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Abstract The aim of our retrospective study was to analyze
patterns of subtype specific metastatic spread and to identify
the time course of distant metastases. A consecutive series of
490 patients with breast cancer who underwent surgery and
postoperative treatment at Semmelweis University, Hungary,
and diagnosed between the years 2000 and 2007 was
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identified from the archives of the 2nd Department of
Pathology, Hungary. Molecular subtypes were defined based
on the 2011 St. Gallen recommendations. Statistical analysis
was performed with SPSS Statistics for Windows, Version
22.0. Distant metastasis free survival (DMFS) was defined
as the time elapsed between the first pathological diagnosis
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of the tumor and the first distant metastasis detection. Distant
metastases were detected in 124 patients. Mean time to devel-
op metastasis was 29 months (range 0—127 months). The lon-
gest DMFS was observed in the Luminal A (LUMA) subtype
(mean 39 months) whereas the shortest was seen in the HER2-
positive (HER2+) subtype (mean 21 months; p = 0.012). We
confirmed that HER2+ tumors carry a higher risk for distant
metastases (42.1%). LUMA-associated metastases were
found to be solitary in 59% of cases, whereas HER2+ tumors
showed multiple metastases in 79.2% of cases. LUMA tumors
showed a preference for bone-only metastasis as compared
with HER2+ and triple negative breast cancer (TNBC) cases,
which exhibited a higher rate of brain metastasis. The most
frequent second metastatic sites of hormone receptor (HR)
positive tumors were the lung and liver, whereas the brain
was the most affected organ in HR-negative (HR—) cases.
Tumor subtypes differ in DMFS and in pattern of distant me-
tastases. HER2+ tumors featured the most aggressive clinical
course. Further identification of subtype-specific factors
influencing prognosis might have an impact on clinical care
and decision-making.

Keywords Breast - Distant metastases - Bone - Brain -
Subtypes - Prognosis

Introduction

There is growing evidence indicating that patterns of metasta-
sis and clinical outcome are different between breast carcino-
mas of different subtypes [1-5]. Patterns of metastasis as well
as prognosis vary according to hormone receptor (HR) and
HER?2 status [6, 7]. The favored metastatic site of HR positive
tumors is bone tissue, whereas this site is less frequent in case
of triple-negative tumors [1, 8].

Prognosis of a metastatic breast carcinoma depends on sev-
eral factors. A well-known favorable factor is a positive HR
status. The first sites of distant metastases also have docu-
mented impact on survival with the best outcome for bone
metastases [2]. The era of next-generation sequencing provid-
ed a new insight into the biology of different breast carcinoma
subtypes and their metastases, but translation of these relative-
ly recent data into clinical practice has not yet been accom-
plished [9]. Considering that approximately 30% of patients
diagnosed with breast carcinoma develop distant metastatic
disease, the number of studies providing reliable data on as-
sociations between conventional clinicopathological markers
and metastatic pattern is relatively limited [1, 3, 5, 10]. Most
studies focus on metastatic tumors, without in-depth analysis
of cases without metastases. Recognizing these mentioned
important gaps, the Breast International Group (BIG)
launched the ambitious AURORA program in 2014 to eluci-
date molecular aberrations in metastatic breast cancer and
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analyze intra-tumor heterogeneity through genome analysis
of both primary tumors and corresponding metastatic lesions
[11]. Such retrospective and prospective studies will hopefully
shed light on poorly understood areas of metastatic breast
cancer. Against this background, we conducted a retrospective
study with the aim to refine subtype-specific risk prediction
models, to improve our knowledge regarding the pattern of
metastasis of different breast carcinoma subtypes (identifica-
tion of subtype-specific factors influencing prognosis could
have an impact on clinical care and decision-making), and to
identify the time course of distant metastases.

Material and methods
Breast cancer tissues

Our cohort included 490 patients with breast cancer diagnosed
between the years 2000 and 2007 that underwent surgery and
postoperative treatment and with known distant metastasis
status and overall survival (OS) data. Clinicopathological data
were obtained from the archives of Semmelweis University,
2nd Department of Pathology and of the 1st Department of
Surgery, Hungary, and from the archives of Semmelweis
University Dept. of Clinical Oncology. Follow-up data collec-
tion ended in June 2015. The relevant pathological data and
clinical information were extracted and analyzed with permis-
sion from the Semmelweis University Regional and
Institutional Committee of Science and Research Ethics
(ETT-TUKEB, #185/2007), according to strict privacy stan-
dards. The recorded pathological and clinical parameters are
presented in Table 1.

Immunohistochemical and FISH analysis

Molecular subtypes were defined based on the 2011 St. Gallen
recommendations [12, 13] as Luminal A (LUMA), Luminal
B/HER?2 negative (LUMB1), Luminal B/HER2+ (LUMB?2),
HER?2 positive (HER2+), and triple-negative breast cancer
(TNBC). LUMBI category definition was slightly modified
and it included ER positive carcinomas with a Ki67 LI of
>15% [14].

ER (estrogen receptor), PgR (progesterone receptor),
ERBB2/HER2 (erb-b2 receptor tyrosine kinase 2) status,
and Ki67 (marker of proliferation Ki67) index were evaluated
by immunohistochemistry (IHC). All immunohistochemical
stains were carried out at the Semmelweis University, 2nd
Dept. of Pathology, Hungary, using anti-ER (clone
6F11)1:200, anti-PgR (clone 312)1:200, and anti-HER2
1:150 (clone CB11) purchased from Novocastra
Laboratories Ltd. (Newcastle upon Tyne, UK), and anti-
Ki67 1:100 (clone MIB1) purchased from DAKO Gmbh
(Hamburg, Germany) as antibodies. Cutoff values for ER



Virchows Arch (2017) 470:275-283

271

Table 1 Clinical and pathological characteristics of the selected
patients
Parameter Total no. of cases (%)
Grade 444
1 84 (18.9)
2 171 (38.5)
3 189 (42.6)
pT status 427
pT1 212 (49.6)
pT2 166 (38.9)
pT3 23 (5.4)
pT4 26 (6.1)
pN status 391
pNO 198 (50.6)
pN1 126 (32.2)
pN2 44 (11.3)
pN3 23 (5.9)
ER 487
Positive 348 (71.5)
Negative 139 (28.5)
PgR 486
Positive 246 (50.6)
Negative 240 (49.4)
HER2 490
Positive 141 (28.8)
Negative 349 (71.2)
Molecular subtype 490
Luminal A 186 (38.0)
Luminal B (HER2-) 84 (17.1)
Luminal B (HER2+) 81 (16.5)
HER2+ 60 (12.3)
Triple-negative 79 (16.1)
Age 490
40 > 427 (87.1)
40 < 63 (12.9)
Anatomic site of distant metastasis (N)
Bone 80
Lung 54
Liver 46
Brain 19
Pleura 21
Other organs 13
Peritoneum 2
Adrenal 3
Cutaneous 7
Lymph node (supraclavicular) 1

and PgR status were 1% of tumor cells with nuclear staining
and defined as positive or negative. Ki67 labeling index (LI)
was assessed by visually estimating the percentage of positive
tumor cell nuclei [14, 15].

HER? status was determined either as protein overexpres-
sion (34, complete strong membrane staining) or HER2 gene
amplification detected by fluorescence in situ hybridization
(FISH), applying the valid ASCO/CAP guideline for the given
period [16, 17].

Assessing the data related to metastatic events

DMFS was defined as the time elapsed between the initial
pathology diagnosis of the tumor and diagnosis of the first

distant metastasis (metastases to the bone, lung, liver, brain,
pleura, and other organs excluding axillary lymph node me-
tastases). OS was determined as the time elapsed between the
first pathology diagnosis and disease specific death, with the
censoring of patients who were lost to follow-up.

The following parameters were noted in all cases with
metastases:

a. Sites of distant metastasis [the bone, the lung, the liver, the
brain, the pleura, other organs (peritoneum, adrenal, cuta-
neous, and one supraclavicular lymph node observed after
9 years of primary treatment)]

Date of diagnosis of first metastasis to any organ

c. Order of appearance of different organ metastases for each

patient (first, second, or third in time)

All patients received systemic therapy (endocrine, targeted,
cytotoxic chemotherapy or combination therapy). Of 141 pa-
tients, 85 (60.3%) with HER2+ disease received HER2-
targeted therapy using trastuzumab. Of these cases, 22
(25.9%) received HER2-targeted therapy for metastatic dis-
ease and 63/85 (74.1%) as treatment of primary tumor.

Statistical analysis

Age distribution, pT and pN status, tumor grade, St. Gallen sub-
types, site and pattern of metastasis, and time to metastasis were
analyzed. Descriptive analysis of categorical prognostic variables
was performed using SPSS software (IBM SPSS Statistics for
Windows, Version 22.0. Armonk, NY, USA). Differences in the
distribution of characteristics between the parameters of patients
with distant metastases (DM) and patients without metastases
during the follow-up period were evaluated using two-sided
Fisher’s exact test. Two-sided exact Mann—Whitney—Wilcoxon
test was used to define age and Ki67 labeling index (LI) distri-
bution in metastatic vs. non-metastatic cases. ROC curve estima-
tion was also applied to define the cutoff value for Ki67 LI, but
no reliable cutoff was found. Survival was investigated using
Kaplan—Meier estimators. Log-rank test and multivariate Cox
regression analysis (model included age, grade, pTN status,
immunophenotype, and Ki67 LI) were carried out to analyze
the association between different pathological parameters and
DMEFS or OS. Results were considered to be statistically signif-
icant if p < 0.05.

Results

PTNM status and tumor grade: correlation
with metastatic pattern

The majority of patients were diagnosed with a pT1 or pT2
tumor (Table 1). Distant metastatic disease evolved more
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frequently in higher pT groups within the follow-up period
(p < 0.001, Table 2). However, we found no significant dif-
ferences between pT status and different subtypes or metasta-
sis distribution (Tables 2 and 3). Similar to pT status, pN status
was also strongly associated with distant metastatic potential
(p < 0.001). Metastatic disease developed more frequently in
higher pN groups within the follow-up period. A higher per-
centage of pN3 tumors was observed in HER2+ and TNBC
subtypes (p = 0.008, Table 2). As 51% of the cases with
known pN status were pNO, including 22 patients (11%) with
DM, we further examined the metastasis pattern in those
cases. Brain metastases occurred exclusively in HR negative
lesions and more often in pNO tumors (p = 0.005). Grade 3
tumors were remarkably more frequently HR negative (HR—)
(p <0.001). Approximately one third (28%) of grade 3 tumors
formed DM, whereas only 16% of grade 1 tumors developed
DM during the follow-up period, but this difference was not
statistically significant (p = 0.125, Table 2).

Correlation of PgR expression with distant metastases

Applying a cutoff value of 20% to distinguish between high
and low PgR expression, we found that higher PgR expression
was associated with better survival. Cases presenting solitary
metastasis (N = 39) were more often PgR positive than those
with multiple metastases (61 vs. 36%, p = 0.029). Within

cases with a LUMBI1 subtype, DM occurred significantly
more often in PgR low than those in PgR high cases (50%
(18/36) vs. 23% (8/35), p = 0.026).

Ki67 LI and distant metastasis formation

We found no significant differences in Ki67 LI between the
distant metastatic and non-metastatic groups (27.5 = 2.5 vs.
24.0+ 1.4%, p = 0.260). However, metastases occurring in the
first or second year (early metastases) had a significantly
higher Ki67 LI (p = 0.025 and p = 0.041, respectively) than
late metastases. Patients diagnosed with DM in the first or
second year after primary diagnosis presented a mean Ki67
LI of34.0 +3.8 and 33.0 &+ 3.4%, whereas this was 24.0 + 3.0
and 22.8 + 3.2%, respectively, in cases without metastases in
the first or second year.

Subtype-specific distant metastases

The bone was the most common metastatic site followed by
the lung and liver (Table 1). HER2+ cases developed most
often DM as 42% (24/57) of the examined HER2+ patients
developed metastatic disease in the follow-up period. The
lowest number of metastatic tumors was detected in the
LUMA group (23% (39/170); Fig. 1). Associations between
breast carcinoma subtype and the presence of any DM were

Table 2 Associations of tumor grade, pT and pN state with the presence of distant metastasis, and the molecular subtype of the examined cancers

Presence of DM? (%) P value®  Molecular subtype (%) p value
No Yes HR+ HR-
LumA LumB (HER2-) LumB (HER2+) HER2+ Triple-negative
Grade 335 109 0.125 165 70 78 53 78 <0.001
1 71 (21.2) 13 (11.9) 73 (44.2) 4(5.8) 4(5.1) 0(0.0) 3(3.8)
2 127 (37.9) 44 (404) 81 (49.1) 33 (47.1) 31(39.7) 13 (24.5) 13 (16.7)
137 (40.9) 52 (47.7) 11 (6.7) 33 (47.1) 43 (55.1) 40 (75.5) 62 (79.5)
pT 321 106 <0.001 165 76 75 52 61 0.290
1 172 (53.6) 40 (37.7) 93 (56.4) 34 (44.7) 38 (50.7) 26 (50.0) 23 (37.7)
2 125 (38.9) 41 (38.7) 58 (35.2) 31 (40.8) 29 (38.7) 20 (38.5) 28 (45.9)
3 10 (3.1) 13 (12.3) 9(5.5) 339 3 (4.0 4(7.7) 4(6.6)
4 14 (4.4) 12 (11.3) 5@3.0) 8 (10.5) 5(6.7) 2(3.8) 6 (9.8)
pN 302 89 <0.001 160 46 72 47 65 0.008
0 172 (57.0) 26(29.2) 91 (56.9) 18 (39.1) 33 (45.8) 19 (40.4) 37 (56.9)
1 87 (28.8) 39 (43.8) 55(34.3) 18 (39.1) 26 (36.1) 13 (27.7) 14 (21.5)
2 29 (9.6) 15 (16.9) 11 (6.9) 8(17.4) 8 (11.1) 9(19.1) 7 (10.8)
3 14 (4.6) 9 (10.1) 3(1.9) 2(43) 5(6.9) 6 (12.8) 7 (10.8)

The most frequent metastatic sites are presented in the proportion of metastatic samples within the given category (58.9% (73/124) cases developed

metastases at multiple sites)
# Distant metastasis

® Two-sided Fisher’s exact test (p < 0.05 considered as statistically significant)

¢ Hormone receptor
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statistically significant (p = 0.012). Significant differences
were also revealed between subtypes regarding occurrence
of solitary or multiple DM (p = 0.019; Fig. 1). Multiple me-
tastases were most often found in HER2+ patients (79%, 19/
24). Solitary metastasis formation was characteristic for
LUMA (59%, 23/39), which preferentially developed bone-
only metastases. Patients with a LUMA subtype developed
bone metastases only in 36% (14/39); this was 19% (5/26)
for patients with a LUMBI1 and 30% (6/20) for patients with
a LUMB2 subtype. For patients with a HER2+ or TNBC
subtype, this was 4% (1/24) and 7% (1/15), respectively.
Patients with the latter two subtypes showed a high incidence
of organ metastasis other than the bone (46% (11/24) and 60%
(9/15), respectively). Of patients with a HR+ tumor, 72% (61/
81) had bone metastases while this was 49% (19/39) for pa-
tients with a HR— breast carcinoma (p = 0.016). Brain metas-
tases alone or together with other organ metastases is most
likely to occur in HER2+ (42%) and TNBC patients (26%)
(p = 0.005; Fig. 1). Finally, the frequency of lung and liver
metastases was not different between breast carcinoma sub-
types (p = 0.328 and p = 0.803, respectively). Regarding the

second metastatic site, our study revealed that the most affect-
ed organ in HR+ tumors is the lung or liver, while this was the
brain in HR— cases (Fig. 1). Upon multivariate analysis in-
cluding age, grade, pTN status, Ki67 LI, and the different
breast carcinoma subtypes, only pN2 status was significantly
associated with DMFS (Table 4).

Distant metastasis-free patients and overall survival
of patients

The average time to diagnosis of metastases was 29 months
(range from 0 to 127 months). The longest DMFS was ob-
served in patients with the LUMA subtype (avg.
39.0 + 5.6 months) whereas the shortest was seen in those
with the HER2+ subtype (avg. 21.0 + 5.0 months). Second
shortest DMFS was found in patients with the LUMBI1 sub-
type (avg. 22.7 £ 4.4 months), followed by those with the
TNBC (avg. 25.7 + 5.5 months) and LUMB2 subtypes (avg.
31.8 + 7.8 months) (Fig. 2a). We further examined whether
Herceptin (trastuzumab) treatment has an effect on DM for-
mation and DMFS, but no difference was found between

Table 3 Associations between
distant metastatic sites and tumor

Location of DM (%)*

grade, pT and pN state, and the

molecular subtype of primary Bone Lung Liver Brain Pleura
breast cancer cases
Grade 71 46 40 18 19
1 10 (14.1) 6 (13.0) 3(7.5) 0(0.0) 1(5.3)
2 29 (40.8) 21(45.7) 19 (47.5) 3(16.7) 10 (52.6)
3 32(45.1) 19 (41.3) 18 (45.0) 15(83.3) 8 (42.1)
p value® 0.605 0457 0.345 0.004 0.455
pT 69 41 40 17 19
1 25(36.2) 14 (34.1) 14 (35.0) 5(29.4) 7 (36.8)
2 30 (43.5) 13 (31.7) 18 (45.0) 4(23.5) 6 (31.6)
3 8 (11.6) 8(19.5) 5(12.5) 3(17.6) 3 (15.8)
4 6(8.7) 6 (14.6) 3(7.5) 5(29.4) 3(15.8)
p value 0.352 0.233 0.623 0.057 0.756
pN 54 33 31 15 11
0 12 (22.2) 7(212) 7 (22.6) 4(26.7) 3(27.3)
1 25 (46.3) 14 (42.4) 16 (51.5) 5(33.3) 4 (36.4)
2 11 (20.4) 7(21.2) 7 (22.6) 4 (26.7) 1.1
3 6 (11.1) 5(15.2) 13.2) 2(13.3) 3(27.3)
p value 0.900 0.761 0.319 0.611 0.296
Molecular subtype 80 54 46 19 21
LumA 27 (33.7) 15 (27.8) 12 (26.1) 2(10.5) 3(14.3)
LumB1 (HER2-) 19 (23.7) 14 (25.9) 11 (23.9) 3(15.8) 8 (38.1)
LumB2 (HER2+) 15 (18.8) 6 (11.1) 9 (19.6) 1(5.3) 1(4.8)
HER2+ 13 (16.3) 10 (18.5) 9 (19.6) 8 (42.1) 7(33.3)
TNBC 6(7.5) 9 (16.7) 5(10.8) 5(26.3) 2(9.5)
p value 0.140 0.328 0.803 0.005 0.030

“ Distant metastasis (only the most frequent metastatic sites are presented)

® Two-sided Fisher’s exact test (p < 0.05 considered as statistically significant)
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Fig. 1 Distant metastases distribution in the different breast carcinoma subtypes. Each sector represents a sample. Appearance of metastasis (/st, 2nd,
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treated and non-treated patients, neither in the HER2+ (76 vs.
24%, N = 58) nor in the LUMB2 subtype (54 vs. 46%),
N=174).

Overall, mean disease-specific OS was 53.4 &+ 37.3 months
(range 0—155). Univariate analysis of subtype-specific OS
showed significant differences (p = 0.002, Fig. 2b). Patients
with the LUMA subtype had the longest OS (67.2 months),
followed by those with LUMBI (53.0 months), TNBC
(45.9 months), LUMB2 (41.2 months), and HER2+
(37.3 months). By multivariate analysis, HER2+ and TNBC
subtypes were significant predictors of shorter OS (p = 0.036,
p=0.026, and p = 0.010, respectively) (Table 4). We found no
significant difference in OS between trastuzumab-treated and
non-treated patients, neither for HER2+ nor for LUMB2 sub-
type (p = 0.380 and p = 0.233, respectively).

Discussion

Breast-cancer-related mortality is usually due to metastatic
dissemination of the primary lesion. The answer to the ques-
tion when and how metastatic spread occurs is complex.
Different progression models have been suggested and a va-
riety of factors have been linked to an elevated risk of devel-
oping distant metastases [3, 4, 18-23].

We first examined associations of clinicopathological fac-
tors, including pT, pN, grade, PgR, and Ki67 LI, with the

@ Springer

likelihood of distant relapse. In accordance with the literature,
we found significant associations between high pT/pN status
and the occurrence of distant metastases [24, 25] but not be-
tween tumor grade and distant metastases. Abha Soni et al.
found by univariate analysis that high-histologic grade signif-
icantly correlated with central nervous system metastases, al-
though this did not hold up in multivariate analysis [26]. Kim
HIJ et al. found that patients with a high-grade carcinoma more
often had a shorter metastasis-free interval [24].
Aleskandarany et al. analyzed a panel of biomarkers and
found a high Ki67 LI along with expression of HER2, p53,
N-cadherin, P-cadherin, PIK3CA, and TOMM34 to be signif-
icantly associated with earlier development of DM [27]. We
did not find a significant association between the frequency of
distant metastases and Ki67 LI. However, Ki67 LI was signif-
icantly higher in patients with early metastases (in the first and
second year) than in those with late metastases, which is in
agreement with earlier published data [2].

Possible associations of PgR expression with the likelihood
of the development of metastases are less well-documented
[12]. We used a cutoff value of 20% to distinguish high and
low PgR expression and found that high PgR expression is
associated with better survival. Sato et al. found breast cancer-
related events to be significantly lower in PgR-high Luminal
B-like breast cancer, which raises the possibility that PgR
status has some influence on prognosis for patients with a
Luminal HER2— breast cancer [28].
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Table 4 Multivariate Cox regression analysis of factors predicting
DMFS and OS

Parameter DMFS (0N
HR p HR p

Age 1.010 0.351 1.021 0.070
Grade 0.324 0.210
Grade 1 0.704 0.513 0.232 0.132
Grade 2 1.609 0.246 1.051 0.931
Grade 3 1.445 0.354 1.320 0.602
pT 0.234 0.036
pT(1) 0.345 0.349 0.164 0.129
pT(2) 0410 0.438 0.158 0.123
pT(3) 0.855 0.898 0.639 0.728
pT4) 0.348 0.405 0.166 0.155
pN 0.137 0.066
pN(1) 1.433 0.275 1.029 0.941
pN(Q2) 2.761 0.020 2.034 0.134
pN@3) 1.636 0.303 2.861 0.051
LumA 0.706 0.115
LumBl1 1.452 0.395 1.785 0.139
LumB2 1.248 0.588 1.732 0.238
HER2 1.270 0.598 3.105 0.026
TNBC 2.126 0.166 3.885 0.010
Ki67 0.999 0.823 1.003 0.708

In multivariate analysis including age, grade, pTN status, Ki67 LI, and the
different breast carcinoma subtypes, only pN2 status was significantly
associated with DMFS whereas pT status and HER2+ and TNBC
subtypes were significant predictors of shorter OS
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We then studied in a retrospective series of 490 breast cancer
patients whether breast cancer subtypes, notably different
immunophenotypes, show different patterns of distant relapse.
It is important to note that immunophenotype may be different
between primary tumor and corresponding distant metastasis,
which may affect treatment decision making [29, 30]. We found
a significant correlation between breast carcinoma subtype and
the occurrence of DM. Patients with a HER2+ carcinoma most
often developed distant metastases and the lowest frequency
was found in patients with the LUMA subtype. As previously
published, we found the bone to be the most frequently in-
volved metastatic site followed by the lung and liver [1, 31].

Patterns of metastatic disease are considerably different
between ER-positive and ER-negative tumors, and mecha-
nisms involved in organotropism are being documented re-
cently, using advanced molecular methods. Specific molecular
signatures have been identified for bone and brain metastases
of breast cancer [32-34]. HR-positive tumors tend to relapse
later and preferentially disseminate to the bone in comparison
with HR— tumors [1, 3, 26, 31, 35, 36]. We found bone me-
tastases in approximately two-thirds of patients with an HR+
carcinoma and bone metastases only to be highly characteris-
tic for patients with an HR+ tumor, more in particular of
LUMA subtypes. Soni et al. suggested that breast cancer can
be divided into those with bone-only metastases and those
with the bone and another organ, with differences in biological
behavior [26]. Smid et al. found that the pattern of genes of
which the expression is up-regulated in HER2+ breast cancer
with bone metastases is entirely different from that found in
the luminal subtype [37]. Savci-Heijink et al. found that a
novel 15-gene signature identified 82.4% of tumors with bone
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metastases, 85.2% of tumors with metastasis to the bone as the
first site, and 100% of tumors with bone metastases only [38].

We did not observe statistically significant differences be-
tween breast carcinoma subtype and DM to lung and liver.
Soni et al. reported that none of the subtypes metastasized only
to the lung, while Smid et al. found lung metastases more often
than expected in the basal subtype, but less often than expected in
the luminal A subtype [26, 37]. Soni et al. also found liver me-
tastases more frequently in the HER2+ than those in the LUMA
and TNBC subtypes [26]. A similar trend was also observed in
another study but this did not reach statistical significance [8].

We found brain metastases as only an event or in combination
with visceral and/or bone metastases most often in HER2+
(42%) and TNBC cases (26%). Most published data agree that
the LUMA subtype is less frequently associated with brain me-
tastases than the HER2+ and TNBC subtypes [26]. Other studies
have found that breast cancer patients with TNBC, HER2+, bas-
al-like, claudin-low tumors are at higher risks of brain metastases
[39-42]. Rostami et al. postulated that the incidence of brain
metastasis from breast cancer increases, partly due to advances
in imaging technologies, which allow earlier and better detection
and the introduction of novel therapies resulting in longer surviv-
al from primary breast cancer [43].

The site of the first metastasis of different breast carcinoma
subtypes is well-documented but where and when the second or
third metastases occur is less clear. Our data indicate that for HR+
tumors the most frequent second metastatic sites are the lung and
liver, whereas for HR— cases, the brain is the most frequently
affected second organ. In breast cancer patients with HR+ sub-
type, with the bone as most commonly affected organ, future
research might identify which characteristics are associated with
elevated risks for secondary visceral metastases.

In spite of significant improvements in treatment and follow-
up period of breast cancer patients in recent years, DMFS and OS
are still low and remarkable differences exist between different
countries. Kim HJ et al. studies a cohort of breast carcinoma
cases in the same period as our cases and found a mean
metastasis-free interval of 31 months (range 6-200 months). A
short metastasis-free interval (<2 years) was found in 40% of
patients while a minority (20%) developed metastases 5 years
after initial diagnosis [24]. We found the longest OS in the
LUMA subtype followed by LUMBI, TNBC, LUMB?2, and
HER2+ subtypes. Published data indicate that patients with a
TNBC have the worst prognosis for all measured outcomes,
whereas OS was better for patients with an HER2+ tumor than
for those with a luminal B tumor [1]. Contrary to the data of
Gerratana et al., we found the shortest DMFS and OS in patients
with the HER2+ subtype. This might be due to the relatively high
proportion of patients in our series who did not receive
trastuzumab therapy or received trastuzumab as first line therapy.
Before the introduction of targeted anti-HER2 therapies, the
prognosis of HER2+ tumors was worse than that of HER2—
tumors. Dawood [44] and Olson [45] maintain that HER2+
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metastatic breast cancer is an incurable disease, the majority of
patients dying within 5 years.

Our study has several limitations. Firstly, our results should be
interpreted cautiously since our patient cohort had relatively few
cases in the TNBC and HER2+ groups. In addition, less than half
of the patients with HER2+ tumors received targeted anti-HER2
therapy. Secondly, cases were retrospectively selected from pro-
spectively maintained databases. Thirdly, patients might have
had undiagnosed, asymptomatic metastasis, and furthermore, ap-
proximately 8% of selected patients were lost for follow-up. Both
may have biased the results. Finally, even though screening by
mammography was frequently conducted in this cohort, we did
not consider this information as this was rarely mentioned in
patient files.

Our data lead us to conclude that tumor subtypes are associ-
ated with DMFS and with patterns of distant metastases. The risk
for DM is high in HER2+ tumors and low in the LUMA sub-
type. LUMA subtype is associated with solitary DM whereas
HER2+ tumors metastasize frequently to multiple sites. A
LUMA subtype characteristically develops bone-only metasta-
ses in contrast to HER2+ and TNBC subtypes, which more often
develop brain metastases. HR+ tumors most frequently devel-
oped lung and liver metastases as secondary sites while this was
the brain in HR— tumors. When properly performed, subtypes
are predictive for preferential location of DM as well as for
prognosis. Finally, early metastases are associated with high
Ki67 LI whereas late metastases have a low Ki67 LL
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