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Abstract

Purpose: Time to surgery (TTS) is a potentially modifiable factor associated with survival after
breast cancer diagnosis and can serve as a proxy for quality of oncologic care coordination. We
sought to determine whether factors associated with delays in TTS vary between patients who
receive neoadjuvant systemic therapy (NST) vs upfront surgery and whether the impact of these
delays on overall survival (OS) varies with treatment sequence.

Methods: Women >18 years old with Stage I-111 breast cancer were identified in the National
Cancer Database (2004-2014). Multivariate linear regression stratified by treatment sequence
(upfront-surgery vs NST [neoadjuvant chemotherapy {NAC}, neoadjuvant endocrine therapy
{NAE}, or both {NACE}]) was used to identify factors associated with TTS. Cox proportional
hazards models were used to estimate the effect of TTS on overall survival (OS).

Results: Of 693,469 patients, 14.8% (n=102,326) received NST (NAC n=85,143, NAE
n=10,004, NACE n=7179). Non-White race/ethnicity, no or government-issued insurance, more
extensive surgery (i.e., mastectomy and contralateral prophylactic mastectomy vs breast-
conserving surgery), and post-mastectomy reconstruction were associated with significantly longer
adjusted TTS for NAC and upfront-surgery recipients, but only upfront-surgery patients had
progressively worse OS with increasing TTS (>180 vs <30 days: HR=1.31, all p<0.001).

Conclusions: Surgery extent, race/ethnicity, and insurance were associated with TTS across
treatment groups, but longer TTS was only associated with worse OS in upfront-surgery patients.
Our findings can help inform surgeon-patient communication, shared decision-making, care
coordination, and patients’ expectations throughout both NST and in the perioperative period.

Keywords

breast cancer; chemotherapy; endocrine therapy; neoadjuvant; quality of care; time to treatment

Introduction

Breast cancer mortality has decreased at a rate of 1-2% per year in high-income countries
over the past 30 years, and the early detection and treatment facilitated by screening
mammography have contributed directly to this improvement in survival.1# As surgery
remains the primary curative treatment for breast cancer, delays in surgical treatment should,
in theory, lead to worse survival outcomes, but initial studies examining this relationship
produced mixed results.>~7 However, more recent large-scale observational studies of
women with breast cancer in the United States (US) have demonstrated an association

between increased time-to-surgery (TTS) and worse overall and disease-specific survival.
8-10

In patients with cancer, prolonged TTS can sometimes be explained by the inherent
complexity associated with coordinating different components of treatment planning, such
as radiologic assessment, pathological review, and coordinating operating-room availability
for cases involving reconstruction. But these delays can also reflect gaps in oncologic care
coordination and are observed disproportionately among vulnerable patients, with previous
studies demonstrating an association between prolonged TTS and patient factors such as
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insurance status and race/ethnicity.®-12 More recently, there has been a trend to define TTS
as a breast cancer quality measure, a development that could have implications for payment
reimbursement and hospital accreditation.13

With increasing numbers of patients now receiving neoadjuvant systemic therapy (NST, i.e.,
neoadjuvant chemotherapy and/or endocrine therapy),14 it is unclear to what extent delays in
TTS vary between patients who receive NST versus those who undergo upfront surgery. In
this retrospective analysis, we aim to identify patient and clinical factors associated with
TTS in a contemporary cohort of women with breast cancer and determine how and to what
extent these factors differ between women who undergo upfront surgery as compared to
those who receive NST. We also examine and compare the association between TTS and
overall survival (OS) in upfront-surgery and NST recipients.

This study utilized data from the National Cancer Database (NCDB), which is jointly
maintained by the American College of Surgeons and the American Cancer Society. It
sources data from the hospital registries of more than 1,500 Commission on Cancer (CoC)-
accredited facilities and represents approximately 70% of newly diagnosed cancer cases in
the US.15

Patient cohort

Using the NCDB, we identified all female patients=18 years old with clinical stage I-11l,
ductal or lobular breast cancer diagnosed between 2004 and 2015 via histological or clinical
confirmation as provided by reporting facilities. Patients who did not undergo mastectomy
or lumpectomy were excluded, as were patients with unknown/missing chemotherapy or
endocrine therapy information, data on timing of treatment, and/or survival information
(including all patients diagnosed in the last NCDB reporting year of 2015). TTS was defined
as days from breast cancer diagnosis to definitive surgery. In order to examine differential
delays in TTS, we grouped patients into separate cohorts based on treatment sequence: those
undergoing upfront surgery (regardless of adjuvant therapy) and those receiving NST (i.e.,
neoadjuvant chemotherapy [NAC], neoadjuvant endocrine therapy [NAE], or both [NACEY]).
Time to NST was defined as the number of days from diagnosis to first neoadjuvant therapy,
which we determined by comparing the time from diagnosis to first chemotherapy/endocrine
therapy treatment to the time from diagnosis to definitive surgery. Continuation of systemic
therapy in the adjuvant setting cannot be discerned in the NCDB, as only the start date of
each therapy is available; therefore, patients who received both NAC and adjuvant
chemotherapy and/or both NAE and adjuvant endocrine therapy cannot be distinguished
from those who received all of their chemotherapy or all of their endocrine therapy in the
neoadjuvant setting.

Patient characteristics were summarized by N (%) for categorical variables, by median
(interquartile range [IQRY]) for continuous variables, and by treatment sequence for all
patients. T-tests and chi-square tests were used to test for inter-group differences in
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continuous and categorical variables, respectively. In order to facilitate interpretability of our
results and after confirming non-linearity of the association between TTS and OS, ordinal
TTS intervals were defined as follows and in keeping with previous literature:? <30 days,
31-60 days, 61-90 days, 91-120 days, 121-180 days, and >180 days.

Statistical analysis

Results

Multivariate linear regression was used to identify factors associated with TTS after
adjustment for known covariates and stratification by treatment group (upfront-surgery,
NAC, NAE, and NACE). Time to NST was included in the models for patients receiving one
of the neoadjuvant treatment sequences (i.e., NAC, NAE, NACE). These models were built
in the generalized estimating equations framework, and an exchangeable correlation
structure was included to account for the correlation of patients treated at the same facility.

Overall survival (OS) was defined as the time from diagnosis to death or last follow-up.
Kaplan-Meier curves were used to visualize unadjusted OS, and 5-year and 10-year OS rates
and 95% confidence intervals (Cls) are reported. Cox proportional hazards models stratified
by treatment group (upfront-surgery, NAC, NAE, and NACE) were used to estimate the
effect of TTS (as a categorical variable; see above for increments) on OS after adjustment
for known covariates. Hazard ratios (HRs) and 95% Cls are reported. A robust sandwich
covariance estimator was included in all Cox proportional hazards models to account for the
correlation of patients treated at the same facility.

A sensitivity analysis was conducted that included only patients who underwent mastectomy
to determine if reconstruction after mastectomy was differentially associated with TTS.
Results for this model did not differ significantly from the full model results, therefore only
results from the adjusted linear model with lumpectomy and mastectomy patients are
presented. Because HER? status only began to be reliably collected in the NCDB in 2010,
we conducted additional sensitivity analyses of patients diagnosed 2010-2014 to allow for
molecular subtype (hormone-receptor-positive/HER2+, hormone-receptor-negative/HER2—,
hormone-receptor-positive/HER2-, triple-negative) to be included in the multivariate linear
regression models for adjusted TTS and the Cox proportional hazards models for adjusted
OS (Supplemental Tables 1 and 2).

Only patients with available data for all covariates were included in each model, and
effective sample sizes are reported for each table/figure. No adjustments were made for
multiple comparisons. A p-value <0.05 was considered statistically significant. All statistical
analyses were conducted using SAS, version 9.4 (SAS Institute, Cary NC). Our study was
granted exempt status by our institutional review board due to our use of de-identified
patient data.

Patient, disease, and treatment characteristics

693,469 patients met our inclusion criteria (Figure 1, Table 1). Median age at diagnosis was
59 years (IQR 50-69), and median follow-up time was 57.9 months (95% CI1 57.7-58.0) for
all patients with available follow-up data. Most patients (85.2%) underwent upfront surgery
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(n=591,143), and only 14.8% (n=102,326) received NST. Among NST recipients, 83.2%
(n=85,143) received NAC, 9.8% (n=10,004) received NAE, and 7.0% (n=7179) received
NACE. Among NAC recipients, a higher proportion were non-Hispanic Black (16.6%)
compared to recipients of upfront surgery (9.3%), NAE (9.1%) and NACE (12.8%, p
<0.001). Median TTS for upfront-surgery patients was 30 days (IQR 19-46), whereas TTS
for NAC, NAE, and NACE patients was 180 days (IQR 154-210), 109.5 days (IQR 52-188),
and 201 days (IQR 168-248), respectively.

Nearly 2/3 (62.5%) of patients underwent breast-conserving surgery (BCS, i.e., lumpectomy,
n=433,681), 25.0% underwent unilateral mastectomy (UM, n=173,225), 12.5% underwent
UM with contralateral prophylactic mastectomy (CPM, n=86,506), and <0.1% underwent
bilateral mastectomy for bilateral disease (BM, n=57). NST patients, particularly those
receiving NAC or NACE, had higher rates of CPM and UM compared to those who
underwent upfront surgery (CPM: upfront-surgery 10.3%, NAC 26.6%, NACE 28.7%; UM:
upfront-surgery 22.9%, NAC 36.6%, NACE 41.3%, p<0.001). Rates of post-mastectomy
reconstruction ranged from 29.2% among NAE mastectomy recipients to 36% among NACE
mastectomy recipients (p<0.001).

Time to surgery (TTS)

Among patients who underwent upfront surgery (Table 2), longer adjusted TTS was
associated with greater extent of surgery, with both UM and CPM being associated with a
nearly 6-day delay in TTS (UM: +5.8 days, 95% CI 5.46-6.14; CPM: +5.7 days, 95% ClI
5.28-6.11) compared to BCS. A similar association was seen among NAC recipients, for
whom both UM (+2.62 days, 95% CI 1.67-3.57) and CPM (+4.01 days, 95% CI 2.95-5.07)
were associated with longer TTS vs BCS (all p<0.001). Higher stage of disease was
associated with longer TTS among NAC (stage 1l vs I: +12.62 days, 95% CI 11.03-14.21,
p<0.001), NAE (stage Il vs I: +56.36 days, 95% CI 50.43-62.29; stage Il v I: +90.95 days,
95% CI 81.81-100.09, both p<0.001), and NACE recipients (Stage 11 vs I: +9.12 days, 95%
Cl 1.43-16.81, p=0.02; Stage 111 vs I: +13.53 days, 95% CI 5.19-21.87, p=0.001). Receipt
of care at an academic medical center was associated with longer adjusted TTS for all
treatment sequences except NACE. Across all treatment groups, non-Hispanic Black race
(vs non-Hispanic White race) was associated with longer adjusted TTS, while being
Hispanic (vs non-Hispanic White) was only associated with longer TTS among those who
received NAC (+3.06 days, 95% ClI 1.45-4.67) or upfront surgery (+4.14 days, 95% ClI
3.57-4.71, all p<0.01). Having government-issued or no insurance was associated with
longer TTS for all treatment groups except NAE recipients (all p<0.001). Effect sizes in our
sensitivity analysis of patients from 2010-2014 with complete biomarker information were
similar for nearly all variables except as highlighted in Supplemental Table 1.

Overall survival (OS)

Unadjusted OS rates differed significantly by treatment sequence, with patients undergoing
upfront surgery having the highest 5- and 10-year unadjusted OS rates (Figure 2). After
adjustment, patients who underwent upfront surgery saw a consistent decline in OS with
increasing TTS (HR 1.31 for TTS>180 days vs TTS<30 days, p<0.001, Table 3). Among
patients receiving NAC and NAE, TTS was statistically associated with OS, but this
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association was not unidirectional, and no clear pattern was observed. Among upfront-
surgery, NAC, and NACE recipients, non-Hispanic Black race was associated with worse
adjusted OS (upfront-surgery HR 1.12, 95% CI 1.08-1.16; NAC HR 1.23, 95% CI 1.16—
1.29; NACE HR 1.61, 95% CI 1.32-1.96) while Hispanic ethnicity was associated with
improved adjusted OS across all treatment groups (all p<0.001). Among patients who
received NAC, greater extent of surgery - e.g., UM (HR 1.71, 95% CI 1.62-1.79) and CPM
(HR 1.33, 95% 1.25-1.40) - was associated with worse OS when compared to BCS, with
bilateral mastectomy for bilateral disease being associated with the worst OS (HR 5.30, 95%
Cl 1.66-16.89) compared to BCS (all p<0.01). In contrast, UM (HR 0.94, 95% CI 0.92—
0.97) and CPM (HR 0.81, 95% CI 0.77-0.85) were associated with slightly improved OS
among patients receiving upfront surgery (both p<0.001). Receipt of care at an academic
center (reference) was associated with improved OS for patients who received upfront
surgery, NAC, or NACE (all p<0.05). As with TTS, effect sizes in our sensitivity analysis of
patients from 2010-2014 with complete biomarker information were similar for most
variables except as noted in Supplemental Table 2.

Discussion

In our examination of TTS in a large contemporary cohort of women with breast cancer, we
demonstrated that Hispanic ethnicity, Black race, having no or government-issued insurance,
having reconstruction, and having more extensive surgery (UM and CPM vs BCS) were
associated with longer TTS in both NAC recipients and in patients who underwent upfront
surgery, but a clear association between longer TTS and worse OS was only observed among
patients who underwent upfront surgery.

Time from breast cancer diagnosis to surgery is an increasingly accepted quality metric for
oncologic care, but in the context of increasing NST use, the value of this measure amongst
patients who do not receive upfront surgery has been unclear. However, questions regarding
TTS and its impact on long-term outcomes are common during pre-operative clinic visits,
and we believe our results can help frame discussions regarding perioperative surgical
planning and also assuage NST patients’ anxiety surrounding minor delays to surgery. By
separating our patient cohort into those who underwent upfront surgery and those who
received different forms of NST, we were able to show that while some factors influencing
TTS are common to many patients regardless of treatment sequence and composition,
important sequence-specific differences exist with regards to the clinical significance of TTS
as a prognosticator and quality metric. By including patients who received both upfront
surgery and NST, our study is among the first in the TTS literature that reflects the full
spectrum of oncologic care received by women with breast cancer.8-9:11-12

Among patients who received upfront surgery, our study showed decreasing OS with
increasing TTS beyond 60 days, with each additional TTS interval being associated with a
5-11% increased risk of mortality (HRs 1.08, 1.19, 1.26, and 1.31 for TTS 61-90, 91-120,
121-180, and >180 days, respectively, vs TTS<30 days, all p<0.001). These results
corroborate those from a previous analysis of the NCDB by Bleicher et al, though data from
that study were from a less recent cohort whose members would not have benefited from
some of the more effective systemic therapies (e.g., HER2-targeted immunotherapy) now
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available to patients.9 Notably, our analysis showed that TTS was not associated with a
significant difference in OS in patients who received NST, an observation that persisted
regardless of NST composition and despite the differences in TTS seen between the three
NST groups. The absence of a consistent association between TTS and OS in NST recipients
may reflect the efficacy of early systemic therapy in treating micrometastatic disease, which
is thought to ultimately drive disease-specific survival in locally advanced breast cancer.
Additionally, in patients receiving NAC, who were the youngest and had the lowest
comorbidity scores in our study, disease-specific survival - which is not available in the
NCDB - may be a more appropriate long-term outcome than OS for assessing the prognostic
importance of TTS.

In our analysis, there appeared to be a stronger association between TTS and type of surgery
among patients receiving upfront surgery than among NST recipients. Among upfront-
surgery patients, those who underwent UM or CPM waited a week longer than BCS patients
for their definitive surgery, and patients getting bilateral mastectomy for bilateral disease
waited nearly two additional weeks. Our findings are in keeping with other studies showing
that receipt of more extensive breast surgery is associated with higher rates of reconstruction
and accompanying delays.16-18 We believe this observation may be explained by the
increased logistical complexity of coordinating a combined set of operations with more than
one surgeon.8 Concomitantly, among NST recipients, the effect of surgery type on TTS may
have been less pronounced because these patients would typically have had more
preoperative lead time and flexibility while they completed NST to coordinate surgical
logistics.

There have been a number of retrospective single-center studies that have analyzed the
impact of TTS on patients receiving NAC with mixed results.1%-21 The utilization of NAC
has increasingly been extended to earlier stages of breast cancer on the heels of the landmark
National Surgical Adjuvant Breast and Bowel Project (NSABP) B-18, NSABP B-27, and
European Organization for Research and Treatment of Cancer (EORTC) 10902 trials, which
showed equivalent oncologic outcomes for neoadjuvant and adjuvant chemotherapy.22-24
Not only is NAC useful for downstaging tumors but it has also been shown that achieving
pathologic complete response (pCR) is associated with improved oncologic outcomes in
patients with high-risk tumor subtypes, providing an important opportunity for on-treatment
prognostication and evidence-based decisions about additional adjuvant treatment,25-28

In contrast, the role of endocrine therapy in the neoadjuvant setting is less well defined, and
there is no standard duration for treatment with NAE.2% During the 2019 St. Gallen
Consensus Conference, just over 30% of the international medical community believed that
NAE should be administered for at least 6 months (~180 days),3° but there remain
theoretical concerns that administering NAE may contribute to delayed opportunities to
observe response to cytotoxic systemic therapy and may even contribute to disease
progression and worse outcomes in some patients.3! Our study showed that patients who
received NAE had a median TTS of 109.5 days (IQR 52-188), while patients who received
NACE had the longest median TTS (201 days, IQR 168-248) of any treatment cohort. TTS
increased in patients on endocrine monotherapy with more advanced stages of disease, by
almost 12 weeks on average in patients with stage 111 disease compared to those with stage |
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disease, but a similar increase was not seen among patients on NACE. We believe our
collective findings for NACE patients likely reflect the less linear path to surgery that might
be experienced by this group of patients, many of whom will have had to change NST mid-
course either because of on-treatment progression or inability to tolerate their initial
systemic course.

To the best of our knowledge, our study is the largest and among the first to examine the
relationship between TTS and OS among patients with both early-stage and locally
advanced breast cancer who received not only upfront surgery, but also NAC or NAE, either
as monotherapy or in combination. Our findings suggest that TTS thresholds may be useful
measures of oncologic care quality for patients undergoing upfront surgery but may not be
appropriate in those who receive preoperative systemic therapy.

Several conceptual frameworks have been developed to understand the trajectory towards
treatment among patients with cancer and other diseases. One of the most commonly used is
Andersen’s “General Model of Total Patient Delay,” which describes time intervals (a less
value-laden term than “delays™) for each of five stages in the decisional process of seeking
treatment: (1) appraisal delay (not seeking care to evaluate an unexplained symptom or
abnormal imaging finding), (2) illness delay (time between recognizing illness and deciding
to seek medical care), (3) behavioral delay (time between deciding that medical intervention
is needed to deciding to act on this decision), (4) scheduling delay (time between deciding to
act on the decision to seek care and attending a medical appointment), and (5) treatment
delay (time from first appointment with a healthcare provider and actually beginning
treatment).32

The “Model of Pathways to Treatment” is a revised version of Andersen’s model that grants
patients more agency and also seeks to elucidate the reasons behind delays to care, breaking
down the trajectory into four intervals: (1) appraisal, (2) health seeking, (3) diagnostic, and
(4) pre-treatment.33 In our study, we examined the factors associated with delays in this
fourth, pre-treatment interval, which begins with diagnosis and concludes with treatment.
While it is impossible to distill reasons behind women’s actions at each stage of their path
toward research through retrospective cohort studies, our findings indicate distinctive
sociodemographic characteristics (e.g., race/ethnicity, insurance status) and treatment-related
factors (e.g., extent of surgery, sequence of surgery and systemic therapy) associated with
greatest risk of pre-treatment delay. Our analysis also elucidates the subset of women -
namely those undergoing upfront surgery - for whom such delays in TTS are actually
consequential and for whom prospective, qualitative data collection on this topic should be
prioritized. Indeed, our group has recently concluded a qualitative analysis of diverse women
with breast cancer and their providers to obtain their perspectives on potentially modifiable
barriers to and facilitators of treatment.

But even among patients undergoing upfront surgery, use of TTS as a quality metric without
appropriate contextualization can lead to inappropriate assumptions about overall quality of
care. In our analysis, we found that receipt of care at an academic institution (vs a
community hospital) was associated with longer TTS for upfront-surgery, NAC, and NAE
patients (Table 2). Greenup et al. previously evaluated the effect of hospital volume on breast
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cancer outcomes using the NCDB and likewise found that treatment at high-volume centers
was associated with the longest TTS of any treatment location. This prolonged TTS,
however, may in part be due to shared decision-making and care coordination that cannot be
discerned from registry data but that is typically a part of the integrated multidisciplinary
care provided at academic sites; higher rates of preoperative genetic testing, CPM, and
reconstruction also characterize these locations.3*3° Indeed, although we observed longer
TTS for patients treated at academic centers in our study, receipt of care at these sites was,
for the most part, associated with improved OS despite these delays. Thus, for some patients,
longer TTS may represent more thorough care coordination and does not necessarily reflect
undesirable delays in treatment. Further studies examining patient-reported outcomes and
surgical wait-times are needed in order to evaluate the impact of differential TTS on quality
of life.

Finally, our study identified ethnicity, insurance status, and race as being associated with
TTS regardless of treatment sequence. The current national political discourse has
highlighted the fact that racial and socioeconomic disparities often stem from systemic
biases and inequities, be they in the criminal justice, education, housing, or healthcare
systems. This trickle-down effect is also evident in breast cancer outcomes. It has been well
documented that race, ethnicity, socioeconomic status, and insurance coverage are
significantly associated with disparate breast cancer mortality.3® The origins of these
associations are multifactorial, with access to healthcare services, variations in shared
decision-making, and differing rates of aggressive tumor subtypes all playing major roles.36
In our study, non-Hispanic Black women had the greatest delays in TTS across all treatment
groups, as well as worse OS, reflecting results from several previously published studies.
37-39 Similarly, we also saw worse outcomes among patients with no/government insurance
as compared to those with private insurance. If TTS is considered a proxy for access to
treatment, our findings highlight and document a worrisome trend, the drivers of which must
be further understood and dismantled in order to enact real systemic change. We hope our
results help inform not only patient-level but also provider- and health system-level
interventions in order to redress existing inequities in breast cancer treatment.

Despite the large dataset, our study has several important limitations (e.g., selection bias)
that are associated with performing retrospective analyses using national registries. The
NCDB does not include disease-specific survival and does not capture recurrence. As a
result, caution must be used when applying our results to patients whose OS may not be
driven by breast cancer-specific survival. Furthermore, lack of information surrounding
recurrence rates and response to neoadjuvant treatment limits our ability to analyse the
impact of TTS delays on patients who receive NST. This impact may be most significant in
patients whose benefit from NST is less clearly defined, such as patients with hormone
receptor positive/HER2-negative breast cancer.2> A recent study by Sutton and colleagues
examining the effect of delays in TTS on oncologic outcomes within a single-institution
cohort of 463 NAC recipient concluded that TTS greater than 6 weeks was associated with
worse residual cancer burden and worse recurrence-free survival.? Together, smaller
institutional studies such as that by Sutton and colleagues as well as our large-scale analysis
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of national data yield the type of hypothesis generation that retrospective studies are
intended to produce. We hope that our results will be built upon and amplified using more
granular - and ideally, prospectively collected - data.

It is also important to note that we excluded a large number of patients due to missing or
unavailable data, and data for oral endocrine therapy, in particular, may not be entirely
reliable. Finally, we acknowledge that among NST patients, differences in TTS from
diagnosis do not necessarily reflect differences in time from completion of systemic therapy
to surgery; the latter time interval cannot be characterized using the NCDB but may also
represent an important period of oncologic care coordination. We have, however, included
time from diagnosis to start of first neoadjuvant therapy in all adjusted models.

In summary, we believe our analysis contributes significantly to the literature by describing
and comparing national patterns of care delivery between patients undergoing upfront
surgery and those receiving different forms of NST. Specifically, we demonstrate the
importance of differentiating TTS as a potentially appropriate measure of healthcare quality
for patients undergoing upfront surgery but not for those receiving NST, a distinction that
will be important for patients, physicians, and other stakeholders to appreciate.

Conclusion

Our study is among the first and largest to examine and compare the relationship between
TTS and OS in patients with breast cancer who received either NST or upfront surgery. Non-
Hispanic Black race, Hispanic ethnicity, insurance status, and extent of surgical treatment
were associated with longer TTS across different treatment sequences. Furthermore,
although we observed progressively worse OS with increasing TTS among patients who
underwent upfront surgery, adjusted OS was not consistently associated with TTS in women
receiving NST. We hope that our findings can help inform surgeon-patient communication,
shared decision-making, care coordination, and patients’ expectations throughout both NST
and in the perioperative period.
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Treatment Sequence Total Deaths (%) 5-Year 10-Year P-Value
Upfront Surgery 591,143 | 63,516 (10.7%) | 0.90 (0.90-0.90) | 0.77 (0.77-0.77)
Neoadjuvant Chemotherapy 85,143 14,124 (16.6%) | 0.82 (0.81-0.82) 0.69 (0.69-0.70) <0.001
Neoadjuvant Endocrine Therapy 10,004 1788 (17.9%) 0.82 (0.81-0.83) 0.58 (0.56-0.61)
Neoadjuvant Chemotherapy and Endocrine Therapy 7179 1096 (15.3%) 0.85 (0.84-0.86) 0.68 (0.66-0.70)
Total 693,469 | 80,524 (11.6%) | 0.89 (0.89-0.89) | 0.76 (0.76-0.76)

Figure 2.

Unadjusted Overall Survival, Female Patients with Stage I-111 Breast Cancer by Treatment

Sequence, National Cancer Database (2004-2014)
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Table 1.
Female Patients with Stage I-111 Breast Cancer by Treatment Sequence, National Cancer Database (2004—
2014)
All Patients Upfront Surgery NAC NAE NACE P-
(N=693,469) (N=591,143) (N=85,143) (N=10,004) (N=7179) Value

Age - Median (IQR) 59 (50 — 69) 61 (51 - 70) 51 (43 - 59) 67 (57 - 77) 53(44-62) | <0.001

Race/Ethnicity <0.001
Non-Hispanic White 526,836 (76%) | 457,505 (77.4%) | 56,644 (66.5%) 7695 (76.9%) 4992 (69.5%)
Non-Hispanic Black 70,695 (10.2%) 54,742 (9.3%) 14,128 (16.6%) 906 (9.1%) 919 (12.8%)

Hispanic 34,051 (4.9%) 26,605 (4.5%) 6405 (7.5%) 485 (4.8%) 556 (7.7%)
Other 24,553 (3.5%) 20,061 (3.4%) 3851 (4.5%) 365 (3.6%) 276 (3.8%)

Comorbity Score <0.001
0 588,001 (84.8%) | 497,738 (84.2%) | 75,887 (89.1%) 8041 (80.4%) 6335 (88.2%)

1 87,081 (12.6%) 76,909 (13%) 7963 (9.4%) 1496 (15%) 713 (9.9%)
>2 18,387 (2.7%) 16,496 (2.8%) 1293 (1.5%) 467 (4.7%) 131 (1.8%)

Facility Type <0.001
Academic 206,750 (29.8%) | 170,560 (28.9%) | 30,240 (35.5%) 3444 (34.4%) 2506 (34.9%)
Community 70,331 (10.1%) 62,271 (10.5%) 6529 (7.7%) 902 (9%) 629 (8.8%)
Comprehensive 338,121 (48.8%) | 293,814 (49.7%) | 36,805 (43.2%) 4360 (43.6%) 3142 (43.8%)

Integrated Network 78,267 (11.3%) 64,498 (10.9%) | 11,569 (13.6%) 1298 (13%) 902 (12.6%)

Insurance Status <0.001
Private 387,868 (55.9%) | 321,917 (54.5%) | 57,573 (67.6%) 3845 (38.4%) 4533 (63.1%)
Government 282,363 (40.7%) | 251,360 (42.5%) | 22,938 (26.9%) 5779 (57.8%) 2286 (31.8%)

Not Insured 14,022 (2%) 10,083 (1.7%) 3479 (4.1%) 195 (1.9%) 265 (3.7%)

Clinical Stage <0.001
[ 419,071 (60.4%) | 405,484 (68.6%) 8246 (9.7%) 4296 (42.9%) 1045 (14.6%)

I 221,872 (32%) 165,953 (28.1%) | 47,884 (56.20) 4361 (43.6%) 3674 (51.2%)
1 52,526 (7.6%) 19,706 (3.3%) 29,013 (34.1%) 1347 (13.5%) 2460 (34.3%)

5%"%? Size (cm) - Median 17(1-26) 15(1-23) 3.2(2.1-5) 2.2(13-36) 312-5 | <000

i(#lgg)s Examined - Median 3(2-8) 32-7) 8 (3-15) 3(1-9) 8(3-14) <0.001

Z g‘;f)i“"e LNs - Median 0(0-1) 0(0-1) 1(0-3) 00-1) 1(0-3) <0.001

Molecular Subtype * <0.001
HR+/HER2+ 43,725 (9.8%) 31,159 (8.3%) 10,932 (19.1%) 386 (5.6%) 1248 (27%)
HR+/HER2- 308,548 (69.3%) | 278,443 (74%) | 21,060 (36.8%) 6168 (89.4%) 2877 (62.2%)
HR-/HER2+ 18,335 (4.1%) 11,405 (3%) 6791 (11.9%) 7 (0.1%) 132 (2.9%)

TNBC 52,835 (11.9%) 36,344 (9.7%) 16,302 (28.5%) 37 (0.5%) 152 (3.3%)
Treatment with 325,201 (46.9%) | 231,336 (39.1%) | 85,143 (100%) 1633 (16.3%) 7179 (100%) | <0.001

Chemotherapy
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Median (IQR)

All Patients Upfront Surgery NAC NAE NACE P-
(N=693,469) (N=591,143) (N=85,143) (N=10,004) (N=7179) Value
Type of Chemotherapy > -

Adjuvant 232,060 (71.6%) | 231,336 (100%) 0 (0%) 1633 (100%) 0 (0%)

Neoadjuvant 92,322 (28.4%) 0 (0%) 85,143 (100%) 0 (0%) 7179 (100%)

Treatment with Radiation | 461,449 (66.5%) | 387,611 (65.6%) | 63714 (74.8%) | 5362 (53.6%) | 4762 (66.3%) | <0.001
H}f‘rggsm with Endocrine | 476 249 (68.7%) | 416,467 (705%) | 42,509 (50%) | 10004 (100%) | 7179 (100%) | <0.001
Type of Endocrine

Therapy e )

Adjuvant 459,066 (96.4%) | 416,467 (100%) | 42,509 (100%) 0 (0%) 0 (0%)

Neoadjuvant 17,183 (3.6%) 0 (0%) 0 (0%) 10,004 (100%) | 7179 (100%)

Surgical Approach <0.001

BCS 433,681 (62.5%) | 394,736 (66.8%) | 31,313 (36.8%) | 5481(54.8%) | 2151 (30%)

o ateral Mastectorny 57 (0%) 33 (0%) 22 (0%) 0 (0%) 2 (0%)

CPM 86,506 (12.5%) | 60,765(10.3%) | 22,646 (26.6%) | 1034 (10.3%) | 2061 (28.7%)

Unilateral Mastectomy | 173,225 (25%) | 135,609 (22.9%) | 31,162(36.6%) | 3489 (34.9%) | 2965 (41.3%)
Reconstruction (% all 1% | 89976 (13% | | 68.482(11.6% Il | 18362 (2L6% | 1321 (13.2%1 | 1811(252%1 | 000
mastectomy) 34.6%) 34.9%) 34.1%) 29.2%) 36%)

Caegorical <0.001

<30 Days 303,024 (43.8%) | 302,241 (51.1%) 548 (0.6%) 1100 (11.1%) 26 (0.4%)

31-60 Days 217,683 (3L4%) | 215,027 (36.4%) 726 (0.9%) 1880 (18.8%) 50 (0.7%)

61-90 Days 55,934 (8.1%) 52,868 (8.9%) 1623 (1.9%) 1364 (13.6%) 79 (1.1%)

91-120 Days 19,007 (2.8%) 13,065 (2.2%) 4818 (5.7%) 1020 (10.2%) 194 (2.7%)

121-180 Days 44,847 (6.5%) 5680 (1%) 35130 (41.3%) | 1924 (192%) | 2113 (29.4%)

>180 Days 51,984 (7.5%) 2262 (0.4%) 42298 (49.7%) | 2707 (27.1%) | 4717 (65.7%)

Lime t0 (S;g%‘ry (Days) - 35 (21 - 60) 30 (19 - 46) 180 (154-210) | 109.5 (52— 188) 2012%‘38 = | <0001
Time to First NST (Days) - | 34 (51 _45) ; 31 (21 44) 27 (14 - 48) 33@1-51) | <0.001

NAC, neoadjuvant chemotherapy only. NACE, neoadjuvant chemotherapy and neoadjuvant endocrine therapy. NAE, neoadjuvant endocrine therapy
only. NST, neoadjuvant systemic therapy.

*
Includes only patients diagnosed 2010 and after.

*:

HokA

Out of patients who underwent endocrine therapy.

Hok kA

A
Out of patients who underwent chemotherapy.

Data only available for mastectomy recipients; proportions are calculated out of all patients and out of patients who underwent mastectomy

(total n=259,788, Upfront surgery n=196,407, NAC n=53,830, NAE n=4,523, NACE n=5,028).

Percentages may not add up to 100 due to rounding or missingness.
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Female Patients with Stage I-111 Breast Cancer by Treatment Sequence, National Cancer Database (2004—

2014)
Upfront Surgery (N=513,278) NAC (N=72,467) NAE (N=8551) NACE (N=6020)
Predictor Estimate p- Overall | Estimate p- Overall | Estimate p- Overall | Estimate p. Overall
(95% P- (95% P- (95% P- (95% P-
cy | VA | vae cy | VA | vae cy | VA | vae cy | VA I vae
-0.02 -0.15 0.54 0.11
Age (Years) (-0.03- | <0.001 | <0.001 (-0.19- | <0.001 | <0.001 (0.29- <0.001 | <0.001 (-0.1- 0.32 0.32
-0.01) -0.12) 0.79) 0.31)
Race/Ethnicity <0.001 <0.001 0.20 0.04
Non-
Hispanic REF REF REF REF
White
4.14 3.06 0.51 -3.51
Hispanic (3.57- | <0.001 (1.45- | <0.001 (-11.18- | 0.93 (-12.93- | 047
4.71) 4.67) 12.2) 5.91)
Non- 7 (6.56— 5.92 8.82 10.3
Hispanic 7 45) <0.001 (4.83- <0.001 (0.36- 0.04 (2.59- 0.009
Black ' 7.01) 17.28) 18.01)
1.35 0.6 5.6 4.37
Other (0.79- <0.001 (-1.1- 0.49 (-11.03- 0.51 (-10.18- 0.56
1.9) 2.29) 22.23) 18.91)
Ecej\lljglatlon <0.001 0.01 0.46 0.11
<83% HS
Graduation REF REF REF REF
Rate
>83% HS -0.91 -1.24 2.22 -4.43
Graduation (-1.15- | <0.001 (-2.19- 0.01 (-3.65— 0.46 (-9.81- 0.11
Rate -0.68) -0.28) 8.1) 0.95)
Insurance
Type <0.001 <0.001 0.32 <0.001
Private REF REF REF REF
2.5 3.34 3.15 8.28
Government | (2.23- | <0.001 (2.34- | <0.001 (-3.01- 0.32 (2.59- 0.004
2.76) 4.33) 9.3) 13.96)
4.38 7.04 12.38 17.17
Not Insured (3.42- <0.001 (5.11- <0.001 (-6.45- 0.20 (6.92— 0.001
5.33) 8.97) 31.22) 27.43)
Clinical Stage <0.001 <0.001 <0.001 0.006
| REF REF REF REF
-1.21 12.62 56.36 9.12
1" (-1.42- | <0.001 (11.03- | <0.001 (50.43- | <0.001 (1.43- 0.02
-1) 14.21) 62.29) 16.81)
-2.81 16.39 90.95 13.53
1 (-3.45- | <0.001 (14.68- | <0.001 (81.81- | <0.001 (5.19- 0.001
-2.17) 18.1) 100.09) 21.87)
Surgical
Approach <0.001 <0.001 <0.001 <0.001
BCS REF REF REF REF
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Upfront Surgery (N=513,278) NAC (N=72,467) NAE (N=8551) NACE (N=6020)
Predictor Estimate p. Overall | Estimate p. Overall | Estimate p. Overall | Estimate p. Overall
(95% P- (95% P- (95% P- (95% P-
Cl) Value Value Cl) Value Value Cl) Value Value Cl) Value Value
Veateral 13.77 134 318.99
forBilatera3|’ (3.78- | o0.007 (-16.35- | 0.88 - - (308.19- | <0.001
Disease 23.76) 19.02) 329.8)
5.7 4.01 -19.71 3.18
CPM (5.28- <0.001 (2.95- <0.001 (-29.67- | <0.001 (-3.98- 0.38
6.11) 5.07) -9.75) 10.35)
. 5.8 2.62 -15.65 4.98
Vaaateral G46- | <0.001 @6~ | <0.001 (-21.93- | <0.001 -114- | o011
Y 6.14) 3.57) -9.38) 11.11)
Underwent
Reconstruction <0.001 <0.001 0.25 0.15
No REF REF REF REF
8.17 4.25 -4.95 45
Yes (7.69- <0.001 (3.14- <0.001 (-13.42- 0.25 (-1.67- 0.15
8.65) 5.35) 3.52) 10.67)
. . 1.11 1.15
Time to First 0.98
- - - <0.001 | <0.001 | (1.02- | <0.001 | <0.001 | (L0O7- | <0.001 | <0.001
NST (Days) (0.96-1) ( i (0 4)

NAC, neoadjuvant chemotherapy only. NACE, neoadjuvant chemotherapy and neoadjuvant endocrine therapy. NAE, neoadjuvant endocrine therapy
only. NST, neoadjuvant systemic therapy.

This model was also adjusted for the following covariates (asterisk indicates significant associations with time-to-surgery for the treatment
sequence(s) in parentheses): Year of diagnosis* (upfront surgery, NAC, NAE), Charlson-Deyo Comorbidity Score* (upfront surgery, NAC), Income
Level* (upfront surgery), Facility Type* (upfront surgery, NAC, NAE), Facility Location* (upfront surgery, NAC), estrogen receptor [ER] status*
(upfront surgery, NAC, NAE), progesterone receptor [PR] status* (upfront surgery), Grade* (upfront surgery, NAC, NAE), Histology* (upfront
surgery), and Having Different Dates for First and Definitive Surgical Procedures* (upfront surgery, NAC, NACE).
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Adjusted Overall Survival by Treatment Sequence, Female Patients with Stage I-111 Breast Cancer, National
Cancer Database (2004-2014)

Upfront Surgery _ _ _
(N=507.170) NAC (N=69,526) NAE (N=8389) NACE (N=5790)
HRa;ggd p- Overall HRa;ggd P- Overall HRa;ggd p- Overall H;;ggd P- Overall
P- P- P- P-
(95% Value (95% Value (95% Value (95% Value
1y Value cly Value 1y Value cly Value
Time to
Surgery (Days) <0.001 <0.001 0.02 0.25
<30 Days REF REF REF REF
0.98 1.15 117 0.37
31-60 Days (0.96— 0.08 (0.82— 0.42 (0.95- 0.15 (0.09- 0.18
1) 1.59) 1.44) 1.6)
1.08 1.24 11 1.27
61-90 Days (1.04- | <0.001 (0.95- 0.12 (0.85- 0.47 (0.37- 0.70
1.12) 1.63) 1.42) 4.39)
1.19 1.2 124 0.98
91-120 Days | (1.12- | <0.001 (0.93- 0.16 (0.97- 0.08 (0.29- 0.98
1.27) 1.56) 1.59) 3.3)
1.26 1.03 0.91 0.82
D180 (116- | <0.001 08 | os1 ©073- | 039 ©026- | 074
4 1.37) 1.32) 1.13) 2.55)
1.31 1.03 1.06 0.8
>180 Days (1.16- | <0.001 (0.8- 0.83 (0.86- 0.58 (0.26- 0.71
1.48) 1.32) 1.31) 2.51)
1.05 1.01 1.05 1.01
Age (years) (1.05- | <0.001 | <0.001 | (1.01- | <0.001 | <0.001 | (1.04- | <0.001 | <0.001 (1- 0.002 | o0.002
1.05) 1.01) 1.06) 1.02)
Race/Ethnicity <0.001 <0.001 <0.001 <0.001
Non-
Hispanic White REF REF REF REF
0.74 0.79 0.54 0.67
Hispanic (0.69- | <0.001 (0.72- | <0.001 (0.37- | 0.001 (0.49- 0.02
0.79) 0.86) 0.78) 0.93)
Non- 1.12 1.23 0.95 1.61
oM (1.08- | <0.001 (1.16- | <0.001 (0.78- 0.64 (1.32- | <0.001
Hispanic Black | ;¢ 129) 1.16) 1.96)
0.69 0.76 0.5 0.92
Other (0.64- | <0.001 (0.69- | <0.001 (0.3- 0.005 (0.59- 0.70
0.75) 0.85) 0.81) 1.42)
Charlson-Deyo
Comorbidity <0.001 <0.001 <0.001 0.002
Score
0 REF REF REF REF
1.45 121 1.58 1.14
1 (1.42- | <0.001 (L.14- | <0.001 (1.37- | <0.001 (0.9- 0.27
1.48) 1.28) 1.82) 1.44)
2.34 151 2.83 2.03
>2 (2.25- | <0.001 (1.33- | <0.001 (2.33- | <0.001 (1.34- | <0.001
2.44) 1.71) 3.44) 3.09)
Income Level <0.001 <0.001 0.02 0.02
<$48,000 REF REF REF REF

Breast Cancer Res Treat. Author manuscript; available in PMC 2022 April 01.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Prakash et al.

Page 20

Upfront Surgery _ _ —
(N=507,170) NAC (N=69,526) NAE (N=8389) NACE (N=5790)
HRa;ggd p- Overall HRa;ggd P- Overall HRa;ggd p- Overall H;;ggd P- Overall
P- P- P- P-
(95% Value (95% Value (95% Value (95% Value
1y Value cly Value 1y Value cly Value
0.89 0.91 0.85 0.82
>$48,000 (0.87- | <0.001 (0.86—- | <0.001 (0.75- 0.02 (0.69- 0.02
0.91) 0.95) 0.97) 0.97)
Insurance Type <0.001 <0.001 0.004 <0.001
Private REF REF REF REF
1.35 1.33 1.34 141
Government (1.31- | <0.001 (1.27- | <0.001 (1.13- | <0.001 (1.18- | <0.001
1.39) 1.4) 1.6) 1.69)
1.52 1.35 111 2.13
Not Insured (1.41- | <0.001 (1.22- | <0.001 0.7- 0.66 (1.52- | <0.001
1.65) 1.5) 1.76) 2.98)
Facility Type <0.001 <0.001 0.19 0.03
Academic REF REF REF REF
121 1.17 124 1.02
Community (1.14- | <0.001 (1.08- | <0.001 (1.02- 0.03 (0.77- 0.90
1.29) 1.28) 1.5) 1.35)
1.15 1.14 1.06 1.25
Comprehensive (113%_ <0.001 (%gf)— <0.001 ((1)33)— 0.38 (%gg)— 0.007
1.11 1.09 1.01 1.25
N eltr\l\'tlggrlr(ated (1.03- | 0.003 (1- 0.05 (0.83- | 091 (1- 0.05
1.18) 1.18) 1.23) 1.56)
Clinical Stage <0.001 <0.001 <0.001 <0.001
| REF REF REF REF
1.97 1.85 1.69 1.61
I (1.93- | <0.001 (1.67- | <0.001 (1.47- | <0.001 (1.19- 0.002
2.01) 2.06) 1.93) 2.18)
4.22 3.32 2.49 2.87
1 (4.05- | <0.001 (2.98- | <0.001 (2.05- | <0.001 (2.08- | <0.001
4.39) 3.7) 3.01) 3.95)
Treatment with
Radiation <0.001 0.99 <0.001 0.05
Therapy
No REF REF REF REF
0.62 1 0.63 0.84
Yes (0.61- | <0.001 (0.95- 0.99 (0.56—- | <0.001 © '7_1) 0.05
0.64) 1.05) 0.73) '
Treatment with
a <0.001 0.57
Chemotherapy
No REF REF
0.85 1.05
Yes (0.83- | <0.001 (0.88- 0.57
0.87) 1.26)
Treatment with
Endocrine <0.001 <0.001
b
Therapy
No REF REF
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Upfront Surgery _ _ —
(N=507,170) NAC (N=69,526) NAE (N=8389) NACE (N=5790)
Hazard Hazard Hazard Hazard
Ratio P- ng_rall Ratio P- Ov;n_’all Ratio P- ng_rall Ratio P- Ov;n_’all
(95% Value (95% Value (95% Value (95% Value
1y Value cly Value 1y Value cly Value
0.6 0.65
Yes (0.59- | <0.001 (0.6— <0.001
0.62) 0.69)
Surgery Typec <0.001 <0.001 0.40 <0.001
BCS REF REF REF REF
Bilateral 53
Mastectomy 0(0- -
for Bilateral 0.01) <0.001 %%%; 0.005 0(0-0) | <0.001
Disease )
0.81 1.33 0.83 0.93
CPM (0.77- | <0.001 (1.25- | <0.001 (0.62- 0.20 (0.73- 0.57
0.85) 1.4) 1.11) 1.19)
. 0.94 171 1 151
M a‘;g"ﬁ‘gﬁf‘ 0.92- | <0.001 1.62- | <0.001 (0.88- | 0.97 (124~ | <0.001
Y 0.97) 1.79) 1.14) 1.82)
. . 1
Time to First
NST (Days) - - - 1(1) 0.07 0.07 1(1-1) 0.67 0.67 (0.19)9— 0.03 0.03

NAC, neoadjuvant chemotherapy only. NACE, neoadjuvant chemotherapy and neoadjuvant endocrine therapy. NAE, neoadjuvant endocrine therapy

only. NST, neoadjuvant systemic therapy.

This model was also adjusted for the following covariates (asterisk indicates significant associations with overall survival for the treatment
sequence(s) in parentheses): Education Level* (upfront surgery), Facility Location* (upfront surgery, NAC), ER status* (upfront surgery, NAE), PR
status™ (all), Grade* (all), Histology* (NAC), Tumor Size* (all), and Having Different Dates for First and Definitive Surgical Procedures* (upfront

surgery, NAC, NAE).

il patients in the NAC and NACE groups received chemotherapy so it was not included in the multivariate model for these groups.

All patients in the NAE and NACE groups received endocrine therapy so it was not included in the multivariate model for these groups.

No patients who underwent bilateral mastectomy for bilateral disease died in the neoadjuvant chemo and endocrine cohort. No (N=0) patients who
underwent NAE had bilateral mastectomy for bilateral disease.
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