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Abstract

Introduction The special types of breast cancer seem to
have not only distinct morphological features but also
distinct biological features.

Materials and methods Women diagnosed with a first
primary invasive breast cancer in the 2004-2005 period
were identified through Tuscan Cancer Registry. Informa-
tion on age, tumor size, lymph node status, histological
type and grade, hormonal receptors, HER2 immunohisto-
chemical expression were collected. Five subtypes were
defined: luminal A, luminal B HER2+, luminal B HER2—,
triple negative, and HER2 positive. The association
between the histological type and molecular subgroups was
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assessed by a Fisher’s exact test, and a multinomial logistic
regression model was used.

Results Out of 1,487 patients, 34 % were luminal A
subtype, 25 % luminal B HER2—, 11 % luminal B
HER24-, 19 % triple negative, and 10.2 % HER2+;
58.5 % of cancers were ductal NOS types. With luminal A
as reference, histological types distribution was signifi-
cantly different between the subgroups. Mucinous, tubular,
and cribriform histotypes were found among luminal A
cancers more than in other subgroups; all medullary car-
cinomas were triple negative cancers. Pathological stage at
diagnosis was more advanced, and histological grade was
lower among subgroups other than luminal A.
Conclusions Significant association between breast can-
cer histotypes and molecular subgroups was found.

Keywords Breast cancer - Special types - Molecular
subgroups - Histology

Introduction

Invasive breast cancer is a heterogeneous disease in its
presentation, pathological classification, and clinical
course: female breast carcinomas are extremely different in
clinical and histopathological features (Anderson et al.
2006).

These tumors can be categorized in several ways,
according to histological type or according to molecular
type based on expression of tumor markers. Up to 75 % of
the diagnosed invasive carcinomas are defined as invasive
ductal carcinoma, not otherwise specified (NOS). The
5-15 % of invasive carcinomas are represented by invasive
lobular carcinoma; however, numerous other less common
variants are defined by the WHO classification (Yerushalmi
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et al. 2009, Li et al. 2005, Lakhani et al. 2012). These
special types of breast cancer display a distinct morphology
and might exhibit a distinct prognostic and predictive
profile from ductal carcinoma NOS.

Molecular subtyping has been developed based on the
gene expression profiles of largely ductal carcinoma NOS
and a few lobular breast cancer: some studies recently
suggested an association between special types of breast
cancers and distinct biological features (Weigelt and Reis-
Filho 2009). However, the relative rarity of each special
type makes molecular analysis difficult (Weigelt and Reis-
Filho 2009) and whether it is useful to apply molecular
classification to understand these rare tumors are unclear
(Yerushalmi et al. 2009). Moreover, the molecular sub-
classification has been largely developed through studies
based on ductal carcinoma NOS (Weigelt et al. 2008).

The aim of this study was to evaluate the correlation
between histological type and molecular subgroups in a
population-based series of female breast cancer patients.

Materials and methods

Women diagnosed with a first primary invasive breast
cancer between January 2004 and December 2005 were
identified through Tuscan Cancer Registry, a population-
based cancer registry that collects all cancer cases diag-
nosed in residents in the provinces of Florence and Prato,
central Italy, from 1985. Women whose cancers were not
histologically confirmed were excluded. Information on
age at diagnosis, tumor size, lymph node status, histolog-
ical type, histological grade, pathological stage, immuno-
histochemical expression of hormonal receptors, ki-67, and
HER2 were collected. A review of already existing
pathology reports was made to collect information, for each
case, on the percentage of positive cells for immunohis-
tochemical estrogen (ER) and progesterone (PR) receptors
expression, on the score for human epidermal growth factor
2 (HER2) and on proliferation index, through the Ki-67
expression. Moreover, data on HER2 fluorescence in situ
hybridization (FISH) testing were also collected.

Ki-67 immunohistochemical expression was considered
high, and ER and PR were categorized as positive in case
of >14 and >1 % immunoreactive tumor cells were
reported, respectively (Goldrisch et al. 2011). Tumors were
considered positive for hormone receptors if found positive
for at least one receptor.

HER2 expression was assessed through immunohisto-
chemistry (IHC) or fluorescence in situ hybridization
(FISH) as previously described (Caldarella et al. 2011).

We evaluated the distribution of breast subtypes which
have been identified to have different prognosis and dif-
ferent therapeutic response in morphologically similar
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breast cancer patients (Goldrisch et al. 2011); through
immunohistochemical analysis currently reported in rou-
tine pathology reports, five subtypes of breast cancer were
defined on the expression of ER or PR, HER2 and Ki67:
luminal A if ER/PR+, low Ki67 and HER2—, luminal B
(HER2 positive) if ER/PR+ and HER2+, luminal B
(HER2 negative) if ER/PR+, high Ki67, and HER2—,
triple negative if ER/PR— and HER2—, HER2 positive if
ER/PR- and HER2+.

Tumor histotypes were coded using the International
Classification of Diseases for Oncology (ICD-O) codes
according to World Health Organization criteria (Fritz
et al. 2000); they were categorized as ductal NOS, lobular,
mixed, tubular, mucinous, cribriform, papillary, medullary,
other rare histotypes (metaplastic, adenoid cystic, apocrine,
neuroendocrine). Tumors were graded according to Elston-
Ellis modification of the Bloom and Richardson grading
system (Elston and Ellis 1991). All breast cancer patients
were staged according to the TNM classification.

Clinicopathological characteristics of molecular sub-
group as histological type, age (<50 and 50+ years),
pathological T (T1-4, unknown) and N (NO-2, unknown),
histological grade (Gl, G2, G3, unknown), tumor size
(<20, >20 mm, unknown) were compared to luminal A
subgroup separately. p value is calculated using the chi-
square test.

Multinomial logistic regression model including histo-
logical type (ductal NOS, lobular, mixed, mucinous,
tubular, and other) (model a) and including histological
type (ductal, lobular, mixed, mucinous, tubular, and other),
age (<50 years, 504 years), and size of tumor (<20,
204+ mm) (model b) was used to evaluate probability of
each histological type of belonging to a specific molecular
subtype.

Results

Out of the 1,984 women with first primary breast cancer
collected by registry, 1,487 patients had available immu-
nohistochemical results: 34.1 % were luminal A subtype,
25.2 % luminal B HER2—, 11.5 % luminal B HER2+,
19 % triple negative, and 10.2 % HER2+.

Invasive ductal carcinoma NOS was the most frequent
histotype (58.6 % of total), followed by lobular (13.9 %),
mixed (ductal and lobular or invasive ductal carcinoma
NOS+ other histotype) (12.4 %), mucinous (3 %), tubular
(2.9 %), and cribriform (2.6 %) types. Papillary (1.4 %)
and medullary (0.3 %) carcinomas were very uncommon
types.

Tumors were G1 (well differentiated) in 157 cases
(11 % of total), G2 (moderately differentiated) in 513
(34 %), and G3 (poorly differentiated) in 308 (21 %). In
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509 cases (34 %), information on histological grade was
not available.

By age, most patients were 50 years older (77 %).
About 60 % of cancer had tumor size smaller than 20 mm
at diagnosis. About 25 % of patients had lymph node
positive at diagnosis; however, for 40 % of the patients’

Table 1 Tuscan region Cancer Registry, 2004—-2005

cases, the lymph node status was not available in the reg-
istry (Table 1).

With luminal A subgroup as reference, histological type
and pathological stage at diagnosis distribution were sig-
nificantly different between the subgroups. Ductal NOS
was more frequent among subgroups other than luminal A,

Total Luminal A Luminal B HER— Luminal B HER2+ Triple negative HER2+
Histotypes 1,487 507 375 171 283 151
Ductal NOS 881 242 212 122 182 123
Lobular 207 87 63 14 36 7
Mixed 185 76 64 15 24 6
Mucinous 44 24 9 3 5 3
Tubular 43 31 5 0 7 0
Cribriform 39 27 6 3 3 0
Papillary 21 9 6 1 4 1
Medullary 5 0 0 0 5 0
Other 62 11 10 13 17 11
p value Reference <0.000 <0.001 <0.002 <0.003
Age (years) 1,487 507 375 171 283 151
Age <50 340 113 94 50 50 33
Age >50 1,147 394 281 121 233 118
p value Reference 0.336 0.078 0.142 1.000
Pathological T 1,487 507 375 171 283 151
T1 885 349 201 97 155 83
T2 365 86 119 52 71 37
T3 53 16 9 2 15 11
T4 23 5 6 2 8 2
Unknown 161 51 40 18 34 18
p value Reference <0.000 0.003 0.001 0.012
Pathological N 1,487 507 375 171 283 151
NO 489 195 114 42 91 47
N1 231 66 69 27 48 21
N2 73 12 24 10 21 6
N3 59 6 19 10 14 10
Unknown 635 228 149 82 109 67
p value Reference <0.000 <0.000 <0.000 0.004
Histological grade 1,487 507 375 171 283 151
Gl 157 103 24 11 15 4
G2 513 199 143 56 84 31
G3 308 31 79 45 91 62
Unknown 509 174 129 59 93 54
p value Reference <0.000 <0.000 <0.000 <0.000
Size (mm) 1,487 507 375 171 283 151
<20 847 335 193 96 145 78
>20 391 90 122 49 86 44
Unknown 249 82 60 26 52 29
p value Reference <0.000 0.01 <0.000 0.003

Female breast cancer: distribution by histological type, subtype, age, pathological 7, pathological N, grade differentiation, and diameter (mm)
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particularly when HER24 subgroup was considered.
Lobular, mucinous, tubular, and cribriform types were
more represented among luminal A subgroup, while all
medullary tumors were in the triple negative subgroup. No
medullary was diagnosed in luminal A subgroup, and no
tubular neither cribriform types were diagnosed in HER2+
subgroup.

Moreover, at diagnosis, the pathological T was more
advanced, particularly for triple negative subgroup
(» = 0.001), and lymph nodes were more frequently
positive. G3 (poorly differentiated) histological grade was
found, particularly when HER2+- subgroup was considered
(p = 0.000).

A multinomial logistic regression model (Table 2,
model a) showed that probability of belonging to luminal A
subgroup was higher for special types than for ductal NOS
cancer; when tumor size and age of patients were included,
probability of belonging to luminal B HER2—, luminal B
HER2+-, triple negative, and HER24 subgroups was
higher for ductal NOS type and increased with increasing
tumor size (Table 2, model b).

Discussion

The special types of breast cancer have not only distinct
morphological features but also distinct clinical presenta-
tions and prognostic implications (Weigelt and Reis-Filho
2009).

They were recognized as other entities than ductal NOS
carcinoma (Louwman et al. 2007), with differences in age
at diagnosis, stage, histological grade. Moreover, differ-
ences between various histological types of breast cancer
have been noted in previous studies: papillary and mucin-
ous carcinoma frequency tend to increase with age, on the
contrary medullary carcinoma frequency decreases (Li
et al. 2005).

The question of whether molecular classification can be
applied to special types of breast cancer and whether it can
be useful to understand their clinical presentation and
outcome has been recently investigated (Weigelt and Reis-
Filho 2009). Few previous studies have evaluated differ-
ences in clinical and pathologic tumor characteristics by
histological types; recently, the utility, for treatment deci-
sion, of identification of special types particularly in
luminal breast cancer has been shown (Colleoni et al.
2012).

Our data from a population-based cancer registry found
a significantly different distribution of special type
according to molecular subtypes in invasive breast cancers.
Compared to ductal carcinoma NOS, lobular, mucinous,
tubular, and cribriform carcinomas often displayed a
luminal phenotype, confirming data from literature which
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reported that lobular, mixed, and mucinous carcinomas
have been shown to be more likely hormonal receptors
positive compared to ductal carcinomas NOS (Li et al.
2005).

Many studies reported that tubular and cribriform
tumors, which in our data were more frequent in luminal A
and in luminal B HER2— subgroups, have excellent
prognosis and are characterized by patterns of genetic
aberrations found in G1 (low histological grade) luminal
breast cancers (Yerushalmi et al. 2009, Weigelt et al. 2008,
Colleoni et al. 2012). Some authors suggest that tubular
and cribriform carcinomas are tumors with distinct mor-
phological features but similar clinical presentation and
natural history, with the same precursors and preinvasive
lesions, representing a spectrum of lesions of a single
family (Weigelt and Reis-Filho 2009; Colleoni et al. 2012).
Immunohistochemical analysis showed for some histolog-
ical special types similar protein expression patterns; this
feature may suggest a common etiological background or
the involvement of common genetic pathways during
cancerogenesis (Weigelt et al. 2008). Moreover, recent
studies suggested that several histological subtypes may
not represent specific biological entities (Gruver et al.
2011).

Molecular and immunohistochemical analysis showed
that each special type of breast cancer is composed of
tumors that are more homogeneous than ductal NOS and
lobular carcinomas, and it has been recently suggested that
each histological special subtype pertained to only one
molecular subtype (Weigelt et al. 2008).

We found that medullary carcinoma shows a triple
negative phenotype. Medullary carcinomas, although
cluster as poor prognosis triple negative tumor, are reported
to be associated with a favorable outcome (Yerushalmi
et al. 2009; Weigelt et al. 2008; Vu-Nishino et al. 2005;
Vincent-Salomon et al. 2007; Metzger-Filho et al. 2012);
however, the small number of patients could hamper
studies on this type of breast cancer (Yerushalmi et al.
2009). Some authors recently underlined that prognosis
among triple negative cancers varies according to histo-
logical type and suggested that triple negative cancers
probably constitute a heterogeneous group of tumors
(Metzger-Filho et al. 2012).

Our data found that luminal A cases tend to be diag-
nosed at a more early stage, particularly when compare to
triple negative and HER2+ subtypes; histological grade,
moreover, was found to be lower among HER2+ than
among luminal A carcinomas. These results justify the
well-known favorable prognosis of luminal subgroup
(Caldarella et al. 2011). In our study, we did not analyze
the outcome; however, we found that lobular type seems to
belong more frequently to prognostically favorable
molecular subgroups. In literature, conflicting results are
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Table 2 Tuscan region Cancer Registry, 2004—-2005

Group Model a Model b
OR (95 % CI)* p value OR (95 % CI)® p value
Luminal A (base outcome) Log likelihood = —2,201.2839 Log likelihood = —2,177.2014
Luminal B HER2—
Histotype
Ductal NOS Ref. Ref.
Lobular 0.84 (0.58; 1.22) 0.355 0.81 (0.55; 1.18) 0.276
Mixed 0.98 (0.67; 1.43) 0.897 1.00 (0.68; 1.46) 0.984
Altro 0.44 (0.29; 0.67) 0.000 0.44 (0.29; 0.67) 0.000
Age
<50 Ref.
50+ 0.78 (0.57; 1.08) 0.139
Size
<20 Ref. 0.000
20+ 241 (1.73; 3.34) 0.000
Unknown 1.37 (0.94; 2.01) 0.103
Luminal B HER2+
Histotype
Ductal NOS Ref. Ref.
Lobular 0.32 (0.18; 0.59) 0.000 0.32 (0.17; 0.59) 0.000
Mixed 0.39 (0.22; 0.72) 0.002 0.4 (0.22; 0.73) 0.003
Altro 0.41 (0.25; 0.69) 0.001 0.41 (0.24; 0.69) 0.001
Age
<50 Ref.
50+ 0.68 (0.46; 1.02) 0.062
Size
<20 Ref. 0.000
20+ 2.01 (1.32; 3.07) 0.001
Unknown 1.27 (0.77; 2.1) 0.355
Triple negative
Histotype
Ductal NOS Ref. Ref.
Lobular 0.56 (0.36; 0.86) 0.008 0.51 (0.33; 0.8) 0.003
Mixed 0.42 (0.26; 0.7) 0.001 0.42 (0.26; 0.7) 0.001
Altro 0.57 (0.38; 0.85) 0.006 0.56 (0.37; 0.84) 0.005
Age
<50 Ref.
50+ 1.29 (0.89; 1.88) 0.185
Size
<20 Ref. 0.000
20+ 2.18 (1.52; 3.12) 0.000
Unknown 1.6 (1.06; 2.39) 0.024
HER2+
Histotype
Ductal NOS Ref. Ref.
Lobular 0.16 (0.07; 0.36) 0.000 0.15 (0.07; 0.34) 0.000
Mixed 0.16 (0.07; 0.38) 0.000 0.16 (0.07; 0.38) 0.000
Altro 0.38 (0.22; 0.65) 0.000 0.36 (0.21; 0.63) 0.000
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Table 2 continued

Group Model a Model b
OR (95 % CI)* p value OR (95 % CI)° p value
Age
<50 Ref.
50+ 1.03 (0.66; 1.62) 0.883
Size
<20 Ref. 0.000
20+ 2.15 (1.38; 3.37) 0.001
Unknown 1.8 (1.09; 2.98) 0.022

Female breast cancer. OR of belonging to a specific molecular subtype (luminal A, luminal B HER2—, luminal B HER2+, triple negative,

HER2+)
4 Multinomial logistic regression model including histological type

® Multinomial logistic regression model including histological type, age, tumor size

reported on the outcome of lobular breast cancers: some
studies reported a worse outcome and others a prognosis
similar to ductal NOS cancers (Colleoni et al. 2012; Cristo-
fanilli et al. 2005; Rakha et al. 2008). It is well known that
lobular tumors are more difficult to detect with mammogra-
phy compared to ductal NOS tumors (Li et al. 2005).The
differences in biological characteristics observed by histo-
logical type may reflect the different etiologies of these
tumors and may influence the utility of screening approaches
to detect different histological types of cancer.

Recently, the role of histopathological evaluation in order
to detect special types of cancer with particular regard to the
need for adjuvant systemic treatment has been underlined.
The response to neoadjuvant chemotherapy and the prognosis
has been recently found varying for each histological type: a
good prognosis for mucinous carcinoma was found, although
the poor response to treatment (Nagao et al. 2012). Recently,
ithas been suggested that the identification of special types of
breast cancer within the luminal subgroup should be con-
sidered in therapeutic algorithms (Li et al. 2005; Colleoni
et al. 2012) and that molecular mechanism could represent
targets for the development of individualized therapy
(Simpson et al. 2010).

Because the limitation in sample size of rare histological
types of breast cancer, further larger studies are needed to
evaluate the impact of molecular characterization on his-
tological classification system of breast cancer.

However, our data suggest that molecular and immu-
nohistochemical analysis can be useful to refine the bio-
logical knowledge; an alliance of morphology with
molecular analysis could improve the care of patients with
breast cancer (Simpson et al. 2010; Schnitt 2010).
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