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Summary

Purpose: The aim of the study was to investigate the as-
sociation between the molecular subtypes and patterns
of relapse in breast cancer patients who had undergone
curative surgery. Methods: We retrospectively evaluated
1,350 breast cancer patients with relapses after curative
surgery between 1998 and 2012 from referral centers in
Turkey. Patients were divided into 4 biological subtypes
according to immunohistochemistry and grade: triple
negative, HER2 overexpressing, luminal A and luminal B.
Results: The percentages of patients with luminal A, lu-
minal B, HER2-overexpressing, and triple-negative
breast cancer were 32.9% (n = 444), 34.9% (n = 471),

12.0% (n = 162), and 20.2% (n = 273), respectively. The
distribution of metastases differed among the sub-
groups: bone (66.2% and 53.9% in luminal A and B vs.
38.9% in HER2-overexpressing and 45.1% in triple nega-
tive, p < 0.001), liver (40.1% in HER2-overexpressing vs.
24.5% in luminal A, 33.5% in luminal B, and 27.5% in tri-
ple negative, p < 0.001), lung (41.4% in triple negative
and 35.2% in HER2-overexpressing vs. 30.2% and 30.6%
in luminal A and B, p = 0.008) and brain (25.3% in HER2-
overexpressing and 23.1% in triple negative vs. 10.1%
and 15.1% in luminal A and B, p < 0.001). Conclusions:
Organ-specific metastasis may depend on the molecular
subtype of breast cancer. Tailored strategies against dis-
tant metastasis concerning the molecular subtypes in
breast cancer should be considered.
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Table 1. Clinicopathological characteristic and treatment outcome of the 1,350 patients

Characteristics Luminal A Luminal B HER2-overexpressing Triple negative p value
Age at diagnosis, 49 (21-88) 46 (22-87) 49 (21-89) 50 (21-90) 0.081
years (range)
n (%) 444 (32.9) 471 (34.9) 162 (12.0) 273 (20.2)
n % n % n % n %
Menopause
Premenopausal 230 51.8 249 52.9 72 44.4 136 49.8 0.295
Postmenopausal 214 48.2 222 47.1 90 55.6 137 50.2
Tumor stage at
diagnosis
(n=1,341)
<2cm 144 32.4 148 314 48 28.8 64 234 0.001
2-5cm 242 54.5 231 49.8 79 49.4 150 54.9
>5cm 58 13.1 85 18.3 33 20.6 59 21.6
n.a. 7 2
Histology (n = 1,347)
Ductal 360 81.1 410 87.4 143 88.3 222 81.6 0.016
Other 84 18.9 59 12.6 19 11.7 50 18.4
n.a. 0 2 0 1
Grade (n = 1,190)
1 204 54.7 62 14.5 20 14.3 49 19.7 <0.001
2 169 45.3 65 15.2 47 33.6 87 58.4
3 0 0 301 70.3 73 52.1 113 45.4
n.a. 71 43 22 24
LVI (n = 847)
Positive 161 49.1 144 61.0 57 59.4 97 51.9 0.03
Negative 167 50.9 92 39.0 37 40.6 90 48.1
n.a. 116 235 68 86
Initial surgery
MRM 284 64.0 310 65.8 108 66.7 212 77.7 0.001
BCS 160 36.0 161 34.2 54 33.3 61 22.3
Systemic therapy
(n = 1,340)
Chemoendocrine 416 94.1 448 96.3 138 86.3 239 87.5 <0.001
Endocrine 393 88.9 418 89.9
Chemotherapy 276 62.4 399 85.8 138 86.3 239 87.5
Trastuzumab 0 0 170 36.5 86 53.7 0 0
na. 2 6 2 0
OS, months
From diagnosis 108.3 84.7 73.4 69.8 <0.001
From relapse 42.5 33.9 34.1 25.7
DFS, months 35.8 29.1 20.0 27.6 <0.001

n.a. = not available (missing), LVI = lymphovascular invasion, MRM = modified radical mastectomy, BCS = breast-conserving surgery, OS = overall survival, DFS

= disease-free survival.

Introduction

Breast cancer is the most common cancer and the second lead-
ing cause of cancer-related deaths among women [1]. The majority
of breast cancer patients have early stage disease [2]. Distant me-
tastasis is the major cause of failure in the treatment of patients
with early breast cancer [3, 4]. Despite all adjuvant treatment strat-
egies, approximately 20-30% of patients with early stage breast
cancers will experience relapse with distant metastases [5]. Tumor
size, nodal status, lymphovascular invasion, grade, estrogen recep-
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tor (ER) and human epidermal growth factor receptor 2 (HER2)
status are risk factors for relapse [6, 7].

The specific site of distant metastases is associated with the
prognosis [4, 8]. The seed and soil theory proposes that specific or-
gans are in some way predisposed targets for secondary growth [9].
Recently, the gene signatures of lung and bone metastasis in breast
cancer have been identified [10-13]. However, to the best of our
knowledge, few studies have described patterns of metastasis in re-
lation to the biological subtypes of breast cancer according to gene
expression profile [14-19] or immunohistochemical (IHC) bio-
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markers [20-23]. The aim of the current study was to investigate
whether biological subtypes of breast cancer were related to site of
distant metastasis.

Material and Method

Of the 14,232 early breast cancer patients from 16 referral centers in Turkey,
we retrospectively evaluated clinical data from 1,350 patients with distant re-
lapses occurring after curative surgery between 1998 and 2012. Recurrence was
diagnosed through clinical evaluations including imaging studies or biopsy.
Distant recurrence was defined as recurrence of breast cancer beyond the ipsi-
lateral or contralateral breast. Sites of first distant recurrence were categorized
as follows: brain, liver, lung, bone, and others (distant nodal metastases, pleural/
peritoneal, skin, ovaries, and other organs not elsewhere classified). ER, proges-
terone receptor (PR) and HER?2 status were obtained from patients’ charts. Pa-
tients who had no available information of ER, PR or HER2 were excluded from
the study. Patients who had distant metastases at the time of diagnosis were ex-
cluded from the study. ER and PR status were detected by IHC. HER2 status
was evaluated using IHC and fluorescence in situ hybridization (FISH). IHC
scoring was based on a 0 to 3+ intensity point scale. Tumors with HER2 scores
of 0 or 1+ were considered negative and those of 3+ were considered positive.
For the borderline positive (2+) staining, HER2 amplification was confirmed by
FISH. Patients were divided into 4 biological subtypes according to IHC and
grade: luminal A (ER and/or PR positive, HER2 negative), luminal B (ER and/
or PR positive, HER2 positive, or ER and/or PR positive, HER2 negative, grade
3), HER2 overexpressing (ER negative, PR negative, and HER2 positive), and
triple negative (ER negative, PR negative, and HER2 negative). Age, menopau-
sal status, tumor histology, tumor size, nodal status, operation type, lymphovas-
cular invasion, ER, PR, and HER? status, treatment options, site of first recur-
rence, date of first recurrence, and date of death were evaluated through pa-
tients’ charts.

Statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chi-
cago, IL). A 2-tailed p < 0.05 was considered statistically significant. Descriptive
statistics were determined for the patient demographics and clinical character-
istics. To compare tumor features between subgroups, a chi-square test, an in-
dependent-samples t-test, and a Kruskal-Wallis test were used. Distant recur-
rence-free survival (disease-free survival, DFS) was defined as the time from
curative surgery to the first distant recurrence. Overall survival (OS) was de-
fined as the time from curative surgery to death or the last follow-up. Survivals
were estimated using the Kaplan-Meier method and compared using the log-
rank test.

Results

We analyzed the records of 14,232 patients with early stage
breast cancer. Median follow-up time was 89 months (range 24—
166 months). Among these patients, 1,657 had relapses (11.7%).
Patients who had no information of ER, PR and/or HER2 (n = 30)
and patients who had local recurrence only (n = 237) were ex-
cluded from the study, so that 1,350 patients were included in the
analyses. Information about Ki-67 was available for only 211 pa-
tients (15.6%).

Median age was 49 (range 21-90) years at the time of first breast
cancer diagnosis. Among the 1,350 eligible patients, 32.9% of tu-
mors (n = 444) were luminal A, 34.9% (n = 471) luminal B, 12.0%
(n = 162) HER2 enriched, and 20.2% (n = 273) triple negative.
Clinical, pathological, and treatment characteristics are listed in
table 1. Patients with luminal B tumors were younger than patients

250 Breast Care 2016;11:248-252

Table 2. Median DFS according to metastatic site

DFS, months p value
Bone metastases
Present 33.6 <0.001
Absent 24.8
Lung metastases
Present 343 <0.001
Absent 27.0
Liver metastases
Present 27.8 0.117
Absent 30.4
Brain
Present 24.4 0.018
Absent 30.9

DFS = disease-free survival.

in other groups (p = 0.081) at the time of first breast cancer diagno-
sis. At the time of diagnosis, 56.6% patients had stage 3 tumor, with
the highest rate being observed among luminal B group (62.3%).
Invasive ductal carcinoma was the most common histological sub-
type (84.3%), with the highest rate being observed among HER2-
overexpressing patients (88.3%). The majority of patients (92.6%)
had adjuvant systemic treatment (60.0% had endocrine therapy,
88.2% had chemotherapy and 19.0% had trastuzumab), with the
highest frequency being in the luminal B group (96.3%). The most
commonly used chemotherapy regimen was anthracycline-based
(63.8%), with an anthracycline plus taxane regimen being the sec-
ond most common (36.2%).

Median OS differed significantly among subgroups (p < 0.001);
108.3 months for luminal A, 84.7 months for luminal B,
73.4 months for HER2-enriched, and 69.8 months for triple-nega-
tive patients. Median OS from time of first distant metastasis also
differed significantly (p < 0.001), with luminal A patients having
the longest OS (42.5 months), followed by HER2-enriched
(34.1 months), luminal B (33.9 months), and triple-negative pa-
tients (25.7 months). Median DFS among patients with relapse also
differed significantly (p < 0.001), with patients with luminal A tu-
mors having the longest DFS (35.8 months), followed by luminal B
(29.1 months), triple-negative (27.6 months), and HER2-enriched
tumors (20 months). Median DFS showed differences according to
metastatic site (table 2). In patients with bone or lung metastases,
median DFS was longer than those without (33.6 vs. 24.8 months,
in bone metastasis positive and negative patients, p < 0.001; 34.3 vs.
27.0 months, in lung metastasis positive and negative patients,
p < 0.001), while median DFS was shorter in patients with brain
metastases than those without (24.4 vs. 30.9 months, in brain me-
tastasis positive and negative patients, p = 0.018). Median DFS was
not statistically significant different between patients with or with-
out liver metastasis (27.8 vs. 30.4 months, in liver metastasis posi-
tive and negative patients, p = 0.117). For patients with multiple or
single metastases, median DFS (27.6 and 31.0 months for patients
with multiple and single metastases, p = 0.127) and OS (77.2 and
86.3 months for patients with multiple and single metastases,
p = 0.186) were not statistically different.
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Table 3. Pattern of the first distant recurrence

site according to the biological subtypes Subtype Bone Liver Lung Brain Other
n % n % n % n % n %

Luminal A 294 66.2 109 24.5 134 30.2 45 10.1 51 11.5
(n = 444)

Luminal B 254 539 158 33.5 144 30.6 71 15.1 53 11.3
(n=471)

HER2- 63 389 65 40.1 57 352 41 253 15 93
overexpressing
(n=162)

Triple negative 123 45.1 75 27.5 113 414 63 23.1 34 12.5
(n=273)

p value <0.001 <0.001 0.008 <0.001 0.790

Among the 1,350 relapsed patients, 484 patients (35.9%) had
multiple distant metastases as the first distant recurrence. Multiple
metastases were less common in the luminal groups (luminal A
and B) than in the other groups (HER2-overexpressing and triple
negative) (n = 310, 33.9% and n = 174, 40.0%, p = 0.028). The most
common site of first recurrence was bone (n = 734, 54.4%), fol-
lowed by lung (n = 448, 33.2%), liver (n = 407, 30.1%), brain
(n =220, 16.3%), and other sites (n = 153, 11.4%). The relationship
between the site of relapse and biological subtypes was evaluated
(table 3). Bone was the predominant site of metastases for the lu-
minal A (66.2%) and luminal B (53.9%) groups compared with
HER2-overexpressing (38.9%) and triple-negative (45.1%) groups
(p < 0.001). The most frequent rate of liver metastases was ob-
served in the HER2-overexpressing (40.1%) group compared to
other groups (24.5% in luminal A, 33.5% in luminal B, and 27.5%
in triple negative, p < 0.001). The triple-negative (41.4%) and
HER2-ovexpressing (35.2%) groups had higher rates of lung me-
tastases than luminal A (30.2%) and B (30.6%) groups (p = 0.008).
High rates of brain metastases were observed among HER2-over-
expressing (25.3%) and triple-negative (23.1%) groups, whereas
brain metastases were seen less frequently in luminal A (10.1%)
and B (15.1%) groups (p < 0.001). There were no differences be-
tween subtypes according to other metastatic sites (p = 0.790).

Discussion

This study demonstrates that breast cancer patients with differ-
ent biological subtypes of tumors have specific patterns of first dis-
tant recurrence. One major strength of the current study is that it
represents 1 of the largest series published on this subject, and pa-
tients were followed over a long period of time. Another key
strength is that the treatments are more reflective of current treat-
ment regimens. Previous related studies have had limitations as the
treatments utilized were not up-to-date. In those studies patients
undergoing treatment between 1992 and 2002 were included,
whereas our study included patients treated up to 2012. As a result,
our study differs covers more recent treatment results and current
practice. On the other hand, the present study also has several limi-
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tations. First, it is retrospective. Because of the retrospective na-
ture, the biological subtypes had several differences that affect sur-
vival outcomes, such as age, grade, lymphovascular invasion, and
systemic therapy usage rate. Secondly, Ki-67 was not detected for
each patient and so could not be used to determine biological sub-
types. Finally, the determination of biomarkers (ER, PR and HER2)
was performed in different pathology laboratories.

Previous studies reported that the different biological subtypes
in breast cancer were related to different aggressiveness and treat-
ment response [14, 24-26]. However, most studies evaluated clin-
icopathological features and responses to systemic therapies [25,
27, 28]. Only a few studies focused on the relationship between dis-
tant metastatic patterns and biological subtypes [16-19, 23]. In 2 of
these studies, breast cancer biological subtypes were classified ac-
cording to gene expression profile [16, 17], but in the other studies
according to IHC findings [18, 19, 23]. All these studies were retro-
spective and included 73-1,357 patients with distant recurrence,
and the median follow-up time was 93-177 months. In these stud-
ies, 84-96% patients had tumor stage 0-2 (< 5 cm) and 53-100%
were node negative. Systemic treatment options were used in 54-
97% of breast cancer patients in these studies. In our study, the me-
dian follow-up time was 89 months and thus similar to the other
studies. The tumors in 75.9% of patients were T0-2 and 17.9%
were node negative in the current study. The percentage of node-
negative patients was lower than the most of the previous studies.
Finally, systemic treatment options were used in 92.6% of the pa-
tients and this rate was higher than for most of the previous stud-
ies. According to subtypes, our data were more likely to reflect cur-
rent treatment suggestions. In the literature, chemotherapy usage
rate was 23.9-98.3% in luminal A, 36.8-97.1% in luminal B, 53.4-
100% in HER2-overexpressing and 48-96.7% in triple-negative
groups. In our study, this value was 68.7%, 80.0%, 86.3% and
87.5%, respectively.

Previous studies have demonstrated significant differences in
terms of DES and OS [17, 23, 29, 30]. The luminal A group had
better results in these studies and their results are consistent with
our data. Patients with bone metastases have better OS than those
with visceral metastases [23, 31]. Examining metastatic sites in de-
tail on an individual basis, it was observed that results vary across
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biological subgroups. Similar to the current study (66.2% and
53.9% in luminal A and B vs. 45.1% and 38.9% in triple-negative
and HER2-overexpressing groups), bone metastases in previous
studies were more frequent among patients with luminal subgroup
than in others [17-19, 23]. Liver was the most common site of first
metastases among HER2-overexpressing patients in both previous
and our current studies. Again, previous studies and our study sug-
gest that compared with the other biological subtypes, luminal A
patients rarely experienced lung metastases as first site [17-19, 23].
Triple-negative and HER2-enriched subgroups were predominant
for brain metastases compared with luminal groups [17-19, 23].
Sihto et al. [19] reported that breast cancer patients with basal type
had the first distant metastases at multiple sites more frequently
than patients with other subtypes (50% vs. 26.9%, p = 0.015). In
our study, the rate of first distant metastases at multiple sites was
more common among HER2-enriched and triple-negative groups
than in luminal groups (40% vs 33.9%, p = 0.028).

In conclusion, this study demonstrates that the biological sub-
types in breast cancer are not only distinct in terms of primary
tumor characteristics and aggressiveness, but also differ in terms of
their ability to metastatize to distant organs. These data can pro-
vide useful information for surveillance.

Acknowledgements

All persons who have made substantial contribution, but who are not eligi-
ble as authors are acknowledged.

Disclosure Statement

No potential conflict of interest relevant to this article was reported. There
was no relevant support or funding for this article.

References
1 Siegel R, Ma ], Zou Z, Jemal A: Cancer statistics, 2014. 12 Deckers M, van Dinther M, Buijs J, et al.: The tumor

CA Cancer ] Clin 2014;64:9-29. suppressor Smad4 is required for transforming growth
2 Pegram MD, Takita C, Casciato DA: Breast cancer. factor beta-induced epithelial to mesenchymal transi-

Manuel of Clinical Oncology, Chapter 10, 7th edition. tion and bone metastasis of breast cancer cells. Cancer

Lippincott Williams & Wilkins, Philadelphia, 2012, pp. Res 2006;66:2202-2209.

285-319. 13 Minn AJ, Gupta GP, Siegel PM, et al.: Genes that medi-
3 Anderson WF, Reeves JE, Abdalla E, Berkel HJ: Out- ate breast cancer metastasis to lung. Nature 2005;436:

come of patients with metastatic breast carcinoma 518-524.

treated a private medical oncology clinic. Cancer 2000; 14 Perou CM, Sorlie T, Eisen MB, et al.: Molecular por-

88:95-107. traits of human breast tumours. Nature 2000;406:747—
4 Largillier R, Ferrero JM, Doyen J, et al.: Prognostic fac- 752.

tors in 1038 women with metastatic breast cancer. Ann 15 Parker JS, Mullins M, Cheang MC, et al.: Supervised

Oncol 2008;19:2012-2019. risk predictor of breast cancer based on intrinsic sub-
5 Peto R, Davies C, Godwin J, et al.: Comparisons be- types. J Clin Oncol 2009;27:1160-1167.

tween different polychemotherapy regimens for early 16 Smid M, Wang Y, Zhang Y, et al. Subtypes of breast

breast cancer: Meta-analyses of long-term outcome cancer show preferential site of relapse. Cancer Res

among 100,000 women in 123 randomised trials. Lan- 2008;68:3108-3114.

cet 2012;379:32-44. 17 Kennecke H, Yerushalmi R, Woods R, et al.: Metastatic
6 Alanko A, Heinonen E, Scheinin T, et al.: Significance behavior of breast cancer subtypes. J Clin Oncol. 2010;

of estrogen and progesterone receptors, disease-free 28:3271-3277.

interval, and site of first metastasis on survival of 18 Metzger-Filho O, Sun Z, Viale G, et al.: Patterns of re-

breast cancer patients. Cancer 1985;56:1696-1700. currence and outcome according to breast cancer sub-
7 Chia S, Norris B, Speers C, et al.: Human epidermal types in lymph node-negative disease: Results from in-

growth factor receptor 2 overexpression as a prognos- ternational breast cancer study group trials VIII and

tic factor in a large tissue microarray series of node- IX. J Clin Oncol 2013;31:3083-3090.

negative breast cancers. ] Clin Oncol 2008;26:5697- 19 Sihto H, Lundin J, Lundin M, et al.: Breast cancer bio-

5704. logical subtypes and protein expression predict for the
8 van de Vijver MJ, He YD, van’t Veer L], et al.: A gene- preferential distant metastasis sites: A nationwide co-

expression signature as a predictor of survival in breast hort study. Breast Cancer Res 2011;13:R87.

cancer. N Engl ] Med 2002;347:1999-2009. 20 Cheang MC, Voduc D, Bajdik C, et al.: Basal-like
9 Paget S: The distribution of secondary growths in can- breast cancer defined by five biomarkers has superior

cer of the breast. 1889. Cancer Metastasis Rev 1989;8: prognostic value than triple-negative phenotype. Clin

98-101. Cancer Res 2008;14:1368-1376.

10 Smid M, Wang Y, Klijn JG, et al.: Genes associated 21 Nielsen TO, Hsu FD, Jensen K, et al.: Immunohisto-
with breast cancer metastatic to bone. ] Clin Oncol chemical and clinical characterization of the basal-like
2006;24:2261-2267. subtype of invasive breast carcinoma. Clin Cancer Res

11 Kang Y, Siegel PM, Shu W, et al.: A multigenic pro- 2004;10:5367-5374.
gram mediating breast cancer metastasis to bone. Can-
cer Cell 2003;3:537-549.

252 Breast Care 2016;11:248-252

22

23

24

25

26

27

28

29

30

31

Cheang MC, Chia SK, Voduc D, et al.: Ki67 index,
HER? status, and prognosis of patients with luminal B
breast cancer. ] Natl Cancer Inst 2009;101:736-750.
Park HS, Kim S, Kim K, et al.: Pattern of distant recur-
rence according to the molecular subtypes in Korean
women with breast cancer. World J Surg Oncol 2012;
10:4.

Sorlie T, Perou CM, Tibshirani R, et al.: Gene expres-
sion patterns of breast carcinomas distinguish tumor
subclasses with clinical implications. Proc Natl Acad
Sci USA 2001;98:10869-10874.

Kim SI, Sohn J, Koo JS, et al.: Molecular subtypes and
tumor response to neoadjuvant chemotherapy in pa-
tients with locally advanced breast cancer. Oncology
2011;79:324-330.

Sorlie T, Tibshirani R, Parker J, et al.: Repeated obser-
vation of breast tumor subtypes in independent gene
expression data sets. Proc Natl Acad Sci USA 2003;100:
8418-8423.

Voduc KD, Cheang MC, Tyldesley S, et al.: Breast can-
cer subtypes and the risk of local and regional relapse. J
Clin Oncol 2010;28:1684-1691.

Zaha DC, Lazar E, Lazureanu C: Clinicopathologic fea-
tures and five years survival analysis in molecular sub-
types of breast cancer. Rom ] Morphol Embryol 2010;
51:85-89.

Kennecke H, McArthur H, Olivotto IA, et al.: Risk of
early recurrence among postmenopausal women with
estrogen receptor-positive early breast cancer treated
with adjuvant tamoxifen. Cancer 2008;112:1437-1444.
Saphner T, Tormey DC, Gray R: Annual hazard rates
of recurrence for breast cancer after primary therapy. J
Clin Oncol 1996;14:2738-2746.

Kuru B, Camlibel M, Dinc S, et al.: Prognostic factors
for survival in breast cancer patients who developed
distant metastasis subsequent to definitive surgery.
Singapore Med J 2008;49:904-911.

Kaplan et al.



