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Abstract

Purpose—This study evaluated whether patients with de novo metastatic breast cancer (MBC)
have superior outcomes compared to those with recurrent MBC in a contemporary treatment era
and examined factors related to outcome differentials.

Methods—Using an institutional database, we examined patient and tumor characteristics,
treatment response, and outcome among 232 patients with de novo and 612 patients with recurrent
MBC diagnosed between 2011 and 2017.

Results—De novo MBC had 9-month (m) longer overall survival (OS) than recurrent MBC
(36.4 vs 27.4 m, p< 0.001). Contributions to this difference included nearly twofold more
HER2-positive (29.3% vs 15.2%) and significantly fewer triple-negative breast cancers (20.3%
vs 32.4%, both p< 0.001) in de novo compared with recurrent MBC cohorts. Stratified by
clinical subtype, progression-free survival (PFS) on first-line therapy was significantly longer in
de novo MBC in all but the triple-negative subtype, 25.5 vs 11.6 m (p < 0.001) among 390
patients with hormone receptor-positive, HER2-negative, 11.4 vs 5.4 m (p = 0.002) among 142
patients with HER2-positive, and 4.0 vs 3.0 m (p = 0.121) among 162 with triple-negative MBC.
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In multivariable analysis, de novo status remained independently associated with improved OS
(hazard ratio 0.63, 95% CI 0.49-0.80), regardless of subtype and other features.

Conclusion—~Patients with de novo MBC have better outcomes than those with recurrent MBC.
Differences in clinical subtype and response to therapy in the metastatic setting contribute to, but
do not fully explain, this difference. Longer PFS to first-line therapy in de novo MBC suggests
biologic differences compared to recurrent MBC, which may be intrinsic or due to acquired
resistance from treatment for prior localized breast cancer in recurrent disease.

Keywords
Breast cancer; De novo metastatic disease; Clinical subtypes; Breast cancer outcomes

Introduction

Metastatic breast cancer (MBC) is a leading cause of cancer-associated death among
women. Metastases are most commonly identified months to years after initial breast cancer
diagnosis, termed “recurrent” MBC (rMBC); however, some patients are found to have
metastases before or shortly after their primary breast tumor is identified, termed “de novo”
MBC (dnMBC). De novo MBC affects 6-10% of patients presenting with a new breast
cancer diagnosis, a figure that has remained stable for decades [1-3]. Of patients with
MBC, the relative proportion of patients with dnMBC has increased over time, as treatment
advances for initially localized breast cancer have resulted in fewer patients experiencing
recurrence [4].

Differences in clinical outcomes, including median overall survival (mOS), have been
described between patients with dnMBC compared to rMBC and observed in subset
analyses of clinical trials [4-9]. A recent recursive partitioning analysis of 16,187 patients
with de novo MBC diagnosed between 2010 and 2013 in the National Breast Cancer
Database (NCDB) found that key contributors to outcome within dnMBC included > 1
metastatic sites, clinical subtype, and other clinicopathologic features, supporting the need to
address these features in any analysis of contributors to improved outcomes in dnMBC [10].

Potential contributors to differences in outcomes of dnMBC and rMBC may include
heterogeneity in these clinicopathologic features as well as treatment type and response

to therapy. Treatment type and response are particularly important given that drug sensitivity
or resistance (either intrinsic or acquired), which is generally not available in non-trial
databases, is crucial to outcome and is the reason that PFS is an intermediate endpoint

for OS in drug trials. Using the UNC Metastatic Breast Cancer Database (MBCD), which
includes the relevant clinicopathologic features as well as treatment details, response to
therapy, and outcome, we were able to more deeply examine all of these variables and
identify factors contributing to clinical outcome differences in the metastatic setting.
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Patient population

All clinical and pathological data were obtained from the University of North Carolina
(UNC) Metastatic Breast Cancer Database, which is a prospective observational registry for
which data entry began in June 2011. All patients with MBC seen at UNC are enrolled

into this database and followed for treatment and clinical outcomes. For patients who
received treatment for metastatic disease prior to evaluation at UNC, data on prior therapy
are collected retrospectively with subsequent clinical course followed prospectively. Patients
were treated according to physician’s choice and were monitored according to UNC Breast
Center procedures, which includes regular restaging scans to assess for disease progression.
In this cohort, patients diagnosed with MBC prior to January 2011 were excluded to
minimize bias toward non-representative longer survival created by patients who had already
lived with MBC for more than 1 year prior to the start of database enrollment. Patients
diagnosed with metastatic disease after December 2017 were excluded to reduce a bias
toward shorter survival as only patients with the worst outcomes had survival events prior to
the cut-off for data analysis on January 10, 2020.

Clinical subtype was determined from pathology reports from the primary breast tumor,
classified as hormone receptor-positive or negative (HR +, HR-) and human epidermal
growth factor receptor 2-positive or negative (HER2 +, HER2-) according to ASCO/CAP
guidelines in place at the time of diagnosis [11-13]. Patients with estrogen receptor and/or
progesterone receptor positivity were classified as hormone receptor-positive. Pathologic
stage was used when available, otherwise clinical stage was used. At the time of analysis,
there were 1921 patients in the database; 1203 diagnosed with metastatic disease within
the specified time interval. Additional exclusion criteria are shown in Fig. 1. Patients were
excluded if they had more than one primary breast cancer due to inability to distinguish
which primary tumor resulted in metastatic disease, making the designation as dnMBC

vs rMBC unclear and the subtype of the primary tumor uncertain. Patients who did not
receive treatment in the metastatic setting were excluded. Patients with rMBC who did

not receive systemic treatment for localized disease (neoadjuvant or adjuvant) prior to
metastatic diagnosis were also excluded given the objective of comparing treated, recurrent
metastatic disease to untreated de novo metastatic disease (hot germane for dnMBC since
those patients have no time in which the disease is localized and treated with curative intent).

De novo MBC was defined by the detection of metastatic disease (classified as stage IV
according to the American Joint Committee on Cancer (AJCC) TNM staging criteria) within
three months of initial breast cancer diagnosis. Recurrent MBC was defined as any patient
with an initial stage I-111 breast cancer prior to metastatic relapse at least three months

after diagnosis, a cut-off selected to allow for comparison to prior studies. Patients were not
required to have biopsy-proven distant metastatic disease if imaging features and clinical
history were highly consistent with this diagnosis.
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Data analysis and interpretation

Patient and tumor characteristics were compared between dnMBC and rMBC cohorts using
chi-square testing, with a two-sided p-value of < 0.05 used to define statistical significance.
These included age at initial breast cancer and MBC diagnosis, race, clinical subtype, T
stage, nodal status, grade, number, and type (visceral, non-visceral, bone) of metastatic
sites at diagnosis as well as year of metastatic diagnosis. Number of metastatic sites was
defined as the number of organ systems involved, with each visceral site counted separately
and bone, skin, soft tissue, and distant lymph nodes each representing additional possible
sites. Type of metastatic disease was classified as visceral if any visceral site was involved,
bone if the patient had bone disease without visceral disease, with, or without non-visceral
disease, and non-visceral only if the patient had neither visceral nor bone involvement but
had metastatic disease limited to skin, soft tissue, or a distant lymph node. According to
AJCC TNM staging, nodal status at diagnosis is limited to regional lymph nodes (axillary,
internal mammary, and/or ipsilateral supraclavicular lymph nodes). Distant lymph nodes are
categorized as metastatic (M1) disease. Treatment was assessed by line of therapy after
metastatic diagnosis, for example, first-line therapy is the first systemic treatment given for
metastatic disease.

Using Cox proportional hazards modeling, univariable and multivariable analyses were
performed, and hazard ratios for death were calculated, as were 95% confidence intervals.
Univariable analysis included all patients with known values and independently assessed the
effect of de novo versus recurrent MBC, age at initial diagnosis, race, primary tumor clinical
subtype, tumor size, nodal status, tumor grade, number of metastatic sites, type of metastatic
disease, and year of metastatic diagnosis on survival from time of metastatic diagnosis.

To account for improved treatment options over time, the year of metastatic diagnosis was
divided into two roughly equal groups, 2011-2014 and 2015-2017. Multivariable analysis
was performed including the same features, excluding patients with unknown race, T

stage, nodal status, and/or grade. Kaplan—Meier curves were generated to assess median
progression-free survival (mPFS) on first-line treatment in the metastatic setting and median
overall survival (mOS) from date of metastatic diagnosis to death. Patients who pursued
care outside of UNC were followed electronically as able, through uploaded provider notes
and records from health systems with shared electronic medical records. Patients without
survival events were censored at the time of last contact with any UNC clinic or hospital
encounter. 1-year, 2-year, and 5-year OS estimates were obtained. In order to assess the
impact of duration of first-line PFS on OS in the multivariable model, a landmark analysis
was performed in which the landmark time point was set as the end of first-line treatment
which became the new start time for measuring time to death. All analyses were performed
using RStudio version 3.6.3.

In order to address the potential for lead-time bias, an exploratory analysis limited to
patients with dnMBC whose primary tumor size and nodal status would not have prompted
routine scans based on current guidelines, and who thus likely presented with symptoms,
was performed as a comparison to rMBC which is most commonly detected due to
symptoms [14].
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The CONSORT diagram illustrates the determination of the included cohort (Fig. 1). Of
844 patients, 232 had dnMBC (median follow-up 42 months (m)) and 612 had rMBC
(median follow-up 41.3 m). With event rates greater than 65% in both cohorts, the mOS
from metastatic diagnosis was 33% longer for dnMBC versus rMBC at 36.4 m (range 1.0 m
to 101.0 m) versus 27.4 m (range 0.82 m to 105.9 m) (p < 0.001), with differences apparent
within the first year after metastatic diagnosis and persistent thereafter (Fig. 2).

Patient and tumor characteristics

Table 1 illustrates baseline patient and tumor characteristics of the dnMBC and rMBC
cohorts. The most common clinical subtype was hormone receptor-positive/HER2-negative
(HR + /HER2-), followed by triple-negative (TNBC) and HER2-positive (HER2 +) breast
cancer. Nearly 84% of patients had biopsy-proven metastatic disease. On average, patients
with dnMBC were older at time of initial diagnosis, but there was no difference in age at
metastatic diagnosis. There was no difference in racial distribution, with 23% of patients
identifying as Black, nor time period of diagnosis, body mass index, visceral versus non-
visceral metastases, or number of metastatic sites. Approximately 12% of patients with
known germline mutational status had a pathogenic mutation in BRCAL or BRCA2, in
both the dMBC and rMBC cohorts. In patients with rMBC, the median interval from initial
non-metastatic breast cancer diagnosis to metastatic diagnosis was 36.4 m.

There were significant differences between dnMBC and rMBC in clinical subtype and in
primary tumor and nodal burden. A higher proportion of dnMBCs were HER2 + (dnMBC
29.3% vs rMBC 15.2%) and lower proportion were TNBC (dnMBC 20.3% vs rMBC
32.4%). Of patients with HER2 + MBC, which carries a relatively good prognosis, more
than 40% had dnMBC, while fewer than 20% of patients with the poorest prognosis triple-
negative MBC had dnMBC. De novo MBC was associated with significantly higher T stage
(more than twofold more T3/4 tumors) and axillary nodal involvement, but fewer grade 3
tumors.

Treatment and progression-free survival by clinical subtype

Four hundred and thirty-eight patients with HR + /HER2— MBC were included, 321 with
rMBC and 117 with dnMBC. Nearly all (93.8%) rMBC had received or were receiving
adjuvant endocrine therapy at the time of metastatic diagnosis (Supplementary Table 1),
with a median time to recurrence of 58.4 m (interquartile range, IQR, 29.8 m—95.0 m). Of
patients who recurred within 5 years of their initial diagnosis and were thus predicted to
be on endocrine therapy at the time of recurrence, the median time to recurrence was 30.4
m (n=165, IQR 18.1 m—-45.8 m). There was no difference between de novo and recurrent
MBC in use of endocrine therapy in the first line (dnMBC 67.6%, rMBC 70.5%), although
a higher proportion of patients with dnMBC who received first-line endocrine therapy also
received a cyclin-dependent kinase (CDK) 4/6 inhibitor (dnMBC 42.5% vs rMBC 27.3%,
p=0.017), which is current standard of care. mPFS on any first-line therapy was 13.9 m
longer for patients with dnMBC (dnMBC 25.5 m vs rMBC 11.6 m, p< 0.001) and was
19.5 m longer when considering only those treated with first-line endocrine therapy plus
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CDK 4/6 inhibitor (Supplementary Fig. 1). Fewer patients with dnMBC were enrolled in a
clinical trial as part of their first-line chemotherapy or medical therapy, compared to those
with rMBC (dnMBC 1.7% vs rMBC 7.8%, p= 0.019). Changes in treatment patterns during
this study period are reflected in Supplementary Table 2.

Among patients with HER2 + rMBC, 88% had received prior neoadjuvant and/or adjuvant
HER2-targeting agents (Supplementary Table 1) and the median time to recurrence was
41.6 m (IQR 26.0-78.8 m) for HR + /HER2 + MBC and 25.7 m (IQR 19.8-35.9 m) for
HR-/HER2 + MBC. 4.3% of patients recurred within one year and over half recurred
within 3 years of initial diagnosis. More patients with HER2 + dnMBC received a first-line
regimen that included pertuzumab (dnMBC 54.4% vs rMBC 37.6%, p=0.034). mPFS

on any first-line therapy was 6.0 m longer for patients with dnMBC (dMBC 11.4 m vs
rMBC 5.4 m, p=0.002) and was nearly ten months longer when considering only those
whose first-line regimen contained the current standard of care taxane, trastuzumab, and
pertuzumab (dnMBC 15.2 m vs rMBC 5.4 m, p=0.017, Supplementary Fig. 1). Only

one patient with dnMBC was treated on a clinical trial in the first-line metastatic treatment
setting compared to seven patients with rMBC (dnMBC 1.5% vs rMBC 7.5%, p = 0.081).

All patients with triple-negative rMBC had previously received neoadjuvant or adjuvant
chemotherapy (Supplementary Table 1). Median time to recurrence was 21.4 m (IQR
13.0-34.9 m), with 24.2% recurring within 1 year and 77.8% within the first 3 years. A
higher proportion of patients with dnMBC received multiagent chemotherapy in the first-line
setting (dnMBC 51.1% vs rMBC 27.5%, p = 0.002). Approximately 13% of patients in

each cohort received an immune checkpoint inhibitor within the first three lines of therapy.
No difference in mPFS on first-line chemotherapy was observed between dnMBC and
rMBC (dnMBC 4.0 m vs rMBC 3.0 m, p=0.121, Supplementary Fig. 1) regardless

of single or multiagent chemotherapy (data not shown). There was no difference in rate

of discontinuation due to toxicity among dnMBC and rMBC (data not shown). Similar
proportions of patients with dnMBC and rMBC were treated on clinical trials in the first-line
metastatic setting (dnMBC 19.1% vs rMBC 21.2%, p= 0.754).

Overall survival

Compared to rMBC, dnMBC was associated with superior survival from time of metastatic
diagnosis in both univariable and multivariable analyses (Table 2). In multivariable analysis,
dnMBC remained significantly and independently associated with OS (hazard ratio 0.63,
95% CI 0.49-0.80), with 37% of the difference in survival outcomes unaccounted for by
variables in the model. Age, race, triple-negative clinical subtype, T stage, grade, number
of metastatic sites, and year of metastatic diagnosis also remained independently associated
with OS. Each subtype demonstrated a trend toward superior survival among dnMBC (Fig.
3). When PFS on first-line therapy was added to the multivariable model in a landmark
analysis in which OS was measured as time from end of first-line treatment to death, PFS
to first-line therapy significantly correlated with subsequent survival (hazard ratio 0.97, 95%
Cl1 0.96-0.99, for each one month increase in first-line PFS). Differences in survival by

race were identified with a 12.4-m inferior mOS among Black patients compared to white

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



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

File et al.

Page 7

patients (18.9 m vs 31.3 m, p< 0.001) which persisted within each subtype and is being
further explored in a separate analysis.

Overall survival approximates disease-specific survival in this study population, with > 97%
of deaths confirmed to be secondary to breast cancer. The 1-year and 2-year OS were
superior among patients with dnMBC compared to rMBC, few patients in either cohort
survived 5 years (1-year OS: dnMBC 84.0% vs rMBC 75.0%, p = 0.004; 2-year OS:
dnMBC 66.1% vs rMBC 53.9%, p= 0.001; 5-year OS: dnMBC 28.9% vs 18.9%, p=
0.119). These differences between dnMBC and rMBC were seen to a variable degree in all
subtypes (Fig. 3).

In an exploratory analysis stratifying rMBC by disease-free interval (DFI), outcomes for
patients with dnMBC were similar to those seen in patients with rMBC who experienced

at least a 3-year DFI (Supplementary Fig. 2). Given that symptoms prompt the diagnosis of
MBC for most patients in the recurrent setting, a separate exploratory analysis inclusive only
of patients with dnMBC predicted to have presented with symptomatic disease (T0-2N0-1
and T3NO tumors) was performed and again demonstrated superior survival for patients with
dnMBC (dnMBC 37.7 m vs rMBC 27.9 m, p=0.017).

Discussion

This study found superior outcomes in dnMBC compared to rMBC diagnosed between 2011
and 2017 which was independent of clinicopathologic features. Superior survival from time
of metastatic diagnosis of patients with dnMBC has been noted in several older series,
although generally in eras not reflecting current treatment algorithms, rarely separated by
clinical subtype, and not previously examined in context of type and responsiveness to
therapy [4, 6-8]. Differences in mOS in the most recent comparable studies range from 8.3
to 12.0 months, consistent with our findings [6, 15].

We found several contributors to this difference in outcome between dnMBC and rMBC.
Nearly twice as many patients with dnMBC had HER2 + MBC and a significantly lower
proportion had TNBC than those with rMBC, a subtype differential that has also been
observed in the British Columbia registry and the POSH young patient cohort [6, 16] and
that has clear prognostic implications for the cohort as a whole. Although some of the
survival disparity was attributable to varying proportions of prognostically relevant subtypes,
37% of the difference in outcome between dnMBC and rMBC was unaccounted for by
clinicopathologic features.

Differences in treatment patterns and response revealed that PFS to first-line therapy was
significantly longer among dnMBC than rMBC, even when the analysis was limited to
patients who received National Cancer Center Network (NCCN) guideline-based optimal
first-line regimens [14]. For example, within HR + /HER2- MBC, more patients with
dnMBC received a CDK4/6 inhibitor concurrently with endocrine therapy in the first-line
setting; however, within this stratum there remained a nearly 20-month superior mPFS
for dnMBC. This suggests a biologic contribution to better outcomes in dnMBC. Al
patients with rMBC had received prior systemic therapy for localized breast cancer, with
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the potential for acquired drug resistance and variations in both tumor biologic features

and the tumor immune microenvironment. While still an emerging area of research, data in
TNBC suggest that immune activation affects response to multiple types of therapy and that
distinct immune profiles exist pre- and post-systemic therapy [9, 17-23].

Better understanding of de novo metastatic disease is increasingly important. With improved
treatments contributing to fewer recurrences in patients with localized breast cancer, the
proportion of MBC that is de novo has been rising and may someday constitute the majority
of MBC since they are unaffected by improvements in early breast cancer treatment and
have no opportunity for curative intent therapy at this time. Additionally, the incidence of
dnMBC has not improved since the introduction of screening mammography [2]. Increased
enrollment of patients with dnMBC in clinical trials is critical. It is also true that studying de
novo disease is important in understanding the biology underlying metastasis since in these
tumors, unlike in recurrent disease, the primary and the metastatic lesions are treatment
naive and contemporaneous.

Limitations of this study include those of any retrospective study. Data regarding duration

on adjuvant therapy and whether rMBC were diagnosed while a patient was on adjuvant
therapy was not captured. Similarly, whether patients with rMBC had systemic staging
studies at the time of their initial diagnosis is unknown, genomic information obtained from
somatic sequencing is not linked to this database. Clinical subtype of metastatic biopsies
was not taken into account for this study as they were available only for approximately

half of the patients and rates of discordance relative to primary breast tumors have been

well reported in the literature. From a clinical perspective, the ability to diagnosis de novo
versus recurrent MBC is likely to improve over time with the development of novel tools

to detect microscopic metastatic disease through blood-based assays and/or increasingly
sensitive imaging technologies. Currently, it is believed that most cases of rMBC occur in
the setting of residual micrometastatic disease after initial treatment; however, identification
of cases of local-regional recurrence with subsequent metastases is important as it represents
another possible opportunity for curative intervention. Analysis of datasets that capture rates
of local-regional recurrence prior to metastatic diagnosis would be helpful for making this
distinction and continued development of tools to determine which patients are at the highest
risk of distant recurrence remains critical.

In conclusion, while differences in clinical subtype distribution, grade, and first-line
treatment type contribute to the superior mOS observed in patients with dnMBC compared
to rMBC, they do not fully explain it. A striking feature we found is the difference in
treatment responsiveness, which may relate to acquired resistance to therapy in recurrent
disease or other unmeasured biologic variables. As novel therapies continue to improve
outcomes in early breast cancer, IMBC is expected to become increasingly challenging to
treat, with only the most treatment-refractory tumors recurring. This may lead to further
disparities in outcomes between rMBC and dnMBC, which should be considered when
designing clinical trials and selecting therapies for patients in each clinical situation.
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