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Abstract Survival among patients with metastatic breast
cancer may vary according to the site of metastasis and
receptor status. We used Danish nationwide medical reg-
istries to establish a cohort of patients with metastatic
breast cancer (870 with de novo metastatic disease and
3518 with recurrent disease with distant metastasis) diag-
nosed during 1997-2011. We examined 1-year and >1 to
5-year mortality associated with first site of metastasis and
receptor expression status of the primary tumor. Cox pro-
portional regression was used to compute confounder-ad-
justed mortality rate ratios (MRRs) associated with site of
metastasis, stratified by receptor status. Overall 1-year and
>1 to 5-year mortality risks were 36 and 69 %, respec-
tively. Risk of death within 1 year was highest for brain-
only (62 %) and liver-only (43 %) involvement and nearly
the same for patients with lung-only (32 %), bone-only
(32 %) involvement, and other/combination of sites
(34 %). Using bone-only metastasis as reference, women
with brain-only metastasis had more than two-fold
increased risk of dying. The adjusted MRR for women with
liver-only metastasis also was increased, though less pro-
nounced. Patients with lung-only [adjusted MRR 0.9 (95 %
confidence interval (CI) 0.8, 1.1)] or other metastases
[adjusted MRR 1.0 (95 % CI 0.9, 1.2)] had similar
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mortality as patients with bone-only metastasis. Positive
hormonal receptor status was a favorable prognostic factor.
Metastatic breast cancer has a serious prognosis. Patients
with brain-only metastasis had the highest mortality. Pos-
itive hormonal receptor status on the primary tumor was a
favorable prognostic factor for all metastatic sites.
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DCR  The Danish Cancer Registry
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Background

Up to 10 % of women with breast cancer have distant
metastasis at diagnosis (de novo metastatic disease) [1],
and nearly half of patients with early-stage disease treated
with post-operative adjuvant therapy experience a recur-
rence, peaking 2 years after diagnosis [2]. Older data
suggest that median survival after breast cancer metastasis
ranges between 18 and 24 months [3, 4]. Recently, survival
has improved for de novo metastatic disease, mainly
among younger women, with more widespread use of
novel oncology drugs such as monoclonal antibodies [5-7].
Median survival may be similar or nearly 12 months
shorter among patients with recurrent distant breast cancer
than in patients with de novo metastatic disease [5, 8, 9]. A
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longer disease-free interval from primary diagnosis to
metastasis may be associated with more favorable overall
survival after recurrence [6, 8, 9].

Specific biological breast cancer subtypes are charac-
terized by different patterns of metastatic spread to various
organs, with differential impacts on survival [10]. Hor-
monal receptor-positive tumors often metastasize to the
bone, [10] and patients with such metastases may survive
longer than patients with brain or visceral metastases
[5, 8-11]. Thus expression of hormone-positive receptors
on the primary tumor are associated with better overall
survival after metastasis [5, 6, 10].

Few data are available on the impact of metastatic site
on mortality. We therefore conducted a nationwide popu-
lation-based cohort study of patients with metastatic breast
cancer to examine the associations between site of metas-
tasis, receptor expression, and mortality.

Methods
Source population and data collection

We designed this population-based cohort study to exam-
ine mortality following a diagnosis of metastatic breast
cancer, based on nationwide Danish medical and admin-
istrative registries. The Danish tax-funded national health
care system provides access free of charge for the entire
population of approximately 5.6 million people [12].
Within this system, medical and administrative registries
can be used to track diagnoses, procedures, treatments, and
vital status for the entire population. All Danish residents
are assigned a unique civil personal registration (CPR)
number at birth or immigration, which allows for unam-
biguous linkage between registries.

We used the Danish Cancer Registry (DCR) to identify
the source population of all Danish female breast cancer
patients (ICD-10: C50) diagnosed between 1997 and 2011.
The DCR has recorded information on all cancers diag-
nosed in Denmark since 1943, coded according to the In-
ternational Classification of Diseases, Seventh and Tenth
Revisions [13, 14]. We used the DCR to obtain information
on cancer treatments received within 4 months after diag-
nosis. This information is available up to 2003. After 2003,
we extracted information on treatment from the Danish
National Patient Registry (DNPR) as described below. We
also used the DCR to ascertain each patient’s date of
diagnosis and cancer stage. We collected information on
receptor status of the primary breast tumor through linkage
with the Danish Pathology Registry, which has recorded
pathology information nationwide since 1997 [15]. In
Denmark, routine estrogen receptor (ER) testing was
implemented from 1999 onwards; progesterone receptor
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(PR) testing was implemented from approximately 2006,
but stopped again in 2011; human epidermal growth factor
receptor 2 (HER?2) testing was implemented from approx-
imately 2007. Thus, not all patients were routinely tested in
the study period. Patients with unknown receptor status
were included in all analyses in a separate category. We
also used records from the DNPR on non-psychiatric hos-
pitalizations since 1977 and on outpatient and emergency
room visits since 1995. Coding of diagnoses in the DNPR
is performed by the physician in the outpatient clinic or
physicians discharging the patient from a hospital admis-
sion [16]. This registry allowed us to identify the specific
distant organs of overt breast cancer metastasis excluding
lymph node metastasis during 1997-2011 (ICD-10 codes
for lung, liver, brain, bone, and other metastasis sites are
available in Supplemental Appendix Table 1).

To account for a potential survival difference between
patients with distant metastases at the time of primary
cancer diagnosis and recurrent distant disease [6, 8], we
divided the cohort into patients with metastatic disease at
primary diagnosis as recorded in the DCR (“de novo
metastatic disease”) and those with distant metastasis at
recurrence (“recurrent metastasis cohort”) as recorded in
the DNPR. In the DCR, the Classification of Malignant
Tumours (TNM) system has been used to stage cancers
since 2004. Summary staging was used prior to 2004 (i.e.,
localized, regional, distant). On this basis, we defined
distant metastases at the time of primary breast cancer
diagnoses as M1 disease starting in 2004, according to the
TNM classification, and as distant disease for patients
diagnosed before 2004, according to summary staging.
Recurrent metastatic breast cancer was defined as a record
of recurrence recorded in the DNPR after a primary diag-
nosis of early breast cancer or breast cancer of unknown
stage.

To account for potential delay in diagnostic work-up or
registry lag time in recording, we defined site of metastasis
based on all metastatic sites documented in the DNPR
within 90 days of the metastatic breast cancer diagnosis
for the de novo metastatic disease cohort and within
90 days of the diagnosis date of first metastasis for the
recurrent metastasis cohort. The index date was thus
defined as 90 days after de novo metastatic disease diag-
nosis or first metastasis after recurrence, respectively, for
the two patient cohorts, excluding patients who did not
survive 90 days after first metastasis diagnosis. We
excluded all breast cancer patients recorded in the DCR
with another primary cancer diagnosis before or on the
index date (n = 1257).

The outcome was time to death. Person-time at risk was
counted from the index date to death, emigration from
Denmark, 5 years of follow-up, or 1 January 2013 (end of
study period), whichever occurred first. Diagnostic codes
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used in this study are provided in Supplemental Appendix
Table 1.

Definition of covariates

Diagnoses of all conditions included in the Charlson
Comorbidity Index (CCI) were ascertained from ICD codes
recorded in the DNPR prior to the index date. These pro-
vided a complete hospital inpatient and outpatient history
for all women in the two study cohorts. Documentation of
surgery, chemotherapy, radiotherapy, and hormonal ther-
apy for the primary breast cancer received within 4 months
of diagnosis was retrieved from the DCR through 2003 and
from the DNPR thereafter. Patients were further charac-
terized by presence of primary vs. recurrent metastatic
disease, stage at primary diagnosis (localized, regional,
distant, and unknown), type of treatment for the initial
cancer, and receptor status (positive, negative, and
unknown). Age on the index date was categorized for use
in stratified analyses (<59, 60-69, 70-79, and >80 years)
and in regression models. Comorbidity was summarized by
weights of conditions included in the CCI, excluding
cancer, as all patients had metastasis, and translated into
ordinal categories (scores of 0, 1-2, and >3). To account
for regional variation, we categorized patients according to
the level of urbanization of their residence on the index
date [rural/smaller town (<128 inhabitants/kmz), larger
towns/smaller cities (128-673 inhabitants/kmz), and the
city of Copenhagen (>673 inhabitants/km?®)]. Site of
metastasis was defined on the index date using the fol-
lowing categorization: brain only, liver only, lung only,
bone only, other and/or combinations of sites.

Statistical analysis

We calculated frequencies and proportions of patients with
de novo metastatic disease and recurrent metastatic disease
according to site of metastasis, number of metastatic sites
at index date (one vs. several), age group, index-year cat-
egories, comorbidity scores, stage at primary diagnosis,
treatment within 4 months for the initial cancer, receptor
status, and level of urbanization (Table 1). The Kaplan—
Meier method was used to generate survival curves overall
and by site of metastasis.

We then calculated mortality risks at 1 year and between
1 and 5 years. We also calculated crude rates overall and by
baseline characteristics. To estimate associations between
site of metastasis and death overall and by baseline char-
acteristics, we fitted a multivariable Cox proportional
hazards model comparing relative mortality rates by site of
first metastasis with the following covariates: age at index
date, year of breast cancer diagnosis, stage at primary
diagnosis, receptor status (including patients with unknown

status in a separate category), type of treatment received at
initial diagnosis, urbanization, and comorbidity score. We
did this analysis separately for the primary and recurrent
metastatic disease cohorts. Bone metastasis was used as the
reference group in all tables because this comprised the
largest group of one-site metastasis.

We then stratified the models by number of metastatic
sites as of the index date (1 vs. > 1) and by receptor status,
to account for potential differential survival by receptor
status.

This study was approved by the Danish Data Protection
Agency (journal number 1-16-02-08). As this registry-
based study did not involve patient contact, no separate
permission from the Danish Scientific Ethical Committee
was required, according to Danish legislation.

Results

Among 4388 women diagnosed with metastatic breast
cancer between 1997 and 2011, we identified 870 breast
cancer patients with de novo metastatic disease and 3518
patients with recurrent metastasis diagnosed between 1997
and 2011. Table 1 shows the distribution of breast cancer
patients according to the main analytic variables. The most
common one-site metastasis was bone-only (30 %). Brain-
only (10 %), liver-only (7.9 %), and lung-only (9.5 %)
metastases were less frequent and 45 % had either other
one-sites or combinations (Table 1). More than half of
these patients with other/combination metastasis had
combination of sites, while the most frequent one-site
metastases in this group were pleura, skin, ovary, and
retroperitoneum/peritoneum (Data not shown). The median
age on the index date was slightly higher among patients
with de novo metastatic disease than among women with
recurrent metastasis (65 and 63 years, respectively)
(Table 1).

The proportion of patients with de novo metastatic
disease remained relatively stable across year of breast
cancer diagnosis, but proportions decreased for patients
with recurrent metastatic breast cancer, likely as a conse-
quence of the introduction of mammographic screening,
advances in diagnostic work-up, and more widespread use
of novel oncology drugs. The proportion of patients
receiving surgery within 4 months of diagnosis for their
primary cancer was lower for patients with de novo
metastatic disease than for patients with recurrent disease
(29 vs. 91 %), while the proportion receiving other treat-
ments were more equal, probably reflecting broader treat-
ment choices for patients with earlier stage breast cancer at
primary diagnosis. Estrogen receptor status was available
in 79 % of patients, while PR and HER2 receptor status
were available in less than half during the current study
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Table 1 Descriptive characteristics of patients with de novo metastatic disease or recurrent distant breast cancer metastasis, Denmark,

1997-2011
Characteristic De novo Recurrent Total cohort
metastatic distant breast - -
disease cancer Brain only  Liver only Lung only Bone only Other or
N = 870 N = 3518 combination
Median age on index date, 65 (56, 74) 63 (53, 71) 60 (52, 68) 59 (50, 69) 64 (55,73) 64 (54, 73) 63 (54, 72)
interquartile range (IQR)
Age on index date (years)
<60 307 (35) 1504 (43) 159 (47) 185 (54) 153 (37) 489 (40) 825 (40)
60-69 248 (29) 1028 (29) 102 (30) 83 (24) 125 (30) 351 (29) 615 (30)
70-79 221 (25) 633 (18) 58 (17) 57 (17) 92 (22) 242 (20) 405 (20)
>80 94 (11) 353 (19) 18 (5.3) 15 (5.2) 48 (12) 149 (12) 214 (10)
Year of breast cancer diagnosis
1997-2001 231 (27) 1674 (48) 124 (37) 141 (41) 180 (43) 556 (45) 904 (44)
2002-2006 325 (37) 1339 (38) 145 (43) 141 (41) 151 (36) 433 (35) 794 (39)
2007-2011 314 (36) 505 (14) 68 (20) 61 (18) 87 (21) 242 (20) 361 (18)
Median time elapsed in months N/A 32 (13, 60) 29 (15,50) 20 (2.1,48) 26(1.9,58) 21 (1.4,50) 25(23,4)
between breast cancer
diagnosis and first metastasis
(IQR)
Stage at diagnosis
Localized 1054 (30) 83 (25) 74 (22) 120 (29) 251 (20) 526 (26)
Regional 2163 (62) 180 (53) 176 (51) 187 (45) 588 (48) 1032 (50)
Distant 870 (100) 0 50 (15) 69 (20) 83 (20) 307 (25) 361 (18)
Unknown 0 301 (8.6) 24 (7.1) 24 (7.0) 28 (6.7) 85 (6.9) 140 (6.8)
Charlson comorbidity index score
0 648 (75) 2616 (74) 251 (75) 268 (78) 297 (71) 891 (72) 1557 (76)
12 194 (22) 787 (22) 76 (23) 58 (20) 104 (25) 297 (24) 436 (21)
>3 28 (3.2) 115 (3.3) 10 (3.0) 7 (2.0) 17 (4.1) 43 (3.5) 66 (3.2)
Treatment for the primary cancer
Surgery 248 (29) 3197 (91) 280 (83) 282 (82) 324 (78) 907 (74) 1652 (80.2)
Radiotherapy 249 (29) 1149 (33) 8 (29) 85 (25) 94 (23) 471 (38) 650 (32)
Chemotherapy 361 (42) 1375 (39) 190 (56) 160 (47) 149 (36) 420 (34) 817 (40)
Hormonal therapy 316 (36) 1026 (29) 62 (18) 94 (27) 120 (29) 454 (37) 612 (30)
No therapy 70 (8.0) 36 (1.0) 7 (2.1) 6 (1.7) 15 (3.6) 37 (3.0) 41 (2.0)
Monotherapy 296 (34) 956 (27) 71 (21) 89 (26) 147 (35) 322 (26) 623 (30)
Combination therapy 504 (58) 2526 (72) 259 (77) 248 (72) 256 (61) 872 (71) 1395 (68)
Receptor status®
Estrogen receptor
Positive 503 (58) 2010 (57) 134 (40) 191 (56) 228 (55) 823 (67) 1137 (55)
Negative 149 (17) 792 (23) 137 (41) 87 (25) 112 (27) 127 (10) 478 (23)
Unknown 218 (25) 716 (20) 66 (20) 65 (19) 78 (19) 281 (23) 444 (22)
Progesterone receptor®
Positive 189 (22) 722 (21) 53 (16) 84 (25) 79 (19) 303 (25) 392 (19)
Negative 166 (19) 833 (24) 130 (39) 89 (26) 103 (25) 210 (17) 467 (23)
Unknown 515 (59) 1964 (56) 154 (46) 170 (50) 236 (57) 718 (58) 1200 (58)
HER2*
Positive 11,104 (13) 439 (13) 62 (18) 59 (17) 48 (12) 136 (11) 248 (12)
Negative 221 (25) 652 (19) 59 (18) 62 (18) 100 (24) 271 (22) 38 (19)
Unknown 535 (62) 2427 (69) 216 (64) 222 (65) 270 (65) 824 (67) 1430 (70)
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Table 1 continued
Characteristic De novo Recurrent Total cohort
metastatic distant breast
disease cancer Brain only  Liver only Lung only Bone only Other. or
N = 870 N = 3518 combination
Number of metastatic sites affected by index date
1 630 (72) 2644 (75) 337 (100) 343 (100) 418 (100) 1231 (100) 945 (46)
>2 240 (28) 874 (25) N/A N/A N/A N/A 1114 (54)
Specific sites affected
Brain only 50 (5.7) 287 (8.2) 337 (100)
Liver only 69 (7.9) 274 (7.8) 343 (100)
Lung only 83 (9.5) 335 (9.5) 418 (100)
Bone only 307 (35) 924 (26) 1231 (100)
Other or combination 361 (42) 1698 (48) 2059 (100)
Urbanization
Rural/smaller town communities 436 (50) 1687 (48) 143 (42) 154 (45) 198 (47) 591 (48) 1037 (50)
Communities with larger towns/ 319 (37) 1277 (36) 105 (31) 130 (38) 147 (35) 475 (39) 739 (36)
smaller cities
City of Copenhagen 115 (13) 554 (16) 89 (26) 59 (17) 73 (18) 165 (13) 283 (14)

Numbers indicate numbers and (percentages) unless otherwise indicated

* Recording of receptor status was not complete for the entire study period

period. The frequency of positive receptor status was
comparable among patients with de novo metastatic dis-
ease and recurrent metastasis, as was the number of
metastatic sites on the index date (Table 1). However, a
larger proportion of patients in the de novo metastatic
disease cohort (35 %) had bone-only metastases on the
index date compared with patients with recurrent meta-
static disease (26 %). In turn, a higher proportion of brain-
only involvement was found among patients with recurrent
metastatic disease (8.2 vs. 5.7 %). The cohort of patients
with de novo metastatic disease was followed for a median
of 1.3 years (interquartile range (IQR) 0.5, 2.7 years),
while the cohort with recurrent disease was followed for a
median of 1.5 years (IQR 0.6, 3.4 years). Figure 1 shows
overall 5-year survival by metastatic site.

Mortality within 1 year of the index date

Thirty-six percent of all metastatic breast cancer patients
died during the first year of follow-up. Patients with brain
involvement only had the highest mortality risk (62 %) and
patients with bone and lung involvement only had the
lowest risk (32 % for each). Patients with brain metastases
only had a more than two-fold increased risk of dying
compared to patients with bone involvement only [mor-
tality rate ratio (MRR) 2.3, 95 % confidence interval (CI)
(2.0, 2.8)], adjusted for age, comorbidity, year of breast

cancer diagnosis, level of urbanization, and receptor status.
The MRR for liver-only metastases (1.2, 95 % CI 1.1, 1.4)
was also increased, though less pronounced than for brain-
only metastases. Patients with lung-only metastases (MRR
0.9, 95 % CI 0.8, 1.1) or other/combinations of metastases
(MRR 1.0, 95 % CI 0.9, 1.2) had similar mortality as
patients with bone metastases only. Patients with hormonal
receptor-positive tumors had lower relative mortality than
patients with negative receptor status (MRR 0.6, 95 % CI
0.6, 0.7). There were no marked differences in the prog-
nostic impact of site of metastasis for primary metastasis or
recurrent diseases, as shown in Fig. 2. Overall, patients
with more than one metastatic site had a 30 % increased
relative risk of dying in the first year after diagnosis than
patients with only one metastatic site [MRR 1.3 (95 % CI
1.2, 1.5)] (data not shown). Risks and MRRs associated
with specific covariates in the cohort of patients with de
novo metastatic disease and the cohort of patients with
recurrent metastasis are presented separately in Supple-
mental Appendix Table 2.

Mortality >1 to 5 years following the index date
Mortality risk between 1 and 5 years after diagnosis of
metastasis was 69 %. It was highest for patients with brain-

only involvement (90 %). Among patients who survived
the first year after diagnosis of metastases, those with
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brain-only, liver-only, or other/combination of metastases
continued to have higher relative mortality than patients
with bone metastases only (Fig. 2; Supplemental Appendix
Table 3).

Stratified analyses

Patients with metastases to sites other than bone had sim-
ilar or higher mortality in all strata of receptor status. In the
first year of follow-up, patients with brain metastases only
had the highest MRR across receptor status strata relative
to patients with bone involvement only (Table 2).

Discussion

In this large population-based cohort study, we found that
the first specific organ site of metastasis is predictive of
mortality in patients with metastatic breast cancer. MRRs
were similar for patients with de novo metastatic disease
and with recurrent distant metastasis. Patients with brain-
only metastasis had the highest mortality, and patients with
lung metastasis had the best prognosis. Positive hormonal
receptor status on the primary tumor was a favorable
prognostic factor for all metastatic sites.

Study strengths included a large sample size, a nation-
wide population-based design, and a setting where tax-
funded universal health care is provided free of charge to
all residents. Nationwide registries permitted long-term
follow-up of all participants. In Denmark, breast cancer

Fig. 1 Overall 5-year survival

patients are treated at specialized departments following
national treatment guidelines published by the Danish
Breast Cancer Cooperative Group starting in 1970 [17].
Our study included all Danish patients with metastatic
breast cancer recorded in the DCR and the DNPR between
1997 and 2011, except for patients who also had other
primary cancer diagnoses. This eliminated the potential
inclusion of metastases from other primary cancer sites.
Ascertainment of primary breast cancer in the DCR is
nearly complete [18].

Our study also had some limitations involving the
validity of diagnoses of metastasis and potential con-
founding. The completeness and validity of diagnoses of
metastasis recorded in the DNPR for breast cancer patients
has been studied only for bone metastases, yielding a
sensitivity of 0.32 (95 % CI 0.13, 0.57) and specificity of
0.99 (95 % CI 0.93, 1.00) in 100 patients from the North
Denmark Region using medical records as the reference
standard [19]. Our study therefore may not include all
patients with recurrent breast cancer. Under-ascertainment
of metastases potentially also could have had an impact on
the number and sites of metastasis included in this study, as
non-symptomatic metastases are unlikely to be recorded in
the DNPR. Also, the threshold for using imaging to detect
metastases may differ by site. Brain imaging is not a part of
the staging procedure and will thus most often be per-
formed because of symptoms while bone scintigraphy may
be part of the staging procedure. As well, mortality rates
may have declined in recent years due to advancements in
detection and treatment [20]. Another concern is that lead

Metastatic site

by metastatic site for breast
cancer patients, Denmark,
1997-2011

Survival (%)

Time since metastatic diagnosis in years

Only Liver
= =+ = Qther or combinations

Metastatic status at index date
== =—=—Only bone == = = Only brain === = Only lung
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0-1 year of follow-up AR a4

Brain only * 2.18 (1.43, 3.31)
Brain only — 241 (1.97, 2.94)
Liveronly —— 1.09 (0.71, 1.66)
Liveronly —a— 1.51 (1.22, 1.89)
Lung only —— 0.84 (0.56, 1.28)
Lung only —a— 0.95 (0.76, 1.19)
Other or combination —1— 1.13 (0.88, 1.45)
Other or combination —-— 1.03 (0.89, 1.19)
I 1 I 1 I 1

——e—— Primary distant breast cancer

>1 to 5 years of follow-up R B

Brain only * 1.40 (0.74, 2.67)
Brain only —-— 1.01 (0.78, 1.31)
Liveronly O . 1.25 (0.81, 1.92)
Liver only —— 1.10 (0.87, 1.37)
Lung only ——— 0.82 (0.55, 1.22)
Lung only —-— 0.73 (0.59, 0.90)
Other or combination —1— 1.09 (0.86, 1.39)
Other or combination 0.74 (0.65, 0.85)
I I I I I: I

——=a—— Recurrent distant breast cancer

Fig. 2 Adjusted mortality rate ratios associated with site of metastasis relative to bone-only metastasis, Denmark, 1997-2011

Table 2 Adjusted mortality rate ratios associated with site of metastasis and receptor status in patients with metastatic breast cancer, Denmark,

19972011
Estrogen receptor status Progesterone receptor status MRR HER?2 receptor status
95 % CI)*
Positive MRR Negative MRR Positive MRR Negative MRR Positive MRR Negative MRR
95 % CI)* 95 % CI)* 95 % CI)* (95 % CI)* 95 % CI)* (95 % CI1)*
0-1 year of follow-up
Site of metastasis
Brain only 3.1 (2.4, 4.0 2.0 (1.5,2.9) 4.0 (2.6, 6.2) 2.2 (1.6,2.9) 2.1(1.3,3.5) 3.8 (2.5,5.7)
Liver only 1.7 (1.3, 2.2) 1.0 (0.7, 1.6) 2.0(1.3,3.1) 1.1 (0.8, 1.6) 1.0 (0.6, 1.7) 1.8 (1.1, 2.9)
Lung only 0.9 (0.7, 1.2) 1.1 (0.7, 1.5) 1.0 (0.6, 1.7) 1.0 (0.7, 1.4) 0.9 (0.5, 1.7) 1.4 (1.0, 2.2)
Bone only Ref Ref Ref Ref Ref Ref
Other or 1.1 (1.0, 1.4) 1.1 (0.8, 1.5) 1.3 (1.0, 1.7) 1.1 (0.9, 1.4) 1.4 (1.0, 2.1) 1.5 (1.1, 2.0)
combination
>]-5 years of follow-up
Brain only 1.2 (0.8, 1.7) 1.4 (0.9, 2.2) 1.3 (0.7, 2.4) 1.4 (0.9, 2.2) 1.4 (0.8, 2.4) 1.3 (0.6, 2.4)
Liver only 1.0 (0.8, 1.3) 1.4 (0.9, 2.2) 1.2 (0.8, 1.8) 1.0 (0.6, 1.5) 1.2 (0.7, 2.0) 1.8 (1.1, 2.8)
Lung only 0.8 (0.6, 1.0) 0.8 (0.5, 1.3) 1.0 (0.8, 1.8) 0.8 (0.6, 1.2) 1.1 (0.8, 1.8) 0.8 (0.5, 1.2)
Bone only Ref Ref Ref Ref Ref Ref
Other or 0.8 (0.6, 1.0) 1.1 (0.8, 1.6) 1.0 (0.8, 1.3) 0.8 (0.6, 1.2) 1.2 (0.8, 1.6) 1.1 (0.8, 1.4)
combination

% Adjusted for age, Charlson Comorbidity Index score, urbanization, year of breast cancer diagnosis, and breast cancer stage

CI confidence interval, MMR mortality rate ratio

time bias stemming from improved imagining and diag-
nostics over time could have affected our results. In recent
years, novel agents with better penetration across the
blood—brain barrier are being investigated for breast cancer
patients with brain metastases [21]. Although breast cancer

treatment and follow-up in Denmark were standardized
during the years of patient study inclusion, use of novel
treatment options, such as targeted therapy, may not have
been reflected accurately in our cohort of patients early in
the study period, which began in 1997. In addition, we
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lacked information on whether affected distant organs
included single localized tumors or multiple lesions, which
could affect treatment strategy and survival.

Breast tumors may favor metastasis to different organs
and also may be associated with varying survival proba-
bilities according to their different biological features [10].
We therefore stratified our analyses by metastatic site and
receptor status to account for some of this heterogeneity.
However, we lacked information on cause of death, ther-
apies and medications prescribed for comorbid diseases,
ethnicity, and other potential confounding factors. As well,
receptor status was obtained from a nationwide pathology
registry with incomplete recording during early study
years. In addition, the analysis stratified by receptor status
included only patients with available test results, and we
did not re-assay receptor status in tumor blocks. Thus, the
sensitivity and methods for assaying receptor status may
have varied over time. In addition, the receptor status of the
primary tumor may not have reflected the receptor status of
tumors at the metastatic site due to tumor heterogeneity
and cancer progression.

Patients with de novo metastatic disease and with
recurrent metastatic disease had similar mortality after
diagnosis of metastases, as observed in previous research
[8]. Mortality also declined during later index years. Such
temporal improvement of survival has been reported in
other settings [1, 22]. Recent studies suggest that biological
subtypes of breast cancer may drive metastatic behavior
towards specific organs [23-25]. Specifically, hormonal
receptor positivity may be associated with metastasis to the
bone; triple negativity may favor the lung as a site of
metastasis; and HER?2 positivity may often favor metastasis
to the brain or liver [10, 24]. Our sample size was too small
to examine mortality as a function of breast cancer sub-
types based on receptor status. However, we did adjust for
receptor status in multivariable analyses to account for the
discordant prognostic impact of hormonal receptor sub-
types. Our study demonstrated that Danish patients with
brain metastasis had the highest MRR across receptor
status, relative to patients with bone involvement, only in
the first year of follow-up. This accords with previous
research in Italy, The Netherlands, and the United States
[6, 8, 10].

There are several explanations for our results. We found
similar mortality associated with both primary and recur-
rent metastatic breast cancer, similar to other studies [8].
Primary metastatic breast cancer is rarely treated with
curative intent, and recurrent metastatic disease may be
treatment refractory, limiting treatment options. We also
found that patients with brain metastases had the worst
prognosis. This is likely because many systemic cancer
therapies fail to penetrate the blood-brain barrier, and
treatment options for brain metastases are particularly
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limited [26]. Since overall 5-year mortality among patients
with limited metastatic spread is less than 80 %, patients
with distant but localized metastatic burden may benefit
from more aggressive treatment [27].

Site of first metastasis is a prognostic factor for meta-
static breast cancer. This association was robust to
adjustment for receptor status assayed in the primary breast
tumor, and patients with metastases to sites other than bone
had similar or higher mortality in all strata of receptor
status.
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