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Abstract

Purpose Distant relapse metastatic breast cancer (rtMBC) incidence and survival are vital measures of breast cancer diag-
nosis and treatment progress over time.

Methods We conducted a retrospective cohort study of stage I-III invasive breast cancer, 1990-2011, follow-up through
2016 [N=8292, MBC =964 (12%)] at a community-based institution. Patient and tumor characteristics (treatment, distant
recurrence, vital status) from BC registry data were evaluated. Survival analysis and Cox proportional hazards (HzR) with
95% confidence intervals (95% CI) were calculated using distant recurrence and distant disease-specific survival (DDSS)
endpoints.

Results Both 5- and 10-year distant relapse (rtMBC) declined over time from 1990-1998 to 2005-2011 [11% to 5%, 16% to
8% (p <0.001)]. Proportionately, HER2 + BC distant relapse decreased 9% and triple negative (HR—/HER2—-) increased 8%
(»p=0.011). In the Cox model, lower stage [stage I: HZR =0.08 (0.07, 0.10), stage II: 0.29 (0.25, 0.33)], more recent diagnosis
years [1999-2004: HzZR =0.60 (0.51, 0.70), 2005-2011: HzZR =0.44 (0.38, 0.52)], HR+ [HzR =0.62 (0.53, 0.72)], and age
40+ [HzR =0.81 (0.67, 0.98)] had decreased rMBC risk. Compared to HR+/HER2— BC, triple-negative BC had increased
rMBC risk [HzZR =2.02 (1.61, 2.53)] but HER2+ subtypes did not. HR—, age 70+, > 1, or visceral metastases and stage III
disease were associated with worse DDSS. DDSS did not improve over time.

Conclusion rMBC incidence declined over time with decreased HER2-positive distant recurrence, a shift to more triple-
negative BC and consistently poor distant disease survival.
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Introduction

An estimated 252,710 new cases of invasive breast cancer
will be diagnosed in 2017 with 40,610 breast cancer-related
deaths in the same year [1]. Cancer of the breast is the most
common type among women and the number two cause of
death from cancer among women [2]. Mariotto et al esti-
mate there are 154,794 women living with metastatic breast
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cancer (MBC) in the US in 2017, 25% with de novo MBC
and 75% of with recurrent MBC [3].

In our comparison of de novo (dnMBC) and recur-
rent distant metastatic breast cancer (rMBC), incidence
of rMBC declined over time while dnMBC incidence
remained constant [4]. The rtMBC/dnMBC ratio changed
from 5.5:1 rtMBC/dnMBC (85% rMBC) in 1990-1998 to
2:1 in 2005-2010 (67% rMBC). Observational studies have
found equivocal results for survival post metastatic breast
cancer diagnosis ranging from suggested improvement to no
improvement [5—7]. As metastatic breast cancer is incurable
and rMBC composes the largest portion of metastatic breast
cancer cases, rMBC incidence, type and survival describe
the majority of women affected.

Our objective is to identify how distant recurrence
(rMBC) has changed over time by patient and tumor char-
acteristics such as initial diagnosis stage, molecular subtype,
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and diagnosis year, and how distant disease survival has
changed over time. An accurate description of today’s recur-
rent MBC cases and associated survival trends are necessary
to evaluate and inform current BC diagnosis and treatment,
shape expectations of the future MBC patient population,
direct treatment research in the changing MBC landscape,
and devise treatment strategies for the new profile of distant
recurrence.

Methods
Study design

We conducted a retrospective cohort analysis of all first
primary AJCC 7 stage I-III invasive BC cases 1990-2011
with follow-up through 2016 for distant recurrent disease
(rMBC) [N=8292, rMBC cases =964] [8]. Patients met
National Comprehensive Cancer Network (NCCN) crite-
ria and received treatment for their primary breast cancer
[9]. Relapsed MBC (rMBC) was identified after subsequent
distant metastatic recurrence post-diagnosis and treatment
for primary stage I-III BC. Cases with less than 2 years of
follow-up or lost to follow-up (n =25), with non-pathologic
histology (n = 12), patients not treated for initial breast can-
cer due to patient choice or precluding factors (n=131),
and cases with unknown cancer status at follow-up (n=144)
were excluded from the analysis (Fig. 1).

Our institutional breast cancer registry, created in 1990,
contains detailed information on diagnosis, pathology, stag-
ing, surgery, chemotherapy, radiation therapy, tumor mark-
ers, and vital status at follow-up including cause-specific
death. Incident BC cases are entered at time of diagno-
sis into the HIPAA compliant and IRB-approved breast

Stage I-1ll Breast Cancer Cases
N=8604

Lost to follow-up, non-pathologic
histology, not treated, or unknown
cancer status at follow-up
N=312

Analytic Cohort
N=8292

rMBC Cases
N=964

Non-rMBC Cases
N=7328

Fig.1 CONSORT diagram
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cancer registry. This project was HIPAA compliant and
IRB approved by our institution. Patient vital and disease
status including date, site and type of recurrence, and date
and cause of death is collected prospectively through annual
updates by a certified cancer registrar complete through
2016 for this cohort. Follow-up is obtained from (1) elec-
tronic chart review, (2) IRB-approved physician directed
follow-up letter, (3) institutional cancer registry, and (4)
SEER Seattle-Puget Sound Registry [10].

Distant disease recurrence site was restricted to the site(s)
at first presentation of distant disease and excluded sites of
subsequent disease progression. Dominant distant recur-
rence sites were (1) soft tissue if distant lymph nodes or
skin metastases but not bone or visceral, (2) bone if bone
metastases with or without soft tissue but not visceral, and
(3) visceral if metastases to organs with or without bone or
soft tissue involvement. Either estrogen and/or progester-
one receptor positive equaled HR positive and HR negative
if negative for both. Breast cancer detection methods from
chart notes were (1) patient detection: lump or abnormality
discovered by the patient (symptomatic); (2) clinical detec-
tion: lump or abnormality discovered during routine physical
examination (symptomatic); or (3) mammography detected:
lump or breast abnormality from a non-diagnostic mammo-
gram. Self-reported race was coded white/non-white.

Cases were designated rMBC if distant recurrence
occurred 3 months or more post initial diagnosis. The time
periods (cohorts), 1990-1998, 1999-2004, 2005-2011, were
selected by identification of coincident timing of changes in
systemic therapy for invasive and metastatic breast cancer
including hormone therapy, trastuzumab, taxanes, and neo-
adjuvant therapy [11].

Time period is used in the models as proxy for treatment
change over time based on our NCCN compliant institutions’
use of standard care protocols at time of diagnosis synchro-
nous with guideline changes (Table 1). We evaluated the pro-
portional hazards assumption by plotting In{—In(survival)}
curves for the ordinal covariate of diagnosis year versus In
(at risk time) and on the basis of Schoenfeld residuals after
fitting individual Cox models. We found no evidence sug-
gesting violation of the proportionality assumption graphi-
cally or in tests for interaction with the logarithm of survival
time.

Pearson Chi-square (y°) testing and mean comparisons
(F statistic) were used for initial bivariate and continuous
variable comparisons. Distant disease-free interval (DDFI)
was time from primary BC diagnosis to distant recurrence
(rMBC) and was used for calculating distant relapse-free
survival (DRFS). Distant disease-specific survival was from
time of distant recurrence (rMBC) to BC-specific death
(DDSS). As hormone receptor-positive and negative median
time to distant relapse differs, both 5- and 10-year DRFS
rates were calculated to accurately capture the differential
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Table 1 Change in systemic 1990-1998 1999-2004 2005-2011 p value
therapy 1990-2011: stage I-11I
(n=8292) N (%) N (%) N (%)
Adjuvant chemotherapy (n=4426) 1230 (52%) 1271 (53%) 1925 (55%)  0.134
Taxane therapy (n=2130) 171 (14%) 622 (49%) 1337 (70%) <0.001
Neoadjuvant therapy: chemotherapy patients (n=618) 150 (12%) 157 (12%) 311 (16%)  0.001
Hormone therapy: HR+ positive patients (n=5602) 1317 (70%) 1677 (83%) 2608 (87%) <0.001

Trastuzumab therapy: HER?2 positive patients (n=515) —

86 (29%) 429 (90%) <0.001

timing of relapse [12]. Kaplan—Meier estimation was used
for 5- and 10-year distant recurrence rates and distant
relapse-free survival (log-rank tests). Cumulative rMBC
incidence was calculated using one-minus the survival prob-
ability from the Kaplan—Meier estimates. Cox proportional
hazards models were used to estimate adjusted hazard ratios
(HzR) with corresponding 95% confidence intervals (CI)
for outcomes distant relapse and distant disease death. All
p values were two-sided using a 0.05 level of significance.
Analyses were conducted using SPSS v.24 [13].

Results

Out of 8292 invasive breast cancer cases stage I-III at ini-
tial diagnosis from 1990 to 2011, 964 cases (11.6%) had
distant metastatic recurrence (rMBC). rtMBC cases were
younger and more often stage II or III than the non-distant
recurrence cases (p <0.001) (Table 2). The largest number
of tMBC cases occurred in the cohort diagnosed between
1990 and 1998 with fewer distant recurrences in the two
subsequent time periods [1990-1998 19%, 1999-2004
11%, 2005-2011 7%, p <0.001]. At initial diagnosis, 74%
of rMBC cases were symptomatically detected (p <0.001).
rMBC cases were more often high histologic and/or nuclear
grade (p <0.001). Average tumor size at initial diagnosis was
larger and mean number of positive lymph nodes was greater
for rMBC cases (p <0.001). The majority of rMBC cases
were hormone receptor positive (74%). Hormone receptor-
negative, HER2-positive (HR+/HER2+/HR—/HER2+), and
triple-negative (HR—/HER2—) BC cases were more likely to
have distant recurrence (Table 2).

Over time distant relapse decreased among stage 1/II
BC and shifted to stage III initial invasive BC (p =0.002)
(Table 3). More than seventy percent of rMBC cases were
hormone receptor positive, consistent over time. Distant
relapse among HER2-positive BC declined from 21% in
1999-2004 to 13% in 2005-2011 with a proportional shift
to more triple-negative (HR—/HER2—) cases (p =0.011). At
metastatic disease diagnosis, the proportion of simultaneous
local/regional/distant recurrence, two or more distant meta-
static sites, and visceral metastases increased significantly
over time (p <0.001).

Median time to distant relapse differed by hormone
receptor status [HR+ 4.74 years (range 0.39-24.48 years),
HR- 2.83 years (range 0.17-19.25 years) (p <0.001)].
Five and ten-year cumulative tMBC incidence (one-
minus-survival) declined over time [5-year 1990-1998
11%, 2005-2011 5%; 10-year 16% to 8% (p <0.001)].
Five- and 10-year DRFS improved over time with 5-year
improving from 89% 1990-1998 to 95% 20052011 and
10-year from 84% to 92% (p <0.001) (Fig. 2). Both hor-
mone receptor positive and negative 5-year rMBC cumu-
lative incidence declined from 1990-1998 to 1999-2004
with no change between 1999 and 2004/ 2005-2011 [HR+
8-4% (p<0.001), HR- 22-16% (p <0.001)] (Fig. 3). Cor-
responding DRFS improved from 1990-1998 to 1999-2004
for both HR-positive and HR-negative BC [HR+ (92-96%),
HR-— (78-84%)] with no difference between the latter 2 time
periods (Fig. 3). HER2+ 5-year rMBC cumulative incidence
declined (13-5%) and 5-year DRFS improved (87% to 95%)
from 1999-2004 to 2005-2011 (p=0.001). DRFS differ-
ences persisted at 10-years (Fig. 3).

In a cox proportional hazards model adjusted for race;
higher risk was associated with higher stage (II and III),
diagnosis in the first cohort (1990-1999), HR- status, symp-
tomatic detection, and age 20-39 (Table 4). Conversely
lower stage [stage I: HzZR =0.08 (0.07, 0.10), stage II: 0.29
(0.25, 0.33)], more recent diagnosis year [1999-2004:
HzR =0.60 (0.51, 0.70), 2005-2011: HzR =0.44 (0.38,
0.52)], HR+ [HzR =0.62 (0.53, 0.72)], and age 40 +
[HzR =0.81 (0.67, 0.98)] were associated with decreased
rMBC risk. In a subset analysis, high histologic grade had
increased hazard [HzZR =1.27, 95% CI 1.07, 1.50, p=0.007
(n=17674)]. After 1998, compared to HR+/HER2—, TNBC
had increased rMBC hazard [HzR =2.02, 95% CI 1.61, 2.53
(n=5387)] but HER2+ subtypes (HR+/—/HER2+) did not.

Survival

Five-year distant disease-specific survival declined over time
[23% (1990-1998), 21% (1999-2004), 13% (2005-2011)
(p=0.026)] (Fig. 4). In a Cox proportional hazards model
of DDSS adjusted for race, HR status, older age, number of
metastatic sites, type of metastatic site, DDFI, and stage at
diagnosis were all significant [HR- HzZR =1.61, 95% CI 1.35,

@ Springer



508

Breast Cancer Research and Treatment (2019) 174:505-514

Table 2 Stage I-III breast cancer w/out distant relapse versus stage I-III with subsequent distant relapse (n=8292)

Stage I-111 rMBC p value
(n=17328) (n=964)
N (%) N (%)
Stage
I 4036 (55%) 163 (17%) <0.001
I 2688 (37%) 447 (46%)
I 604 (8%) 354 (37%)
Age
20-39 497 (7%) 140 (15%) <0.001
40-49 1680 (23%) 250 (26%)
50-69 3660 (50%) 428 (44%)
70-79 1071 (15%) 118 (12%)
80+ 420 (6%) 28 (3%)
Mean age (range and significance of F statistic) 58 (21-94) 54 (23-93) <0.001
Race
White 6267 (86%) 842 (87%) 0.142
Non-white 1061 (14%) 122 (13%)
Diagnosis year primary breast cancer
1990-1998 1917 (26%) 455 (47%) <0.001
(row totals) 81%) (19%)
1999-2004 2128 (29%) 260 (27%)
(row totals) (89%) (11%)
2005-2011 3283 (45%) 249 (26%)
(row totals) 93%) (7%)
Initial breast tumor detection method
By patient or physician (symptomatic) 3322 (46%) 706 (74%) <0.001
By mammography 3906 (54%) 244 (26%)
Hormone receptor status at initial diagnosis (n=_8169)
HR+ 6182 (86%) 703 (74%) <0.001
HER?2 status at initial diagnosis (n=5475)*
HER2+ (HR— or HR+) 690 (14%) 80 (17%) 0.07
HR/HER? status at initial diagnosis (n=>5470)*
HR+/HER2— 3830 (77%) 287 (60%) <0.001
HR+/HER2+ 476 (10%) 53 (11%)
HR—-/HER2- 475 (10%) 108 (23%)
HR-/HER2+ 214 (4%) 27 (6%)
Histologic type primary breast tumor
Ductal 5924 (81%) 780 (81%) 0.005
Lobular 672 (9%) 113 (12%)
Lobular/ductal mixed 336 (5%) 37 (4%)
Other cancer 396 (5%) 34 (4%)
Nuclear grade initial primary breast tumor
Low/intermediate 4207 (60%) 357 (41%) <0.001
High 2802 (40%) 530 (59%)
Histologic grade initial primary breast tumor
Low/intermediate 2492 (36%) 196 (22%) <0.001
High 4465 (64%) 703 (78%)
Tumor size (mean, range, and significance of F statistic) 1.98 cm (0.1-21 cm) 3.67 cm (0.1-20 cm) <0.001
Number of positive lymph nodes (mean, range, and significance of  0.93 (0-44) 4.44 (0-36) <0.001

F statistic)

*Trastuzumab FDA approval 1998, consistent HER2 testing began in 1999
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Table 3 rMBC characteristic comparisons by diagnosis year (n=964)
1990-2011 1990-1998 1999-2004 2005-2011 p value
N (%) N (%) N (%) N (%)
Number of patients 964 (100%) 455 (47%) 260 (27%) 249 (26%)
Age at initial diagnosis (years) 54 (23-93) 54 55 54 0.217
Stage at initial diagnosis
I 163 (17%) 87 (19%) 47 (18%) 29 (12%) 0.002
11 447 (46%) 218 (48%) 126 (49%) 103 (41%)
m 354 (37%) 150 (33%) 87 (34%) 117 (47%)
Hormone receptor status
Positive 703 (74%) 335 (75%) 191 (74%) 177 (71%) 0.512
HER?2 status* (n=475)
Positive 80 (16%) 49 (21%) 31 (13%) 0.012
HR/HER2 status* (n=475)
HR+/HER2— 287 (60%) 138 (60%) 149 (61%) 0.011
HR+/HER2+ 53 (11%) 29 (13%) 24 (10%)
HR—/HER2- 108 (23%) 43 (19%) 65 (27%)
HR—/HER2+ 27 (6%) 20 (9%) 7 (3%)
First recurrence
Local/regional 78 (8%) 41 (9%) 17 (7%) 20 (8%) 0.002
Distant 790 (82%) 381 (84%) 221 (85%) 188 (76%)
Local/regional/distant 96 (10%) 33 (7%) 22 (9%) 41 (17%)
Number of metastases
1 573 (59%) 290 (64%) 159 (61%) 124 (50%) 0.001
2+ 391 (41%) 165 (36%) 101 (39%) 125 (50%)
Dominant site of distant metastases
Bone 328 (35%) 170 (39%) 100 (39%) 58 (24%) <0.001
Visceral 522 (56%) 218 (50%) 141 (55%) 163 (67%)
Soft tissue 87 (9%) 48 (11%) 15 (6%) 24 (10%)

Distant disease-free interval
(mean years)

5.03 (0.17-24.48)

5.64 (0.46-24.48)

5.16 (0.39-16.92) 3.80 (0.17-11.95) <0.001

*Trastuzumab FDA approval 1998, consistent HER?2 testing began in 1999

1.92, age 70+ HzR=1.94, 95% CI 1.59, 1.94; 2 4+ metas-
tases HzZR =1.64, 95% CI 1.39, 1.94; bone vs. soft tissue
HzR =1.74, 95% CI 1.30, 2.34; visceral vs. soft tissue
HzR =1.96, 95% CI 1.48, 2.61; DFI <2 years vs. >3.7-7
HzR=1.38, 95% CI 1.01, 1.72; DFI <2 years vs. 7+ years
HzR=1.91, 95% CI 1.53, 2.39; stage III vs. | HZR =1.54,
95% CI 1.24, 1.90]. Diagnosis year time period was not sig-
nificant in the model.

Discussion

We observed a sharp decline in rMBC incidence over time.
Highest risk of distant relapse was associated with earlier
time periods (1990-1998, 1999-2004), higher-stage disease
at initial diagnosis (Stage II and IIT), hormone receptor nega-
tive or triple negative, younger age (<40), high histologic
grade tumors, or symptomatic disease at time of diagnosis.

Disease characteristics at initial diagnosis (higher-stage,
negative hormone receptor status, age 70+) and severity
of distant relapse (shorter DDFI, multiple sites, visceral
distant disease) were significantly associated with worse
distant disease survival. With decreased incidence, rMBC
patient characteristics changed by tumor marker subtype
(more triple negative, fewer hormone or HER2 positive)
and rMBC disease profile (> 1 metastatic site, visceral dis-
ease, or combined local/regional/distant at relapse). Distant
disease-specific survival did not improve over time.

In a cohort study, Wu et al conducted a multivariate
analysis of any recurrence (local, regional, and distant)
and observed declining recurrence risk over time associ-
ated with cancer detection method, tumor size, number
of positive lymph nodes, and triple-negative tumor sta-
tus [14]. In another cohort study, Cossetti et al observed
declining all type recurrence over time, especially among
HER2-positive and ER-negative/HER2-negative BC [15].
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Fig. 2 Distant relapse-free

Distant Relapse Free Survival by Diagnosis Year (n=8292)

survival by initial BC diagnosis
2005-11 5 yr DRFS = 95%
ear (n=_8292 _ . -
year ( ) 1.0 1999-2004 5 yr DRFS = 93% 2005-11 10 yr DRFS = 92%
1999-2004 10 yr DRFS = 90%
— ) TR
© o 1990-98 5 yr DRFS = 89% - -
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=
L
=
w
0.6
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=
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S 0.4
E Mo. at risk
=
P 1990-98
2372 1997 1706
0.21999-2004
2388 2108 1773
2005-11
3532 3053 649
0.0 T T T
00 5.00 10.00 15.00

time to distant relapse (log rank test=95.29, p<.001)

Chen et al identified stage III, progesterone receptor
negative, and HER2 negative as factors related to distant
relapse at a median follow-up of 2.2 years and used their
findings to develop a distant recurrence risk score [16].
Using any recurrence, two studies found young age (< 40)
associated with higher hazard of recurrence [17, 18]. Other
studies found hazard of distant recurrence nearly doubled
for tumors found outside of screening (symptomatic dis-
ease) [19, 20].

Survival post distant recurrence is rarely examined as
few studies have prospective data on outcomes other than
singular mortality. In an extensive study of patients treated
in adjuvant chemotherapy trials and followed for outcomes
(ECOG) (1978-2002), no improvement in survival post
distant recurrence was observed over time [7]. Giordano,
using institutional cohort data (1974-2000), and Gennari,
using clinical trial data (1983-2001), both found sugges-
tive but non-significant survival improvement over time
post distant recurrence treatment [5, 6]. In our Cox pro-
portional hazards model, diagnosis year was not associ-
ated with post-rMBC diagnosis survival and no survival
improvement post-rMBC diagnosis was observed. The link
between triple-negative disease and visceral metastasis has
been well documented although we found both factors to
be independently related to shorter distant disease-specific
survival [21].

With the advent of dose-dense adjuvant chemotherapy
regimens, taxanes, and effective targeted therapy for both
hormone receptor-positive and HER2-positive disease
in the adjuvant/neoadjuvant setting, rMBC characteris-
tics have changed coincident with the observed incidence
decline [22, 23]. The observed reduction in both HER2 + and
HR +rMBC incidence over time indicates increased

@ Springer

success of initial targeted therapy with trastuzumab and
hormone therapy [24, 25]. Our observation of decreased
HER2 4+ rMBC incidence in the most recent time period
is consistent with reported results of improved long-term
outcomes after neoadjuvant/adjuvant treatment with HER2-
targeted therapy [26]. Improvements in early disease treat-
ment targeted at hormone receptor and HER2-positive dis-
ease have reduced overall distant relapse rates but resulted in
a new profile of rMBC disease that may be more aggressive
with a higher chemoresistant probability [27, 28].

The primary strength of our study is the level of patient
and treatment detail with long-term follow-up of all cases
for distant recurrence and vital status carried out by a dedi-
cated breast cancer registry staff. A breast cancer regis-
try cohort with continuous follow-up over a 26-year time
period provides the opportunity to evaluate changes in
incidence and outcomes over a period in which breast can-
cer treatment has become more effective and personalized.
The use of both 5- and 10-year rates of distant disease
incidence captures both early (hormone receptor negative)
and late (hormone receptor positive) distant disease recur-
rence, with our DRFS KM plots extending to 15 years of
follow-up. The use of hazard modeling allows for simul-
taneous evaluation of factors presumed to affect the out-
comes of interest, distant recurrence and survival time post
distant recurrence. Diagnosis year intervals, aligned with
timing of known significant treatment changes, were used
as factors for therapy advances in the statistical analysis.

Colleoni et al found a lower annualized hazard of recur-
rence among ER-positive versus ER-negative breast can-
cer in the first 5 years post-diagnosis which reversed at
10 years post-diagnosis [29]. With less follow-up, our last
cohort (2005-2011) findings may be skewed towards more
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Fig. 3 Distant relapse-free
survival over time by HR and
HER?2 status

triple-negative and less HR+ distant recurrence due to dif-
ferential time to distant relapse associated with hormone
receptor status. For this reason, we ran additional analysis

Cumulative Survival

Cumulative Survival

Cumulative Survival

Distant Relapse Free Survival HR+ BC by Diagnosis Year (n=6074)
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Distant Relapse Free Survival HR- BC by Diagnosis Year (n=981)
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Distant Relapse Free Survival HER2+ BC by Diagnosis Year (n = 770)
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Ww— 2005-2011 10 yr DRFS = 93%
o8 1999-2004 10 yr DRFS = 85%
0.6
0.4
Mo. at risk
0219992004
2893 240 214
2005-11
477 423 88
0.0 T T T
0o 5.00 10.00 15.00

time to distant relapse (log rank test= 1172, p = .001)

using only the first two cohorts and Kaplan—Meier plots
with at least 10-year follow-up and found no difference in
proportional change over time. We do not know if mam-

mography or symptomatic patients participated in regular
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Table 4 Cox proportional hazards model of distant recurrence among
stage I-III BC patients 1990-2011 (n=28292)

HzR (95% CI) p value
Stage 1 Reference
Stage 11 3.18 (2.64, 3.84) <0.001
Stage 111 10.26 (8.38, 12.56)
Diagnosis year 1990-1998 Reference
Diagnosis year 1999-2004 0.61 (0.52,0.71) <0.001
Diagnosis year 2005-2011 0.46 (0.39, 0.55)
Positive hormone receptor status Reference
Negative hormone receptor status 1.54 (1.33, 1.78) <0.001
Mammography-detected BC Reference
Symptom-detected BC 1.51 (1.29, 1.78) <0.001
Age 40+ years Reference
Age 20-39 years 1.26 (1.04, 1.51) 0.017
HR/HER?2 status comparisons after

1998 (n=5387)

HR+/HER2— Reference
HR+ or HR—/HER2+ 0.98 (0.76, 1.26) 0.871
HR—-/HER2- 1.97 (1.57,2.47) <0.001

Adjusted for self-reported race and listed by order of entry into the
model

CI confidence intervals, HzR hazard ratio

breast cancer-screening programs. Our observations from an
NCCN guideline compliant institution treating a high SES
population with less diversity than other metropolitan areas

Fig.4 Distant disease-specific

The observed fifty percent relative decline in distant
breast cancer recurrence over time may be related to both
improved treatment for initial disease at diagnosis decreas-
ing recurrence risk (hormonal therapy, polychemotherapy,
dose-dense chemotherapy, taxanes, and trastuzumab) and
stage shift to more early and less late stage disease at diag-
nosis with improved screening technology and screening
program participation [32]. Distant recurrent disease inci-
dence decline over time differed by phenotypic charac-
teristics. We observed a 70% decline in distant disease
recurrence among hormone receptor-positive patients and
a 50% decline among hormone receptor-negative patients
over time. We observed a 60% decline in distant disease
recurrence among HER?2 positive patients from 1999 to
2006. The differential decline associated with phenotypic
subtype creates a new profile of recurrent metastatic breast
cancer with fewer HR and HER2-positive cases and rela-
tively more TNBC cases. Ten-year cumulative incidence
comparisons to accommodate the longer interval to distant
recurrence among HR-positive versus HR-negative disease
did not significantly differ from 5-year rates.

The observed change in the current rMBC population to
more triple-negative disease, simultaneous local/regional/
distant recurrent disease, 2 or more metastatic sites at dis-
tant recurrence and visceral disease presents a challeng-
ing clinical situation. A more severe metastatic disease
profile could be due to better imaging, more TNBC, and
distant recurrence among chemoresistant cases. Distant

Distant Disease Specific Survival post rMBC diagnosis (n=964)
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may contribute to better outcomes than those achieved in
other parts of the US making our results less generalizable
[30, 31].
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disease survival worsened over time, significant at the
.03 level. If high-level guideline compliant care can be
universally delivered, on balance rMBC incidence would
be expected to decline nationally especially in regards to
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HR- and HER2-positive appropriate treatment but it is not
expected a similar improvement in distant disease survival
will be observed.

The development of CDK 4/6 inhibitors for HR+ meta-
static disease would be expected to result in longer DDFS for
HR+ patients. Their inclusion in neoadjuvant and adjuvant
therapy regimens may also reduce the incidence of rMBC
[33]. New treatment developments hold promise for exten-
sion of life post distant disease diagnosis but the increased
challenge of a poor prognosis pool of rMBC cases is a seri-
ous problem [34-38]. Clinical challenges include treatment
of rtMBC patients that are older, previously treated, have
multiple metastatic sites and/or visceral metastases at time
of distant recurrence. Separate analysis of rMBC and de
novo Stage IV MBC in clinical trial evaluation is warranted
as these two MBC subtypes may have differential response
to treatment [4].

Breast cancer that is higher-stage, symptomatically
detected, high histologic grade, triple-negative, or young age
at initial diagnosis is at greatest risk for distant relapse. Sig-
nificant progress has been made in the diagnosis and treat-
ment of breast cancer with guideline compliant treatment as
measured by our observation of declining distant recurrence
incidence over time. These findings support both screen-
ing for early detection and improved treatment over the last
three decades. The lack of progress in extending survival for
recurrent metastatic breast cancer is disappointing but likely
due to the worsening profile of recurrent metastatic disease
with tumor chemo-resistance and absence of viable treat-
ment options related to patient or metastatic tumor charac-
teristics. Development of targeted therapies for initial triple-
negative disease, screening and breast awareness, treatment
guideline compliance, and identification of recurrent meta-
static disease treatment are all important goals. At present,
guideline adherence and appropriate targeted therapy hold
the most potential for distant recurrence reduction and sub-
sequent breast cancer mortality improvement.

Funding This work was supported by the Kaplan Cancer Research
Fund, the Metastatic Breast Cancer Alliance, and the Surveillance
Epidemiology and End Results (SEER) Cancer Surveillance System
(CSS) program of the National Cancer Institute (Contract Number
HHSN261201300012I; NCI Control Number: NO1 PC-2013-00012)
for additional case ascertainment. The funding sources did not have a
role in the study design, conduct, or reporting.

Compliance with ethical standards

Conflict of interest The authors have no conflicts of interest to report.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards. This study
was IRB approved.

OpenAccess This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

1. DeSantis CE, Ma J, Sauer AG et al (2017) Breast Cancer Statis-
tics, 2017, Racial Disparity in Mortality by State. CA Cancer J
Clin 67:439-448. https://doi.org/10.3322/caac.21412

2. Siegel RL, Miller KD, Jemal A. (2017) Cancer Statistics, 2017.
CA Cancer J Clin 67:7-30. https://doi.org/10.3322/caac.21387

3. Mariotto AB, Etzioni R, Hurlbert M et al (2017) Estimation of the
number of women living with breast cancer in the United States.
Cancer Epidemiol Biomarkers Prev 26(6):809-815. https://doi.
org/10.1158/1055-9965.EPI-16-0889

4. Malmgren JA, Mayer M, Atwood MK et al (2018) Differential
presentation and survival of de novo and recurrent metastatic
breast cancer over time: 1990-2010. Breast Cancer Res Treat
167(2):579-590. https://doi.org/10.1007/s10549-017-4529-5

5. Giordano SH, Buzdar AU, Smith TL et al (2004) Is breast can-
cer survival improving?. Cancer 100(1):44-52. https://doi.
org/10.1002/cncr. 11859

6. Gennari A, Conte P, Rosso R et al (2005) Survival of metastatic
breast carcinoma patients over a 20-year period: a retrospective
analysis based on individual patient data from six consecutive
studies. Cancer 105(8):1742—1750. https://doi.org/10.1002/cncr2
1359

7. Tevaarwerk AJ, Gray RJ, Schneider BP et al (2013) Survival in
patients with metastatic recurrent breast cancer after adjuvant
chemotherapy: little evidence of improvement over the past
30 years. Cancer 119(6):1140-1148. https://doi.org/10.1002/
cncr.27819

8. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti
A (eds) (2009) American Joint Committee on Cancer Staging
Manual, 7th edn. Springer, New York

9. Weeks L (1999) Outcomes assessment in the NCCN: 1998 update.
National Comprehensive Cancer Network Oncology (Willeston
Park) 13(5A):69-71

10. Cancer Surveillance System of the Fred Hutchinson Cancer
Research Center, contract No. NO1-CN-67009. Surveillance,
Epidemiology and End Results (SEER) Program of the National
Cancer Institute, Bethesda MD

11. Version 3.2017. 11/7/2017 National Comprehensive Cancer Net-
work, Inc. © 2017

12. Cheng L, Swartz MD, Zhao H, Kapadia AS, Lai D, Rowan PJ et al
(2012) Hazard of recurrence among women after primary breast
cancer treatment-a 10-year follow-up using data from SEER-
Medicare. Cancer Epidemiol Biomarkers Prev 21(5):800-809.
https://doi.org/10.1158/1055-9965.EPI-11-1089

13. IBM SPSS Statistics for Windows, version 24 (IBM Corp.,
Armonk, N.Y., USA)

14. Wu X, Ye Y, Barcenas CH, Chow W-H et al (2017) Personalized
prognostic prediction models for breast cancer recurrence and
survival incorporating multidimensional data. J Natl Cancer Inst
109(7):djw314. https://doi.org/10.1093/jnci/djw314

15. Cossetti RID, Tyldesley SK, Speers CH et al (2015) Comparison
of breast cancer recurrence and outcome patterns between patients
treated from 1986 to 1992 and from 2004 to 2008. J Clin Oncol
33(1):65-73. https://doi.org/10.1200/JC0O.2014.57.2461

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21412
https://doi.org/10.3322/caac.21387
https://doi.org/10.1158/1055-9965.EPI-16-0889
https://doi.org/10.1158/1055-9965.EPI-16-0889
https://doi.org/10.1007/s10549-017-4529-5
https://doi.org/10.1002/cncr.11859
https://doi.org/10.1002/cncr.11859
https://doi.org/10.1002/cncr21359
https://doi.org/10.1002/cncr21359
https://doi.org/10.1002/cncr.27819
https://doi.org/10.1002/cncr.27819
https://doi.org/10.1158/1055-9965.EPI-11-1089
https://doi.org/10.1093/jnci/djw314
https://doi.org/10.1200/JCO.2014.57.2461

514

Breast Cancer Research and Treatment (2019) 174:505-514

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chen L, Romond D, Chokshi S et al (2012) A prognostic model
of early breast cancer relapse after standard adjuvant therapy and
comparison with metastatic disease at initial presentation. Breast
Cancer Res Treat 136(2):565-572. https://doi.org/10.1007/s1054
9-012-2265-4

Rondeau V, Mathoulin-Pelissier S, Tanneau L et al (2010)
Separate and combined analysis of successive dependent out-
comes after breast-conservation surgery: recurrence, metasta-
ses, second cancer and death. BMC Cancer 10:697. https://doi.
org/10.1186/1471-2407-10-697

Geurtz YM, Witteveen A, Bretvals R et al (2017) Patterns and
predictors of first and subsequent recurrence in women with early
breast cancer. Breast Cancer Res Treat 165(3):709-720. https://
doi.org/10.1007/s10549-017-4340-3

Tchou J, Greshock J, Bergey MR et al (2008) Method of primary
tumor detection as a risk factor for local and distant recurrence
after breast-conservation treatment for early-stage breast can-
cer. Clin Breast Cancer 8(2):143-148. https://doi.org/10.3816/
CBC.2008.n.014

Joensuu H, Lehtimaki T, Holli K et al (2004) Risk for distant
recurrence of breast cancer detected by mammography screen-
ing or other methods. JAMA 292(9):1064-1073. https://doi.
org/10.1001/jama.292.9.1064

Kast K, Link T, Petzoid A et al (2015) Impact of breast cancer
subtypes and patterns of metastasis on outcome. Breast Can-
cer Res Treat 150(3):621-629. https://doi.org/10.1007/s1054
9-015-3341-3

Early Breast Cancer Trialists Collaborative Group (EBCTCG)
(2005) Effects of chemotherapy and hormonal therapy for early
breast cancer in recurrence and 15-year survival: an overview
of the randomized trials. Lancet 365:1687-1717. https://doi.
org/10.1016/S0140-6736(05)66544-0

Gray R, Bradley R, Braybrooke J et al for the EBCTCG. Increas-
ing the dose density of adjuvant chemotherapy by shortening
intervals between courses or by sequential drug administration
significantly reduces both disease recurrence and breast cancer
mortality: An EBCTCG meta-analysis of 21,000 women in 16
randomized trials. In: Proceedings of the 2017 San Antonio Breast
Cancer Symposium; 2017 Dec 5-9; San Antonio, TX. Philadel-
phia (PA): AACR; Cancer Res 2018;78(4 Suppl): Abstract nr GS1-
01. Early Breast Cancer Trialists Collaborative Group (EBCTCG).
(Abstract)

Perez EA, Romond EH, Suman VJ et al (2014) Trastuzumab
plus adjuvant chemotherapy for human epidermal growth factor
receptor 2-positive breast cancer: planned joint analysis of overall
survival from NSABP B-31 and NCCTG N9831. J Clin Oncol
32(33):3744-3752. https://doi.org/10.1200/JC0O.2014.55.5730
Davies C, Pan H, Godwin J et al (2013) Long-term effects of
continuing adjuvant tamoxifen to 10 years versus stopping at 5
years after diagnosis of oestrogen receptor-positive breast cancer:

@ Springer

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

ATLAS, a randomized trial. Lancet 381(9869):805-816. https://
doi.org/10.1016/S0140-6736(12)61963-1

Zhang B, Hurvitz S (2016) Long-term outcomes of neoadjuvant
treatment of HER2-positive breast cancer. Clin Adv Hematol
Oncol 14(7):520-530

Howlader N, Cronin KA, Kurian AW et al (2018) Differences in
breast cancer survival by molecular subtypes in the United States.
Cancer Epidemiol Biomarkers Prev 27(6):619-626. https://doi.
org/10.1158/1055.9965.EPI-17-0627

Gonzalez-Angulo AM, Morales-Vasquez F, Hortobagyi GN
(2007) Overview of resistance to systemic therapy in patients with
breast cancer. Adv Exp Med Biol 608:1-22

Finn RS, Martin M, Rugo HS, Jones S, Im S-A, Gelmon K et al
(2016) Palbociclib and letrozole in advanced breast cancer. N Engl
J Med 375(20):1925-1936. https://doi.org/10.1056/NEJMoal607
303

Colleoni M, Sun Z, Price KN et al (2016) Annual hazard rates
of recurrence for breast cancer during 2 years of follow-up:
results from the International Breast Cancer Study Group Tri-
als I to V. J Clin Oncol 34(9):927-935. https://doi.org/10.1200/
JCO.2015.62.3504

Ellis L, Canchola AJ, Spiegel D et al (2017) Racial and ethnic
disparities in cancer survival: the contribution of tumor, sociode-
mographic, institutional, and neighborhood characteristics. J Clin
Oncol 36(1):25-33. https://doi.org/10.1200/JC0O.2017.74.2049
Plevritis SK, Munoz D, Kurian AW et al (2018) Association of
screening and treatment with breast cancer mortality by molecular
subtype in US women, 2000-2012. JAMA 319(2):154-164. https
://doi.org/10.1001/jama.2017.19130

Malmgren JA, Atwood MK, Kaplan HG (2008) Increase in mam-
mography detected breast cancer over time at a community based
regional cancer center: a longitudinal cohort study 1990-2005.
BMC Cancer 8:131. https://doi.org/10.1186/1471-2407-8-131
Anampa J, Sparano JA (2017) New agents for the management
of resistant metastatic breast cancer. Expert Opin Pharmacother
18(17):1815-1831. https://doi.org/10.1080/14656566.2017.14092
06

Zardavas D, Maetens M, Irrthum A et al (2014) The AURORA
initiative for metastatic breast cancer. Br J Cancer 111(10):1881-
1887. https://doi.org/10.1038/bjc.2014.341

Hortobagyi GN, Stemmer SM, Burris HA et al (2016) Ribociclib
as first-line therapy for HR-positive, advanced breast cancer. N
Engl J Med 375(18):1738-1748. https://doi.org/10.1056/NEJMo
a1609709

Goetz MP, Toi M, Campone M et al (2017) MONARCH 3: Abe-
maciclib as initial therapy for advanced breast cancer. J Clin Oncol
35(32):3638-3646. https://doi.org/10.1200/JC0O.2017.75.6155
Robson M, Im SA, Senkus E et al (2017) Olaparib for metastatic
breast cancer in patients with a germline BRCA mutation. N Engl
J Med 377(6):523-533. https://doi.org/10.1056/NEIMoal 706450


https://doi.org/10.1007/s10549-012-2265-4
https://doi.org/10.1007/s10549-012-2265-4
https://doi.org/10.1186/1471-2407-10-697
https://doi.org/10.1186/1471-2407-10-697
https://doi.org/10.1007/s10549-017-4340-3
https://doi.org/10.1007/s10549-017-4340-3
https://doi.org/10.3816/CBC.2008.n.014
https://doi.org/10.3816/CBC.2008.n.014
https://doi.org/10.1001/jama.292.9.1064
https://doi.org/10.1001/jama.292.9.1064
https://doi.org/10.1007/s10549-015-3341-3
https://doi.org/10.1007/s10549-015-3341-3
https://doi.org/10.1016/S0140-6736(05)66544-0
https://doi.org/10.1016/S0140-6736(05)66544-0
https://doi.org/10.1200/JCO.2014.55.5730
https://doi.org/10.1016/S0140-6736(12)61963-1
https://doi.org/10.1016/S0140-6736(12)61963-1
https://doi.org/10.1158/1055.9965.EPI-17-0627
https://doi.org/10.1158/1055.9965.EPI-17-0627
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1200/JCO.2015.62.3504
https://doi.org/10.1200/JCO.2015.62.3504
https://doi.org/10.1200/JCO.2017.74.2049
https://doi.org/10.1001/jama.2017.19130
https://doi.org/10.1001/jama.2017.19130
https://doi.org/10.1186/1471-2407-8-131
https://doi.org/10.1080/14656566.2017.1409206
https://doi.org/10.1080/14656566.2017.1409206
https://doi.org/10.1038/bjc.2014.341
https://doi.org/10.1056/NEJMoa1609709
https://doi.org/10.1056/NEJMoa1609709
https://doi.org/10.1200/JCO.2017.75.6155
https://doi.org/10.1056/NEJMoa1706450

	Examination of a paradox: recurrent metastatic breast cancer incidence decline without improved distant disease survival: 1990–2011
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design

	Results
	Survival

	Discussion
	References


