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Abstract
Purpose  The prevalence of patients living with prolonged interval between initial breast cancer diagnosis and development 
of subsequent metastatic disease may be increasing with improved treatment. In order to counsel these patients as to their 
prognosis, we investigated the association between metastatic free interval (MFI) and subsequent survival from newly diag-
nosed metastatic breast cancer (MBC) in a population-level U.S. cohort.
Methods  The Surveillance, Epidemiology and End Results database was used to identify patients with both an initial stage 
1–3 breast cancer diagnosis and subsequent MBC diagnosis recorded from 1988 to 2014. Patients were stratified by MFI 
(< 5 years, 5–10 years, > 10 years). The association between MFI and metastatic breast cancer-specific mortality (MBCSM) 
was analyzed with Fine–Gray competing risks regression.
Results  Five-year recurrent metastatic breast cancer-specific survival rate was 23%, 26%, and 35% for patients with MFI < 5, 
5–10, and > 10 years, respectively. Patients with > 10 year MFI were less likely to die of breast cancer when compared with 
a referent group with < 5 years MFI (standard hazard ratio (SHR) 0.77 [95% CI 0.65–0.90] P < 0.001). There was no signifi-
cant difference for patients with MFI of 5–10 years (SHR 0.92 [95% CI 0.81–1.04, P 0.191]) compared to < 5 years. Other 
prognostic factors like White race, lower tumor grade, and ER/PR-positive receptors were also associated with improved 
cancer-specific survival after diagnosis of MBC.
Conclusion  Prolonged MFI greater than 10 years between initial breast cancer diagnosis and subsequent metastatic disease 
was found to be associated with improved recurrent MBC 5-year survival and decreased risk of breast cancer-specific mortal-
ity. This has potential implications for counseling patients as to prognosis, choice of treatment, as well as the stratification 
of patients considered for MBC clinical trials.
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Introduction

With breast cancer death rates falling on average 1.9% each 
year, patients are living longer after their breast cancer diag-
noses [1]. Reflecting this trend, the prevalence of patients 
living with metastatic breast cancer in the United States has 
been steadily rising. Currently estimated at 154,794 in 2017, 
it is projected to increase by 31% from 2010 to 2020 [2]. 
With improved treatment and higher prevalence, it is also 
possible that we will observe longer intervals between initial 
diagnosis and subsequent metastasis. As more patients face 
this situation, it is important to be able to counsel them on 
the association between metastatic free interval and their 
prognosis.

Previous studies of patients treated in Japan [3], the Neth-
erlands [4], Germany, Austria [5] France [6], and Spain [7], 
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as well as patients treated at a single institution in the U.S. or 
enrolled in ECOG clinical trials [8, 9] have found that longer 
metastatic free interval (MFI) is associated with improved 
survival after subsequent recurrent metastatic disease diag-
nosis—perhaps due to differences in tumor biology, staging, 
size, underlying comorbidities, general health of those quali-
fied for clinical trials, socioeconomic factors, and screening.

Our study expands upon the previous literature by explor-
ing a previously unstudied cohort of patients in the United 
States using a large population-based registry, which allows 
for the analysis of greater numbers of patients and the analy-
sis of prolonged MFI greater than 10 years. We analyzed 
the Surveillance, Epidemiology and End Results (SEER) 
database to examine our hypothesis that an especially pro-
longed interval between initial stage 1–3 breast cancer and 
subsequent metastatic diagnosis would be associated with 
improved survival.

Methods

Data source and cohort selection

We performed a retrospective cohort study using the NCI-
sponsored SEER database [10]. Capturing 97% of incident 
cancers through 18 tumor registries, the SEER Program col-
lects and publishes cancer incidence, survival, and treatment 
data for 28% of the US population [11].

As shown in Fig. 1, we started with a national cohort of 
1,465,100 breast cancer cases (primary site = C500-C506, 
C508-C509) diagnosed between 1973 and 2014. Of these, 
we included only the 52,917 cases of metastatic breast can-
cer diagnosed between 1988 and 2014 (AJCC 6th M = M1). 
Then we excluded 44,374 cases recorded as the first sequen-
tial diagnosis of cancer (sequence < = 1: de novo metastatic 
cases), leaving 8543. Furthermore, we excluded 5782 
cases without a previous stage 1–3 breast cancer diagnosis 
recorded in SEER, leaving 2761. Of these, 488 cases were 
excluded because of discordant dates of diagnosis (date of 
metastatic disease was recorded prior to date of first pri-
mary), leaving 2313. Our final cohort included 2308 cases 
with known survival times.

Construction of variables

The primary independent variable of interest in this study 
was metastatic free interval (MFI)—the time between ini-
tial breast cancer diagnosis and subsequent recurrent meta-
static cancer diagnosis, categorized as < 5 years, 5–10 years, 
> 10 years.

Using characteristics recorded at the time of metastatic 
diagnosis, we categorized: race as White, Black, or other; 
marital status as married, unmarried, or other; grade as well 

differentiated (1), moderately differentiated (2), or poorly 
differentiated or anaplastic (3 and 4); histologic type as 
ductal, lobular, or other; ER and PR status as positive, nega-
tive, borderline/unknown (which includes all cases prior to 
1990, as this variable was not recorded prior to then); tumor 
laterality as left, right, unknown; year of metastatic diag-
nosis as pre-2000 or post-2000. We included age at meta-
static diagnosis as a continuous variable. We were not able 
to include information on site of metastasis or HER2 status 
because this information was not recorded in SEER prior 
to 2010 [12].

Statistical analysis

We compared baseline patient characteristics across MFI 
categories with the chi-squared test or Fisher’s exact test 
(categorical) or Kruskal–Wallis test (continuous). Unad-
justed survival analysis was first performed by the log-rank 
test, and unadjusted overall survival estimates were gener-
ated by the Kaplan–Meier method.

Fig. 1   Selection criteria
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We performed stepwise multivariable Fine and Gray 
competing risks regression analysis to determine meta-
static breast cancer-specific mortality (MBCSM) as a func-
tion of categories of MFI, taking into account the compet-
ing risk of non-breast cancer death [13]. These categories 
of MFI (< 5  years, 5–10  years, and > 10  years) were 
defined prior to competing risks regression after review-
ing the distribution of MFI within our sample. In the pre-
liminary multivariate model, we selected all co-variables 
with P < 0.10 from univariate Fine–Gray competing risks 
analysis. We subsequently excluded all co-variables with 
P > 0.10 in the preliminary multivariate model. The final 
multivariable model was adjusted for the demographics of 
race, grade, ER status, PR status, and year of metastatic 
diagnosis. We also generated a cumulative incidence plot 
from the Fine–Gray analysis.

After determining favorable prognostic factors from 
competing risks regression, we also compared a subset 
of patients with those prognostic factors against a subset 
without the favorable prognostic factors using unadjusted 
overall survival estimates generated by the Kaplan–Meier 
method.

We determined statistical significance with 2-sided P val-
ues and a threshold of 0.05, performing all statistical analy-
ses using STATA 13.0.

Results

Baseline patient characteristics

We identified 2308 patients whose prior stage 1–3 breast 
cancer diagnosis and subsequent metastatic disease were 
both recorded in SEER. There were 1068 patients with 
MFI < 5 years, 743 with MFI of 5–10 years, and 497 patients 
with MFI > 10 years. As shown in Table 1, age at metastatic 
diagnosis, grade, ER status, PR status, and year of metastatic 
diagnosis were statistically different when compared across 
the three MFI categories (< 5 years, 5–10 years, > 10 years).

Of note, patients were older with increasing MFI (median 
age 59 vs. 62 vs. 66 years, P < 0.001). With respect to race, 
as MFI increased, higher percentages of White (72.57% 
vs. 76.46%) or other race (7.40% vs. 8.85%) patients were 
found, while a lower percentage of Black patients (20.04% 
vs. 14.69%) was found (P = 0.056). Patients with longer MFI 
had the highest percentage of low-grade tumors (7.44%), 
while those with shorter MFI had the highest percentage 
of high-grade tumors (40.36%) (P = 0.002). Patients with 
longer MFI had the highest rate of ER- and PR-positive sta-
tus (68.81%, 55.13%), while those with shorter MFI had a 
higher rate of ER- and PR-negative status (27.25%, 38.58%) 
(both P < 0.001).

Median follow‑up, median overall survival, 
and 5‑year breast cancer‑specific survival

The median follow-up after metastatic recurrence using all 
patients was 15 months (IQR 5–30 months) for those with 
MFI < 5 years, 19 months (IQR 6–40 months) for those 
with MFI 5–10 years, and 17 months (IQR 6–37 months) 
for those with MFI > 10 years.

The median overall survival after recurrent meta-
static breast cancer diagnosis was 25  months (range 
1–221 months, Fig. 2). Median overall survival for patients 
with MFI < 5 years was 20 months, while for patients with 
MFI > 10 years it was 35 months. Five-year recurrent meta-
static breast cancer-specific survival rate was 23%, 26%, and 
35% for patients with MFI < 5, 5–10, and > 10 years, respec-
tively. Breast cancer was the cause of death for the majority 
of patients (58%, Table 2). Interestingly, Table 2 also shows 
a lower percentage of patients with MFI > 10 years died of 
breast cancer compared to those with MFI 5–10 years and 
MFI < 5 years (45% vs. 56% and 65%).

Association between MFI and metastatic breast 
cancer‑specific mortality (MBCSM)

Taking into account non-cancer death, cumulative incidence 
estimates (Fig. 3) of metastatic breast cancer-specific mor-
tality (MBCSM) after a subsequent metastatic diagnosis 
were significantly higher among patients with shorter MFI 
(< 5 years) than for those with longer MFI (> 10 years), 
(P < 0.001).

On multivariable Fine–Gray competing risks regression 
(Table 3), as MFI increased, risk of MBCSM decreased: 
patients with 5–10 year or > 10 year MFI had a reduced risk 
of MBCSM compared with a referent group of patients with 
< 5 years MFI [standard hazard ratio (SHR) 0.92, 95% CI 
0.81–1.04; and SHR 0.77, 95% CI 0.65–0.90; P = 0.191 and 
< 0.001, respectively].

Association between other variables and breast 
cancer‑specific mortality after diagnosis 
of metastatic breast cancer

In multivariate analysis, Black patients had a higher risk of 
MBCSM (SHR 1.24, 95% CI 1.08–1.44, P = 0.004) com-
pared with a referent group of White patients after a diag-
nosis of metastatic breast cancer. Patients with higher tumor 
grade (Grade 2 vs. Grade 1 SHR 1.27, 95% CI 0.99–1.63, 
P = 0.062; and Grade 3,4 vs. Grade 1 SHR 1.60, 95% CI 
1.25–2.05, P < 0.001), ER-negative status (vs. ER-positive 
status SHR 1.40, 95% CI 1.17–1.67, P < 0.001), and PR-
negative status (vs. PR-positive status SHR 1.25, 95% CI 
1.07–1.46, P = 0.006) also had a higher risk of MBCSM. 
Finally, patients with a metastatic diagnosis post-2000 had a 
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lower risk of MBCSM when compared to those with a met-
astatic diagnosis pre-2000 (SHR 0.77, 95% CI 0.65–0.92, 
P = 0.004).

Subset analysis: prognostic factors

The median overall survival of patients after recurrent 
breast cancer metastasis with favorable prognostic factors 
(longer MFI, ER/PR positive, lower grade, White race) was 
40 months compared to a median survival of 8 months for 
those with less favorable prognostic factors (shorter MFI, 
ER/PR negative, higher grade, Black race).

Discussion

Metastatic free interval of greater than 10 years was signifi-
cantly associated with improved recurrent metastatic breast 
cancer 5-year survival and decreased breast cancer-specific 
mortality. Our study is unique in that it was based on US 
population-level data and accounted for prolonged meta-
static free interval of 10 years and beyond as opposed to a 
2- or 5-year MFI cut-off more commonly used in previous 
studies [3–9]. As expected, we also confirmed clinical and 
demographic variables associated with survival. Thus, our 
analysis is consistent with previous studies and adds further 
insights for patients who develop metastatic disease.

Table 1   Patient demographics

Year of metastatic diagnosis reported as < 10 to protect patient confidentiality
*Kruskal–Wallis

Characteristic MFI < 5 years MFI 5–10 years MFI > 10 years P

Number of patients 1068 743 497
Median age (IQR), years 59 (49–71) 62 (53–74) 66 (59–76) < 0.001*
Marital status
 Married 510 (47.75%) 334 (44.95%) 229 (46.08%) 0.316
 Unmarried 506 (47.38%) 356 (47.91%) 237 (47.69%)
 Unknown 52 (4.87%) 53 (7.13%) 31 (6.24%)

Race
 White 775 (72.57%) 568 (76.45%) 380 (76.46%) 0.056
 Black 214 (20.04%) 119 (16.02%) 73 (14.69%)
 Other 79 (7.40%) 56 (7.54%) 44 (8.85%)

Grade
 1 62 (5.81%) 52 (7.00%) 37 (7.44%) 0.002
 2 281 (26.31%) 230 (30.96%) 153 (30.78%)
 3 and 4 431 (40.36%) 403 (35.98%) 329 (37.47%)
 N/A 294 (27.53%) 228 (30.69%) 152 (30.58%)

Histologic type
 Ductal 686 (64.23%) 481 (64.74%) 331 (66.60%) 0.331
 Lobular 123 (11.52%) 101 (13.59%) 51 (10.26%)
 Other 259 (24.25%) 161 (21.67%) 115 (23.14%)

ER status
 Positive 531 (49.72%) 489 (65.81%) 342 (68.81%) < 0.001
 Negative 291 (27.25%) 141 (18.98%) 94 (18.91%)
 Borderline/unknown/not 1990 + Breast 246 (23.03%) 113 (15.21%) 61 (12.27%)

PR status
 Positive 393 (36.8%) 359 (48.32%) 274 (55.13%) < 0.001
 Negative 412 (38.58%) 255 (34.32%) 156 (31.39%)
 Borderline/unknown/not 1990 + Breast 263 (24.63%) 383 (25.62%) 287 (17.31%)

Tumor laterality
 Right-sided 491 (45.97%) 345 (46.43%) 223 (44.87%) 0.090
 Left-sided 512 (47.94%) 334 (44.95%) 226 (45.47%)
 Unknown 65 (6.09%) 64 (8.61%) 48 (9.66%)

Year of metastatic diagnosis
 Pre-2000 169 (15.82%) 42 (5.65%) < 10 (< 2%) < 0.001
 Post-2000 899 (84.18%) 701 (94.35%) > 490 (> 98%)
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Although we cannot definitively explain why longer MFI 
is associated with improved survival, we found that multi-
ple positive prognostic factors are associated with a longer 
time to metastasis (lower grade of tumor and ER/PR-posi-
tive status), consistent with other studies [3–9]. Therefore, 
it is likely that long MFI is a prognostic marker because 
it indicates more indolent disease even after diagnosis of 
metastatic disease. Thus, for patients who are faced with 
the devastating news that they have metastatic breast cancer, 
a longer MFI may indicate that their disease may progress 
more slowly than others with metastatic disease.

This also has implications for stratification of patients 
in clinical trials. Studies of a cohort that is enriched with 
patients with long MFI may be biased towards longer sur-
vival. These findings could also influence treatment strate-
gies; for example, patients with longer MFI could be can-
didates for initial treatment with single-agent endocrine 
therapy (i.e., an aromatase inhibitor (AI)) rather than com-
bination therapy with an AI and CDK4/6 inhibitor, thereby 
reserving the more toxic combination for the second line 
following progression.

Regarding race, it has been found previously that Black 
patients are more likely to be diagnosed with ER−/PR− dis-
ease, which has a worse prognosis [14–19]. Other factors, 
such as delayed diagnosis and delayed treatment of Black 
patients may also contribute to the observed trends [20]. 
This may explain the higher percentage of Black patients 

with shorter observed MFI. The initial breast cancer might 
be diagnosed at a higher stage with further progression, 
leading to a higher risk of MBCSM upon a subsequent meta-
static diagnosis.

Regarding year of metastatic diagnosis, the decreased 
risk of MBCSM in patients with metastatic diagnosis post-
2000 may be associated with the improvement in therapeutic 
agents [21].

Our study has several limitations. SEER does not actively 
follow patients other than to determine vital status [12]. 
Thus, recurrent metastasis is often not recorded in SEER 
unless a patient receives treatment for the recurrent dis-
ease. This results in under-reporting of metastatic recur-
rence because older patients often decline or do not receive 
treatment [22]. It is unclear whether under-ascertainment 
of metastatic disease would create a systematic bias that 
would impact the conclusions of our study. The fact that 
we confirm many elements of prior analyses gives us confi-
dence as to the validity of our findings. Another limitation 
of our study is that we could not include site of recurrent 
metastasis or HER2 status, which have been found to be 
significant prognostic factor in previous studies [5, 6, 23, 
24]. Furthermore, we did not include initial tumor informa-
tion in our model. Rather, we focused on the clinical factors 
of the disease at time of metastasis so that patients can be 

Fig. 2   Overall survival

Table 2   Causes of death Cause of death Overall MFI < 5 years MFI 5–10 years MFI > 10 years

Alive 722 (31.28%) 230 (21.54%) 272 (36.61%) 220 (44.27%)
Breast cancer death 1338 (57.97%) 699 (65.45%) 414 (55.72%) 225 (45.27%)
Other cancer death 111 (4.81%) 70 (6.55%) 20 (2.69%) 21 (4.23%)
Heart disease 44 (1.91%) 20 (1.87%) 14 (1.88%) 10 (2.01%)
Other non-cancer death 93 (4.03%) 49 (4.59%) 23 (3.1%) 21 (4.23%)

Fig. 3   Competing risks regression—cumulative incidence of breast 
cancer death, taking into account the competing risk of non-breast 
cancer death
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informed of prognosis even when not much is known about 
their prior tumor—whether they cannot recall or the records 
are lost over time.

An additional limitation is that our cohort included 
only 212 patients with a metastatic diagnosis before the 
year 2000 compared with 2096 after the year 2000. Thus, 
our length of follow-up for patients with MFI > 10 years 
was limited past 5 years. One explanation is that SEER 
included fewer registries before 2000, thus capturing 

fewer patients [25]. However, that our patients were 
skewed to more recent years improves the contemporary 
nature of our findings. Finally, we emphasize the impor-
tance of distinguishing clinical significance from statisti-
cal significance, as clinicians and patients must discern 
whether these statistically significant findings are clini-
cally meaningful. We acknowledge that treatment strate-
gies may not change based on these differences at this 
time.

Table 3   Multivariable Fine and 
Gray competing risks regression 
for breast cancer-specific 
mortality among patients with 
subsequent metastatic breast 
cancer

*Not included in multivariate model

Characteristic Univariate analysis Multivariate analysis

SHR (95% CI) P SHR (95% CI) P

Metastatic free interval
 <5 years 1.0 (ref) 1.0 (ref)
 5–10 years 0.82 (0.73–0.93) < 0.001 0.92 (0.81–1.04) 0.191
 >10 years 0.65 (0.56–0.76) < 0.001 0.77 (0.65–0.90) < 0.001

Age (per year increase) 1.00 (0.99–1.00) 0.172 *
Marital status
 Married 1.0 (ref) *
 Not married 1.10 (0.99–1.23) 0.087 *
 Unknown 1.17 (0.93–1.47) 0.179 *

Race
 White 1.0 (ref) 1.0 (ref)
 Black 1.30 (1.13–1.49) < 0.001 1.24 (1.08–1.44) 0.003
 Other 1.05 (0.85–1.30) 0.629 1.11 (0.90–1.38) 0.332

Grade
 1 1.0 (ref) 1.0 (ref)
 2 1.34 (1.04–1.71) 0.022 1.27 (0.99–1.63) 0.062
 3 and 4 2.00 (1.57–2.55) < 0.001 1.60 (1.25–2.05) < 0.001
 N/A 1.47 (1.15–1.89) 0.002 1.24 (0.96–1.59) 0.099

Histologic type
 Ductal 1.0 (ref) *
 Lobular 0.94 (0.80–1.09) 0.404 *
 Other 0.99 (0.86–1.13) 0.874 *

ER status
 Positive 1.0 (ref) 1.0 (ref)
 Negative 1.90 (1.66–2.18) < 0.001 1.40 (1.17–1.67) < 0.001
 Borderline/unknown/not 1990 + Breast 1.59 (1.37–1.84) < 0.001 1.75 (1.18–2.61) 0.005

PR status
 Positive 1.0 (ref) 1.0 (ref)
 Negative 1.67 (1.48–1.89) < 0.001 1.25 (1.07–1.46) 0.006
 Borderline/unknown/not 1990 + Breast 1.58 (1.36–1.83) < 0.001 0.90 (0.61–1.33) 0.613

Tumor laterality
 Right-sided 1.0 (ref) *
 Left-sided 1.01 (0.90–1.12) 0.916 *
 Unknown 0.77 (0.61–0.97) 0.026 *

Year of metastatic diagnosis
 Pre-2000 1.0 (ref) 1.0 (ref)
 Post-2000 0.67 (0.57–0.79) < 0.001 0.77 (0.65–0.92) 0.004



215Breast Cancer Research and Treatment (2019) 173:209–216	

1 3

Conclusion

In conclusion, patients with a new diagnosis of metastatic 
breast cancer with very prolonged MFI (> 10 years) have 
higher breast cancer-specific 5-year survival compared to 
those with shorter MFI. These patients have more favorable 
prognostic factors as well. These findings can be used to 
counsel patients and inform interpretation of clinical trials.
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