent with established evidence
from the upfront surgery setting. Survival curves for these subgroups are shown in Supplementary Figure 2.

Among patients with a single positive lymph node, limited axillary evaluation (2-3 examined nodes)
was not associated with inferior overall survival compared with more extensive evaluation (Supplementary
Tables 1-3), reproducing survival patterns consistent with those reported in randomized trials supporting
axillary de-escalation in this population.

In contrast, among patients with two positive lymph nodes, survival associations differed according to
axillary evaluation and regional treatment (Supplementary Tables 4-8). Limited axillary evaluation (2—3 nodes)
without radiotherapy was associated with worse survival in both Cox (aHR 1.541, 95%CI 1.154-2.040;
p=0.003) and AFT models (aTR 0.676, 95%CI 0.526-0.870; p=0.002) (Supplementary Tables 7). This
association was not observed among patients who received radiotherapy (p>0.05, Supplementary Tables 8),
suggesting modification of survival associations by regional treatment.

Similar findings were observed for BCSS (Supplementary Tables 9-16; Supplementary Figure 3).

3.2 Axillary Evaluation and Survival in the Neoadjuvant (NAT) Cohort
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In the neoadjuvant therapy (NAT; ypN1) cohort, survival associations according to axillary evaluation
demonstrated a similar dependence on residual nodal burden.

Among patients with a single residual positive node, limited axillary evaluation (2-3 nodes) was not
associated with worse overall survival (log-rank p=0.960; IPTW doubly robust-adjusted aHR 0.918, p=0.482),
with consistent findings across Cox and AFT models (Table 2; Supplementary Tables 17 and 18).

In contrast, among patients with two residual positive nodes, limited axillary evaluation was associated
with worse overall survival compared with more extensive evaluation (=10 nodes) in both Cox (aHR 1.899,
95%CI 1.381-2.612; p<0.0001) and AFT models (aTR 0.587, 95%CI 0.466—0.739; p<0.0001) (Table 3; similar
results in matched and IPTW-doubly robust analysis in Supplementary Tables 19 and 20). In IPTW-adjusted
analyses, this divergence corresponded to an absolute 10-year survival difference of 19.6% (9.3% — 28.1%).
Kaplan—Meier survival curves for patients with one versus two residual positive nodes are presented in Figure
1. Subgroup analyses showed that irradiation does not alter survival in the case of limited axillary evaluation
(data not shown).

Similar findings were observed for BCSS (Figure 2, Tables 4 and 5, and Supplementary Tables 21 to 24).

4. DISCUSSION

This population-based study provides a large-scale, methodologically validated assessment of survival
associations related to axillary surgical evaluation in patients with residual nodal disease after neoadjuvant
therapy (NAT). By incorporating an adjuvant cohort as an internal methodological benchmark, we were able to
confirm that a nodal yield—based proxy for surgical extent reproduces survival patterns consistent with
established level 1 evidence from the upfront surgery setting, including the safety of axillary de-escalation in
selected pN1 patients [7, 8]. This validation supports the use of this approach to explore survival associations
in the more uncertain post-neoadjuvant context.

The central finding of this study is that survival associations related to axillary evaluation after NAT
are not uniform across the ypN1 spectrum. Among patients with a single residual positive node (ypN1=1),
limited axillary evaluation (23 examined nodes) was not associated with inferior survival, whereas this absence
of association was not observed in patients with higher residual nodal burden. In patients with two residual

positive nodes (ypN1=2), limited evaluation was consistently associated with worse survival across multiple
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analytic approaches. Together, these findings suggest that residual nodal burden after NAT identifies
biologically and prognostically distinct subgroups, rather than a homogeneous ypN1 population.

This heterogeneity is biologically plausible. Residual nodal disease following NAT may represent
selection for tumors with relative treatment resistance and more aggressive behavior, a scenario fundamentally
different from treatment-naive nodal involvement in the adjuvant setting. Our results extend prior literature
supporting axillary de-escalation in low-burden nodal disease treated with appropriate radiotherapy [33-37],
while demonstrating that such conclusions cannot be assumed to apply uniformly across all levels of residual
nodal involvement after NAT.

Our findings also help reconcile previously conflicting observational studies. Almahariq et al.[38],
reported an overall survival association favoring ALND in ypN1 patients; however, their hazard ratio for
patients with a single positive node crossed the null, suggesting uncertainty within that subgroup. By explicitly
stratifying ypN1 disease according to residual nodal burden, our analysis shows that survival associations differ
meaningfully between ypNI1=1 and ypNI=2 patients. Other SEER-based analyses reached divergent
conclusions largely due to limited stratification or smaller sample sizes [39-41].

A key methodological strength of this study is the use of formal interaction terms rather than rigid
categorical groupings, which can obscure clinically relevant effect modification. Interactions were observed in
conditional (matched by propensity score) and marginal-doubly robust (IPTW-doubly robust) models. This
approach revealed that regional radiotherapy substantially modifies survival associations related to limited
axillary evaluation, particularly in patients with higher nodal burden. Notably, in the adjuvant validation cohort,
a higher-risk pattern persisted among mastectomy patients with two positive nodes and minimal nodal
evaluation, even when radiotherapy was administered. This observation is consistent with the absence of
incidental axillary coverage from tangential breast irradiation in mastectomy patients and reinforces the
biological plausibility of our neoadjuvant findings.

It must be emphasized that the observed survival differences associated with axillary evaluation cannot
be attributed to surgical extent in isolation; they more plausibly reflect a composite of residual nodal burden,
underlying tumor biology, and surgical extent acting jointly, since these dimensions are not fully separable in
observational data. This is precisely the rationale for the doubly robust IPTW framework adopted here, rather

than a single adjustment strategy: by combining inverse probability weighting with outcome regression, doubly
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robust estimation remains consistent if either the treatment (propensity) model or the outcome model is correctly
specified, providing protection against residual confounding by tumor-biological factors (e.g., grade, receptor
status, treatment response) that jointly influence both the extent of axillary surgery performed and survival. The
concordance of effect estimates across PSM, IPTW, doubly robust, Cox, and AFT specifications (Tables 2-5;
Supplementary Tables 17-20) therefore constitutes methodological evidence, not merely a stated assumption,
that the associations reported are unlikely to be fully explained by uncontrolled biological confounding alone.
Nonetheless, because tumor biology cannot be exhaustively captured by any observational covariate set,
residual confounding cannot be entirely excluded, and our estimates should be interpreted as associations rather
than causal effects of surgical extent per se.

Several limitations merit consideration. First, regarding potential sources of bias: (a) selection bias —
patients receiving more extensive axillary evaluation may differ systematically from those receiving limited
evaluation in ways not fully captured by the propensity model, including clinical or imaging findings that
independently influenced both surgical extent and prognosis; (b) measurement bias — nodal yield varies with
surgeon technique, pathological processing protocols, and chemotherapy-induced lymphoid depletion, the last
of which would tend to attenuate rather than inflate the observed associations, rendering our findings
conservative; and (c¢) confounding by indication — the decision for more extensive surgery may have been
guided by clinical or intraoperative findings that are themselves prognostically relevant and not fully captured
by available covariates.

Second, SEER does not distinguish breast/chest wall irradiation from regional nodal irradiation, nor
does it define radiation target volumes; accordingly, all radiotherapy-related conclusions in this study must be
interpreted with this constraint in mind, and no inference regarding axillary coverage can be drawn from the
SEER radiation variable. Third, baseline imaging data, including the number of radiologically abnormal lymph
nodes prior to NAT, are not captured in SEER; future studies using institutional databases should incorporate
baseline nodal imaging burden as a key stratification variable. Fourth, the study period predates or only partially
encompasses the widespread clinical adoption of post-neoadjuvant capecitabine [42], T-DM1 [43], and
pembrolizumab [44]; accordingly, findings may not generalize to patients receiving contemporary regimens,
for whom systemic disease control may be substantially improved. Fifth, as noted in the Methods, the 2—3 node

category likely encompasses a mixture of standard SLNB and TAD procedures, with meaningfully different
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residual disease probabilities owing to the lower FNR of TAD; this heterogeneity cannot be resolved in SEER
data and represents an important caveat to interpretation. Sixth, diagnostic and therapeutic axillary surgical
procedures cannot be fully separated in SEER, a limitation inherent to all registry-based studies using this
source. Surgical extent was inferred using nodal yield as a proxy due to known limitations in SEER coding,
locoregional recurrence data were unavailable, and chemotherapy-induced lymphoid depletion may have
influenced nodal counts [45]. Nonetheless, the ability of this proxy to reproduce established survival patterns
in the adjuvant cohort strongly supports its validity. This is further supported by exploratory CATPCA, which
showed that nodal yield and positive node count define a dimension of variation largely independent of surgery
approach, indicating that the proxy is not simply capturing surgical technique itself (Supplementary Figures 4-
7). The use of time-dependent Cox models, complementary accelerated failure time modeling, and robust
confounding control further strengthens the reliability of the observed associations.

Importantly, these results should be interpreted as hypothesis-generating and do not replace ongoing
prospective randomized trials in the post-neoadjuvant setting, such as Alliance A011202 [46] and TAXIS [47].
Rather, they provide real-world evidence highlighting that uniform axillary strategies may not be appropriate
for all ypN1 patients and underscore the importance of risk-adapted approaches while awaiting prospective
data.

Of particular relevance, the ADARNAT trial directly addresses the question raised by our findings: it
randomizes ypN1 patients with 1-2 residual positive nodes after NAT to regional nodal irradiation versus
completion ALND, targeting the population in which our data suggest the most clinically meaningful
heterogeneity. Two-years analysis showed similar results between irradiation versus completion ALND [48-
50]. Our real-world observations are consistent with the biological rationale underlying this trial and may
provide supporting evidence for its design. Similarly, the ongoing TAXIS and Alliance A011202 trials will
provide prospective evidence on axillary management after NAT in node-positive disease. Our findings should
be regarded as hypothesis-generating support for the enrollment and completion of these trials, not as practice-
changing evidence.

The role of targeted axillary dissection (TAD) merits specific discussion. TAD — combining SLNB
with retrieval of the pre-treatment biopsy-clipped positive node — achieves a markedly lower FNR than SLNB

alone (approximately 2% vs. 10-14%), and its incorporation into post-NAT axillary staging represents an
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important contemporary development [17, 18]. Patients in our 2-3 node category may include a heterogeneous
mixture of standard SLNB and TAD procedures with different residual disease probabilities. This distinction
cannot be resolved in SEER and constitutes a caveat to interpretation. Importantly, to the extent that TAD
patients in this category have lower residual nodal burden than standard SLNB patients, the favorable survival
outcomes observed in ypNI1=1 patients with limited evaluation may in part reflect the improved staging
accuracy of TAD rather than true surgical de-escalation safety. Conversely, it would not fully explain the
adverse outcomes in ypN1=2 patients, in whom even TAD-staged minimal residual disease carried a
substantially worse prognosis with limited axillary evaluation. Future institutional studies capable of

distinguishing SLNB from TAD are needed to refine these observations.

5. CONCLUSION

In this large, validated population-based analysis, survival associations related to axillary surgical
evaluation after neoadjuvant therapy varied substantially according to residual nodal burden. Limited axillary
evaluation was not associated with inferior survival among patients with a single residual positive node
(ypN1=1), whereas similar assumptions of safety could not be extrapolated to patients with higher residual
burden (ypN1=2). Regional radiotherapy emerged as an important modifier of these associations, although its
ability to fully compensate for minimal axillary evaluation in mastectomy patients warrants further study. While
derived from retrospective registry data, these findings highlight clinically relevant heterogeneity within ypN1
disease and support a risk-adapted framework for axillary management in the post-neoadjuvant setting pending

results from ongoing randomized trials.
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Figure captions

Figure 1. Kaplan-Meier curves for overall survival according to the extent of axillary evaluation in
patients submitted to neoadjuvant systemic therapy. (A) Patients with one positive lymph node and
treated with neoadjuvant systemic therapy before matching (n=5,175) (Log-Rank y?ws3): 2.37, p=0.500;
Breslow: x%ar3): 6.19, p=0.103; Tarone-Ware: y’wr3): 4.48; p=0.214). (B) Patients with one positive lymph
node and treated with neoadjuvant systemic therapy after matching (n=1,482) (Log-Rank y%ar3): 0.003,
p=0.960; Breslow: y%ues): 0.27, p=0.601; Tarone-Ware: y*ur3): 0.09; p=0.766). (C) Patients with two
positive lymph node and treated with neoadjuvant systemic therapy before matching (n=2,397) (Log-Rank
ey 11.23, p=0.004; Breslow: y%ar1): 15.08, p<0.0001; Tarone-Ware: ¥%q¢.1): 13.78; p=0.001. (D) Patients
with two positive lymph node and treated with neoadjuvant systemic therapy after matching (n=454) (Log-
Rank ¥ar1): 8.06, p=0.005; Breslow: y%@r1y: 9.02, p=0.003; Tarone-Ware: y*ar1): 8.85; p=0.003). Legend:

LN — lymph node.

Figure 2. Kaplan-Meier curves for breast cancer-specific survival according to the extent of axillary
evaluation in patients submitted to neoadjuvant systemic therapy. (A) Patients with one positive lymph
node and treated with neoadjuvant systemic therapy before matching (n=5,175) (Log-Rank y%ar3): 2.86,
p=0.413; Breslow: y*at3): 7.09, p=0.069; Tarone-Ware: ¥’qt3): 5.25; p=0.154). (B) Patients with one
positive lymph node and treated with neoadjuvant systemic therapy after matching (n=1,482) (Log-Rank
aesy: 0.002, p=0.964; Breslow: y%ur3): 0.17, p=0.676; Tarone-Ware: x%qt3): 0.07; p=0.794). (C) Patients
with two positive lymph node and treated with neoadjuvant systemic therapy before matching (n=2,397)
(Log-Rank y%wr1y: 7.75, p=0.021; Breslow: ¥%qe1): 10.86, p=0.004; Tarone-Ware: ¥qe1): 9.79; p=0.007).
(D) Patients with two positive lymph node and treated with neoadjuvant systemic therapy after matching
(n=454) (Log-Rank y*@r1y: 6.86, p=0.009; Breslow: ¥*@e1y: 6.97, p=0.008; Tarone-Ware: y*ar1y: 7.15;

p=0.007). Legend: LN — lymph node.
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Table 1. Demographic, clinical, and pathological characteristics (n=265,333).

Variable

N (%)

Central tendency

Time of observation

265,333 (100)

52 months (0 — 155)

Age 265,333 (100) 59.3 years (£12.275)
Analyzed lymph nodes 265,333 (100) 3 (1-90)
Positive lymph nodes 265,333 (100) 0(0-3)
Age
<40 years 32,796 (12.6)
45-50 years 35,334 (13.3)
51-59 years 61,066 (23.0)
60-69 years 77,632 (29.3)
70-74 years 29,235 (11.0)
>75 years 29,270 (11.0)
Race
White 207,902 (78.4)
Black 25,674 (9.7)
Other 29,868 (11.3)
Unknown 1,889 (0.7)
Median household income
<U$55K/year 20,708 (7.8)
>55K/year and <75K/year 69,195 (26.1)
>75K/year and <85K/year 47,923 (18.1)
>85K/year and <110K/year ~ 88,079 (33.2)
>110K/year 39,420 (14.9)
Unknown 8 (0.0)
Rural-urban continuum
Uknown/no match 413 (0.2)
Non-metropolitan and Metropolitan area up to 250K 46,234 (17.4)

Metropolitan area > 250K 218,686 (82.4)
Marital status
Married 159,040 (59.9)
Unmarried/domestic partner or Divorced 29,550 (11.1)
Single, Widowed or Separated 66,854 (25.2)
Unknown 9,889 (3.7)
All-cause death
Alive 243,022 (91.6)
Dead 22,311 (8.4)
Specific death
Alive/censored 256,194 (96.6)
Dead 9,139 (3.4)
Surgical approach
Conservative 172,222 (64.9)



Mastectomy 93,111 (35.1)
Extent of axillary evaluation
1 62,792 (23.7)
2-3 106,987 (40.3)
4-9 67,152 (25.3)
>10 28,402 (10.7)
Number of positive lymph nodes
0 214,645 (80.9)
1 30,309 (11.4)
2 13,526 (5.1)
3 6,853 (2.6)
N stage
NO 211,571 (79.7)
N1 52,366 (19.7)
N2 666 (0.3)
N3 730 (0.3)
N NOS (no other specified)
No 264,384 (99.6)
Yes 949 (0.4)
T stage
T1 172,686 (65.1)
T2 78,073 (29.4)
T3 10,337 (3.9)
T4 2,563 (1.0)
TO/Tx 1,674 (0.6)
Histology
IDC 218,858 (82.5)
ILC 27,163 (10.2)
IDC and ILC 13,630 (5.1)
IDC mixed 5,221 (2.0)
ILC mixed 461 (0.2)
Histological grade
G1 (well differentiated) 62,572 (23.6)
G2 (moderately differentiated) 121,335 (45.7)
G3 (poorly differentiated) 73,023 (27.5)
Unknown 247 (11.7)
Molecular subtype
HR/HER2" 212,839 (80.2)
HR/HER2" 21,222 (8.0)
HR/HER2" 8,437 (3.2)
HR/HER2" 22,835 (8.6)
Chemotherapy administered
No/Unkown 161,791 (61.0)
Yes 103,542 (39.0)
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Systemic therapy sequence
Systemic not given/unknown (Inadequate)

Systemic adjuvant (Adequate)

37,187 (14.0)
197,586 (74.5)

NAT (adequate) 30,560 (11.5)
Systemic therapy sequence with response
No systemic treatment administered 33,776 (12.6)
Adjuvant 184,845 (69.7)
Neoadjuvant without registered response 22,996 (8.7)
Neoadjuvant with complete response 8,670 (3.3)
Neoadjuvant with partial response 7,634 (2.9)
Neoadjuvant with response (not specified) 5,831 (2.2)
Neoadjuvant without response” 1,581 (0.6)
Response to neoadjuvant systemic therapy (for survival analysis)
Complete response 8,670 (3.3)
Some response (partial, response not specificied or not registered) 36,461 (13.7)
No response 1,581 (0.6)
Response to neoadjuvant systemic therapy (for matching)
Complete response 8,670 (3.3)
Partial response or response not specified 13,465 (5.1)
Response not registered 22,996 (8.7)
No response 1,581 (0.6)

Radiation therapy administered
No/Unkown
Refused
Yes

95,9112 (36.1)
7,095 (2.7)
162,326 (61.2)
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557  Table 2. Association between the extent of axillary evaluation and overall survival — subgroup of patients with one positive lymph node and treated with

558 neoadjuvant systemic therapy (n=5,175).

Time-dependent Cox regression

Univariable Multivariable” Multivariable”
Variable HR (95%CI) P HR (95%CI) P HR (95%CI) P
Extent of axillary evaluation
>10 1 1 1

1 1.508 (0.452-2.031) 0.503 1.183 (0.917 - 1.526) 0.195 1.183 (0.917 - 1.526) 0.195

2-3  0.563 (0.370 - 0.856) 0.013 0.344 (0.094 — 1.258) 0.107 0.344 (0.094 — 1.258) 0.107

49  0.382(0.147-0.990) 0.048 1.023 (0.840 — 1.245) 0.823 1.023 (0.840 — 1.245) 0.823

tt* analyzed lymph nodes

1 0.924 (0.661 — 1.290) 0.643

2-3  1.547 (1.099 —2.178) 0.012 1.323 (0.928 — 1.886) 0.122 1.323 (0.928 — 1.886) 0.122

49  1.287(0.991 - 1.670) 0.058

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage




Extent of axillary evaluation*Molecular subtype e

Log-logistic survival analysis

Univariable Multivariable? Multivariable*®
Variable TR (95%CI) p TR (95%CI) P TR (95%CI) P
Extent of axillary evaluation
>10 1 1 1

1 0.881(0.721-1.077) 0217  0.876 (0.724-1.059)  0.171 0.876 (0.724 - 1.059)  0.171

2-3  1.013(0.837-1.226) 0894  0.969 (0.809—-1.159)  0.728  0.969 (0.809 —1.159)  0.728

49 1.038(0.892-0.796)  0.626  0.985(0.854-1.135)  0.831 0.985 (0.854 - 1.135)  0.831

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage

Extent of axillary evaluation*Molecular subtype e

559 *Adjusted by age (ordinal), race, median household income, rural-urban continuum, marital status, surgical approach, T stage, histological grade, molecular subtype, radiation therapy
560  administered, and response to neoadjuvant systemic therapy.
561  *The model was corrected with stratification [strata()] of histological grade, molecular subtype, surgery approach, T stage, and radiation therapy.

562 “The overall effect of the interactions was assessed using the likelihood ratio test



563

564

with neoadjuvant systemic therapy (n=2,397)
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Table 3. Association between the number of analyzed lymph nodes and overall survival — subgroup of patients with two positive lymph nodes and treated

Time-dependent Cox regression

Univariable

Multivariable”

Multivariable”

Variable

HR (95%CI) P

HR (95%CI) P

HR (95%CI) P

Extent of axillary evaluation

>10

4-9

1
1.622 (1.219 - 2.156) <0.001

1.106 (0.886 — 1.380) 0.372

1
1.899 (1.381-2.612)  <0.0001

1.107 (0.867 — 1.413) 0.413

1
1.899 (1.381-2.612)  <0.0001

1.107 (0.867 — 1.413) 0.413

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage

Extent of axillary evaluation*Molecular subtype

Log-logistic survival analysis

Univariable

Multivariable?

Multivariable®®

Variable

TR (95%CI) P

TR (95%CI) P

TR (95%CI) P

Extent of axillary evaluation

2-3

4-9

1
0.631 (0.493 -0.809)  <0.0005

0.913 (0.757 - 1.100) 0.338

1
0.587 (0.466 - 0.739)  <0.0001

0.895 (0.751 — 1.066) 0.215

1
0.587 (0.466 - 0.739)  <0.0001

0.895 (0.751 — 1.066) 0.215

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage

Extent of axillary evaluation*Molecular subtype




565
566
567
568

*Adjusted by age (ordinal), race, median household income, rural-urban continuum, marital status, surgical approach, T stage, histological grade, molecular subtype, radiation therapy
administered, and response to neoadjuvant systemic therapy.
#The model was corrected with stratification [strata()] of histological grade, molecular subtype, radiation therapy, and response to neoadjuvant systemic therapy.

“The overall effect of the interactions was assessed using the likelihood ratio test.
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569 Table 4. Association between the extent of axillary evaluation and breast cancer-specific survival — subgroup of patients with one positive lymph node

570 and treated with neoadjuvant systemic therapy (n=5,175).

Time-dependent Cox regression

Univariable Multivariable” Multivariable”
Variable HR (95%CI) P HR (95%CI) P HR (95%CI) P
Extent of axillary evaluation
>10 1 1 1

1 1.615(0.406 — 6.427) 0.496 1.239 (0.951 - 1.613) 0.112 1.239 (0.951 -1.613) 0.112

2-3  0.211 (0.049 — 0.900) 0.036 1.016 (0.784 - 1.318) 0.903 1.016 (0.784 — 1.318) 0.903

49  0.225(0.073 - 0.690) 0.009 0.524 (0.181 - 1.516) 0.233 0.524 (0.181 - 1.516) 0.233

tt* analyzed lymph nodes

1 0.907 (0.614 — 1.339) 0.624

2-3 1.518(1.018 —2.265) 0.041

49  1.487(1.093 —2.023) 0.011 1.213 (0.906 — 1.625) 0.195 1.213 (0.906 — 1.625) 0.195

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage




Extent of axillary evaluation*Molecular subtype e

Log-logistic survival analysis

Univariable Multivariable? Multivariable*®
Variable TR (95%CI) p TR (95%CI) P TR (95%CI) P
Extent of axillary evaluation
>10 1 1 1

1 0.864 (0.690-1.082)  0.203 0.855 (0.691 - 1.059)  0.151 0.855 (0.691 - 1.059)  0.151

2-3  1.029(0.828-1.279)  0.797  0.951(0.775-1.167)  0.633 0.951 (0.775-1.167)  0.633

49  1.049 (0.883-1.245)  0.586  0.957 (0.815-1.124)  0.591 0.957 (0.815-1.124)  0.591

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy

Extent of axillary evaluation*T stage

Extent of axillary evaluation*Molecular subtype e

571 *Adjusted by age (ordinal), race, median household income, rural-urban continuum, marital status, surgical approach, T stage, histological grade, molecular subtype, radiation therapy
572 administered, and response to neoadjuvant systemic therapy.
573  *The model was corrected with stratification [strata()] of histological grade, molecular subtype, and radiation therapy.

574  &The overall effect of the interactions was assessed using the likelihood ratio test
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575 Table 5. Association between the number of analyzed lymph nodes and breast cancer-specific survival — subgroup of patients with two positive lymph

576 nodes and treated with neoadjuvant systemic therapy (n=2,397)

Time-dependent Cox regression

Univariable Multivariable” Multivariable”
Variable HR (95%CI) P HR (95%CI) P HR (95%CI) P
Extent of axillary evaluation
>10 1 1 1

2-3  1.564 (1.132-2.161) 0.007 1.902 (1.247 —2.899) 0.003 1.902 (1.247 —2.899) 0.003

49  1.185(0.929 -1.511) 0.172 1.296 (0.957 — 1.754) 0.093 1.296 (0.957 — 1.754) 0.093

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy e

Extent of axillary evaluation*T stage e

Extent of axillary evaluation*Molecular subtype e

Log-logistic survival analysis

Univariable Multivariable” Multivariable®®
Variable TR (95%CI) P TR (95%CI) P TR (95%CI) )
Extent of axillary evaluation
>10 1 1 1

2-3  0.645 (0.486 — 0.859) 0.002 0.544 (0.417-0.709)  <0.0001 0.544 (0.417-0.709)  <0.0001

4-9  0.857 (0.695 - 1.056) 0.148 0.823 (0.675 - 1.003) 0.053 0.823 (0.675 - 1.003) 0.053

Extent of axillary evaluation* Surgery

Extent of axillary evaluation*Radiation therapy e

Extent of axillary evaluation*T stage e

Extent of axillary evaluation*Molecular subtype e




577
578
579
580

*Adjusted by age (ordinal), race, median household income, rural-urban continuum, marital status, surgical approach, T stage, histological grade, molecular subtype, radiation therapy
administered, and response to neoadjuvant systemic therapy.
#The model was corrected with stratification [strata()] of age (ordinal), marital status, molecular subtype, radiation therapy, and response to neoadjuvant systemic therapy.

“The overall effect of the interactions was assessed using the likelihood ratio test.
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