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Abstract
Background: Longitudinal, real-world data on the management of metastatic breast cancer is increasingly relevant
to understand breast cancer care in routine clinical practice. Yet such data are scarce, particularly beyond second- and
third-line treatment strategies. This study, therefore, examined both the long-term treatment patterns and overall
survival (OS) in a regional Swedish cohort of female patients with metastatic breast cancer stratified by subtype in
routine clinical practice during a recent eight-year period and correlation to current treatment guidelines.
Methods: Consecutive female patients with metastatic breast cancer clinically managed at Uppsala University
Hospital, Uppsala, Sweden, during 2009–2016 and followed until the end of September, 2017 (n = 370) were included
and, where possible, classified as having one of five, intrinsic subtypes: Luminal A; Luminal B; human epidermal
growth factor receptor 2-positive (HER2+)/ estrogen receptor-positive (ER+); HER2+/estrogen receptor-negative (ER); or triple negative breast cancer (TNBC). Treatment patterns and OS were estimated by subtype using time-to-event
methods.
Results: A total of 352/370 patients with metastatic breast cancer (mean age 67.6 years) could be subtyped: 118
(34%) were Luminal A, 119 (34%) Luminal B, 31 (8%) HER2+/ER-, 38 (11%) HER2+/Luminal, and 46 (13%) TNBC. The
median number of metastatic treatment lines was 3. Most patients were on active treatment during follow-up (80%
of the observation period), except for patients with TNBC who were on treatment for 60% of the observation time.
Overall, 67% of patients died whilst on treatment. Among all patients (n = 370), median OS was 32.5 months (95%
CI = 28.2–35.7). The 5-year survival rate was highest for HER2+/Luminal (46%) patients, followed by Luminal B (29%),
Luminal A (28%), HER2+/ER- (21%), and TNBC (7%). Increasing age and number of metastatic sites also predicted
worse survival.
Conclusions: Metastatic breast cancer patients in Sweden, irrespective of subtype, generally receive active treatment
until time of death. Survival varies considerably across subtypes and is also associated with patient characteristics.
Regardless of differences in treatment patterns for Luminal A and B patients, long-term OS was the same.
Keywords: Breast cancer, Treatment, Survival, Intrinsic subtypes, Clinical practice, Observational data, Cohort, Real
world

*Correspondence: henrik.lindman@igp.uu.se
1
Uppsala University Hospital, SE‑753 09 Uppsala, Sweden
Full list of author information is available at the end of the article

Background
Breast cancer is the most common type of cancer in
women, representing approximately 25% of all newly
diagnosed cancers, and also the most common cause of
death in women worldwide [1]. In Sweden, the incidence
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of breast cancer is increasing with over 7800 women
diagnosed and 1400 women reported as dying with breast
cancer as the underlying cause of death in 2017 [2]. When
detected early, breast cancer generally has a favourable prognosis unlike metastatic disease; while treatable, metastatic breast cancer remains virtually incurable
with an overall survival (OS) of approximately 3 years
and a 5-year OS of only 25% [3]. Improved availability
of increasingly effective systemic therapeutic modalities
combined with earlier stage detection have had a positive
effect on OS [2, 3]. Despite such advances in therapeutic
options, management of patients with metastatic breast
cancer still focuses primarily on prolonging survival and
maintaining quality of life [4]. The health care system
in Sweden is tax-based, providing equal therapy to all
patients regardless of socio-economic status.
Treatment guidelines for metastatic breast cancer are
generally complex and often appear to be difficult to
implement in clinical practice. Current treatment strategies comprise systemic therapy (i.e., endocrine-, chemo-,
and targeted-therapy) and local therapy. The choice of
first-line therapy in the metastatic setting is based on
tumour-related factors (e.g., the intrinsic tumour subtype) and a number of disease-related factors (e.g., disease-free interval, sites of recurrent disease, and prior
treatment), as well as patient-related factors (e.g., performance status, comorbidities, and patient preference) [5].
Current guidelines state that patients with an estrogen receptor-positive (ER+)/human epidermal growth
factor receptor 2-negative (HER2-) (Luminal) tumour
subtype should be offered endocrine therapy, and if possible in combination with a cyclin-dependent kinase
(CDK)4/6-inhibitor as first- (preferably) or secondline treatment, except for patients with visceral crises
when chemotherapy is recommended [6]. In contrast,
patients with a HER2-positive (HER2+) subtype should
in first hand be treated using a combination of chemotherapy and trastuzumab and pertuzumab, where
chemotherapy can be omitted or changed to endocrine
therapy during the maintenance phase. Recommended
second-line therapy for the HER2 subgroup of patients
is trastuzumab-emtansine, with anti-HER2-targeted
therapy continued after progression. In triple negative
breast cancer (TNBC) patients, first-line chemotherapy is
recommended. Recently, however, addition of immunotherapy with atezolizumab is an option in TNBC patients
with Programmed Death Ligand 1-positive (PD-L1+)
disease. There is a clear recommendation that biopsies
from metastatic lesions should be analyzed as these may
reveal changes in receptor expression and subsequently
influence the choice of therapy [6].
Despite increasingly available treatment options, the
continuously increasing incidence of metastatic breast
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cancer and the high number of women living with the
disease little is still known about its management in routine clinical practice. This is particularly true for treatment beyond second- or third-line strategies, where
detailed knowledge is scarce [6, 7]. Real-world data is
important not only to improve actual disease management, but vital for the long-term prognosis of metastatic
breast cancer.
In this observational study we examined the long-term
treatment modality sequences and OS of metastatic
breast cancer in clinical practice their relationship with
current treatment guidelines using unique longitudinal
observational data for all women managed for this disease regardless of intrinsic subtypes in a region of Sweden over an 8-year period.

Methods
Study design and data source

This observational cohort study was conducted using
data from the RealQ® Breast Cancer clinical treatment
database (Department of Oncology, Uppsala University Hospital, Uppsala, Sweden). The cohort included all
female patients diagnosed with metastatic breast cancer
at the hospital between 2009 and 2016 (including patients
not receiving any therapy and de novo metastatic breast
cancer patients). Patients were followed from the date of
metastatic diagnosis (index) until death, migration or end
of follow-up (30th September, 2017), whichever occurred
first.
The database is well-established and validated regularly, with real-time collection of online data comprising
detailed and high-quality information on diagnostics,
treatment, and relapse from electronic medical records
for all breast cancer patients diagnosed at the hospital.
Data are added to the database at every specialist visit,
and comprise data on tumour pathology, serum tumour
markers, and individual cancer drugs (including supportive drugs, start- and stop-dates, clinical response,
and reasons for discontinuation). Additionally, complete
data from tumour scans, information on treatment sideeffects (limited to chemotherapy), and patient symptoms,
performance status, weight, and concomitant morbidity
are included.
Measures

Tumours were classified into five intrinsic subtypes based
on a modified version of the St Gallen Guidelines [6] and
recent Swedish data [8] according to surrogate marker
panels using immunohistochemistry (IHC) and in situ
hybridization (ISH). Luminal tumours were defined by
ER+ (> 10%) and HER2- expression. Further sub-classification was based firstly on the Nottingham grade,
where grades 1 and 3 were classified as Luminal A and B,
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respectively; secondly on high or low expression of Ki67
(where < 20% was defined as Luminal A and ≥ 20% as
Luminal B); and, finally, in cases with grade 2 and no Ki67
result, a progesterone receptor-positive (PgR+) tumour
(> 20%) was regarded as Luminal A and a PgR-negative
(PgR-) tumour as Luminal B. Tumours that were HER2+
had to express IHC 3+ or 2+ with in-situ hybridization
amplification and were sub-classified as HER2+/Luminal (ER+) and HER+/ER-. The TNBC tumours had to
be ER-, PgR-, and HER2-. Patients in whom the intrinsic subtype could not be determined were defined as
“Unclassified”.
The duration and composition of metastatic treatment
regimens were assessed using dates and types of medications documented in the medical records, and categorized by chemotherapy, antibody therapy, endocrine
therapy, and targeted therapy comprising mTOR-inhibitors, CDK4/6-inhibitors, and tyrosine kinase inhibitors.
Clinical data on patient characteristics were also
obtained, specifically the date of incident breast cancer
diagnosis, age, clinical staging at initial diagnosis, date of
metastatic diagnosis, distant metastasis organ, and the
Eastern Cooperative Oncology Group (ECOG) performance status (PS).
Statistical analysis

Patient and disease characteristics at the first metastatic
diagnosis (M1) stratified by different intrinsic subtypes
were described as the mean, standard deviation (SD),
median and interquartile range (IQR) for continuous
variables, and counts and percentages for categorical
variables. Overall survival was defined as the time from
date of M1 until date of death or censoring, whichever
occurred first.
Survival by cancer subtypes was estimated using
Kaplan-Meier methods. Cox proportional hazards models were used to estimate adjusted hazard ratios for OS
with 95% confidence intervals (CI). Treatment mapping
to indicate each treatment period and treatment time
was illustrated using a swimmer’s plot and color coding
treatment categories. The proportion of time on active
treatment during observation stratified by intrinsic subtype was visualized by estimated total person-time on
treatment divided by total person-time at risk.
The statistical software R was used for all analyses [9].

Results
Patient characteristics

The study cohort included 370 female patients with metastatic breast cancer with a mean age of 7.2 years (SD13.6),
and median time since primary diagnosis of 6 years. Of
these patients, 57% had a performance status score of 0,
with the dominant metastatic organs being visceral (66%)

Page 3 of 12

and bone (31%). A total of 352 of the 370 patients (95%)
could be subtyped: 118 (32%) Luminal A, 119 (32%)
Luminal B, 31 (8%) HER2+/ER-, 38 (10%) HER2+/Luminal, and 46 (12%) TNBC (Table 1). Diagnoses were based
on biopsies of metastases in 143 of 352 patients (40.6%),
and conversions of the basic subtype from the primary
tumour occurred in 37 (26%) of these patients (Additional Table 1). Conversions from the primary Luminal to
the HER2+ subtype and to TNBC occurred in 4 and 2%
of patients, respectively. Four of the 26 primary HER2+
tumours had converted (Luminal metastasis), while 1
out of 10 (10%) of primary TNBC tumours changed their
metastatic subtype (Luminal B).
Comparing patient characteristics across subtypes
showed that patients with HER2+ or TNBC tumours
were younger (median age 62 and 65 years, respectively)
compared to those with Luminal A/B tumours. Patients
with these tumour subtypes also had a shorter time
between primary and metastatic diagnosis (median time
4 to 30 months for HER2+ or TNBC, respectively) than
patients with Luminal A/B tumours (median time 37 to
68 months from primary diagnosis).
Treatment patterns

Overall, 258 (70%) patients died during the observation period, of whom 13 (5%) were never initiated onto
any therapy. The median number of metastatic treatment lines was 3 (Table 1). Most patients were on active
treatment during follow-up (Additional Table 2) and 164
(67%) of the 245 patients receiving therapy died whilst on
treatment. For patients not undergoing treatment at the
time of death, the median time from the last treatment
until death was 4.9 weeks (IQR = 1.4–13.6). Nearly all
patients with Luminal A/B tumours received endocrine
therapy followed by chemotherapy (Fig. 1). This treatment pattern was seen both for patients with and without
visceral disease. Visual inspection of treatment patterns
for HER2+ patients (Fig. 2) indicated that while HER2+/
ER- patients mostly received either a combination of
chemo/antibody or antibody therapy only (mainly trastuzumab regimens), several HER2+/ER+ patients had long
treatment periods with endocrine therapy only. TNBC
patients predominantly received chemotherapy; however, a few received antibody or chemotherapy/antibody
combination therapy (bevacizumab), and a few received
endocrine therapy despite being ER-. Patients without a
metastatic tumour subtype classification received endocrine therapy.
Survival

When evaluating the entire patient cohort (n = 370),
median OS was 32.5 months (95% CI = 28.2–35.7). The
5-year survival rate was highest for HER2+/Luminal
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Table 1 Patient characteristics at metastatic diagnosis, treatment lines received during follow up, and median survival by metastatic
subtype
Patient characteristics at metastatic diagnosis (M1)
All

Luminal A

Luminal B

HER2+/ER-

HER2+/Luminal Triple negative Unclassified

(n = 370)

(n = 118)

(n = 119)

(n = 31)

(n = 38)

(n = 46)

(n = 18)

mean (SD)

67.2 (13.6)

69.7 (12.2)

67.0 (12.9)

61.8 (15.4)

63.0 (15.4)

64.8 (13.2)

75.6 (13.6)

median (IQR)

67.6 (59.2–77.2) 69.1 (61.7–79.2) 69.0 (59.2–75.4) 62.0 (52.8–72.2) 65.3 (47.6–72.7)

64.5 (56.1–76.0)

80.7 (66.5–85.5)

< 50

50 (13.5%)

9 (7.6%)

18 (15.1%)

5 (16.1%)

12 (31.6%)

6 (13.0%)

0 (0.0%)

50–60

49 (13.2%)

13 (11.0%)

13 (10.9%)

8 (25.8%)

4 (10.5%)

8 (17.4%)

3 (16.7%)

60–70

105 (28.4%)

40 (33.9%)

31 (26.1%)

8 (25.8%)

7 (18.4%)

17 (37.0%)

2 (11.1%)

70–80

94 (25.4%)

31 (26.3%)

39 (32.8%)

7 (22.6%)

7 (18.4%)

7 (15.2%)

3 (16.7%)

80+

72 (19.5%)

25 (21.2%)

18 (15.1%)

3 (9.7%)

8 (21.1%)

8 (17.4%)

10 (55.6%)

87.2 (84.7)

66.2 (73.0)

28.7 (42.1)

Age at M1 dx, years

Time since primary dx, months
mean (SD)

72.0 (80.7)

46.5 (52.4)

52.3 (71.9)

189.6 (100.0)

median (IQR)

39.3 (7.0–109.4) 68.1 (6.3–128.5) 37.3 (11.5–94.9) 4.1 (0.7–39.2)

30.1 (3.2–63.2)

28.4 (13.1–42.0)

184.5 (145.0–232.3)

0–3

81 (21.9%)

29 (24.6%)

22 (18.5%)

15 (48.4%)

9 (23.7%)

5 (10.9%)

1 (5.6%)

3–12

21 (5.7%)

2 (1.7%)

8 (6.7%)

2 (6.5%)

4 (10.5%)

5 (10.9%)

0 (0.0%)

12–36

68 (18.4%)

9 (7.6%)

28 (23.5%)

3 (9.7%)

7 (18.4%)

21 (45.7%)

0 (0.0%)

36–60

40 (10.8%)

11 (9.3%)

12 (10.1%)

5 (16.1%)

7 (18.4%)

5 (10.9%)

0 (0.0%)

60+

160 (43.2%)

67 (56.8%)

49 (41.2%)

6 (19.4%)

11 (28.9%)

10 (21.7%)

17 (94.4%)

2009–2011

157 (42.4%)

56 (47.5%)

51 (42.9%)

12 (38.7%)

9 (23.7%)

22 (47.8%)

7 (38.9%)

2012–2014

142 (38.4%)

38 (32.2%)

45 (37.8%)

16 (51.6%)

20 (52.6%)

17 (37.0%)

6 (33.3%)

2015–2016

71 (19.2%)

24 (20.3%)

23 (19.3%)

3 (9.7%)

9 (23.7%)

7 (15.2%)

5 (27.8%)

Year at M1 dx, n (%)

Metastatic organs at M1 dx, n (%)
1

168 (45.4%)

52 (44.1%)

53 (44.5%)

15 (48.4%)

19 (50.0%)

19 (41.3%)

10 (55.6%)

2

110 (29.7%)

37 (31.4%)

39 (32.8%)

8 (25.8%)

9 (23.7%)

12 (26.1%)

5 (27.8%)

3+

92 (24.9%)

29 (24.6%)

27 (22.7%)

8 (25.8%)

10 (26.3%)

15 (32.6%)

3 (16.7%)

Dominating site of disease at M1 dx, n (%)a
Visceral

244 (65.9%)

69 (58.5%)

72 (60.5%)

28 (90.3%)

30 (78.9%)

35 (76.1%)

10 (55.6%)

Bone

113 (30.5%)

47 (39.8%)

44 (37.0%)

2 (6.5%)

8 (21.1%)

4 (8.7%)

8 (44.4%)

Soft tissue

13 (3.5%)

2 (1.7%)

3 (2.5%)

1 (3.2%)

0 (0.0%)

7 (15.2%)

0 (0.0%)

Performance status at M1 dx, n (%)
0

105 (57.4%)

33 (57.9%)

33 (52.4%)

12 (75.0%)

14 (66.7%)

11 (61.1%)

2 (25.0%)

1

56 (30.6%)

19 (33.3%)

21 (33.3%)

3 (18.8%)

5 (23.8%)

3 (16.7%)

5 (62.5%)

2

18 (9.8%)

4 (7.0%)

7 (11.1%)

0 (0.0%)

2 (9.5%)

4 (22.2%)

1 (12.5%)

3+

4 (2.2%)

1 (1.8%)

2 (3.2%)

1 (6.2%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

Unknown

187 (50.5%)

61 (51.7%)

56 (47.1%)

15 (48.4%)

17 (44.7%)

28 (60.9%)

10 (55.6%)

Adjuvant treatment before M1 Dx, n (%)
Endocrine therapy

201 (54.3%)

70 (59.3%)

79 (66.4%)

5 (16.1%)

22 (57.9%)

9 (19.6%)

16 (88.9%)

Radiotherapy

221 (59.7%)

67 (56.8%)

72 (60.5%)

14 (45.2%)

19 (50.0%)

34 (73.9%)

15 (83.3%)

Chemo therapy

154 (41.6%)

40 (33.9%)

50 (42.0%)

10 (32.3%)

15 (39.5%)

33 (71.7%)

6 (33.3%)

Antibody therapy

26 (7.0%)

1 (0.8%)

4 (3.4%)

7 (22.6%)

11 (28.9%)

3 (6.5%)

0 (0.0%)

Treatment lines received following metastatic diagnosis
Number of treatment lines
Mean (SD)

4.2 (3.2)

4.5 (3.4)

4.6 (3.4)

3.8 (2.6)

4.9 (3.0)

2.7 (2.5)

2.0 (1.5)

Median (IQR)

3.0 (2.0–6.0)

3.0 (2.0–7.0)

3.0 (2.0–7.0)

3.0 (2.0–5.0)

4.5 (3.0–6.8)

2.0 (1.0–4.0)

1.0 (1.0–3.5)

Range

0–18

1–18

0–15

0–10

0–13

0–9

0–5
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Table 1 (continued)
Patient characteristics at metastatic diagnosis (M1)
All

Luminal A

Luminal B

HER2+/ER-

HER2+/Luminal Triple negative Unclassified

(n = 370)

(n = 118)

(n = 119)

(n = 31)

(n = 38)

(n = 46)

(n = 18)

Proportion of time on active treatment following metastatic diagnosis by subtype
Treatment, median (IQR)
Any

93 (75–98)

96 (89–99)

94 (83–99)

74 (43–91)

94 (83–98)

53 (19–76)

Chemo

20 (0.0–55)

14 (0–48)

20 (0–51)

44 (16–79)

21 (2–62)

52 (19–73)

Antibody

0 (0–0)

0 (0–0)

0 (0–0)

39 (15–70)

46 (16–76)

0 (0–0)

Endocrine

55 (10–92)

72 (40–97)

66 (32–97)

0 (0–0)

56 (26–87)

0 (0–0)

Targeted

0 (0–0)

0 (0–0)

0 (0–0)

0 (0–8)

0 (0–1)

0 (0–0)

Death during
follow-up, n (%)

258 (69.7%)

83 (70.0%)

79 (66.4%)

23 (74.1%)

19 (50.0%)

42 (91.3%)

12 (66.7%)

Median survival
(95% CI)

33 (28–36)

43 (31–52)

36 (30–51)

31 (20–45)

42 (30-NA)

11 (8–18)

21 (12.7-NA)

2 yr OS (95% CI)

61 (56–66)

66 (58–76)

67 (59–76)

61 (46–81)

78 (66–93)

23 (13–39)

47 (29–79)

5 yr OS (95% CI)

26 (21–32)

28 (20–39)

29 (21–40)

21 (10–44)

46 (31–67)

7 (2–20)

25 (10–62)

Survival (months)

a

Defined according to the following order: 1) visceral organs, 2) bone, and 3) soft tissue

patients (46%), followed by those with Luminal B (29%),
Luminal A (28%), HER2+/ER- (21%), and TNBC (7%)
tumour subtypes (Table 1, Fig. 3). Combining the HER2+
groups (HER2+/Luminal and HER2+/ER-) resulted in
a median OS of 33.9 months (95% CI 29.1–52.9), and 2and 5-years OS of 71% (0.60–0.82) and 33% (0.23–0.48),
respectively.
Similarly, in the mutually adjusted Cox proportional
hazards regression model, TNBC patients had an almost
three-fold greater risk of all-cause mortality compared
to those with other subtypes, HER2+/Luminal showing
the lowest risk (Table 2). Age (> 80 years) and a metastatic
pattern of 3+ metastatic sites were also independent risk
factors significantly associated with increased mortality
unlike time since primary diagnosis, dominant metastatic
organ, and calendar time. A sensitivity analysis examining the effect of adjuvant treatment on survival did not
show any association with mortality (p = 0.302).
Luminal subtypes

Deceased Luminal B patients who had received treatment
(n = 78) were younger (mean age 67.6 vs. 71.9 years),
more commonly had 2+ metastatic sites (64.1% vs.
56.6%) and visceral as the primary metastatic location
(69.2% vs. 59.0%) compared with deceased Luminal A
patients who had received treatment (n = 83). Generally, Luminal B patients received chemotherapy more
frequently than Luminal A patients, with chemotherapy
more often administered during the later treatment lines
(Fig. 1). The median proportion of time on active treatment with any chemotherapy (mono- or combinations

of ) was significantly greater for Luminal B patients than
Luminal A patients (36% vs. 19%, respectively, p = 0.017).
Moreover, for any endocrine therapy the median proportion of time treated was 50% for Luminal B patients vs.
68% for Luminal A patients (p = 0.29) (Fig. 2). There was
no difference in mortality for Luminal B and A patients
when adjusting for age, number of metastatic sites,
visceral metastatic location, and treatment (p > 0.05)
(Table 2).
Treatment proportion

Figure 4 illustrates the proportion of time on active
treatment stratified by tumour subtypes. Patients with
HER2+/ER- tumours had more time without treatment than the HER2+/Luminal subgroup (median 74.0
and 94.0% time on treatment, respectively). In contrast,
patients with HER2+/Luminal tumours had less time on
treatment with chemotherapy than the HER2+/ER- subgroup (median 20.5 and 43.6%, respectively). The HER2/
Luminal patients had a numerically higher proportion of
time on endocrine therapy than on (HER2-directed) antibody therapy, median 56.4 and 50.7% respectively.

Discussion
This study using recent, real-world data shows that
treatment patterns in metastatic breast cancer patients
vary to a large extent. This supports the notion that
guidelines for metastatic breast cancer are generally
complex and often difficult to implement in clinical
practice. We found that most Luminal A/B patients
received endocrine therapy followed by chemotherapy
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Fig. 1 Treatment sequences for metastatic breast cancer patients: Luminal A, B, and Luminal B with visceral disease. The treatment sequences are
described for metastatic breast cancer patients subtyped as Luminal A (A); Luminal A with visceral disease (B); Luminal B (C); and, Luminal B with
visceral disease (D)

in alignment with guideline recommendations [10],
while HER2+ patients mostly received combinations
of anti-HER2-targeted immunotherapies, with and
without chemotherapy. Interestingly, treatment patterns for HER2+/ER+ patients indicate that several
patients received endocrine maintenance therapy for
long periods of time, and the proportion of time on
endocrine treatment was higher than that on HER2targeted immunotherapy. During the study period

there was in fact some evidence to support such a treatment approach [11]. Moreover, the ABC Guidelines
suggest that endocrine maintenance therapy following
chemotherapy may be a reasonable option despite a
lack of randomized data [10, 12]. The recommendation
was based on clinical experience and associated lower
toxicity [12] and further supported by the mechanistic
rationale of cross-talk between estrogen- and HER2receptors [13].
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Fig. 2 Treatment sequences for metastatic breast cancer patients: HER2/Luminal, HER2/ER–, TNBC; and, Unclassified. Treatment sequences for
metastatic breast cancer patients: HER2/Luminal all patients (A); HER2/ ER– all patients (B); TNBC all patients (C); and, Unclassified (D), where
HER = human epidermal growth factor receptor 2; ER– = estrogen receptor-negative; and, TNBC = triple negative breast cancer

More recently, further evidence of endocrine maintenance therapy following chemotherapy/HER2-targeted
antibody therapy for HER2+/ER+ patients has emerged
[14, 15]. In the RegistHER and SystHER prospective registry studies, addition of endocrine therapy to chemotherapy and HER2-targeted therapy was associated with
improved progression free survival and OS compared
with chemotherapy and HER2-targeted therapy alone for
HER+/ER+ patients [1, 15]. In our study, TNBC patients

typically received chemotherapy; given the limited available treatment options and evidence to support the benefit
of Programmed Cell Death (PD-1) and PD-L1-targeting
antibodies during the observation period, this is not surprising. Nevertheless, a small number of patients received
bevacizumab. Patients whom we were unable to classify
based on tumour subtype received endocrine therapy.
Surprisingly, our analyses reveal that a high number of
HER2+ patients were managed for a long time without
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Fig. 3 Unadjusted survival (Kaplan-Meier) by metastatic breast cancer subtype

receiving HER2-targeted treatment. Currently we cannot
explain this finding, but it does suggest that the younger
age of these patients may have influenced these treatment
patterns.
As regards survival, our study shows that the mortality rate for TNBC patients was about three times higher
than for patients with all other subtypes, the latter all
being associated with a comparable risk of death. This
corresponds to the study of Li et al. [16], which also
demonstrated that patients with TNBC had a worse
overall survival than patients with non-TNBC independent of disease stage. Furthermore, we found that
age (> 80 years) and 3+ metastatic sites were also independent risk factors for mortality, whereas time since
primary diagnosis, dominating site of disease and calendar time were not statistically associated with increased
mortality. Five-year survival was highest for HER2+/
Luminal patients and median OS was 46 months. Similarly, in a French real-world study [17], HER2+ patients

had a median OS of 45 months and also corresponded
to the only metastatic subtype showing improvements
in survival over calendar time. In our study, however,
HER2+/ER- patients had a median OS of 31 months
and, in contrast, no significant improvement in survival during the full study period despite a tendency
to improved survival in the most recent years. This is
in line with the French study [17] and also highlights
the need for new treatment options. Notably, HER2+
patients were both younger and displayed a shorter time
between primary and metastatic diagnosis than other
subgroups.
Luminal subtypes

Following the introduction of molecular subtyping of
tumours in breast cancer [18], the Luminal B subtype
has been associated with a worse prognosis than Luminal A breast cancer [19, 20]. Our data, however, suggest
no difference in OS between Luminal A and Luminal B
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Table 2 All-cause mortality expressed as crude and mutually adjusted hazard ratios (HR) with 95% confidence intervals (CI)
Crude
No. of patients/
event

HR (95% CI)

Mutually adjusted
P value

P overall

HR (95% CI)

P value

P overall

Tumour subtype
Lum A

118/83

1.00

Lum B

119/79

1.04 (0.76–1.41)

0.827

1.11 (0.80–1.53)

1.00
0.534

HER2/ER neg

31/23

1.26 (0.79–2.01)

0.325

1.54 (0.93–2.54)

0.096

HER2 Lum

38/19

0.76 (0.46–1.26)

0.292

Triple negative

46/42

3.33 (2.27–4.86)

< 0.001

< 0.001

0.73 (0.43–1.25)

0.254

2.95 (1.85–4.70)

< 0.001

< 0.001

Age at metastasis, years
< 50

50/32

1.00

50–60

46/26

0.90 (0.54–1.51)

0.694

1.02 (0.60–1.75)

1.00
0.933

60–70

103/77

1.02 (0.67–1.54)

0.935

0.99 (0.65–1.53)

0.972

70–80

91/58

0.95 (0.62–1.47)

0.830

80+

62/53

2.17 (1.40–3.37)

0.001

< 0.001

1.12 (0.71–1.76)

0.619

3.40 (2.12–5.47)

< 0.001

< 0.001

No. of metastatic sites at M1
1

158/99

1.00

2

105/76

1.19 (0.88–1.61)

0.247

1.00

3+

89/71

1.71 (1.26–2.33)

0.001

0.003

1.39 (1.00–1.92)

0.051

1.98 (1.36–2.89)

< 0.001

0.002

Dominating site of disease at M1 dx
Bone

105/63

1.00

1.00

Soft tissue

13/12

2.06 (1.11–3.83)

0.022

Visceral

234/171

1.48 (1.11–1.98)

0.007

< 0.001

1.24 (0.64–2.40)

0.533

1.11 (0.78–1.57)

0.560

0.755

Time since primary diagnosis, months
0–3

80/50

1.00

3–12

21/12

1.04 (0.55–1.95)

0.910

1.14 (0.59–2.20)

1.00
0.692

12–36

68/53

2.02 (1.37–2.98)

< 0.001

1.77 (1.12–2.80)

0.015

36–60

40/29

1.57 (0.99–2.48)

0.054

60+

143/102

1.17 (0.83–1.64)

0.376

0.004

1.59 (0.99–2.54)

0.054

1.19 (0.83–1.70)

0.345

0.101

Year at M1 diagnosis
2009–2011

150/131

1.00

2012–2014

136/84

0.80 (0.60–1.06)

0.124

1.00

2015–2016

66/31

1.33 (0.88–2.02)

0.178

subgroups from the time of metastatic diagnosis, even
when adjusting for prognostic factors. Since most previous reports on the prognostic impact of molecular
subtypes contrary to our study analyse survival from
time of diagnosis, the associated difference in survival
outcomes we see may be associated primarily with a
faster and higher prevalence of recurrence. Our study
indicates that Luminal B patients were treated more
often with chemotherapy and less often with endocrine
therapy compared with Luminal A patients. This treatment approach is in line with suggested evidence that
Luminal B breast cancer is more sensitive to chemotherapy, and less so to endocrine therapy than Luminal
A breast cancer [21]. This is not, however, supported
by guidelines for advanced breast cancer [6, 10, 12].

0.055

0.82 (0.61–1.10)

0.189

1.42 (0.92–2.19)

0.112

0.056

Conflicting results on the difference in survival of metastatic breast cancer between Luminal A and B patients
have been reported previously. Two retrospective studies from Italy showed that patients with Luminal B
breast cancer had a shorter time to progression when
treated either with endocrine therapy and a CDK4/6
inhibitor [22] or with first-line endocrine therapy alone
[23]. Another retrospective study from Japan showed
that ER+ patients treated with first-line endocrine
therapy showed no significant difference in survival
from time of metastatic diagnosis whatever their Ki67
expression, whereas PgR expression was associated
with improved survival [24].
Only a small proportion (< 10%) of patients were
expected to be premenopausal, but unfortunately data on
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Fig. 4 Proportion of time on active treatment during observation period by intrinsic subtype

menopausal status was not available. Likely, menopausal
status does not affect the differences observed between
the Luminal A and B groups.
Strengths and limitations

The major strength of our study is the detailed information on the diagnosis, treatment and follow-up of patients
with metastatic breast cancer stratified by tumour subtype in a real-world setting with limited risk of selection bias. The completeness of the registry per se is high
(approx. 95%) when validated with medical records. As
this study was based on local data, however, the findings
may not be directly generalizable to the entire advanced
and/or metastatic breast cancer population in Sweden.
Moreover, a number of limitations common to all observational studies apply here. Firstly, potential confounders
have not been included, which may affect both internal
and external validity of the results. This relates primarily
to socio-economic factors that are known to be associated with breast cancer diagnosis [25], although access to
healthcare is tax-financed in Sweden. Furthermore, lack
of statistical power prevented us from describing specific
treatment patterns within patient subgroups and investigating, for example, whether survival improved over

time for HER2+ patients, as was shown by Gobbini et al.
[17]. Our study reports on OS and treatment patterns.
The focus for metastatic breast cancer remains prolonging survival and improving quality of life; however, the
important quality of life evaluation was not possible
using these data. Also, information on treatment sideeffects, which may impact treatment patterns, could not
be included.

Conclusion
This observational study of metastatic breast cancer
patients in clinical practice in Sweden shows that irrespective of tumour subtype, most patients (> 80%) were
on active treatment until time of death. Median OS for
metastatic breast cancer patients was 32.5 months,
and 5-year survival rates varied considerably across
subtypes. Regardless of Luminal A and B treatment
differences, with larger share and earlier use of chemotherapy in the latter group, long-term OS was the same
which could question the common recommendation
of avoiding early use of chemotherapy in HR+/HER2breast cancer. Also, encouraging survival data with
CDK4/6 inhibitors or antibody-drug conjugates will be

Lindman et al. BMC Cancer

(2022) 22:1006

needed to be explored also in a real-world setting in
the near future.
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