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Breast cancer is a heterogenous disease. It consists of several histological subtypes that can be
separated by morphology and immunohistochemistry. The aim of our study was to determine the
distribution of breast cancer histological and molecular subtypes, and their relationship with clini-
cal and pathological characteristics. A total of 561 patients who underwent breast carcinoma sur-
gical treatment from January 2003 till December 2012 were enrolled in the study. In total, invasive
ductal carcinomas not otherwise specified (IDC-NOS) plus invasive ductal carcinomas no special
type (IDC-NST) were observed in 430 patients (76.65% of cases), medullar carcinoma in 14 pa-
tients (2.45%), other rare ductal carcinoma subtypes in 13 patients (2.31%), lobular carcinoma in
81 patients (14.4%) and tubulolobular carcinoma in 23 patients (4.19%). Ductal carcinoma, lobu-
lar and tubulolobular carcinoma had predominantly luminal A and B subtype, whereas medullar
carcinoma had HER2- positive and triple-negative (TN) subtype. Tubular, cribriform, mucinous,
papillary, and apocrine carcinomas had predominantly luminal A subtype. Significant differences
between breast cancer histological subtypes and clinicopathological characteristics were ob-
served. Our study for the first time reported the distribution and characteristics of breast cancer
histological subtypes in Latvian women and relationship to clinical and tumour histopathological
characteristics.
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INTRODUCTION

Breast cancer is a heterogeneous disease, composing nu-
merous distinct entities that have different clinical presenta-
tions, aggressiveness, response to treatments, and outcomes
among different groups of patients with breast cancer or
ethnic populations (Perou et al., 2000). In Latvia, there are
over 1000 new breast cancer cases per year. In the period
of the last 30 years the incidence of breast cancer in Latvia
has more than doubled (from 461 cases in 1978 to 1056
cases in 2008) and is continuing to increase (1245 new
cases in 2011) and the mortality rate has increased by
103.4% (from 231 in 1978 to 470 in 2008) (Srebnij et al.,
2011).

Invasive breast cancers are a heterogeneous group of tu-
mours that show wide variation with regard to their clinical
presentation, behaviour, and morphological spectrum. At
least 20 different histological breast cancer types (i.e. patho-
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logical entities) are described by the World Health Organi-
zation (WHO) (Lakhanie et al., 2012).

Invasive ductal carcinoma not otherwise specified (IDC
NOS) accounts for the large majority of breast cancers, i.e.
50-80% (Weigelt et al., 2008). IDC NOS is a diagnosis by
default, being defined by the WHO as a tumour that fails to
exhibit sufficient morphological characteristics to be classi-
fied into one of the histological special types (Lakhanie et
al., 2012). Approximately 25% of invasive breast cancers
are recognised as “special types”, and characterised by dis-
tinctive growth patterns and cytological features (Weigelt et
al., 2010).

The most common subtypes are lobular carcinoma,
tubulolobular carcinoma, medullary carcinoma, invasive tu-
bular carcinoma, invasive cribriforme carcinoma, invasive
papillary carcinoma, invasive apocrine carcinoma, adenoid
cystic carcinoma, mucinous carcinoma, neuroendocrina car-
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cinoma, metaplastic carcinoma and others (Lakhanie et al.,
2012; Caldarella et al., 2013; Montagna et al., 2013).

Breast cancers can be classified into biologically and clini-
cally meaningful subgroups according to histological grade
and histological type. Grade is an assessment of the degree
of differentiation (i.e. tubule formation and nuclear pleo-
morphism) and proliferative activity (i.e. mitotic index) of a
tumour, and mirrors its aggressiveness. Interestingly, grade
has been shown to be correlated with the genetic and tran-
scriptomic features of breast cancers and microarray-based
genomic signatures for histological grade have been devised
(Desmedt et al., 2006; Weigelt et al., 2010). Histological
type, on the other hand, refers to the growth pattern of the
tumours (Lips et al., 2013).

In the past decade, high throughput microarray-based gene
expression profiling has been extensively applied to the
study of breast cancer to unravel the molecular underpin-
ning of biological features such as metastatic propensity
(Chekhun et al., 2013; Ciriello et al., 2013). The molecular
profiling of breast cancer very rapidly developed at the be-
ginning of this century, together with sophisticated technol-
ogies, such as DNA microarrays.

Studies using gene expression arrays have classified breast
cancer into at least eight intrinsic subtypes: Luminal A and
B, human epidermal growth factor receptor-2 (HER2)-en-
riched and several oestrogen receptor (ER)-negative sub-
types, the most important of which are Basal-like and Nor-
mal breast-like (Nielsen e al., 2004; Carey et al., 2000).
Studies over the last 3—4 years have shown that, using only
clinical and pathological criteria, it is possible to assign four
main molecular surrogate subtypes that, while not being
strictly identical, are very similar to the original subtypes
defined by microchip methods (Cadoo et al., 2013).

In March 2011, the St. Gallen Consensus Conference on
Early Breast Cancer adopted recommendations for use of
surrogate breast cancer subtypes in clinical practice (Table
1, Goldhirsch et al., 2011).

Although many studies have examined correlation between
common breast cancer risk factors, race and hormone recep-
tor status, only a few studies have investigated the
correlation between histological and molecular subtypes of
tumours and their clinicopathological characteristics. How-
ever, recently, evidence has accumulated to support the no-
tion that breast cancer histological and molecular subtypes
are distributed in specific patterns corresponding to race or
ethnicity (Goldrich et al., 2011). Therefore, the aim of our
study was to investigate the distribution and clinicopatho-
logic features of breast cancer histological and molecular
subtypes in Latvia.

MATERIALS AND METHODS

Patients. A total of 561 patients aged 27 to 89 years who
underwent breast carcinoma surgical treatment from Janu-
ary 2003 till December 2012 at the Latvian Oncology Cen-
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Table 1
SURROGATE BREAST CANCER INTRINSIC SUBTYPES

Subtype Characteristics
Luminal A ER+ and/or PR+, HER2-, low Ki67 and/or
Gl1-2
Luminal B ER+ and/or PR+, HER2+ (or HER2- with
high Ki67 and/or G3)

Triple negative/basal-like ER-, PR-, HER2-
HER2+ ER-, PR-, HER2+

There are four major breast cancer intrinsic subtypes (luminal A, luminal
B, HER2-enriched and triple negative). Luminal A tumours are hormone
receptors (ER, PR) positive, HER2 negative and have low proliferative
(Ki-67 index), whereas luminal B tumours can be HER2 positive or HER2
negative with subsequent high proliferative index. The HER2-enriched
subtype is characterised by HER2 protein overexpression, whereas the tri-
ple negative subtype does not express ER, PR and HER2.

tre of Riga East University Hospital were enrolled in the
study. All patients were operated by a single surgeon. The
exclusion criteria were metastatic disease at diagnosis, with-
out definitive surgery, incomplete medical records and
follow-up status, disease-free survival less than three
months; unavailable for oestrogen receptor (ER), progester-
one receptor (PR) or HER-2 status, and absence of informa-
tion of both histological grade and Ki-67 expression.

The St Gallen 2011 consensus conference recommended
criteria for dividing tumours in four surrogate intrinsic
immunohistochemical subtypes were used. Only 3+ HER2
overexpression and ER or PR receptor status greater than
5% were considered to be positive. A low Ki-67 was con-
sidered to be < 15%. All patients were staged according to
the American Joint Committee on Cancer (Edge et al,
2010). The study was approved by the Riga East Clinical
University Hospital Ethical Committee. The study con-
formed to the principles of the declaration of Helsinki.

Microscopical examination. Tissue specimens were fixed
in formalin and embedded in paraffin and processed rou-
tinely. All tissue samples were examined by a pathologist in
blinded fashion according to the WHO classification of the
breast tumours (Lakhani ef al., 2012).

Immunohistochemical analysis. Tissue sections were im-
munostained to evaluate ER, PR, Ki-67 and E-cadherin ex-
pression. The slides were incubated one hour at room tem-
perature with mouse monoclonal ER antibody (clone 1D5,
M7047, dilution 1:60 dilution), mouse monoclonal PR anti-
body (clone PgR636, M3569, dilution 1:50), mouse mono-
clonal E-cadherin antibody (clone NCH-38, M3612, dilu-
tion 1:100) and mouse monoclonal Ki-67 antibody (clone
MiB1, M7240, dilution 1:150). The assessment of HER-2
expression was carried out using the Herceptest kit by a
qualitative scale score from 0 to 3+ based on interpretation
of staining intensity (Montagna et al., 2013).

Statistical analysis. A two-way ANOVA followed by Bon-
feronni post-test was used to assess significant differences
in pathological and clinical characteristics. The results were
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expressed as mean + SD. All statistical tests were two-
tailed and p < 0.05 was considered significant. Statistical
analysis was performed by SPSS Statistic 20.0 version soft-
ware (IBM SPSS Statistics).

RESULTS

All patients were divided into four groups according to
breast cancer intrinsic molecular subtypes. Eight different
histological subtypes were demonstrated among the study
patients. The clinical and histological characteristics of the
breast carcinoma are shown in Tables 2—4.

Patient mean age at diagnosis was 58.09 + 12.35 years.
Mean tumour size was 2.16 £ 1.32 cm. The tumour clinical
stage on the first diagnosis predominantly was stage I and
II. Luminal A and luminal B subtype was more prevalent,
followed by triple negative and HER2 subtype.

Most of the tumours (76.65%) were diagnosed as invasive
ductal carcinomas not otherwise specified (IDC-NOS). The
second common histological subtype was lobular carci-
noma, which was observed in 81 patients (14.4%). Other
histological subtypes were observed in 8.95% of cases: tu-
bulolobular carcinoma in 4.03%, medullar carcinoma in
2.31%, and other rare ductal carcinoma subtypes (tubular,
cribriform, mucinous, papillary, apocrine carcinomas) in
2.45% (Tables 2-4).

Our study demonstrated significant differences between
breast cancer histological subtypes in relation to clinicopa-
thological characteristics. Patients with medullar carcinoma
were younger, had larger tumour size and high proliferative
index (Ki-67 expression), compared to other histological
subtypes (p < 0.001, Tables 2 and 3). In addition, medullar
carcinoma predominantly had negative hormone receptor
status and higher rate of sentinel lymph node metastasis,

compared to other histological subtypes (p < 0.0001, Tables
2-4).

Patients with other ductal carcinoma histological subtypes
had higher median age, smaller tumour size, low prolifera-
tive index and was highly differentiated tumours (Grade 1),
compared to other groups (p < 0.01, Tables 2-4).

Patients with tubulolobular carcinoma had larger median tu-
mour size and were characterised by higher rate of sentinel
lymph node metastasis, compared to other groups (p <
0.001). In addition, patients with tubulolobular carcinoma
more frequently underwent radical mastectomy, compared
to other groups (p < 0.01, Tables 2-4).

Patients with lobular carcinoma had the lowest risk of senti-
nel lymph node metastasis, compared to other groups (p <
0.01, Tables 2 and 3). Furthermore, the mean age of patients
of other ductal carcinoma histological subtypes (tubular,
cribriform, mucinous, papillary, apocrine carcinomas) was
higher, but tumour size smaller, compared to other groups
(p < 0.001, Tables 2-4).

DISCUSSION

Our study demonstrated significant differences between the
breast cancer histological subtypes in relation to clinicopa-
thological characteristics. Patients with medullar carcinoma
were younger, had higher average tumour size and histo-
logical grade. Patients with tubular, cribriform, mucinous,
papillary, apocrine carcinomas had higher mean age, but
smaller average tumour size and low proliferative index,
compared to other subtypes. Patients with tubulolobular car-
cinoma had larger average tumour size and had a higher rate
of sentinel lymph node metastasis, compared to other
groups. In addition, patients with tubulolobular carcinoma
more frequently underwent radical mastectomy, compared

Table 2
CLINICAL CHARACTERISTICS OF BREAST CARCINOMA PATIENTS WITH DIFFERENT HISTOLOGICAL SUBTYPES
Ductal carcinoma, Medullar Others ductal sub- Lobular Tubulo-lobular Total
Variable NOS types
n =430 n=14 n=13 n=_381 n=23 n=>561
(75.17 %) (2.45 %) (2.27 %) (14.16 %) (4.03 %) (100%)
Age (years) Mean age, 56.59 52.64%* 62.27" 59.82 59.13%%* 58.09
min-max, (27-89) (36-76) (46-76) (33-87) (44-85) (27-89)
SD +12.29 +12.04 +9.83 +12.29 +11.87 (x12.35)
Tumour size, Mean, 2.14 2.20% 1.76” 2.10 2.57 2.16
cm min-max, (0.2-10) (1-3) (0.1-6) (0.4-9) (0.9-6) (0-10)
SD +1.32 +0.69 +1.57 +1.36 +1.4 +1.32
Positive sentinel lymph node 26 2 0 4 3 35
(n, % of SN procedure) (18.7%) (66.6%) (17.4%) (60.0%)** (19.0%)
Type of surgery, |Breastconserving 202 11 8 39 6 266
n (%) surgery (BCS) (47.0%) (78.6%) (61.5%) (48.1%) (26.1%) (47.41%)
Mastectomy 228 3 5 42 17 295
(53.0%) (21.4%) (38.5%) (51.9%) (73.9%)** (52.59%)

NOS, not otherwise specified; *p < 0.0001, medullar carcinoma compared with others histological subtypes; “p < 0.01 compared other ductal carcinoma to
other histological subtypes; p < 0.01, compared tubulolobular carcinoma with other histological subtypes; p < 0.05, compared lobular carcinoma to other

histological subtypes. Two-way ANOVA followed by Bonferonni post-test.
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Table 3

CLINICAL CLASSIFICATION OF THE BREAST CARCINOMA PATIENTS WITH DIFFERENT HISTOLOGICAL SUBTYPES

Ductal carcinoma, Medullar Others ductal Lobular Tubulo-lobular Total
Variable NOS subtypes
n =430 n=14 n=13 n=81 n=23 n=561
(75.17%) (2.45%) (2.27%) (14.16%) (4.03%) (100%)
Stage (AJCC group), Stage 0 3(0.7%) 0 1(7.7%) 0 0 4(0.71%)
n.(%) Stage 1 160 (37.1%) 2 (14.3%) 7 (53.8%) 31 (38.1%) 4(17.4%) 204 (36.1%)
Stage 2 168 (39.2%) 9 (64.3%) 3(23.1%) 29 (35.7%) 10 (43.5%) 219 (39.0%)
Stage 3 96 (22.3%) 3(21.4%) 2 (15.4%) 20 (25%) 9(39.1%) 130 (23.1%)
Stage 4 3(0.7%) 0 0 1 (1.2%) 0 4(0.71%)
Mean stage 1.85 2.07 1.46 1.89 2.22 1.87
AJCC tumour, n (%) TO (is) 3(0.7%) 0 1 (7.7%) 0 0 4(0.7%)
T1 209 (48.6%) 4 (28.6%) 7 (53.8%) 36 (44.4%) 6 (26.1%) 262 (46.7%)
T2 174 (40.5%) 10 (71.4%) 3(23.1%) 34 (42.0%) 14 (60.9%) 235 (41.9%)
T3 18 (4.2%) 0 0 4 (4.9%) 1(4.3%) 23 (4.1%)
T4 26 (6.0%) 0 2 (15.4%) 7 (8.6%) 2 (8.7%) 37 (6.6%)
AJCC Lymph node status, |[NO 250 (57.9%) 7 (50.0%) 12 (92.3%) 52 (64.2%) 7 (30.4%) 328 (59.2%)
n (%) N1 87 (20.3%) 4 (28.6%) 0 13 (16.1%) 9 (39.1%) 113 (18.9%)
Nlmic 6 (1.4%) 0 0 0 0 6(1.1%)
N2 62 (14.5%) 2 (14.3%) 1(7.7%) 10 (12.3%) 5(21.8%) 80 (14.2%)
N3 25 (5.9%) 1(7.1%) 0 6 (7.4%) 2 (8.7%) 34 (6.6%)
NOS, not otherwise specified
Table 4

HISTOPATHOLOGICAL CHARACTERISTICS OF BREAST CARCINOMA PATIENTS WITH DIFFERENT HISTOLOGICAL SUBTYPES

Ductal carcinoma, Medullar Others ductal Lobular Tubulo-lobular Total
Variable NOS subtypes n=23
n=430 n=14 n=13 n=8l (4.19%) n=561
(76.65%) (2.45%) 2.31%) (14.4%) (100%)
Molecular subtypes, Luminal A 171 (39.76%) 1 (7.14%) 8 (61.5%) 26(11.8%) 8(34.78%) | 214 (38.1%)
n, % Luminal B 159 (36.97%) | 2 (14.29%) 2 (15.4%) 47(21.1%) 11 (47.82%) | 221(39.4%)
HER 2+ 30 (6.98%) 5 (35.71%) 1(7.7%) 4(9.3%) 0 40 (7.1%)
Triple negative | 70 (16.29%) 6 (42.86%) 2 (15.4%) 4 (4.6%) 4.(17.40%) 86 (15.4%)
Total 430 (100%) 14 (100%) 13 (100%) 81 (100%) 23 (100%) 561 (100%)
ER status positive, n (%) 323 (75.1%) 3214%)* | 10(769%) | 71(87.0%) 18 (783%) | 425 (75.8%)
PR status positive, n (%) 289 (67.23%) | 4 (28.6%)* 8 (61.5%) 68 (84.0%) 17 (73.9%) | 386 (68.8%)
Ki-67 proliferation index, |Ki-67 < 15% 113(50.2%) 3(42.9%)* 5(71.4%) 19(79.2%) 4(57.1%) 144(25.7%)
n (detected in 270 patients) |y; 67 5 159, 112(49.8%) 4(57.1%)* 2(28.6%) 5(20.8%) 3(42.9%) 126 (22.5%)
Tumour grade Grade 1 31 (7.4%) 0 5(41.7%) 8(10.0%) 0 44 (1.8%)
(detected in 548 patients) |40 o 236 (56.2%) 6 (42.9%) 4(33.3%) 26(32.5%) 14 (63.6%) | 286 (56.1%)
Grade 3 153(36.4%) 8(57.1%) 3(25.0%) 46(57.5%) 8 (36.4%) 218 (36.1%)

#p < 0.0001, compared medullar carcinoma with others histological subtypes; *

p < 0.01 compared other ductal carcinoma to other histological subtypes;

*#p < 0.01, compared tubulolobular carcinoma with other histological subtypes; p < 0.05, compared lobular carcinoma to other histological subtypes. Two

way ANOVA followed by Bonferonni post-test.

to other groups. Patients with lobular carcinoma had the
lowest risk of sentinel lymph node metastasis, compared to
other groups.

Molecular studies of breast cancer revealed biological het-
erogeneity of the disease and opened new perspectives for
personalized therapy. While multiple gene expression-based
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systems have been developed, current clinical practice is
largely based upon conventional clinical and pathologic cri-
teria (Ciriello et al., 2013).

Histological grade, ER-status and histological type is also
associated with the patterns and complexity of gene copy
number aberrations in breast cancer, with adenoid cystic
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and mucinous carcinomas being examples of ER-negative
and ER-positive breast cancers with distinctive repertoires
of gene copy number aberrations (Nielsen et al., 2004). In
addition, histological grade, ER, PR, and HER2 were found
to be the best predictive factors for chemotherapy response
in breast cancer (Lips et al., 2013).

Relationship between breast cancer histological and mo-
lecular subtypes was demonstrated. In Latvian women, duc-
tal carcinoma, lobular and tubulolobular carcinoma has pre-
dominantly luminal A and B subtype, whereas medullar
carcinoma had HER2 and TN subtype. However, tubular,
cribriform, mucinous, papillary, apocrine carcinomas had
predominantly luminal B subtype.

Caldarella et al. (2013) showed that histological type distri-
butions were significantly different between molecular sub-
groups, and medullary carcinomas tended to be triple nega-
tive cancers. In contrast, Ishikawa et al. (2011) showed that
medullary carcinoma exhibits not only TN, but also the lu-
minal subtype. Our study demonstrated different distribu-
tions of the breast cancer histological and molecular sub-
types compared to other countries. Our findings support
Ishikawa er al. (2011) data, that medullary carcinoma ex-
hibits not only TN, but also the luminal B subtype.

Thus, our data support recent evidence that breast cancer
subtypes are distributed in a specific pattern corresponding
to country, race or ethnicity (Goldrich et al., 2011). Other
authors have shown that luminal B tumours are the most
frequent molecular subtype in breast cancer of North Afri-
can women, whereas in most European countries and USA
the most common molecular subtype is luminal A (Weigelt
et al., 2010; El Fatemi et al., 2012; Ng et al., 2102; Dreyer
et al., 2013).

Our study showed that triple negative breast cancer pre-
dominantly had the medullar carcinoma histology; however,
TN subtype is observed also in some ductal carcinoma of
NOS subtype, lobular carcinoma, tubulolobular carcinoma
and other histological subtypes. It has been recently demon-
strated that TN cancer is a non-uniform disease. Different
histological subtypes have different age distribution and be-
haviour (Dreyer et al., 2013; Montagna et al., 2013). Our
study supports these findings demonstrating that the TN
subtype is characteristic not only for medullar carcinoma,
but to a lesser extent also for other histological forms.
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PIENA DZIEDZERA AUDZEJA HISTOLOGISKO APAKSTIPU IZPLATIBA SAISTIBA AR KLINISKIEM UN PATOLOGISKIEM
RADITAJIEM

Piena dziedzera audzgjs ir heterogéna slimiba, kas sastav no vairakam histologiskam formam, kuram ir raksturiga noteikta morfologiska un
imunhistokimiska aina. Miisu pétijuma mérkis bija novertét piena dziedzera audzgja histologiskos un molekularos apakstipus un to saistibu
ar kliniskajiem un histopatologiskajiem raditajiem. P&tijuma tika ieklauta 561 paciente, kas tika operétas sakara ar piena dziedzera audz&ju
laika posma no 2003. gada janvara lidz 2012. gada decembrim. Invaziva nespecifiska tipa duktala karcinoma konstatéta 430 pacientem
(76,65% gadijumu), medulara karcinoma tika noveérota 14 pacientém (2,45% gadijumu), 81 pacientei (14,4%) noverota lobulara karcinoma,
bet 23 pacientem (4,19% gadijumu) tika noverota tubulolobulara karcinoma. Savukart, reti specifiski duktalas karcinomas apakstipi tika
noveroti 13 pacienttm (2,31% gadijumu). Duktala carcinoma, lobulara un tubulolobulara karcinoma parsvara bija luminala A un B
apakStipa audzgji, bet medulara karcinoma bija TN (triskar$i negativa) un HER2-apakstipa. Savukart, tubulara, kribriforma, mucinoza,
papilara un apokrina karcinoma bija luminala A apakstipa audzg&ji. Darba tika novérota korelacija starp audzgja histologisko un molekularo
apakstipu. Misu pétijums pirmo reizi parada piena dziedzera audzgja histologisko un molekularo apakstipu sastopamibu Latvijas sievietém
un to saistibu ar kliniskajiem un histopatologiskajiem raditajiem.
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