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PURPOSE Given the heterogeneity and improvement in outcomes for metastatic breast cancer (MBC), we
developed a staging system that refines prognostic estimates for patients with metastatic cancer at the time of
initial diagnosis, de novo MBC (dnMBC), on the basis of survival outcomes and disease-related variables.

METHODS Patients with dnMBC (2010-2016) were selected from the National Cancer Database (NCDB).
Recursive partitioning analysis (RPA) was used to group patients with similar overall survival (OS) on the basis of
clinical T category, grade, estrogen receptor (ER), progesterone receptor, human epidermal growth factor
receptor 2, histology, organ system site of metastases (bone-only, brain-only, visceral), and number of organ
systems involved. Three-year OS rates were used to assign a final stage: IVA: >70%, IVB: 50%-70%, IVC: 25
to <b0%, and IVD: <25%. Bootstrapping was applied with 1,000 iterations, and final stage assignments were
made based on the most commonly occurring assignment. Unadjusted OS was estimated. Validation analyses
were conducted using SEER and NCDB.

RESULTS At a median follow-up of 52.9 months, the median OS of the original cohort (N = 42,467) was
35.4 months (95% ClI, 34.8 to 35.9). RPA stratified patients into 53 groups with 3-year OS rates ranging
from 73.5% to 5.7%; these groups were amalgamated into four stage groups: 3-year OS, A = 73.2%,
B=61.9%,C=40.1%,and D = 17% (log-rank P < .001). After bootstrapping, the survival outcomes for the
four stages remained significantly different (log-rank P < .001). This staging system was then validated using
SEER data (N = 20,469) and a separate cohort from the NCDB (N = 7,645) (both log-rank P < .001).

CONCLUSION Our findings regarding the heterogeneity in outcomes for patients with dnMBC could guide future
revisions of the current American Joint Committee on Cancer staging guidelines for patients with newly di-
agnosed stage |V disease. Our findings should be independently confirmed.

J Clin Oncol 41:2546-2560. © 2023 by American Society of Clinical Oncology

INTRODUCTION

Of the estimated 287,850 women with newly diagnosed
breast cancer in 2022 in the United States, more than
17,000 (approximately 5.9%) will have metastatic dis-
ease at the time of initial presentation (de novo meta-
static breast cancer [dnMBCI).! While most of these
women ultimately succumb to breast cancer, survival
varies widely with notable improvements for select
subgroups in recent years.? Prior publications have

related variables,® and others were built on broad
populations without information on treatment.” All of
these studies confirm heterogeneity in outcomes for
patients with dnMBC, which are currently all assigned
the same stage at initial diagnosis: stage IV.

For patients with non-MBC, American Joint Committee on
Cancer (AJCC) breast cancer staging system was revised
in 2016 to include the nonanatomic factors, estrogen
receptor (ER), progesterone receptor (PR), human epi-

proposed prognostic indices for patients who develop
subsequent metastases,®* but few have sought to de-
velop such tools for patients with dnMBC. A recently
developed model for estimating prognosis incorporating
clinical and tumor factors performed reasonably well
(C-index, 0.731; 95% Cl, 0.724 to 0.739)%; the model,
however, included patients with both dnMBC and re-
current metastatic breast cancer (rMBC). Other risk
scoring systems for stratifying patients with dnMBC have
been developed, though some included treatment-
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dermal growth factor receptor 2 (HER2), tumor grade, and
genomic assays, in addition to tumor size and nodal status
to define the prognostic stage group.8® Although prior
versions of breast cancer staging were based solely on
anatomic information, many studies have demon-
strated the added value of these other factors in de-
fining prognosis.’®!! These same variables, as well as
other disease-related factors, such as the sites and
number of sites of metastases, have been shown to be
associated with duration of survival for patients with
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Staging Proposal for Patients With dnMBC

CONTEXT

Key Objective

To develop a staging system on the basis of survival outcomes and disease-related variables for patients with de novo
metastatic breast cancer (dnMBC) that refines prognostic estimates.

Knowledge Generated

Patients with dnMBC have highly variable survival outcomes, which are associated with select disease-related variables.
These associations can be used to stratify patients into four distinct subgroups, and our findings could be used to revise
the current staging guidelines for patients with dnMBC.

Relevance (K.D. Miller)

Patients with de novo metastatic disease are often considered together with those whose disease has recurred after initial
therapy. This analysis defines the unique and varied prognosis of patients with de novo metastatic disease, facilitating
shared decision making.*

*Relevance section written by JCO Senior Deputy Editor Kathy D. Miller, MD.

MBC.251213 On the basis of the changes in staging and on
improving survival, we sought to develop a staging model
for patients with dnMBC that would refine prognostic es-
timates, and we propose a novel staging system for strat-
ifying patients with dnMBC on the basis of survival
outcomes and disease-related variables.

METHODS

The 2004-2017 National Cancer Database (NCDB) Breast
Cancer Participant User File (PUF) (Fall 2020 release)
was used for the primary analysis. The NCDB is a hospital-
based tumor registry in the United States, estimated to
capture >80% of all patients diagnosed with breast
cancer each year.** Patients diagnosed before 2010 were
excluded because HER2 data were not routinely collected
in the NCDB until 2010 and to account for treatment
improvements that have occurred over the past decade,
particularly for those with HER2-positive disease. At the
time of the primary analysis, the NCDB required exclusion
of patients diagnosed in 2017, due to administrative
censoring of survival data; thus, the final diagnosis years
included in the primary analysis were 2010-2016. This
study was restricted to patients diagnosed with clinical
or pathologic M1 disease at diagnosis (dnMBC), which
excludes patients with breast cancer cells in blood or bone
marrow. Patients with unknown/missing survival time or
vital status were excluded, as were those with missing
or unknown clinical characteristics.

Staging Model Development

Overall survival (OS) was defined as the time from diagnosis
to death due to any cause. Patients who did not die were
censored at the last follow-up. Recursive partitioning analysis
(RPA)' was used to group patients with similar OS on the
basis of clinical T category (T4 or not T4), grade (1-2 or 3), ER
status (positive or negative), PR status (positive or negative),
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HER?2 status (positive or negative), histology (ductal, lobular,
or other), bone-only metastases (yes or no), brain-only me-
tastases (yes or no), visceral metastases (yes or no), and
number of organ systems with metastatic disease (assigned
S1-4, defined as the number of organ systems involved such
that a patient with bone-only metastases would be assigned
S1 regardless of the number of bone metastases and a
patient with bone and liver metastases would be assigned
S2 regardless of the number of bone and liver metastases).
Given that staging is performed at the time of diagnosis, and
as with other breast cancer staging criteria, treatment was not
included as a variable. Unfortunately, the NCDB does not
capture data on the amount/volume of disease at the distant
sites (only location). The splitting criteria were setto a Pvalue
of .10 with minimum node size of N = 100. In general,
recursive partitioning is a classification method that relies on
covariates in a regression model to divide data. It is recursive,
meaning that it first divides the data on the basis of the most
significant covariate split and then continues to partition the
newly created subgroups on the basis of the influence of the
remaining covariates. This algorithm stops when a pre-
specified criterion is met—in this case, the log-rank test
P value for an attempted partition is >.10 for all possible
covariates for all subgroups, while maintaining a minimum
subgroup sample size of 100. After recursive partitioning, 3-
year OS rates were estimated for each terminal node.
Patients were grouped based on the association of disease
characteristics with OS. The final staging of patients with
homogeneous survival was created based on 3-year
survival rates: group A as >70%, group B as 50% to
70%, group C as 25 to <560%, and group D as <25%.

Bootstrapping was then applied, and this algorithm was
repeated 1,000 times, as a form of internal validation.® For
each iteration, a sample was drawn with replacement from
the original data set equal to the sample size of the original
data set, the RPA was repeated, and patient groups were
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created based on that sample. The results were summa-
rized, and final stage assighments were determined based
on the group each disease characteristic combination fell
into most often within the bootstrapped analysis. There
were 768 possible combinations of the final variables se-
lected for the proposed model, and 639 characteristic
profiles were found in the NCDB cohort. The remaining 129
characteristic profiles were not included in the final boot-
strapped stage assignment (Data Supplement [Table S1],
online only). Notably, the original RPA created stage as-
signments for all 768 combinations, and thus, the 129
profiles not found within the NCDB cohort were still
assigned a stage on the basis of the RPA with the original
data (before bootstrapping).

Patient demographic, disease, and available treatment
variables were summarized with No. (%) for categorical
variables and median (IQR [defined as quartile 1 to quartile
3]) for continuous variables. Differences between groups
were tested using the chi-square test for categorical variables
and analysis of variance for continuous variables. Follow-up
time was estimated using the reverse Kaplan-Meier method,
and unadjusted OS was estimated using the Kaplan-Meier
method. Median OS and survival rates are presented with
95% Cls. Since the NCDB does not have data on recurrence
or cause of death, OS was selected as the primary end point,
although most patients diagnosed with dnMBC ultimately die
from their disease.? Given the potential impact of age on OS,
an additional stratified analysis was performed for patients on
the basis of age group <50 years versus =50 years. The
effect of patient groupings determined by recursive parti-
tioning with bootstrapping on OS was then estimated using
the Cox proportional hazards model, after adjustment for
known covariates (age, race/ethnicity, sex, surgery receipt,
chemotherapy receipt, radiation therapy receipt, endocrine
therapy receipt, and immunotherapy receipt). To account for
the correlation of patients treated at the same hospital, a
robust sandwich covariance estimator was included in the
adjusted survival model.

Validation 1 (SEER data set)

Patients with breast cancer diagnosed with dnMBC were
selected from the SEER-18 database (November 2020 re-
lease). Patients diagnosed before 2010 were excluded for the
same reasons as those excluded from the NCDB analyses.
Patients with missing or unknown survival status or time were
excluded, as were those with missing data for T category,
grade, ER status, PR status, HER2 status, histology, or
metastatic site. Similar to the NCDB, SEER does not capture
data on the amount/volume of disease at the distant sites
(only location). Follow-up time was estimated using the re-
verse Kaplan-Meier method, and unadjusted OS was esti-
mated using the Kaplan-Meier method. Median OS and
survival rates are presented with 95% Cls. SEER is a
population-based registry including virtually 100% of cases in
select regions of the United States that collectively include
approximately 48% of the US population.* The demographics
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of the SEER patients are more likely to be representative of the
US population. However, there is significant overlap with
those patients captured in the NCDB.

Validation 2 (Updated NCDB data set)

Patients with breast cancer diagnosed in 2017-2018 with
dnMBC were selected from the 2004-2019 NCDB Breast
Cancer PUF (Spring 2022 release). Patients with missing or
unknown survival time or vital status were excluded, as
were those with missing data for T category, grade, ER
status, PR status, HER2 status, histology, or metastatic site.
Follow-up time was estimated using the reverse Kaplan-
Meier method, and unadjusted OS was estimated using the
Kaplan-Meier method. Median OS and survival rates are
presented with 95% Cls.

Effective sample sizes are reported for each table/figure. No
adjustments were made for multiple comparisons. All
statistical analyses were conducted using SAS, version 9.4
(SAS Institute, Cary, NC), or R, version 4.0.4 (R Foundation
for Statistical Computing, Vienna, Austria). Given the data in
NCDB and SEER are deidentified, this study was deemed
exempt by the corresponding author’s institutional review
board. Of note, most of the coauthors are members of the
AJCC breast committee, but this work does not representan
official position by the AJCC.

RESULTS

In the 2004-2017 NCDB PUF, there were 2,981,828 pa-
tients with breast cancer. After applying the specified in-
clusion and exclusion criteria (Data Supplement [Figs S1A
and S1B], online only), the final cohort sample size of those
with dnMBC was N = 42,467 with a median follow-up of
52.9 months (95% ClI, 52.4 to 53.5) and a median OS of
35.4 months (95% Cl, 34.8 to 35.9). The median patient
age was 61 years (IQR, 51-70 years). Most patients
(70.2%) were non-Hispanic White, compared with 17.3%
non-Hispanic Black and 5.4% Hispanic.

Staging Model Development (NCDB, diagnosis
years 2010-2016)

The RPA stratified patients into 53 groups (Data Supplement
[Fig S2], online only) with a range of 3-year OS rates from
73.5% to 5.7% (Table 1). In general, patients with better
survival rates had a lower disease burden (S1) and were more
likely to have ER-positive disease, while patients with the worst
outcomes had more organ systems involved (S3-4) and were
more likely to have ER-negative and HER2-negative disease.
On the basis of the prespecified 3-year OS rates (A: > 70%,
B: 50%-70%, C: 25-< 50%, and D: < 25%), patients in the
53 original groups from the RPA were amalgamated into four
stages (IV A/B/C/D) with distinct survival outcomes (Fig 1A,
log-rank P < .001). With increasing stage (A>>D), survival
rates steadily declined: median 3-year OS rates, A: 73.2%, B:
61.9%, C: 40.1%, and D: 17%.
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TABLE 1. Characteristics and 3-Year Overall Survival Rates for Terminal Nodes From the Recursive Partitioning Analysis (Data Supplement [Fig S21), Based
on Patients With de Novo Metastatic Breast Cancer, Diagnosed 2010-2016, in the National Cancer Database

3-Year Survival Sample Proposed Stage
Rank Rate, % Node? Size Characteristics Group
1 0.735 34 746 S1/ER+/T0-3/PR+/HER2-/grade 1-2/ductal histology/bone-only mets: no/visceral A
mets: no
0.731 39 2,216 S1/ER+/TO-3/PR+/HER2+ A
0.687 36 3,728 S1/ER+/T0-3/PR+/HER2-/grade 1-2/ductal histology/bone-only mets: yes
0.681 47 311 S1/ER+/T4/HER2-/grade 1-2/ductal or other histology/PR +/bone-only mets:
no/visceral mets: no
5 0.663 35 780 S1/ER+/T0O-3/PR+/HER2—/grade 1-2/ductal histology/bone-only mets: no/visceral B
mets: yes
6 0.657 58 948  S1/ER+/TA/HER2+/PR+ B
7 0.657 37 2,858 S1/ER+/T0-3/PR+/HER2-/grade 1-2/lobular or other histology B
8 0.651 28 891 S1/ER+/TO-3/PR-/HER2+ B
9 0.619 18 1,601 S1/ER—/HER2+/T0-3 B
10 0.605 48 378 S1/ER+/T4/HER2-/grade 1-2/ductal or other histology/PR +/bone-only mets: B
no/visceral mets: yes
11 0.596 95 337 S2/ER+/PR+/visceral mets: yes/grade 3/HER2+/T0-3 B
12 0.586 25 384 S1/ER+/TO-3/PR-/HER2—/grade 1-2/bone-only mets: no B
13 0.586 38 3,067  S1/ER+/TO-3/PR+/HER2-/grade 3 B
14 0.580 57 446 S1/ER+/T4/HER2+/PR- B
15 0.574 49 1,166 S1/ER+/T4/HER2-/grade 1-2/ductal or other histology/PR+/bone-only mets: yes B
16 0.557 89 461 S2/ER+/PR+/isceral mets: yes/grade 1-2/HER2+ B
17 0.553 19 1,095  S1/ER-/HER2+/T4 B
18 0.526 84 1,207 S2/ER+/PR+/visceral mets: yes/grade 1-2/HER2—-/ductal or other histology/TO-3 B
19 0.523 26 814 S1/ER+/T0-3/PR-/HER2—/grade 1-2/bone-only mets: yes B
20 0.497 50 663 S1/ER+/T4/HER2—/grade 1-2/lobular histology C
21 0.484 44 280 S1/ER+/T4/HER2-/grade 1-2/ductal or other histology/PR— ©
22 0.479 85 798  S2/ER+/PR+/Nisceral mets: yes/grade 1-2/HER2-/ductal or other histology/T4 C
23 0.473 77 550  S2/ER+/PR-/HER2+ ©
24 0.468 55 1,638  S1/ER+/T4/HER2-/grade 3/PR+ C
25 0.455 96 258 S2/ER+/PR+/visceral mets: yes/grade 3/HER2+/T4 C
26 0.455 87 360 S2/ER+/PR+/visceral mets: yes/grade 1-2/HER2-/lobular histology/T0O-3 C
27 0.446 65 964  S2/ER-/HER2+ ©
28 0.434 9 651 S1/ER-/HER2-/TO-3/visceral mets: no/bone-only mets: no/brain-only mets: no/ductal C
histology
29 0.399 53 317 S1/ER+/T4/HER2—/grade 3/PR—/visceral mets: no C
30 0.398 105 460  S3-4/ER+/PR+/HER2+ C
31 0.3960 27 857  S1/ER+/T0-3/PR—-/HER2-/grade 3 ©
32 0.395 92 730 S2/ER+/PR+/visceral mets: yes/grade 3/HER2—/T0-3 C
33 0.381 88 135 S2/ER+/PR+/visceral mets: yes/grade 1-2/HER2-/lobular histology/T4 ©
34 0.356 93 643 S2/ER+/PR+/visceral mets: yes/grade 3/HER2—/T4 C
35 0.348 79 412 S2/ER+/PR+/visceral mets: no C
36 0.333 72 332 S2/ER+/PR-/HER2—/grade 1-2/ductal histology C
37 0.295 102 230  S3-4/ER+/PR-/HER2+ €
38 0.286 104 1,281 S3-4/ER+/PR+/HER2- C
39 0.267 12 859 S1/ER-/HER2-/TQ-3/visceral mets: no/bone-only mets: yes ©

(continued on following page)
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TABLE 1. Characteristics and 3-Year Overall Survival Rates for Terminal Nodes From the Recursive Partitioning Analysis (Data Supplement [Fig S21), Based
on Patients With de Novo Metastatic Breast Cancer, Diagnosed 2010-2016, in the National Cancer Database (continued)

3-Year Survival Sample Proposed Stage
Rank Rate, % Node? Size Characteristics Group
40 0.250 10 129 S1/ER-/HER2-/TO-3/visceral mets: no/bone-only mets: no/brain-only mets: C
no/lobular or other histology
41 0.249 13 1,154 S1/ER-/HER2-/TO-3/visceral mets: yes D
42 0.248 15 293  S1/ER-/HER2-/T4/grade 1-2 D
43 0.237 66 479  S3-4/ER-/HER2+ D
44 0.234 75 207  S2/ER+/PR-/HER2-/grade 3/T0-3 D
45 0.226 b4 130 S1/ER+/T4/HER2-/grade 3/PR—/visceral mets: yes D
46 0.219 73 128 S2/ER+/PR-/HER2—/grade 1-2/lobular or other histology D
47 0.194 76 180  S2/ER+/PR-/HER2-/grade 3/T4 D
48 0.184 100 114 S3-4/ER+/PR-/HER2-/grade 1-2 D
49 0.182 16 1,472  S1/ER-/HER2—/T4/grade 3 D
50 0.175 11 122 S1/ER—/HER2-/TO-3/visceral mets: no/bone-only mets: no/brain-only mets: yes D
51 0.112 101 172 S3-4/ER+/PR-/HER2-/grade 3 D
52 0.085 62 1,430  S2/ER-/HER2- D
b8 0.057 63 605  S3-4/ER-/HER2- D

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; mets, ; PR, progesterone receptor; S, system; T, tumor.
@Node number correlates with the node numbering in the tree from the recursive partitioning analysis (Data Supplement [Fig S2]).

Bootstrapping was then applied (Data Supplement [Table S2],
online only), and final stages were assigned. For those com-
binations not represented in the primary data set, stage as-
signments were based on the RPA of the original data
(N = 129 profiles; Data Supplement [Table S1]). In total, 25
profiles were assigned to stage A, 200 to stage B, 225 to stage
C, and 189 to stage D. Of note, 25 characteristic profiles
were assigned to a different stage after bootstrapping
compared with the original RPA-based assignment. Once
completed, final stage assignments were made for all
768 possible combination profiles (Data Supplement
[Table S21), and survival outcomes remained significantly
different across the four final stages (Fig 1B; log-rank
P < .001). After adjustment for known covariates, in-
cluding demographic and treatment variables, the asso-
ciation between OS and the newly defined stage group
remained statistically significant (P < .001; Data Sup-
plement [Table S31, online only). Notably, age was also
significantly associated with survival in our adjusted
model, and as such, a stratified analysis was performed
based on age <50 years versus =50 years, which
demonstrated similar significant differences between the
stage groups (Data Supplement [Fig S31, online only; for
both age groups, log-rank P < .001).

When comparing patients in the newly assigned stage
groups (A, B, C, and D; Table 2), patients in the lowest
stage tended to be younger (age 18-45 years, A: 20.3%,
B: 13.9%, C: 13%, and D: 13.3%, P < .001) and more
likely to be non-Hispanic White (A: 72.9%, B: 73.3%, C:
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68%, and D: 62.6%, P < .001). Given that tumor and
disease characteristics were used for grouping patients,
there were many expected differences between patients
in the four stage groups (Table 3). On the basis of their
poor survival, the RPA categorized patients with triple
negative tumors (ER-negative/PR-negative/HER2-nega-
tive) as stages C or D, and 73.2% of patients in the stage D
group had triple negative disease. In stage A, all patients
had only one site of disease, while all patients with three or
four sites of disease were in stages C or D. Not surpris-
ingly, patients in the lower stages were more likely to
receive any surgery (A: 48.4%, B: 36.8%, C: 28.8%, and D:
31.5%, P<.001), while radiation receipt was not meaningfully
different across groups (A: 35.2%, B: 32.9%, C: 34.8%, and
D: 33%; Data Supplement [Table S41], online only). Chemo-
therapy was used more frequently in stage D as part of the first-
line treatment (A: 66%, B: 53.2%, C: 61.2%, and D: 73.7%,
P <.001), which may be related to the tumor phenotype that is
more common in this stage (ie, triple negative).

Validation 1 (SEER, diagnosis years 2010-2018)

The final validation cohort sample size was N = 20,469
(Data Supplement [Table S5], online only), and the median
follow-up cohort was 47 months (95% Cl, 46 to 48). After
applying our staging model, patients were successfully
stratified into four distinct stages with statistically different
survival outcomes (median 3-year OS rates, A: 72.5%, B:
58.4%, C: 35.7%, and D: 14.6%; log-rank P < .001;
Fig 2A).
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FIG 1. Unadjusted overall survival stratified by assigned stage IVA-D (3-year survival: IVA: >70%, IVB: 50%-70%, IVC: 25% to <50%,
and IVD: <25%) shown for (A) the original recursive partitioning analysis and (B) the bootstrapped analysis. Analyses on the basis of patients
with de novo metastatic breast cancer, diagnosed 2010-2016, in the National Cancer Database.

Validation 2 (NCDB, diagnosis years 2017-2018)

The final validation cohort sample size was N = 14,958
(Data Supplement [Table 6], online only), and the median
follow-up was 32.7 months (95% CI, 32.4 to 33.0). Ap-
plication of our proposed staging model again successfully
stratified patients into four stages with distinct survival
outcomes (median 3-year OS rates, A: 76.6%, B: 64.2%, C:
43.5%, and D: 21.1%; log-rank P < .001; Fig 2B). Of note,
changes in systemic therapy may have been considerable
during this time. Although this may have impacted the
absolute survival estimates, it did not appear to alter the
relative stratification of the cohort into four distinct stage
groups, as the differences between the groups remained
statistically significant.

DISCUSSION

Cancer staging systems were originally developed to con-
cisely and accurately summarize a patient’s disease and
prognosis.'” In 2016, the AJCC revised staging guidelines for
patients with breast cancer.® However, this did not include
any refinement for patients with dnMBC in that all patients,
regardless of disease features, remained grouped into one
stage IV category. Our data confirm that the outcomes in this
patient population are heterogeneous.?>® Using large pop-
ulation data sets and including ER, PR, HER2, and grade, we
identified four unique subgroups of patients with dnMBC with
distinctly different survival. We propose designating these
groups as prognostic stages IVA, IVB, IVC, and IVD. Although
the creation of this staging system relied largely on a statistical
approach (RPA, as opposed to a clinically driven a priori
approach), the results were consistent with what is generally
observed in practice: patients with less extensive burden of
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metastatic disease and/or hormone receptor positive cancer
tend to live longer, while those with a higher disease burden
and/or triple negative cancer tend to have a shorter survival.
Moreover, our findings were reproducible using multiple data
sets, thus validating our proposed staging system. If imple-
mented, our novel staging proposal will fulfill a currently
unmet need to refine prognostic estimates for this unique
population. As with other staging guidelines, it will concisely
summarize a patient’s disease status and prognosis and,
thus, facilitate communication between patients, providers,
and researchers.

The AJCC already subdivides stage IV in some other disease
sites. For example, non—small-cell lung cancer is categorized
as stage IVA or IVB, and colorectal cancer is categorized as
stage IVA, IVB, or IVC on the basis of the location and extent
of metastatic disease.® On the basis of our findings, the AJCC
should consider updating the breast cancer prognostic stage
groups to reflect this heterogeneity in outcomes for patients
with dnMBC. Furthermore, it will allow oncology providers to
relay important prognostic information with relative ease. As
our understanding of breast cancer has evolved, we now
know that the term “breast cancer” represents a diverse
disease entity, and contemporary staging guidelines must
accurately reflect this heterogeneity.

However, stratifying patients with dnMBC should only be
undertaken if significant differences in outcomes can be
consistently demonstrated based on disease factors that are
reliably tested. To this end, we selected clinically relevant
variables that have been repeatedly shown to be associated
with survival outcomes*?131819 and were readily available in
large national tumor registries. While other factors not in-
cluded in our analyses, such as genomic assays and
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TABLE 2. Patient Demographics by Bootstrap Stage IVA-D

Demographic Variable All Patients (N = 42,467) Stage IVA (n = 2962) Stage IVB (n = 21,118) Stage IVC (n = 12,117) Stage IVD (n = 6,270) P
Age, years .001
18-45 5,933 (14) 601 (20.3) 2,926 (13.9) 1,575 (13) 831 (13.3)
46-74 29,084 (68.5) 1,907 (64.4) 14,248 (67.5) 8,547 (70.5) 4,382 (69.9)
=75 7,450 (17.5) 454 (15.3) 3,944 (18.7) 1,995 (16.5) 1,057 (16.9)
Median (IQR) 61 (51-70) 59 (48-69) 61 (561-71) 61 (52-70) 60 (51-69) < .001
Sex < .001
Female 41,857 (98.6) 2,915 (98.4) 20,784 (98.4) 11,930 (98.5) 6,228 (99.3)
Male 610 (1.4) 47 (1.6) 334 (1.6) 187 (1.5) 42 (0.7)
Race/ethnicity .001
Non-Hispanic White 29,807 (70.2) 2,159 (72.9) 15,480 (73.3) 8,243 (68) 3,925 (62.6)
Non-Hispanic Black 7,335 (17.3) 386 (13) 3,016 (14.3) 2,332 (19.2) 1,601 (25.5)
Hispanic 2,296 (5.4) 183 (6.2) 1,091 (5.2) 671 (5.5) 351 (5.6)
Other 1,665 (3.9) 123 (4.2) 847 (4) 504 (4.2) 191 (3)
Missing 1,364 (3.2) 111 3.7) 684 (3.2) 367 (3) 202 (3.2)
Income level, USD .001
<$48,000 16,449 (38.7) 1,053 (35.6) 7,728 (36.6) 4,872 (40.2) 2,796 (44.6)
=$48,000 22,819 (53.7) 1,627 (54.9) 11,580 (54.8) 6,434 (53.1) 3,178 (50.7)
Missing 3,199 (7.5) 282 (9.5) 1,810 (8.6) 811 (6.7) 296 (4.7)
Education level .001
=87% HS graduation rate 17,643 (41.5) 1,183 (39.9) 8,216 (38.9) 5,278 (43.6) 2,966 (47.3)
>87% HS graduation rate 21,640 (51) 1,497 (50.5) 11,101 (52.6) 6,033 (49.8) 3,009 (48)
Missing 553 (1.3) 282 (9.5) 1,801 (8.5) 806 (6.7) 295 (4.7)
Insurance type .001
Private 17,902 (42.2) 1,460 (49.3) 9,177 (43.5) 4,832 (39.9) 2,433 (38.8)
Government 21,849 (51.4) 1,359 (45.9) 10,777 (51) 6,349 (52.4) 3,364 (53.7)
Not insured 2,163 (5.1) 111 3.7) 898 (4.3) 773 (6.4) 381 (6.1)
Missing 553 (1.3) 553 (1.3) 32 (1.1) 266 (1.3) 163 (1.3)
CD comorbidity score .001
0 34,494 (81.2) 2,396 (80.9) 17,244 (81.7) 9,918 (81.9) 4,936 (78.7)
1 5,806 (13.7) 426 (14.4) 2,834 (13.4) 1,611 (13.3) 935 (14.9)
=2 2,167 (5.1) 140 (4.7) 1,040 (4.9) 588 (4.9) 399 (6.4)
Facility type .007
Academic 14,493 (34.1) 976 (33) 7,112 (33.7) 4,141 (34.2) 2,264 (36.1)
Integrated network 5,842 (13.8) 393 (13.3) 2,905 (13.8) 1,672 (13.8) 872 (13.9)
Comprehensive 17,742 (41.8) 1,305 (44.1) 8,911 (42.2) 5,027 (41.5) 2,499 (39.9)
Community 4,390 (10.3) 288 (9.7) 2,190 (10.4) 1,277 (10.5) 635 (10.1)

(continued on following page)
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TABLE 2. Patient Demographics by Bootstrap Stage IVA-D (continued)

Demographic Variable All Patients (N = 42,467) Stage IVA (n = 2962) Stage IVB (n = 21,118) Stage IVC (n = 12,117) Stage IVD (n = 6,270) P
Facility location < .001
Midwest 10,887 (25.6) 720 (24.3) 5,612 (26.6) 3,072 (25.4) 1,483 (23.7)
Northeast 8,925 (21) 611 (20.6) 4,380 (20.7) 2,615 (21.6) 1,319 (21)
South 16,110 (37.9) 1,120 (37.8) 7,735 (36.6) 4,624 (38.2) 2,631 (42)
West 6,545 (15.4) 511 (17.3) 3,391 (16.1) 1,806 (14.9) 837 (13.3)
Year of diagnosis < .001
2010 5,136 (12.1) 350 (11.8) 2,440 (11.6) 1,501 (12.4) 845 (13.5)
2011 5,609 (13.2) 364 (12.3) 2,748 (13) 1,637 (13.5) 860 (13.7)
2012 5,496 (12.9) 378 (12.8) 2,705 (12.8) 1,613 (13.3) 800 (12.8)
2013 5,902 (13.9) 402 (13.6) 2,914 (13.8) 1,704 (14.1) 882 (14.1)
2014 6,530 (15.4) 452 (15.3) 3,232 (15.3) 1,888 (15.6) 958 (15.3)
2015 6,759 (15.9) 527 (17.8) 3,435 (16.3) 1,825 (15.1) 972 (15.5)
2016 7035 (16.6) 489 (16.5) 3,644 (17.3) 1,949 (16.1) 953 (15.2)

NOTE. Percentages may not add up to 100 due to rounding. Data are presented as No. (%) unless otherwise specified. Analyses on the basis of patients with de novo metastatic breast cancer, diagnosed

2010-2016, in the National Cancer Database.
Abbreviations: CD, Charlson/Deyo; HS, high school, USD, US dollars.
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TABLE 3. Disease Characteristics by Bootstrap Stage IVA-D

Disease Characteristic All Patients (N = 42,467) Stage IVA (n = 2,962) Stage IVB (n = 21,118) Stage IVC (n = 12,117) Stage IVD (n = 6,270) P
Histology a
Ductal 32,705 (77) 2,657 (89.7) 15,544 (73.6) 9,583 (79.1) 4,921 (78.5)
Lobular 6,905 (16.3) 258 (8.7) 4,554 (21.6) 1,690 (13.9) 403 (6.4)
Other 2,857 (6.7) 47 (1.6) 1,020 (4.8) 844 (7) 946 (15.1)
Clinical T category @
TO/S 208 (0.5) 18 (0.6) 100 (0.5) 55 (0.5) 35 (0.6)
Tl 6,827 (16.1) 795 (26.8) 4,056 (19.2) 1,350 (11.1) 626 (10)
T2 14,199 (33.4) 1,536 (51.9) 8,166 (38.7) 3,014 (24.9) 1,483 (23.7)
T3 6,848 (16.1) 613 (20.7) 3,660 (17.3) 1,647 (13.6) 928 (14.8)
T4 14,385 (33.9) 0(0) 5,136 (24.3) 6,051 (49.9) 3,198 (51)
Clinical N category < .001
NO 11,074 (26.1) 1,083 (36.6) 6,287 (29.8) 2,459 (20.3) 1,245 (19.9)
N1 18,243 (43) 1,230 (41.5) 9,226 (43.7) 5,190 (42.8) 2,597 (41.4)
N2 5,045 (11.9) 236 (8) 2,188 (10.4) 1,739 (14.4) 882 (14.1)
N3 5,744 (13.5) 282 (9.5) 2,251 (10.7) 2,031 (16.8) 1,180 (18.8)
NX 2,249 (5.3) 125 (4.2) 1,108 (5.2) 665 (5.5) 351 (5.6)
Missing 112 (0.3) 6(0.2) 58 (0.3) 33 (0.3) 15 (0.2)
Clinical M category < .001
MO 2,048 (4.8) 291 (9.8) 1,196 (5.7) 373 (3.1) 188 (3)
M1 40,153 (94.6) 2,648 (89.4) 19,776 (93.6) 11,681 (96.4) 6,048 (96.5)
Missing 266 (0.6) 23 (0.8) 146 (0.7) 63 (0.5) 34 (0.5)
Inflammatory breast cancer (cT4D) < .001
No 39,077 (92) 2,962 (100) 19,884 (94.2) 10,890 (89.9) 5,341 (85.2)
Yes 3,390 (8) 0(0) 1,234 (5.8) 1,227 (10.1) 929 (14.8)
Pathologic T category < .001
TO/IS 954 (2.2) 92 3.1) 481 (2.3) 233 (1.9) 148 (2.4)
T1 3,244 (7.6) 517 (17.5) 1,838 (8.7) 619 (5.1) 270 (4.3)
T2 4,892 (11.5) 563 (19) 2,803 (13.3) 1,016 (8.4) 510 (8.1)
T3 2,242 (5.3) 159 (5.4) 1,285 (6.1) 499 (4.1) 299 (4.8)
T4 2,808 (6.6) 51 (1.7) 1,052 (5) 1,027 (8.5) 678 (10.8)
X 12,375 (29.1) 681 (23) 5,982 (28.3) 3,821 (31.5) 1,891 (30.2)
Missing 15,952 (37.6) 899 (30.4) 7,677 (36.4) 4,902 (40.5) 2,474 (39.5)
Pathologic N category < .001
NO 3,439 (8.1) 480 (16.2) 1,707 (8.1) 751 (6.2) 501 (8)
N1 4,563 (10.7) 419 (14.1) 2,457 (11.6) 1,066 (8.8) 621 (9.9)

(continued on following page)
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TABLE 3. Disease Characteristics by Bootstrap Stage IVA-D (continued)

Disease Characteristic All Patients (N = 42,467) Stage IVA (n = 2,962) Stage IVB (n = 21,118) Stage IVC (n = 12,117) Stage IVD (n = 6,270) P
N2 2,921 (6.9) 247 (8.3) 1,626 (7.7) 725 (6) 323 (5.2)
N3 2,455 (5.8) 199 (6.7) 1,384 (6.6) 578 (4.8) 294 (4.7)
NX 12,978 (30.6) 711 (24) 6,209 (29.4) 4,032 (33.3) 2,026 (32.3)
Missing 16,111 (37.9) 906 (30.6) 7,735 (36.6) 4,965 (41) 2,505 (40)
Pathologic M category .04
MO 256 (0.6) 35 (1.2) 129 (0.6) 63 (0.5) 29 (0.5)
M1 13,690 (32.2) 1,182 (39.9) 7,293 (34.5) 3,431 (28.3) 1,784 (28.5)
Missing 28,521 (67.2) 1,745 (58.9) 13,696 (64.9) 8,623 (71.2) 4,457 (71.1)
ER status ?
ER+ 31,613 (74.4) 2,962 (100) 18,422 (87.2) 9,298 (76.7) 931 (14.8)
ER- 10,854 (25.6) 0(0) 2,696 (12.8) 2,819 (23.3) 5,339 (85.2)
PR status a
PR+ 26,152 (61.6) 2,962 (100) 15,970 (75.6) 6,912 (57) 308 (4.9)
PR- 16,315 (38.4) 0 (0) 5,148 (24.4) 5,205 (43) 5,962 (95.1)
HER2 status @
HER2+ 11,007 (25.9) 2,216 (74.8) 5,784 (27.4) 2,528 (20.9) 479 (7.6)
HER2- 31,460 (74.1) 746 (25.2) 15,334 (72.6) 9,589 (79.1) 5,791 (92.4)
Tumor subtype < .001
HER2+ 11,007 (25.9) 2,216 (74.8) 5,784 (27.4) 2,528 (20.9) 479 (7.6)
HR+/HER2- 25,162 (59.3) 746 (25.2) 15,334 (72.6) 7,878 (65) 1,204 (19.2)
TNBC 6,298 (14.8) 0(0) 0 (0) 1,711 (14.1) 4,587 (73.2)
Grade ?
1 3,326 (7.8) 241 (8.1) 2,488 (11.8) 512 (4.2) 85 (1.4)
2 18,213 (42.9) 1,583 (53.4) 11,813 (55.9) 3,899 (32.2) 918 (14.6)
3 20,928 (49.3) 1,138 (38.4) 6,817 (32.3) 7,706 (63.6) 5,267 (84)
Metastatic site
Lung < .001
No 29,896 (70.4) 2,673 (90.2) 17,533 (83) 7,011 (57.9) 2,679 (42.7)
Yes 12,571 (29.6) 289 (9.8) 3,585 (17) 5,106 (42.1) 3,591 (57.3)
Liver < .001
No 32,326 (76.1) 2,623 (88.6) 18,287 (86.6) 7,840 (64.7) 3,576 (57)
Yes 10,141 (23.9) 339 (11.4) 2,831 (13.4) 4,277 (35.3) 2,694 (43)
Brain < .001
No 39,537 (93.1) 2,880 (97.2) 20,852 (98.7) 10,645 (87.9) 5,160 (82.3)
Yes 2,930 (6.9) 82 (2.8) 266 (1.3) 1,472 (12.1) 1,110 (17.7)

(continued on following page)
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Disease Characteristic All Patients (N = 42,467) Stage IVA (n = 2,962) Stage IVB (n = 21,118) Stage IVC (n = 12,117) Stage IVD (n = 6,270) P
Bone < .001
No 15,008 (35.3) 1,735 (58.6) 7,226 (34.2) 2,973 (24.5) 3,074 (49)
Yes 27,459 (64.7) 1,227 (41.4) 13,892 (65.8) 9,144 (75.5) 3,196 (51)
Other < .001
No 36,855 (86.8) 1,937 (65.4) 18,564 (87.9) 10,640 (87.8) 5,714 (91.1)
Yes 5,612 (13.2) 1,025 (34.6) 2,554 (12.1) 1,477 (12.2) 556 (8.9)
Metastatic sites ?
1 29,994 (70.6) 2,962 (100) 19,108 (90.5) 4,969 (41) 2,955 (47.1)
2 9,132 (21.5) 0 (0) 2,010 (9.5) 5,177 (42.7) 1,945 (31)
3 2,909 (6.9) 0 (0) 0 (0) 1,731 (14.3) 1,178 (18.8)
4 432 (1) 0 (0) 0 (0) 240 (2) 192 (3.1)
Lung-only metastasis < .001
No 38,055 (89.6) 2,673 (90.2) 18,740 (88.7) 11,593 (95.7) 5,049 (80.5)
Yes 4,412 (10.4) 289 (9.8) 2,378 (11.3) 524 (4.3) 1,221 (19.5)
Liver-only metastasis < .001
No 39,391 (92.8) 2,623 (88.6) 19,185 (90.8) 11,835 (97.7) 5,748 (91.7)
Yes 3,076 (7.2) 339 (11.4) 1,933 (9.2) 282 (2.3) 522 (8.3)
Brain-only metastasis @
No 41,957 (98.8) 2,880 (97.2) 20,918 (99.1) 12,061 (99.5) 6,098 (97.3)
Yes 510 (1.2) 82 (2.8) 200 (0.9) 56 (0.5) 172 (2.7)
Bone-only metastasis ?
No 26,083 (61.4) 1,735 (58.6) 9,075 (43) 9,487 (78.3) 5,786 (92.3)
Yes 16,384 (38.6) 1,227 (41.4) 12,043 (57) 2,630 (21.7) 484 (7.7)
Visceral metastasis® @
No 23,217 (54.7) 2,334 (78.8) 14,829 (70.2) 4,682 (38.6) 1,372 (21.9)
Yes 19,250 (45.3) 628 (21.2) 6,289 (29.8) 7,435 (61.4) 4,898 (78.1)

NOTE. Percentages may not add up to 100 due to rounding. Data are presented as No. (%) unless otherwise specified. Analyses on the basis of patients with de novo metastatic breast cancer, diagnosed

2010-2016, in the National Cancer Database.

Abbreviations: ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IBC, inflammatory breast cancer; IS, in situ; N, node; M, metastasis; PR, progesterone

receptor; T, tumor; TNBC, triple negative breast cancer.

#Variable included in staging algorithm.

®Visceral metastasis includes liver and lung metastatic sites.
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FIG 2. Unadjusted overall survival stratified by assigned stage IVA-D (assignments on the basis of recursive partitioning and bootstrapped
analyses) for separate validation cohorts from (A) SEER (patients diagnosed with de novo metastatic breast cancer 2010-2018) and (B) the
National Cancer Database (patients diagnosed with metastatic breast cancer 2017-2018).

circulating tumor cells, may also be associated with out-
comes,”*?! sufficient data sets are not available to confirm or
refute their reliability for use in our staging guidelines. De-
mographic factors could also be considered as prognostic
variables, such as age with differentiated thyroid cancer®
However, staging guidelines for patients with non-MBC are
limited to only tumor/disease-related factors, and thus, we
opted to focus on similar variables for our modeling. Although
the treatments received may also impact outcomes, the
staging guidelines for breast cancer focus on baseline dis-
ease and patient characteristics.?>?3 It is also important to
note that systemic therapy recommendations changed
during our study period, and this may have resulted in im-
proved outcomes for select subgroups, which will require
future follow-up. Regardless, our proposed system is meant
to serve as a starting point upon which future versions with
additional variables will continue to refine the prognostic
estimates associated with each category.

Others have also proposed nomograms, online tools, and
staging models for patients with dnMBC, which could also be
used for providing prognostic estimates for patients if more
broadly validated.>?*2® On comparison, staging models,
such as the one proposed here, categorize patients with
similar outcomes, which imply that any patient in any given
group will likely have a survival expectation similar to others
in that group, thus facilitating communication between
providers and patients. One recent study by two of our
coauthors used a similar methodology and categorized
patients into three distinct subgroups.?® In contrast, our team
used a more contemporary data set and elected to divide
patients into four groups, thus providing more granular
prognostic information. Our model also included more
clinically relevant variables (such as histology, brain-only
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metastases, and visceral metastases). Further refinements
will likely be necessary as our understanding of MBC evolves
and treatments continue to improve.

Importantly, staging for dnMBC relays information different
from that provided for those with nonmetastatic cancer.
Staging in those with nonmetastatic cancer estimates the
chance of long-term survival or cure from cancer. Unfor-
tunately, because the large majority of those with MBC will
ultimately succumb to their cancer,? the value of stratifying
patients with dnMBC is to provide information on the po-
tential duration of survival. This does not diminish the value
of developing these stage groupings, as this information
may be of great value to patients, providers, and caregivers.
While we recognize that our staging system is complex, we
believe that it can be relatively easily implemented with the
use of electronic clinical support tools, such as those
currently used for staging patients with non-MBC.

There were several limitations to our study. While the NCDB
is the largest national tumor registry in the country, it is not
population-based and has a slightly smaller proportion of
patients with dnMBC compared with SEER. This may be
attributed to the fact that hospitals participating in the
NCDB are Commission on Cancer—accredited facilities,
and patients with advanced disease may not seek out these
types of hospitals. Data from the NCDB are also observa-
tional and prone to errors in data entry. Furthermore, when
using these types of retrospective data for unintended
purposes, any analyses performed are subject to indeter-
minate and uncertain selection bias. Notably, >26,000
patients with dnMBC were excluded for missing staging
variables (76% due to missing clinical T category and/or
tumor grade), which may have influenced our findings.?®
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We were able to validate these findings using SEER data, a
population-based registry of a representative population in
the United States, although there is significant overlap with
those patients captured in the NCDB. While our contem-
porary NCDB cohort was a completely separate data set
from the original cohort used to build the model, it had a
much shorter median follow-up, which may reduce its
ability to independently validate our findings. All cancer
registries have a limited set of variables available, thus
restricting which variables could be included in our mod-
eling. Furthermore, there is known heterogeneity in the
analyses performed to assess certain disease character-
istics, such as HER2 status.?” In addition, treatment vari-
ables may not be reliably recorded, and systemic therapy in
particular may have changed considerably over the study
periods, which may have impacted our findings. This may
contribute to observed discrepancies between outcomes
from tumor registry and clinical trial data.?>?® It is also
important to recognize that our staging guidelines assume
that most patients with dnMBC will receive appropriate
treatment, similar to the staging guidelines for non-MBC.8
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Regardless, our findings are consistent with those observed
in clinical practice, and we were able to validate our pro-
posed staging guidelines using multiple methods.

In conclusion, we recommend that the AJCC expands
the prognostic stage groups for patients with dnMBC to
include four subgroups termed stages IVA, IVB, IVC, and
IVD on the basis of 3-year OS rates (>70%, 50%-70%,
25% to <50%, and <25%, respectively). This proposed
system acknowledges and more accurately communi-
cates the heterogeneous outcomes observed for those
with dnMBC and will provide patients, caregivers, and
providers useful information in treatment planning, patient
understanding of their options, and focused discussions
of patient values and end-of-life goals. We subsequently
plan to further validate our staging system in collaboration
with international tumor registries and organizations. Al-
though further evaluation and refinement will undoubtedly
be necessary, this proposal could serve as an excellent
foundation for future work and potentially serve as an
example for other disease sites.
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